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EVERGLADES· SWIM· PLAN 

Supporting Info~mation. Document 

I. LEGAL BACKGROUND OF EVERGLADES SWIM PLAN 

A. INSTITU'riONAL AUTHORIZA1'IONS 

Many governmental entities exercise water management jurisdictio;n in the 
Everglades SWIM planning area. These entities operate at federal, state, regional, 
and local levels. This section ofthe SWIM plan focuses on the gover:n~ental entities 
which have been identified as the principal participants in the SWIM planning a.nd 
implementation process. Indian tribes make up an additional entity which also must 
be considered in the SWIM process. 

The SWIM Act requires that plans include ·~an ide·ntification of all 
governmentalt1nits that have jurisdiction over the watetbody ~nd its· drainage basin 
within the approved surface water hnproveme11t ~nd mana:gen;ient plan ~rea, 
including local, regional, state, and federal units;" (State of Florida, 1987; l989a). 
Governmental units within the Everglades SWIM. plan area are listed in Table 1. 

The· governmental entities. with water managem.ent authority of primary 
importance to the Everglades SWIM planning process: include, on a re·gional. ar st.ate 
level, the South Flori_da Water MB.nagement Distr~ct, the, Region~! Planning 
pouncils, th~ Flori~a . Departrpe~t of E11 vironmental R~gulation! .the· Fl?rida _Game 
fi~d Fresh Wate.r F1sh Commission; the Department of Community Affru.rs, __ and the 
Department of Natural Resources. On the federal level, the mai:n par.tici:pants 
include the U.S. Army Corps of Engineers (USCOEJ, the U.S. Environmental 
:Protection Agency (EPA), and several ~genci~s within the Department. of the 
Ill.terior, including the National Park Service (NPS) and the United States Fish and 
Wildlife·•Service (USFWS). 

T:Pe Indian tribes of importance to the Everglades SWIM plan consist of the 
Miccosukee and Seminole tribes. These tribes exert water management rights on 
tribal lands which are superior to the water management authority of state, regional, 
and local governments. 

A general discussion of each of the identified entities appears below. The 
discussion emphasizes those aspects of each entity's jurisdiction which are pertinent 
from a SWIM planning perspective. 

1. Regional 

South Florida Water Management District. The South Florida Water 
Management District (District) is the successor agency of the Everglades Drainage 
District, the Okeechobee Flood Control District, and the Central and Southern 
Florida Flood Control District (CSFFCD). 

Everglades Drainage District. The Florida Legislature established the 
Everglades Drainage District in 1913 and granted it authority over drainage and 
reclamation of land for agricultural and sanitary purposes, public utility, and public 
benefit (State of Florida, 1913). 

1 
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Table 1. Governmental Units. 

Section 373.453(2)(b), F.S., requires that the SWIM Plan c;ontain an "iden~ificati.9n Qfl\11 
governmental units that have jurisdiction ov~r the water bQdy and· its dhdnage h.a$in wlt_hip1th.e 
approved surface water improvement and management plan area, including local, r~giO.n'aJ, s.~at~, 
and federal units.'' This chart lists those governmen~al un~ts withjurisdictiqn over E·vergl~d~s .. 
National Park, the Water Conservation Areas, and their drahuige bash1s. · · 
A. Federal 

Army Corps of Engineers 
DetJartment of Agriculture 

Soil Conservation Service 
Department. of Interior 

Fish and Wild1ife Service 
National Park Service 
U~S. Geological Survey 
Marine Fisheries Service 
Bureau oflndian Affairs 

Environments] Protection Ag~ncy 
B. Indian · 

Miccosukee Indian Nation 
Seminole Indian Nation 

C. State 
Department of AgriculLUral and Consumer Services 

Soil and Water Conservation Services 
DepartmentofCommunity Affairs 
Department of Environmental ~gulation 
Department ofHealth and Rehabilitative Servic;es 
OepartmentofNaturaJ Resources 
Department of'fransportation 
Florida Game and lt,resh Water Fish Commission· 

D. Regional 
South Florida Water Management District 
South Florida Regional Planning Council 
South West Florida Regional Planning Council 
Treasure Coast Regional Planning Collncil 
EAA Everglades Protection District 

E. Local 
1.· County 

Broward County 
'Collier County 
Dade County 
Glades County 
Hendry County 
Monroe County 
Martin County 
Palin Beach County 

2. Municipal 
Broward County 

Cooper City 
Coral Springs 
Lauderhill 
Margate. 
Miramar 
North Laudcrdulc 
Parkland 
Pembroke Pines 
Plantation 
Sunrise 
Tamarac 

Dude County 
lc'lorida City 
Homestead 
Miatni Springs 
Sweetwater 

Hendry County 
Clewiston 

E. Local (Continued) 

2 

2. M uriicip~H(Qo~tin~ed) 
Pahri Bea~h County 

~.eJ~e .gJ~~e 
Boca' HaWn· 
l39y:nton Beach 
l)eltay .Beach 
Hypn,l~io' 
·Lake Worth 
·.J~afitnna 
Ro'rat )?~J~ ~~ach 
West Palm Beach 

3. Urainag~ :Q.~str~cts (Ch. l ·90 and ·~9~HJifi~rictsJ 
Broward Qp~~Y · · . · 

Central arowa_r~ Dr~in~~~ D{stri~t 
C()~al S,pring~Irttpr.o.veme,~~ pistr!~t 
Indian·Tr~ce 'Improy~tpent Di$trict 
North ~Lauderdale WatetControl Di~trict. 
N or.~h·.~Pi~~g~l~Pt:(J\Ie~iu~t1li~~rt~t 
Old. Phfi1tatiori 'water tlonirol Oist~ict 
-Pl~ntillfoil Act-~ :tmpiov~fu~nfnlstrict 
$o.g~Jt~rQwi£~d :Dts.liria_gei}i~t.ri~t 
Suns_hh~e.prainage District 
West. La.uderdale.Wa~r Control Dist.rict 
westJ?ar.klanil'W~ter cofitrcii District 

G1a~~s·CQP.,nty · ·. · 
.·~i;;~~~ml~J,Il~~~ :Cq~sep~~~~?' J;lif.!~ri~t 
Fhig~ole ,DrJi·mag~ P~~~r1ct 
N ewhall:l>raill~geDistrict 
Spgarlju:td,Orainag&.District 

H~11:c.\ry C(J!J9o/ 
~~rLE!~)Pr!!i~~~~\-!'_i~t 
·Clewiston·DrU;joageD.st.tict 
Hendry~HiHiardDrairi~ge Djstrict 
Riwi Draimige pis~ict · · 
Soutl'i l'~li•ri«Ja C()nseniallcy Di~~rict 
Sugarland Drainage District 

Palm Beach Cou:nty 
Acme J m proyement Pistrict 
Boll~s ~und.Water. Coz,t..rol Qistrict 
Eas~ 16each ··Water .Control ,Distr.ict 
·East Shore Water Control 'District 
Gladeview Drainage District 
Highland Glades Draina,ge District. 
Islands Flood Control District 
Indian Trail.W ater .Control District 
Lake Worth Drainage pist.dct 
Nort.h Palm Beach Heights Water Control Oistrict 
Nor~hern Palm Beach County Water Contwl District 
Pahokee Water Control District 
Pal Mar Water Control District 
Pelican Lake Watet' Control District 
Pine 'l'rcc Water Co11t~ol District 
Ritta Drainage Distdct 
Seminole Water CQnt.rol District 
Shawano Dr!linuge District 
South Ji'lorida Conservancy District 
South Shore Drainage District 
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Okeechobee Flood Control District. The .Florida Legislature established 
the Okeechobee Flood Control District in 1929 and authorized it to establish, 
construct, operate, and maintain canals, levees, ~dams, locks, and reservoirs; and to 
improve .natural .wate!ways to control and regulate Lake Okeechobee and the 
Caloosahatchee R1ver; 1n addition, the. District had· r-esponsibilities to cooperate with 
the federal government in flood control and navig~tion (State,ofFlorida, 1929). 

Central and Southern Florida. ·_Flood._ C:ontrol District. The Florida 
Legislature established the Central arid Southern Elhrida Flood Control District in 
1949 and authorized it to ope.-ate -q.:tlder.the provisions of Chapter 378, Florida 
Statutes. Its authority under this statute included cooperation with the federal 
government for flood control, reclamation, conservation, and allied purposes, 
planning, construction, and operation of works, and water quality protection in 
conjunction with the Department of l:lealth. The. Legislature ~issolved and 
terminated the Everglades Drainage District and. the Okeeehobee Flood Control 
District in 1949 with the creation ofthe Central and. Southern Florida Flood Control 
District (State of Florida, 1949). - - - · 

The Florida. Legislature created the South ·Florida Water Management 
District in 1972 with the enactment of the Water Resources Act, and authorized the 
District to carry out water lll.ahage:ment responsibilities under Chapter 373, Florida 
Statutes (State of Florida, 1972). This legislation :created the five. water management 
districts, including the South Florida Water Management District. In 1976, the 
name of the Central and Southern Flodda Flood Control District ·was changed to the 
South Florida Water Management District along with a corr.esponding boundary 
change (State of Florida, 1976t ·. 

As specified in Section 373.i.08 (2) :Florida Statutes, the District also functions 
as the local cooperator forth~ fed~raUy authorized Qentral and Southern Florida 
Project for Flood Control and Otb.er Purposes. U 11der Rule 40E[-]1.103 Florida 
Administrative Code, the District's water management authority includes flood 
protection, water supply, water quality protection, and environmental protection and 
enhancement (Section 373.016, Florida Statutes). 

Regional Planning Councils. Three regional planning councils have 
Jprisdiction within the Everglades.SWIM planning area. They are the South Florida 
Regional Planning Council, the Southwest Florida Regional Planning Council, and 
the Treasure Coast Regional Planning Council. The regional planning councils are 
responsible for developing regional policies, conducting comprehensive planning 
activities, providing technical planning assistance to local governments, and 
determining the impacts of proposed developments of regional scope on communities 
and natural resources (CH2MHill, 1989). 

2. State 

Department of Environmental Regulation. The Department of 
Environmental Regulation (DER) is the lead environmental agency in the state of 
Florida. The DER's regulatory jurisdiction as defined under Chapter 403, Florida 
Statutes, includes discharges to surf11ce and ground waters, dredge and fill, solid and 
hazardous waste facilities, public water systems, underground injection, and 
construction of certain water wells (Section 403.061, Florida Statutes. The DER also 
has authority to classify water bodies and to regulate discharges to ensure that they 
are appropriate to the water body's designation. The DER shares jurisdiction over 
stormwater runoff with the water management districts (State of Florida, 1989a). 
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T!te DER also has oversight responsibilities for the five regional water manageitlent 
d1~tricts, and authority to develop and implement water ~~e_ plan~ in, co9peration 
wtth the water management districts as defined in Seetion37:3~H26·,.Florida··St~tu~s. 

Florida Game and Fresh W·ater Fish Commission. ArticlelV; Section 9., ·of 
the Florida Constitution_ created the Florida Game .an·d Fresh· Witter Fi'sli 
Commission (FGFWFC). The FGFWFC e~ercises the· regl.llatory,·an'd' ·:e.xe¢.U..tl~e 

~~~~B:~fo!hof :~~nf::1 tfe c::df:e~ w~~':e;!:li~::ftf:.~i~tF&~e;~~i~a \~ 
JUrtsdictton over waters of the state whose quaHty _or qn:al);ti~y-·will·a.ff'ect.wilq_ af1hpa~ 
life or freshwater aquatic life, regulates huhting and 'fishing· fi:tt4:lid#ntiff.e:$: -·~:9.4 
man!iges state endangered and threatened speCies·· as· specified in Sec'tion 37·~!97·~, 
Florida S.tatutes. · , -

Depat-tmentof Natural Resources. The De·p~rltnent ofNa-tut·allt¢$.au~c¢$' 
(DNR) is one of the state's. conservation age~cies and directs ·pr,Qgrams, for _l~R:~ 
conserv.ation and reclamation, recreational land; i:u~J~al. :i·il~d _:pHut~ .. Pt:9t¢·~ti~~' 
saltwater fishery protection; oil and gas (Chapters ·253, ·2_5a, 370, 275 -a.n~ .S7·7 ·FI.Qrida 
Statutes). The DNR, through the Board of Trustees .of ~the Intethiil Jniprovement 
Trust Fundi~ authorized under Chapter 253, Florida 'St~t11tes to acquir.~ a~d mall:~ge 
state-own.~d lands. These lands include:those w]1ich·a.r_e.¢n!viranm.enta1ly.endangere~ 
pr significant from a .conservation standpoint. The· DNR·:=:dso aequires_~n.,d n:t9,.11ag~s 
state parks· and recreation areas, and ·man.a.ges ·~nd. ·~~.r'.~is·~_ers marine re$oufe'¢,s, 
incl udlng aquatic p:veserves (Chapters 253, 25-8, 370 ,. an:d. 375, m'lotida>S;t~tutes)Oc 

Department of Community A.ffai·rs. The·Department o:t:Cci)ltununity Afiaits 
.(DCA) is the lead state agency responsible for grow_th-·ma~a:ge:rp.en.t pl;aJl.'I?-it,.g. _ Th~ 
DCA's responsibilities include jurisdiction over develo.pments of'regional in1Piict and 
areas of critical state· concern; and review and comment on local gove:r~eJlt 
comprehensive plans (Florida Bar Assochttion, ):98·8). Q.CA sU:pe.rvi~es ,the 
administration, rule promulgation, and enforcement,ofth._e EnVironme~tal Lai;t{l :a\ld. 
Water Management Act '(Chapter 3-80, Florida Statttt¢s) _and also· admhiisters ~he 
Local Government Comprehensive Planni~~g and Land J;>evelopmeht Regulatiol}. Act 
under Chapter 163, Florida Statutes, plus respons~hilities such as the Federal 
Emergency Management Admirtistration-.(FEMA), hurricane evacuatio;n and.-othera. 

Department of Agriculture and Consumer Services. The Ileparttnent Qf 
Agriculture and Consumer Services inquires into the-needs of agriculture in the _state 
and makes recommendations to the Governor and the Legislature. It also performs 
all regulatory and inspection services relating to ag·rictilture except ~gri~~lt{lte 
education, demonstration, research and those regulatory fuD;ctions which pri~a:dly 
protect the public health. The Department of Agriculture and Con~umer Servic~s 
may compile, publish and disseminate information and pertinent data on crops, 
livestock, poultry and agricultural products and may provid~ matching funds with 
other agencies. The dairy interests of the State are protected by the Departmen~ of 
Agriculture and Consumer Services. The Department of Agriculture and Consumer 
Services regulates open burning in connection with rural land-clearing agric_ul,turaJ 
or forestry operations, except as to fires for cold or frost protection for pollution 
purposes (Florida Statutes. Chapter 570). 

Department of Health and Rehabilitative Services. The Department of 
Health and Rehabilitative Services is responsible for onsite sewage disposal systems. 
The Department of Health and Rehabilitative Services issues permits for the 
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construction or installation of onsite sewage disposal ·~~rs.t~m~.·· (Florjda Statutes. 
Chapter 381; Section 381.272). · · · . · · 

3. Federal 

Department of the lnt~rior. The D~partment oflnterior\(DOI) manages and 
protects national natural land and water resources. Several agencies within the DOl 
a:re involved with natural resource managem~n.t~ ;.rhe.y iJ.).clude,: 1) th.~ ~ish and 
Wildlife Service; 2) the National Park Service; 3) !the .u.S. Geological Survey; and 4) 
the Bureau of Indian Affairs (Greenhorne and O'Mara, 1989). Some ofthese .. agencies 
are discussed in more detail below. . 

N·ational Park Service and Everglades National Park. TheN ational Park 
Service manages and admini~ters the operations of the Natipnal Park System, 
including Everglades N ation~l Park (ENP). _It is responsible for conservation of 
scenery, natural and historical objects, and wiltilif.~'·.(Gr~~nhorne,·~~d'Q~l\fara, 1,989; 
U.nited States Code, Title 16, Section 410). 

The ENP was authorized in 1934 (State of Florida, 1934; United ·Sta~~ Code, 
Title 16 Section 410). Under this act, theN ational Park Service~ under the direction 
of the Secretary of the Interior, has the authority to adrninJste·:r, ~protect, an.d develop 
ENP. In 1935 the Florida Legislatu~e set asid¢ lap.ds for' ;E~:P for 'tli~ pu.rpose~ of 
protecting and breeding native plant life .and: animal wi.ld life (State of Florida, 1935).. 

The federal authorizations which apply tQ ~h~ ~NP ~re. S1lnun~rb:~d .. in Table 
2. The authorizations of interest w the SWIM. plannin.g effort are those. which 
modified the water deliveries to the ENP, particularly the· Suppleme·h;ta.l 
Appropriations Act of 1984 that authorized an ex.p~rime~·tal program of water 
d~liveries. In 1989, Congress authorized the expa.nsion orE'NP ·boundaries through 
the adoption of the Everglades National Park Expan$ion and Pr9tection Act (United 
States Congress, 1989). . 

U.S. Fish and Wildlife Service. The U.S. Fish a~d WildlifeService (USFWS) 
has jurisdiction over the management of federally mandated threatened and 
endangered species. This agency is charged with the conservation, protection, and 
enhancement of fish and wildlife and their habitats. The FWS conducts research on 
fish and wildlife development, manages migratory birds, conducts law enforcement 
and damage control activities, and consults on water resource develoj:.nrtent projects 
(Greenhorne and O,Mara, 1989). The USFWS manages the National Wildlife 
System. In South Florida, this includes the Arthur R. Marshall Loxahatchee 
National Wildlife Refuge (WCA-1) and the Crocodile Lake National Wildlife Refuge. 
WCA-1 is managed under an agreement with the then Central and Southern Florida 
Flood Control District, subject to project purposes. 

National Marine Fisheries Service. TheN a tiona) Marine Fisheries Service, 
under the Department of Commerce, conserves and manages the fishing resources 
found off the coasts of the United States and the anadromous species and continental 
shelf fishery resources of the United States (United States Code. Title 16, Section 
1801). 

U.S. Geological Survey. The U.S. Geological Survey (USGS) classifies public 
lands and examines the natural resources. In cooperation with other federal and 
local governmental entities, the USGS assists in a cooperative effort to monitor and 
investigate projects in south Florida which involve surface and subsurface geologic 
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Table 2. Everg~ades National Park (EN:P) f..:uthopi~a;~j(?ns.~ 
ACTION DESCRIPT.I(}N 

Act of Aug. 25, 1916. 16 USCS N al.ional Park Service CNPS) created as an ag'tmcy, Secretary c;f the hl.t~riot i~ responsiole.'for.-
s. 1. of the Department of the Interior ( D~) }), ,mai~_~i_ning o1,1r, O..U.. ti().l'l!,!I: Pli.r;~a. 
Act Marchl, 1929~ 4~'Stat. Di:r~cte~ ~ecreLary or~heJ?~)I, l.(i-itivestig8:te.·:tlfEi ; - ---
.1443 C1929J (not classtfied to des!rabthty af!d practtcabthty of establishing a 
code,. nat10nal park u1 the Everglades ofl"lurida. 

Secretary of Interior's report Reptlrl. recommended the desirability of a nat.iona 
to Congress Dec. 3, 1930. park in l.he area of' the Everglades. ~· · · 

,. 

Ex. Ord.No. 6166. 5 USCSs. Transfer of functions to l.he NPSjp the,O.Ol.~ 
901 0933). 

AdmJni~tra t\,oQ o,f P-ll!>lh;l>tiilg\~lg~_,re~~rv-
1at.ions,' n:atio.nal.P.a~~fil#~lo:ril:ll 1 m6_hurnents, 

I. aJ!.c;t· .. n~tioJ:lal cent~t~ri~!kOQ,W{u~det,~Ji~·, .1 , 

NP$. . - __ . _ _. 
Act March 2, 1934. ch, 38 s. i, The Ollice of National Parks,-buifaings, ~ndte~~r~ ~ 
48 Stat. aa9. vations, was dcsil,Ttlated as NP.S. - - , · - . , . 
Everglades National Park 
Act. ch; 3'11, 48 Stat. 816 

Act authori:dng Evergllldes National Pa}J(.I( EN~H ~s;ilt\'O·to 4\ Qh wer~ not l~·laa.e ;~~~llc I~V,{: 
Authorization to acquire approximately 2,00(}_ . '\P.urcha$~l<Wsaid:JandS.$b,aU.no:~b.e.iby, 

( 1934) (codified at 16 uses s. 
410). 

square miles in the regi?n of the .Everglades ul' appropi'i~tioii o~· vubli~ moitey, ~'ll~ ~h~ll he 
Dade, Monroe, and Collter count1es. s.ecu,r~d by: pu~bc ~r p.r1va~~ d~~~tw~~· 

~e<U.Ur~S r~ser.Vf,\~!Ol! of:oytld.~~tJ~~SJand 
·P.r~~.i~~~ ~~velo.pn,te~t·~9~ p~r.~ '!i~i~f~ , 

/ ·WIHcll wUltn~erfere wit\itlie·p.r~s.erv_ilti(ln of 
1 l~~r~~~11~ fa~ll~· · _ : · ~., ; ·, ·- .:· .. ·. 

Am.:epftt-nce ofla~ds.· ch. 3.7} s. S,ccretaryofthe Int¢dor is~uthor!~ed tO~~~~ptl · i@~Qr'!c1~ta·ce4eJuris.~i~~io~-tQ ~~~ U,n~t~.c1 
2. 48 Stat. 816 (1934) (codil•ed tttle of above lands on behalf of 0 ntted·States; States. 
atl6USCSs.410a).- . -. - .. , . ·'' ' 

Administration, Protection. Under the direction of the Secreuuy Qftheliltetio• 
an~ Oevelop.tnent ch. 732,50 by the NPR · . 
Stat. 742 {1937).(codilled· at 16 
USC$s. 410b), ; .i 

Acceptance an <I protection·; 
pubhca~ion of estabHshment 
order. ch. 508. 58 Stat. 794 
<1:944Hcodified at 16 uses s. 

Purpose to protect scenery ,wUdfifet ~ri-cl:oifi~f .. : ij- -._- J!!·xtliliiivejurisijictiori oV.ei::-ENP\vas - ' 
!lat~al feaJtures. Upon executionof-t~~-P_fovi~tO,""I ~c(!ept~d,by. ~.h~iS~c_ret;firy1ofth~lnt!}fiQrin 
m thts section the ENP shall be est;a;bhslled. by .... · 1952 (11 Fe~t RC!g. 169), 

·4iOd). - . 
order of the Secretary which.shalllle. ptiblisbed ·in~: · · · 1 

• · · • ·-

the Federal Register. · 

Comprehensive ~port on Preliminary examination and' ~'-'lrV!';)' oft~nd-,~ ,. · :~~l)_gW~e$ ~~P a}1d ~¢~l10"Yl~dg~$ t~f).L· ~ot · 
Central and Southern Florida review of reports OQ; .ii ver!!, ,la~~s, lind~~~ajs o_t .· _ ~I,J :~sp~c~ ofP.ar.k ~er~ «f.~&P!fJP~d l)~c~~e 
for Flood Control an.d other ce11tral and southern Flortd~dQrflood~controlan~ ·. P~rk.wasJllStte~ep~ly est'$:~1l~"he~. Vi~w~ 
p.tirp(}se~. H9use Doc. #643 other purposes. . . · Proj~ct~i1dP-arkpJa•1s:as c.oropleiJl.~nttlry 
Feb.19, 194,8. · _ · f~(ltt;a.r,~sofFe9e.riHactivity. 

Acquisition ofadditional Secretary ·of the lriterior·is authodzed\v1tliiri t~!¥-. Pit~d-# l.9Q_35.e~ecu~d'Oe_c. 28,l9,4~.fby ,the.; 
lana.s.. ch. :~s~t sa-stat:·733 hcui~idaries·orENP-arur.wnn-afiY~fun9S~.roacte; -· · -, ~rii.S.t~:.Jirurtbe In~:i'n~li~pri>V~.e.n(Fun4 
(1949) (c~;>dtned at H1USCS s! , aYallable fur that purpose; to pr9CU!!eland$ ot oJthe S~te offlortda~ :A~¢ep~~iby.th.~ 
4l0e•410h>. interes'tii by purchase orotherwise.subj~ct to:t}le Secretary oft,he Inte;rio~ on 1\(p.rch' 14, 19.47. 

right of retention by owners of' the lands, interests· · 
in oil, gas, mineral rights, etc. 

Lands included in the L~nd and water withinthesebound~dc~ shall ; ~fhis section is a:Jisti.rig~.ofthe:bo.~oa,ties of · 
boUndaries of the Everglades. continue to be administered (ls ~NP; however,, t!te the Park. . 
Pub. L. No. 85-482,72 Stat. land and water therein not in Federal ownership 
2SO ( 1958) (codified at 16 shall be administered as part ~fthe Park .only 
uses ss 410i-410p}. . after being acq~red. 

Drainage of lands; rights of ' Secretary ofthe Interior shall permit drainage, 
way. Pub. L. No. 85-482,72 construction• operation and maintenance of · 
Stat. 280 {1958) (codifi~d at 16 artificial works required by Florida fol" 
USCS s. 41 On). - reclamation. 

T~is work ~he done by drainage di~trict. 
Must submtt a master plan and must be 
approvad ,by the State of Florida. Must not 

. be detrimental to preser::vation ~n~ pr()pa
gation of the flora and fauna of the park. 

Conveyance to the State of Authorization to transfer to the Sta(e.of Florida by 
Florida. Pub. L. No. 8;5-482, quitclaim deed, the land, water, ~lhd interests 
72 Stat. 280 ( 1958) (codified at therein, previously acquired by the U.S. for the 
16 USCS s. 41 Oo). Park but. not included within the boundaries as set 

ins. 41 Oi in exchange for the ~onveyance.by the 
State of Florida, of all land, water, and interests 
therein, owned by the Stale and within the 
boundaries setin s. 410i. 

Appropriation~ authorized. 
Pub. L. No. 85~482, 72 Stat. 
280 Cl958) (codified at 16 
USCSs. 410p). 

a. Authorization to appropriate .fund~ r.~q.~rcd , . a. Am~ndment Sept. 26. 1970 substituteQ 
(not more than $22,000,000) fur acqwsttton of $22,000,000 for $2,000,000. 
la,nd, water; and interest, within the 
boundaries of the Park. 

b. Authorized $700)200 fclr acquisition ofpri· 
vately owned lands within Park boundaries. 

Additional Lands. Pub. L. No. Authorization to accept on behalfofU.S. title of 
86-269,73 Stat. 553 0959) particular tracts in the parkt to exchange other 
(codified at 16 USCSs. 410q). tracts outside ofthePark to the owners. 
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Table 2. Everglades National Par~ ~u thorizaU:o.,ns "(!Continu~d). 
ACTION DESCRIPTtOI'f 

r . . 

Rules and Regulations. Pub. States all lands and submerged>landstitle4 'to 
L. No. 86-269,73 Stat. 553 u.s. under 410 shall be subject to aU hiws a}\d I·' 
(1959 )(codified at 16 uses s. regulations pertaining to ENP. . . . II. •• 

410r). 

Additional Lands. Pub. L. No. Acqui~ition of' land conveyed by threirCol~ier: 
86-681,74 Stat. 577 0960) deeds ml951, and 1952 to the Trustees of the 
(codified at 16 USCS s. 410r- InwrnaJ lmprqvem~nt Tr~sL Funds (lJ'IITFV 
1 ). . . '· . ' ' 

Deeds are dated Dec.12, 1951, Dec. 26,1951 
and March 21,1952; recorded in deed book 
22;,.P 2.40.~ ~e~d '~~k 2~, p 24~, tu~cl d~ed boo~ 
391 p -25, ~tt Col he.; County. · 

Rules and Regulations. Pub. 
L. No.86-681, 74St.at.. 577 
(1960) (codified at 16 uses s. 
4l0r-2). 

AJI lands and submerged lands.title to\vhiC:H is· 1 
· .. 

accepted by the Secretary of DOl pursualiltQthe 
provisions of this Act sflall b~coine parts·pf th~ 

AdditionsJ lands. Pub. L. No. 
88·588, 78 Stat. 933 < 1964) 
<codified at 16 USCSs. 410r-
3), 

ENP and shall be subject-to all laws and , ' ' 
regulations applicable ther~i.o .. 
Acceptance of'a transfer fr:orri the Adoiinistrrawt-6 Masters dee"d dated De a. "21, 1962 in the 
the ll'armers.Homc Adm., 'lf.S .. Dept. of.. . . ·-· , ·· f)roceedil)g c,ttitled "The Connecticut 
Agriculture of approximately 4,420 acr¢s. ' · Mutual Life In's, Co. v~ Toni ·Iori ... ":No. 61 c-

. .. 3823 in the Circuit Court of the NtH 
Jl1~ic:i~J CircuitofFh1'.1 in and'f~r Dade 
County.· ~--

Appropriation authorized 'for Appropriation not iri excess of$452~000, 
reimbursementofrevolving aut.hurized to reimburse the fund fhr costs 
fund. Pub. L. No. 88-588, 78 incurred by the Jt'armers Hmne 1\drn. with the 
Stat. 933 ( 1964)(codified at 16 previously mentioned property~ 
USCSsAl()r-4). · ' 

Ame~1~~en~regarding DeleU!d a proviso't~at no parcehvithin:a descr.ibe~ 1 
• 

acqUISltion of lands. Pub. L. area ttshall beacqu!red Wl~hm.~t~heconseht:ofJ~ . 
No. 91:·428, 84 Stat..885 ( 1970 owner so long as tt 1s used ex:cluswl.llyfor 
(cod_ified at 16 .USCS s. 410j). agricu)tural purposes. .. · ... ' _ . ~ · 

~,looa Control Act ofl965. Prov idesfor P.UD1Ping water from east of' L46~t ,I 

Pub. L. No. 89~298 extension into Park. · 

Flood Control Act of 1968. 
Pub. L. No. 90~483, 62 Stat. 
1171. 

ApproprfaLiori.arnend n1ent. 
Pub. L. No._9l'-'428, 84 Sta.t. 
885 (1970) (codified at 16 
USCSs. 410p). 

River Basin Monetary 
Authorizations and 
Miscellaneous Civil Works 
Amendments. Pub. L. No. 91-
282,84 Stat. 310 <1970). 
Cuncodified). 

Endangered American 
Wilderness Act of 1978. Pub. 
L. No.:95-237 s. 1, 92 Stat. 40 
(1978) (codified at 16 uses s. 
1132 et seq.). 

Water Resources, 
Col:lservatiort, Development 
and Infrastructure 
Improvenient. and 
Rehabilitation Act. of 1983. 
Supplemental Appropriations 
Actofl984. Pub.L. No. 98-
181,97 Stat. 1292-1293 
(] 983). 

.f•'urther modifies the projectforCcQLral.l).n~.. . Y Provides for.cQ~s~·rvation an([conveyanco,l)f 

.Sou_ thern Florida-in accordance with S;O; l0hinci.
1 
.~d~~Fonal w_ aterspp .. plies.fhr .EN'P, for .. 

H.D. 3.69. · ' agrwultural and urban needs• recreatt()n, 
. • • C- _ 1 ~~:d other PIJ.rposes, . . ; . · .. 

This an1endmentchangedihe amoun_t,of 
appropriation from $2,000,000 tO $22,000,000. 

a. Clarifies what the C&SF Projectmust..-]eliverc' Senate Rcport9l-895, 9lst Congress to 
to ENP to guarantee approximately one·siXth accompany House' Report 15166. 
of the wa~r made available by the project~ 

b. Set up cost sharing. 
c. Accelerate construction of-speCified works 

needed to bring water into the Taylor Slough 
1 and eastern panhand)e of' the Park. . 
! d. Constructing borrow canal L-70W and 

enlarging 119-W. 
e. Construct as soon as possible two canals and 

pumping stations linking water supplies from 
the WCA with the existing South Dade syst.ein. 

Everglades Wilderness1 Everglades National Designation ofENP as a Wilderness Park. 
Park1 Florida. 

a. Authorizes the Secretary with concurrence of House Report3678; 98-616 part I, 98th 
SFWMD and Director ofNPS to modifY the Congress 2d session. 
schedule for delivery ofwat.er from the C&SFP 
to ENP and to conduct an experimental 
program for delivery of water to the Park. 

b. Authorizes Secretary to make modifications in 
Comprehensive Plan fot flood control11s 
needed to restore natural flowofwater. 

c. Secretary is authorized to acquire such lands 
as are necessary to accomplish the above. 

d. Secretary is authorized to construct. necessary 
flood protection measures in the above area. 
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Table 2. Everglades National Park Authorizations (Continued). 
ACTION DESCRIPTION 

Extension ofModified Water Amends the first sentence ofSupplen'lentalJ - · 
Delivery Schedules, ENP. Appropriations Act of 1984 from Jah. 1, 1989 to. 
Pub. L. No. 100-676,l02Stat. Jan.1,1992. 1 

4040s.40. · 

ENP Protection and Enlarges Parkboundary to include 
Expansion Act of 1989. Pub. approximately 107 ,6()0 acres. 
Law 101-229,103 Stat. 1946. 

NQTES 

and .water resource ~nvestigations. The USGS also m~intains a network ofhy(Jrologic 
stations for the U.S. water resources data base (Gt:een·h:or;A~ a.nd O'Ma·r~, 1989). 

Soil Conservation Service. Congress di,t~~te.4 the $ecr~ta:ry of Agricultur.e 
to establish the Soil Conservation Service (SCS) in<t935.· ·w:itP.· authority to ac:htlin.i&t~r 
Title 16, Chapter 3B, Soil Cons~rvation (United States (~ode,, Title 16, Secti.C;ln eyeo:e). 
T.~e C~ngressional poli<:ies administered ·by tlie S'CS.lncl1:1de th .. e· 'cont_rol .alfd 
prevention of soil erosion, preservation of natural resources, provision of flood ·' 
control, prevention of reservo.ift itnpairment, and maintenance of the navigability of 
rivers and harbors (United States Code. Title 16, Se,e,ti.on 590.a). 

Bureau of Indian Affairs. Congress est~bli~l)~d theBure,au of Indian Affairs· 
(BIA) within the Department of the Interior In .l$~2~. l!~{t_<led by a11 Assis-tant 
Secretary for Indian Affairs, the BIA is. ·the lead re.rleraJ · .;~g~ncy in discharging .~e 
obligations of the United States to .Americ~~ In4i~n Trib,e.s::t\11~ .their fu.eJ;llh~r$. 'Vhe 
BIA acts for the federal government in the managementqf[~diart land$.1 .;tll.«:lriatu.ra1 
res0urc~s. 'Y~ich are held in federal trust . s~atus._ 'F~e ,,b~reau has~ wide~~~u;~o;~ing 
respons•hilities,mandated by C'ongress to A$Ststt}te Tr.t:pes ut.eco.nom1c d.evelopment 
a.ndin the development of tribal governme~t. rt al'$Q :llas•tli~ ;direct respoJ;lsibiJity for 
the education of Indian children and the provision of a variety of social services for 
triba..l members. (Seminole Trihe of Florida; 1990; United States Code. Title 25, 
Section 13 .) · · . · 

U.S. Ar111y Corps of Engineers. The U.S. Arn1y Corps of Enginee.rs (Corps) 
is the federal agency in charge qf.civil works. The .Corps constructs and operates 
surface water related projects and regulates dredging and filling activities in :wat_er~ 
in the state (Florida Bar Association, 1988)! 'r.he Corps cooperates with oth.er. federal 
and state agencies to develop flow regime~ to enhance ~environmental values within 
the ENP while at the same time meeting flood control f\nd .water supply objectives 
(CH2MHill, 1989). 

Central and Southern Florida Project for I•'Iood Control and Other 
Purposes. Congress initially authorized the Central and Southern Florida Project 
for Flood Control and Other Purposes (C&SF Project) through the Flood Control Act 
of 1948 (United States Congress, 1948). Various amendments to the Flood Control 
Actr~sultedin subsequent authorizations of the Project. The primary purpose of the 
C&SF Project is to provide a "comprehensive plan for· flood protection, water supply, 
and allied purposes." The originally conceived "allied purposes" of the C&SF Project 
included preservation offish and wildlife, navigation (United States Congress, 1949). 
Through a series of Governing Board resol u tio.ns, the District has assumed 
responsibilities as the local cooperator for the Project. The federal author·izations for 
the C&SF Project, the District's acceptance of the local cooperator's responsibilities, 
and, a brief description of each appear in Table 3. The District's specific duties as 
local cooperator are summarized in ~"'igure I. (Local cooperator responsibilities for 
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new projects will be in accordance with the accomp.anying Congressional 
authorization.) -

Table 3. Local Cooperator Responsibilities, Centraland Southern Florida Project 
for Flood Control and Other Purpos_es. 

(Excerpts from H.D. 643 and District Resolution No. 12) 
1. Provide all lands, easements and rights of way. 

2. Provide cash contributions of a percentage of the estimateci construction costs ofthe federal 
government. 

3. Save and hold harmless the federal government from damages due to the construction and 
operation of the Project works. 

4. Maintain and operate the Project works in accordance with. the regulations prescribed by the 
Corps, except for the following works: St. Lucie Canal, Lake Okeechobee, Caloosahatchee River; 
and the main spillways to the Water Conservation Areas (S--10, S.-lJ_ andS-12). 

The Corps designed and built, and Congress has financed, over. eighty percent 
of the cost of tlie C&SF Project. The District•s operation ofthe· C&SF Project as local 
sponsor is subject to the final control and authQrity o.ft;h~ OorpS.,pttrsuant to the Flood 
Control Acts and Corps regulations. The Corps deveJoped the ,general design 
memoranda for C&SF Project structures; sets re.gulatian schedules for Lake 
Okeechobee, the WCAs, and c~nal~; a~d sup~rvis~~daily operation of structures. 
Moreover, the Corps retains ownership ofth~.S-10, S-l,J, a11d 8·12 structures, which 
control movement ofwater among the WCAs and from the WCAs into the Park. The 
District operates these structures under conttact with the Corps and simply carries 
out the Corp~' orders with respect to their operation.. · 

Waters that contain elevated concentratiPl!~f1 of n-utrients., _which are the 
subject of this SWIM Plan and of Section 373.4595(2)(a)l of the SWIM Act, is moved 
into and out of the EAA and the WCAs and into the Park by operation of the C&SF 
Project under the supervision of the Corps) pursuant to the purposes for which 
Congress authorized and funded the C&SF Project. 

U.S. Environmental Protection Agency. The U.S. Environmental 
Protection Agency (EPA) is responsible for the protection of environmental resources 
subject to regulatory control under United States Code, Title 42, Section 4341. The 
EPA administers the Clean Water Act. Under section 402 of the CWA, the EPA 
issues National Pollution Discharge Elimination System (NPDES) permits for point 
source discharges. Under section 319 of the CWA, EPA has overall responsibility to 
require states to develop nonpoint source control programs. The EPA reviews DER 
permits for treatment, disposal and storage of hazardous waste. The EPA also has 
the authority to prohibit or to restrict discharges of dredged or fill materials in waters 
of the United States (33 U.S.C. 1344(c)). EPA is also responsible for administering 
the Resources Conservation and Recovery Act (RCRA) which has some importance 
for Everglades agricultural interests and is important for water quality 
considerations in the study area. 

4. Indian Tribes 

Seminole 'rribe of Florida. The Seminole Tribe of Florida is a federally 
recognized Indian tribe which occupies federal trust lands in five Florida locations, 
including the Big Cypress, Hollywood, and Brighton reservations, and the 
Immokalee and Tampa Indian communi ties. The present total population of the 
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Table4. · C&SF Project Authorizations. 
ACTION DESCRlP1'ION 

- <-.-- -- •• ~ ~ • 

Florida Legislature 
creates Everglades 
Drainage District, 
1905,1907,1918. 

·Powers include: ( 1) taxaLion; (2} bond authority; (3 _I 
use of funds from land sales to car"ry on drainl!R~ 
works. By 1~28,_constructed 6.1!111.jqr c~nals (<Jalot!$• 
ahatchee, Mtamt. North NewRtver, Htllsboro, West 
Palm Beach1 St. Lucie), and other facili~ies. · 

Florida Legislature 
crea_tes Okeechobee 
Flood Control 

Responsibilities f.<! include local cooperation:for 
Caloosahatchee Rtver and LakeOke·echob~e project 

District in 1929~ --
Rivers and Har_b_ors Congress author.:izes Calous~haU:hee_and Lak~ -I G,hin{g~d,J~v~~ !e~ii~W a,i (~e.~:·frj!·mi4I~elwt~l1-,,. i 
Apctbo

1
t JUly 3~1930 _Okeechobee dr!lmage areas unprovement,ptoJ~<:t a!> --~-- U.c)W~n,·q_e U>ratsel~w~_e'~n.a,d!)Jt.I(t~a_ :t~.!fe,.e_ t. V)~~ to 

< u tcLaw·rl-520). recommended mSenate Docume-nlNo.ll5.. · coi'Uitruct;audFlotida.tomalte:cas.li-a-ontrabutJons. · · 
ENP Protection and Enlarges Park boundary to include approximately -
Expansion Act-of 107,600 acres. · 
1989. Pub. Law 101-
229.103 Stat.l946. .. . .. - . - . - _ -: .. . ·.·· . · · - --

1949 
Ch. 25270, Ch. 
25420. 

Florida Legislature creates Central and &ilthern' C_ SFF_ c_-_D. __ ··a_bs_ortis ·o __ ik_ e __ -._Gc_h_o_ .. _b '1 ee.·F_Io_· oa __ ,:co_· n_tr_ol 
Florida Flood Control District (CSJl'F_Cp). D!sL~{C:L Lf '.iii~iitiaij oqhief. 'l&:ae~· PMipage 0Jstrict(E0~). Transfer ofliSO-tacllJttes to 

. CSFFCO. ; _ - . . - . . - -- . ·. - . 
Resolution No. 12, C~FFCD assl!fnes full resP.onsibilityfor ~oinpli~~~e: LCJ~~·J}:~opera,tar re~p~ii_sibilities as defined iri 
August lt 1949. wtth the req\llrementsfor local cooperataon setforth FJgure 1. · 

in 'House Oocwnent No. 643. ·· · · · · . · , 
Flood· Control Act of Congress expands the 1948 authorizat.i6n.to. iriclud(; 
Septep1ber 3 1954 the entire comprehensive imP.rovenielit.pltJ.n·f()r 
(Pubbc Law 83-780): flood prote.ction, water control, and alliecl'purposes 

contamed m House Document643 . 
. Resolution No. 2241 C~FFCl)~ssumesfulJ responsibilityJ(jr,co!U..PHJ.i.'~~e· · 
September 15; l95t~. Wlth, requuementsfor local cooperatiOn set Ulrth m · 

.the Flood ControlAct of 1954. · · . . 
Flood. C_ontrol Act 9f Co_ ngr~ss add .. $ project elemehUj u .. s;re(:o··· m __ ~erio_ eC:I-in I A __ .-p.···. a __ ~t_:_ion,~_Al~_~O.JJ_·_·~c-~t __ · !.el.9w.·~nl$. __ CJ!ic_~-'J~d_~-. -_,_o.~I1.·_:tlie:weihlid~ 
July: 3;.195~ (Pub he House Document 186 and SenateDocu"tnent·48. of~lle:~_-:.Ve. rglade.s l!gr_·lC!J-ltUi'al a.r~a and 
Law 8o;;600). . conser.vat.iofi·area:tnJI'endf<v.Count:V. • 
&solution No. 398. C~FFCD ~ssumes full responsibility:ro~;c_tlrr,eJ)lia;n.~_t!; . 
. October·9.l969. Wlth reqwrement$ for-localc~op~ratl~n'f:l~tf()~th m . 

the 1958 Act as tecommendedm H.D •. No.186. .~ , ,,, , ~ .. ,._ __ , . . 

Flo. od Control. Act of '(~ongre~s-a. utho. ri~e~ modifi.cat_-iojjs .. ofcqm .. ·.·p. t~nen;.- . i\4 __ ~s. ___ -.'.prt)J·~-~c .. :~{or_· Yl_es.J Fa_. :Jm.)_Be.-~9_J~·~~!la:l··'.~~ggy-· . .r _ _ ' 
1962_ <Pub he Law s1ve ."lan.as recommended m Sem.tte:Document·Nos. u.J;!eeli).Sfitngle.CreeltAQutJ~t: Dramage. Are~, SOuth 
87-874-J. 138;123 125 139 arid 146. · _ _ · " D8'de.\Jiounty~.needy·\:ireeRSwtfmo.. . _ 
Resolution No. 5121 C~FFCDassu.mcsfull res_ponsi~ility'fof.c(!rii:P,lH.tn.M 
514- . withthereqwrementsoffocal cooperatJonset:(ortn 
AprilS, 1963. in the' 1962 Act as recommeridf:d iriSeha~e 

Document Nos. 138, 123 125, 139 and 146. . . 
Flood Qontrol Act of Congre~s authorizes modific~tions rtf the compte- Adds proj~ct~lem,eof.S'in Hendry County . _. . 
October 27, 1965 hens1 vc plan· for flood protectaon, water ·control and (supersedin_g,Flq'od Control Act of July 3, .1958) and 
(Public Law 89-298}. allied purposes as recommended in Senate SoutliW'estDade'C<iUilty; 

Document No. 20. 
Resolution No. 744, CSF:PCO.assumes responsibilityforcompliance 
June 9.1967. with the requirementsoflocal cooperation·setforth 

in the Flood Control Act. of 1'965- as recommended in 
Senate Document No. 20. 

Flood Control Act of Congrcssauthorizes modificat.ions ofthe 
1968:(Public Law comprehensive,plan for flood protection, water 
90-483). control.;,. and alhed purposes as recommended l1l 

House uocunient No. 369. 
Resolution No. 880, CSFFCD assumes responsibility for cotrtj)liance 
October 17, 1969. )Vith the requirements of local cooperation set fort.h 

m the Flood Control Act. of 1968 as recommended m 
House Document No. 369. 

River Basins Congress authorizes appropriations for prosecution 
ApproP-riation Act of of the comprehensive plan approved in the Flood 
June 19 1970 Control Act of 1948 as f.tmeudcd. Coqg_ress estub-
(Public Law 91-282). lishes minimum delivery rate frun1 CSFFCD to 

ENP. 
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AMH.Mart~~~ Cou1iiy a~dtll-~ Waterllt~sQU.rceiiPlan. 
ProvJdes for conservatJob and conve_yance.of _ 
udditiom11 water slit>pli~s for- ENP~ tor agricillt~al 
and urban needs rccrcaticin; and other r)urposes; 
Local.cooperator respcui$ibi.Ij~ies·'inclu~~; (1) ~!l$h. . 
contrtbutJons; (2) constructiOn and·mamtenance;t3) 
provid~_ pecos~aty 1anp~;·.(4lco~¥i i)fneces~acy'loca] 
mn·atJtru~ture; (5> Ul;~~mmficf;l.b_on ofV ;S. _for 
cons~r9ctlot1, opera.ttOn1 and ~~u~t.ena11ce;.C6> 
prohJbtl enct"oachrnafit.s·on carrymg cy.paCily of , 
Inlf!roved~chatincls; (1) operate. ana rrt8.JJ;~tain works 
for~lood c~ntrof. nav~g!:ltlOn, ~l!.ckp9-mpmg·and 
deb very ot Water t<l gNP, agru;:ultural areas, and 
urbat?- ar~u.s <caveat: no g~;~urantees of delivary)i r8) 
contrtbute toward recrea1Jonal·develonment. 
Specifics works to wbichfUtidin1fwill be allocated,\ 
including works t.u be speci.Oed 6y lhe ENP plari o• 
i~P.rovement for meetmg water requirements ofthe 
ENP. 



Everglades SWIM Plan .. Supporting Information Document 

Table4. C&SF Project Authorizations. 
ACTION DESCRIPTION ~OT:ES 

I }Yater «esources, u.S ~J~tJ.wr1•zes L.h.e ;secretary wi~h concurrence or 1 House Report 3678; 98~616 part I, 98th t.:ongress 2d 
Conservation, ,. WM ) and Director ofNPS to modifY the session. 
Development and schedule for delivery ufwaterfrom the C&Sii'P to 
Infrastructure ENP apd t.o conduct an experimental program 
Improvement. and for delivery ofwater to the Park. 
Rehabilitation Act b. Authorizes Secretary to make modifications in 
nf 1983. Supple- Comprehensive ·Plan for flood control as needed 
mental Appro~ri- to restore natural f1ow- of water; - · 
a.tions Act of 1984. c. Sac:ratary is authorized to acquire .such lands as 
Pub. L. No;_98-181, are necessary to accotlUJ1iSh (he above. 
97 Stat. 1292·1293 d. Secretary is a uthorizcd to construct necessary 
C 1983>. flood _l!_rotection measures in the above area. 
Publi_e Law 99-190, Joint resoh.ition making further continuing 
99 Stat. 1185, appropriations for fiscal year 1986. 
Further ContUluing -
Appropriations, 
1985. 
Water Resources First major civil works autqorrzationsince I 970 
DevelQPment Act of Omnibus Water Resources Management and 
1986 (Public Law F'inancing Act. 
99-662). 
Water Resource Establishes funding mecha.nisms for various aspecU3 
Develo_pmenl Act of of water resource development. -
1988. Pub~ Law 100-
676;102 Stat. 4012. 
Water Resources Provides additional project t).m~ing. Inch.!deS an 
Develo_pment Act. of environemtnal protection mission, DO net loss of 
1990,_ Pub. Law 101- wetlands interim goal. 
6401 104 Stat._ 4604. 
Energy and Water Various appropriations for energy and watet 
Development development. 
ApproP._riations ActJ 
1992. Pub. Law No. 
102-4,105Stat.5l.O. 

Prohibits use of funds in connection withdeet 
huntir:ig in the Loxahatchee National Wildlife 
Refuge. 

Tribe is estimated at 1,800. The Tribe governs itself\:lllder_a constitutjo11 and bylaws 
approved by the Secretary of . the Interior pursuan.t to Section 16 of the Indian 
Reorganization Act, 25 U.S.C.,ss. 476. Inl987, tPe_ Tribe entered into a settlement 
agreement with the State of Flor~da and the SFWJV,l]), resolving cert~in tribal land 
clain1s against the state and the District and providing for the transfer into federal 
trust of 15 sections of land which had been part ofastate reservation established for 
the Indians in 1931. The state and the District retai11ed certain flowage ·easements 
required for water management purposes. The remainder of the Tribe's interests in 
the state reservation was purchased by the state and the District. 

As part of this settlement, the Tribe, the state and the District entered into a 
Water Rights Compact which applies to all tribal lands except for the tribal holdings 
in Tampa. Chapter 285, Florida Statutes, ratified the Water Rights Compact 
between the Seminole Tribe and the District and the State ofF lorida (Section 285.165 
Florida Statutes). Under the Compact, the Tribe has agreed to follow the provisions 
of substantive Florida water law, with certain exceptions and preferences, and under 
special procedures which provide for tribal access to the federal courts for the 
resolution of controversies. The Compact, which applies to the Tribe as a matter of 
federal law, is the sole source ofregulation of water resources on tribal lands. 

Miccosukee Tribe of Indians of Florida. The Board of Trustees of the 
Internal Improvement Trust Fund is authorized to transfer lands to the Miccosukee 
Indian Tribe (Section 285.061, Florida Statutes). In a 1982 settlement agreement, 
the state agreed to the transformation of the state reservation in WCA-3 to a federal 
reservation. Currently, the Tribe leases lands in the WCA for fishing and hunting 
and other traditional Indian activities. Through a Memorandum of Agreement, the 
District and the Tribe have obligated themselves to use the utmost good faith and 
best efforts in structuring and implementing a comprehensive Water Rights Compact 
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governing state/tribal cooperative water management for the future. (South Florida 
Water Management District, 1987a). 

B. DISTRICT-CORPS OF ENGINEERS ltELA'J'.JONS:HIP 

1, Construction and Operation. 

The District and the USCOE have joint res,p,onsibilities for the construction, 
operation and maintenance of the C&SF Project.-; As ·outlined ~hove ip. the s~.cti()fi 
dealing with the C&SF Project, the USCOE designed. and. buiilt -a .. n·cr ·oon.gre;~$ ha$ 
financed over eighty percent of the cost and the District'soperatiQn·9ft}ie facHities'as 
local sponsor is subject to the final control and authority oft·he 'LTSCOE pursuant to 
the Flood Control Acts and USCOE regulations. · · 

2. Planning .. 

This section outlines the USCOE .planni11g pro~~~s (pa~~d 4::).11 f?:chwattz, l91$i9, 
personal communication; USCOE Pamphlet E·P 1105-2'"10, 1987)~ The distn.i.$$iQn 
reveals that this process is thorough, cornple;,r, and time cqns·umiJtg~ .. ~AA 
understanding of the complexities of this process .is Important hec·ause of ~he SWIM 
pl~n's potential to trigger a need for future District-U~COE pl~nri.i.ng efforts· w:h,i¢h 
affect the C&SF Project. It is also important to remember that thi-s. feiferal prQcl~~$~ 
gives the USCOE (and to some extent other federal agencies) a powerful inflq~~c-~, 
including veto authority, over some potential programs and projects recoimllended iii 
this pl11n if they are found to impact the federally mandated operational criteria of 
the C&SF Project. · 

There are several major steps in the planhingidesi'gn, and. implefil~nt~tion of~. 
USCOE civll works project. The subsequen.t. steps may v~tY bas~d'' on th~ natU::r;~ Qf 
the p;roposaL Procedures for authorized, but qever eonstr11cted eleme~t$ ofthe C~SF 
Project are different ~han a proposed proJect feature tha-t has not bE!e~ preV.iously 
a11thori~~d. Additionally, a proposal to redesign a ~ompleted' project f~ature may b.e 
treated like a new element of the project. The following offers an overview of the full 
procedure for new elements. 

The first step in this process involves identification of local water or related 
land resource problems which require federal assistance to resolve. The ne:x:t· step 
involves a request for federal assistance. If obtaining federal assistance d~pends 
upon a congressional authorization, the District will contact the Florida 
congressional delegation. Through Public W arks Committees, a member of Congress 
requests study authorization. As identified in 1'able 3, a wide range of congressional 
authorizations already exist for the C&SF Project. New elements outside the scope of 
these .existing approvals require congressional study authorization. 

Upon study authorization by the Public Works Committee, the USCOE' 
district office begins a two-phase study of the resource problem. The first phase is the 
development of a reconnaissance report and is funded 100 percent by the federal 
government. This report, which must be completed within one year, defines resource 
related problems, identifies potential alternative solutions, appraises federal interest 
in the potential solutions and identifies a local sponsor willing to cost share the next 
study phase. If the reconnaissance report determines federal participation in further 
study is warranted, a feasibility study is initiated. 
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The fe.asibility st1;1dy evaluates potential solutions and the costs and benefits of 
the alternatives. If this phase results in a determination that there is a federal 
interest and viable solutions, a Feasibility Reporct :and an Environmen·tal Impact 
Statement (EIS) are prepared. The Feasibility Report and EIS, which are jointly 
funded by the USCOE and the local sponsor~ .go ·through a review process which 
includes the District Engineer, Division Engineer, Washington Level Review Center, 
the Board of Engineers for Rivers and Harbors; ;the heads of federal agencies, and 
state government. Public comments are considered ,at several rev·iew·stages· .. The 
proposed report of the Chief of Engineers and ·final ~IS are sent to heads· of federal 
agencies and governors of affected states for··comment. The final EIS is filed with 
EPA and made available to the public. 

This review process results in a final report of the Chief of Engineers which is 
submitted to the Assistant Secretary of the Army for Civil Works. The Assistant 
Secretary of the Army for Civil Works submits the report to OMB for comments on 
the report as it relates to the president's programs. After the review process, the 
Assistant Secretary submits a final report and recommendation to the Congress. 

Following submission of report to Congress, the USCOE continues advanced 
planning, pending congression~l authorization of the project. This process.is.known 
as the Pre~construction Engineering and Desi-grt (PED) phase. As part of the PED 
phase, a General Design Memorandum and Detailed Design Memorandum may be 
prepared. 

The congressional authorization process begins with the submittal of the Chief 
of Engineers' report to the liouse Committee on Public Works and Transportation 
and the Senate Committee on Environment .and Public Works. After conunittee 
hearings are conducted the project is authorized by Cpngress, u~ually through the 
enactment. of an omnibus bill,· the Water Resources Dev.elopment Act Federal 
funding ofthe project normally occurs in the annual Energy and Water Development 
Appropriations Act. 

Subsequent to congressional approval, the District and the USCOE discuss 
matters which relate to land acquisition and the ultimate design of the right of way. 
Right of way design requires the review and mapping of engineering plans and 
specifications. In addition, the land acquisition strategies must allow for necessary 
adjustments to avoid problems such as takings, severances, and relocations, while at 
the same time staying within the integrity of the original design. 

The next phases in the project planning process involve the preparation of 
plans and sp~cifications, funding, land acquisition, permit acquisition, and actual 
construction of the project. The USCOE is responsible for the preparation of the 
contract, plans and specifications, with concurrence from the District. Next, funding 
must be obtained. Funding has a federal component and a local component. The 
congressional authorization for the project specifies the percentages of responsibility 
of the federal and local components. The local sponsor is re$ponsiblefor obtaining the 
necessary real estate interests. The methods used by the ·local sponsor to meet this 
responsibility include negotiation, acceptance of donations, and eminent domain. 

In coordination with the above described activities, the USCOE proceeds to 
advertise for the contractor, lets the contract, and construction begins. After the 
USCOE's contractor completes the work, the USCOE tenders the project to the local 
sponsor for inspection. Subsequent to a favorable inspection, the local sponsor 
accepts certain responsibility for the project. The District's Governing Board accepts 

13 



Everglad~~ SWIM Plan- Supportin~ Information D.ocu~ent 

these responsibilities through a Board resolution and at the same time designates the 
project elements as District works. - · · 

The District1 as local sponsor for the C&SF Ptoj~ct, h,as norin:al1y accep~ed the 
responsibilities of operation and maintenance. 'l'he USCOE. re.q1.1ires th~t. tll~:Ulstri.¢~ 
operate and maintain the project works in a.ccorda.nce with USCOE cr~teri~, wll:lcll 
are contained in the Operation and Maintenance Mal1U.8.l,~Wate,rCo~ttQJ'Pl~~$-; ttl\d 
Water Control Manuals. The USCOE :has retained the responf:iibJliti~~ fqr 'tli~ 
operatio:n and maintenance of C&SF Project facilitie~ which. co~~fst of the St. Lq~~e 
Canal, the Okeechobee Waterway, theCaloosahatchee·River,Q~11l Can'al, and·t~~'S-
10, S-11, and 8""12 structures, which discharge direct}¥. into 'ENP~ With regard· tQ the 
operation of the S-10, S-11, and 8'"12 structures, the Di~trict ac~s ~s ~n.'inOe.~-epq~:q~ 
contractor of the USCOE rather than. as the local sponsor. The usco~ IS responsible 
for the maintenance of these structures. · -

C. RESOURCE AU1'HORIZATIONS ANl),J_U'RISB.ICTlO'NS. 

The following sections identify federal _and stat~ laws that subst.anthtlly 
impact the Everglades SWIM planning effort. Th.e discussiol! al~o includes CPV~rage 
of other legal commitments of the District, mainly contractua.l obligations. 

The discussion focuses on the law which relates:to the ·inte:rests of wat~r 
supply, flood ·control, water quality, and fish and Wiidli.f~. These interests· ·of~en 
conflict with one another and should be balanced in order to achieve a ha-rmonized 
and legally sound approach to the Everglades SWIM· plan. · :However, the Q!s.trict 
lac~s fil):al authority to reconcile conflicts among wat~r su-pply, flood cop.trpJ,. ~nd 
other purpose~ of the Project, including water qQaTity. That can only be don~ l)y :t}le 
UnitedStates which has yet to provide any guidan¢e,on:~uch-areconciliation. -

1. Water Supply 

_ Federal. The legal requirements for water supply are govern~d prjrparily by 
the federal law which resulted in the authorizations for the Central and Southern 
Florida Flood Control Project. House Document Nos. 643 and 369 establish the· major 
elements of the Project's water supply features. 

House Document No. 643 ektablishes Lake Okeechobee and the Water 
Conservation Areas as the water supply source for Everglades National Park, 
Florida's lower east coast, and for the Everglades Agricultural Area (United States 
Congress, 1949). House Document No. 369 provided the precedent for water 
deliveries to ENP and recommended several federal works to improve the water 
deliveries to the ENP (United States Congress, 1968). 

In 1983, Congress passed the Water Resources,. Conservation, Development 
and Infrastructure Improvement and Rehabilitation Act ("Fascell Bill")(United 
States Congress, 1983a). This law suspended the ENP water delivery schedule to 
allow for experimentation in control of flow to ENP (United States Congress, 1983b). 

State. The State is responsible for allocating water supply releases from 
project storage, except where specified by federal law. The Corps considers the 
authorized water supply purposed in determining the regulation schedules and 
operating criteria for the C&SF Project. The main body of law which regulates water 
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supply_ on the state and regional level appears in Chapter 373,.Florida Statutes. Part 
II provides for a consumptive water use permit program which has: been implemented 
by the District (Section 373.216 - 373~245, Florida Statutes; Rule 40E - 20, Florida 
Administrative Code). Chapter 373, Florida Statutes, provides for planning for water 
use and water supply as part of a state-wide comprehensive planning effort (Section 
~78.036, Florida Statutes). Chapter 373, Florida Sta_tutes, authorizes th.e District to 
Issue water shortage orders when water supplies are reduced due to drought or 
overuse (Section 373.246, Florida Statutes). 

Indian Tribes. Indian water rights are governed by a water rights compact. 
The compacts are superior to any other federal· or state laws on the subject ofwater 
supply. A water rights compact is in effect between the District and the Seminole 
Indian Tribe (South Florida Water Management District, l987.b). The District and 
the Miccosukee Indian Tribe are currently negotiating a revised water .rights 
compact. 

2. Flood Control. 

_ Federa1. On the federal level, (load con:t_rol is ,regulated through the 
Congressional authorizations for the C&SF .Project (see Table 3). Under th~se 
au_tJ;torizations, Lake Okeechobee proyides flood c~p~rol for the E~verglades. 
Agricultural Area; the Water Conservation Areas-prov1de flood protection for the 
Everglades Agricultural Area and the Lower East Coast. S.pecific regulation 
schedules have been established for both L'ake Okeechobee and the Water 
Conservation Areas to ensure that the system of levees remains·· intact, 'to provide 
hurrica11e protection, and to comply with the federal oper~tion schedules. 

State. On the state level, flood control and surface water management is 
r~g\ilated through Part N of Chapter 373~_Florida Statutes. Part IV requires that 
adequate flood protection be provided by all nonexempt construction or alteration of 
dams, impoundments,_ res~rvoirs, and other works which can affect the water 
resources of the state. The District implemented Part IV, Chapters 17-40, and 17-25, 
and Rule 40E-6, Florida Administrative Code through the adoption of the rules and 
criteria which govern the construction or alteration of surface water management 
systems (Rule 40E- 4, Florida Administrative Code). Flood control, along with water 
quality and environmental considerations, make up the main evaluative criteria for 
surface water management systems. I 

Indian Tribes. Indian water rights are governed by a water rights compact. 
The compacts are superior to any other federal or state laws on the subject of flood 
control. A water rights compact is in effect between the District and the Seminole 
Indian Tribe (South Florida Water Management District, 1987b). The District and 
the Miccosukee Indian Tribe are currently negotiating a water rights compact (South 
Florida Water Managernent District, 1987a). 

3. Water Quality 

Federal. 

_ Recommendations for the Central and Southern Florida Project for Flood 
Control and other Purposes: House Document Nos. 643, 186, and 369. House 
Document Nos. 643, 186, and 369 contain recommendations for the C&SF Project, 
adopted through a series of Congressional authorizations (see 'rable 3). 
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House Document No. 643 establishes the major element~ ()fthe Project (U;llit~d 
States Congress~ 1949}. Congress authorized Ppase I in 1948 a~d by 1.958, ha.Q. 
completely authorized the C&SF Project. House. Decwment 'No.· 643 fo'cti.s.~$ 
e.ss~nti.ally up?n. flood ;ontrol and water suppllf.:. It's covera~e of wat~r 9-N-*li~r 'i$ 
hnuted to provid1ngreheffrom the effects offlood!ng upon·s~ptJc ang·sewer.~yste~~· 

• - . 1 ! . "" • ~I 

. Congress ~uthorized the recommendatio~s :_f.!ontained in Ilpu.~e P~cQJ!le~~--NQ. 
l861n 1958 (United States Congress, 1958). This··autporizati(}n ~dde.4·_c~S;f_ ?rQj~ct 
elements on the west side of the Everglades Agricultural Area ~ati.4 :the W.CA~ fp. 
Hendry County. House Document No. 186 provides very little coverage ··of' water 
~ill~ . 

In 1969, Congress authorized the recommendations contained in llous.e 
Doc_ument No. 3.69 f?r. additional Project ~arks and P.1•ovid~d for :th~_c.o.n~erv~t,~Qn ~t,i~ 
conveyance of additional water supplies for agrrcultur~, url;lap ·.r,teed~, and .far 
Everglades National Park (United States Cong.ress, 1969:). Alth.oug:h Hou~~ 
Document No. 369 does not make speCific recorrunendations .on wa;ter quflJ:i,ty:, it 
recognized water quality as a prime objective of the opet~tion of :the Pr.<)jec~. llPu.~e 
Document No. 369 states that, to the extent practicable, opeta£iQh :fu.ethoq_s ':be 
employed which evaluate and minimize concentrations of pesticides, her.bJ~id~~; a,11d 
nutrients. This Document also provides for the i11eprporation. ofvi'a.ter q'Qality cb)l:trol 
into Project operations based upon the results of c6ntin·\dng s~u~ies. · · · · 

Federal Water Pollution Control Act _ Clean Wa-ter ·Act . Tile Federal 
Water Pollution Control Act was original~y enacted. 1by , origtess-~n 1948'(Uni:te.d 
States C.ongref)s, 1948). Since 1948-; the Act h~s ,gone ~h,.ro~gh .Sl:l;b~tfl::n,ti~l 
~endtnents. The Act is commenly referred to as the ;Clea.rtWater ·A:et ~na ih~s ~~ i~ 
objective to restore and m~ntain the chemical, ·physical, :a,:ild :biologjcal-fAte,gri;ty tif 
the nation's waters (United States Code, Title 38 Section12Q7a). The Acte~tal;JJis~es: 
two major regulatory schemes which censist dfWll]_ter·_qu=:tlity Sta:lldard~ aJXt:t,.effillleD.-t 
limitations. P·rior to 1987, the·. Clean W a·te.~ i.A;ct foeu~ea prim.arUy upon tli;e 
regulation of effluent from sewage treatmen-t facHities an·d other .d:isch.arges, 
commonly referred to as "point-source" pollution (American J\trisprudence~ "1:~.81) .. ~p. 
19.87, Congress adopted significant amendments to ,the Act (Uhited·St~tes Co~gress, 
1987). These amendments authorized a. state-federal ,progr~ to provid.e federal 
support and cost-sharing for state efforts to control diffuse sources of poUutaJ;t:ts, 
commonly referred to as "non-point source" pollution. The 1987 amendmentS als9 
strengthened existing programs for the improvement of water quality in lakes 
(Environmental Reporter, 1987). I 

Other provisions of the Act direct the EPA to solve pollution problems in 
estuaries. The EPA is also responsible for the regulation of stormwater discharges 
and effluent limitations under the Act. 

National Environmental Policy Act. Congress enacted the Na-tional 
Environmental Policy Act (NEPA) in 1969 (United States Code. Title 42, 'Section 
4321). The objectives ofNEPA are to declare a national environmental policy and to 
establish a council to review national policies and environmental problems. The 
purposes of NEPA are to encourage harmony between man and the environment, to 
promote efforts which will prevent or eliminate damage to the environment, and to 
enrich the understanding of ecological systems and natural resources. NEPA 
establishes a federal regulatory framework for development activities and includes 
within its scope, state or private developments in which there is federal participation. 
NEPA requires the integration of environmental considerations in the decision 
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making process. The documentation of this consideration is contained in a written 
assessment. Projects havin&' signifi~ant effects on the quality of the e~vironm~nt 
must be supported by a detatled Env1ronmen.tal Impact Statement (see also Flortda 
Bar Association, 1988). An EIS is required for "major Federal !actions significantly 
affecting the quality of the human environment .... n 42 USC 4332(2)(C). An 
"environmental assessment" must be prepared by feder-al agencies for proposals that 
are.not categorically exempt from the EIS requirement unless the agency has already 
decided to prepare an EIS [40 CFR 1501.3(a) and l501.4(a.) (l989H. In very general 
terms, an environmental assessment is intended to .guide ·an agency's decision on 
whether an EIS is required or to document a finding ofno.significant impact. 40 CFR 
1501.4(b) and (c) and 1508.9. NEPA imposes no obligations on state agencies. 

Resource Conservation and Recovery Act. The Resource Conservation and 
Recovery Act (RCRA) mandates a co11J.prehe.~sive program for the management of 
·waste materials, placing its.primary emphasis· upon hazardous w~ste (United States 
Code, Title 42. Section 6901). The hazardous w~ste .ccoverage of RCRA. includes: 1) 
identification and listing of wastes; 2) establishment .of standards ·that ~pply to 
generators, transporters, owners, and oper§tor.s. of hazardous was~e and hazardous 
waste sites; 3) establishill.ent of a permit s.ys_tem for the treatm~nt, ·storage, or 
disposal of hazardous waste; and 4) th~ establish.menlt of state hazardous waste 
programs, inspections, and federal enforcement (Florida Bar Association, 1988). 

St~t~ Law. 

~ Water Resources Act of 1972. The Water Re~ources Act of 1972 (Qh. 373, 
F~S.), authorizes the water ~anageme11t districts to con~ider water quality S:S one of 
t:be elements involved with the management ofwa·ter a:Qd related resouvces. The Act 
also establishes the Legislature's intent that the water managelllent districts 
promote water quality through environmental ~n_hanceinent and to promote the 
water quality aspects of the state water policy. In 1987 the Florida Legislature 
enacted the Surface Water Improvement and Manage:ment (SWIM) Act(Ch. 87[-197, 
Fla. Laws). This law requires the water management districts to create and 
implement plans for the protection ~and restoration of designated priority watel" 
bodies. In 1989, storm water regulation was incorporated into Part IV regulation of 
surface water management by water management districts (Florida Legislature, 
1989). 

I 

Pollution Control. Chapter 403 of the Florida Statutes· establishes a 
comprehensive state pollution control program. The Florida Department of 
Environmental Regulation has responsibilities for the regulation of the point source 
water quality aspects of the pollution control program. The DER's regulatory 
authority includes point source discharges to surface waters and ground waters, 
dredge and fill activities, the classification of water bodies, and adoption of state 
water quality standards. 

· Outstanding National Resource Waters. Rule amendments recently 
promulgated by DER designate a new water quality classification of "Outstanding 
National Resource Waters" (ONRW). The rule amends the state water quality 
standards by imposing an anti-degradation standard for designated water bodies, 
upon confirmation by the legislature (Fla. Admin. Code 17-3.041(9) and 17-4.242). 
The Everglades National Park and Biscayne National Park are water bodies that 
have been included in the rule's designations of ONRWs (Fla. Admin. Code 17-
3041(18)(a)2). However, the designation is not effective, a.ccording to the regulation, 
nuntil the Florida legislature enacts legislation specifically authorizing protection 
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and maintenanc~ of Outstanding N 3;tional Resource Waters t~ the ~~te11t required ~y 
the ~ederal Environmental Protection A{f~ncy pu~suant to 40. CFR .l.~~!~g. '' Jrl~. 
Adm~n. Code 17-3.~41(18)(b)). Proposed legisla.t~pn tp ··acco~plish :~h.·i~.~~si81lat~t;;p l.S 
pen..d..,1ng: (House BII! 94 7). The baseline for ·.defi;~htg · the e~i~ti~g :~b~·~p.~ w~~~r 
quahty In the Park, 1f designated as an ONRW, wHl be· Ule pert ad 'from lVf.ar~h 11 f~76 
to March 1, 1981 (Fla. Admin. Code 17-3.04l:(l8).,(d'). · . I · -

. Executive Order No. 88-25. Executive ·Qrd~r N·o~ -88-2~ w~s iss:q:~ci by 
Governor Bob Martinez i~ an effort to reaffir~ ·th,~jtP;port~ce of._th·~ ·~\7~r~J~4e$ 
system to the State of Florida (State of Florida, 198.8)r. The E~ecut1v~ .Order di~eet.s 
governmental agencies, including the District, to "PPey~nt co~p.buJ.~ll.~ t~v~at.~ .tP ~~~e 
Ev~rglades system. One element of the Exec:Utiv~ :Qrper~s ·actlqn pJ~~ 1~ to t,~qU!te 
s~r1~t scrutiny of proposed development in the Everglades. The .E~¢cutive 0Fder ~lsp 
hm1ts the purposes for which public lands loc~teq jn the Ev~17gl:;~.P.e~ t,nay be 
developed to the purposes of water and other naturail r~source Jll.~~ageW,¢-p.t. '.fh.e te;x:t 
of the Executive Order appears as an appendlx, hi_ Voltphe IV of.this.re:pQrt. 

. Majory Stoneman Douglas EvercdadesProiectioll Act.of 19.91 •. The Marjory 
Stoneman Douglas Everglades Protection Acf(l.VISD~ requites t}1.e :Q'i$'tr:i¢t to agQpt a 
SWIM Plan for the Protection of the Everglades Protection Area which wou~~ i~~h:Jde 
strategies in addition to those required unger SWIM. This incl~d.e§ ~tra:t~gie~Jor 
meeting water quality . standards and to restore tbe Everglade~ }).yqrQp~;riQQ.~ . 'T}le 
District and the USCOE must apply for permits for 'thefr·discharges i~to and within 
the Everglades Protection Area. For the District; both prQgrams . }\e.quire 
development of ambient water quality concentratioll levels and interim levels to 
meet applicable state water quality standards to th~ maxi:tru.im ex~ent possible. 
Schedules, moni taring, research and funding and land acquisition programs ~r~ ~lso 
requi·red. 

Other 

Senate Report No. 91-895. In 1970, the Com,roittee on Public Wor~~ ~~s~ecJ. 
this report, ·which concerned appropriations for several projects, includ:ing ~h~ .. O&S;F 
Project. The report includes. provisions relating to water supply for the ENP and 
points out that consideration of the quality of water to be deliv~red to the ENP is 
important for ecosystem preservation. The report also advises the USCOE .. alid the 
National Park Service to agree on measuPes ccto assure that the water delivered to the 
park is of sufficient purity to prevent ecological damage or deterioration of the park's 
environment. ! 

Ever lades National Park Water ualit Monitorin A eement. 1n 19~4, 
th,e District, the U. . Army Corps of Engineers, and the Everglades National Park 
updated a 1979 memorandum of agreement to protect the quality of water entering 
Everglades National Park (SFWMD, 1984). The memorandum of ag.reement proyid'e.s 
for water quality monitoring far specified water quaHty parameter~.and prov~des that 
the more stringent water quality criteria of federal, state, and local governm·ent shall 
continue to apply to the water deliveries. 

Holey Land/Rotenberger Tract Memorandum of Understanding. In 19~3, ~ 
Memorandum of Understanding was entered into by the DER, the Board of Trust~es 
of the Internal Improvement Trust Fund, the FGFWFC, and the District (SFWMD, 
1983). The Agreement establishes a process for the implementation of a plan to 
restore the Everglades values associated with the Holey Land/Rotenberger Tract. 
The Agreement also provides for the establishment of water regulation schedules 

18 



Everglades SWIM Plan- Supporting Information Document 

which will simulate the natural,hydrope~iod.· In .. June 1990, the District and the 
FGFWFC entered into an agreement detailing.the inltialaperational schedule for the 
Holey Land. Th.e ~greeme_nt provides for hydroperiod, improyements in Holey Land 
and WCA-3. Details of the agreement and the expected environmental benefits~ ean 
be found in the Holey Land discussions .in .s~ctiotl Vl ·of this volume. 

S.N. Knight Tract Agreements .. In 1989_, the Board .of Trustees of the 
Internal Improv~me11t Trust Fund and the Di~tdct entered into. an agreement.for the 
use of the state-owned farm land previou.sly .leased to S.N. Knight- and 'Sons 
(SFWMD, 1989). In the same year; the District entered into an agreement with S.N. 
Knight & Sons, Inc. (State of Florida, 1989b). These agreements provide for the 
gradual conversion of the tract from an agricultural use to a water treatment use. 
The _agreements provide for the diversipn of agricgltu.ral runoff from the Ev~rglades 
AgricUltural Area (EAA) to the property for tre·a~tmep.t by a biological filter (the 
Everglades Nutrient Removal Project) prior to discharge of the waters into the 
WCAs. 

4. Fish and Wildlife 

Federal 

_ Fish and Wildlife Coordination Act. This Act,. passed by Congress in 1958, 
established federal policy of giving wildlife .conservation equal consideration with 
other features of water resource development prograJl15. The Act also encourages 
platlning, development, maintenance and coordination of wildlife conservation and 
rehabilitation through interagen.cy cooperation and water control consultation. 
Estimations of wildlife benefits or losses associated with water control or use projects, 
are required by the Act, to be included in reports to Congress which reconnnend 
authorization of such projects. · 

Endangered Species Act .. On the federal level, the Endangered Species Act 
provides an important method of legal protection for fish and wildlife resources 
(United States Code, Title 16, Section 1531 et seq). The Act requires federal agencies 
to utilize their authorities in furtherance of the purposes of the Act by carrying out 
programs for the conservation of endangered and threatened species listed pursuant 
to the Act (16 USC 1536(a)(l)). The Act also requires each federal agency to insure 
that any action authorized,. funded, or carried out by such agency is not likely to 
jeopardize the continued existence of any such species or result in the destruction or 
adverse modification of officially designated critical habitat of such species (16 USC 
1536(a)(2)). The Act declares a Congressional policy that federal agencies shall 
cooperate with state and local agencies to resolve water resource issues in concert 
with conservation of endangered species (16 ·usc 1531(c)(2)). The Act directs federal 
and state agencies to cooperate with one another to resolve water resource issues in 
concert with the conservation of endangered species. 

House Document Nos. 643 and 369. Other coverage of fish and wildlife is 
contained in the Congressional authorizations for the C&SF Project. House 
Document No. 643 provides that the comprehensive plan for flood control and water 
supply also is intended to preserve and protect fish and wildlife resources as an allied 
purpose (United States Congress, 1949). The modifications to the C&SF Project 
contained in House Document No. 369, which altered water deliveries to ENP, also 
recognize the importance of preservation and protection offish and wildlife resources, 
consistent with operation of the overall project (United States Congress, 1968). 
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State 

Flori.da Endangered and Threatened· Species. Act. This Act (Ch .. a72 •. d72 
F.S.) adopted In 1977 establishes a state policy to· conserve and manage Florida's 
diverse fish and wildlife resources. The Act r~quiies .mQr~ _string¢Jit meastire$ tq 
conserve and manage species which have he~n iden'tifleda~ ~I?-dahg~r~cl or.t}ire~~~~¢d 
by the DNR, FGFWFC, and by the federal government~ The Act provides for a pi.iblie 
education program and the transmission to the Legislature of ali annual. r~port 
including a revised and updated plan for man:ag~bient and' con~er'\fat,ion 9·f 
endangered and threatened species and of stateWide 'P'dlici.es per~_:;ti:hing to prdtectiQn 
of endangered species.(Section 372.072(4) and (5), Florida Statutes). 

Other 

U.S. Fish and Wildlife_ Service Agreementfor~WCA-1. ln 195i, ~he,Distdct. 
and the USFWS entered into a 50-year cooperative and ljcense agreement fpr all. of 
the lands located within WCA-1. Under the terms of tne cooplerative and license 
agreement, the Service manages WCA-1 as a wildlife management area to promote 
the conservation of fish, game, and wildlife, and for reereational(i~y.e}opmen~. The 
coQpera~ive a~d license a~eement providef) that maintenance ofwildlife habitat in 
WCA-lts subJect to the primary purpose of use of the land for flood control a.rtd: water 
retention purposes (Central and Southern Florida Flood-Control District, 1962). 

Florida Game and Fresh Water Fish 'Commission. Agreements, for WCA~2 
and WCA-3. In 1952, the District granted' a 25~year1icerise to the FGFWFC ;ro:r the 
purposes of wildlife and fi~h preservation, protection~ propagation_, and for the 
promotion of recreation. The license is renewabl~ op.· an autotnli'ti'c_ basis:. The 
F(}FWFC's activities are subject to, and must be co.11$~$~n.t with, the flo:od c<)Jj.trol, 
water retention, and other requirements of the USCOE (Central arid Southern 
Florida Flood Control District, 1964). 
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II. SYSTEM DESCRIPTION 

This section of the Everglades SWIM Plan provides a system wide description 
and summary of some essential features of the Everglades region, including· physical 
features, hydrology, plant and animal communities and economics.. Emphasis is 
placed on resources and problems that .occur throughout the system. These topics are 
~Is~ ~iscussed, in detail, in subsequent .a¢ctjQJ3iS of this Plan as they apply to 
mdivtdual basins within the planning area. 

A. INTRODUCTION AND O'VER·VIEW~ 

The Everglades have been described as a vast, shallow sawgrass marsh, dotted 
with tree islands and interspersed with. wet. prairies and. aquatic sloughs that 
historically covered most of southeastern Florida .(Davis, 1943a) .. The Everglades js 
the southern end of the Kissimmee Lake Okeechobee Everglades (KLOE) systen1 that 
includes most of south and central Florida: below the City of Orlando (~"igui·c 1). The 
original Everglades'were dense, seemirigllYhnp~netrablewetlands, extending over an 
area approximately 40 miles (64 km) wide by 100 miles (160 km) long, fron1 the south 
shore of Lake Okeechobee to the mangrove estuaries ofFlorida Bay. Large segments 
of original Everglades ha.ve been separated from the natural system by canals and 
levees. Today, much of the Everglades supp(lrts a variety of land uses, ranging from 
intensively managed agriculture in the nortb tQ·r~pidly spreading urban areas east 
of the three Water Conservation Areas (WCAs). 

Everglades habitats are divided into two g~neral regions: 1) the WGAs, which 
represent northern Everglades habitat, include the majority of intact natural 
Everglades and are located within the centralportioh of the study area; and 2) the, 
southern Everglades h(lbitat, whjch occurs in: Everglades National Park (ENP) and 
in the southern third ofWCA3. ENP, locat~d ~tthesoutnern terminus ofth~ KJ~OE 
system, has int~tnational ecological significance as a desig-nated World IIeritage 
Site. As a whole, the Everglades represents one of the most striking, freshwater 
ecosystems in the country (Fernald and Patten, 1984). 

Water is a crucial and fundamental element of the Everglades ecosyste1n, 
important not only because of its direct effect on wetland biota, but also because of its 
influence on ecosystem proces~es. The quantity, timing, distribution and quality of 
freshwater entering the Everglades, more than any other environmental variables, 
influence the capacity of the marsh to support unique vegetation, fish and wildlife 
resources (Beard, 1938; Davis, 1943a; Schomer and Drew, 1982). 

Solutions proposed to alleviate the environmental problems of the Everglades, 
must include an understanding of how the physical features and hydrolog-ic processes 
of the Everglades interact to affect water movement, quantity and quality. The 
environmental health of the Everglades depends on frost, fire 7 the quantity, spatial 
and temporal distribution, and quality of freshwater in the systetn. During this 
century an extensive water management system has been constructed for flood 
control which allowed agricultural and urban development in and near the 
Everglades. The physical features and operational policies of the water management 
system are linked to the natural features and hydrology of the region. Most 
environmental problems in the Everglades have occurred as a result of drainage and 
development of these wetlands. 
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. ~ection I reviews the ph:ysi~al features, hydrology,and wate~. managem~nt, 
biological resources and economics m the Everglades from a syste1n-w1de perspective. 
Section I is divided into six subsections: (A) Introduction and Overview; (B) 
Description of the Planning Area; (C) Physical'Features; (D) I-fydrology; (E) Major 
Plant Communities; (F) Threatened and Endangered Species, Species of Special 
Interest or Concern; and (G) Regional Economics. Subsection B defines the 
Everglades SWIM planning area. Subsection C describes' the natura] and man-made 
features of the planning area. Subsection D summari:?.eS tbe region'$ physical 
features and hydrologyf including current water management practices, inipacts of 
development, and future climatic changes. Subsection E discusses the nature and 
distr~bution of maj?r (>lant communities wibbfn. tb¢ tegiO:{l, including their ecology 
and Importance within the Everglades ~cosy~t~m and th,e depende:o.ce of these 
communities on water management. Subsection F prov.ides a discussion of 
threatened and endangered plant and animal species within the planning area and 
the dependence of these species on appropriate nat\lral resource management 
practices. Subsection G describes the importance of the Everglades system as a 
component of the regional economy. · 

B. IJLANNING AREA 

The Everglades represent the larcgest treshwater system in Florida and iE,; the 
SO\lthernmost component of the KLOE ecosystem '(Figur~ 1). The Everglades SWIM 
planning area covers 5,778 square miles (1~,9ti&:km.2) in :Palm Beach, Broward, Dade, 
Monroe,· Collier, and Hendry counties (Fig"Jlre 2). The water bodies ,primarily 
add.ressed in this plan (Water Conserv~tion A:te~s 1, 2 and 3 and Everglades National 
Park),. cover approximately 3,533 sq •. mi. (9;151 kro2) of native Everglades habitat 
located. in p()rtions, of Dade, Broward, Paltn B~ach; Collier, Hendry and Monroe 
counties. Other areas are included in the plalifiing area based on their hydrologic 
relationships to ~the primary w~ter bodies. The~e . areas include,. the Everglades 
Agricultural Area (EAA); eastern coastal drainage basins (Le., the C-51 and C-13 
basins and the Acme Itn,provement District), western drainage basins (i.e., the L·3 
canal, Feeder Canal, andL-28Gap basins), the East Everglades· Area (EEA), and the 
C-111 basin. 

The Everglades basin is a large, flat, shallow depression extending from the 
present day location of the Cities of Clewiston and Pahokee in a great arc 40 to 50 
miles wide and over 100 miles long to the Gulf of Mexico. Boundaries of the 
Everglades SWIM' planning area include: to the north, the area bounded by Lake 
Okeechobee, C-44 and C-18 basins; to the east, boundaries are generally defined by a 
line that runs one mile east of the eastern levee which runs north and south through 
Palm Beach, Broward and Dade counties, including tributary basins which currently 
(or potentially) drain into the Everglades basin; to the west, by the Irnmokalee Rise, 
Big Cypress Spur and Big Cypress Preserve drainage basin (Davis, 1943a; White, 
1970); and to the south by the southern boundary of Everglades National Park, which 
incorporates most of Florida Bay (Figure 2). 

Most of the original Everglades was a sawgrass marsh with occasional sloughs, 
swamps, and hammocks (Davis, 1943a). Large parts of the northern and eastern 
Everglades have been drained and converted to urban or agricultural land uses. 
Other large areas in the central Everglades have been impounded by levees and are 
now affected by water management activities. '~ 
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C. PHYSICAL FEATURES OF THE EVERGLADES BASIN 

1. Topography. 

The Everglades area is topographically fl~t with elevations generally less than 
20 feet (6 m) National Geodetic Vertical Datum (NGVD). The ground surface 
generally slopes from north to south with an avera:ge gradient of 0.15 feet /mile (2.8 
cm/.k:m)(Parker et al., 1955). The highest ·groUnd elevations occur in the northern 
Everglades at 17 feet (5.2 m) NGVD.- The lowest elevations occur in the southern 
Everglades at 0.3 to 1.0 feet (10 to 30 em) NGVD. A water level is the distance from 
the water's surface to some reference elevation or "datum." In the District, all water 
levels are relative to NGVD. Water levels.are measured in feet and are sometimes 
referred to as nstage." -

2. Geology and.Soils . 

. _ . Structure and Geologic Setting. The Florid_an Plateau underlies the state of 
Florida as a projection of the North American continent that separates the Gulf of 
Mexico from the Atlantic Ocean. This plateau underli~s the Everglades, Florida Bay, 
and the Florida Keys1 including the .pres~nt Florida land mass~ and all of the 
submerged area Sl);rrounding the state to the edge of tl:te continental shelf at 
approximately the 300ft (90 m) depth co!):totir .. In the Gulf, the plateau slopes·gently 
to the West and extends up to 150 mi (240 km) offshore. On the south and e~st, the 
plateau drops off sharply into the Bahamas Trench and the Straits of Florida 
(Antoine and Harding, 1963). 

Nearly 20,000 feet (6,000 m). of predominantly shallow marine carbo!late 
sedilllents underlie South Florida. These sediments range in age from Jurassic to 
!Iolocene, and . have accumulated over a period of 136 million years above a 
Triassic..Jurassic bf;lsement of volcanic rocks ·(Antoine & Harding, 1963). The rock 
floor beneath the Florida peninsula is. a truncated surface of various igneous and 
sedimentary rocks of chiefly Precambrian and· early Paleozoic age. 

Stratigraphy. The formations that play a major role in the hydrologic cycle of 
the Everglades are Miocene ~r or younger in age and include the upper portion of the 
Hawthorn Group, Tamiami Formation, Fort Thompson Formation, Anastasia 
Formation and Miami Liniestone, as well as undifferentiated surface soils and 
sediments. All of these lithologic units combine to form the Surficial Aquifer System 
in the Everglades region (Fish, 1988). 

Hawthorn Group. Scott and Knapp (1988) divided the IIawt.horn into two 
major lithologic units in South Florida: an upper unit of predominantly elastie 
material and a lower unit composed principally of carbonates. These two units are 
separated by a major unconformity. The Hawthorn may vary in thickneHs frotn 550 
to 800 feet (170 to 240 m) within the Everglades basin. It is cotnposed of a 
heterogeneous mixture of green clay (calcareous and dolomitic)J silt, phosphate, 
carbonates (limestone to dolomite), and fine quartz sand (Fish, 1988; Knapp et al., 
1986). Although a few zones within this sequence may qualify as minor aquifers, 
Hawthorn sediments are relatively impermeable. The Hawthorn is ilnportant to the 
Everglades because it forms a barrier to vertical migration of water into or out of the 
Surficial Aquifer Syste1n (Fib~re 3). 

29 



Everglades SWIM Plan • Sui>pcJrtitdt ltiformation Document 

Figure 3. q.en~ralizf!d ~~~atigraphi~ U~Jt~ ~nd. aytlfq.g¢ologic Pro.per.~ie~, s·9~~th 
Florida (modified from Schroeder et i:tl.; 1958 and Gle~son et ~l.; 1~84.~. 

Aq~lf~r 
Sys.te,tn 

BISCAYNE 
AQ~IFER 
SYSTEM 

Quaterna..Y 

Tertiary 

HAwTHQRN 
AQUIFER 
sv·steM 

Pieistocene 

• .I "-•·- J\.•. -'•-- . -i 

Terrace Detiosits , 
- okeethbbf{e rJruck 

eve~·':'f~d~~ Peat · 
Loxar~~it:H~e P~~H 
La~~ ~lirt · 

Miami Limestone 

Key.u~rgo limestone 

Fort thompson 
Formation 

Pliocene Caloosahatchee Marl 

Miocene tamiiurii Formation 

Hawthorn Formation 

30 

I 

characterl~tit~ .. -
~ 'I • ; ·,-·. • · 1.'t.:. . .- .• • '• - .. : -·~ • . ; .• '·. ' . J. • 

Qlja~tz sands:_ . _ _ . . 
.u.n.con~<:>.i i~·~ted .Uesh~wat~t 
sa.di m.e.nt$ cc>n..$istiH9i~J p·eat, 
~~~~Y~ marl~,;~sanc:iY .mu~R,:. 
. . . . d" . , ...... ·~-.~ 
caldJic.mu ;· P.errrie~b ei 

P~rm.e~b!~ :quart·? .. s~.n~~· _ 
whit~ to.~le.:ck;Nery. t.in¢~~9 
c.oarse. cd~ers larg.e ar~·a 
uneterlain b'y Miarrif,bblite 
and Anast~sia. FO.tttlation. ,, - ' '•-

Limestpnei o.Qicitk with a 
1'c>wer ery,9zd:an tay4r. · 
Permeable 

CoqUina:, sa[lct,cal~~t~~us 
sandsto·ne, sahdy lfmestbr1e, 
a'nd snell marl._ prt?~-~~iy 
composed of depo~its 
eqUivalent .in age tb matir,le 
~))embers of Fort th6nip:s6h 
Formation. Permeable. 

tavernous-<;:oralline reef rock. 
Very Permeabl~. 

Sandy and marly clay; silt, and 
sheil bed~. Generally lo'w 
~ermeability. 

Sandy and marly day., silt, and 
shell beds. Generally low 
permeability 

White and greenish- gray 
clayey marl. silty shelly sand, 
and shell marl locally 
hardened to limestone. Upper 
unit is highly permeable; 
lower unit is of low 
permeability. 

Sa,ndy, siity with 11 green clay" 
or marl. Generally 
impermeable, however 
interstratified with sand and 
sandy pebble ie~nses~ 



Everglades SWIM Plan· Supporting Information Document 

Tamiami Formation. The Tamiami Formation consists of a number of 
different lithologies, all Miocene to Pliocene in age. The top cyf the Tamiami is 
characterized by low permeability, poorly hartieneq limestones, dolosilts, and 
cal~ar~ous san~s. Below this semi-confining ,unit is a ~an4y, fos.s~lifero~s l!mestone 
which IS the primary water producer of the Lower Tamiami Aquifer. Thts hmestone 
grades downward into the coarse Miocene clastics of the {:J.p.per I-Iawthorn Group 
(Knapp et al., 1986). - - -

Surficial Se uence. During the Pleistocene and Holocene (most recent) 
epochs, a series o g acia periods, or ice ages, ,bro~ght about drastic changes in sea 
level. As a result of these sea level fluctuation~, the Florjda penin$ula was 
alternately covered and uncovered by a shailow sea. Prior to the initial Pleistocene 
glacial melt, approximately 60,000 years before the pr~sent, se.a level was nearly 
270 ft (83 m) above itfJ present leveL Pry land. :o:r;t the Florida peninsula was then 
restricted to. a few small islands along the central Florid~ ridge in what is now Polk 
County, and an archipelago in the vicinity of Trail Ridge in Jacksonville (Cooke, 
1945); At the peak of the last glaci~l period,. sea level was bout 400 f'eet·(135 m) 
below its present level. 

The last glacial melt began about t7~Q()O years before present (Fairbridge, 
197 4). Subsequent sea level fluctuations, accompanied by seafloor expansion, 
gradually created the present configuration of the Florida Peninsula. As the sea that 
covering the Florida Plateau retreated, the submerged_ oolitic ridge, now knoWn as 
the Atlantic Coastal Ridge, emerged as .dry land. . Tidal channels were washed 
through the unstable oolitic ridge, connectiJlg the shallow sea covering what is now 
the Everglades with the Atlantic Ocean. Thes~. chAnnels form the parallel cut and 
grooves known today as the Transverse Glades {Hoffnieister, 197 4). 

The three limestone formations that, c-omprise the surficial sequence of the 
Everglades Basin were deposited in one of the~e shallow Pleistocene seas, during 
what is known as the Sangamon Interglacial (Parker and Cooke, 1944). These 
formations are the Fort Thompson, the Anastasi~., and the Miami Oolite. The Fort 
Thompson Formation underlies the northern half of the basin, extending south into 
Dade County. It is characterized by marine and freshwater marls, litnestone and 
sandstone at a depth of approximately 165 ft (50.3 m) (Parker and Hoy, 1943; 
Hoffmeister, 197 4). ' 

I 

The Anastasia Formation is the main surficial sequence beneath the southern 
Everglades. It varies in composition from calcareous sandstone to biogenic li n1estone 
and coquina rock. Where exposed in the west, the Anastasia Formation is tnarked by 
facies containing bryozoan fossil assemblages. This bryozoan facies dips to the east, 
where it is covered by oolitic rock, a variety of limestone composed of minute 
spherical grains of calcium carbonate (Hoffmeister, 1974). 

The Miami Oolite formation extends from north of Miami southwestward to 
Homestead and westward into the ENP. Maximum elevation for thiB formation 
occurs at 23 feet (7.0 m) above mean sea level (Hoffmeister et al., 1967) in the Coconut 
Grove area. From there the formation dips to the west, where it disappears under the 
wetlands of the Everglades. The oolitic rock of the Miami is soft and friable in 
nature, except where it has been hardened by exposure to the atmosphere. 1'he 
surface of the formation is honeycombed with holes and fissures. These features, the 
result of chemical weathering, facilitate the rapid infiltration of rainfall to ground 
water (Hoffmeister, 1974) 

~1 



Everglades SWIM Plan .. Supporting Information Document 

Holocene Sediments and Soils. The primary soils of the EvergladH~ region 
are Holocene sediments. The organic sediments have been cl;;1ssified according to the 
principal id~ntifiable plant s~ecies components 'by 1\'Ui.son and P~c-bn,ows,k.FS.tokes 
~1982), Davis (1~43a), Gallatin and Hend'erso:p (19-4'3,), and. Craighea4 ( 1'97l'J, ~p,d 
1nclud·e the speCific names of Okeechobee muck, Olt;eelant~ p:eaty .. muck, Everglades 
peat, Loxahatchee peat (Soil Conservation Service, ~:95'8). · ·' · · · 

I. 

The org~nic. soils (peats and mucks) hav~ accumulated in -~- lay~r pi" 4P tp .18 
feet (5.5 m) th1ck tn the northern Everglades (Ste.phens and Johnson, 1951} where 
bedrock elevations are the lowest, thinning to ~bout ~ feet ( l. m) Qr less in the 
southern Everglades. Gleason et al. (1984) dated th.~ oldestp~ats in t~e Evergl~d'e~ to 
approximately 5,000 years before the present.: Tne ·o'ther aominant soH type it1 .the 
Everglades is calcitic mud. Sites that contain this surfici~l.s¢diment in the· sh'lllow, 
peripheral marshes of the southern Evergla~e~. 4ave sP.~rter .Per~o4s qf ititt·;l1Q~·.t1on 
than sites underlain by peats (Gunderson and- LQ'ftU.s,_ t98~, ip pr~ss). The~e c:a~cH.ie 
muds have been given variou~ n'l,mes, ill.clu4illg· ·til~: L;:t,k~ Flirt MC:!rl, Perrine· Marl 
(SCS, 1958) and Helisoma marl (Craighead, 197~.). · -

Pure marl is white to cream colored, beeQmiii:g darker gray ~rrd brow~J With 
increasing organic content. The mud is biQgenic~ly produc~d by· blue ·gree·n algae 
that precipitate calcium carbonate originally d:is,solveQ. .from :th:~ ,par:ep t H:rrtes-tone 
bedrock (Gleason, 1972). It may aJso contain rem·ains of freshwater s,nail :~hells·such 
as Helisoma. - · 

3. Aquifer Systems. 

Introduction. Unlike geologic fotm~:ttion$, which fire def~~e.d Qh ~he ihaf;is of 
similar lithology or fossil assemblages, hydrogeologic formations (aqq.ifersj are 
d __ efi~ed ~Y th_· eir_ a_ bilitY. t_o store_ a~d. tran __ ._s __ m.it_.'!'_·.-_r-:_a_· .. !ter_ .. :. __ 'F_. h. e __ h_· ydr.o~e_ .. .P_.l. o_:_·~g.y ~o .. f Sou __ · th 
Florida I$ extremely diverse. It mcludes aqu1fe.rs whteh are con;ft~ed (In ~h1ch 
groundwater is under greater than atmospheric pressure, and isolated from y·e~tical 
recharge), semi-confined (having some verti~a:l .. recharge), and unc9n£in·ed 
(ground.water is at atmospheric pressure and water levels correspond to the .~ater 
table). 

Three major aquif~r systems have been recognjzed in the Evergl~des SWIM 
planning area; the Floridan; the Intermediate (Hawthorn), and the SurficiaL The 
Floridan, a confined (artesian) aquifer, though regionally very important is 
unpotable within the planning area. Overlying. the Floridan is the Intertnediate 
Aquifer System, located within the Hawthorn Formation. This System has only 
limited potential as an aquifer, but serves as a confining unit for the top of .the 
Floridan and the base ofthe Surficial Aquifer System (Fish, 1988; Knapp et al . ., 1986). 
Additional information on aquifers located within the study area can be found in the 
following publications: Parker and Cooke (1944), Parker (1952), Parker et al. (1955), 
Schroeder et al. (1958), McCoy (1962; 1972), Klein (1972), Klein .and Hull (1978), the 
Center for Wetlands (1979), Parker (1982), and Kreitman and Wedderburn (1984). 

Surficial Aquifer System. The Surficial Aquifer System is the source of 
most of the potable water in the Everglades SWIM plan area. It comprises all of the 
materials from the top of the intermediate confining beds to the water table. Since 
the water table rises above land surface over large areas of the interior, and 
historically much of South Florida was annually flooded, the vadose zone and zone of 
tension saturated sediments may also be included within the bounds of the Surficial 
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Aquifer System. These materials consist of cavity-riddled limestone and sandstone~ 
sand, shell and clayey sand with minor amounts of silt or clay, and range in age frotn 
Miocene to Holocene (Causaras, 1985). Jarosewich and Wagner (1985) divided these 
litho~ogies into two distinct zones: an upper zone of per~e.able lim~~tones and 
cl~stlcs, and a more hete~ogeneous lower zone. oflow permeab1hty sands. Interb.edd~d 
mth permeable sands, hmestones, and shelly marls. Due to large dtfferenc~s In 
permeability between adjacent materials, sonie area.f? may e.xhibit setni-cpnfined 
aquifer characteristics when stressed by drought or. Huge withdrawals. However, the 
hydraulic head is closely related to the water table. As a result, the permeable upper 
zone and the permeable beds in the lower zone are believed to be hydraulically 
interconnected, and are considered to compris,e one si~gle Surficial Aquifer System. 

Sed.i1!lents within the Surficial A,quifer Syst~m exhibit . a wide. range of 
per~eabtlity, and may be divided locally 'into o~e- or more aqu1fer-s ~eparated by 
sem1-confining layers (Fish, 1988). Of these· aquifers, ottly the Biscayne is formally 
named. · ·, -

Klein and Hull (1978) d·escribe the Biscayne as a highly permeable 
wedge~shaped unconfined aquifer that is more 'than ·200 feet (60 m) thick on the coast 
and tapers to a thin edge 35 to 40 miles (55 to 65 km) inland in the Everglades; The 
geologic and hydrologic characteristics ofthe Biscayne Aquifer have been extensively 
described by Parker et al. (1955), Schroeder et al.(1958), arid Klein and Hull (1978). It 
is composed of limestop.e, sandstone and sand. Tb.ese lithologi~s comprise alJ or part 
()£ the following geologic formations: 1) the Tamiami }..,ormation, 2) the Fort 
Thompson Formation, 3) the Anastasia Formation, 4) the Miami Oolite, 4) the 
Pamlico Formation. The Tamiami Formation forms the base of the aquifer .. In most 
ofDade county the Fort Thompson and the Anastasia Formations· comprise the upper 
and major portion of the aquifer, with the Miami Oolite cropping out at the surface 
over large areas of the ENP. It is the high permeability of the oolitic limestone-that 
permits rapid infiltration of rainfall and facilitates quick recharge ofthe aquifer. 

The Biscayne Aquifer is the primary source of drinking wate: for all l!lun~cipal 
water systems south of Palm Beach County. Because the Biscayne Is h1ghly 
permeable and allows rapid infiltration of rainfall, it is highly vulnerable to 
contamination from surface sources. Since this aquifer is the only s9urce of drinking
water for a large and heavily populated portion of southeast Florida, the U.S. 
Environmental Protection Agency (EPA) has designated the Biscayne Aquifer as the 
"sole source aquifer." This designation, provided by the Safe Drinking Water Act of 
1974 (PL 93-03523), requires studies to determine that federally financed projects 
will not contaminate designated aquifers. Because of past contamination problems in 
Dade, Broward, and Palm Beach Counties, these counties have instituted wellfield 
protection programs. According to Klein and Hull (1978), the water quality of the 
Biscayne Aquifer may be affected by color from high organic soils, the mineral and 
chemical composition of the aquifer; local land uses which affect runoff quality, 
physical and chemical composition of rainfall, saltwater intrusion, chemical 
reactions between water and rocks in the aquifer, and potential pollution sources 
such as underground storage tanks and landfills. 
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D. HYDROLOGIC FEATUI!ES 

1. Introduction. 

The first five parts of this section consider the relationships and relative 
importance of the component. ·processes of Eve~glad.es hydrology as part .of ,~he 
"hydrologic cycle", including the effects of climat~, geolQgy a.nd topography. The 
effects of agricultural, residential, and urban d~velopment ar~ addressed under part 
6 entitled, Current Water Management and its Impacts op. Hydrology .. 

The description of hydrologic and relate.d fe~t\lres wit}ilin the Everg.lades 
system encompasses the hydrologic cycle, surfi;tce. aP,(i groundw.ate.r·, interaction$, 
natural hydrology and the current regional water management syste1n. Historic 
hydrology has been altered to a great degree anQ the Evergl~des have in turn b~en 
affected by compartmentalization, altered hyc1roperio4~, overdr~inage of scnne areas, 
increased fire frequency and water qu~lity chang~s.. Collvers.~lY.1 ~elusion of large 
areas of the remaining Everglades within th~ boundaries of the C&SF Project has to a 
large extent, protected the ecosystem from further development a.nd encroachm.~nt~ 
The current regional water 1llal1.agePient syst~m i~ llQW req!1:1ited to provid:e flood 
control and water supply for the d.eveloped are~s of.f30'Q.th Florida as·well as me:et the 
needs of the natural systems of the remaining ~v:erglade$. 

Prior to development, the study area wa$.:Lelu:1t~~teri~ed b.Y low-lying, f1ooded 
lands that were not suited .for agricultural, indps~rial, .. or r~sidential uses. Water 
management activities in this region have (>.~¢\lrted priJfiarily to Pfovide drain~ge, 
flood protection and water supply for agric~lture and .urban land developn1ent. The 
current implementation of these activities, th~ Central and Sot;~..thern.Florida Project 
for Flood Control and other Purposes (C~SF Prpjec~) ittc;me :.of .the largest and most 
extensive·water management projects in the w.orld (s.efl :a.l~.o Planning Docu1nent.): 

Two key concepts are important when co11$id:¢rip.g·tbe interaction between the 
hydrological and the biological systems ofthe Everglades: 

A. The biological system developed over thousands of years in response to the 
natural hydrological system. 

B. The variability and diversity of the biological syste1ns are tied t.p the 
natural variability oft~ hydrologic system. 

2. The Hydrologic Cycle. 

Components of the Hydrolog-ic Cycle. The interaction of clhnate, geologic 
cycle, and topography with surface water is known as the hydrologic cycle (Figurp 4). 
The hydrologic cycle is the primary factor influencing the natural and developed 
areas of South Florida and its millions of human inhabitants .. The processes that 
comprise the hydrologic cycle are rainfall, evaporation, outflows to the ocean, and 
surface and groundwater storages. Water vapor in the atmosphere condenses to fall 
as rain. Rainwater is stored for indefinite periods as surface and groundwater and 
eventually is returned to the atmosphere as vapor by evaporation and transpiration 
(loss by plants). 

The hydrologic cycle on a global scale is a closed system. The total a1nount of 
water available to the world is essentially constant and water is siinply stored in 
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Figure 4 . The Hydrologic Cycle 

eventual di·scharge 
to sea ... 

different forms--as a gas (water vapor), a solid (ice), or a liquid (water as we think of 
it). Water cycles between each of these forms as rainfall or other precipitation, water 
vapor, surface water) ground water, or water in the ocear~s. Water is also stored as 
ice, glaciers, and polar ice caps. Water stored as ice is important when understanding 
the total amount of water available to the world and how water is periodically made 
available or isolated during periods of sea level change. Sea level changes are 
particularly important because these are the processes that fortned the Everglades. 
In addition, future global warming may cause sea level changes that will result in 
significant changes to the south Florida coastal zone. 

The Everglades Hydrologic Cycle. The main processes in the Everglades 
hydrologic cycle are rainfall, evaporation, transpiration, outflows to the ocean, and 
surface and groundwater storages. Evaporation and transpiration are usually 
considered together as "evapotranspiration!• Of these, rainfall is the only natural 
contributor to surface and groundwater storag·es, and evapotranspiration and 
outflows to the ocean are the only natural loss mechanisms. Since the Everglades is 
not a closed system, flow across its boundaries should be considered as an important 
component of a "water balance." Flow across the Everglades boundary consists of 
both surface water and groundwater. Inflows and outflows from the Everglades are 
generally much less than rainfall and evapotranspiration. 



Everglades SWIM Plan. Supporting· Infdrmation Document 

Water is stored by soils for periods as groundwater.-The relationships hetw~~n 
precipitation and available water within a drainage basin are detennined by the 
physiography, vegetation, surficial geology, and toP-pgraphy of' the drain· age basin 
(Fetter, 1980). For any given period of time; the d:iWereri.ce·l)e:twe¢~: the amount of 
rainfall and inflows and the amount of ev~potra.nspira.tion and· Q\l'tfl:(:>ws is eq.ual to 
the change in the amounts of surface and grotJ,n(lwatet. storages. In g~neral, the 
changes in surface and groundwater storages· on:an annual bi.u3is are small~ although 
they can be large between the dry season and the··wets~eason. 

The Everglades system evolved under hydrologic conditions where availability 
ofwater (i.e. )Vater in storage) varied from season. tQ:sea.son a·ndyear to year. Rainfall 
over South Florida exhibits considerable vari~bill~y between seasonal and annual 
.amount, and in areal distribution. Since rain.faU· is the :only. contributor to surface 
and groundwater storage, the variability ~Jl amo'Q:il.:t anci d.i's£ribu:ti6n of rainfall 
contributes to differences in the amount and distribp:tion of s'torag.e. Although the 
evapotranspiration loss from storage is. a latge part of annual r~~~f~Jl~ ,it is 1nuch less 
variable than rainfall. The evapotranspin:r~on rate is strongly a:ffect'~4. by vegetation 
type, but it e~bibits silll.ilar seasonal ttenQ:s f:rom.ye~r fir year (S'hHl.~ 1fJ$'$). 

Everglades ecosystems depend on a cet.t-~ip_:.:(legree of yihti~tian i# ·rainfall ~lid 
the amount of surface water for their cot;(~in~ed exi;i~~~nce. For e~~Hnp\l'e·, th~ rainfall 
for Everglades National Park ayeraged 53 in~hes:{~$·5'cm) ~ l'~~f, fo.f_tlie ,period from 
1941 through 1985. Annual rainfall was gre~t~t·.tll@ 67 f:p.cnes· (170 em)/ about 10 
p~reent of the time and greater thB;n 80mcb.es(203 em)' only <)ne pe,rcent.ofthe time. 

Water Management. The a.m()UJ:l.t of stored wa~~f is· of crtti9a1 importance to 
natural and develope<!_ areas of S()uth Flori,f'a .. ~Avt~:it~b1~ water stpra.ge capacity 
determines how runoff from rainfaU is mana·ged. Exceasi~~ rai,nfal'l events can result 
in a) flow into the regional canal system and', eventual discharg~. to tidewater, b) 
retention of wat~r locally by soils, or natural wetlan4 areas or c) movement into 
groundwater. lf it is not possible for W·ater to move into thes.e storage areas it 
remains above ground level. Except in :marshes and wetlandst this· surface ret~ntiofi 
of excess water is considered flooding. For example, when surface storag·e is already 
at capacity, flooding may occur because there is no available room for more water to 
be stored. When groundwater and surface w~ter storages are less than capacity, 
water can move in to fill the available spac~. When there is little water in storage, 
drought conditions may occur if rainfall is low. Because of the good hydraulic 
connection between surface water and grou~dwater, regulating' canal water levels is 
an effective means to regulate groundwater levels. 

3. Surface and Ground Water Levels. 

Surface Water. Because the Everglades is flat, the relative water sut'i'ace 
elevations may be independent of ground surface elevations. When discussing water 
movement in this region, it is important to consider topography and the location of 
rainfall, water management, and man~made features such as roads, levees, and 
canals that affect the movement of water. In every case, the relative water surface 
elevations must be measured to determine the direction of flow. 

Water Levels, A water level is the distance from the water's surface to 
some reference elevation or "datum". In the Everglades Planning Area all water 
levels are relative to the National Geodetic Vertical Datum (NGVD). Differences in 
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water levels determine the rate and direction of water movement .. Flow is always 
fr-om the h!ghest to .the lowest water lev~l and in .general the rate increases as t~e 
difference 1n levels Increases. Water surface potential is a numerical value that ts 
related to downward gravitational force and· the amount of energy required to hold 
water at any height above sea level. The difference in water surface levels results in 
water running from the higher level to a lower level. 

Drainage Basins. The drainage basitl of a stream is all the land lhat 
contributes runoff to the stream or its tributaries "Q.pstream of a given point, such as 
the mouth of the stream. If rain falls over a'large enough area, some of the runofl' 
from that storm will likely enter one stream and some of it will enter another stream. 
~t is. said tha~ these streams ''drain" different pas~ns, that they ~re in. ?i~fe~ent 
'drainage basins". The boundary between the batnnsiS termed a ndrainage divtde I or 
"hydrologic divide" (Cooper and Lane, 1987). -

Because of the flat topography in the Everglades, it is very easy for man to alter 
natural drainage patterns. Structures such as roaqs, levees, and railways often form 
the divides between basins. Where such features are absent, basin boundaries may 
vary with the location of rainfall and operation ofwe1ter control structures. Because 
existing drainage patterns may be altered by the construction or removal of man~ 
m~de diVides, their use in sensitive areas. must'be carefully plartned and controlled 

Hydroperiod. Hydro period refers to the. duration and depth of surface water 
thatc.~vers an area. There aretwo way~ to extendhydroperiod in any given Io~a~ion._ 
(I) Induce and extend sheet flow by adding water ftom upstream for longer periods of 
time, and (2) increase the water depth sufficiently so that the forces of evaporation; 
transpiration, and overland flowrequirecalonger·period oftime to remove all of the 
surface water from the marsh. 

Everglades marshes are essentially aquatic {?ystems. The presence of surface 
·water, at certain depths and for certain periods of time, is essential to the overall 
health of the marshes and their associated aquatic animals. These 1narshes are 
especially productive for insects, small fishes, crayfish, freshwater shrimp) snails arid 
other organisms that form the basis of the food chain for higher organisms such as 
wading birds, snail kites and other raptors, and the phenomenal sport and pan 
fisheries. Equally important, are the seasonal and annual fluctuations of water 
levels that alter the hydroperiod within various portions ofi these marshes. 
Hydroperiod is a generic term and does not imply that the same water conditions 
should be applied to each area of marsh at the same time each year. It is very 
important to avoid having the same hydroperiod in all marshes at the san1e time, or 
repeating the same hydroperiod year after year. Fluctuations in hydropedods f.rom 
year to year are important to maintain the broad diversity of Everglades plant and 
animal communities. 

Effects of Geology The primary geological feature that controls regional 
hydrology is the permeability of underlying rock. Groundwater1 surface water, and 
water management are all affected. In areas of high permeability, rainfall easily 
seeps into the underlying rock, but it also may return quickly to canals and streams 
and augment water levels in the canals and make flood control and land drainage 
difficult. In areas of low permeability, water moves into underlying rock less easily, 
but moves more slowly through the rock and provides a residual flow to canals and 
streams during dry periods. In some rock strata, water may travel considerable 
distances before re-emerging at the surface as springs or as seepage to canals or 
streams. 
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Groundwater! The water table, or P.hreatic surface, (orms ~he ~pper s.urf~.~e 
of an unconfi~ed aquifer. The water table IS d.e,fined as tl'u~ surface of atmosphe-rJc 
pressure and IS the level at which Water standS. in a we.ll.that penetrate& into~ ,the 
aquifer. The shape of the water table determines the distribution of ·flow within the 
aqu~fer. Undul~;ttions in the water table corresp()ild ~o ~b,CJ,Q.ges in atorage within the 
aqu1fer. Any factor that affects the shape o(.th~ wat~r table .. ~nd ·ther~for~ the 
direction and magnitude of flow in the aquifer (i.e. recharge an<J discharge (lrea~, 
pumpage from wells, and permeability) also affects a~orag~. . 

Groundwater, like s~rface water, runs down hill f.rom. highest tq Jow,e.st 
elevation (potential). The shape of the water tabte·will te4d to mimic the.~.h~p.~ gfthe 
land surface above it. In most areas, a g~neral pictyre of the flow patter11:~ iA an 
unconfined aquifer can be approximated from a tt1pogra.ppic m.~p~ In the t'lat 
topography of the Everglades, this is not always. possilil.e. · G.round water s.tn~f~ce 
elevations must be directly measured to determine flow direction. 

4. Climate and Weather Patterns. 

The hydrology of South Florida is strongly .~ffected l)y its clitn;:t:te, rainf~ll and 
weather patterns. This sub~ection .discusa~s : .th~ r~lativ~ jrnportf;lnCJ..~ of 1ih.ese 
components of the hydrologic cycle, as they relate to water management ofthe r~gion. 
The. climate of South Florida has been classj_fied as hlfl.mid subtropical .by Bra.qley 
(197_2) and tropical savanna by Hela (1952). The Everglades hav:e .been cla.ss.jfied as 
tropical rainy using the Koppenclassificationsan4.as ~-subtropical .J"Qoistfor;~st a:qda 
transition between tropical a;o.d temperate fo;rest typ~$ (Ro_s.e and ~ose_nd~hJ, 1978~ 
Dohrenwend., 1977). These classifications ha.Y¢ .b(i!~IJ ~.pplied due to the relatively 
high rainfall and warm temperatures (Dohtenwend, 1977). 

The Everglades has a generally .subtropical climat~, characterized by long, hot, 
humid and wet summers followed by mild, dry wi'~t~r~. The wet.~eas,on, exte1lcis from 
May to October, while the dry season, occurs from N.ovemb~r to April (Thomas; 19,7 4). 
The wet season is characterized by high humidity, intense solar radiatjon, and 
unstable atmospheric conditions that result in frequent local thunderstorms, often 
accompanied by intense rainfall of short_. dura. tion. ·Severe_ tro.pical st.or11.1s can also 
occur during the wet season. Large amounts of rain can fall over localized ~reas in a 
short period of time and can result in extended periods of flooding. 

The dry season is characterized by mild, dry weather. Frontal storms dominate 
the weather during the dry season often bringing cool, sotnetilnes freezing 
temperatures, and rainfall of moderate amount and low intensity. Severe weather 
can accompany some fronts, bringing thunderstorms, tornadoes, and large arnol:lnts 
of rainfall. Thunderstorms that are not associated with fronts are possible in t~1e dry 
season, but are relatively infrequent compared to the wet season. 

Temperature. The region's temperature regime is detertnined prit~arily by 
proximity to the equator and marine influence (Thomas, 1974). Temperature 
conditions strongly affect rates of water loss by evaporation and transpiration 
(Parker et al., 1955). Mean annual temperature for the Everglades rang.es fro~ 72 F 
(22 C) in the northern Everglades to 76 F (24 C) in the south (Tho1nas, 1974). Mean 
monthly air temperatures range from a low of63 F (17 C) in January t0 a high of 85 F 
(29 C) (Thomas, 1970). Infrequently, freezing temperatures and frost occur when 
arctic air masses follow winter cold fronts into the area. 
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Ev!lp~transpiration. Evapotranspiration (ET)'"the combined water loss d~e 
to transpiration and evaporation, is a major element of South Florida's hydrologic 
cycle. Average evapotranspiration within the. Evergl~des rang~s fron1 70 to 95 
percent of rainfall and in dry years can exceed rainfall in voh.nne (Klein et al., 1975). 
Eva~o~tanspiration is ~ffected by temperatur~.,_ solar radiation, wind speed, relative 
hum1d1ty, and transpiration during plaht growth. Temperature is generally 
regarded as the most important factor. Minimum ET rates occ~r during the winter 
months (January and December) and increase to maximum rates during the spring 
months (April and May). ET rates remain 'high throughout the summer due to high 
temperatures, high transpiration rate~ during plarit growth, saturated ground 
conditions and high water levels in wetlands. · ])uring dry periods potential 
evapotranspiration may be greater than actu;;il evapotranspiration. Typical actual 
average annual evapotranspiration ranges from 40 to 45 in.ches (100 to 115 em) with 
a maximum amount of60 inches (i52ciJi) (Parkeretal., 1955). 

Rainfall. On the average, south Florida receives about 53 inches (135 em) of 
rain annually, 75 percent of which falls in the wet season (Shih, 1983). During the 
dry season, precipitation is governed by large .. scale (synoptic) winter weather fronts 
which pass through the region roughly. every. ~even days (Bradley, 1972). Rainfall 
from these fronts exhibits a more uniform distribution across the Everglades as 
compared to rainfall derived from the highly variable convection-type 
thundershowers that occur·during the.wet season. -

Regionally, in south Florida, the east coast, frQm Unmestead to Porn pano Beach, 
generally recejves the greatest amount ofrainfall~while the Florida Keys and areas 
south ofLake Okeechobee, southwest Collier County and an area east of Fort Meyers 
generally receive the least annual rainfall (Klein etal.; 1975). Rainfall distributions 
over the Everglades area follow a bimodal pattern with two peaks occurring, one in 
May or June and the ·other in September or October (Thomas, 1974). Since records 
have been kept, annual rainfall in the Everglades Planning Area has ranged fron1 a 
low of 37 inches (94 em) in 1961 to a high of 106 inches (269 c1n) in 194 7. Typically 
annual values vary from 40 to 65 inches (102 to 165 em) with a mean annual rainfall 
over the Everglades of 51 inches (130 em) (MacVicar and Lin, 1984). Within the 
Everglades Planning Area the greatest average annual rainfalJs occurs in the EAA 
and in Everglades National Park. The lowest average annual rainfall oqcurs in 
WCA-3A (Mac Vicar, 1983; Sculley, 1986). 

In the wet season, convective showers (thunderstorms) occur ahnost daily, and 
their distribution across the study area is largely dependent on sea breeze 
circulation. Short-duration, high intensity thundershowers are related to cyclic 
land-breeze convection patterns resulting in midday to late afternoon Bhower 
activity. Convective storms exhibit larger differences in precipitation from station to 
station as compared to winter frontal (synoptic) storms (Bradley, 1972; Woodley et al, 
1974). Woodley (1970) estimates that, due to natural variability, rainfall generated 
from a single cumulonimbus cloud in south Florida can range from 200 to 2,000 
acre··.ft (244,000 to 2,440,000 m3>. 

Wind. Winds are persistent year round, but on average, are strongest in the 
late winter or early spring (March). During the wet season, the prevailing winds are 
easterly. In the dry season wind direction is variable. Evapotranspiration rates 
increase with wind speed and therefore wind has an effect on regional hydro]ogy. 
Wind movement is greatest during the winter when rainfall is usually lowe::;t (Parker 
et al., 1955). Wind action during the winter exacerbates the drying of tnarshes and 
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causes increased water demands for agricultural irrigation. Very strong· winds 
associated with hurricanes probably do not affect evapotranspiration losses, but they 
are an important physical process shaping the Ev~rglades and Florida Bay. High 
winds and associated wave action can redistribute such physical features a§ barrier 
islands, inlets, channels and sand shoals and: disrupt estabUshed plant and animal 
communities such as coral reefs, seagrass beds and mangroves. 

Extreme Storm Events. Hurricanes, tropica,l cyclones which, generate whids 
in excess of 74 miles per hour, are recurrent· eve11ts in sout~ FlQ,rid'~ and. a.re 
important physical processes in the regional ecQlogy (Clia:ighea~ and Gilbert, 19~2). 
Sou~h Florida and the Everglades region have been struck by 11;1ore: hur,ri~f!IH~~ ~nd 
tropical storms than any other equally sized area in t.h~ United States (Gentry, l974). 
The Everglades regio:Q. is, exposed to _Atlantic, Gulf, and Caribbe·an generated 
hurricanes. Hurricanes strike most freql).ently during August, S~ptember. _ ~nd 
o·ctober with a return frequency of about every three· y·~ars (Gentry, 19~4). 
Dest~uction occurs from storm surges,. wi.nd,tornadO~f3.' a:qd t.ainf~H (flop4_iHg1. Th.e 
hurricanes of 1926, 1928, 1935, 1947, 1960,1962, and 1965 caused loss of l1fe and/or 
major damage to the region that led to additional water management and d:rai~age 
efforts in the Everglades basin. 

5. Historic Hydrologic Conditions. 

Pre-Drainage Hydrology. Everglad~s wetla.nds began their formation_ o:Q 
bare limestone bedrock ~pproxinuttely 5,500 years ~g.o and by the er1d of the late 19th 
century. ex.tended over an ar~a of ~ppro"imately 3,900 sq. tp.i. (10,90'0 k~2) cover~ng 
the maJOrlty of south Florlda (Figure 5). The pre~dta,nag~ Everglades r~gJon 
extended sot1th from Lake Okeecliobee appr.oXit~U1·tely 99 miles (145 km) _ ~P the 
southern coast at Florida Bay and the Ten Thou~~d IS,-land region (Davis, .1943a)~ 
The ~yer_glades is best described a~_ a depre~$i()rt i~tthe .li1Jl~§tor!~ ()f t}li~ r~_g_io11 ~h:1t 
has filled with organic matter and sedimentary deposits .(Parker and Hoy, 1943; 
Parker, 1974). This system is bord~red on the east by the Atlantic coastal ridge and 
on the west by the Immokalee rise (Parker and Hoy; 1943; Harlem, 1979; Davis, 
1943a). These features formed a partial barrier for movement of fre~hwater to 
tidewater. The southern outlets of the system were Biscayne Bay, Florida Bay, and 
the Gulf of Mexico (Figure 6). 

I 

Prior to drainage, large portions of the KLOE system w!ere inundated each 
year (Davis, 1943a; Parker, 1984). Heavy rainfall caused the northern portion of the 
Everglades to flood when Lake Okeechobee overflowed its southern rim. Overflow of 
the lake occurred primarily at two locations when lake levels reached 14.5 ft (4m) msl 
(Parker, 1984). The entire southern shore, about 32 miles (50 km) long, flooded the 
upper glades (the present day EAA) when lake levels exceeded 18 ft (5 m) 1nsl 
(Parker, 1984). These waters continued to flow south as the 'River of Grass' slowly 
moving through the sawgrass marsh extending across an area approximately 40 
miles (65 km) wide. Water in this system was in constant flux exchanging with the 
atmosphere by evapotranspiration, rainfall and subsurface movement into and out of 
the Aquifer (Davis, 1943a; Parker et al., 1955; Wagner and Rosendahl, 1987). Water 
from the Everglades discharged into tidewater (coastal estuarine Inangrove) areas of 
south Biscayne Bay, Florida Bay, and the Ten Thousand Islands. 

Operation of the Natural System. Historically a larger volume of water is 
believed to have flowed through the Everglades system. Accounts reviewed by 
Parker (1974) indicate that a large volume of water was stored in the Everglades 
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Figure 5. Extent of the Origina~ ~verglades, Including Adjacent Freshwate.r 
Marshes and Wet Prairies. . · 
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Figure 6. Topographic and Drainage Map of South Florida (Davis, 1943aJ. 
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behiD:d the coastal ridge (Harper, 1927). Water was transported to tidewater t.hrough 
a series of breache~ in the. coastal ridge (Figure 7), once a sufficient height was 
reached to pass th1s barrter, and as groundwater discharge to coastal lagoons 
(Harlem, 1979; Parker, 1974). During high water periods, water frorn the 

Figure 7. Atlantic Coastal Ridge of Southeast Florida (shaded). Gaps 
indicate areas where water naturally discharged to tidewater 
during wet periods prior to construation ofthe canal systetn. 
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northeastern Everglades moved across the coastal ridge throug·h the Loxahatchee 
River and and Hungryland Slough. Water flowed westward primarily through the 
Big Cypress Basin to the Ten Thousand Islands (Parker and Hoy, 1943; Davis, 
1943b). Numerous natural flowways historically drained the Everglades along its 
eastern and southern borders. North of Broward County, there were few natural 
flowways through the coastal ridge to tidewater. The primary outlets along the 
southeast coast were the north New River, Little River, Miami River, and the 
transverse glades (Davis, 1943a; Parker et al., 1955). At the extreme southern end, 
most of the flow was directed to the Gulf of Mexico and Florida Bay through Shark 
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River Slough and Taylor Slough (Davis, 1943a; Tabb et al., 1962). Iri addition, due to 
~irect connect~ons through the coastaL ridge, groun.Q:W:~tex seeped~ through 'the porous 
l1mestone aquifer and emerged as freshwater sptin·g.~. i'll Bisc~yne Bay a~n# th~ ~(n:~th 
Key Largo reef tract (Parker et. al~, 1955; Harlem,.l!9:7.fJ). A;s.late as th.e.f1ood of1.:947, 
water in the glades immediately west of Miami w~re.rrepprted ~o .he 6:: to 8 feet (1.8 to 
2.4 m) deep over vast areas of the central portion ofthjs r:eg~on (P~rker, 197~>:· 

Various estimates have been made of the voltil;rl:e ot£1ow withi~ the Ev:~rglades 
system. An early estimate of 2·,315,000 acre-f~et-(2~$.5.. ~ lQ·g, n;t3).w.as prov~ded by the 
Central and Southern Florida Flood Control District for a 4000 sqt~:are lt\~le· (10~,000 
km2) area bounded on the north by the southern tim o.fLa.ke Okeech,obee, on. tl;le eas~ 
by the Atlan~ic Ocean, on ~he sou~h.hy Talll.iallli Trail, and on the w~s·t ~y the 
Everglades-Big Cypress drainage divtde (CSFFC.D,. 19,50; Wagner and :Rose~dahl, 
1987). Parker et al. (1955) provided an estimate of2,0.51,806 acre"f~~t (2.~3 x 10_9 m3) 
for a slightly smaller area without evaluation of percolation and surface runoff to the 
coast (Wagner and Rosendahl; 1987). 

Alteration of Nat ural Drainag¢. ·nrain~ge of the Everglades region began 
i~ the early 1880s whe~ Philadelphia industriali~t~.l~amilto:p, Pissto11, qnder. contract 
w1th the State, of Florida (Tr·ustees of the Internal bnprovement Fund) and the 
Everglades Drainage District cut the first connectiop from Lake Okeechobee to the 
main body of the Caloosahatchee River ... Prior to. the chann:.elization of the 
Caloosahatchee, a relict portion of the Fott ThQmpson Form8:tion fovmed a natural 
dam, allowing water to flow through this area only after reaching a sufficient height 
(USCOE, 1892, 1895; Davis, 1943a). Drainage ope,rations underthe DisstQn contract 
ceased about 1889, after a substantial amount of canal construction had been 
~ompleted, principally in the. upper waters . of th~ _l{i$$immee River. These works 
Included the provision for the constructiop oftl)e first ca.nal connection between Lake 
Olteechobee an~ the upper end ofthe Caloosa:hatchee River. The Miami River was 
~han.nelized begi11ning _i;n. l~QS ap.g th~(~lls. w~:r:-~· r~m:Qved. ii119QS (H~rle111, 1979). 
The falls in the.Miami River, as part of the AtlanticcQastal ridge, acted in thf: same 
manner as the Fort Thompsoll Formation in the Calo.osahatchee River. Several other 
canals were opened through the Atlantic coastal ridge to facilitate drainag.e of t.he 
Everglades. These canals included the Snapper Creek Canal, the Cutler Canal and 
the Coral Gables Waterway, which were finished between 1912 and 1913 (Harl'e1n, 
1979). Due to construction of these early canals, water levels in Lake Okeechobee 
dropped from 21.9 to 15 feet (6.7 to 4.6 m) above mean sea level between 1889 and 
1927 (J. Meeder personal communication). The Corps of Engineers observed repeated 
overdrainage and navigation problems due to low water in the Caloosahatchee River 
beginning in 1926 (USCOE, 1927; 1928). Early uncontrolled drainage of South 
Florida lowered water tables 5 to 6 feet below 1900 levels, stressing natut·al wetland 
systems. Uncontrolled fires modified, damaged or eliminated much of the region's 
vegetation and soils (Alexander and Crook, 1974). By 1945, drainage of the northern 
Everglades caused noticeable amounts of peat loss (up to 6 feet in depth) as well a~ 
loss of water storage capacity (Davis, 1946; Jones, 1948). Parker et al. (1955) reported 
that the water table in Dade County had dropped 6 feet by 1955. Although droughts 
were common in the Everglades prior to drainage of the region, historical ac~ounts 
indicate that pre-drainage conditions were much wetter than present day conditions. 

Not until the mid-1950s did water control in the Everglades take precedence 
over uncontrolled drainage of the area. Developm~nt and implementation of a water 
management plan (the Central and Southern Florida Project for Flood Control and 
Other Purposes or C&SF Project) was adopted and largely constructed by 1962 to 
provide flood protection, water supply and environmental benefits to the region. Part 
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of this massive water management plan involved use of the three water conservation 
areas (WCAs) for water storage and supply purposes. 

6. Current Water Management and its Impacts on Hydrology.. 

Current Drainage Patterns, The cuf,rent water , management basins of 
southeastern Florida are remnants of the origin.a1 Everglades.· The WCAs are 
man-made basins created to preserve portions of the :Everglades and to provide 
multiple uses, including water supply and .storage for J'ahn Beach, Broward, and 
Dade counties .. Over 100 years of drain;;1,ge, f1o.o~d ¢onttol,.lin.d water n1anage1uent 
activity in south Florida have greatly altered the historic ~asin. Some 1,500 miles 
(2400 km) of canals and levees known collectively as the C&SF Project) have been 
constructed for flood control, water supply, and allie~ purposes. 

The current hydrologic regime of today's Everglades varies both ~patiaJly and 
temporally from that of the natural system. The Everglades basin is filled duri11g the 
summer by rainfall, and by surface and grou11d water con_nections throughout the 
system. Maximum water depths u.sually ar~ reached in the late sutntner ~ Water 
levels decline slowly during the dry winter Dl.Onths. A~ water lev.els decline, the areal 
extent and depth of inundation also diminish. By s.pt:big, ·with increasing losses from 
evapotranspiration, water levels reach annual minima·.. Surface waters often 
disappear from the wetlands following extretn.ely dry periods, In years with high 
rainfall and flow~ inundation is year round (Parker, 1984). 

The historic surface and ground_. wat~r hydrology of . southern Florida, 
including .areas within what is now the ENP a11d the: BigCypress Preserve, have been 
altered by regional water management practic~s. The Everglades is, now subdivided 
by hundreds of mHes of canals and levees. Completion of a . canal connecting Lake 
Okeechobee with the Caloosahatchee River in 1'882 marked the beginning of 
~ignificant alterationin the Everglades basin. _Table 5 shows the year ofcompletion 
of some of the major levees, canals, pump stations, and control structures that have 
been constructed within_ the Everglades. 

Leach et al. (1972) documenteci some of the effects that south Florida water 
manageinent practices have had on Everglades hydrology. Surface waters may be 
retainedr by levees and released to downstream waters according to schedules that 
bear no resemblance to historical water delivery patterns. Ground water may be 
intercepted by canals and diverted to other basins or to the ocean. Watersheds in the 
eastern part of the ENP have been similarly affected by water management practices 
in areas that are external to the ENP borders (Rose etal., 1981). 

Beginning in the early 20th century, the timing and amount of surface water 
flow to Shark River Slough was increasingly influenced by man's activities. By 1945, 
uncontrolled drainage and land reclamation activities in South Florida had 
significantly lowered surface water and ground water levels in the lower east coast 
region compared to pre-development levels. Beginning in 1945, control structures 
were installed in the major canals discharging to the Atlantic Ocean to prevent 
overdrainage during the dry season and to reduce salt water intrusion into the 
Biscayne Aquifer. In 1953, a levee was completed along the eastern side of the 
Everglades. Consequently, flow to the Atlantic Ocean through the liillsboro, North 
New River, and West Palm Beach Canals was reduced by 25 percent (Leach et al., 
1972). Flow was diverted south, with most of the increase in flow occurring along the 
eastern Everglades. 
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Table 5. Completion Dates of Major South Florida Water Manageme.nt 
Facilities. · · · · 
Levee/Canal 
1. M1am1 canal 
2. North New River Canal 
3. Hillsboro Canal 
4. West Palm B.each Canal 
5. St. Lucie Canal 
~6. Caloosahatchee Canal 
7. Lake Okeechobee :Dike: 

Low Muck levee 
Hoover Dike 

8. Tamiami.canal 
9 .. Levee 30 and Borrow Canal 
.1:0. Everglades Agricultural Are~ ,L~vees co.r:n~leted 
11 . .Lake-okeechobee Pu m.p Stations·: · S-2 . .. -

5~3 
·S-4 

.12. EAA Pump Stations: 
S·SA 
s~.G 
S-7 
s~8 

·13. Conservation Area No. 1 
14. Conservation Area No~ 2 
1.5 •. Cqns~rv~tion Area No.3 
16. ,t~vee-67A, .b67C, ·ana ,Bpr_rtow c"nals 
17. Levee 28 and·Borrow.cancrl 1a. L~281nterceptor and.Feeder Canals 
1.9. C-38 Canal · 
20; C·l11. Canal, L31N 
21. Structure 197 
22. Levee 67 Extension and-Borrow Canal 
23. Levee 31Wand:Borrow.tanal 
24. Structures s~333 and S-334 -
25. Pump StatH:>n-5~332 
26 •. Pump Statlon-S-331 

1'91T .. · 
~91'2 
1·915 
~.~:1$ 
.1-924 
:U~_84, 191.8 

1:9.26 
l-~~~8 
n:928 
~·952 
~959 

~-= Surrounding. levees Jargelycompleted.and;spillways f~nc_tionaL . 
Note: In some cases, substantial ch~nges occ:t~ned.~fterthe mdltated complet1o.n d~te. 

The C&S.F p,roject. The structural to~>Is necessary for a~-hievin,g the 
objectives of water management in the District &re ,provid.ed l>y tbe C~n_tral a:nd 
Southern Florida Project for Flood Control and. other Purposes (C&SF Project). 
Operation of .the C.&SF Project is gov.erned .by water management plans ,deve·i~ped · 
through ,cooperation of the U.S. Army Corps .of Engineers (USGOE'), the District, 
ENP, and a 1llu1tit:ude of local interests. This sectiQn presents a 'broad overview of the 
CSFFC Project and.describes the general operation ofthe system. 

The G&SF Project, approved by Congress in 1948, was largely des:igned .and 
built by the USCOE. The Project covers an area of more than 16,000 square n1iles 
(41, 000 km2), extending from the Kissimmee River Basin, j,!lst south of·.Orlando, to 
the southern tip of Florida within .ENP. Today the -G&S.F Project consists of 1,500 
miles (2,400 km) of canals and levees, 125 major water control structures, 18 1najor 
pumping stations, 13 boat locks, and several hundred minor structures. 

Figure 8 shows the major components of the C&SF Project while ·fi.,igure 9 
shows a schematic diagram of the system. Note that there are six major ·reservoirs: 
Lake Okeechobee WCA-1, WCA-2A, WCA-2B, WCA-3A, and WCA-~B. 'fhe system 
is generally operated to provide flood protection during the wet se.ason by placing 
water into storage and discharging excess water to the ocean (li"igurc J;O) and to 
supply water from storage in the dry .season for irrigation and municipal wa;ter 
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Figure 8. Major Features of the Central and Southern Florida Project for Flood 
Control and other Purposes. · · 
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supply (Figure 11). Regulation schedules for the WCAs and for Lake Okeechobee 
allow for the highest water levels at the beginning of the dry season to provide 
maximum water supply. By June 1, the beginning of the wet season, water levels are 
at their lowest levels to make storage available for wet season rainfall. Every effort 
is made to insure that these operational strategies protect the· environmental and 
water quality of the lakes, wetlands, and estuaries of south Florida. 

Development. The hydrology of the District is impacted by development in 
primarily two ways: (1) by increasing the amount of surface runoff relative to the 
amount that occurred prior to development and (2) by reducing the amount of surface 
storage available. The first case may result from any kind of development. The 
second case occurs where wetlands are drained and filled or diked, or where flood 
protection is provided. 
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Figure 10. Operation ofSFWMD Facilities for Flood ControL 
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Land use has a significant impact on the amount of surface runoff entering· 
local streams or canals. Much of the surface area of an urban area (e.g., roofs, roads, 
and parking lots) is impervious to water. Consequently, much of the rain falling on 
these areas cannot seep into the ground, and it becomes surface runoff. So1ne water 
may be detained and will evaporate, but a high percentage of rainfalltnay enter local 
canals or streams by surface flow in an urban area) resulting in high stream flows 
during rain events. 

Vegetated areas intercept and retain a large part of the rainfa.ll and 
subsequent surface runoff from a rain event. This intercepted water has additional 
opportunity to evaporate or seep into the ground. In general, a smaller percentage of 
the rain falling on a vegetated area will enter local streams and canals as surface 
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Figure 11. Operation of SFWMD· Facilities for Water S 
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water runoff than for a comparable urban area. As a result, st~eatn flows are 
moderated compared to urban areas (Figure 12). 

"!''etlands and poorly drained uplands.suhjec~ to flooding typ-ically ·stor~ water 
from ra1n storms and then slowly release It. Thts has the effect of reduc•Ing !the 
amount of the flood peak and of extending the recession of the hyd~ogtaph. 
Superpo~ition of the water management network on the natural Everg;'t..ad·es 
hydrologic system has decreased the hydrologic head, altered the w·ay water .flow-s 

· through the system and subsequently lowered the water table (~,ib-u·re 13). Wetlands 
and other flood-prone lands provide natural flood protection to downstream areas. 
When wetlands are drained and filled or diked, ~hat storag·e -is ,removed ;froin •the 
hyd'rologic system. Flood ~peaks are increased and stream flows during ·dry .pe,r-iod·s 
are reduced. The District's current regulatory policy restricts ·the amount :of 
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Figure 12. Stream Flows from Various Land Uses. 
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Direction of flow and water levels in a tYP.ical east-west section from the 
Everglades through the coastal ridge to Biscayne Bay. Conditions are 
shown during a wet period, before and after water management systems 
were operational. 
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post-devel~pment discharge, prohibits draining of wetlands, and requires· that 
compensa_tlng storage be provided if any area ordin'arily providing surface storage is 
filled or d1ked (see Chapter 40E-4140 Fla. Admin .. Code). 

Impacts Due to Changes in Hydroperiod. The Everg~ad·es syste.1n has 
evolved as a result of many years of climatic fluct~ations, includiri(g extreme events 
such as hurricanes, floods, and droughts. Natural stochastic variations within this 
s~st~m are n.ec~ssary for its continued health a~d survival, but ar~ difficult to ~imic 
Within the hm1ts of the man-made C&SF proJect. Implementation of the rainfall 
delivery schedule for ENP has been a successful attempt to refme the operational 
strategies of artificial control structures to simulate a more natural te~ponse to. 
randomly changing conditions within the ·Everglades Additio11al · physic~I 
modifications to improve water deliveries to ENP are being developed-by the US'COE. 

Construction of the three WCAs, with attendant i~ternal canal systems1 has 
had two pronounced impacts on hydroP"eriods. All .thr.ee WGAs sha:re these co1nmon 
problems: 

(1) Water tends to pond in the southern portions of each WCA; somethnes at 
depths that have adverse effects on some Everglades plant com:rnunities 
such as wet prairies and tree iSlands (Dineen 1972; 1974). 

(2) The northern portion of each WCA dry too quickly, too often causing loss ·of 
wading bird habitat, increasing the frequency . of fires which cause 
subsidence of peat soils and dama:ge to tree islands and wet prairie 
communities. · · 

Some attempts to corr~ct hytlroperiod itn.,pacts in th~ pa13t include the 
construction of 8-339 and S-340 in WCA .. 3A to disperse canal flpw from the M·i.atni 
Canal (C•l23) into the northern marsh in wet periods (during pumping at S-.8), and to 
stop overdrainage of these nQrth~rn marshes in dey ·seasons by preventing the Mian1i 
Canal from continually moving water southward (Zaffke, 1983). These alteration~ 
tend to slightly reduce the depth of water in the southern, ponded area. Another 
structure, S-lOE, was constructed in Levee 39 in the northern apex ofWGA-2A. This 
vast marsh area received water only from direct rainfall after completion ofWCA-2. 
S-lOE provides a method to convey water from WCA-1. to the northern portion of 
WCA-2A for a better distribution and extension ofthe hydroperiod. The S-333 water 
control structure has be~n used to deliver water to Northeast Shark River Slough 
(NESRS), reflooding the liead waters and attempting to reconnect the ,historic slough. 
These water dispersal mechanisms have been berieficial, but are not the ultirnate 
solutions to existing problems. 

Water Regulation Schedules. Regulation schedules for the WCAs were 
designed on the basis of several important considerations. The schedules generally 
allow water levels to increase during the rainy season to reach maxiinutn levels at 
the end of the wet season. The levels are then permitted to drop so that the lowest 
point occurs at the end of the dry season. The WCAs can thus be used for flood water 
storage and retention during the wet season, and will be as full as possible to provide 
water supply during the oncoming dry season (Neidrauer and Cooper, 1989). This 
water is used to supply east coast wellfields and maintain a freshwater head at 
coastal structures to prevent saltwater intrusion. 

A constraint that was incorporated into the original schedule 1 was to provide 
protection for marsh vegetation. The design of the WCAs was based on the ability of 
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marsh (sawgrass) vegetation to prevent hurricane-induced waves, generated within 
the WCAs, from breaching the levees (Cooper, 1990, in press). · The vegetation 
prev~nts mass movement .of water. Loss of emergent vege~ation in 'the w_CAs would 
require costly levee redesign and reconstructiQJ). Regulation schedules for all three 
areas have been modified over the years in all.effort to balance water supply a11d flood 
control needs with environmental considerations. · 

Hydraulic Connections. An imi:){~rtant factor in flood COI1tr61 and water 
management in southeast Florida is the :Qydra'Uli<!· connection betw~en the. Biscayne 
Aquifer and tidewater and between the Biscay~e Aquifer and the canals tl!~t intrude 
into the aquifer. These hydraulic intercc)~ne'ctions have many effects (Klein and 
Hull, 1978) including the movement of gtQttnd water from the interior to coastal 
areas where it can maintain adequate ·levels !to retard saltwater intrusion. 
Historically, groundwater also provided fresqwater discharge to estu~ries. 

The. effectiveness of hydraulic connecffons betwe~n the aquifer and the. canal 
system is indicated by the rate at which .canal wateJ; can infiltrate downward and 
laterally into the aquifer during dry periods, jf w~ter levels in the canals are hig·her 

_than adjacent groundwater levels. Water Q.\lality bn.pacts on the aquifer froln poor 
quality canal water are most likely to occur in c:arial reaches that are located near 
wellfields. Large groundwater withdrawals .t,an lower the local groundwater stages 
in· the vicinity of the wellfields, resulting in the tranafer ofwater from the canals to 
f1djacent underground storage. Other .wa.~~r quality impacts from hydrologic 
i!lterconnections may occur where contaminated. groundwater upwells in an estuary. 
This type of contamination may be occurring· near the South Dade· Landfill where 
s:ubsurface contamination is suspected ofmoving hiterally through groundwater into 
Biscayne Bay (Shinn and Corcoran, 1988) . 

. Ji""lood ProtectiQn. One of the primary objectives, of the C&SF Project was to 
provide flood protection for South Florid~. The water management systein consists of 
multiple pump stations, control structures and canals in the Everglades planning 
area. The three WCAs provide temporary stor~ge of flood waters in the interior of 
the southern peninsula~ Stormwater generally enters these areas via pumping 
facilities which were specifically designed to meet the flood control requirements of 
their respective watersheds. The pump stations are operated based on a combination 
of stage and precipitation factors which indicate the potential for flooding conditions. 
Operation of the pump stations serving the EAA has been altered over the past 
decade to increase the utilization of the WCAs for flood water storage. The Interim 
Action Plan (1979) and subsequent modifications were designed to reduce the volume 
of nutrients entering Lake Okeechobee, and diverted storm water formerly pu1nped 
into the lake to the WCAs. 

Releases from the WCAs take into consideration both critical flood levels and 
downstream impacts of excessive and untimely discharges. Recent operational 
modifications such as the Rainfall Driven Model (MacVicar, 1985) for releases to 
ENP consider both the seasonal needs of the receiving body as well as the flood 
control limitations of the C&SF Project. 

Flood protection for a basin within the District is usually described in terms of 
the most severe storm that can occur over the basin without causing flooding. A 
severe storm is described by the frequency with which it may occur. On a long term 
average, a storm of a given intensity may occur, for example, once in every ten years 
(i.e., the storm has a ten percent chance of occurring in any given year). It must be 
emphasized, however, that a storm of given intensity may occur at any time 



Everglades SWIM Plan- Supportin:g Information Docum.c.n.t 

regardless of the frequ~ncy assigned to it. For example, two storms of an intensi~y 
expected to occur once In every one-hundred years (l .. in, .. lO.O ye_ar st9:rwJ Qc~urred~ tn 
northern Palm Beach County within three mont~s i# 'the early 1980;$ \~i.Q.~·l$)$.2.;, Lin 
and Lane, 1982; SFWMD, 1982). '. · . . . .. . 

The USCOE specifies a Standard Project..Storw.:(SPS) for.$o-u.th.~,lvrj~~a .. The 
amoun~ of runoff generated from a SPS is termeg ~:-~t~~q~rd ProJ~ct' FlQq~ ·qr. SfF. 
The rainfall generated by aSPS are 25 percent greater than the ~mounts that would 
occur during a 1-in-100 year storm .. The SPS storm is. ,aS.$~me.d to occufi .dcl~:ring the 
wet ~e~son when water tables are high and sqila ra~~ w~t.. . The~e CQ~qftio:p.~ wi1 I 
max1m1ze the amount of runoff. The flood protectiou for ·a. p.cl,$~n ~na,y l>ce g.~ve.ri ·?s the 
return interval of the most severe storjn that o(!ah '.o.~.cpt withoqt floqgirig the b~sin 
Ce:g., 1-in-10 .year) or by the percent ofthe 'SPF' ~ha:t,can be p~ssed from th~ b_l;lsin 
Wlthout floodtng (e.g., 30 percent ofth¢ SPFJ. 

Saltwater Intrusion. In coast~l areas of S(Juth Florida, fresh and salt 
grot.Uldwaters meet. The fresh groundwat~ri~ ~~s~ d~;:q~~~than th.e.&alt gt9~rg'l~~ter 
so that the fresh water floats on; but doee not m~ \\'l:~li, the a.altwat~r~ The QJ~~b!en• 
Herzberg Principle (Fernald and Patton, 1984) iS.~ g~n~ralr11le whi,ch s~~tes t4~it. t,he 
boundary between fresh and saltwat~r occurs ~boU,t 4::Q fe~t (12 ,m) belo;w ~ea l~v,el for 
each foot (0.3 m) that the fresh grou11dwater t~ble· -~~t~~~$ ~bpye sef.i lev~~l. _ f9,f ~his 
reason, the water table in coastal areas sholJJd·be~mai~t~ID,.~dhigh enp~gh tp P¥¢.yent 
salt water from entering the local sutficialaqu,ife.r ~pd .c~I).tam,inating, nearpy well 
fields. This iE; accomplished by maintaining canal, Jev~ls high ertqQgh so tlJ:a.t the 
hydrl:}ulic interconnection of the canals c.U:ld. .tb.~ ~qqif"~r mainJaillS .a fre~4w;;lter 
gradient that is adequate to prevent intrusj,bn .ofsai}~:Water into the fr.esh .s:urfici~l 
aquifer. · · · 

7. Future Hydrologic Threats to theEverglade$Syst.em, 
• I 

Continued Encroachment Qf Land J)evel()p1tlent, Los~· of Season,al a.nd 
Short Hydro period Wetlands, and Ove~drQipl.lg¢·. Co:ntinue.d expansion of url;>an 
and agricultural development in and. adjacellt tQ, th¢ planning area is ;~ .major 
continuing threat to Everglades aquatic resources. Measures ne~d to be taken by 
Federal and state agencies and lo~al entities to recogni~~ th~ hnportauce of 
remaining seasonal wetlands, an4 protect these critical resources fro1n urban a·nd 
agricultural development. ; 

Direct loss of Everglades wetlands and important .peripheral wetlands began 
at the turn of the century and continues to the present day. 1-Iistorical accountB 
suggest that the Everglades may have only dried out during the rno~t severe 
droughts. Depressional features such as sloughs, ponds, or alligator holes retained 
water until the next rainy season. In this natural system, the sequence of events left 
the southern portions of the system (Shark Slough and ENP) wet, except during a 
drought (Parker, 1974). The existence ofthis diversity of wetlands (long hydroperiod 
wetlands in conjunction with short hydroperiod wetlands) provided an 'edge effect.' 
Vast expanses of deeper water habitat were available for aquatic life during high 
water conditions. Organisms from these large areas then became concentrated in 
smaller pools as the area dried. The seasonal drying and concentration of the food 
supply was widely exploited by wading birds and other predators. The wetland 
systems that provided this function, especially in the area known as the the 
transverse glades, are now mostly lost to the Evergl.ades because of development. 
The loss of this habitat is thought to have had a severe Impact on the breeding success 
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of wading birds throughout the Everglades system. Many of those short- hydro period 
wetlands, which served as early dry-season feeding habitats for wadi11g. birds, are 
now lost because of wetland conversion for development. Loss of wetlands and 
associated aquatic habitats is a continuin~ threat to these.natural ~yste~s. 

The relationships among natural ,(seas(lnally fluctuating) hypr.operiod 
conditions, wetland diversity and productivity and b~td p~pulations have been well 
documente~ in South Florida~ Since drainage~<l develppJ.llen~ have a]ter.E}d most of 
South Flor1da's natural systems, the best and m(!f3t ex;tens1ve areas of n.atural 
wetlands are found within Everglades National Park ;:1nd the Water Conservation 
Areas. Davis et al., (1987} in their stu<U~s .ot wa«Jin,g bird communities within 
Everglades National Park and concluded that ''.restoration of natural water 
distribution ... into the southern Everglades would create the conditions necessary 
for optimum primary production." The lt.eys to prote<;~ion o( the remainipg viable 
wetlands outside of the ENP and WCAs ·include maintenance of natural 
hydroperiods, natural water distribution patterns·. a#~ appropriate water depths. 
These conditions are largely incompatible with dra~age ·~ban or agricul~uaralland 
development. · · · · 

Climatic Changes. Three pos.sible cliJn.atic ch~nges ~ppear as most likely to 
i~pact the Everglades as follows: (1) a d~cre~$e ip. rainfall and a change in its 
distribution; (2) global warming; and· (3) a rise in.sea.leve.l.; 

Gannon (1978) has . suggested that . extensive urba11iz(ltion and w~tlands 
drainage in South Florida has decreased wet· season rainfall. Shih (1983) 
demonstrated that averaged over all of south Florida mean annual rainfall has 
decreased and the seasonal distribution rainfall has chan.ged in recent years. In his 
analysis the most significant breakpoint was shown to be 1970. Shih concluded that 
the reduction in rainfall was due ·to shorter and.· drier· wet seasons and to f~wer 
tropical cyclones passing over South Florida. Shih .a:lso s.howe!d dry season rainfall 
after 1970 to be greater than prior to 1970. The. differences between wet and dry 
season rainfall has decreased, as has the overall variation in rainfall. Not all 
changes identified by Shih were statistically significant {~t the 90 percent confidence 
level). Most significantly affected were the Kissimmee River Valley and southwest 
coastal areas. In the Everglades planning area, there was not a significant decrease 
in mean annual rainfall, but wet season rainfall was significantly decreased in parts 
of the EAA and WCA-1 and WCA .. 2. Most of the Everglades south ofWCA-3 showed 
a significant decrease in high intensity rainfall events (greater than three inches per 
day). 
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E. MAJOR EVERGLADES PLANT COMMUNI'fiES. 

1. Introduction. 

Descriptions of historical Everglades vegetation commurtitie~ circa 1934 are 
provided by Davis (1943a). The historic Eve:rgl~d.es wa~ COll1Prised of roughly 2.5 
million acres (1 million ha) of freshwater marsh. As a re~ult of drai~age of tP.ese 
wetlands for agricultural and urban developm~nt, only. 50 per~~l).t Qf the origi.n.ai 
ecosystem remains today (Schortemeyer, 198Q). This dr&in~g~ a.n,d urban 
development has impacted many areas of the remaining marsh and .c~~sed, ~b~nges 
in species composition, spatial distrih11tion and eco.systeiri pro.cesses d4-e to.~Jte,red 
hydrological regimes and degraded water quality (A.ltntan.der and Crook, 1984}. 

The Everglades are made up of a series .. ofh~hltats formed arot;1nd vc;t..ri.qps 
physical features, dominated by a few select speci¢.$· ,of.pl~nts, or c~unp<)~eq prh~~rjly 
of one species. The primary components of thia system are the perip}lyto~ (!!Jgae) 
comniuriity, the sawgrass community, the wet prE.titie; a.q1J~tic. ~lo\lg}ls, b~yhe.C}<)s or 
tree if)l~d.s, willow heads, tropical hard Wood lianunQck$, cypreas forest, and CQtl.S.~-~1 
mangrove forest communities (Davis, 1940; Davis, 1943~,b; Loveless, 1.959; 
VanMeter, 1965; Gleason, 1974; Tal;»b et al., 1967; Steward, 1974; Goo~rJc~, 1984; 
Craighead, 1971). These native plant CQllliJ11:4nitieE? ~r~ i:p.t¢r$p~r~~4 tbrQtJ.ghoJJt lhe 
Everglad~s system, effectively creating ·a ~osal~ of d,i~tfnet ·.and. valuable ha·pitat 
typeeh The historic border of this systelli was <;()mposed. of seasonal or short 
hyd.roperiod wetlands and upland pine . habi~at .CQf:lVi~, .l~~a). TP.ese are the 
communities that have fallen under the heaviest :pr~ssure fo:r .urb811 an4 agricult~ral 
d~veJopmen. t .... In the southern. part of.t.he_ ~~~t.em .. ·.'.·.f~ .. e._.sp..~.\\'a.t···e·l·w·. e.;Jlapd ~.·omm~.:-}~ie. s 
g1ve way to muhly grass (Muhll}nbergza fzlipes) pr~r1es, uplaJl;d pt,ne an~ tr_op~~aJ 
hardwood forests, as well as tidally influenced Jl1J4tgtove forests more chate}Ctet~stic 
of the southern reaches of ENP and Flori4t:! ·13~y .. Jm.PPti~n~ vgg~-t~ti9~ 9<lffiffi:tm!tj.~~' 
wlri.ch lie outside the current Everglades marsh Plit at~ C.Qh$idered tributary,JnflQws 
to the system1 include; cypress forests (located east ofWCA-1, an4 west of the WCA-8 
in t4e Big Cypress National Preserve) and the pin.e flatwoods {found in eastern 
H·endry, and in wee; tern Palm Beach, Broward, a:nd Da.de counties). 

The relationship between plant communities and hydrologic regimes has been 
investigated by numerous scientists for more than four decades (Davis, 1943a,b; 
Egler, 1952; Craighead, 1971; McPherson, 1

1
973; Pesnell an~ Brown, 1973; ,Olmst.ead 

et al., 1980; Zaffke, 1983; and Gunderson, '1987). A grad1ent of water deptl;ts and 
associated hydroperiods (length of inundation) exists between each of the ab.ove 
described wetland communities. Upland hammocks and pinelands are the driest 
communities, followed in order by tree islands, sawg-rass stands and wet prairies. 
Aquatic sloughs are the wettest with almost continuous inundation. 

2. Periphyton. 

Attached algae, or periphyton, are a conspicuous and ecologically important 
element of the Everglades ecosystem. Everglades periphyton are represented 
primarily by calcareous blue-green algae, hard water diatoms, desmids and a few 
species of filamentous green algae. These algal communities probably represent a 
major component of the detrital-based Everglades food web providing organic .food 
matter and habitat for a wide variety of grazing invertebrates and forage fish which 
are in turn consumed by wading birds, reptiles and sport fish (Tabb et al., 1967; 
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Craighead, 1971; Carteret al., 1973, Wood and Maynard, 1974; Browder et al., 1982). 
W ~od and Maynard (197 4) indicate that a large ·portion. .of the: $9Uthern Everglades 
pru~ary production appears to be deriv~d. frolll.- periphyto.n algal .. m.ats. Laboratory 
studies suggest that periphyton may be. an iwportt;tnt, food .source for .. Everglades 
cray~sh (Pope et al., 198l},and forage fi~~· (Hun~,· .l953, Kolpi_nsky and: Higer, 1969), 
both Important components of the E.ver.glades food w:eb. .Per1ph.ytop. pl}otosynthesis 
and res~ir~tion play an important rQle in- .cpi.itr.oUing -dimonal dissolved oxygen, 
carbon diOXIde and calcium. concentrations withi.n,tnarsh surface· waters (~Hunt, 1961; 
Gleason~ 1972; Gleason and Spac!Qna.n, t97~;'Wi1s.on:l974; B.~lang~r and Platko, 
1986). Algal photosynthesis accounts for a latge .. p()rtion of c·aJ~ium precipitation 
within the marsh and. is responsible for .the· for:mati9n. of marl ,soils withi~ the 
southern Everglades (Gleason, 1972;. Gle~son ~nd. Spackman, 197;4). . Periphyton 
provide feeding habitat and cover for Everg}@,d,es i:Qv~r:tebrat~s.and fish and provide 
an important microhabitat for the survivaLoftlle.,e'ggs and larvae of insects and fish 
during dry periods {Harrington, 1959). . ·· · 

Water quality (phosphorus, major i011 f!CJ.n~~:qtf.~tio~s ~d pH) and hydroperiod 
are the major factors which appear to influence tbe sp~cies aomposition. and. growth 
rates of Everglades periphyton commvriities (SW].ft, 1981, 1984;: Swjft and Nicholas, 
1987; Browder, et al., 1981; Flor~ et al., li98,7)~· .Qal'car.eous (calcium carbonate 
precipitating), filamentous blue-gre~n ~lgae .. ($cY.~plt¢7na hoffmani_ ~nd $chipothrix 
calcicola) and.a group of hard water t;lia.toms·.(e.g:~Ji!astogloia:srrtithii·_.'V .. lacustris)are 
the doJ:ninant algal. ~pecies ,present~ both.. J;n _ ~P¢.cjes numl~l~t:s an(} . are~l e~tent, 
throughout the freshwater marshes of the. WC~§· and ENP (VanM·eter, _1965; 
Gle~son, .1.972; 1974b; Gleason and ~pacJ.tman, ta74;- Browder et al.,. 19St;. Sw.ltt, 
1981, 1984; Swift and Nicholas, 1987) .and 'ar.e reptesenta·tive .. of calciuro rich, low 
nutrie:Qt, alkaline.; hard water conditio~s~ In contrast, filamentous ;green algae 
(Mougeotia sp and Spirogyrasp.) accom:Pa.Il.i~(l. 'by a rich des;mjd (gr~e~ :algae) flora 
ar~ reliable indicators of acid', soft wa.·tet ccni.ditions cl:);~raeteristic of the interior of 
WCA-1 (Swift, 1981; Swift, 1984; Swift arut Nicholas, 1987). 

Periphyton comm11nities of both t}ie WCAs .and E1NP probably evolved withi:q ~ 
nutrient .. limited ecosystem. The presence of low growth rates, low. internal 
concentrations of elemental phosphorus within periphyton cell tissue, marsh surface 
waters and Everglades soils, all indicate that phosphorus is the growth lhniting 
nutrient for interior. marsh periphyton and that rainfall is pro~ably the primary 
nutrient source for these algae. Due to its low availability, b1organic nitrogen 
(NOa+N02+NH.4) may also seasonally function as a co-limiting nutrient (Davis et 
al., 1987; Swift and Nicholas, 1987). 

In WCA-2A and WCA-3A research studies have shown that elevated 
phosphorus levels have been shown to significantly impact the species composition 
and community structure of Everglades periphyton communities (Swift, 1981, 1984; 
Swift and Nicholas, 1987). In WCA-2A , high phosphorus and nitrogen levels were 
shown to promote major changes in algal species composition, reduce algal ~pecies 
diversity and stimulate the growth of pollution-tolerant species (Swift, 1981; Swift 
and Nicholas, 1987). Nutrient-enriched areas of the marsh exposed to high 
concentrations of phosphorus result in a reduction in the numbers of species present 
and and a dramatic increase in the population density (bioinass) of pollution-tolerant 
species such as Microcoleus sp. (Swift and Nicholas, 1987). Water quality impacb~ on 
the WCA periphyton community are discussed in more detail in Part IV, section B.6 
of this report. 
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3. Aquatic Macrophytes. 

Sawgrass Communities. Sawgrass (Cladium jamaicet~se) is :one of several 
dominant ve~etation community types found throughout the _freshwater Everglades 
marsh. Estimates of the extent of sawgrass range ftPtn 65 tp 70 percent _of the 
remaining Everglades marsh (Dineen, 1972; Kushlin;l, 1987; Loveless, }9:59; Schomer 
and Drew, 1982; Steward and Ornes, 1975a). Sawgta,ss is a perennial sedge and not 
actual~y a g~ass as the common name implies.· ~awgrass typically ().Cc:urs pn land 
elevations slightly higher than aquatic sloughs b-g.t lower than b~yh.eEJ.d tree islands. 
In the northern Everglades, sawgrass that grows; in deep pe~t soils tep.d~ to b~ bill 
and dense, reaching heights up to 10 feet (3 mh ·whetell.S s~wgras.s which deyelops 
over marl soils is typically shorter, averaging 2~5 to 5~9f~et {0.8 to 1.5 m). Sol;tth¢rn 
sawgrass communities also tend to be less dens.e, poa,sibly as a tespons~ to th;e. low 
nutrient content of marl soils. Sawgrass commurliti~~f:range frQin ali11ost. pur~ stands 
to mixed vegetation including maidencane (PQ,nicum hen~i-tomon), · ~rtowhead 
(Sagittaria lancifolia), water hy;ssop (Bacopa carolinia-na), and spikerush (E~eocharis 
cellulosa). Areas which experience shorter 1tydroperiods allow for iriva~iori. by small 
trees and brush such as willow (Salix spp.), wa:x myrtle {Myrica t;etifera), dahoon 
holly (!lex cassine) and salt bush (Baccharis halmifol_ia). · 

Sawgrass i,s well adapted to survive· str:es~ from either flooding or. burning, 
which accounts for the· success. of this· species,· ~urviv~l Ulider flood and drought 
conditions characteristic of the Everglades. Although ~f[pable of surviving variable 
water depths from dry soil to flooding, ~awgrass loaesits viability when expose.d to 
_prolonged high water conditions (H()fstetter an<l Par~on$, 197~; Davis, 1989). 
Sawgrass has a very low requirement for phosphorus and other minerals (Stewat"d, 
1974; Steward and Ornes, 1975a, 1975b; Volk ;·e~ al,_ 1975), a trait which alJows 
survival in the oligotrophic waters of the interior· Evergl~des .Ifiarsh. 

Sawgrass adaptations to fire have been well stud.ied (Davis, 19_43b; Loveless, 
1959; Craighead, f971; Forthman, 1973; Yates; 1J974; Hofstetter and Parsons, 1979; 
·and Wade et al., 1980). Sawgrass leaves are highly flammable, but the plant's 
meristem is protected by spongy soft tissue which is not flammable except under 
severe drought conditions. Regrowth after fire is rapid (Forth man, 1973; Til Ill ant, 
1975). However, sawgrass is especially sensitive to high water conditions after a 
burn when it can be killed by extended submergence. Fire is the dominant factor in 
maintaining sawgrass as a sub-climax community within the Everglades ecosystetn 
(Wade etal., 1980). ; 

I 

Hydroperiod and water depth are important factors in both the growth and 
reproduction of sawgrass. Toth (1987) demonstrated that sawgrass exposed to deep 
and widely fluctuating water levels exhibit tussock (cylindrical mounds ofundecayed 
leaf bases) formation, slower growth rates, heavy early mortality, and high rates of 
new shoot production. Conversely, shallow, stable, water levels result in rapid 
growth rates, extended survival of sawgrass culms (leaves) and limited new shoot 
production. 

Wet Prairies. Wet prairies are seasonally inundated wetland communities 
with intermediate hydroperiod and depth requirements. Requirements for wet 
prairies hydroperiod lengths and water depth falls between that for sawgrass 
marshes and aquatic sloughs (McPherson et al., 1976). Common emergent aquatic 
plants in wet prairies include: spikerush (Eleocharis cellulosa), beak rush 
(Rhynchospora tracyi), maidencane (Panicum hemitomon), arrowhead (Sagittaria 
latifolia) and pickerel weed (Pontederia lanceolata). The wet prairie comn1unity is 
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faun~ o~er both peat and marl soils, with ~acb. soil type ·supporting distinct ·plant 
ass~c1ations. Loveless (1959) described_ the :chtU:acteristic w:et prairie rconu:nunities 
which de~elop over peat as Eleocharis; Rhyncho$p01it;t; and Panicum .flatH although at 
least 25 different species typically:occur ip. !these;·association:s. Important $ubr}lerged 
aq~atics include bladderwort (Utricwlaria. fJ{lp.) :::an.d Ii-udWi{fia sp.pi. as w.ell as the 
per1phyton association. Wet prairie~ -r,equi,ITe: •seasonal1 inundatibn wiLh standing 
wa~er present for six to ten months of the year (Schomer and Drew, 1982). ~$easonal 
drying of tJlese marshes with moist soil conditio~$ are required for seed g·ermination 
and establishment of new seedlings (Dineen, 1-.9.72).. · . 

. ' - ; ! j 

During the rainy season, wet pr.airi~s Q.nd·.ll;qy.atic slough :communities .provide 
habitat for the develop~ent ofa wide var.iety~·of:j·aquaticinvertebrates (freshwater 
shrimp, amphipods, snails, crayfish :and insect. .Jarvae), and numerous forage fish 
species. As water levels recede in the fall and winter:months, .organisms from the wet 
prairi~s migrate to the remaining ponds and. slough$·. :As a result, wet prairie and 
aquatic sloughs represent an impo:rta11t link in the.Ever,glades·food chain. 

; .! ·.'.f 

Wet prairies are a conspicuous feature ofWCA-.tand WGA-3, the Big Cypress 
National Preserve and the east and west margins ofiShark River and Taylor sloughs 
(ENP), and the East Ev~rglades. Area,. · This1 "¢otnll1~ity is also found in the sandy 
fl~tlands of WCA~3A7s western tributary ,b,as-ins · (C-139·, L-28 Interceptor,. Feeder 
Canal and L-28 Gap subbasins) as. well immediately :east of' WCA .. l in the ·western 
C-51 basin. · . , 

i 

In the mid-1950s wet prairies.· were .commo11in WCA ... 2At as well as in the 
western and southern sections of WC.A ... aA {Loveles~,. 1959b). Much of this habitat 
was lost as a result of st~bilized w~ter l~velE; .during the late 1960s and 1970s due to 
water storage activities within WCA~2A and the pondin-g: of water in the south end of 
WCA;.3A (Dineen, 1972). Several experimentat di:awdowns· of WCA-2A have been 
initiated by the . District in an effort to restore· Everglades wet prairie habitat; 
however, these efforts have been only marginally.sll,ccessful (Worth, 1988). In 1989, 
the U.S. Army Corps of Engineers approved a District proposal to formalize a 
modified drawdown plan as the WCA"!"2A operational schedule. 

Wet prairie habitat throughout south Florida has suffered alteration and 
destruction since 1900. More than 1,500 sq. mL (3885 km2) have been d~ained or 
destroyed including most of the wet prairies immediately west of the Atlantic coastal 
ridge. Estimates made in 1974 indicated that in Broward and Palm Beach counties 
alone, 80 percent of the wet prairies have been destroyed or altered (Birnhak and 
Crowder, 1974). 

Ponds and Aquatic Sloughs. Ponds and aquatic sloughs represent the 
lowest elevations of the Everglades marsh, having deeper water levels and longer 
inundation periods than other Everglades wetland communities. S1nall ponds may 
occur in sloughs as solution holes in the limestone bedrock or may be fortned by 
alligators in the peat soils. Ponds and aquatic sloughs occur throughout the 
Everglades with the largest pond-slough systems occurring in ENP (Shark River and 
Taylor sloughs) and portions of the northern Everglades (McPherson et al., 1976). 
The dominant emergent vegetation of pond and slough systems are white water lily 
(Nymphaea odorata), floating heart (Nymphoides aquatica) and spatterdock (Nuphar 
luteum subsp. macrophyllum). Common submerged species include bladderwort 
(Utricularia fliosa and U. bifiora) and the periphyton mat community. 
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Aquatic sloughs and ponds play important roles in the Everglades ecosystem. 
During the dry season ponds and sloughs serv~ as i1nportant feedlng ar~as. and 
habitat for Everglades wildlife. As the higher el~vatio~ wet prairie·s dry out, sl_()t,lghs 
and pond_s p~ovid~ refuge for aquatic invertebra.te~ an.tl fish. -The high ¢on·centtation 
of aquatic hfe, 1n turn, 1nakes ponds and sloughs· importa,nt f¢eding, {lf~a~ for 
Everglades wading bird populations. When the m:atsh i~· reflooded; these area~~-aerve 
to repopulate the marsh as water levels rise (Loveless, 1959)~ Sinall ponda cr~a'te4 by 
alligators may often represent the only sources of food or w~ter in the Irtarsh during a 
major drought. · , · · - · · 

'free Islands. (Bayhead, Swamp Forests} : The freshwater, broadleaf, 
hydrophytic hardwood associations of the Everglades are commonly knoWI! as tree 
islands. Tree islands communities occur on the highest elevatio11s encounter~d 
within the Everglades marsh. Thename'iE; descriptiv~ ()fthe isol~ted, ~rnergenttrees 
surrounded by lower stature marshes and are p~timarily- comprised of swamp for~st 
vegetation, although some small areas of relatively. higher el~vation support i1'fesic, 
tropical hardwood vegetation. Many of the larger:. tte-eJsl~nd·~ form a.n eloi1g4:te<lltear 
drop shape, and are generally oriented with their maip. ~xes para:tle·l to the direction 
of historical water flow. The bay head or swamp forest is the most common foreated 
wetland type in the Everglades marsh. , 

Typical trees which are co-dominant ;on tree ·island-s· are ~~d bay (Persa 
borbonia), ~wamp Bay (Magnolia virginiana), dahoon hol'ly (!lex cassine), pond ·a..pple 
(Annona glabra), and wax myrtle (Myrica cerifertt~ .. Other, less comtnon s}?·ecies 
in~lude willow (Salix caroliniana), Flor~da maple (~cer tloridiurn) and stran~ler fig 
(Flcus saurea). A dense shrub layer IS _found p¢:Qeath the canopy, cpmprl~~d of 
cocopltJ.m _( Chrysobalanus icacao),. buttonbusll . ( Oeph(#antft,u-s occidentaUs),' ~~~ tner 
leaf fern (Acrostichu·m danaeifolium),·roya.l fern (OsmY,nda regalis~ cinnajn_()l). fern 
(0. cinnamonea), chain fern (Anchistea virginica)_, bracken fern, (PteHdlurn 
aquilinum) and lizards tail, (Saururus cernuus). -

Tree islands are important nesting and roosting. sites for colonial birds 
(Givens, 1956) and are important habitat for Everglades deer and other terrestrial 
animals, e·specially during periods ofhigh-water. 

High water levels, peat fires and half-track (recreational) vehicles have had 
adverse impacts on Everglades tree island communities. In the central and south end 
of WCA-2A, tree islands have been nearly eliminated due to high water levels 
(Dineen, 1972; Worth, 1987). Severe peat fires have eliminated 1nany tree islands in 
the central portion of WCA-3A. Invasion of exotic vegetation (principally rnelaleuca 
and Schinus terebinthif'olius) is a major problem in WCA-1 and ENP (see Exotic and 
Nuisance Plant Species section of this Volume). 

Willow Heads. Willow heads are found on sites with a history of severe soil 
disturbance, such as peat fires, lumbering, farming or alligator excavation as a result 
of nest building. Willow heads are thought to be pioneer species which invade freshly 
burned areas or other disturbed sites. In the northern WCAs, willow heads are most 
common adjacent to levees and interior canals were they form dense thickets. After 
repeated fires, willows often replace native vegetation on tree islands. In ENP, 
willow heads are common in the northern central areas of Taylor Slough (Olmstead, 
et al., 1980). Large areas of willow are also found around the edge of Shark River 
Slough, where severe fires burned through tree island bay heads during the 1970s 
(Gunderson, 1987). Craighead (1971) reports that willow is more widespread now 
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than in previous times due to changes in hydrology and impacts of dry season fires in 
ENP. 

Cypress Forests. Cypress forests are a relatively minor feature of the WCAs 
and ENP. In the northern Everglades, cypress communities occur primarily along 
the fringe of the western portion of the study.area (the L-28 G·ap subbasin) arid along 
the eastern perimeter of WCA-1. In the ENP, cypress occurs east and west ·of Long 
Pine Key. Two types of cypress forests, dome and prairie.,. occur within the study 
area. Both are dominated by pond cypress (Taxodium ascendens). Cypress forests 
include mixed swamp, cypress domes and strandsJ monospecific strands and dwarf or 
scrub cypress forests (Duever et al._, 1-97~9). Understory vegetation includes button 
bush (Cephalanthus occidentalis)1 cocoplum (Chrysobalanus icaco), willow (Salix 
spp.), wax ·myrtle (Myrica cerifera), plus various species of swamp fern (fatnily 
Polypodiaceae), ·marsh fleabane (Pluchea foetida), bromeliads (Tillandsla spp.) and 
orchids· (family Orchidaceae) (Duever et al., 1979). Submerged vegetation includes 
bla(}der~worts an«;l the periphyto~ comll1U:Qity . 

Cypress domes occur in bedrock depressions in the northern Taylor Slough 
area of ENP (Rintz and Loope, 1979) ~nd are characterized by tall, dense stands of 
pond cypress with diameters .up. to 1.6ft. (50 em) arid heights up to 80ft. (25 tn). 

Cypress prairies of the Everglades were first described by Small (1932). '.rhese 
forests have also been .described a.s awarf, scrub .or hatrack cypress (Craighead, 1971). 
Dwarf.cypress trees· attain heights,of less tha.n 16.ft. (5 m) and diameters of less than 
8 inches (20. em). The trees. are Widely spaced and include understory plants such as 
sawgrass, muhly grass, and other herbs and grasses, 

Cypress forests are a sub-climax com~munity that is maintained by fire. Fire 
reduces litter and peat accumulation and kill~ mo$t in v~ding hardwood species. In 
the absence of fire, peat accumul~tion raises ground elevations creating· mesic 
conditions that are more favorable for invasion by hardwood species (Duever et al. 1 

1979). 

4. Upland Vegetation. 

'rropical Hardwood :F~orests. Tropical hardwood forests are primarily 
limited to ENP. These broadleaf; evergreen, upland forests are locally called 
hammocks. These forests are dominated by West Indian species and are the most 
diverse arboreal association in ENP. At least 120 hammocks are found in 
conjunction with the upland pine forest of Long Pine Key (Johnson et al., 1983; 
Olmsted et al., 1983). One of the largest tropical hardwood forests is Royal Palm 
HammockJ located at the edge of Taylor Slough and Long Pine I\.ey. Royal Palm 
Hammock is noted for the emergent Royal Palm trees (Roystonea elata.) (Stnall, 
1916). This hammock was first protected in 1916 when 1,900 acres (769 ha) were set 
aside as Royal Palm State Park, which formed the nucleus of ENP. Tropical 
hardwood hammocks also develop on elevated outcrops on the upstream side of some 
tree islands. These sites have a history of habitation by native American Indians. 
Hammocks are also found in the saline zone of ENP (Craighead, 1971; Russel et al., 
1980). 

The dominant overstory trees are live oak (Quercus uirginiana), wild ta1narind 
(Lysiloma latisiliquum), and gumbo limbo (Bursera simaruba). These trees attain 
heights of over 60ft. (18 tn) and diameters of over 6.6 ft. (2 In) (Olmsted et al.~ 1981). 
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Other less common, tree species include sugar berry (Celtis la-evigata), mastic 
(Mastichodendron f'oetidissimum), and, in the southern Everglades hammoeks, 
mahogany (Swietenia mahogani). 

A number of trees reach sub-over story status and account for the tremendous 
ste·m density found in the hammocks. Included among these commonly fo:und trees 
are: willow bustic (Bumelia salicifolia), lancewood (Nectandra cori.acea),,. m~any 
species of stoppers .(Eugenia ·spp.),. plgeon plum (Coceoloba diversifol:ia); .marlberry 
(Ardisia .escallonoides). Few plants are foun~ on the gtound because of heavy 
shading by the dense canopy. Most consist of herbaceous epiphytic flora including 
vines, orchids, and bromeliads~ 

Hammocks that were recently burned or have histories of frequent past fires 
are in a succe~sional1 often scrupby phase. Hammocks with recurrent or ·severe fire 
dam3:ge are of~n colonized by Florida trema (Ttema florid-ana) and brackem, fern 
(Pteridium aquilinum). Some hammocks in the East Everglades that were subject to 
frequent and severe fires now support forests of Australian pin~, an introduced 
species (Hilsenbeck et al., 1979). 

Upland Pine lt.,orests •. Thes.e upland plant CQmtn.unities occur primarily on 
rock out crops and sandy flatlands th~t ·~r~:~eldom floo(led .for tnore than a few weeks 
.each year. Pine forests once:cover~4 about.2,000 sq .. mi. (5,180km2J of south Florida, 
but hctve .be,en reduced to less than half of their origiaal extent (Birnhak and 
Crowder, 1974). Pine forests are found along the;,Athtlltic Coastal Ridge, north ef the 
Big Cypress National Preserve~ and the s~ndy fl3tlands northeast of the WCAs 
(McPherson ~t ttL, 1976). Characterjsticplantso{this_upland habita't.include slash 
pine (Pin. us elliotti va.r. de-ns a) and a va:riety of harQ.wood trees, ·shrubs, palms, grasses 
a.nd other plants. Cabbage pabns(Sabalpalmetto) and. saw palttletto ('Serehoa repens) 
are also widely distributed in pine for.~st habitat. Grasses are o£ten the dominant 
:gtound cover and inclu().e such speci~s ~s l:>ea~d gra.t;~s (Andropogon spp.), wire grass 
(Aristida stricta) and panic grass (Panicutn app.).{McPherson et al., 1976). 

Fire is an important factor in controlling the species cotnposition and species 
richness of understory vegetation. Without fire, hardwood species flourish and 
within 25 years, hardwood hammocks replace pine forest habitat (Alexander ,1967) 
In ENP; two types of pine forests were mapped by Johnson et al. (1983). Whether a 
pine forest has a low-stature understory or well-developed understory depends on an 
area's trre history. The most significant floristic feature of ENP rockland forests is 
the species richness of the low stature understory stratuttL Loope et al. (1979) found 
186 species in this association, making it the most diverse comm\]nity in ENP. 

5. Mangroves. 

Approximately two thirds of the existing population of rrlangroves in the state 
are located within tne boundaries of ENP, particl).larly in the White Water 
Bay/Shark River Slough areas and along the Gulf of Mexico. Within ENP1 there are 
three species of mangrove: black mangrove (Avicennia germinans), white tnangrove 
(Laguncularia racemosa) and red mangrove (Rhizophora rnangle). These species are 
arranged in six community types: overwash, riverine, basin, ha1ntnock and scrub or 
dwarf mangrove. 

Overwash communities, dominated by red mangroves are found principally on 
islands within Florida Bay. Fringe mangrove communities are typically thin stands 
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along waterways and may contain all three species ofrnangroves in zones defined by 
tidal inundation. Riverine mangrov~ forests, possibly the largest community within 
ENP~ are found along tidal rivers and creeks in the western portion of the park where 
red mangroves predominate along the banks, with other species found inland. Basin 
mangrove forests a.nd hammock forests. occur in areas where terrestrial runoff is 
channeled to tidal rivers of the coast. Basin forests are found in depressions and are 
dominated by black and white mangroves. Hammock forests occur in slightly higher 
elevations with all three species present. Scrub or .dwarf forests are found on 
limestone an~ marl substrates within the eastern portion of ENP~ This community 
type may be nutrient limited and contains all three species oftnartgrove. 

Mangroves are important as a food source and habitat for fish and wildlife as 
well as to estuarine nutrien.t .. cycling processes~ Mangxove forests act as an important 
buffer, protecting coastal uplands from flooding due to storm surges from major 
storms or hurricanes. Mangrove prop roots ;allow for the colonization of algae, 
sponges, oysters, which in turn provide habitat for amphipods, isopods, shrilnp and 
juvenile fish. Many bird species nest in the canopie~ of mangrove tress and feed in 
surrounding waters. 

Mangrove leaf litter if) the principal component of the d~tritus--based food web 
of these coastal estuaries. Riverine red mangrove leaf litter has been ·estimated to 
produce 2~4 gni (dry weight) of organic mattet/m2/ciay (Odum, 1970; fieald, 1969, 
1971)~ As mangrove leaves are .decompo~ec1. :by mierqo:r.ganisms, they increase th~ir 
nitrogen, protein~ :and caloric content (Heald, 1969). Tidal flow exports this tnateriaJ 
out of the mangrove forests into the estuary where> it becomes utilized by a wide 
variety ofjuvenile fish and fuvertebr~tes. The detritus;..based food chain supports art 
estimated 75-90 percent ·of the marine cowmercial .and .. sports fish species found 
within south Florida estQaries .(McPhert:~op. et g.l,~ 1~76). The juve11ile phases .of 
coml1lercially important species of invertebrate· such as shrimp, lobster and stone 
crabs rely heavily on mangrove detritus as a principal food source in their 
development. Odum et al. {1982) provides a discussion of the major values attributed 
to mangrove forests including substrate formation; water quality alterations, 
nutrient cycling; leaf litter production, and fish and wildlife habitat. 

Davis (1940, 1943a) provided the first descriptions of rnangrove forest 
distribution in south Florida. Heald (1969), Heald et al. (1974) and Odu1n et al. (1982) 
provided the first classic studies identifying the important role that mangrove 
communities play in estuarine aquatic productivity, nutrient cycling, leaf litter 
production, which provide habitat for fish and wildlife. The role of mangroves in peat 
formation has been investigated by Cohen and Spackman (1972) and Cohen and 
Davies (1989). Olmsted and Loope (1984) discussed their relative itnportance as land 
builders. 

6. Exotic and Nuisance Plant Species. 

Numerous exotic species have been brought into Florida for variOUti purposes. 
Most of these species have not become established, and do not threaten native 
vegetation communities. Some, however~ have escaped cultivation and are spreading· 
in the wild. Contributing factors include south Florida's favorable clitnate and the 
virtual absence of natural population controls. Often these plants are characterized 
by a high reproductive potential and a rapid growth rate. Even though over 140 
exotic plant species occur in the ENP only a few threaten to invade and displace 
native plants. 
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The National Park Service classifies exotic taxa as pe~t, potential pest, or 
innocuous for management purposes. The pest plants have large populatiop.,s ?nd 
pose the greatest threats of invasion. The woody plants that ate weB established in 
the Everglades and are invading the native habitats include Brazilia;n pepper 
(Schinus terebinthifolius), Australian pine (Casuarina spp.)~ melaleuca (4'J.elaleuca 
quinquen.ervia), and shoebutton Ardisia (Ardisia solanacea) (La Rose:). and Gunder~on, 
in press). Problem non~woody .plants include water hyacinth (Eichhornia crasstpes), 
Colubrina asiatica, para grass (Brachiaria mutica) and Reynaudia reynaudia.na. 

. Brazilian 11epper. Brazilian pepper (Schinus terebinthif'olius), a JJati ve of 
Brazil, was introduced into Florida for ornamental planting (as Florida holly). It 
produces a large number of bright red perrie$ which ripen betweep. December and 
February (Ewel et al. 1982). Its fruit is edible to wildlife, and birds and am all 
mammals are effective s~ed-dispetsal agente. Bra~ ian pepper also can reproduce by 
shoots from its roots and runners (Dv.ever.et al., 1979). · 

Brazilian pep.per strangles and .out .. comp.etes n.~'tive vegetation. It produces 
dense stands of low-hanging, dead vegetation, and is fire-resistant. Brazilian p~pper 
is an effective colonizer of disturbed areas, (Alexander ar1d Crook, 1984), and prefers 
dry sites with a disturbed soilhorizon~. I11 the WCA pl~nning area, it occurs primarily 
along canal banks, roadsides, and in abandoned .farm fields . 

. _.. Bra~ilian .pepper; also poses ort:e of 'the large~t management problems in the 
ENP planning area because of its larg~· populations and· pro¥en ability .to in vade a 
number of habitats. Until1975, appro~mately 5;000acres (2024 ha) in the southern 
part of Long Pine Key was farmed. This areaj ref~rr:~d tq as the "Hole-in~the-Oonut'), 
now supports. woodlands that are dowinatec;l by Brazilian pepper, althoug;h 
.shoebutton ardisia a11d para grass (Brachiariq_./mutica), have beco·tne dominant in 
pockets within the Braziliftn .pepper areas ... 'The. Hol~in-the-Donut includes the 
largest concentration of exotic plants in the ENP. 

The farming practices of rock plowing and fertilization have .altered .the 
physical and chemical aspects of the substrate in the Hole-in-the-Donut area, 
allowing Brazilian pepper a competitive advantage over native species (Ewel et al., 
1982; Meador, 1977). The Brazilian pepper stand provides a large seed sourc:e for 
dispersal to other ENP communities. Brazilian pepper will establish in pinel~ds, 
and will dominate the understory if the stand is not burned, (Wade et al., 1980). It 
can be controlled through the proper use of fire, (Loope and Dunevitz, 1981; Wade et 
al., 1980). Brazilian pepper has also been found in disturbed, ecotonal areas of the 
mangrove forests (Mytinger and Williamson, 1987). 

Australian Pine. Australian pine (Casuarina equisetif'oliaJ includes at least 
three species. It is a native of Australia and is used in Florida as wind-breaks. 
Australian pine prefers dry areas. It is found most often in coastal areas; however, it 
can occur in spoil piles and in elevated areas such as canal banks and along road 
banks (Alexander and Crook, 1984). 

Australian pine forms dense, monotypic stands with no understory. It is a 
brittle tree which easily snaps in high wind conditions. It is not considered to be fire
resistant (Alexander and Crook, 1984); however, it is reported tore-sprout after fire 
(Schomer and Drew, 1982). Australian pine spreads by wind-blown and 
bird-distributed seeds, as well as by root suckers (Alexander and Crook, 1984). 
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Australian pine, was the first major exotic plant recognized as invading ENP 
(Egler, 1952; Robertson, 1953). A pure stand of Casuarina equisetifolia developed on 
Highland Beach in ENP, hut was successfully removed through cutting and burning 
(LaRosa and Gunderson, in press). Other stands of Australian pine are estabUshed in 
the southeastern panhandle of ENP (Klukas, 1969), replacing the bay head species 
(Craighead, 1971). This process also occurred in the East Everglades in an area north 
and east ofENP, an area which may soon be incorporf}ted irtto ENP. 

Melaleuca. The melaleuca, or cajeput tree (.MelaJeuca quinquenervi'a), is 
native to Australia and was introduced to Florida in the early 1900's as an 
ornamental tree and possibly also as a cqmmercial source of wood. This species 
tolerates both aquatic . and terrestrial habitats often out-competing native plant 
species for space and light. It develops most rapidly in sawgrass areas ·with peat soils; 
however, it also ·occurs on marl and marly peat soils (Schomer and Drew, 1982). 
PrQlific seed production, high growth rates, resistance to fire, lack of insect parasites, 
disease and competition from native plant species, further enhances tnelaleuca's 
ability to compete with native vegetation (Diamond, 1989). 

Given the rapid growth of this species, melaleuca has the ability to invad·e. and 
·alter vast areas of the Everglades by replacing native tree islands and wet prairies 
with dense melaleuca stands. Mature stands (forests) of these tress often form dense 
monocultures which eliminate other :species. These stands have limited wildlife 
value and are· characterized by reduced ~pecies diversity (Austin, 1978; 
.Schortemeyer et a.Z., 1980; Mazzotti et r;Ll.., 1981; Sowder and Woodall, 1986). It 
should also be noted that, because of its prolific ·flowering, inelaleuca is considered to 
be important to beekeeping (Robinson~ 1980). 

Mehlleuca h~s been ide11tified as a potential threat to South Florida~sfuture water 
supply. Evapotranspiration (E. T.) rates for. melaieuca have been esti.mated to range 
from 3-6 times that ofsawgrass (Hofstetter, R~, personal conl.niunication, February 
2.7, 1990, University of Miami, Miami, FL.). Woodall (1983) reports that melaleuca 
has a greater potential to trap rainfal~ in its paper~like bark, thereby reducing 
through-fall precipitation. Given these data, future spread ofmelaleuca throughout 
the Everglades has the potential to impa~t regional surface water supplies by 
replacing open sawgrass prairies with dense melaleuca forests, thus increasing ET 
rates .. As of this writing, no direct field scale studies ha·ve been conducted within the 
Everglades which show a direct impact on the water table due to rainfall interception 
or increased E. T. rates induced by melaleuca. 

The high oil content of melaleuca trees makes them highly volatile. As a 
result, crown fires often occur in dense forests of melaleuca and pose a serious threat 
to adjacent forests as well as urban areas and utility structures. 

Melaleuca occurs throughout the WCAs. It is most prevalent in lhe tree island 
communities ofWCA-l,WCA-2B and the East Everglades area, occurring to a lesser 
extent in WCA-2A , WCA-3A and WCA-3B (Melalueca Task Force, 1990). rrhere is a 
large outbreak of melaleuca in the area immediately to the east of the WCAs, and 
this may be serving as an important seed source. Melaleuca often colonizes areas 
where the native vegetation has been disturbed or destroyed (e.g., after a ~evere fire) 
(Schomer and Drew, 1982). 

Currently, no large stands of melaleuca are found in ENP. Isolated 
individuals are widely scattered throughout these wetland sites. lfeavy infestations 
of melaleuca are found within WCA-2B (10,000 acres) and the eastern portion of the 
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East Everglades area (along Krome Avenue) and are expanding into surrounding 
disturbed wetlands. For a more detailed discussion concerning the magnitude of the 
problem, recommendations for control strategies and other technical data, the reader 
is referred to Volume IV, Appendix G. Draft Melaleuca Management Plan for South 
Florida (Melalueca Task Force) 1990). 

Other Introduced Exotics. Other, less com-mon, non-native plants in ENP 
are water hyacinth, shoebutton ardisia1 and colu.brina. Water hyacinth occurs in the 
L .. 67 extension canal in northern ENP areas. This floating aquatic plant has spread 
into adjacent marshes but does not appear to have yet displaced _native species 
associations. Shoe button ardisia occurs in and around the "Hole-in-the.;.Donut'' and 
Royal Palm Hatnmock, where .it was introduced as a landscape ornamental. 
Colubrina occurs in the mangrove a.reas of the ENP where it grows as a vine in 
mangrove tree tops (Olmsted et al,1 1981). · 

Control Programs for Terrestrial ExotiQ. Species •. Melaleuca invasion is a 
growing problem in the Loxahatchee National Wildlife R¢fuge, WCA-2B, WCA-3A 
north and portions of the East Everglades. There is concern that without adequate 
control, melaleuca will invade much of south Florida's wetlands, replacing native 
wetland flora, increasing evllpotrartspiration rates and adversely altering_ native 
wildlife habitats· (Hofstetter, 1976; Wade et al., 1960)._ Exotic species contrql eflorts 
within the study area occur primarily within the WCAs. Melaleuca is the main 
problem species. In WCA-1, the Loxahatchee National Wildlife Refuge, the USFWS 
ha$ implemented a melaleuca control program ,(Lo~ahatchee National WHdlife 
Refuge,--1988). Tlris program specifies an integrated approach to melaleuca control; 
using a variety of chemical control agents, application techniques·,, and non-chentical 
control methods. The goal of' this program iS' to minimize the spread of melaleuca, 
-while slowly eihninating adult trees. - -

The USFWS with assi~tance _by .the SFWMD is. admitiistering an e?Cperill)ental 
melaleuca control program in WCA-1 in cooperation with _the US.FWS ('fhayer, 
1989). This program involves chemical treatment with Garlon 3A. As part of its 
levee maintenance progr-am, tlie District removes Brazilian pepper and Australian 
pine from levee areas where they threaten bank stability (Baker, 1988). The 
FGFWFC does hot have a program for exotic plant control. The FGFWFC is 
researching melaleuca control in Big Cypress National Preserve, and is coordinating 
with the District on research on melaleuca control within the WCAs (Ault, 1988). 
Recent interagency control programs, initiated by the Florida Exotic Pest Council, 
have eliminated melaleuca within a three-mile zone along the northern and eastern 
borders of the ENP and have mechanically removed many ardisia plants from the 
Hole-in-the-Donut and Royal Palm Hammock. 

Aquatic Weeds. Floating· and submersed aquatic weeds interfere with flood 
control and navigation in canals. Accumulations of aquatic weeds in canals can 
decrease flood control capacity and flow rates. Floating and uprooted aquatic plants 
interfere with the operation of pump structures. Aqua tic weeds can also have 
adverse effects on ecological conditions. Exotic species can out compete native plants 
for biological resources, eventually replacip.g native veg·etation. Aquatic weed 
infestations adversely affect fisheries by altering habitats and degrading water 
quality (e.g., lowering dissolved oxygen levels) (USDOI, 1972). 'l'he primary floating 
aquatic weed species found in south Florida canal systems are water hyacinth 
(Eichhornia crassipes), and water lettuce (Pistia stratiotes). Hydrilla (f/ydrilla 
uerticillata) is the primary submersed aquatic weed species. 
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Several federal and state agencies are involved in aquatic weed control in 
south Florida. The USCOE is required by the 1899 Rivers and Harbors Act to retnove 
plants that could interfere with navigation. The USCOE performs weed-control and 
provides funds to other agencies such as the U.S. Department of Agriculture (USDA) 
and the District to perform research and control (Fleming, 1987). 

The DNR is the state agency responsible for coordinating all aquatic plant 
management activities within Florida (Florida Aquatic Weed Control Act, Ch;.369, 
Part II, F. S.). The DNR requires a.permit for all aquatic weed control activities, 
except for biological controls. Bjological control research is executed by the USDA. 
Permitting of the exotic grass carp (Ctenopharyngodon idella) is the responsibility of 
the FGFWFC. The DNR also reviews grass .carp permit applications. The FGFWFC 
reviews all DNR aquatic weed control permit applications for non-tidal areas7 

according to_ Section 369.22(9), F. S. ap.d an, i~ter-age11cy agreement between DNR 
and FGFWFG (Flellling~ 1987). The FGFWFC participates in development of the 
District;s annual aquatic weed control work plan for DNR, . -

The SFWMD is responsibl~·for maintai11ing ·operation and flow capacity of the 
south Florida canal system and for aq:uatic weed control in Oistrict~maiptained 
canals within its 16-county jurisdiction (Fleming, 1987) The District is not 
re~ponsible for canals of secondary drainage districts, and perforn1s rp.aintenance of 
federal navigable waterways under contract with USCO.E .. The SFWMD performs its 
w~~d-control program rmder an annual permit from the DNR (Thayer, 1.989).. The 
DER reviews. all·aquatic weed control permit applications for potential water quality 
impacts (DNR, 1989). 

The UBDA is responsible for aquatic plant control activities involving 
~on-native biological agents (DNR, 1989)., -The USDA identifies aad studies potential 
.biological control agents, and performs .tpe r~lease of these biological controls. The 
US])A coordjna'tes with the Univ~rsity of Florida (IFAS) on n1uch of its research 
·activities_ (Fleming, 1987). The NPS is also involved in aquatic weed control 
activities in the Everglades WCAs. As part of the Memorandum of Agreement 
among the USCOE, the SFWMD', and the NPS regarding .the protection of water 
quality within the ENP, the NPS requires coordination on all chemical weed-control 
activities performed in the Park vicinity (Thayer, 1989). 

I 

I 
F. WATER QUALITY CHARAC'rERISTICS OF EVEU.GLADES. 

This discussion of Everglades water quality focuses on three prhnary issues-
Historic Water Quality, Current Water Quality Conditions and Water Quality 
Criteria or Standards as the basis for water quality management. 

1. Historic Conditions. 

Water Quality within individual basins of the Everglades are described in 
detail in Section III of this volume which summarize available water quality 
information obtained from the EAA, WCAs, Eastern and Western basins, ENP, C-
111 Basin and Florida Bay. This section is intended to provide a general overview of 
regional water quality characteristics, problems and trends. 

Historic Conditions in the WCAs and ENP. Before construction of South 
Florida's regional water management system, water moved freely across the shallcrw 
Everglades, through more than 90 miles of sawgrass, wet prairies and open water 
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sloughs, from Lake Okeechobee to the coastal estuaries of Florida Bay. Water moved 
as sheet flow, southward often at an almost imperceptible pace over this flat wetland 
terrairL Prior to 1950, relatively little information exists concerning historic·al water 
quality conditions within the Everglades. As a result, most of what we kno·w today is 
derived from data on the soil nutrient content and species composition· of the· present 
day Everglades soils and vegetation. An approximation of what the historical water 
quality conditions were are based on the (a) historical sources of nutrients to the 
Everglades (primarily rainfall), (b) nutrient content and nutrient requirements of the 
vegetation (primarily sawgrass) which led to the formation of the region~s rich 
organic soils, as well as (c) from water quality monitoring data collected from sites 
located deep within the interior of the Everglades that are thought to be unaffected 
by anthropogenic activity, Water quality information obtained from these sites sites 
are assumed to be representative of historic or natural background conditions (Davis 
et al.,.1987). 

Low Nutrient Levels. Scientists have inferred that n~trient levels, 
primarily phosphorus and other micronutrients,. in the water column of the pre
drainage Everglades were very low (Davis et al.l987). The main source of nutrients 
was rainfall and infrequent flood~ng of LakE:l Okeecqobee in the· northern Everglades 
(Davis, ~943a; Parker et al., 1955; Waller, 1975). The be~t data available indicate 
that today uncontaminated rainfall over south Florida has a total phosphorus 
concentration of0~03 mg/1 (Waller and ·Earl, 1975). Rainfall data collected elsewhere 
·within southern Florida can; howe¥er, have a hjgher average concentration. 
Phosphorus levels in south. Florida rainfall vary widely as a result of agricultural and 
urban atmospheric contamination (See Part ·Iv, "Rainfall Water Quality in the 
WCAs,)). . . 

A Nutrient. Limited System. . Aside from fll'e and infrequent frost, the 
unique ·vegetation of this ecosystem evolved in response to both low-nutrient water 
quality conditions and the seasonal fluctuations of water levels. Remote sites in the 
i11terior of th~ Ev~rglades marsh, far removed frolli the influen(!es of ·water control 
structures anrl: ~Q~g~, provi4~ the b~st estimates,.:of pre~drainage Everglades water 
quality. At these interior sites, phosphorus concentrations in surface waters are 
extremely low.· These low levels are due to lim.ited input and rapid uptake and 
recycling by microorganisms.. Soluble reactive phosphorus concentrations at these 
locations are typically at or below 0.004 mg/1, while average total phosphorus 
concentrations average near 0.01 mg/1. (During the wet season, inorganic nitrogen 
corlcenttations probably ranged between 0.01 and 0.02 mg/L.) 

Coring (paleolimnologic) studies indicate that Lake Okeechobee has been 
eutrophic for the last four to five thousand years (Gleason and Stone, 1975, 
unpublished report). It is, therefore, reasonable to assume that during wet. petiods, 
when the lake spilled over its southern rim it provided pulsed flows of nutrients into 
the north end of the Everglades system and that these nutrients were transported a 
short distance south through the marshes by overland sheet flow. Another source of 
nutrient recycling in the system was fire. Seasonal migration, roosting and nesting 
of large numbers of wading birds may have also increased marsh nutrient levels in 
the vicinity of bird rookeries. Drought cycles also have undoubtedly released 
nutrients as a result of soil oxidation of Everglades organic peat soils. Thus, 
although localized recycling of stored nutrients, particularly phosphorus, and 
localized phosphorus inputs were present in the historical Everglades systen1 the 
majority of the area evolved under low phosphorus loadings. 
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Historic Conditions in Coastal Estuaries. It is assumed that coastal 
estuaries of southeastern Florida and Florida Bay historically received more 
freshwater flow than occurs today, These bays and lagoons systems_ were probably 
predominantly fresh water during the wet season and brackish during the dry 
season. In spite of this seasonally increased flow, the estuaries pl'Obably received 
limited amotmts of dissolved nutrients from upland flow because these rnaterials 
were removed by marsh vegetation. The estuaries were nevertheless highly 
productive due the wide diversity of organisms that thrived in the low salinity 
environments that extended through much of Florida Bay. 

2. Current Water Quality Conditions. 

Water Quality in the EAA and Tributary Basins. This section provides a 
general overview ofthe EAA and other tributary bas.in water quality characteristics 
as they relate to historic and present conditions in the Everglades. Under current 
conditi_ons a_large porti~n of surface w~ter flow th_at enters ~h~ Water Conservation 
Area~ rs der~vedfrom tile EAA (approXIm~tely 2'3% or 1.0 nulhon a~r~ feet, see Part 
IV, ''WCA Hydrologic Budget''). More comprehensive discussions ofEAA canal water 
quality are presented in a later section of thi~ document that deals with the EAA. 
Additionally water of poorer quality than thatfound within WCA interior marshes is 
discharged_ frotn tributary basins to the ~a.st and west. Water quality conditions and 
flows- from these basins generally ate not well documented. Descriptions of land use 
and water management of the eastern and western tributary basins are provided in 
the section of this report that deals with tribut~ry b~sins. Inflow w~ter volumes, 
flow~ weighted nutrient concentrations, and nutrient loa.dings at pump stations S-.5A~ 
S-6; S-7 and S-8, are presented in Part N .of this plan entitled "WCA Nutrient 
Budget." 

_ The marshes that historically occupied. the EAA have been largely replaced 
with agricultural crops, primarily sugarcane, vegetables and sod. Agricultural 
drainage of these lands have resulted in subsidence of ·organic soils. Soil oxidation 
and the use of fertilizers have made the EAA a nutrient export region rather than a 
nutrient sink. The quality of water that leaves the ~~AA contains higher 
concentrations of nitrog.eli and phosphorus and other constituents than is generally 
found in local rainfall. 

Sources of Water Quality Degradation. The EAA includes about 700l000 
acres of rich organic soils that has largely been converted to intensively managed 
agriculture .. Release of nutrients from the EAA soils occurs as the the result of 
periodic drying and oxidation of these organic soils by aerobic bacteria (soil 
subsidence), Once the soil is oxidized, large quantities of nitrogen and phosphorus 
are released and transported from these fields during subsequent rainfall events. 
Nutrients are carried from the fields through drainage ditches, water control 
structures and flood control pumps into EAA canals. 

Water ualit in the EAA. Water draining the EAA far1nlands contains 
low dissolve oxygen concentrations, high concentrations of nitrogen, phosphorus, 
chloride, sodium, trace metals, high color, high specific conductivity and occasional 
pesticide contamination (see Part II, section A.B "Water Quality in EAA canals" and 
section B.5 "Previous Water Quality Studies Conducted in the WCAs''), 

Water Management Practices--Pumping Events. Water qua1ity is 
generally worse during pumping events than during periods of no discharge. llighest 
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concentrations of inorganic nitrogen were observed at pump station S-5A located 
within the eastern portion of the EAA .. Nitrogen concentrations tended to be 
significantly higher at all stations during discharge events. Sampling station mean 
concentrations for chloride, color, nitrate, nitrite and ammonia were higher in the 
east portion of the EAA than in the west. Conductivity was highest at pump station 
station S-6 (1,412 umhos/cm durin:g a pumping event and 1,259 umhos/cm with no 
discharge) and lowest at station S-8. Mean dissolved oxygen concentrations were 
highest at pump station S-8 (4.2 mg/1 during discharge and 5.2 mg/1 under no 
discharge) and lowest at pump station station S.-6 (2. 7 mg/L during discharge and 3.4 
under no discharge). 

Hydrologic Changes in the WCA's. Natural flow patterns of water .have 
been drastically disrupted anq altered as a result of drainage and development in the 
northern Everglades. With the exception of rainfall and flows in to the system from 
the eastern Big Cypress Basin, all inflows and outflows to th~ Everglades are 
regulated by manmade water control systems. Today, water is routed quic~ly 
through a complex 11etwork of canals f!Iitl iw,poun<lm~nts, and flow is regulated by 
pumps and water control structures. Construction of the WCA impoundme11ts has 
c:teated a network of peripheral and transacting canalsthat act to shunt much of the 
water past the marshes and reduce or eliminate overland flow. N orthetn ends of 
WCAl .and 3A are over~drained while their southern ends have become inundated 
with standing water for much of the year (~ee Part 1, section D '~Hydrological 
Features".) 

Water Quality Changes in the WCA's. PreseAtwater quality conditions in 
in some portions of the Everglades are dramatically different than conditions. that 
existed at the turn. of the century (1900s). Surface water presently entering WCAl 
through pump stations S-5A and S-6~ .·contains_ nutrient levels that are causing 
iinbalances in the .lla~ral populations of aquatic flora ~d fau~a in violation of Glass 
III water quality standards. Surface waters ~ntering Everglades National Park front 
WCA3A also contains excessive .nutrients that are pote~tially ha.rmful to its flora 
and fauna. Occasional exceedence of water criteria with respect to iron, chlorides, 
·total dissolved solids and dissolved oxygen occur, primarily when. wat~r is being 
pumped into the WCA's. The primary water quality problem within the WGA's is th~ 
influx of nutrients--nitrogen and phosphorus. (see Part II, section B.5.,"Water 
Quality Characteristics of the WCAs). 

Sources of Water ualit De radation. Disruption of historical flow patterns 
due to regiona drainage improvements (C&SF Project) and the development of 
agriculture south of Lake Okeechobee has caused major changes in the quality of 
water discharged south to the Everglades. Waters draining this agricultural region 
typically contain high concentrations of nutrients (nitrogen and phosphoru::;), 
dissolved solids (chloride, sodium and calcium carbonate), trace metalti (crJpper, zinc, 
lead and iron) as well as occasional trace amounts ofpesticideslherbicides all of which 
are in concentrations that are atypical of normal Everglades man;h water. Well over 
a dozen studies have indicated that water quality conditions have changed in the 
WCAs as a result of the drainage from agricultural and urban areas located to the 
north and east of the WCAs (see Part IV, "Previous Water Quality Studies Conducted 
in the WCAs). Dissolved solids, nutrients, chlorides, trace tnetals and pe::;Licide 
concentrations have increased in waters originating within or passing through the 
Everglades Agricultural Area (EAA). Waters draining the EAA are of poor quality 
with concentrations of most parameters being the highest at WCA inflow points 
which drain this agricultural region. The EAA has been identified as the singJe most 
likely source of high nutrient concentrations discharged to the WCAs. Nutrient 
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concentrations measured in water discharged from water management structures 
which drain the EAA are significantly higher than concentrations tneasured at 
interior WCA marsh sites; Average flow-weighted phosphorus concentrations at 
these discharge structures' range from 0.10 to 0.25 mg/L and represent a 10-fold 
increase in nutrient levels as compared to interior WCA wetland phosphorus values 
(see Part II, sectionB.5,"Water Quality Characteristics ofthe WCAs). 

WCA Marsh as a Nutrient Filter. A number of studies have identified the 
WCAs as a natural filtration system or nutrient sink which has a purifying or 
"kidney effect", reducing inorganic forms ofnitrog~n and phosphorus to background 
levels as these waters flow though the marsh •. Much of these introduced substances 
are assimilated or incorporated into the sediments and marsh vegetation. Several 
studies have indicated that Everglades marsh vegetation has a limited capacity for 
nutrient uptake; other studies have documented ecological change within the marsh 
as a result Qfnutrient-enrichment. Data collected over the past decade indicate that 
nutrient~enrichinent of the northern Everglacl.es marsh has caused a number of 
ecologi(!al impacts to native Everglades plant communities~ These changes are 
disc"\].ss~d briefly below· a~d appear to be due to the combined effects of nutrient
enrichmertt, hydroperiod change; and fire. 'There is concern that if left unchecked, 
nutrient enrichment will spread to other ~reas of the WCAs (see Part 111 section 
B.6,"Water Quality Degradation within the WCAs). 

Impacts .of Nutrient Enrichment on WGA Biota. Studies have cot,related high 
nutrient concentrations with significant- shifts in periphyton (algae) species 
composition, incre(lsed growth rat_es and other phenomena such as depleted pxygen 
concentrations and dominance of anaerobic bacted~a. These studies indicate .Lha L the 
Everglad'es system is sensitive to relatively· small increases in nutrient 
concentratiol1S me(ls11ri11g in the hundreds ,()f parts per million. The occur1~ence of 
high nutrient concentr~tions in waters passing tbr.ough pump stations S-5A and S--6 
and entering WCAl is a cause for concern because these nutrient levels are causing
irnbalancesinthe natural pop,tilations .of aquatic flora and fauna in violation of Class 
III W;;tter quality standards. 

Periphyton. Periphyton is an important component of the Everglades food web 
and .inay play an important role in controlling surface water dissolved oxygen 
concentration, the formation of matls soils, and in the uptake of nutrients within the 
Everglades. In the Everglades,: native periphyton comn1unities appear to be 
extremely sensitive to even low levels of phosphorus added to the environment 
Steward and Ornes (1975b) were first to document loss of the native periphyton mat 
as a result of phosphorus addition. This was later confirzned by li'lora et al. (1987) in 
controlled nutrient dosing studies performed in ENP where the periphyton 
community was eliminated at orthophosphorus concentrations of 0.033 rng/1. 

Results ofexperitnents within WCA-2A by Swift and Nicholas (1987) indicated 
that increased phosphorus concentrations in marsh waters were associated with (1) 
changes in periphyton species composition, (2) reduced algal species diversity, (3) 
enhanced growth of pollution tolerant algae, and (4) increased periphyton phosphorus 
content. Native periphyton species were replaced by pollution-tolerant forms when 
total phosphorus concentrations in the water column exceeded 0.05 mg/1 or higher. 
Diversity was low while the algal standing crop increased at the nutrient-enriched 
sites. In contrast, control stations that had low concentrations of nutrients were 
dominated by species indicative of natural conditions. 
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Macrovegetation. Control of cattails is considered to be an urgent problem 
because the rate of spread of these plants appear to hav-e increased. Eatly sttidies 
indicated that the nutrient requirements of sawgrass are low compat~ed to ·other 
wetland species (Steward and Ornes, l975a,b). Sawgrass is considered a low nutri~nt 
status species which is competitive in low nutrient situations typical of the intetior 
WCA marsh (Toth, 1988; Davis, 1991)~ Cattails are considered a high nutrient status 
species, relative to sawgrass.7 _that are highly competitive in nutrient-enriched 
situations with long hydroperiods (Toth, 1988; Davis, 1991). Reducing· the amount of 
nutrients that are discharged into the WCAs from surface water runoff should help 
minimize the pos~ibility of any further spread of cattaiL 

Microbiology. Increased nutrient loading appears to first affect microbial 
populations (bacteria and fungi) that are responsible for the decomposition of leaf 
litter within the marsh. Anaerobic conditions (lack of oxygen) tend to dominate 
within the marsh leaf litter at nutrient-enriched sites as compared to aerobic and 
faeultativ~ microorganisms that predominate at non~enriched sites. Bacteria and 
fungi suspended within the water column were also found in .higher densities at sites 
influenced by high concentrations of nutrients as compared to background sites. 
These changes in mieroflora tend to create prolonged, low or anoxic (zero dissolved 
oxygen) conditions within nutrient-enriched areas of the marsh (Reeder and Davis, 
1983). 

Water Quality In ENP. Avera:ge .. flow-weighted total phqsphorus 
concentrations discharged into ENPfrom 1979•1988 were 0.011 mg/1 for the fourS-12 
structures (see Part li, section B.5, "WCA Nutrient Budget"). Long4erm water 
quality data has. shown ~ increase in s.pecific conductivity and major ion 
concentrations within Shark River Slough. These increases are due to changes from 
the hatutal she'et flow regime to one dominated by canal deli ve:ry (Flora and 
Rosendahl~ 1981}. N·o changes in .metal concentrations have been ttbserv.ed ·While 
tra(!e levels of pesticicles have been occasionally detected in waters entering ENP. 
Current concern$ focus. on the possibility that ·wateF quality conditions- upstre'am 
within the EAA and S-9 Basin will eventually impact the quality of water d~liveted 
to ENP via the L~67 A canal. 

Surface water entering the Park from_ the WCAs contains excessive nutrients 
that are being accumulated in the soils and sediments 'downstream of one or more 
Park water delivery structures. Once these soils and sediments are loaded with 
excess phosphorus, nuisance species that thrive on excess phosphorus are able to 
invade the marsh. 'fhe presence of these excessive nutrients is potentially harmful or 
injurious to animal and plant life in the Park. Accordingly, such nutrient-polluted 
water is, or is reasonably expected to be, a source of pollution in the Park. 
Considering the unique ecology ofENP, the nutrie11t concentrations in surface waters 
entering from WCA-3A are potentially harmful and should be reduced. 

Water Quality in the East Everglades Basin. This discussion includes 
Northeast Shark River Slough (NESRS) and Taylor Slough (including the Frog Pond 
area. Water quality data for these areas are limited. Flora and Rosendahl (1982) 
and Waller (1982) report low nutrient concentrations within the basin. More current 
data collected by SFWMD from 1979-1988 indicate that flow~weighted total 
phosphorus concentrations at S-333 average 0.026 mg/l over the 10-year period of 
record. Highest concentrations (0.043 mg/1) occurred during the drought of 1985 as a 
result of routing water from Lake Okeechobee to western Dade county well fields 
through L-29 for water supply purposes. 
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Water Quality in the C-111 Basin, Water quality within the C-111 Canal at 
S-18C was rated as good to excellent. Total phosphorus values within the canal 
~ver~ged 0.007 mg/1 from 1985-1987 ancl were .comparable to values recorded at 
Interior marsh sites. C-111 Canal water contained moderate concentrations of 
dissolved minerals as compared to EAA drainage canals (Miami and Hillsboro 
canals) and exhibited low concentrations of nutrients. (SFWMD 1990, in press). 
Canals draining urban and agricultural laiJ.ds -leading to the G--lll ·canal had 
detectable levels ofpesticides (e.g. atrazine an~l~hlordane). 

The most significant water quality impact observed within the basin has been 
the periodic removal of the S-197 structure from the mouth of the C-111 Canal to 
alleviate "Qpstream flooding. This event released large amounts of freshwater into 
Mana tee Bay, Barnes Sound and other surroundin·g estuarine areas ca usii_1g severe 
impacts to marine biota. 

Water Quality in Coastal Estuaries and Florida .Bay. Changes that have 
occurred in coastal estuari~s are due, in part, to st,H;h"fa,.ctors as an overall reduction of 
the amount of freshwater flow through the Everglades, effects of constructing·levees 
.and canals near the coast to provide drainage and flood prote.ction and the 
maintenance of lower gro"Qndwater levels along th~·!)outheast coast. AJtho11gh the 
amount of flow is disputed, the_ effects of this action are observed in the encroachment 
of-mangroves north into the ENP in recen-t yea:rs;_the replacement of freshwater 
marshes with saline marshes; and decline of coa.stal mangroves in areas that have 
been ~eprived of overland flow from uplands. Today ma11y of th~se coastal ~stuaries, 
~specially along: the southea~t _coast. ~nd th~ __ central . portion of Florida Bay, 
frequently e:xper1encehypersahne conditions during the dry season. 

Continued residential development along- Nortli Key .Largo will intensify 
problems of increased storm water runoff, septic tanks leachate and problems of 
nutrients and heavy metal contamination from marinas and live aboat•d vessels 
within Florida Bay and Barnes Sound. 

3. Water Quality Standards and Criteria. 

EAA. During periods when water is 1 being pumped from the fields, and 
subsequently discharged in to the WCAs, dissolved oxygen concentrations were below 
the DER standard (5 mg/1) at S-5A, 8.;.6, S-7 and S-8. Analyses by the FDER (1988) 
indicated that water quality was quite variable throughout the EAA. rrhe L-8, West 
Palm Beach, Hillsboro, North New River and Miami canals, from Lake Okeechobee 
south to L-4 and across to L-8, exhibited generally poor water quality with extretnely 
high nutrient concentrations and low dissolved oxygen (DO). Other probletns in 
these waterways included abnor1nal biological oxygen demand, (BOD), bacteria, 
suspended solids, and presence of pesticides. Agricultural runoff and overflow or 
seepage from sugar mill retention ponds may also degrade the water quality in these 
canals. 

WCAs. WCA-1 is classified by the state as a Class III watet body and has 
been designated under Florida regulations as an Outstanding Florida Water (OFW). 
Class III waters are designated for use for recreation and propagation and 
maintenance of a healthy, well-balanced population of fish and wildlife (Florida 
Administrative Code 17-3.081(1)). Degradation of water quality in water bodies 
classified as OFWs is not permitted except pursuant to Florida Administrative. Code 
17-4.242(2) and (3), which provides a number of potential exceptionB (Florida 
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' 
Administrative Code 17~3.041(9)). The baseline for defining existing ambient wat~r 
quality for WCA-1 is March 1, 1978- March 1, 1979 (Florida Administrative Code 17-
3.041 (16). -

WCA-2 and WCA-3 are also classified by~l;le 'state as Class. Ill w~ter$,_. but 9o 
not have OFW status. Maintenance of state w~ter quality standards for CJass Ill 
waters for dissolved oxygen, nutrient concentrationS'; biologicaJ oxyg¢n det~iarid 
(BOD), pH, bacteria, pesticides and macroinvertebrat.e diversity in«;lices ah.d oPJi.er 
water quality parameters (chloride, specific cond.t.t'¢tance, iton, total dissolved so,Jids) 
is recognized as a concern within the canals and perimeter marshes of the three 
WCAs. 

Everglades National !lark. Because 9f its status as a national park ;:t!Id its 
unique,. water-dependent fl~ra and fauna, ENP Jt~$_been desigpated under ~lorida 
regulations as. an Outstandmg Florida Water (O'FW) and has beep f>N)pose4, as an 
Outstanding National Resource Water (ONJ:l,W). Fla. Adtnii1. Code 17-
3.041(10},(17)(a),(18). The ONRW . «l:esig~atio~ . impleq1ents the f~deral 
~ntidegradation policy found in 40CFR Part l:ll.12. The O;NRW represent$ the 
highest federal level of protection and is te$erv~d (or high qu<1Hty waters of 
exceptional recreational or ecolog·ical significanc~.. The; prqp·osed des~gnation of ENP 
as an ONRW, however, does_ not become effective un.tU the .Jflqri4a .Legislature ,el,lactH 
legislation that authorizes the protection and mfiint¢nallce Qf C)N~Ws. Fla. A~nrin. 
Code 17-3.041(18)(b)~ State reg1llations establish, for ONRW~ a non-degradation 
standard with several narrow exceptions. Fla. Admin. Code 17-3~041(9). 

This sa.me non-degradation standard appli~s to_ Qf_Ws; however, the' exceptions 
to the OFW non-d·egradatioll standard differ. The OFW non-degradation:· standard 
presently applies in the ENP and those requirements t}iat are not inconsisten.t W:ith 
ONRW regulations will continue to apply after the ¢;il~~tment ofappropriat~ ONRW 
l~gistation. Fla~ ·Admin. Code 17;.4.242(3)(c)7 .. __ O_NRW reg.ulations probi~it __ all 
diseharges or activities that may cause degradation of water quality in ONRWs, 
while allowing discharges or activities that "clearly enhance". water _quality in 
ONRWs. Fla. Admin. Code 17-4.242(3). The baselin~ for defining the existing 
ambient water quality in the Park, if designated as an ON;RW, will be the period from 
March 1, 1976 to March 1, 1981, unless another period is otherwise designated. (Fla. 
Admin. Code 17-3.041(18)(d). 

j 
i . . 

Existing Limitations arid Monitoring Program. Existing water quality 
limitations for Everglades National Park are generally considered inadequate. to 
protect the water quality and natural resources of the southern Everglades area .. rhe 
criteria now in place were established in a memorandum of agreen1ent by the ~NP, 
the U.S. Army Corps of Engineers and the District in 1979 and later updated in 1984. 
The original numerical criteria were developed by ENP staff. The criteria were 
calculated from baseline water quality data for two inflow points that discharged 
water to the ENP from WCA-3A over a period of record from 1970 to 1978. Under. the 
terms of the MOAs, the USCOE monitored four inflow stations to the ENP and the 
SFWMD monitored 12 stations within the tributary watersheds. 

Water Quality Conditions. Four inflow points are sampled to detertnine 
compliance withthe agreement. The parameters and standards of the current 
agreement include seven nutrients (nitrite, nitrate, organic nitrogen, inorganic 
nitrogen, total nitrogen, ortho-phosphorus an~ total phosphorus), six major ions 
(sodium, potassium, calcium, magnesiu1n, chloride and ammonia), six physical and 
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field p~rameters (dissolve~ oxygen, pH, specific cdnductivity, turbidity, color and 
alkahn1ty), seven metals (Iron, mercury, cadmiumt copper, zinc, arsenic and lead) 
and 21 pesticides or herbicides. On an average annual basis, the District generally 
has been in compliance with these criteria. . 

Ade uac of Existin Limitations. As stated in other sections of this 
doc~ment an . in t e P anning octimen~; t · e District bas, in ~general, successfully 
delivered to ENP water of significantly higher quality than that' ~efined in the MOA. 
A goal of the Everglades SWIM Plan is to ensure that ·the D~trict continues to 
provide water of adequate and eventually improved quality to protect the biological 
integrity ofENP. 

For many of the selected compounds, insufficient.scientific .data are available 
to determine the threshold levels above which Everglades communities could be 
damaged. Several of the current numerical .criteria are considered to be 
inappropriate, failing to recognize normal background levels ofdissolved oxygen and 
iron. The original MOA criteria were defined based on the quality of water entering 
the . Park from WCA-3A. These same limitations were then applied to waters 
discharged into ENP from the C--111 basin. The criteria therefore do not adequately 
consider background water·quality conditions that o.ccur east of the ENP. 

At the same time,. otller stapdards, especially for n-qtrients, are too high. 
R~s~arch by the District, ENP and others in the late 1970s and tlwoughoutthe 1980s 
suggests that the nutrient levels that are allowable under the existing park criteria 
are potentially harmful and' coti.ld~ cause extensive changes to bacteria, t)eriphyton 
and macrophyte communities. Phosphorus is a m"-jbrconcern among the nutrients 
recognized by the current agreement, 

G. 1,HREATENED AND Oll ENDANQE.RED SPECIES AND SPECIES 
. Q.F CON'CERN OR SPECIAL INTEREST. 

Populations of many animal species }lave experienced declines throughout the 
Everglades. Factors that have led to population decreases include loss of habitat (as 
areas are developed for urban and agricultural use), intensive harvest and over use, 
altered hydroperiods, and fire patterns. Some wetland animal populations have been 
jeopardized by water management actions that have aff~cted various aspects of their 
their life histories. Additional information concerning ~he distribution and status of 
these species is provided in the WCA and ENP sections of this plan. 

Presently, 18 species of southern Florida animals that occur within the 
Everglades SWIM planning area have been designated as threatened or endangered 
by the US.FWS and 12 more are under review to determine their status (Table 6). 
The Florida Game and Fresh Water Fish Commission (FGFWFC) has identified 25 
species of threatened or endangered species in the planning area. Mammals on the 
state list include the Florida panther (Felis concolor coryi), mangrove fox squirrel 
(Sciurus niger auicennia), black bear (Ursus americanus floridanus), Everglades 
mink (Mustela vison evergladensis), and manatee (Trichechus rnanatus Latirostris). 
Only the panther and manatee are federally 1isted. Birds which may occur within the 
study area and are listed as endangered by the federal government include the Wood 
stork (Mycteria americana), snail [Everglades] kite (Rostrharnus sociabilis 
plumbeus), red-cockaded woodpecker (Picoides borealis), Cape Sable seaside sparrow 
(Ammospiza maritima mirabilis), Kirtland's warbler (Dendroica kirtlandii), 
Bachman's warbler ( Verrniuora bachmanii), peregrine falcon (Falco peregrinus), and 
southern bald eagle (Haliaeetus leucocephalus leucocephalus). 
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Table6. Endangered, Threatened, and Species of Special Concern in the 
~verglades Planning Area.* 

Amphibians 
and Reptiles 

Birds 

Mammals 

Species 

American alligator 
Loggerhead sea turtle 
Atlantic green turlle 
American crocodile 
Leatherback turtle 
Indigo snake 
Atlantic hawkshill turtle 

Gopher tortoise 
Atlantic ridley turtle 
Florida pine snake 

Gopher frog 

Roseate spoonbill 
Limpkin 
BurroWing owl 
Piping plover 
White·crowned pigeon 
Kirtland'swarhler 
Little blue heron 
Snowy egret 
Reddish· egret 
Tricolored ·heron 
Swallow-tailed kite 
White ibis 
Peregrine falcon 
Southeastern kestrel 
Florida.saridhHl crane 
American oystercatcher 
Bald eagle 
Wood stork 
Osprey 
Brown pelican 
Red-cockadod woodpecker 
Crested caracara 
Snail kite 

Least tern 
Bachman's warbler 

Florida panther 
Everglades mink 
Florida mouse 
Mangrove fox squirrel 
West Indian manatee 

Florida black hear 

Alligatm; mississippiensis 
Catetta caretta 
Clteloi~if!·tJ'iYdfl,t;:myclas 
Crocodylii:fihcutus 
Dermoch,e/y$, eoria~ea 
Dry marchort.cmrais 
Eretmochelys imbricata 
imb ricata· , · ' 
Gop/writs pi1lyphemus 
~epicloc.helys k.empii 
Pituophis ~melanoleucus 
m.eg'ittts 
Rana-. are()lata 

Ajaifl. q,ja}f!. 
.Arctinus g,.ara.lf.nct 
Athehe cu1iicularia 
Charadtius .melodus 
Coturhba le~cocephala 
Dendroica kittlattdii 
Egretta ca·eruiea 
Egretta ·t#U:la 
Egretta rufl!scens 
Egretta triqol.o.r 
Eltuwides forficatu.s 
Euclocimus.(d/).·lls 
Falco pereg-fi.n.us 
Ealctl8PJ1t6eri;us patdw~ 
Grus ci:t/Utilcmsis pratensis 
Baematopu$ paU'iatus 
Haliaeetus leucocephaltts 
Mycteritt americana 
P'andiott hitliaetus 
Pelecatuts occi'deJl.talis 
Picoides borealis 
PolyborLfS plancus 
Rostrham·us sociabilis 
plum be us 
Sterna. albi[rons 
Vermiuora· baehmanii 

Felis con.color 
Mustela vison evergladem;is 
Peromyscus floridans 
Sci-tt·rus niger avicennia 
Trichec hus· manatus 
latirostris 
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Ursus americanus /Zoridamu: T 

Invertebrates Florida tree snail Ligaus{asciatus SSC 
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Bartram's hairstreak Strymon acis barlrami UR 
butterfly 

E=endangered, T =threatened; SSG= ~pecie::~of~pecialconcern, UR = speciespre~enlly und~r n.•view. 

* = FGJ.«'WFC, 1989 CLhst updated uy M. Rob::~out J;'GI!'Wlt'C, 19B9l 
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The FGFWFC list includes the saridhlll ¢r~rie. {Grus canadetlsis), c~ested 
caracara (Polyborus plancu$); white~crowned.: pigeon.. (Colu.mba .leucoce~hala), and 
southeastern American kestrel (Falco sparl)erfus'.pqulus) . . The reptiles that occur on 
both lists are the eastern indigo snake (Drymarqhon. cora.is couperi), . the lqgge:thead 
sea turtle (Caretta caretta)7 the Atlantic gree11;sea turtle (Chl!lonia mydas 1nydas.), the 
leath~rback sea turtle (Dermochelys coriacea); tit~. Ji~wksbill se~ tl,lrtle (Eretmqr;helys 
imbrzcata imbricata), the Kemps ridley C'Lepidoch~ly$:_kempi), and A1nerican crocodile 
(Crocodylus acutus). The American alligatQt (Al#gatqr missi$s{ppiensls) is still 
lis~ed as threatened by the federal governtnell.t, liu~ dy,e to the increa~ing ~umber of 
alligators in the state of Florida; the state '}las ,ns'ted this. species. as one of special 
concern and resumed a limited hunting season· beginning in 1988. The Florida 
Committee on Rare and Endang~red Plants and Anhnals (FC,REPA) lists additional 
animals not on official state or federal lists.. Selected key spe·cies and groups which 
are directly affected by water management policies are discussed below. 

Early naturalists found a number of mammals and birds which no longer are 
present in southern Florida.. Layne (1984) _lists· the Florida red wolf (Canis rufus 
floridanus) as occurring in the state untH. the, late 1800's~ The Carolina Parakeet 
(now extinct) was present within the study area at.the turn of the century. 

i. Agency Responsibility. 

In Florida, rare species ·of animals and plants may be prot~cted by the federal 
endangered species program as well as by the state's endangered species program. 
Overall authority for the federal program ~ests with the USFWS. The federal 
program may be implemented by individu~l states after entering into an agreement 
with the USFWS. Florida is an agreement-~tate ~lg.g authority is sliared within the 
state by the FGFWFC, DNR, and DACS. .The FGEWFC is the state agency with 
constitutional responsibility for freshwf.l~er ,and upl~nd wildlife· species; The DNR is 
responsible for marine species. The DACS is the state agency responsible for 
threatened or endangered plants. In the federal ·program~ species are listed as 
threatened or endangered under the authority_ofthe Endangered Species Act of 1973. 
In the state program the protected species (threatened,_endangered, and species of 
special concern) are identified by Florida Statute (3927.003~005 and 581.185-187). A 
list of all species protected under the federal and state threatened and endangered 
species program is maintained by the FGFWFC (1988). i 

I 

The following discussion identifies species of wildlife that are designated 
threatened, endangered, or species of special interest or concern that may potentially 
occur within the Everglades SWIM planning area. 

2. Birds. 

Wading Birds. Robertson and Kushlan (1984) presented data to document 
the dramatic decline in the number of wading birds found in the interior wetlands of 
the Everglades. The most recent decline has been attributed to loss of suitable 
habitat due to drainage and development. The most abundant wading bird, both 
historically and currently is the white ibis, having a 1930's population count of 
660,000 individuals (Robertson and Kushlan, 1984). Other birds which have declined 
in population are the egrets, small herons, and the wood stork. 

Wood Stork. Wood storks (Mycteria americana) are listed as endangered on 
both the federal and state lists. The feeding habits and forage requirements of this 
species are intricately tied to specific hydrologic regimes that historically were 
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proviqed by the natural Everglades system (Kushla:q. et al., 1915). Th~s ~p¢·~1~$, is 
generally ~Qn.~i~ered to be. a indica~or ~r~anjsm ·f~r qy~rolf}gic. r~g~:m.~-~ ~h;~:t: f;l~~~~j» 
many w~d1ng b1rd populat1o~s a11d n1d~cat~ ~ Q.~~lt}}y-Joo.<! ~p~1n ~~~)f~t\ire ~~l{.~·~:rla.P. 
et al., 197~; Ogden et al.~ 1978; Loftl;IS et ~l., 19,~(1). J?~~~J~tf~P:-S pf th~ ·:~_tgrJf .. ~n Jb~ 
~9th th~ \VCAs and ~NP have exP;er1enced ~ ~te~.fily 4~.chne ~~~p~~ tb~ !~3.Q~f*: :4\ .~htft 
1n the tlm1ng.of nesting qccurreQ. In the 1960'~ 'fc>I'Jow~p P,y ap fl~cele~at~p ~J.'.e~l~f:}~ ln 
llUD1~ers d~r~ng t~e 1970'~ ap.d 1980's (Ogd~.~; -~~[~·. o.sd~~ ~nd P.~:PPX;, . ·~~~g). 
Portions of~his decline., particularly the ste~py ~~~~y 4~PlW~' h~¥·~ J~aen .~J~.nt?:~:~~~t9 
the loss .of wetlands til. t~~ southern E_vergJa,.(l~~f t~~iop (Braw~~r? l~?~)~ ,_ :M,qre 
recently 1t bas been. recogn1z~d that th~ t1m':r1g~ f~Y:~~ ~9.f.rJ,~~· ~n4 r~c~~SJ~th :-~P:A ~-~·PJf>..l 
volUJll~ of water deh vered to Everglad~a w.etl?p.d,s. a~t~rm~n~ th~ ~H-~P:~~~an4 J,9,P.~tJOD 
ofwo.od stork nesting (Kushlan et al., 1!)75; Qgdeti;:.:l9'7.8; .Qg. (Ja~ a~q P~ttY.· :! J.~~g). 

' '. . ' ' . 

. R?sea~e Spoonbill. Spoon~ills (A.jaip·.ajq,ja) ate.li~teq q¥ th:~ st~·~~· .~~ a 
~pec1es pf spe.clal concern. . J uvendes feed m\ ph~ fres~wat~r iJl~rsJlcs Qf l~~k.e 
Okee.cho~ee apd ~ome p~ts of.th.~. Everglade.s ..... _'ll'.·.s .. :.~·p··.·e~~.~es~n .•..... ests"hl·.~o~.··s.~.·~~.· ... 1. ~.st. U.#r·:·t.i,~~ 
(lreas, primarily In Florida Bay (Powell et al., 198~1?)~ PurPlg the breedtp.g S#~~9fi Jt 
feeds almost exclusively in the mangrove ·~Qne; of :th~ .estq.ary <Po~we1l ~·fi~~ ftJQrk, 
1989 ). .This species servea· as. an indicator • _Qrg~ttism.~ of th$QlUllity o£ :the. r~t-H)J(,rQye 
fringe habitat because the importance· of.thia are@. tc).sq~cc.e~~f:~l ne~ting .(How~Jl J?(qt., 
1989b; Powell and Bjork, 1989). 

Reddish E~et. The reddish egret (l!Jgretta· f#{e$e,~n.~) is H~t~d·.on,the sta~e 
endangered species 1st as a species of spectar eopcern, and ·is und.er te.Yi.e:w fo.r 
inclvsion on the fed·eral list. This sp.ecie~ f~ags;~fu ~o~§~.fJ~l tl.'~~~s anq. h~~ shown f:l 
decline that may be du~ to altered hydrologtc cond.Itious(P()w~U et al., l98·9b,?,·. 

Small Herons. The tricolored hetan . (flJgrrett.P. t(icqlot)~, lj~tle · l>f~Je 9~'pQ.Q 
(Egr~tta e.aerulea), and snowy egret (l£grett(J;. ~hf!;·l4~ (lr~ Ii,~te4 _Qn ~fie·· $ta,t,~· H$t of 
en<;la11gered species as species Qf" special concer:n,. I 'Fh~y al~' ~ti~r~e- weelaxvl" p}.li~~~~t 
thr~ughout Florida. 'l'hes.e herons often nest t~ge.ther pn ie,·a;nds o~ in,' W:9P.9Y 
veg~tation over standing .wate:r,·a.n.d feed' .p-rh:n:atily· ol! s_m~l'l fi.'$b, ~nd :to.~ a··~~e~~er 
eoctent on crust~ceans and aquatic insects. Theae. $peej~s are all a.Jf~cted py lo~s; o~ 
wetland habitat (Robertson and Kushlan, 1974), ~i~~d, eolqnieE; ofthese bit,gs· m,ay 
ha:ve declined in the southern areas of t11.e Everglades system (ENP) (Rohe,rtspn apd 
K ushlan, 1974; ~ ushlan and White, 1977{1). · · · 

Limpkin. The limpkin (.A ramus guarau;rta). is listed by the state as a SJ!lec·ies 
of special concern and occurs in freshwater wetlands throqghou.t Florida. Bec,alJ;~e it 
feede principally on aq1.1atic invertebrates (snails) and; is whol~y dependent on 
wetJ~nd habitats and the quality of water and food available, the lii;npkin serves as 
an indicator orgapism for wetland quality. Limpkins a.re threatened by alteration 
and loss of wetlands. 

Florida Sandhill Crane. The sandhill cFane (Grus can.r;rdensis pratens.is) is 
is long-legged wading a11:d foraging bird that occurs in a variety of wetla~d and 
upland habitats. This species has a very low reproductive potential, and ha.s been 
adversely affected by hunting, loss of habitat, . and wetland drainage. Sandhill 
Cranes are often observed feeding in agricultural fields adjacent to WCA-1. 

Itaptors. 

Snail Ever ladel Kite. The snail kite (Rostrhamus sociabilis plumbeus) is 
currently liste as endangered throughout its ·:range on both $:tate af}d federal 
endangered speeies lists. Populations of this raptor have fluctuated greatly since the 
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species was first discovered in Florida'(Bennetts ~t.·:al~,~ 1988}. During' the wet period 
from 1981 to 1985, snail kite numbers in northetar•EN·P·In:creased markedly, only to 
decline after the 1985 drought. Rodg~r~. et al. (l·.988)re.porte«:l jt; js nQt accurately 
k,nown whether the decreases in total ~nail ki~ Ji~JAP~r$· ()}?served-it) th~ drol)ghts of 
1981 ~d 1985 was the resul~ ~fkites,_disper~int~Jro~ . .tlu~ir n_~rrnaLr~nge, i~creased 
mortality, decreased productivity, or a combni~tion of factors.. Forage·.requn~ements 
of this bird are severely restricted to the range ofitf; pri:qcip~l .prey, th~ apple snail. 
Kites forage in open ponded water and nest .. in"Wood~d area~ that are located over 
w-ater to limit predation (Bennetts et al., 198S)i · ·Sp:c·cess of,ithe kite,.p·oR~lation. is 
directly dependent on water mana-geme:p;t pra~ti¢es,that:;ptbvitle for restricted drying 
rates, and availability of suitable nesting ·si:t~s (Beissinger and Takekawa, 1983; 
Bennetts et al.,l1988) · , .~· -~ · . · · ' 

Southern Bald . Eagle. The) I b2iid eagJ~ (Hcltliaeetus. 'zeucocephalus 
leucocephalus), is listed as threatened Florida· and , endangered- by the federal 
government. Once common throughout Flo,l7ida,;the:·ba:Id·; eagle'is!ncJw absent or·r~re 
a~ a ~reeder al.o~g well .. settled areas of the Flo~idar.c~oa:s~. · The· b.a~a eagle is pi·imarily 
riparian (requiring water) and nests near water bod1es 1n tall, hv1ng or dead trees. It 
is an opportunistic feeder, feeding primarily on . fish, water birds, and tUrtles. 
Persistent pesticides and habitat destruction are m~jor causes of population decline. 

Swallow-Tailed Kite. The sw~llow~tail~d kite· (Elanoit;les f'orficatus) is 
listed as under review by the federal·gover:nmet,i.~. It'is a winter migrant from S_olith 
America but breeding· pairs are found· during Ph¢. summer in Everglades Na'fional 
Park. It feeds by snatching lizards and sn:ake~'fr4tn the toptfof:trees, ~nd consuming 
them in flight (George, 1972). This species is a.ffecte.d by loss of forage habitat. 

Burrowing Owl. The burrowing owJ {Ath~ne cunicu.laria) is listed by the 
state as a species of special concern. It r~q:ui_res.ll:igh. sandy ground with little 
vegetation and occurs throughout South Florida in·~potty distributi()~s. 'fbis species 
is primarily threatened because its prefe~red habitat is :often under heavy. pressure 
for d~velopment. 

Audubon's Crested. Garacara. Auduhoti;s crested caracara (Folyborus 
plancus audubonii) is listed as threatened on both the Florida and federal list It is 
restricted to dry prairie areas of south central Florid~ and· is ,primarily ljm~ted to the 
extreme northwestern portions of the study area. Necessary habitat includes dry 
prairies with wet areas and scattered cabbage p~lms (Sabal P,almetto). Decline of the 
caracara appears to be due to in large part to habitat conversion to developed land 
uses (Kale, 1978). , 

Arctic Peregrine Falcon. The Arctic Peregrine falcon (Falco peregrinus 
tundrius) is listed by both the state and federal government as endang·ered 
throughout its range. This species is a regular seasonal migrant through Florida and 
may overwinter in the southern tip of the state. Numbers of Arctic peregTine falcons 
have been drastically reduced by the use of chlorinated pesticides. :Habitat for 
migration and overwintering in Florida is necessary for this species. 

Other Species of Birds. 

Cape Sable Seaside Sparrow. The Cape Sable Seaside Sparrow (Ammospiz(L 
maritima mirabilis) a subspecies of the seaside sparrow, was first discovered in the 
coastal prairies near Ochopee, Florida, and near Cape Sable (Werner, 1976). The 
habitat and biology of the bird were studied by Werner (1976), Taylor (198:3), and 
Werner and Woolfenden (1983). Currently it inhabits the peripheral wetland 
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prairies which ~order Shark River Slough, Taylo~ Slough, ~n~· th~ . .fqc]$y gJa4·e. J#i!tC:t:s 
CJ3.~&a and Kp.,shlan, 1~82a:). These p'opulations app'eat stable~ a'nd ate' estim~tted1 at 
6,600 birds (Bass and Kushlan, 1982a). · . 

. _ . _ .. _ .. _ yYhit~~~rowned P!geon .. T.h~ w~it~~~t-oft~~~i4~:~9ii;(,~ci~·~ifl,9~\,l~4~9.~~kfl~l4! 
1s· hsted by the state as· tbteatened and tS undet review £6t "fi·clusiQ.rl- ott the ~e(teral 
list. It hfeC,ds' and fo'rag~s' tn mangrove forests-and, i~ tfitbate#~YI wsr (iitl1iif.~'t lb~~~ ~iid fi 
decrease in habitat viability. . . 

. . . .Red~Coi:kaded W oodPte~er, The t!J-codib~d~d ~~bif!J~~~e* Is' ,!~~~~, *$ 
th_reat~ne~, by .~he st~te of Fof~~~·- aD:.~ .e~4~n~~~~?:; Q~ ~~~~~ .. ,f~~-~t~r~~J>y~~~pn~p.t. 
Histo~~cally,_ ~h1.s -w:ooq;pecker, <~~co~;des borealts.), ~qc¢·p:p·~~ai t,~qy;ghp4:t:::~~e ~~fll~:~ ~~:J~. 
the ~n·~:y wqodp_ecfer th~t .nests iir live tre~s, usj~ng ~a~.u;~~: t~ ~y:~i~Jm·~t;~r:~. ,P~;~$,~~.1~~ 
advan·ced decay du·e to-the fungUs, Fof!les. P.itf,i. This. wb.oaP,e~Wet h~§ 9·e_en -~4~~~t-,se~'Y 
affected by forestry practices such as short rot-ation a:nil hatve~tfng·.o'fill~atUire timber. 

. warblers. ;Krrtiarrcl 's warbler _· <bentlroi61t· . 4tf.ti~nii#); Q.t.;ar ~~chriJ~n~~ 
warbler ( Ve~ittiqora .baclimanii) are listed .by botli·tne ·sta:te and' federill govertnnents 
as' endangered throughout their range. 

3. Mammals. 

. . F~orrd'a P~nther. r_fhe hi~torie raJ}g~. and :~ab.~~~t· o.f. t.P:~\~r~~~~~ p~~(~er~ br~~Ms 
con~?l-or coryi) reflects that of ~t~· primary fQ()<} $PU~~e~;· :tJie,~. ·w~~~~ tai' ·;d~~r an:4J ~~hf;1 
FlorJda Key d~er. 'fhe panth~r's ha'}Jit~¥t,. ha_s. d:ect.e~~e& .$.~~~ifiAa1ltlW. W.I.t,fl. gn1y; a 
s~a:II pop.ula..tion:nu~bering '30 t9 pO.~. ~iiroatiJY.: Ji:Ving: q~- I?ll~J:ic l*'~&~, (e·.g~~-~igc 
Cypress National Presety~ and ENPJ .. ~l.ld . adJ~e_el\t agrtc:u,l~t~u·~l_ ,1~~~~~. J.,0$~ . 9f 
hab~tat is reported to be the major factor inth~d~¢~it1~Qftlil~ $,~tlcH~$.:{1le~~l.'e.n,·l98'8.'). 
Additionally, road' kiUs· are cr sign:'ifid~nt coric¢ifti.~.· 1i.u~~r~4iJig\ J.a,· pafi.t'Q~ts'. Willed ,~y 
traffic along· Alligator Alley (U.s. 84) 4·\fri*.g .t4~JE£s~ ·~~cfj;(l~.~, DU,~ Jit lQW .. p:o.p'~:i~~.i.·v~l 
n. u· mbe-rs ·I·;n·'b· r ·e· ·d·· · · ·- ·b·- · -....... ·.- -· -{ J·-···· ·nt,:;:~-~--~~-li'·:.¥! ~4-le_.-... ·. ··rn __ ., ·t'k·l~s·" sC···· ·e)1 c·~·1·:e· ·s· 5 •• >'1'1·'-_,e_ · c·t __ ll \;,;r~e· ·n·t··, 
-- - ..... c) . ,·· e- lng may _e a caus_ec-:-? o.w_ ..,,u.~~ --¥a~-.-~) .. --.-} .. ·.·, :--P;-- --;- -.-, ,- H:-:,-_!, __ --:-, -

range of the Florida panther in¢lud'es: EN~\ th~"' west.ern a.r.ea~ 
1 

of WCA.~~A.' ~il~ 
portions of the western borders of range land witihin the L--~s· Gap, L~28 Interceptor, 
F~eder Canal and L~3 basins. Rec·ent conce~n$}!iaye focu~e.d· q1i' th_~ _h~iglj .. le~vel§·. pf 
riier'cury fourid ih Evergla(ies ra.ccoon~, one of s~v¢ral. prey it~ms· of' t)le ~.l9·Hg~ 
Panther. La;boratory analysis of mereury lev¢1~~ in liver. ti~su-e of r~ccooi\s .. Gapt:~~~e~ 
from ni:ne different Soutp. Florida sites have been f(j).l:J.D~ to be ·as_liigl;t as _2'4, pa.~~s per 
million (phone coriversat~on 8/28(90 witl_llvlel_Q(!y. ~.oelke, Parl.~~er ~ecoV.~tY _Pt?J~ct, 
FGFWFC). In 1989, the HRS and FGFWFC Issued a P~:bhc !health adV;~$Qry 
indicating that fish harvested from Everglades .canals coittaine'd1 high levels Qf 
mercury (HRS, 1989). The diet of the Everglades raccoon (an omniyore) also contains 
fish (as well as a large number of other pt~y items irtcl~<ii~g ~rayll,sl),, rhoJl ~scs, ,bi,~d 
eggs, etc.) and exhibits high levels of mercury in b.oth rnuscl~ an:d li'v.er ti~s\.fe 
comparison to Everglades deer (a herbivore) ·who 'fee~ mai~ly' on· gra~s~s ,aJ?..d s~1Jb.s. 
These observations su:ggest the pos.sibility' ~hat rac·cQons _may, b~ bio~c~c~~uh1tbi;g 
mercury as the result of eating mercury--contaminate4.fi.sh a.np. that a pdrtioll of the 
panther population may be consuming raccoon flesh co~tai.~ing high 1nercury 
concentrations. Moreover, the reported low birth rate of the Florida Panther t'Qay 
also be related to the chronic effects of long .. term ~ercury contaijl_ina:tion as noted· in. 
other feline populations (phone conversation 8/28/90 with Melody Roelke, Pantl1er 
Recovery Project, FGFWFC). This link in the .food chain has, as yet, not been 
confirmed. However in 1989, scientists detected 1.~0 parts per mill!o.n: 9f J;Uerc~ry in. 
the liver of a dead 4-year-old female panther found in ENP. It is stressed, however, 
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that these data are very preliminary since raccoons .make up th¢ main part of a 
panther's diet in only a few areas of the Ev~rglade~.. . 

.. ~anat~e. The total number of maNatees, (Trichec·hus m:anatus latirostris) in 
·Florida 1s estimated to be around 1,200; with. 3"50 ·.to 40.0 found .oil the Gulf CoaBt. 
Populations on the Atlantic and 'Gulfcoa:3ts appear ·to be isolated .. This marnmal io 
found in saltwater bays and ·estuaries. Reductions·'in the mana·:tee-populations are 
primarily due to power boat propellers,, ·and habitat destruction (Pritchard t978). 
Manatees have also been crushed in locks or \vater control structur~s, primarily the 
coastal structures in Dade and Broward · counties. . ln response to· ·_this p:ro9leni the 
SFWMD . has made operational changes to these coastal· s'trqctures to reduce the 
likelihoad of manatees becoming trappe<r or . dfimaged. In a survey of manatee 
populations on the west coast of Florida, Irvine:et al~ '(1-981) de'terntined that ENP was 
the southern limit of the population's range~ :1\lfanatees have 'he'en noted entering· 
Whitewater Bay during winter months. · ·· , 

Everglades Mink. The Everglades ~1n:ink. '>(.Mustela vis on evergladensis) is 
restricted to fresh water wetlands. Mink has b~en observed in Big Cypress National 
Preserve, the Everglades, and around Lak¢·0keechobe~ (Layne, 1976~ Smith and 
Cary, 1982). It is indicated that this species .has a fairly clustered ,dis_tribution, being 
found primarily in the southern portions.of WCA:-.3A. The mink is,affe.cted- 'by loss of 
w~tland habitat, highway mortality, and cba,ng~f3 ip .water qv,ality and .quantity. 

Florida Mouse. The Florida mouJ:~e (Peroirf.yscus flotidanus) o(!curs in 
relatively xeric conditions, in close ass'cl'ei.a:tlori with the gopher tortoise (Gopheru.s 
polyphemus)and is threatened primarily by land dev~lopment (e.·g .. citrus· production 
and pine plantations). Additionally, habitatislost in areas where fire protection has 
ca-used conditions that are too dense and :shady for- op.timal mouse habitat. 

_ ;Mangrove Fox Squirrel . The preferred P.abitatofthe mangrove fox squirrel 
(Sciurus nJger aviceiinia) is hanlmocks,ahd pine and ~ypress forests. - Squirrel 
populations are being reduced due to loss ofhabitat. . . -

Florida Black Be~r. The range of the- black bear (Ursus arnericanus 
fioridanus) has been greatly reduced in southern Florida. It is now restricted to 
small populations near large. swamps, such as the Big Cypress National .Preserve. 
Habitat destruction and persecution by cattlemen and beekeepers appear to be the 
principal reasons for the species' decline (Schemnitz, 1974; Brady and Maehr, 1985). 

4. Amphibians and Reptiles. 

A-1nerican Crocodile. The American crocodile ( Crocodylus acutus) can be 
found from southern Biscayne Bay, west along the mainland, and south along Key 
Largo. Preferred habitats are coastal mangrove swamps, salt and brackish water 
bays, and creeks (Behler, 1978). The primary nest sites in Florida Bay are in the edge 
of hardwood thickets at the heads of small sand beaches or on relatively high marl 
banks of narrow coastal creeks (Ogden, 1978a). The crocodile is the dominant 
carnivore in_ these habitats and is presumed to play an important role in nutrient 
cycling and ecosystem dynamics (Behler, 1978). Past exploitation and habitat loss 
have resulted in a decline in numbers of crocodiles. The crocodile is currently listed 
as endangered on both Federal and State lists. 

American Alligator. The alligator, (Alligator mississippiensis), is well 
distributed in wetland habitats throughout the state. Hunting for alligator hides 
greatly reduced this reptile's population across much of its former range by the late 
1960s. In 1969, the Lacey Act was amended to prohibit the interstate movement of 
illegal alligator skins. The state of Florida made the sale of alligator products illegal 
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in ~972. Furthe.r protection was provided under the Endangered Speci~s- A~t of 19~73 
(Hu~es an~ Perctva.l, _1986). The alligator is appa.re11tly ay~r:y adaptiv:e. an:(! resi~i~n~ 
species. Stnce .receiving protected status, it~.'nu)n]Jets ~~ve_1ncre~sed t~rQ:U,·g;~o4~ ·~~e 
state. The alligator's continued recovery led the F<JFWFC to h;1itilate' ·an anP,tia.l 
alligator harvest in 1988 (Woodward et al.,, 19..8'7)~ . .. .· ·

1 

Water management impacts on the American,alligator ha:v;e~b.~-~11 i~~liltj~ie<l~by 
Kushlan (1987), wlio corx:elated dry seas.onflood;p~l¢.~~-~s--w~th aH!gatorll·~~.r~P;·~~:~rig 
and resultant egg_ mortality. Drainage of .m.ars.h~s, .. _sucn as. those In Nart·lle.as.t ·$b;arlr 
~Iough a_ nd Eas_t Evergl~des., apP.ea_rs to result in ~~41J._· ... ~--~_·!l_ .. ·.~l;l;.rf_·:Yin_ ,g <:a.Jil~CJ_. ty·. ~f:l_·.~·$_:~-,~j.:n_~ g. -., 

In prep.). L<?wer densities of alljgators rn d~JW~4~~. mar~hes ·p.ae; ~n ~~Pfl~~ Pn .. QtJ).er 
~qut. atihc s_pectes h

1
.ecause ~1heb·1dry season sh~lt~r tha,~ ~h~.~lhga.:f-9l'S c~~at~Jn: ~11~ ~or·m,of 

ga or · oles are ess a vat a e. . . · · 
Sea Turtles. Marine turtles wene one~ COJ~:;rp.on ~IQng th,e g.qC:l~~ ~f J[lorida. 

Due t? development of. beaches, de.grad~tio.n, J c;>,f ¢-~t.l1a:ti~sr riest. p~~All~~g 1 • ~n4 
mortahty due to capture 1n fish and shrimp :o.et~, .fQW gf,the fjve sp~ct~s ~:r.~. ~l?.§§lfied 
as . endangered. The loggerhead turt!e, { C9r~tja . pq.f¢{fg cg.r,~ttf.t~ . }~ ch:~l.~~ifi~~- · ~s 
threatened. Any of the sea turtle species. m~y qs~ FlQrid~ 13f.ly as {qr~ging !1a.b1tat. 
Kemp's Ridley sea turtle (Lepidochelys k~m»~i) has been reported)~$ migrating 
through the area (Robertson, 1989; McVey ~11:4 W.ib\).~1~, 19~4). Nesti~g·.loggetb:eaq~ 
have been documented in· ·ENP (Holden, f964; 1~65;. Kluk~s, 1967;· J)~vis ap.d 
Whiting-, 1977). Davis and Whiting (1977J'.rei>9J~·ted between:6QO.and·l,~Q.Q'ne&ts on 
Cape Sable beaches in 1972 and 1973. . N ~sting hE;l$. alsa, o.ccurred .on Sand~y Key, 
Shark Point, Highland Point, Lostma11s· J;Jeac}l, ;l:Jog.: Key, Prlover Key, North ·Plover 
Key, Turkey Key,_New Turkey Key, P.~v.iljoiJ.,(R:~y.··an4 ~bbitKey .. J~v~nHe gree11 
turtles .are know to regularly utilize flori<;la .. ~~y .. 1(~o,uth Florida .Rese~c~ .C~nter 
unpublished data). . . ~· 

Eastern Indigo Sll.ake. This Sl1ake (D.ryma.;rchon corais couperiJ is widely 
distributed throughout the American'tropics .. lt (lec~rs ip:aasocia.tion·\w,iththe gopher 
tortoise, and has been impacted by loss o£ha,b~t~t ~ll~ l>y ~v~r coll~,ctiQn. 

Gopher Tortoise, ·Scattered _ppp1Ha1;iQJ,!$ of .;gQph~r to~tois~s. CGopherus 
polyphemus), occur in xeric habitats in Florida. T;hi~ ~tor.toise gigs burrows up tQ 30ft 
(9 m) in length that can be co .. inhabited by perhapa three do~en other species. Gopher 
tortoise populations have declined due to loss of hab~itat antlcollection for food. 

Florida Pine Snake. This snake (Pituophis, mel~~?-oleucus nuigitus), occurs in 
xeric habitats in Florida. It is found in associatiO,n with th~ goph~r tortoise; and is 
adversely affected by loss of habitat {Ashton and Ashton, 1981; Carr, 1940). 

5. In vertebrates. 

Tree Snail. The tree snail (Liguus spp), is .identified as a Species of Special 
Concern. Fifty-eight varieties of this tree snail, .each with a unique color patt~rn, 
occur in the tree islands and hammocks thro11ghout. the Eve.rglatles, with sotne 
varieties present in only one or two hammocks. Becap.se of the beauty of their shell, 
this species of snail has b.een a prime target for collectors. For this reason, Ligaus is a 
protected species within ENP. 

Bartram's Hairstrcak Butterfly. This.species of butterfly, (Stryrnon acis 
bartrami) is classified as a species under study by the USFWS. It occurs in the 
understory of slash pine forests in southern Dade and Monroe counties. 

6. Threatened or Endangered Plant Species. 

A number of rare~ threatened and or endat1gered species of plants exist within 
the Everglades SWIM planning area. The most notable of these are epiphytic species; 
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bromeliads, orchids, and ferns which, because of their beauty·, have long been the 
target of collectors. Bromeliads and orchids inhabit the dimly lit tropical hardwood 
hammocks, tree islands and cypress heads, with a few species adapt.ed ~to full 
sunlight. Fire, loss of habitat, an. d poaching .. by. a. m. ate. ur and. commercia. L collectors 
has reduced the number of species in the wild·. ·Table 7 lists threatened and or 
endangered plant species that may occur fu the Everglades SWIM planning area. 

H. REGIONAL ECONOMICS. 

The following information was derived from Florida Statistical abstracts 
(Shoemaker et al., 1988) for the year 1986 (the most recent year for which data have 
been compiled) unless otherwise noted. The South Florida ~cc;>nomy is. based on 
services, agriculture, and tourism. The s~rvice .i1l<}:gstry is associated with the 'Over 
(15 population which constitute$ nearly one-fOUf·th of the residents ·of Broward and 
Palm Beach Counties and sixteen percent of Dade's pop\llation. These individuals 
have incomes independent of employment and require additional medical, financial' 
and household services. ~ · - · ~ 

. Tourism is also an important component of ·the r~gional economy. There are 
93,479 hotel and motel rooms in th~ region, .and 7.6Z;OOO restaurant seats. Annual 
payroll for the hotel and motel, and a..mtisement categories is approximately 
$70,561,000 dollars. Total regional ~arnings fro111·· employment is $35 billion. Retail 
trade and services account for nearly ha]f of the ~~ploym~nt of the region, and $14.5 
billion of earnings pet year (Shoemaker et al~, 1988). 

Related to tourism are the golf coursef3 in the region which use a. great deal of 
irrigation water. There are 207 golf courses in the region, 113 in Palrn Beach County 
alone. No data are available on the amount of water used to irrigate all of these 
courses b~cause many are on individual wells~- Studies are underway to accurately 
mea~. sur. e~ this. wi. thdrawal. According to.·· the·N·. ,ati. on .. al G ... olfFoundation, a cou,rse open. 
to the public generates between $1.5 to 2 millioil ~year and a private club _generates 
about the same. App.lying this factor to the courses in the region shows about $362 
million a year is generated in gross income by golf courses. 

Awicultural production in the r~gion, excluding the Everglades Agricultural 
Area, totaled $450 million in 1987/88. Virtually all the production is crops including 
W!inter vegetables, tropical fruits and vegetables, citrus and nursery crops. 
A~griculture generates a great deal offinanciaf value, yet this sector does not account 
for a significant proportion ofemployment or earnings. 

Census data indicate that Labor force participation rates in Dade and Broward 
counties increasing slightly between 1970 and 1980. Palm Beach County was 
virtually unchangea. Desp1te the large over-65 population in the region, the rates 
are quite close to the state's average. The rates are 55% for Broward~ about Florida's 
overall ~~rticipation rate; 61% for Dade, the region's highest; ana 53% {!.or Palm 
Beach. Unemployment for the region has been fairly low in the 1980's. 'I'he 1985 
figure for Broward was 4.8%, 7.1% in Dade, and 6.2% in Palm Beach. The State's 
unemployment rate for this Qeriod was 6%, nationally it was 7.1 o/o. Per capita income 
in all three counties as of 1985 was greater than the state ave1·a~ and has increased 
considerably since 1979. Palm Beach is the highest at $14,260, Broward is $13,578, 
and Dade is $11,278. Dade's per capita income showed the lowest rate of increase 
(465) in the six year period; Broward's grew by 58% and Palm Beach's by 60%. 

The southern counties have grown rapidly in poQulation over the last twenty 
years, and have increased their economic diversity. Manufacturing, prior to the 
1970's, was a fairly insignificant component of regional employment. Now it 



Everglades SWIM l)lan .. Supporting lnfQrmatiQQ D~lCU~"P.~~~ 
. . ' 

Table 7. Endangered, Threatened, and Co~mercially E~ploit~q P.lapt Sp~~ies 
Under Review in the Everg~ades PI*nni9~ ~r~~(fQ--FWFP, l~~Qr . 

Common Name Scientific N~ln~ 
.. 

Pau.roti~ Palm Acoelorrlumhe· wrii!:htii · 
Golden 1eather fern Acrostichtim atLreb.m 
Giant leather fern Acrostichum tlantteif(Jliiurt 
Fragrant maidenhair fern Adi(uiium melarwte:ttciiin·- · 
Maidenhair fern (unnamed) Adiantum tenerurii _ 
Pine fern Anemia adianti/olia 
Blod~ett's wild-mercurv Arn.vthanin.ia bl_odJ!ettii · 
Ebonv soleenwort Ashlenlum plafyiie~urO'n;-
Plumose aster Aster Til·iirnosus ; ·, ·. ·· ·· 
Mosquito fern · Azolla. carblii1.itlll.il -
Pine pink i Ble.tia pztrpurea · -_·· -- ·-
Lon~-tailed spider orchid Bra .. ssia. caudala 

. Rattail orchid Bu,lboiJhvllu.m Jm.eh.trrh.i:i£/i.is.: . 
Manv-flowered grass pink . Calopbg.oti. ·rn.u.fti!Z6'f.lis· --- ·· 
Pale f!l"ass oink CalOIJOJ!(JJl ilalUiluS '- · c 

Grass Pink {unnamed) CalopoJ?:o-,1. lttberosu.s 
Strap fern {unnamed} Campyl(Jneu.rum p/ijiUi_tl.ilzu; 
Powdery catoosis .Catl)pi;is b'ertero}iiitlia > ·J· · .-

Air.olant (tmnamed) · ·cati}iJsis/Zorib~ui~'ilt!.-·: 
WestCoastpricklv apple · -Cereu.si!raCilis' · · _. · ~-

Satinlea:f Chr-vsoi>hvlluin.oliu(i:et'cJiin.e · 
Silver oa-Im Coccothrirl.ax .arnentata 
Go.con.ut oal.m ,Cocos Jtucifeta ·' 

'!. 

GeiE!er :t~ee Codia se.beste:ha . : 
Okeechobee 2:ourd CucttnbUa okeeC.holieeiJ.s.i-s . . 

Two~soike fin~er 2'tass · Dil!itdrii:t.ilaticiflorli_- -- . 
Narrow~leaved Carolina Hcalvstem .• Elv.trar;ia.cato.liit.ensis yar~.anu(ist.i/.(#i(t -. 
Dollar orchid . _Ertcvclia.~boO.thzaiia.· ~-
Shell orchid Enc.'Vclia.:.cochleata 

· Butterflv orchid Enc . .Yclia tampei1.sis 
Dinl!:v-flower.ed eoin.endrum · Eviclerulrzun ancen:> 
Unbelled eoidendrum Epiden(lnt.m ~diflorme 
Night-scent orchid EJJi.dendru.m nocturnu-m 

· Ricid epidendrum ( =strobiliferum) _Epicleni).rum r.igl.du_m-
Long-leaf cuo e:rass Eriochloa mic:hfllLXii 
Beach creeper · Ernodia.littoralis 
Low ervthrodes Erythrodesii_uerceticola 
Redberry ironwood EuJienia. coTZtltsa 
Wild coco Eulophia alta- · 
False coco Euloph.i(t ecristata 
Garber~s spurE!e Euphorbi(l .garberi 
Porter's bairv-nodded spurge Euphorbia fJOrteria.na var. porteriana 
Porter's hromn SPUr£!"e Euphorbia porteriaria v:ar. scov~ria 
Narrow-leaf milk pea Galactiapinetorum - · 
Orchid (unnan1ed) Gale(lnclra bevrichii 
Polvpodv fern (unnamed) Gon.ioplilebiurn triseriale 

'Wild.cotton GossvpiuriL hirsutum 
O•·chid (unnamed) Gouenia utriculiz.ta 
E-endangered, T-threatened, UR-under review, C·<:ommorcially exploited. 
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Table 7. End~ngered, Threatened~ ana CotntnerciaJly Expioited Pf3:rit s·pecies 
Under Review in the Evergl~d.~.s Planning Area *(Con;tinu.~d,) .. 
Comii'lon Name 

Fuch's bromeliad 
Rein orchid (unnamed) 
Michaux's orchid 
Water ~pider orchid 
Orchid (unnamed) 
Manchineel 
Broad-leaved soider lily 
Ink wood 
Krug's Holly 
Delicate ioncmsis 
Florida quillwort 
Pineland clustervine 
Joewood 
Cateshv l ilv 
Carter's small-flowered flax 
Ho'lly fern 
Trinidad macradenia 
Florida malaxis 
Polypodv fern (unnamed) 

Boston fem (unnamed) 
Burt·owin2'four-o'elock 
Coot.Bav dancine ladv 
·Florida oncidiurn 

Hand adder's tonf..rue fern 
Twists pine prickly pear· 
Prickly pear (unnainedl 
Roval fern 
. Ever~Iades g_eperomia 
Pe_pper (unnamed) 
Florida peperomia 
Everulades knotweed 
Golden polypoda 

Giizriiihiia· mohostiid.hJ.a 

Habe'ncftia ciztindu~s.ta 

Hvm.enocalliilatifolia. 

Irin.ob.'Sfs .. ittfii.:tda.tioi/i:les· 
Isoeiesildiicfilct. ·. 

Mala!ii'it'sr#l:'ilta. :· (~. ·· ~. 

Ooh.ioi!losszim:IJabftatum 

Osniu nda reiittlis 
PenerQ1Jlidlldridana. 
Peperomia h'u·milis 
Pepetomia obtu.si/oli.a 
Persicaria paludicoltt 
Plilebodium a.urewn 

State 
D~MiA"!t). 

T 
T 

.T 
'T 

T 
···r 
E 
T 

T 
T 

T. 

'T 
T 

E 
T 
T 
c 

:E 
E 

·Federal 
{)~Hign. 

UR 
DR 

JJR 

.UR 

... · 

UR 

UR 

Florida five~b.etaled leaf flower Ph vlla.i~thus TJentabhvlltts /loritlanus UR 
Elliofs stick!V R"round cherry 
Snowy orchid 
Orchid (unnamed) 
Boykin's few-leaved milk wort 
Big yeHow milkwort 
Tiny mi]kwort 
Polypody fern (unnamed) 
Ghost orchid 
.1:-'ale-nowered poJystachya 
( =concreta~ = extinct.ona) 

Physalis uiscosavnr. elliotii 
Platanthera niuea 
Pleurothallis gelidit. 
P(i/ygala. bovkinii var~ sparsif'olia. 
Pol.vf!ala runelii 
Poly J!a la .s mallii 
Polvvoditirri f)[u.mula 
Polvrrhiza lindeil.ii 
PolystachyaflatJescens 

Shadow witch Ponthieoa ract!mosa 
Orchid (unnamed) Prescottia oligantha 
Whisk fern Psilotum nudum 
Ladder brake fern Pteris lonaif'olia. 
Giant. brake fern Pteris tripartita 
Brake fern (unnamed) Pteris uitLata. 
Mistletoe cactus Rhipsalis bacci{era 
Brown-haired snnuthean Rh.ynchosia cinerea 

E-endangercd, T-lhreatencd, UR-under review, C-commercia11y exploited, 
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Soun:e;FGF\VFC, 1989. 
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Endangered, Threatened, and Commercially Exploited 'Plant 
Under Review in the Everglades Pl~~:p.ing Ar.~a.(ConJ~:n:\l:~~1-~ 

Florida roval oa]m Rovsllul.i!a diila. { i T'E' ·. 
Ba:.hamia sachsia 8m.:hsia·;b'a·ha·ineti~i~ . .., ·"E· .. :o 

Water soang-les . Sctloinirt' rdtldt(lif.rilia·: . . : -f:~t'~· .. 

.S;pecies 

Fedmi~1:i 
tlt.~~ i gif:l. 

·r(IR. 

Florida autumnErrass Schiznl:kvriti.itfirhiif)matu.m . "• ::; . ; ; . ~itHi · 
Trooica1 cur1v-~ass fern Sch[i(r'idli~r}Tiaiiii"L·. ' · -.. :E · :·· .·. · iNtll: 
Arrnored soi kemoss Sela-Jiineltti ·nrmat.a- · · · ·T· 

· Red~ margined mallow Sidri.di:b.riHiwfg_'/.hata· · · ~= · · 

Pars1ev .fern Spheti(riffenUii;:lalxiita · · ' · T J .. 

Florida ladies' tresses · Spiranth.es1ii:e'iii1it:btisva.t71orit.lalta. ·· ! ··-·'· ·T ' ·- ....... ~·- -- - . 
t 

Frae-an t ladies' tresses . Sf)ira.niliei:.cifriiita~viti. odora.Uf · · · ~ - · :'I' .. , .. 

Ladies' tresses·( unnamed) 8fJ.ira.nthes~.ci:fi.il.trihYJ.icles f .. ; , .. 
Lace-lip ladies' tresses '8/JlrcihihesJcichiiiitii/ · ~-- 'T 
Leafless-beaked orchid Spirdtd'lt.e.stiJiiileiJ.lftt.a:var.latwecJlcita ·\ · ·r '·· 
Florida Kevs ladies' tresses StJiiaitt.hi!.s iJ.ofvaJii'h'a ;:E · .. . ,-. jliR · 
Giant ladi.es' tresses Svir.an.{Jies.i):na.ci>'i:~· ~" · · .. ~T . . . 

Slender aueen's deliaht Sti'llitiili!i:s.Y.lria.ticii;,fiirutif 
,_· ..... E. 

Halberd fern (unnamed} Tectariit hfi.td.cliiit'tiUa 
Halberd fern (unnamed) Tectiu~ia:io'bit.tir .. T . , .. 

I. 

· Te.trazvgi a Tet~iiz.o/ata .· b.i(mlor 
Down.v shield fern The:l:vnteris ile.litit:tn:. ~ T -- , 

Aspidium fern (unnamed) Thel.Y/Jteiisitite·~:rupta 
Asoidium fern (unnmned) Th.elY1Jteris kttlt:thU' ·. 
Creeoine fern Thelvf)tef.is revtan • .:r.·~~-
Aspjdium fern (unnamed} Thel_ypte.ris reticu.la'ta· 
Asuidium fern (unnan1ed} ThelvTJteH,s-·scle'roJi:hylla 
Wild oine (unnarned) Tillandsla.bi:ilb'isidtiil :rr 
Wild pine (unnamed) Till.anclsia circinata 
Wild pine (unnamed) Tillands.itil'irsctc:U.lQ.t(l .c 
Twisted ai'r plant Till«ndsia._/Zexltcisa: T 
.Wild oi ne ( w1na med) TillaniJsia po{.Ysiac.hia T 

' Wild. oine (unnamed) Tillandsia. setacea· T 

. Wild oine (unnamed) Ti.llandsi(t urilenzU.e.lt:i,na· T 
Filmy fern (unnamed) TricJwr.rJa,teS.PU!lCliJ.tum T 
Florida £!ramal!rasH Trinsacum lZoridanum UR 
Worm-vine orchid Va.nilla ba.rbella~ta: 
Scentless vanilla Vanilla iriodora 
Leafv vanHJa Vc1nilln phaeantha T 
Coastal vervain Verbena maritima UR 
Shoestring fern Vittaria lineata· T 
East Coast coonf.ie Zamia unibrosa 'C · 

E-endangered, T-threat.ened, UR-under review, C-commercially exploited; Source;FGFW.FC, 1989. 
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account~ for 175l468 jobs and_ is nearly twice the percentag_e s~ar~ of con~tructio.n 
(98,416 JObs), whtch once considered one of the major South Florida Industrtes. Th1s 
economic diversity has insulated South Flor.ida from one recession in the early 1980's. 
As the a~ea becomes .home to ma~y kinds of busines.ses, it will become increasiJ?.gly 
able to Withstand national economic u.pheavals tha.t tnay affect the rest ofth~ Nation. 

Water availability and quality are critical to supnort new residents, which 
fuels the burgeoning service, retail trade, and.imanchll'inaustries, and tothe tourist 
ind1;1str~e!', on whicli so many jobs dep~nd. Agriculttital productio~ depends on ~~ter 
availabd1ty and land use restrictions for agricultural protectton _as. land prices 
bec~me ~ver more lucrative to tp.e farmer2 par.ticll.laJ"l~ in these coas~al sections. 
Res1dent1al w~ter use from pubhc S\lpply 1n.l~66 for the thre~ ·counties was 6?4 
M.GD. Per capita usage in the co1,1nties waal70~in,J3r:oward, l94In Dade, and 212m 
Palm Beach. An estimated, 22 MGD was withdxawn by domestic self-supplied users. 

Housing and Land Use. These counties. have seen the development of a 
p.utqbe! of bedreJom ~o~munities; parti~tilarly _i.n· E.~oward county, tha~ _have no 
1ntrms1c economic activtty except to provide hQUSli!g m pleasant surroundings away 
fro~ the conges~ion of Ft._ Lauderdale, West ~alm. :Q~flch or Miami. In addit~on, th~. 
retrred population wants . to be neat· serVIces· but J:tas no need to be close . to 
employ:tnent centers. In 1986, the proportion ofJ~:rul usesin the so~therli COJ}D.tie~ by 
va.lu_e was overwhelmingly residential and had . a total" v!lluatlqn of $94,0a7_.26 
mUhon. The value of a_gr1cultural land w~s $.2 078.'84 nulhon. Part of this lower 
valp,atio~ is based on the way agriculture 'land. is· assessed .. -at l! lgwer rate.· than 
residential--rather than to lower actual land valueo Of the a.a mllhon ;acres-: 1n the 
three county area, about 25% is in farms~. _ Residential areas in 1988 had 
approximately 1.8 million dwelling units~ofwliieh 50% were multifamily, 46%were 
suigle family and 4% were mobile: liomes. 
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Ill. BASIN MANAGEMENTtJNITS 

A. EVERGLADES AGRICULTURAL AREA (EAA). 

1. Description of the EAA and boundaries. 

The historical Everglades area contains the largest known contiguous body of 
organic soils in the world (Jones, 1948; Stephens, 1974),. 'The ~rea known as the 
Everglades Agricultural Area (EAA), located south -·of Lake Okeechobee within 
eastern Hendry and western Palm Beach counties, encompasses an area of totaling 
approximately 718,400 acres (1,122 sq m~.). af highly productive agricultural land 
comprised of rich organic peat or muck soils (Table 8). A small portio~ of EAA 
muck lands are also found in wes~ru Martin cblUltY. Approximately 77 percent of the 
EAA (553,00 acres) is in agricultural_ produetiQn. The area is considered one of 
florida-'s most important agricultural regions eJC.t.ending south from Lake 
Okeechobee_ to the northern levee of WGA-3A while i.ts eastern boundary extends to 
the the L-8 Canal, while the L-1, L-2 and L·Sleveestepresertt its westernmost limits 
(Figure 14). Nitrogen-rich organic {peat) '$9ils and' a ·warm :subtropical climate 
permit the year round farming of sugar c~h:t~, winter.v~getables and rice with a 1988 
total economic impact estimated near $1.3 billion dQilars (gross ·sales, Mulkey and 
Clouser, 1988). · 

The primary drai.nage and irrigation systemt consit3ts ofa11 extensive network of 
ca11als, levees, pumps and water control str.uetures construct~d by the USCOE as part 
of the Central· and S'otithern Florida Project-for ;Flood Co;ntrol and Ot_her Purposes 
(C&SF Project) and is currently operated and maintained bythe SFWMD. Drainage 
of_ the EAA is. achieved through six primary canals (Hillsboro, N otth New River, 
Miami, West Palm Beach, Cross and Bolles· c~nalf:l) and an extensive network of 
secondary canals. Seven major pu,mp $tations(S..;2, s ... s, S-4, 8-5A, S-6, S-7, and S-8) 
serve the EAA (Figure 14). Together these pumps have a design capacity to remove 
excess water from each basin at a maximum rate of 3/4 of an inch of r11noff per day 
(Cooper, 1990). A total of nine smaller Chapter 298 drainage districts also operate 
pump facilities within the EAA (Figure 14). These districts, created after the Florida 
legislature passed the General Drainage Act in 1913, allow individual landowners 
join together to form secondary drainage districts· with powers to issue bonds, levy 
taxes, and develop water ma,:tagement systems within the Everglades Dt·ainage 
District boundaries (DeGrave, 1984; lzuno and Bottcher, 1987). In addition, 
individual farms operate numerous _private pumps, aome of which are portable, that 
move water to and from the main canals as part of the secondary system (Izuno and 
Bottcher, 1987). 

Agriculture within the EAA requires extensive drainage of 553,00 acres of rich 
organic soil. Drainage of these muck soils for crop production causes soil oxidation 
and release of nutrients into EAA drainage waters and has been shown to be a major 
contributor of nitrogen and phosphorus loading to canal waters (Lutz, 1977a, 1977b; 
CH2M-Hill, 1978, 1979). During the wet season, growers commonly pump large 
volumes of nutrient enriched water off their land to protect crops against flooding. 
These waters also are contaminated with high concentrations of chlorides, dissolved 
minerals, iron (derived from EAA- groundwater), nutrients and trace levels of 
pesticides. With three major exceptions, almost all lands within the EAA are under 
cultivation. No retention areas or water storage facilities currently exist within the 
EAA to retain or treat farm water runoff. 
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Figure 14. Boundaries of the Everglades Agricultural Area (EAA) Portion of the 
Everglades SWIM Planning Area. . . 

Lake 
Okeechobee 

P~ior to 1979, surface waters draining the northern one-third of ~he E·E·A ~.e'fe· 
"backpumped'" north inte Lake Okeechob~e· tp.roagh-· punip stations 8·2:, s::..~a arid 8.:4·. 
The eastern and southern two .. thirds of. tne EAA wete: drain·edl\)y puni:p~ statibri's~· S-
5A,. S-6, S-7 and S-8 which, pumped excess EAA wa~er. i~b> the· WG~s .. c·o~c.erns· pve~ 
the ecological, health of the lake resulted, in· the decistbn ·to d'i!v¢rt tn:e· $.~2; and' S:.-3· 
ba:sins waters southward to· the WCAs·under the·I'nterhn ActiottPlan (I'A·PY.apprO.v~-a 
in.J97:9aud; ini.tiat~d~in: 1:9~1 as part of the Tempor~ry Oper~thtg Pe;rlijitissui~d~:tc>'~~ne· 
SFWM.T> by the DER (SFWM;D~ 1989c, pg. 29). "Qnder the· I~P~ EAA:, drainatg~· wate·rs 
can only be discharged into the lake under declared emergency cond~tions··for· watet 
supply or flood· control purposes. It is estimat~d that phosphorus loadi.ngs·dis'Char·ged 
to the· WCAs thr·ough pump stations S-6, S-7 and S-8 have increased·· appr.oxhn~tely 
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10 percent on an annual average basis since itnplf~tnentation of the lAP in 197~ (see 
Impacts of lAP on Water Quality section of ~his report). 

EAA water quality and quantity issues appear to be intimately linked with two 
factors; the large vo.lume of water that is ptunJ~~d off EAA farmland to prote.ct crops, 
and the release of nitrogen and phosphorus, derived from leaching and subsidence of 
EAA organic soils, into surface drainage waters. · · · 

2. History of the Development of Water MaQagement in the EAA . 

. Florida gained statehood in 1848 ~t . whic;h time Buckingham Smith was 
appointed to assess soutll Florida's potential for development. Smith was the first to 
propo~e that the Everglades could be recl$imed·'f()r ~gr:iculture by digging canals and 
dra1n1ng these vast wetlands .. In 18501 the Feder~l.government pa$sed· the Sw~mp 
and Overflowed Lands Act which gave the State approximateJy 20 million acres of 
land, including the 7,500 sq. mi. ofwetlands know.ii today as the Everglades Region 
(DeGrove, 1.984). · · ·( 

In 1855, the Florida Legislature created the; Internal Improvement Fund. The 
Fund's board of trustees was given the responsibility of managing lands given to 
Florida. undet the Federal Swamp and. Overflowed· ~ands Act .. Their charge was to 
sen and improve these swamp lands. to.· gener~te revenues . through drainage 
improvements (Jones et al., 1948; Knecht, 1_986). The Intern~;il Improvement Fund 
emerged from the Civil War bankrupt. To solve thjs problem, the trustees contracted 
Hamilton Disston, a Philadelphia indu$tri~liJ~t, to: drain large areas of central and 
southern Florida in exchange for land deeded to Diaston's company. This contract 
resulted in a series of canals being dug in the Kissimmee basin and construction of a 
canal between Lake Okeechobee ·and the Caloosahatchee River, providing ,an outlet 
to the Gulf of Mexico. Attempts were also made to dig a canal from Lake Okeechobee 
to the Shark River hut failed as dredges encountered hard rock formations (Carter, 
1974). In spite of claims by Disston's company that they had drained millions of acres 
of land; actually only about 80,000 acres were drained·. These early efforts represent 
the first attempts to drain and manage water within the Everglades region as well as 
the genesis oftoday's billion dollar per year EAA farming industry (lzuno, 1987). 

Full scale drainage and reclamation of the Everglades marked the 
administrations of Governor W.S. Jennings (1901-1905) and Governor Napoleon 
Bonaparte Broward (1905·1909). The Everglades Drainage District (EDD) was 
created in 1907 and empowered a 5 cent per acre tax to be levied on land drained 
within its boundary (DeGrove, 1984). The newly formed EDD completed a number of 
canals connected to tidewater which began major drainage of the region area opening 
it up to agricultural development. Although the EDD suffered financial collapse in 
1928, the agency had constructed six major canals over 400 miles in length including 
the West Palm Beach, Hillsboro, North New River,.and Miami canals (Knecht, 1986). 
As a result of these drainage improvements, agricultural development within the 
region flourished with the towns of Pahokee, Belle Glade, South Bay, Clewiston and 
Moore Haven becoming established along the south shore of Lake Okeechobee. 

In the late 1920's, the need for better water control and flood protection became 
obvious to early EAA settlers. Construction of low muck levees along the south and 
southwest shore of Lake Okeechobee during the 1920's largely elin1inated the lake's 
overflow south to the Everglades. The gTeat hurricanes of 1926 and 1928 breached 
these levees causing the destruction of property and the loss of 2,100 lives (Gentry, 
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1984). This national catastrophe heightened interest a.t both Federal and Stat.e levels 
to provide more adequate flood protectio~ for a,gric\llt\lr~ and JJrban ip.t~r~s~s ~,q,~tp of 
Lake Okeechobee. The Lake Okeechobee Flood. C.ontr.ol District-was cr.eate_d II) lH:29. 
From 1930 to 1945, the federal goverrimetit, · tlit6l.}gh the' USCOE, jnJt1~te9 flood 
control meaeures in response to regiona.l f1oodiAg: prqblemf'. Lev~~s ~~r~ co_~§tru~ted 
a,round the south shore of the Lake . O~~~c}lqb~~~ a~d the ~t. ~-~9.~~ a~d 
Caloosahatch~e canals we~e enlarged. I~ th~ l~t1~, ~fJ-4'9~st .a. ~leW ~pprq_~.ch ~to w~p_er 
~anagement 1n south Flor1da began. Th~ d-rp1J,gnt:9f~~~43,~l944; follpw,e:<l q.y flqo<J~n.g 
In 194 7, set the stage for development of ~ (!ompt~tu~nsive water management plan 
that would address south Florida's flood and dr.o1.1ght problems (lzunp, 1987). 

Research conducted by the Florida Agricultural E~perhnep.t Station 
Experiment station in cooperation with the lJSG£, ~DO ~1\d SC$ dJ~mQI)_stratecJ the 
need to replace the curr~nt ineffich~nt wa~~ ·ma:b~g~m~p.t systQW Wi~h .. ~: ·. ~ore 
complete system. In 1948, Bulletin ~42,_ p;UljU~he.d- by ~he ;Florid~ Agriqt;tltl)ral 
Experiment St_ation, contai1,1ed the results' o! i~J.mgst ~ de~~de . o.f' e~tfin.f?iY~ .d.ata 
collection by cooperfiting agencies (JQnes, 1948} .. 1 :fpi$ p:ublic~tiOPI:·~~:Pf.~f:1~t;tt~d .the 
firE~t attempt to develop a comprehensive w~t~r Wil:Q.;a,g~me_nt syst.em. ~tilj-~Jt:tg up~to
date geologic and soils data. In the past, constru~tion ofregionaJ wa.te·~_--I)l~n~g~m~nt 
systems had taken place without the advantage o'f~dE!qpate acientifi.~ dat~~ ._Bulletin 
442, identified 700,000 acres ()f land ill tbe ~pp~r Evergl~def) ~s sqjtable Jor fut\lre 
;;tgricultural development basetl on.· soU tlli~~rt-~$$ ~.i!d ~ela~iv~tv · iJ.Pp~rm~able 
geologic . formations. Bulletin 442 a.lso .. eatablisb,Qi): ~he .. \)cu.J,n~~ries. of. '~the ·three 
Everglades WCAs based ott areas ofthinner pea.t.is.Qjl$.1:\Pd highly p,eim~ftble [g,eol(>gic 
formations. The report discussed the need· to develop .tlie WCAs to~ ~er~~. multi
purpose water control benefits; preventio~ of lii\l~lt -fires .. and ~oil s~J)sitl.~.n.c.e by 
raif)ing water tables, protection of east co~st. well'fi~lps.~g~_~stsalt .wa;ter int~rusion, 
and providing irrigation water for agricultur~{D~-Grove_, 1984). 

Probably the :Qlost significant l~gi~lat~v~ .actio:n c.op.c:ernil1g. w;~ter 
management and the development of a,griculture: witbil1 the Everglad~s reg:iQ.Ii was 
the passage of Flood Control Act . of Jupe 30, ~946 (Public Law .so .. :Sl,?tJ), as 
recommended in House Document 643 (see Planning Docu@:ent oftb:is ,pl~:qJ. In, tl_lat 
year, USCOE (~acksonville District), acting on reqy.est of state an~ lo(!al ag:~nci,es, 
developed a comprehensive plan known today fJ.S. the Central and Southern .Fl()rida 
Project for Flood Control and Other Purpo~es (C~SF project) that would addr~as ~U 
phases of the region's water.management problema. The proposed go~ls and projects 
of the C&SF project were similar to those listed in Bulletin 442. The resu)t of the 
legislation and the plan was· that Lake Okeechobe~ wa~ recognized as the _maj.orfocus 
of South Florida's water management system-- tl;te primary flood control and water 
storage facility for agriculture within the EAA, providing backup water supplies for 
east coast municipalities and other allied purposes. Th~ plan also desigQated 800,000 
acres of land south of Lake Okeechobee to be developed as agricultural, and 900,000 
acres to be retained as WCAs, never to be drained or reclaimed (DeGrave, 1984). 'l~hiB 
ambitious plan called for construction of a levee parallel to the Atlantic coastal ridg·e 
and enclosure of the three WCAs by a system of levees to protect ~ast coast urban 
areas from flooding by hurricanes, to recharge regional aquifers and protect against 
salt water intrusion. Agricultural development was of secondary importance (Carter, 
197 4). The plan was to expand and upgrade the water management system to include 
more than 1,400 miles of canals. levees and spillways (Light et al., 1989) 

In response to this federal action, the state Legislature in 1949 passed Chapter 
378 F.S. creating the Central and Southern Florida Flood Control District (FCD) t.o 
act as the local sponsor of the massive C&SF Project. Subsequent legisl~tion in 1972 
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expanded the agency's authority. The origfual plan called far the three WCAs to 
ser!e as flood control and water storage areas. During the FCD early years, the 
entire EAA and the three WCAs, encompassi!lg over. 1,500 sq. mi., were 
compartmentalized by canals .and dikes. Water regulation schedules were designed 
to be lowest at the beginning of the wet season (June 1) in anticipation of major 
rainfall events and hurricane season. The schedules were formulated to have the 
highest water levels at the beginning of the \Yhit¢r dry eeaso.n (Copper 1990, in 
press). Creation of the FCD is recognized as the .b,eginqing of the mod~rn era qf water 
management in the Everglades region (Izuno, 1987)~· The purpose of the 1949 agency 
was to provide flood protection, ensure adequate. wa_t~r $-up ply, prevent salt water 
intrusion and enhance the environmental resources ·oftlie region including the newly 
cr~ated. ENP. _ThE;' FCJ?. w.as. subse9uently -!~name~ ~~ t.~e South Florida Water 
Management District (District) and grven addttionalduties In 1972. 

Actual construction of the WCAs Qegal'l ·jill953 With the constructiqn of the 
eastern boundary of the Everglades ·wcAs (Klein, ·1972) \vith WCA-'1 and WCA-2 
being enclosed by levees in l960 and 1962, respe~tively .. WCA-1 wa's designated as 
the .Loxahatchee National Wildlife Refuge in 1951 Ul1~ler ~lie Migratory Bird Act of 
1929 (USFWS, 1972). In 1961, WCA-2 was divided by levee L-35B into WCA-:2A and 
WCA-2B. to prevent seepage losses to the f:tY,Stem. WCA~3 was enclosed by levees in 
1967 with the exceptiQn of a 7.1 mile stripalongthebortlerofthe Big·Cypress. WCA-
3 was divided into WCA~3A and WCA-3B by levees' L-67 A in 1962 in an effort to 
redl:J.ce seepage losses from the system. 

3. R~cent Management Activities. 

Dtiring the 1960s, a number of B:Ctions wer~; taken at the national level in 
response to public concern overenvironm¢nta:tproteetion and ·water qu~lity. F~deral 
legislation that was enacte.d included the Water QuaHtyAct of 1965, the Cle~n Water 
Restoration Act of 1966, the National Environm·ental Policy Act of 1969 and the 
Federal Water Pollution Control Act of 1972. At the state level, the Florida 
Legislature in 1972 enacted the state_Water Resources Act, th~ Environmental Land 
and Water Management Act and the Florida Comprehensive Planning Act. 

In 1971, the Governor's Conference on Water Management in South Ji,lorida 
affirmed and emphasized the importance of conserving water and protecting its 
quality. In November 1972, the FCD held a hearing in West Palm Beach concerning 
"alleged environmental damage resulting from channelization of the Kissimmee 
River/, Conclusions from this conference were that efforts should be initiated to: 1) 
correct pollution sources in the Kissimmee River; 2) plan and control all land and 
water use activities in the basin; and 3) restore Kissimmee River marshes. 

Special Project. The "Special Project to Prevent the Eutrophication of Lake 
Okeechobee" was another product of the above referenced conference. 'This study was 
completed over a period of three years and concluded that Lake Okeechobee was in a 
eutrophic condition and that the resources of the lake needed to be protected as the 
basis of water supply for the south Florida region (MacGill et al., 1976). Specific 
recommendations from this study included the following: 

a) Water should be detained in upland areas as long as possible through 
storage in wetlands and the shallow aquifer. 

b) Restoration and re-creation of wetlands should be encouraged. 
c) Publicly owned lands should be reflooded. 
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d) Improved farming and ranching techniques should be applied throug·hout 
the basin as a means to improve quality of.ru:Qoffto t~e lake. , 

e) Backpumping of nutrient-enriched waters from agri~qnur.alla.nds south of 
the lake should be terminated. . 

f) Methods should be investigated for the: recycling of drainag~ waters fron1 
theEAA. . 

' ' 

~ ~e~ponse ~o the Special Pro~ect ~epott,: the.:q.over11pr's Qfflce· in, 1918, cre~ted 
the KISSimmee R1ver Valley Coord.1nat1ng C()unqd, (K:RCC) as a means, ,to e-ncoyr@ge 
improved water management practices in that system. . · 

Int~rim Action Plan (lAP). TheDER andthe.SFWMD jnstituted the.IAP in 
1979 as a means of reducing backpumping of nut.rient ... enriched ·water into the lake 
from the EAA. Under this plan, pump stations ~S.-.2~ and S-3 ar.e no longer routinely 
operated to move water north into Lake Okeechobee, but only operate under 
emergency conditions for flood control or water,sup,ply. P"9-rpgse~. R~noff from the 
EAA . produced by normal rainfall is discht1tg:ed to the· W.CAs. Based on the 
operational. premises of the IA.P, i~plementatibn of Lev~l I ll~st Mal)agemen.t 
Practices (BMPs) in the Taylor Cr~ek/N ubbin Slol;l.gh b~si~t;~ and establishmen·t of 
nutrient loading criteria for the lake; and its tr:ibu:taries, .the DFJR·j~sued a Temporary 
Qpera.ting Permit (TOP) to the District in 1980 and a L~ke Okeechobee Operating 
Permit (LOOP) in 1983 for the water control structures around Lake .Qkeechqbee. It 
is estimated that phosphorus loading~ discharged to~ the ·we As ~hto-u..gh pump 
stations S-6, S-7 and SMS have increased approximateJy 10 percent_ on an annual 
average basis since implementation of the lAP in 1979 (see Impacts of lAP on W~ter 
Quality section of this report)~ Operation of the IAP P,as increased the amount of 
water that is discharged to the WCAs and decreF',s~d th~ ·aJD.Qp.nt .of ;water entering 
the lake from the EAA. 

Water Shortage Impacts. 'l'he. SFWMD ~~perien9ed two. se:ver.e dro1:1ghts in 
1981 and 19~5. In response to these events, a water supply management plan for 
Lake Okeechobee was developed that . presentecJ guideli~es for water supply 
management of the lake during water- shor.tage conditi.ons. The District 
subsequently developed and adopted ~ Water Shortage Manual in 198.6 .. that 
presented guid.elines for the "Supply Side Management Strategy" for allocation of 
water from Lake Okeechobee to the EAA during periods of drought (SFWMD, 1987). 

At the request of then-Gov. Bop Graham, DER Secretary Victoria Tschinkel 
created the Lake Okeechobee Technical Advisory Committee (L01'AC) in 1985 and 
charged this committee with the task of developing management strategies to control 
nutrient inputs into Lake Okeechobee. The stat~ Legislature adopted the Surface 
Water Improvement and Management Act in 1987 and required the District to 
consider the recommendations developed by LOTAC, formed a new technical 
advisory committee (LOTAC II), and mandated development of a SWIM Plan for 
Lake Okeechobee. The Legislature mandated LOTAC II to study the impacts created 
by diversions of water away from Lake Okeechobee) including adverse impacts to 
the Everglades. Gov. Bob Martinez in 1988 extended the mandate of LOTAC II to 
continue studying Everglades and Lake Okeechobee issues through Spring, 1990. 

Present Management. Today's drainl\ge/irrigation system within the EAA is 
a complicated network of canals, levees, control structures and pumps. The original 
six major canals, (West Palm Beach, Hillsboro, Miami, North New River, Cross and 
Bolles canals) built in the 1920's still serve to drain the EAA although each canal 
underwent major improvements during the 1960's. Historically the EAA has 
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depended upon the flood storage capacity of Lalte··Okeechobee to. the north and the 
Everglades WCAs to the south as a 1n.eans of removing excess· drainage water from 
the EAA. Prior to adoption of the lAP in.1979; the~northern one-third dflheEAA was 
routinely back pumped directly into Lake Okeechobee <throu;g}l ·pQ.mp·stations S-2, S-3 
and S-4 located on the south shore ofr the lake, while the eastecrn and southern 
two-thirds of the EAA moved water south to the WCAs via pump stations S-5A, S-6, 
8·7 and S-8 Under the current Interim Action.Plan, the S-2 and s~aba:sins are now 
also routed south to the WCAs. Approximately 82'percent,ofthe EAA· land· area (i.e. 
S-2, S-3, S-5A, S-6, S-7 and S-8 basins) now pump excess drainja.ge:· waters into the 
three WCAs via pump stations S-5A, S~6,·S-~7'and S~tt .Nine much smaJler Chapter 
298 Drainage Districts also currently ,discharge· 'Surface water runoff into Lake 
Okeechobee. · · , · 

In the dry season, irrigation water is released from the lake into primary canals 
and is 1.1tilized by agricultural co~cerns as needed. The water is gravity fed through 
the primary canal network and then divevted or pump·ed into secondary canal 
systems for irrigation. 

4. LandUse. 

· Land use and land cover types in .the northern portion of the E:verglades SWIM 
planning area were mapped by the Soutl:J. Flori<la Water Management District 
(SFWMD). These data are summarized in Taible 8. This information was compiled 
during 1987 and 1988, and therefore may not be. completely current. 

Table 8. Generalized 1987/1988 Land Ose/Lat#J' Cover 'l\ipes and Acreages by 
W f h d£ M . S b.b . . . "thi th EAA a ers ·e or aJor . u ·.. as1ns WI · rt .· e 

Land Use Tyl'e 
Basin Agriculture, Urbant Rangeland, Forested, W~tltinds, Water, ~lam~n Land, 'I'otalli, 

acres acres acres acres acres acres aae.-; 3t!riJS 

(o/o basin) (%basinJ t%basin) (%·basin) (%ba,sin) (%basin) t% basinl !S~.l 

S-2 101,242 4,053 43 134 ... 505 67 106,044 
(95.5) (3.8) (.04) (.1) (.5) (.06) (100,0) 

S-3 64,071 260 93 -- 161 45 64,630 
(99.1) (.4) -- (.1} (.2} (.07) (99.9) 

S-4 36,807 3,660 283 67 1,465 251 380 42,913 
(85~8) (8.5) (.7) (.2) (3.4) ('.6) (.9) (1 OO.l) 

S-5A 121,657 1,042 34 126 4 1,298 206 124,367 
(97.8} (.8} (.03) (.1) (.003) (1.0) (.2) W9.9) 

S.-6 80,583 941 179 2,763 336 1 84,808 
(95.0) (1.1) (.2) -- (3.3) (.4) (.OOU (100.0) 

8·7 72,996 10,173 9,459 452 144 9:1,224 
(78.3) (10.9} -- -- (11.2) (.5} (.2) o oo.m 

S-8 53,981 566 18 58,517 539 113,(;21 
(47.5) (.5) (.02) -- (51.5) (.5) -- (100 

L-8 21,787 7,194 172 1276 58,041 325 88,795 
(24.5) (8.1) (.2) (1.4) (65.4) (.4) -- (100} 

TOTALS 553,124 27,889 729 1,696 130,249 3,867 843 718,397 
(77.0) (3.9) {0,1) (0.2) (18.1) (0.5J (0.1) (10()) 

Source: SFWMD Land Use/Land Cover Data Base, unpubliaed data. 
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In addition, the District has _ de~ermined th~t ~lth!)ugh tpis. dat~ _ ~~se -111~Y 
accura~ly r~pres~nt the total ~moun~ of~~_nA ~.:agtjeUltl(~f!.lpNj~tict~op. (L~~~IJU ~lle 
amounts assigned to in:dividual crop ~ypes. (L~vel,$-liAt~d. III}d9 rot~cbP..t'Ji~~~\y;t,~'flect 
the actual; eurrent distributio~ Qf cro~ lands;in tlle ·E~_A. .. Th:ete_-~~~·nin~ty, p.e~~J·.:ui 
categories, which are . gro~ped into_. seven Lev~l T li(ntl·uses:; 1lfbfiil;. ·a{triciil£tira1t 
rangeland; forested uplands, wetlands, o:(ien; wi:i·te:r~ ·an~ ba+rren. 

I J! ' • 

A.gricuJtural areas occupy the· m~Jo'rity· 9f1tf(~·~11tP.rtti~tn, P,di;ti~t.L tti .tli~~.s:i~dy 
a!ea (558,.124 acres, or 77 pe!cent)'., s·c)m_~ -_~r~~~;~p~~~~ll~i:l~r1-Q,.~~nfi.~~~cp;Jf~;:rj9~:~~d 
citrus_ pasture, groves, nurseries, sod £atm:s .a'u~:.:c;onfi'neffee·p· ~~~~·. T~~:nlaJ;Qt1 ,~rQp,·s In 
the planning a'rea include sugar can:e, v~g~t·ab.'les~' 'at-f~; ·so~l) ancl' siri:~n'~t-, arnov#t~; .of 
other_ cr~ps such as rice, ~d citr~s. ~n 1~J.'87, 1 St{g~t_.e~:n~;pt,od#cffbit al(jpe. ~c¢QQ.l1·~e~ 
for . 405·,000 acres of lan:d use within the EA'A (Co~te, :1987).' Dalry f~rms:,;.rffipr<>ved 
and ~improved pastures, and horse traiAing· fitfJa~ ~~~~~l co~l)i~se~ a s~.gn'if.ic:~~t Jand 
use ~~~.the study a~~a. . The. S-&A p~~i*· i~\ ~tlt~J~r:g~~t: ~~~i~·. 1~:, fi~~ ~~«9Y f!f:e~, 
comprising about 124,000 acres Qf whi~h~. 9-7~8.~ipe,rcen:t,."(O.fi l2·2~·J)(.)O:·J~c.r~$);: ·~·~·. Jn 
agricultural productirin primarily for sl!rg~r clr:frij•:~J:=l;~)'~ge~a&le' ¢t;opS,'; Tl}~·· ~LS:basin 
is. the second largest basin comprising al>out ll4·~QOq itcr~s, qf ·Whi-~li ~7·~·5; p~~icent 
(54,000 acres) is cultivated for sugarcane ~~~; ~~d .pro·(Jqc.tio~~- 'Vhile·w~·~~a·nd[)_ (Hole¥ 
Land and Rotenberger tracts) account for 51 percent (58;000 acres) of the basin's land 
use. 

Wetlands r~present 18 percent'(f3Q:;o.ori: :~~-t>~l1) ·6f tlif~' Jf1~i\ p~I~an\O:irlg ~re~1 
primarily in the S-8 and L-8 basins. Sp·~cific :h:t}~i~~, t~~~-$' ~cl~tl~~ ~ypr.e~~ ~n-~· w~t 
prairie, cypress alone, mixed, pine· and wet: pt~iifi~1tni,~i:9Jl~1Jc~, -~at~aiJ~; ~lf'tgta.$~~; ~~d 
wet ~crub ·and brush land. Most of the we~Jan~'f·~n.:, 1tl:i~ ,~A;·A are· 1)1 .:P'q!bhc ~~pet$J1Ip 
an~ 1nclude the ___ Holey _Lan~,_. Rotenbe~~~t :~~r:~f~~-~'~· ,Fat~"- --~r~-9~·: ()pe~:· .. wa:ter 
(callals, lakes and ponds) repres'ents abo~t.0~5·5 p~rf!~nt,·(3>867 a.cres), of the total 
EAA planning area. · 

Urban areas account for 19,00'0 acresiJ~t7'tl.ethent),ofth¢ tetalJand·u:se:ili the 
study area and· less thanlO percent·ofthelal>.d U.$(:f in any' individual.basin. Urb~ 
uses can in_clude residential, commercial, iri.~-q.stfial,. il.l~~it\ltion~l~. r.~ct;~atio11~ ~nd 
transportation designations. The L-8 basiri is· thEfin()$t hig~ly urbaniZ,¢d of tlte basins 
in the study area (7,194 acres or 8.1 percent of' the· e~t~te basin), although the S-4 
Basin has a higher percentage of urban land use ·(a,660 acres or 8.5 'percent). The 
other basin with significant acreage in urba·n is ~he S-2 Basin ( 4,053 acres). 

I . , 

Forested uplands include coniferous and non-coniferous veg.e.tati9Q and miXed 
forested areas. The non-coniferous designation :includes nuisance species such as 
Australian pine (Casuarina sp.) and Brazilian pepper (Schinu-s sp·~) .. Melaleuca is 
included in the above wetlands category. The study area c·ontains 1,696 acres of 
forested lands, most of which (1,276 acres) are located ·in the L-.s- Ba.sin. Rangeland 
and· barren land categories· each account for about 0.1 percent of the total land ·use in 
the study area. Rangeland includes includes grassland, scrub, prairies, and brush 
land. Barren land includes mined areas, levees and spoil banks. 

5. Geology. 

Everglades organic soils (histosols) are underlain with a series of limestone rock 
formations of Pleistocene age. Directly beneath the ·organic muck soils is Lake Flirt 
marl, consisting of a soft, grayis~-white .calcareous. mud. containing bleached 
freshwater gastropod shells. Lake Fhrt marlts of late Wtsconstn and Recent age and 
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is largely impermeable forming a tight water seal to groundwater percolation in 
manr .places. Underlying Lake Flirt marl js .the F.t. Th~l~psqn, rock formation 
consisting of alternating beds of marine, brack;~sh''and fr.eshwate:r limestone, marl 
and shells. These materials were deposited ill veeylow energy environments ranging 
from shallow inland seas to fresh-water marshes in response to changing sea levels 
conditions experienced during the Pleistocene Epqch. The permeability of, both 
formations is low and almost totally prevents the infiltration of ground water into the 
underlying aquifer (Healy, 1975; Miller, 1988). 

6. Hydrology and Water Management Feattires. 

Prior to drainage of the EAA, tne majority of the basin was a vast wetland area 
comprised :of custard apple forests and sawgrass marshes located south of Lake 
Okeechobee. D.uring flood stages, Lake Okeechob¢e overflowed its southern rim 
discharging large volumes of water across t:he upper Glades. Under these water 
logged conditions, pe.at and muck soil~, uP ·to llfeet deep, formed within the basin 
over a period of 5,000 years. · · · · 

'The surface water management basins of the EAA were. first delineated in the 
1950's by the USCOE in their Part 1: Basic Report for the C&SF project. Based on 
the hydrology of these basins, the USCOE ·aesigrted ~md constructed a complex 
system of canals, levees,. and water control structures to provide flood protection for 
so~ther~ all~ ce~tral Flo. rida (Co_o.· per, 1989). Six_m .. · .aj.pr can. als; the·W· e. s_ t Palm B .. eac.h, 
Hillsboro, Miami, North New River. Gross. and Bolle~ canals represent the primary 
drainage canals for the EAA (Figure 15). These .~ana~l$ have four functions; (a) to 
provide flood protection and drainage, (b) tQ· supply irt~gation water to the EAA. and 
for municipal water supply for the city of West Palm Beach, (c) to make regulatory 
:releases from Lake Okeechobee; and (d) to t~alisfer ·water from stprage i~ Lake 
Okeechobee to storage in the Water Conservation Areas (Cooper, 1989). The EAA is 
comprised of seven water management basins named primarily after the ·major pump 
station which drains each basin. These' basins include theS-2, S-3, S-5A, S-6, S-7 ,S-8 
and L~8 basins (Figure 14). The S-4,andS-236 basin$ are not considered in this plan 
but are addressed within the Lake OkeecAQbee SWIM plan (SFWMD, 1989c). 
Detailed description of each basin are provided in Cooper (1989). 

I 

The design of .the original project utilized Lake Okeechobee to the north as the 
principal flood storage area to handle excess water pumped off EAA farm lands. 
Prior to adoption of the Interim Action Plan (lAP) in 1979, the northern one-third of 
the EAA was routinely backpumped directly into Lake Okeechobee through pump 
stations S-2, S-3 and S-4 located on the south shore of the lake, while the eastern and 
southern two-thirds of the EAA moved water south to the WCAs via pump stations 
S·5A, S-6, S-7 and S-8 (li.,igures 14 and 16). Under the current Interim Action Plan, 
the S-2 and S.-3 basins are now also routed south to the WCAs. Approximately 82% of 
the EAA land area (i.e. S-2, S-3, S·5A, S-6, S-7 and S-8 basins) now pump excess 
drainage waters into the three WCAs via pump stations S-5A, S-6, S-7 and S-8. As a 
result the EAA depends on the flood storage capacity of the Water Conservation 
Areas, and to a lesser extent, on Lake Okeechobee, as a means to remove water frotn 
the basin. 
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Figure 15. Major Water Manage~ent Fe~ture~ ·o(tll~ E.v~r,$lades Agr.i~ul tpr~l 
Area and the Adjacent ·water Con$~tva~i(jn A.~e.as. . . 
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. The growers ~emove runoff water from the~r ~ands }Jy pu~ping to the six C&SF 
ProJect canals serv1ng the EAA. Growers in general are allowed a maxhnum removal 
rate that is determined by a runoff form.ula ·and is almost always in excess of the 
basin wide design rate of threeMquarters of ail inch of runoffper d.ay (Qooper, 1989). 
This amount was based on three consi<lerations: (1) that not all .land in the basin 
would be in agricultural production at one time, (2)that some of' the land would be 
planted to water tolerant crops, and (3) that the canals hi the basin have some.storage 
capacity .. Although the capacity ofth~.canhl sy~t~_wwas~ot4esignedlarge.eno~gh to 
handle all the water discharged into from the EAA ~t on(;} time, jt was assumed that 
not all of the growers pump stations would be pumping or pumping to capacity at any 
given time (Cooper, 1989). . j • 

7. Soils. 

Organic soils represent the dominant soil type fotiiid throughout the EAA. The 
accumulation of organic soils beg~n 1n the upper :Everglades about 4,.400 years ago 
(McDowell et al. 1969). Organic soil~, or histosols_t;tre fprme<l pdmarilyjn shallow 
freshwater lakes or marshes which are inundated f()r m:uch of the year. The growth, 
death and decay of marsh vegetation over .tho'U~ands of years is responsible for the 
accumulation of thick deposits of organic muck or peat{histosols) up to 3.5 meters in 
depth south of Lake Okeechobee. The priilcipal veg~tCltion that accounts for histosol 
formation in the Everglades is a tall grass-like sedge, .commonly referred to as 
sawgrass (Cladiumjamaicense). Historically, peat accumulation in the Everglades 
proceeded at the rate of about 3.3 inches (8,4 em) every 100 years. By 1914, organic 
·s()il accumulations in the Everglades reached their ma1riinum aver~ge thickness of 
134 inches (3.65 M). Two other plants, the Custard apple tree (Annona .glabra L.), 
and elderberry (Sambucus intermedia) were ·.two other marsh plants that also 
contributed to peat formation ill the Everg~ades, principally near the southeast 
c,oriler .of Lake Okeechobee. (MeDowell et ttl.,, 1969): -

Several soil classification systems hav~ been devised for describing Eve1·glades 
histosols (Baldwin and Hawker, 1915; Davis and Bennett, 1927; Jones·, 1948). In 
1975, the Soil Conservation Service (McCollum et al.1 1978) revised these earlier soil 
classification schemes and re-mapped the EAA as part of a soil survey for Palm 
Beach County. Seven basic soil types now are recognized in the EAA: Torry muck, 
Terra Ceia muck, Pahokee muck, Lauderhill muck, Dania muck, Okleelanta ~uck 
and Okeechobee muck. The Terra Ceia and Pahokee series represent about 80 
percent of the soils reported in the EAA. Classification of these soils is largely based 
on soil properties and their depth to the limestone bedrock, with Terra Ceia and 
Okeechobee muck representing the deepest soils ( >96 inches), followed by Pahokee 
muck (between 36-96 inches), Lauderhill muck (between 20 and 36 inches) and Dania 
muck as the shallowest ( <20 inches). These five soil types probably represent the 
original sawgrass series identified in earlier classification schetnes (Synder, 1987). 

Soils in the Okeelanta series contain low-ash muck 16w40 inches deep over sand. 
Tory muck represents soils derived from custard apple forests once located on the 
southeast corner of Lake Okeechobee. 

Underlying these organic deposits is the Ft. Thompson formation consisting of 
alternating deposits of limestone, sand, and marl. These limestone beds were 
deposited during the Pleistocene, when marine waters covered the peninsula. This 
limestone layer contains numerous solution holes due to chemical weathering of the 
limestone bed rock. In scattered areas, thin layers of impermeable, gray-colored n1arl 
exist between organic soils and the limestone caprock (Cox et al., 1988). 

1\(\ 
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Sub$idence. Although histO$Pls are: .co~~idered highly fertile .~olls, they 
re9:ui:re. intensive management for maximum ~f,~,p yields .. Th~se· s.ails. ·we~e foxmed 
primarily under water logged, anaerobic conditions. Dra1na.ge and ~erat1on cause 
shri11kage, consolidation and biological Pki.d~itiph;.Q{the~e s.QUS.· tQ ~point wher~ soil 
loss.e!' result in m.easurable changes gtound_le.vel Qyer·~hne. Thhl proq~~lj; j~--~~Ued ~oil 
aubs1dence. St~d1es have shown that s\ib.3ideu~~r·~~1JS~~ qy 4~-~ina.-ge :Qfth~ EA.A h~s 
red~ced. t~e tb1~kness of these orga.nic so~l$~abov~t~he.w.a.t~r_ta.J~Je.by a.·PP.\lt.one, hfllfof 
the1r ortgtn~l depth (Stephens, 1969)~ Alth9ugb a.nqwp~r-ofotlu~r fa.ct9ts cont:rtbute 
to soil subsidence, biological oxidatio~ by furigi~:j .aer9lji~ :~~~ct~tta. ~P4_,~ct-iA.O-niyc~tes 
accounts for the majority of soil lo$S ip . th~ ~i~:rgla,dea. (Volk,. 19-7~); Thfa: warm 
climate and, wet/ dry season cycles and hig}l b'ioiogical act~vi'ty Qf ~Qil org,aniams c;tll 
contribute to the high rates of soil subsidence experienced in the EAA. 

Soil subsidence rates have been carefully do·cumented in the Everglades since 
~920's with . rates averaging near QP~ in~q . p~r y.ear .i~. , ma.Q.Y. locations 
(Snyder,1987;Cox et al. 1988). Re-wetting.the~e S,p'j}$i·py tlQodip,g, -Qr ~Y ~m~iat~~nir:tg a 
high water tables significantly reciuc~s sQU sV:P.$-!lenc~ rates •. Tli.~ rt;l.~ of ,a1;1h$·id.ence 
appears to be d.irectly correlated to th~ a,~~t~gci g~pth at. which th~ · ·wat~r t.~~le is 
maintained {Jones, 1948; Synder et. al~ _19~8)•1 f~~ld~ tn.aint~ined ~t a dep.th Qf_ll in. 
(30 em), 23.6 in. (60 em) and 35.4 jn.,(90. em) expe~i~nc~d suJ>sip.~p.c~· r.a.t~a 9C.0;6 in, 
(.1 .• 6 .c_.--m)_,.1.4_. ip.(2_ ··-~-_em). a_nd··- 2. ,2 ... -. i_n. _ .(3 ..• _7 __ .. ~pl __ .. _:_:l_:, .. r~._tl.P_~·-~~~iy·e-~Y-.--· (Jo_·_IJ-es_e.t_a_.z'.' .. 1_ .• __ ;94$; .. Snyd.er et 
al., 1978). Itl{i estimated that only 13 p~rcent:ofth~-~AA wdl haye so.tls thu~lt~r t.han 
361n. (91 em) by the year 2000. Loss ofth.~~e·:Qtgani~.sQjl~ ~hreatens··the QOntinu~tion 
ofagriculture in the EAA in its presentfQ.r$($Ji.:yder, '1~$7). 

Soil subsidence is a major contribqt.Qr Qfqltr9~e~ and.· pbosphQru~ intP· EAA 
drainage canals due to the high petc.~ntage :Qf Qf\:ga.nic matt~r .decomposition {95· %) 
associated with these soils (Marris~, 1975). Stt!dies c()ndu.et~d in the ~arly 1970's. 
estimated that EAA soil subsi<:lenc~ .. accQunts· (or ~24,480 metric ton,$. phosphoru_s/yr 
(Morris, 1975). Although most of the nitrog~n and phosphorus mineralized during 
OJCidation remain in the soils (Fiskell and. and Nicbolsop,. 1985) some nutri~tlts are 
di~.charged off-site to down stream water bad.ie~ where they become available as 
nutrients for plant growth. · 

Fertility. Although it could be argued· tod~y th~t the EAA contains some 
of the most fertile soils in Florida, this was not always the c~ae. Early farming eil'orts 
found virgin Everglades soils low in pho13phorus, potassium (Ha•nm~r, 1929), and the 
trace elements copper and manganese (Allison et q,l., 1927). Early 'atternp.ts to grow 
crops in muck soils were met with failure due to the lack of a number of trace 
elements. Allison et al. (1927) was first to reqognize copper as the most i-mportant 
micronutrient required for maximum yields of most EAA crops. Three other trace 
elements; manganese, zinc and boron, were also identified as itnportant 
micronutrients lacking in Everglades peat soils. Today, rice crops grown in the 
eastern EAA still experience seedling chlorosis due to the low iron content of its soils. 
Silicon is also reported t.o be low in most EAA soils for maximum. yields of su-garcane. 
Today's high production rates are the result of int.ensive fertilizer mana.gement 
programs in force over many years by EAA growers (Sanchez, 1987). 

Backgrou11d levels of soil phosphorus (i.e. unfertilized muck soils) are reported 
to be highest in Terra Ceia muck due to either (a) the natural background levels of 
phosphorus available in the soil. or, (b) the greater ability of these soils to retain 
phosphorus after fertilization, or both (Wiggins and Bottcher, 1987). Pahokee muck 
represented the second highest background levels of phosphorus in EAA histosols. 
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Sanchez (1989) points out that EAA histosols- vary considerably in their Fe, AI, 
CaC03 content, and other properties which influence the retention of phosphorus in 
E_AA _soils. Soils low in Fe, AI and/or CaCOa retain pho.sphorus poorly~ while soils 
h1gh In.these con~tituent~, l~ach relativelylittle·]>hosph~rits fr~~ the soi_l. A9alysis 
of. 20 dtf~erent histosols Indicated that the phosphorus buffermg .capacity of .these 
soils v~r1ed by two orders of magnitude a~ross the ·EAA (Sanchez anq · Porter, 
unpublished). Inorganic constituents. appear :tq 1have a major infll.Ience on the l1Ptake 
or release of phosphorus in organic soils.·Information·ofhow these ·soil properties 
affect phosphorus retention as well as information upon their distribution across the 
El\A is essential information required to form a· 'basis for developm~nt of BMP 
alt~rnatives for the EAA. ; , 

Farm Water Management Practices. The typical .Ei\A farm is v~ry large in 
compar!son to coastal farming operations, eii.eompassing many section.s of land. Their 
large ~1ze is due in part, to the high cost ·of'·tnaintaining adequat~ _drafnage and 
irrigation systems which require both a $utface water management permit and a 
consumptive use permit from the SFWMD· and ~FDE·R (lzullo, 1987)~ The a\rerage 
farm water management .system is .a network ·of open ditches excavated to the 
limestone bedrQck which are connected to.a. pump statio11Iocated ·On one of the major 
canals operated by the SFWMD. The mairi ditch branches off at_ right angles 'into 
numerous lateral ditches approximately 6, ft. wide, spac~d every 1/2 mile or sol on the 
hou.ndar.es of a section or half section ofthe farm~ Lateral ditches ate g.enera.lly 6 ft 
w!_d~ cmd bran~b off again at right angles to. e9JlaH_:_Y_·· .. ·space_d field. 'ditche __ s a __ h_out 3ft. 
Wide. These d1tches are parallel and subd1VIdJ~- the farm IntQ rectangular units 
approximately 660ft. by 2,640 ft. These 40~acre blocks represent the basic water 
ma,.nagement unit for a typical EAAfart.n ([.zuno~.l987) and are cited as the. sm.allest, 
most economical unit for practical water contr()l in ~the·EAA (Casselman and Gr~en, 
1971). 

Due to the flat terrai11, most water drains through the soil profile before 
reaching the field ditches, although some surface w~ter runoff is experienced during 
a major storm event. Irrigation/ drainage pumps generally are desiWted to remove 2 
to 3 inches of rain off the fields in 24-hours to protect· truck crops, while sugarcane 
requires 1 inch/24-hours (Stephens, 1955). Pump stations are designed for bi
directional flow to allow irrigation in the dry season, and for drainage and flood 
control during the wet season. These pumps are typically comprised of one or more 
low head, high capacity pumps capable of moving 20,000 gpm with lifts of up to 3-5ft. 
(Jones, 1948). For irrigation, growers have historically drawn from water from these 
canals at rates of 0.25 in/ac per day up to 7.5 in/ac per month (Mireau, 1974). 
Portable pumps are also commonly used oil many farms to flood fallow fields for 
insect control. Culverts, risers and boards are commonly placed at the inlets of each 
field ditch to control and distribute water more evenly. 

Irrigation on most farms is achieved by pumping water from the main canal 
into the network of field ditches thereby raising the soil profile water table and 
providing water to the roots of a specific crop. Drainage of these fields is the reverse; 
pumps create an artificial hydraulic gradient which drains the ditches and lowers the 
soil water table. Sprinklers and crown flooding (planting on beds and flooding water 
between the Qeds) is also used for some specialty operations such as nurseries and 
germinations beds (Izuno, 1987). Some farmers increase their irrigation and drainage 
rates through the placement of a network of mole drains beneath the crop root zone. 

Water 'rable Control Methods: The primary water management practice 
used by most growers is water table control. The storage of water within EAA 
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organ!c _ so.ils can be substantial if implemented prbp~~lY, ~11-d ca~ serv~ ~s ~--ni~~~~ of 
red~¢lng the demand on regional water sup'• p' 'lies;for .. strp:p·. leriiehtal W.Eiter use (liurio, 
1987). ·- . . - . I I, , 

. _ bpti~um water ~aQle levels recomtJie:Qd;~d ·tbt. ·s~g~~ca~¢ .. -·ts ·b~tw~~ii.J~,24 
Inch¢S below ground leve~, .. sod requireS 12. i_bc}les~ ;\VJii1e V~g~tabl~~ teg\}fr.'¢; gf~ater 
depth~ .<ahoift 2 feet) .. Mairitaini11g optilii4fti:: w~t~~ ,t~~le_ J~. ~~99rtnttf~~a·~~ Jor 
re~uc1n~ so11 lo~ses d.ue tp sp~si<f.ertce :~i!d: ~$ilsta~~Hng·; .m~~i~~ni crop · y-ielas 
(discusSIOn Aptilll, 1989 with Steve Cox;.$CS., ~;West Palni:B~ach, FL~ ). -

. _. _Wat~~ t~bl~ control prac_tice& vary wideiy,:.:~~~#~bt>ult· ·-~.ii~'.~A¥\ ... Q~h¢t.·.~b~n 
''Ian . .d .~or·m. -~g .. '.', th. ere are, no.·. w.id. el_'! ~ .. ?cept·e·d __ tn.··e·_·tb·o.·-a_·._$ .. o_;.··.r_.·.··_AAr# .. t .. :e. t._._.:'t.·.aJ~l-~.--·tn __ -.~-n .. ··~-g.·.:e.·;_~ ... ~.~~-t curre:ntly utlltzed by growers to .to conserve water or red,uce, tp~ v~l:ume_Qf water 
discharged off their land. Desired water t~bles rare "#i~in.~~dnea ·t>thjiarily b,y. J\l~ging 
watet leyels _on field ditch ma~}t~ts ~c~or~ing: to·~.rth~·:g~o.wer's. past e~'jjeti~p.¢~'(,li·iiJ:io, 
l987) .. If ra1n. threatens, grow~rs co.m.monly"pumfi!.~~hu~f?~J~aJ,Hlls_4:qwtt _to--y~ty~lbw 
levels. m a11ticipatio~ of a_ in~jpr t~infall. eyen:tr··· ;Often.th~~.prot;e~u:t·~ ,r~sults. _in 
pumping larger volumes 9f w4ter off the land, than .~necessaty t_es41tifi:g in :4 liSWer 
than optim-um water bible. . Few grow~rs utilize Jibservati'onal· w·ater teJll~ wells. 
keyed to autQmatic pumping systems to determine·the.eottect amotint of itrigdtfofi or 
dr::1inage required. · , , '· · .-

,EAA Soil Water Chemis.ttY• .. EAi triuc·~ .-~oils repr~·sti~t a~ J~pot~.a~t 
reservoir of rich organic material tl!at can; be inte#.siV.~h' man_!lgett Mutr~.s'.-<1975) 
e .. ~._·~i~-· a.t~d. th_e. t. otal stora_ g_e o~ .. p~o.s.P_ :~oru~_ .in_.· __ -.. E ..... ·.·_AA. -_.m_ .. ·- ··.u._:·_c.~-._k __ ..... $o_ J~s to ... ~e._,._·~-'b .. ~.o~~.-.1·, -.~. ·._.:9#··_J~jQ~ 
~ns o( ~~osph~rus. ~nd _210 w.~Jh.on ton~ Jl.Itr'*g~~-. :~~~llla,.tot~,r.~PP.to:~~~·a·t~lY,--;~~_\6qo 
tons of nttrogen (N) and 2,000 tons Qf p'h9tiPli.9rus ,.(P:). ax~ est1nrat~d .to be' fa,q~a ~n 
urib·ound forms (Hartenstein ~nd Forb~s, 1972l.antlbi~ve the~p~otentiai.tb l)i! #tiUZ,ed 
by crops or exported from the EAA. These organ~c~ soil~ g.~ner~lly C01lta:i:n mpre ·tijan 
2.5 percent nitrogen and 1.0 percent sulfur (Snyder, 1987)~ Backgrotind- phosphorus 
levels in virgill: (uncul~iy~tecU o~g~nic -~u.(!k :range_ :from o~o~ .. to o~o4 ,P.e;r~.ent 
phosphorus (Sanchez, 1987). _ ~~mmar .(J.9-29) r~por~ed the phQaphc:>r.us ~onteP.F. of 
Everglades soils to range from 0.08 to 0.35 pere~nt. _ In, virgin soil~ Ni~liqls·p~ (,1'9$~) 
found that inorganic phosphorus was only 24: percent~~ftl1etotal phosp~or4s.~p~t~rit. 
By comparison, inorganic phosphorus in cultivated fields ranges from 5·() to 72 
percent of total phosphorus content. , 

In comparison to organic_ soils world wide, tp1cultivated Everglades 11iatosols 
contain low concentrations of phosphorus,. po.tas·sium,_ silicon_. ~ilid ash · wit~ a 
generally higher pH. Although the mineral content of muck son~ a1orig the· so.uth 
shore of Lake Okeechobee ma:y range as high.Ll~t50 percent, the soils qft~e interio1· 
EAA have a much lower low ash content (10-~0 percent), Ha1nmar ( 1929) report~d 
Organ~c soils within the extreme northern portion of the EAA were fbr~e.d from 
extensive custard apple forests which once lined the south shore of the Lake 
Okeechobee. Today these soils are known today as "custard apple muck", :Qr 'forf·y 
muck (Hammar, 1929). Torry muck is much high~r in ash .c·ontent, silica_, iron, 
aluminum and lower in caleium and nitrogen col}tent than other EAA inuck soils. 
Other muck soils; Terra Ceia, Pahokee, La.ud~rhi11 and Dania have low ash contents 
(Snyd,er; 1987). The moderately high pH exhibited by EAA muck soils ill compa;rison 
to other organic soils is du~ to the contact with underlying limestone (calciun1 
carbonate) bedrock which tends to buffer soil pH. 

EAA muck soils vary spatially with respect to ash content content with highest 
values recorded iJi soils closest to Lake Okeechobee. Muck soil depths gradually 
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decrease to the south and also near major ·canals as a result of localized soil 
subsidence. Localized variability due to variable ·bedrock is common. 

Much of our understanding of EAA soil chemistry is derived from the nutrient 
requirements of crops grown within this agricultural region. The goal of most soil 
chemical assays were to determine the· potential·for maximum crop yield. The 
objective has been to identify limiting nutritional conditions and ·det~:nnine the 
appropriate soil amendment to correct deficiencies·. Researchers at the Florida 
Agricultural Experiment Station at Belle Glade(IFAS) have found crop production to 
he limited by copper and manganese deficiencies. · M'any vegetable crops also have 
requirements for zinc and boron. Iron has been identified as a cotnmon d~ficiency in 
rice. Sugar cane and rice both show a posi(ti:ve r~sponse to the application of silicon 
soil amendments. Generally there is some advantage to applying· small doses of 
nitrogen to many crops which provides an initialboost in soil fertility. Potassium 
has been found to be deficient for several crops.andis .routinely applied. 

Although there is substantial storage ofphosphorus within EAA muck soils, in 
many cases these. levels are deficient for optim.al ·growth of vegetable crops. 
Relatively little phosphorus is applied to stigar cane, based on soil test results 
(Sanchez 1989, in press). A common application rate for phosphorus deficient sqiJs is 
22 kg P ha-l .. For vegetable crops, considerably more phosphorus is required with 
recommended rates ranging from 0 to 400 kg ha .. l. An average a,pplication for all 
crops types is 150 kg ha-1. These high.applicatio~ rates· are necessary because. the 
tihbouhd soil phosphorus is ·not sufficient to sustain m.arlmllm growth. 'l'here is an 
indication that soil phosphorus content increa~es with time under cultivation and 
that the surface water runoff from fields that have been cultivated for long periods of 
time contain. considerably more phosphoru$ than newly cultivated tnuck soils 
(CH2M-Hill, 1978) The mineral phosphorus fraction increases considerably more 
thaP. the orgap.ic phosphorus .fraction in response to fertilization and cultivation. 
These soils generally have high phosphorus retention capacities and can retain 1l1uch 
of the phosphorus applied. 

Although a complete understanding of the phosphorus sorption capacity of EAA 
organic soils is lacking, it appears that phosphorus sorption and retention is 
controlled by the amount of calcium, iron and aluminum complexes and precipitates 
present within EAA .histosols (Sanchez, 1988; Richardson, 1985). Phosphorus 
re~ention is generally increased by the presence of iron and aluminum. Richardson, 
(1985) reports that among the 20 different types of organic soils, 87 percent of the 
variability of phosphorus sorption capacity is explained by extractable aluminum 
concentrations. Iron and aluminum content tends to increase with greater ash 
content (Sanchez, 1988) and may vary from less than 1 percent to greater than 5 
percent. Phosphorus retention may also be increased by the precipitation of 
Ca-phosphates within organic soils that contain high amounts of marl or that are in 
close contact with the underlying limestone bedrock as is the case w,ith many EAA 
soil types. Muck soils which contain a high calcium carbonate exhibit a higher 
phosphorus retention capacity (Sanchez, 1988). Lucas (1980) found that chemical 
liming of Okeechobee muck increased the phosphorus retention of these soils. Soil 
waters draining Pahokee muck were reported to lose less phosphorus than other 
EAA soils (Okeechobee muck) due to its higher iron and aluminum content. 
Measurements of phosphorus loss from some EAA soil profiles ranged from 4. 7 to 9.2 
kg P ha-l (Forsee and Neller, 1942). However, estimates of off-site loss through 
surface drainage generally range from 0.2 to 3.5 kg P ha-l (Cif:lM Hill, 1978) 
indicating that some of the phosphorus lost from the soil profile is re-adsorbed. 
Lateral transport of soil water through the muck and porous limestone to drainage 
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ditches has the; effect of, reducing phosphorus conce~trations. Hor,te~ste~n.a.n4 :f:Q_rb_es 
(1972) cotu;luded that the underlying marl wa$ ~e{fec~hre itt'rem<)vbig plj.Q.~pP,ohis 
from percolating water! _Only a small fractidn o(the·_(jliosphorti$ ~hat is iiPfil_i¢a ~B 
fertilizer or is released from the soil by oxidat~on (subsidence) is trarisP.orted td 
surface drainage ditches. · 

Effects of Soil Subsi~ence on Phospho_rus ·RC.l~ase-•. · _A;ppto~dtn~t~~.iY {7~·dpo 
kg ha-l Qf organic carbon becomes rnineralizeil ~~d"Ually. Within: EA:A·. agtl~, _('r~8:tle, 
1979; Volk, 1973). Terry (1980) reported that 7:- gJ:r~(2 of nittog¢n. Is fnin~r~Jii.~d fd~ 
each Ittillirneter depth of muck lost due to mi:¢tobil~i c)xidati()n~: C0()~1)U11tfg ·the 
amount of. soH oxidized _each year with the known:. s1a'il pho§P,lforus; c~nt:etit; to~~g}l 
est~ma:tes· 9f the po·tential mine:raJi~ation ofphospnotus ~rot#;E~l\ .s~tl,$1 -tfiiig~.f~g~i;t.i. .20 
to 156, kg P ha-l (Sanchez, 1988). Morris (1975)'. esti)rHtte.d tlt~t 24,-it80 mettic-to'fi:s' of 
phosphorus· is annually generated by subsid:ellce.withiri the EAA. · 

. Phosphorus, released during soil oxidation i~ mC)st llltc~'ly .t~· b:e tet~·~n'e,d_ i)iJhe_ 
sod profile. Analysis of the phosphorus content of the pi. licit ~:oil ptofil~. in·<ii'cll,·t~S.. there 
is a Substantial increase in phosphoru·s CQfiten.;t a:t; ~h.~ Surface· btit ·Ii~tr·e _ ht~~ea,s~. in 
d~~per: lay~rs (Fisk ell an~ ~iehQlson, _19:86) ~. ~q~t_:of phe. p·~osp~~~U$ ., t~!~~~~~~ 4~'f~~g: 
oxidation Is resorbed w1thm the soil 1n· a dtffe'tent form·. TnJ.s tnihcatle~ tna't a 
majority of the fe:rtilizer and oxidative-origi~-- J)h()~phQrtis _is· f.et~in~a( ~~-- ·~~~·*·.s.9il 
p~oflle. Sanchez. (1988) reported high·phosphorus·tet6·n:ti~n_caJpJicfti~s·f9~ ~~t¥)(EA:A 
muck samples. Investigations ofthe fa~e of p~osp~Qr~~·11i'flooHed'q~g~ni~ $~U~~-~;t,~~:e. 
A.poplta) found that 4·7 percent of the nnnerabzed phosplj.otus ~~S. retarn.ea~J,~ ~~~_.SQil 
(Reddy and Rao, 1983). Phosphorus releasedtinderaetobiccopditions·are riiote liltely 
to be retained in aerobic than within Jlfi~erobic soils·. ·. ~Oi's tliat _pay~ .. ~ lii~h 
p.ho~p. h_orus_. _rete-ntion capacity _ m._ay_ effi. e. ctive~~- .sP_!'.:~ __ <li_t;'~~~ii.t P_·:.·.h_ .•. _osp.-~~o __ '.,tu,~_--_-Wh.: ep __ 
drained, but releE;tse a pulse of phosphorus when·JtUtiaHy flooded (S~p.ch~z, l~JS8J.. ,A 
study of the flooding of organic soils adjacent to Lake Ap~plta'we~~·-~hown tb ihcrease 
the phosphoru~release in drainageeffluent4to,8.times-(Reddy, 1983)~ 

Crop Type and Fertilizer Us·e. The phosphorus dyria~i~s of EA1\ $oi1s js 
largely dependent· on agricultural practices such as crop type, ferti11za;tiort r~-tes. and 
timing, and water management practices. The' o{ltions . for~. va·~yirig .. vvat~r 
management and fertilization practices are determined to a: Hu·ge extent'l;)y cro!fati(i 
soil- type and location. Sugar cane requires relatively little· ph6sp;h<)rus· .,"'liile 
vegetables crops require high rates of fertilization. These· recortuti~~daJio~s are 
based on soil test data (Sanche·z, 1989). As a result~ the· typ·e· of crop· pla·n~ed. ;tia~ the , 
greatest impact on soil water phosphorus content 4u:e to the nl1trient :r¢qp,ire.rp..~iits- of' 
ttte sp.ecies planted. Overall, vegetables crops cover apptmdmately 10 percentofthe
EAA and are respon~ible for approximately one third' of the p~osphorus fertilizer 
applied (IFAS, 198'9). Fertilization of sugar cane is considerably less· and no 
phosphorus is applied in some areas. The efficiency of phosphorus· u~e on veg~ta,ble _ 
crops could be i111proved substantially by the direct placem·ent and' timing·-offertiliz~r 
appli'cations. By applying a band of phosphorus directly below t4'e root . z<)~e. 
(i.e."band· application") improvements in fertilizer use can be realized-· -w-itp-'o~t 
affecting crop yields or product quality (Sanchez, unpublished data). ~hosphorhs 
application rates for vegetable crops could be reduced by as much as 40 percent by ·~he 
band application technique as compared to conventional broadcast application 
methods, therefore reducing grower costs and the· amount of phosphorus thttt might 
be discharged off-site (Sanchez, unpublished data)~ Soil testing still remains as one'of 
the most viable strategies for growers to avoid excessive fertilization of their fields · 
(Sanchez and Burdine, 1987). 
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. Most of the phosphorus applied as (ertilizer remaitls at shallow soil depths 
(Nicholson and Fiskell, 1985). Intensively tilled fields receiving years of fertilizer 
applic~tions m~y accumulate sufficient phosphorus to exceed .the p~osphorus 
re~ention capacity at shallower depths allowi»g deeper. pel)etratton (Ftskell and 
N1cho~son, 1986). It was speculated th~t fertUizerpho~phorus. was converted to an 
organic form and was not mobile under current land us~. l:n soils used for vegetables 
and pasture there has been a considerable iilcrea~e ~n soil phosphorus content. 

The effect of different cropping practices. is ,eviqent from an evalQation of 
phosphorus fate (Table 9). A comparison of sugar cane and vegetable crops indicates 
that five timef? more phosphorus is lost in drainage waters. Although a sub$tantial 
mass of phosphorus was assimilated into the soil on site, high concentrations were 
detected in soil water and ground water. 
Table 9. Fate of Phosphorus in EAA Soils and Soil Water for Sugar Cane and 

V t bl (CH M H'll 1978) ~ge a es 2 - 1 ~, -

Crop type 
.Amount of Phosphorus PhosP.horus Phosphorus iri Phospho·rus in Pho~phorus 
Phosphorus Upta k~ by Crop Assimtlatedin DrainaMwaters Soil Pore Water Ctmc~ntration.'i in 
t!pphed(l) (1) Soil Matrix r2) Ground\aiater (2) 

SugarCane 20 7.3 9.7 0 .. 11 0!29 0.09 
Vegetables 106 8.2 85 '3.58 7.51 1.03 

llJ Kg phosphorus/ hectare ~~J mg/tl er t"hospnorus 

Effects of Water Management Practices on EAA Soils. Water 
management practices within the EAA have Q.ad a considerable influence on the 
~etentio~ and transport of phosphorus into area ~rainagecanals. J?rai~age of the so!l 
profile Influences the release of phosph,orua through ox1da t1on and soil 
mineralization. Although high water tables greatly_ reduce soil subsidence and the 
loss· of phosphQrl.J.$ frpm EAA soils, they also_ h.av.ethe tendency to induce nitrogen 
and magpesium deficiencies in some crops (Shih and Rosen, 1985). Hartenstein and 
Forbes (1972) found that inorganic phosphorus concentrations were ten times greater 
in freshly drained muck compared to undrained muck. Phosphorus concentrations 
decreased with depth in the muck. Reflooding soils after extended drained periods 
may result in releases of phosphorus to surface waters. Soils that have a high 
phosphorus retention capacity may effectively retain phosphorus when drained but 
exhibit pulse releases of phosphorus when initially flooded. Water management of 
organic m~ck soils for irrigation or storm water drainage has the potential to 
enhance or diminish phosphorus release from EAA soils. 

The degree to which irrigation and drainage are required, depend on the crop 
grown and the season. A number of crops (sugar cane, vegetables, sod corn and rice) 
are grown in different seasons and have· different water requirements for opti1nun1 
production. Each crop has a different tolerance to extent and duration of flooding 
without incurring significant economic loss. Water management for crop production 
may significantly effect the magnitude of phosphorus retention and transport. 

The primary crop of the EAA is sugar cane which requires substantial 
irrigation during the summer growing season and drainage for high intensity storms 
that commonly occur during the summer and fall months, Mineralization of organic 
phosphorus may be reduced by maintaining higher water tables and reducing the 
rate of drainage. This practice requires greater water table control than is currently 
practiced within the EAA. One option to reduce off~site phosphorus loading during 
the surnmer months would be to pump drainage waters onto fallow fields. Since a 
common practice is to fallow and flood each field for pest management between 
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r~planting 1/lOth to 1/4 of a given farm area may be fa~low. Phosphoru.~ in tpe 
~1scharge water ~ay be hydraulically loaded on. the f~Uow fiel4. re~qJ;ting in 
1ncrea~ed percolation through underlying limeston~ .and .inctea~ed phos·til1;6rus 
retention. · · 

.Production of winter vegetables is ah import}ln~ activfty ·d~ring th~ ~lp..~~r 
growmg season. These crops are very sensitiv~ tp wat~t table m·apjpqla'ti~Ji. A .Q.jgh 
water tables reduce~ rooting depth and S~ll~iti~e~_t·be crop to TI~b·(l ~aina·g~ .. ·~o~ 
water tables result m drought stress. Most vegetables are very Intolerant nf even 
brief flooding periods and require immediate drf:l,iDJ:lge. $ugar: .c®e i~ .alsb irtipact¢d 
by flooding during the winter months and requires· lmmediate qtrain~.ge. · 

. . 1' 

8. Water Quality in EAA C~nals. 

A more comprehensive discussion of inflow water volum.es, flow-weighted 
nu~rient concentrations, and nutrientloa~ings a~·pU;,ti}P s~atio,ns ·s·~,~A,S.o6~. S·.'f ati4 S-
8, 1s presented in section B.5 "WCA Water ·Qua1ity ·cbatact~ristics: ·soq.rces of 
Phosphorus." · · · · · · 

The quality ofcanal water drafu.ing the EAA was evaly.ated using the pe:r$(Jd of 
record 1979-1988 under pumping and "no flow'' ~onditi.Qns. Dati:). from .pl)iij.p :st~ti,orts 
S-5A, 8-6, s .. 7, and S-8 were examined .~tatistic~lly for ~e~e~ w~t~t qu~lity 
parameters including turbidity, chloride; colo:r, total nitrogen, nitr;I.te, n_itti'e and 
tota.l phosphorus concentrations (Table 10). These .data were ~ubdiv.ided i~tQ two 
groups, (1) parameters ~easured when the 

1
ptit(lf); station was in opeta~ion ~ttd (2) 

water q~ality parameters measured when tbe pu~ps were not ~in oi>eratio;fi, i~~· "no 
tlow'' conditions. Results of these analyze indicate .several trend's as: shown ln. ~l"ttble 
~ ., 

Table 10. Statistical characteristics ofseleeted physical and chem. ical.water 
quali~ parameters·obtained-from~4iscrete-~ate.r s~·~ples CQ;ll,e.cted 
frot:n EAA pump stations. ~ample'tnr_~~ ,obtain,ed r~P,resellt!J;~~~iods 
of t1me when pump~ where 1n operation versus "no flow" conQ.it).On~. 
Period of record, 1979- 1988. · 

(a) 

Parameter S-5A S-6 S-7 S-8 
-. 

Turbidity (ntu) 10.2 (4.5.>* 4.2 (3.7) 4.4(3.4) 15.2 (5.0)* 

·Chloride (mg/L) 204 (197> 192 (182) 159 (143)* 89 (81) 

~Color (p.u.) 173 (159) 145 (139) 127 (106)* 126 (109)* 

Total N (mg/L) 6.66 (4.95)* 4.59 (4.38)* 4.06 (3.38)* 3.85 (3.00)* 

NOs (mg/L) 2.806 (1.063)* 1.24.1 (0.791)* 1.255 (0.772):1· 1.071 (0. 700)* 

N02 (mg/L) 0.040 (0.119)* 0.067 (0.089)* 0.017 (0.044)* 0.029 (0.035) 

Total P (mg/L) 0.177 (0.185) 0.091 (0.104) 0.075 (0.085) 0.138 (0..100) 

Numbers without parentheses refer to parameters measured when pump station wa~ in operation; valuus in 
parentheses ( ) represent parameters measured when pumps were not in operation, i.e. "no 11ow" condition11; "' 
asterisk = statistically significant difference between sample means; Source: SFWM D, unpublished data. 

·. 

Water at all four EAA pump stations contain high concentrations of total 
nitrogen, nitrate, nitrite, Total phosphorus and chloride as well as high color 
and turbidity values. These results are similar to previous analysis of wa'ter 
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quality data collected from the primary water conveyance canals of the EAA 
(Lutz, 1977; CH2M .. Hill, 1978). 
~ighest concentrations of total phosph9r.us, total and inorganic forms of 
nttrogen as well as chlorides were observed at pump statio~ S-5A located 
within the eastern portion of the :EAA. Nitrogen concentr.ations were 
signifi~antly ~igher at all stations d~.t~ngp\imping;~vents. · 
Sampln.tg.stat.ton mean concentra~iOAS for t~e.majority of param~ters samp~ed 
were higher In the eastern portion of the EAA {S-5A, S-7 and S-7) w1th 
generally lower station means observed to the w~st (S-8). 

9. Flood Control. 

The EAA depends upon the pump stations at its north and south boundaries for 
flood control. The original design for the pump stations provided an approximate 
equal distribution of pumping flood waters to the north as to the south. The south 
flood control pumping is into the WCA and the northern pumping is into Lake 
Okeechobee. Stations S~5A, S-6, S-7 and S-8 pump frotn the EAA into the WCAs. 

As discussed earlier, concerns over the accelerated rate ofeutrophication in 
Lake Okeechobee led to a decision to change the .. relative distripution of flood or 
drainage wf}ter pumped from the EAA north to L#ike Okeechobee on an average 
B.lll11lal basis. This redistribution was called the .. lnterilll .. Action Plan (lAP). Under 
this plan, 95% of all flood waters and w.a~rrelea~edJrom La.ke Okeechobee for water 
supply purposes are pumped from the EAA into t.he Water Conservation Areas. Only 
an estimated 5% is pumped north to Lake Oke~chobee during flood or drought 
emergency conditions. The lAP did not alter operation ofthe S-5A pump station. 

The flood protection level of service for the EAAis currently as designed in the 
original project documents. The infrequent use ofthe northern pump stations is an 
indicator of the design level, but also is can indicator of the need to retain the pumping 
capacity for flood control purposes. 

10. Economics. 

The Everglades; Agricultural Area (EAA) comprises about 700,000 acres. The 
area is dependent on the WCAs for flood control, especially since the implementation 
of the lAP to protect~ Lake Okeechobee. The WGAs also provide some of the water 
supply to the EAA by means of backpumping and other special operation of 
structures. The primary source of supplemental irrigation water for the EAA, 
however, is Lake Okeechobee, which also provides emergency flood protection for 
northern portions of the EAA. . 

The EAA economy is based largely on agriculture. The population is 
concentrated in the following towns located around the rim of the Lake with 1987 
permanent populations as follows; Clewiston 5,828, South Bay 3,666, Belle Glade 
17,184, and Pahokee 6,633. Besides being the hometowns of most of the permanent 
labor force, they support much of the agriculturally related supply and processing 
activities and are the headquarters of many of the agricultural enterprises. They 
also support the industry oriented to serving recreational use in the ~outhern part of 
Lake Okeechobee. A seasonal influx of agricultural workers increases the population 
of towns in this area during the winter sugarcane harvest and vegetable seasons. For 
instance, the City of Belle Glade estimates that its population increases by about 
6,000 during this period. In recent years several thousand offshore workers, largely 
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from the West Indies, have been utilized by agricultur~l employer~ in the EA'A. 
These workers are housed in special labor camps .. p~ovided by :their ·emplQyers. · 

. . Agri~ult~re in the EAA relies on the_. t)2p,.O.OQ. ·~pres of rich. m':l'Ck ~~il~ npw 
trrtgated, dratned and under cultivation. On these: .acres ar~ .. praduced ·shgarcan.e, 
vege~ables, so~ and rice. The ~stimated ~cteag~.~n~.- sa.~es v~lue pfth.~·s·e •.crops~ ·~s 
pro.v1ded by IFAS an. d t~~ Pallh Bea.ch 'C.·_ 64:n.·tY ..• ~ -.~E.~1i .. -.l .. ~.·-~.··.s .. i.·o·;·P·· ... ~~e~.t, ... ~i~ ... ll .. {.~ .. y .. :i.p~d }p 
Table 11. Due to the_ dif~eren~ sources.. ~-n~. t~.tt}l~f(~re~~ --~tifi~ .,P,·e.fJP~~ ~~~-~ .w~~~ 
observ~d, the land use data 1n th1s table differ sl~g}it~~ from th'e SF~MD data base as 
shown In Table 9. -

, ' 

Table 11. Acreage and Values of Agricultural Production in the 
Everglades Agricultura~ Area ,. _ . 

Crop Acreage (X1000) Farm Sales ($MILLI6i\isj 
..... - •\•,•· .l)',t!.;Jt,·.·· ,;....-- j> -·~ .-::?""· ~·. ' 

SUGARCANE 433 I • $~1)0 
~ ._.- \' 

VEGETABLES 23 ~ '' fHl 
SOD 29 3,0 
RICE 3 3' 

LIVESTOCK 32 ~ -

OTHER 6 7 

'I'OTAL 526· $'5tr91 

DatttSources: Sale value per acre from I~'AS ;' Palin Beg~li'Qouh;tyfuxtot1Sion; estimated a·creal:ftl:l fr01i1 

SFWMD; sugar cane value from Mulkey and Clouser, t9s~: 

Farm employment in the EAA is very seasa~#<fBecatts.e··o£. the s~asoual na<ture cof 
the sugarcane harvest and· the seas()n~l nature of:Ve·g~.~~ib~e produe!tipn •. Y·~~:r ~purrdi 
farm employm·ent is about 4,100'full time· employees. Thi'$'ri.Sef; ;to al)out I 7,600' 
individ11als during the peak season whieh-incl'4d~~:~bou;t-I,p,.44l·foteigx;r .workers 
(FSCL, ll98.8). In 1988, the employment payroll :wa.s•ov~er $226cmilfi'onJQr tne· 
sugarcane industry. Farm processing and supply ep~ployment a.re not includ,etf in' 
these figures and' are·discussed below. I 

While the vegetables are packed and shippeQ. fresh and are not subject to 
extensive processing, sugar. ca~e is loc~lly proce·s~ed .which aqd·s ~on~ider~bly to i'ts 
value and the output- of the Industry. S1x sugar ~Ills IIi, the E4:t.\ proces·saH toe cane 
produced in south Florida, .both inside and outside the. EAA. All suga~r· cane· is grown 
under contract for processing at one of these mills. Location (prij:iCiri1ity) is· a thajor 
factor in determining the mill which will be· con:tl,'"actually linked td each can~,· field. 
The mills produce raw sugar, molasses and oth~r by-products~ tlie total y8.1ue" of 
which is about $577'million or an increliient·of"$.225-~illion ·over· the value ·afthe c·atie 
on the farm. A portion of the raw sugar receives furthe~· pl•oc·essing" at th¢ ·sugar 
refineries located in the · EAA. This add:s to the value of the industry o1.itput hut 
statistics on these establishments are not published bec~use ofdisclosute limi'talions. 
A large p.ortion of the raw sugar is processed outsic;le of Florida. 

11. Recreation, Navigation and Public Access. 

Recreational Activities. As mentioned above, the EAA is also the ba·se for the 
recreational use of the southern p.ortion. of Lake Okeechobee. Additionally,' o·utd'obr 
recreation activity within the EAA is concentrated in the primary drainage· canal 
system and on four state-owned tracts of land - Lake Harbor Waterfowl Management 
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Area and Roten berger, Holey Land and BroWil'S Farm Wildlife Manag~ment Areas. 
Manag~~e~t of wildlife resources ~nd p~blic use ,in these fou( area~ is the 
respons1b1hty of the Florida Game and Fresh Wa-ter.FishCom~jssion (FGFW.FCJ. 

De~r ~d wild hog hunting ~re the pri~c·~p~it~c~iv~t~_~a, co~ducte4. witl}in the 
three wildlife management areas, and acces~ ~s 7genera~lly off of .proJect 1~vees. 
Walk-in hunting is allowed; however, hunters utilize. a· variety of specialized off-road 
vehicles (ORVs) to travel within these areas. because of the difficult terrain and the 
!act that they are seas~nal~y in~~dat_e~:. ·, · r;rlie J~nio:vnt. of wa.ter .pres~nt often 
Influences the mode of transportation f;Jelected a~q ~al1 .~ay~_ aJt Jmpact OIJ-. h8:rvest 
ra~es: Acces~ t _ _o_the waterfow_.I ma_ nagement a.r_.ea .. _·:~·~ b .. 'y fqot.on_ ly. Bank~.~s.h1ng IS the 
princip~l activity conducted 1n the EAA can~l .. sy~t~~tn· Th~re has be.en httle demand 
for boating access to these canals in· the past, and as a result there are few improved 
access sites. Many fishermen generally do not v~~w. these .canals as prime fish 
producers because of the absence of adja~eltt l)utrsl\·,ijy$~~ms and concerns over runoff 
and pumped discharges from adjacent agric1.1Itural fi~Jds,. 

_. Holey Land Wildlif~ Manag~m~nt _Area.. 'The Holey_ Land .. Wildlife 
Management Area is a 35,026. acre tr~ct· lying in th~ S .. s and H-7 .sub~basins. It is 
wholly state owned ~lid managed by the Flori4a Gam~ and F~~shwater Fish 
Commission (FGFWFC). The areai$ heavily \ISediforwhite~tailed deer and ..also hog 
hunting. A small amount ofwaterfowl hunting·occurs, and wintering w~ter birds 
such as white ibis, great egrets, and snoWY egrets can be spotted between September 
and February. The 3,000 acres of shrub ,habitat i$. mo~t import~nt for the deer who 
also forage among tree island, sawgrass and mixed sawgrass/shrub vegetation. A 
1983 survey indicated a population of600-.700 deer on. the tract, up from an estimated 
200 ... 300 deer population in 1982. At present, the deer population appears to be 
declining due to a peat fire which destroyed substf.lntial habitat and forced deer onto 
adjoining tracts. FGFWFC estimates that th~ R-oley Land tract sustained 3,517 
man .. days of use in the July 1; 1988, to June 30, 1989 year .. Most hunters walk-in off 
canal levees, but controlled use of airboats and specially equipped outdoor 
recreational vehicles is common in order to access the interior. 

In 1983, a Memorandum ofUnderstanding(MOA) was entered into by the DER, 
the Board of Trustees of the Internal Improvement Trust Fund, the FGFWFC, and 
the District (SFWMD, 1983). The Agreement establishes a process for the 
implementation of a plan to restore Everglades values associated with the Holey 
Land/Rotenberger Tract and provides for the establishment of water regulation 
schedules which will simulate the natural hydroperiod. In June 1990, the District 
and the FGFWFC entered into an agreement detailing the initial operational 
schedule for the Holey Land that will provide hydroperiod improvements for both the 
Holey Land and WCA-3A. 

Rotenberger Wildlife Management Area. Rotenberger Wildlife 
Management Area consists of 23,970 acres of statewowned and leased private land 
(roughly 40% of total acreage) managed by the FGFWFC for deer and hog hunting. It 
is located within the 8~8 sub .. basin and is separated from the I-Ioley Land by the 
Miami Canal. A 1983 FGFWFC survey of this tract found that most deer occur in the 
northern half of the acreage. Like the Holey Land, hunters walk-in off perimeter 
canal levees although airboats and special outdoor recreation vehicles are also in 
limited and controlled use. Seasonal inundation and a year-round high water table 
deter internal access. Between July 1, 1988) and June 30, 1989, FGFWFC estimates 
that this area sustained 1,246 manMdays of hunting use. Due to impeded external 
access and no improved parking, most of this use is assumed to originate locally. 
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Brown's Farm Wildlife Management Area. Ib~o:wn•~ Fa,~m. _Wildlife 
Management Area is a 4,460-acre, state~owned ·tract tnan~ged b.y the 'FQFWf,C and 
commonly used for white~ tailed deer and hog h~l):ti~g. ll';unt.er.access ;t.o -th~ .~rae~ is 
off canal levees on an walk-in basis. The difficult 'te'rrain .and sea,spjlal inu~dation 
make the interior generally reachab~~ only ~y sp~~~~l out~qor ~~cr.e;;l'tjon~_l y~hi __ ~les. 
Between July 1, 1988, and June 30, 1989,,:-GFC.:estimat('a th:at R()ten)Je~g.er recetyed 
2, 864 man-days of deer hunting use: · 

I . . 

Lake Harbor Waterfowl Managem~•t 4-r¢h~ :'f~e._ La}),e ijfJ..rb.o;r Wil<l.life 
Management Area is located on the MiinriiCanal, 'SO~th::bfLake ,Q~~~.chQb¢e··~nd 
north of Holey_ Land and ;Rotenberger. 'The-f}tea ·1~ · · ·pu.blipty owned qy the '_stat~ ~t1nd 
leased to the FGFWFC which allows a private l~a.$et(}.e1J.lt~vate rjcefor b9th h~-rvest 
and wildlife habitat. No recreational vehicles ~re'allowed!~: 

Other EAA Water-Related necr~atlQn. _ )\:p. ~~sting , cpro.pone~t ,of ~he 
corridor-designated but uncertified Floi:ida 'Na~io~~l :$ce.nip Trai_l sk,irts :~he ea,stern 
perimeter of Lake Okeechobee and follQWs a soutliwest~rly direction through the 
EAA. With other segments still under d~vel()ptp,.e~t, .. th~:~t~ail wiJJ be Q.v~ilable for 
pu.blic use on national parlt _land _- ~.l).d ~Y,JJ:~hlri.~l t:~?..-esp. land s.egmen~~· ~?~t 
privately-owned_ segments of the trail wtll .}J.e '0P.~n. m;dy to the Flqr1da _ · Tra1l 
Association, an established public interest (n:g~ulizat.ic)n wq,}ch has-been instrutn'eJttal 
in trail_ designation and development. Water-~n:hane¢d _ and _. water-dependent 
recreational uses include hiking, bird watcl:ajng, and nature observation. , 
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B. WATEit CONSERV ArriON AREAS {WCAs). 

1. Descriptions ofWCA Boundaries and Hydrologic Features. 

Water Conservation Area 1 (WCA-1). Water Conservation Area 1, also 
known as the Arthur R. Marshall Loxahatchee National Wildlife Refuge, includes 
227 mi2 (145,280 acres) (588 ~m2) of Everglades wetland habitat. WCA-llies west of 
U.S. 441 and south ofState Road 80 in Palm Beach County, Florida, 15 miles from 
the Atlantic Ocean. The LNWR boundaries are generally defined by the outer 
boundary of the levee right-of-ways surrounding WCA ... l. However, there are several 
places where the current refuge boundary does notq\lite close and at least one other 
pl~ce, around S-39 where the LNWR extends beyond the surrounding levee tight-of
ways. 

The essential water rnanage·mentfeatures of the WCA system and the adJacent 
Everglades Agricultural Area (EAAJ are shown in Figure 15. The wel?tern 
boundaries of WCA-1 border the EAA. Th~ EAA includes large sugar cane, winter 
vegetable and sod farm operation~. _The area ·east ofWCA~l includes a number of 
rapidly expanding urban coniinUilities, ·although several sections im1'11;ediately 
adjacent to WCA-1 are tmdev~loped and .coD:tain e;x:tensive wetlands. To the south 
and southwest·ofthe refuge lie WCA,..2A @d WCA-3A. 

Historic Conditions and Ptesent.Martagement .. Water Conservation Area 1 
represents one of the lastrelTlliants ofnotthern Everglades habitat. WCA-1 is part of 
the historic Everglades .system that once stret~hed from the south shore of_ Lake 
Okeechobee 90 miles south to the mangrove estuaries of Florida Bay (Figure 2 and 
Figure 5). Prior to the· construction of water ~Panagement canals·and levees, WCA ... l 
was hydrologically interconnected with WCA~2 and WCA-3 as part of one vast 
o_ verland ~heet flow system. The. wa.t~r regime for WCA-1 consis~ed. of both rainfall 
and overland sheet flow. Pre-dramag~ s.heet flow patterns wtthm WCA-1 were 
primarily from north to south in the northern end of the refuge; curving to a 
northeast to southwest direction in the south end as reflected in the orientation of 
ptese:r1t day tree island communities as. shown in remote .sensing mapping data 
supplied by the USFWS (Richardson; J. as c'ited in LOTAC-II, 1988). Its interior is 
characterized by a labyrinth of small tree islands set in a matrix of wet prairies, 
sawgrass ridges and aquatic slough communities comprising about 98 percent of the 
refuge (USFWS, 1972). The western and southwestern portions of the refuge open up 
to a large open expanses of sawgrass prairie, .interspersed with wet prairie, sloughs 
and tree island communities more typical of other portions of the Everglades. The 
refuge also contains a 400.;.acre cypress swamp. 

WCA-1 is part of a huge freshwater storage area connected by a series of canals 
and levees built by the U. 8. Army Corps of Engineers (USCOE). In 1949 this area 
was placed under the jurisdiction of what is now the South £.,lorida Water 
Management District (District or SFWMD). An agreement between the District and 
the U.S. Fish and Wildlife Service (USFWS) enabled the establishment of the 
national wildlife refuge in 1951 under the authority of the Migratory Bird 
Conservation Act of1929. Current management objectives of the refuge are: 

1. To provide optimum habitat and wildlife protection for endangered and 
threatened species of wildlife which are native to the Everglades. 

2. To provide wintering habitat for migratory water fowl. 
3. To provide habitat for a natural diversity of wildlife species. 
4. To provide opportunities for environmental education) interpretation and 

wildlife-oriented activities. 
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Creation of the Refuge. On June 8, 1951 the Loxahatchee National Wildlife 
Refuge was established under the basic authority ofthe Migratory Bird CpAS~.rvation 
Act of 1929 (USFWS, 1972)~ Creation of the refuge was included in the congressional 
authorization of the Cer1tral. and Southern Florida (C&SF) Project tl1.at was 
constructed by the USCOE, The USFWS leases 143,085 acres of WCA-1, from .tbe 
state of Florida through a Cooperative :License Agreement wit~ the District. Tpe 
lease expires in 2001 and is automatically renewable.for three 15-year periods. The 
USFWS owns in fee title 2,550 acres which were purchased with federal Duck Stamp 
f11nds and are divided into five units or compartments" Compartments A, B, C,~arip. 
the cypress swamp are located on the east side of the WCA-1 n~ar the refuge 
headquarters office, which is located west of Bqynton Beach, Compartm·ent D is 
located outside the refugeJs western levee, just north of the intersection between L-7 
and L-39levees. 

On November 6, 1986, the refug~ wa~ r~named the Arthur R. Marshall 
Loxahatchee National Wildlife Refuge under Public La.w 99-614 tb recognize the 
accomplishments of the late Arthur R. Marshall Jr., who throughout his lif~ crusaded 
to preserve. and pr()tect south Florida's natural resources. C1Jrrently, the refuge 
attracts almost 6QQ,OOO visitors a y~~r for wildlife obsety~tion, environmental 
education, sport fishing, water fowl huntfug and gther wildlife-oriented activities 
(LOTAC-U, 1988). . 

Hydrol(lgy and Water ControlFeatures~ 'l'o4~y, WCA-1 is encircled by 56 
miles of levees and canals. Water levels are·csontrolled by a network of puntp 'Stations, 
levees and water control structures. WOA~lis.the only conservation area completely 
encircled by canals. The water biai1agenieiJ.t facilities. hydrologically are corine~ted 
with Lake Okeechobee., t}J.e Ev(lrgl~des 1\gric~ltural A~ea (EAA), WCA-2, WCA.-3 
~nd ·the Atlantic Ocean .. · Rainfall represents the major source of water Inflow into 
WCA .. l, accounting for about 54 percent of the· ref\ig~~s water budget. Purnp st~tion 
S-5A, located at the northern tip ofthe refuge near 2.0-Mile Bendt moves water into 
t11_~ r~f\tg~ fr<>m th~ West Paln1 Beach Canal accountin:gfor approximately 3'0 percent 
of the inflow water. Pump station 8;.;6, located .on the refuge's western border, puntps 
water from the Hillsboro Canal into the southWest portion qf the refuge accounting 
for about 15 percent ofWCAw1 inflow water. Approximately 45 percent 9fthe WCA-1 
water inflow origin1:1tes as drainage from agricultural land located north arrd west of 
WCA-1:(see "WCA Water 8Jl,d Nutrient Budget" section ofthis report). 

I 

Two small pumps operated by the Acme Improvement District are located in 
the L-40 levee on the northeastern boundary of the refuge. These pun1ps drain 
primarily residential/urban lands (W ellingtonr and can move water in and out of the 
refuge. Acme represents only a minor fraction ( < 1 percent) of the refuge's water 
budget. 

Four water control structures (S-lOA, S-lOC; S-lOD and S-lOE) exist along 
WCA-l's on the southern levee ofL-39 (Hillsboro Canal). The S-10 structures allow 
water to flow southward out of the Hillsboro Canal and WCA-1 into WCA-2A if so 
desired. The U.S. Army Corps of Engineers retains ownership and supervises the 
daily operation of the S-10, S-11 and S-12 structures which control water movement 
into and out of the WCAs. The District operates these structures under contract with 
the Corps and simply carries out the Corps' orders with respect to their operation. 
The Hillsboro Canal (L-39), located in the extreme southeast corner of the refuge, 
drains WCA-1 to the east through S-39 which provides water supply to urban areas 
and discharges drainage waters to tide water. To the nort~ the S-5A structure can be 
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used to move water north out of the refuge into the L-8 canal. There are four other 
small privately operated structures in the L-40 levees; one of these is operated by the 
USFWS. These structures constitute less than lpercentofthe refuge's annual water 
b~g~ . . 

Water Conservation Area 2 (WCA-2). This sawgrass wetland encompasseB 
an area of210 sq. miles (547 ~m2) and represents the smallest of the three Everglades 
Water Conservation Areas. Water Co:p.servation Area 2 is situated directly south of 
WCA-1 and directly west of the rapidly growing community of Coral Springs. It is 
located in .southern Palm Beach and northern Broward counties (Figure 2). The area 
is bordered on the west by U.S. 27 and WCA-3A, and on the south by Interstate75. 
WCA-2 was created as a critical component of the C&SF Project in the early 1960s. 
This project was designed to provide flood protection, water suppJy and 
environmental benefits for the region. Water levels in this area are controlled by a 
system of levees and wat~r control.structures whi~h encircle the WCA.-.2A marsh. 
Levee construction in the early l9.60s cut off historical overland sheet flow to the 
system. Impoundment of these watets, coupled with regional water management 
practices, significantly altered the marsh's natutal.hydroperiod by increasing water 
depths for long periods of time. ,cauJ'ing loss: of tree- islB:nds and . wet prairie 
communities (Dineen, 1972). In 1961, a leve.e (L-35B) was constructed across the 
southern portion of WCA.;.2 dividing the area into two smaller units, WCA.:.2A, ( 173 
sq. DJ.i.) and WCA.:.2B (37 sq. mi~), in~ effort. to .r~duce water seepage losses to the 
south and to improve the water storage c~pabilitieS' ofWCA-2A. 'The effects of this 
constructio~ on the area's hydrology are showp: g·raphically as percent exceedanqe 
curves, .as shown in Figure 16 (from Worth,.l988). 

Figure 16. Historic Stage LeveLPercent as Etceedance Curves for WCA~2A 
froml9ti5-l!:l79. . 
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H drolo and Water Mana ement Features. Creation of WCA-2A was 
also part o a massive regiona oo contra an water supply (C&SF) project built by 
the USGOE. Management of water levels within WCA-2A is primarily the 
responsibility of the District in accordance with regulation schedules set by the 
USCOE. Responsibility for wildlife management within WCA-2A and WCA~2B is 
delegated to the Florida Game and Fresh Water Fish Commission (FGFWFC) under 
lease from the. District. WCA-2A provides a variety of multipurpose functions 
including; 

1. Aquifer recharge for east coast well fields, 
2. Protection against salt water intrusion, 
3. Flood protection for agricultural and east coast urban areas, 
4. Preservation of Everglades wildlif~ including threatened or 

endangered species, 
5. Provide for recreational .opportunities (hunting, fishing, boating and 

wildlife observation) for south Florida residents. 

App:ronma,tely 58 percent of the inflow water entering WCA-2A originates 
from the Everglades Agricultural Area .(see WCA Nutrient Budget section of this 
r~port) .. Canal inflow waters are highly mineralized and c,ontain high concentrations 
of njtrQgen ~lld phosphorus resulting from the o;xidation of organic peat soils within 
the EAA (CH2M-Hill, 1978; Lutz, l977a,. 1977b). Nll.trient enrich¢d canal water 
enters the marsh from the north via fout wat~r con·trol structures (8-lOA, S-10C, S~ 
lOD and S-lOE) located on the L-39levee (Hillsh()rcrCanal)~ which dr~in WCA-1 and 
the EAA, and from the west via pump statiqn S~7. Over .the past 10 yeats (1978-
1988)., WCA-2A has received approximately .88 metric tons of phosphorus and 3,070 
metric tons ofnit:vogen on ail average acn~ualbasis.as .the result ofinflows from these 
five water control structures (see WCA Nutrient B:u£lget section of this report). The 
ab~ence of an interior perimeter canal along th~ ma.rsh'f;. northern levee allows 
nutrient enriched canal water to sheet flow acr.oss the marsh. When surface water 
stages exceed the regulation schedule, water· is· discharged from the area principaily 
througlJ. the thre~ S-11 structures (S-11A, S-lll3 and S-llC) located along the 
southwestern le-veeofWCA-2A. Other minor discharges occur through the C-13 and 
0~14 basins by way ofS·38 (gated culvert) to the southeast, and the S-144, S-145 and 
S-146 structures which discharge to WCA ... 2B to the.south(Cooper, 1990, in press). 

Water Conservation Area ~ (WCA-3). Water Conservation Area 3, the 
largest of the three Everglades WCAs, lies to the west and southwest of WCA-2A and 
is located in western Broward and Dade counties~ Its boundaries are the L-5 levee, 
the Rotenberger and Holey Land wildlife management areas, and the EAA t.o the 
north; the L-29 levee, Tamiami Trail (U.S. 41) and Everglades Na tiona I Park tc, the 
south; the boundaries to the east are levees L-30, L-33, L-37 and L-38; boundarieH to 
the west are levee L .. 28, the Big Cypress National Preserve, and the Miccosukee and 
Seminole Indian reservations. 

WCA-3 is over twice the size ofWCA-1 and WCA-2 combined and covers an area 
of 915 sq. mi. (2,370 km2). The area is predominately a vast saw grass marsh dotted 
with tree islands, wet prairies and aquatic sloughs. A cypress forest fringes its 
western border along the L-28 Gap and expands south to TamiamiTrail. WCA-3A is 
the only water conservation area that is not entirely enclosed by levees. A 7.1-mile 
stretch has been left open on the mid-western side of WCA 3A. This opening, the 
L-28 Gap, allows overland flows to enter WCA-3A from the Big Cypress National 
Preserve and other western basins (Leach et al., 1972). WCA-3 is bisected by several 
interior canal systems. Major inflows include drainage from the EAA from the north 
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includes the Miami Canal, and a combinat~on of ,;tgrieultu.ral and WCA-2A sheet flow 
from the northeast (L-67A Canal). In 1962, WCA-3 Wi1S divided into WCA-·3A and 
WCA ... 3B (786 and 128 sq. miles, respectively) byc·onstruction oftwo interior levees 
(1-67 A and L-670) so that water losses duet~ levee seepage could be reduced. 

H drolo and Water Mana ement Features. Ma11.agell1ent of water l~vels 
within -3 an W ..;3B is primari y t -.e. r~sponsihility of the District in 
accordance with regulation schedules set by the TISC'OE·. Responsibility for wildlife 
management within WCA-3A and WCA-3B is d~leg~t.ted to the FGFWFC under lease 
from the SFWMD. WCA-3A provides a vari~ty qfml.lltipurpo'se fut).ctions including 
the following: 

1. Aquifer recharge for east coast well fields, 
2. Protection against salt water iiftrtision, 
3. Flood protection for agricultural and e~t coast urban areas, 
4. Preservation of Everglad~s wildlife including threatened or 

endangered species, . 
5. Provide for recreational opportunities (hunting, fishing, boating and 

wildlife observation) for E~Outh Florid~ residents.and, 
6. Provide a source of high quality surft:tce inflow water for Everglades 

National Park. 

Rainfall is the major contributor of water to WCA-3A, accounting for over. 59 
p~rcent (1.85 million acre feet) of its measured annual average inflows from 1978-
1988 (see Part II, section B.5, "Sources of Pho~phQrus,). Primary surface water 
inflows include the following: {a) the S..;llA, S~ltll, and S-llC (8:.11 structures) 
account for about 17 percent of aU inflows to. WCA-3A.~ These. three water control 
structures transfer water from WCA-2A and the L~38E canal under U.S. 27 into the 
northeast section of WGA-3A; (b) pump sta.tion 'S-8 (10 percent ofall inflows) which 
drains a 178 sq. mi. portion of the EAA (S-3 and ~~8, basins) served by the Miami 
Canal; (c) pump station S-9 (4 percent) which drains urban lands located in in the 
western G-11 basin in western Broward County; (d). the L-3 canal (2 percent) which 
drains the northwest portion of the EAA and tran~fers this water to WCA-3A; (e) 
pump station S-140 (3 percent) located on the western L-28 borrow canal which 
drains a 110 sq. mi. drainage area served by the L-28 borrow and the L .. 28 
interceptor canals; (f) the S-150 structure (2 percent) located on the L-5 borrow canal 
which gravity drains a portion of the EAA (the S-7 basin); (g) the L-28 Interceptor 
Canal (2 percent) which drains lands west of WCA-3A (i!e. Feeder Canal basin); (h) 
the L-28 gap which receives drainage waters from the Big Cypress National Preserve 
and the L~28 Tieback levee borrow canal; and (i) from the North New River Canal by 
way of G-123 and S-142 (Cooper,1990, in press; see also Part II1 section B.5 "Sources 
of Phosphorus"). 

When water levels exceed their regulation schedule, water can be discharged 
to Everglades National Park principally through S-12A, S-12B, S-12C and S-333 to 
the Tamiami Canal via the S-343 structures; to WCA-3B by way of S-151; and to Big 
Cypress National Preserve throug-h the S-344 structure. When WCA-3A is being 
managed for water supply, discharges can be sent to ENP, southeast Dade County, 
South Dade Conveyance System, WCA-3B, and Big Cypress National Preserve. 

In pre-drainage times, WCA-3A probably received most of its water from local 
rainfall and by overland surface flow from the Everglades to the north and the Big 
Cypress Basin to the west. By 1945, drainage and land reclamation activities south 
of Lake Okeechobee had significantly lowered surface water and groundwater levels 
within the northern Everglades. Water control structures had been placed in all 
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major canals discharging to the Atlantic Ocean to prevent saltwater intrusion and 
over-drainage during the dry season. In 1953, a levee was completed along the 
eastern side of the Everglades. Flows to tidewater via major canals were ~educed 
and much of the historic flow was diverted to' the south, with the. majority of flow 
occurring along the eastern section of the Tamiami Cal1al (Leach eta/., 1972). In 
1962 the USCOE completed the L-29 levee further enclosing WCA~3A, and in l967, 
the USCOE completed the L-67 Extension Canal. l'hef?e proj,ects had significant 
impacts on the hydrology ofWCA-3A as well as·th~·quantity,distribution and timing 
of flows to Everglades National Park. These impacts included: 

1. Most surface waters discharged from WCA-3A now paas tbrq.ugh the S-12 
structures in to ENP. Surface water flows to Shark River Slough (ENP) 
became largely a function of upstream water management policy and does 
not reflect historical flow patterns. 

2. The L-67 extension levees isolated the northea,st ,portion of Shark River 
Slough from the main slough system,. reducing th~ free flow of water 
between these areas. 

3. Surface water flow from WCA-3B to Northeast Shark River Slough was 
almost eliminated. Seepage under L~29 and the Tamiami Trail was about 
15% of the 1953~1961 period of record, while flows in the western sections 
doubled those recorded from 1953-1961 (Leach etal~, 1972). 

4. Excavation of the L-67 Extension Canal resulted in t.oo much water being 
discharged into the central portion of Shark River Slough durip,g wet 
periods. These diaruptions in the 11atural hyd,rologic condjtions, cau~ed by 
L-29 and the L-67 e:Ktension, coincj~'ed with ,{!~clines in wading bira 
populations within ENP (Kushlan. et al~, 1975). 

Although the C&HF Project Was now able to deliver mor.e water t.o the Park, the 
WCAs tended to retain inflows during the 1960s for water supply purpo$es rather 
than pass it downstream to ENP. These reduced flows, coupled with several droughts 
during the 1960s, led to passage of federal legislation (Public Law 91-282; the River 
Basins and Monetary Act) in 1970 guaranteeing minimum deliveries of315,000 acre
feet annually to ENP on a monthly schedule. Deliveries were set at approximately 
the median of historic monthly flows (Kushlan, 1987). At this time, the park agreed 
to take any extra water available above the minimum schedule, allowing regional 
water managers to discharge excess water as they deemed appropriate (Kushlan, 
1987). Discharges to ENP increased dramatically after this period, frequently 
raising high water stages and duration of inundation to levels above the historic 
norm. In 1984, Section 1302 of Public Law 98-181 changed the 1970 legislation, 
allowing deliveries to ENP to deviate from the minimum flows set earlier. A rainfall
driven model was developed in 1985 for WCA-3A that based the delivery of water to 
ENPon natural upstream rainfall patterns (Mac Vicar, 1985; Neidrauer and Cooper, 
1989). This plan appears to be effective and has been extended, through federal 
legislation of the Water Resources Development Act o£1988, until J'anuary 1992. 

A number of earlier construction projects have also had major ilnpacts on the 
hydrology of WCA-3A. Construction of the L-29 levee across the southern end of 
WCA-3 in 1962 interrupted the southerly flow of water to ENP, causing the ponding 
of water in the southern portion of WCA-3A. Improvements to the conveyance 
capacities of three canals (the Miami, L-67C and L~38W canals) were completed 
between the years 1962-1968. These physical alterations were de~igned to tnove 
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more water south to ENP during low flow conditions. These canal improvements 
greatly increased the flow of water south, creating impounded water ·conditions at 
the southern end of WCA-3A, while over-draining the north end of the marsh and 
causing an_ increase in the frequency of peat fires. Both of these conditions are 
considered harmful to Everglades plant communities and ·wildli_fe habitat (Zaffke, 
1983). In 1980, two environmental enhancement structures (S .. 339 and S-340) were 
constructed north and south of Allige1:t0r Alley (State Road 84}. These structures 
were designed to force water out of the Miami Canal and to flow acros~ over-drained 
areas of the northern WCA·3A marsh in an attempt to improve overland sheet flow, 
maintain higher ground water level elevations and slow water movement to the 
southern end ofWCA-3A (Zaffke, 1983). · 

. Construction projects along Alligator All~y have also had impacts on the 
hydrology of WCA-3A. Although culverts were .. installed to allow pas$.age: of water 
through the highway, the borrow canal on the north side does not di$tribute flows 
evenly, causing enhanced flow to pass through seven of the ten· cui verts. This has 
resulted in the drying of areas on the south side of the highway during periodic low 
flows. Current reconstruction of the roadway .(to create 1-75) includes plans to reduce 
problems caused by earlier designs. 

2. RegulationSchedules. 

Water levels in the WCAs are controlled on the. basis Qf water regulation 
schedules. These schedules establish minimum and maximum water levels (stages) 
fQr the WCAs throughout the year. These schedules . pre vide the basis for 
determining whether water should be allowed to flow in or out of the WCAs through 
th~ water control structures. Water regtilation .schedules for each WCA were 
develQped through interagency cooperation .. The authority to change regulation 
schedules an~ water control plans:fortQ.e·CSF Projectrests with:theSecretary of the 
Army and authority to approve changes has been d~legated to the ·usCOE Division 
Engineer (South Atlantic Division). R.egulation schedules and operating criteria ate 
revised and refined as needed. Agencies or jurisdictions interested in rnodifying the 
existing regulations may request changes to the schedule. The request, depending 
upon its intent, goes through an individual and coordinated review process with the 
USCOE and SFWMD. Schedule changes undergo internal review and a series of 
public hearings, before final approval. The SFWMD is responsible for allocating 
water supply releases from the WCAs. The USCOE is responsible for ithe operations 
and activities mandated by federal legislation or federally controlled jurisdictions. 
The USCOE has final authority over water supply and flood control regulation 
schedules, and over establishing minimum permissible water levels in I'i:latters 
affecting navigation. 

. WCA-1. Figure 17 presents the regulation schedule for WCA-1. This schedule 
has four distinct zones (A-D) designated for specific water 1nanagement actions 
within a given time of year. When water levels fall within Zone D, the area is 
regulated for water supply purposes. Zones B and C were implemented as part of a 
schedule developed in 1975 designed to allow periodic drying ofWCA-1. An extended 
drying of the marsh for at least 30 days occurring roughly once every three years, is 
desired. The schedule may range from 14 - 17 ft. NGVD to 15-17 feet. NGVD 
depending on climatic conditions. 

The schedule for WCA-1 has been altered twice since the original 1960 
federally approved plan was implemented and the U.S. Fish and Wildlife Service has 
developed a proposed modification of the current schedule for consideration in 1989-
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Figure 17. Regulation Schedule for WCA·l. 
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90. The original schedule called for water levels to fluctuate from 14 to 17 feet 
(NGVD), but allowed the water to drop very quickly, leaving the area's tnarsh dry for 
extended periods of time. During the first nine years of op~ration dfthis schedul~, 
water levels frequently fell to 11 feet NGVD. In 1969, ·WCA-1 's schedule was alttered., 
r~ising the minimum to 15 feet NGVD to augm-ent water supply in the dry season. 
This new schedule kept much of the marsh inund·ated throughout the year, 
eliminating seasonal drying of the marsh. 

The USFWS proposed that the schedule be changed three years later and by 
1975 obtained the District's_ support and USOOE approval for a mod.ification 9f the 
original14 to 17 foot schedule. The 1975 schedule, which is. still in effect, is designed 
to allow the marsh to dry out for a period of 30 days or more: every two or three years, 
on average. If the alternate schedule zone line is crossed at any time after February 
28, the alternate schedule is followed for the remainder of the year. 

The newest proposal by the USFWS represents an attempt to build even more 
flexibility into the area's water schedule. The USFWS is expected to ask the District 
and USCOE to initiate schedule modification proceedings in 1990, 

WCA .. 2. The schedule for WCA·2A was originally set too high to support 
Everglades habitat and has been the subject of extensive research and 
experimentation by the District. _The original1961 schedule called for water levels to 
fluctuate from 12 to 14.5 feet. The schedule was revised even higher in 1970 to a 
range of 13 to 14.5 feet with only a 30-day period at the lower end (Figure 18). 

Observed changes in the ecology of WCA·2A caused District scientists in the 
early 1970s to initiate efforts to lower the water schedule and provide for annual 
drying of the interior marsh. Extended high water killed significant stands of trees, 
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Figure 18. Regulation Schedule for WCA .. 2A. 
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erode4 islands, and caused other undesirable vegetatiotrchanges in the area (Dineen~ 
1972, 1974; Worth, 1988). In 1980, the sched\lle was revised at the District's: request 
to an interim plan of9.5 to 12.5feet, an extreme drawdown that was in place for eight 
years~ Extensive research by the District during this time led to an interim schedule 
of 11 to 13 feet, which the District proposed be adopted as the official schedule for the 
area. In 1989~ USCOE approved the District's schedule proposal. 

WCA-3. The regulation schedule for WCA-3A is perhaps the most complicated 
and difficult schedule to describe or implement. The schedule ranges from 9.5 to ~0.5 
feet, but includes a series of five zones to modify discharges to ENP when water levels 
are above or below the optimum target (Figure 19). The size of WCA-3A, and the 
number of inflow and discharge points preclude intensive management of water 
levels in the area. Discharges at the southern end of the area flow directly into ENP 
and were modified three times in the past decade to alleviate problems resulting from 
too little discharge in the early years, and heavy flood discharges during the dry 
season which impacted nesting wading birds and other wildlife during the 1970s and 
early 1980s. 

. The original schedule was set shortly after ENP and the District's predecessor 
agency were created. In 1970, Congress adopted an ENP-backed plan to establish a 
minimum monthly volume of water to be delivered to the park. This resulted in 
significant flood damages from dry .. season flood waters, which were discharged fr<un 
area 3A when the water schedule was exceeded. In 1985, the district developed and 
was granted permission to experiment with water releases based on rainfall and 
evaporation over the Everglades. The Rainfall Plan distributes water over a broader 
area than the original operating schedule whenever possible. 
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Figure 19. Regulation Schedule for WCA·3A. 
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Other problems within WCA ... 3A, primarily oye:rdr~inage in. the nor-thern end, 
are. not due to the schedule but instead are caused· by the d·esign of water-control 
facilities. These regulation schedules are open. to :tevJew· and change if the agen~ies 
involved find better ways of r~gula·t~ng "the w.ater· -levels. _ 1'/.[eth.ods h~ve- been 
established by the USCOE and the District for review and modification of these 
schedules. 

3. Vegetation Characteristics. 

Man_y areas of the WCAs have been affected by construction and op·eration of 
the C&SF Project. The Project has caused some areas of the northe~n Everglades to 
become overdrained, while others areas of the marsh have been subjected to deep 
water or stabilized water level conditions. These hydrological modifications ofthe 
original overland sheetflow system have played a major Fole in determining the 
present day vegetation characteristics of the area (Loveless et al., 1970; Dineen, 
1972; McPherson, 1973; Alexander and Crook, 1984). Figure 20 presents a 
generalized map prepared by SFWMD biologists in an effort to identify areas of the 
WCA marsh where vegetation communities are presumed to have been most affected 
by hydrological change including overdrainage (shortened hydroperiod), prolonged 
periods of inundation (extended hydroperiod), as well as areas of the WCAs which 
exhibit hydroperiod characteristics which support Everglades plant communities 
similar to those originally described by Davis (1943a). The following discussion 
below attempts to identify the vegetation characteristics of each WCA as well as 
point out those areas of the marsh which have been most affected by hydroperiod 
changes. 
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Figure20. Generalized Map of the WCAs indicating Areas of the Marsh 
Presumed by the SFWMD to be Affected-by Overdrainage.or· 
Prolonged Hydroperiods. ,. · 
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Note: From 1972-1979 WCA-2A was used os a regional water storage area and was not allowed 
to dry out on a seasonal basis. An extended drawdown of WCA-2A was conducted from 1980-
1984 in on effort to regenerate Everglades tree islands and wet prairie communities, but wos 
largely unsuccessful {See Worth 1983,1988). 
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Major Plant Communities of WCA-1. WCA~l contains a spatially complex 
mosaic of wet prairies, tree islands, aquatic sloughs and . cypress forests that 
represent the last remaining examples of native, northern Everglades habitat ·in 
South Florida. High species diversity and :spatial complexity are._the outstanding 
features of WCA-1. The area is characterized by numerous s·mall tree isl~nds 
ranging in size from 0.01 to 100 acres, surrounded by bands of sawgrass (Cla.di·l!-"t 
jamaicensis) vegetation, in a matrix of wet prairie and aquatic·slough communities. 
Typical tree island vegetation consists of dahoon holly (llex c.assine), red bay (Persea 
borbonia), wax myrtle (Myrica cerifera), coco plum (Chrysobalanus icacao) and 
numerous species of ferns, orchids and ~piphytes (Maffei, 1989). 

The refuge contains numerous wet prairie and aquatic slough communities 
found in other areas of the Everglades. These ·wet prairie communities consist of 
spike rush (Eleocharis cellulosa), maiden cane (Panicum hem:itomon), bladderwort 
(Utricularia spp.), and various water lilies .. Aquatic slough communities:also contain 
eJC;tensive periphyton~bladderwort communities that are unique in comparison to 
other areas of the Everglades in that they contain algal apecies that are 
characteristic of acidic, soft water conditions (Swift, 1981). 

Tree islands, or bay heads, are abundant throughout most ofWCA-1 with the 
exception of the southern portion of the r.efuge. A.quatie sloughs are most often 
associated with lowest elevations within the marsh that generally hold $tandil).g 
water longer than all other habitats. Tree islands .are located in areas that have 
higher elevations and the shortest hydroperiods. 

The dominant factors influencing. the development .of WCA~i's. GOinplex 
vegetative patterns have been hyd:rolog~c regime (hydroperiod), historical flow 
patter.ns,low nutrient conditions and fire (Richardson and Kitchens, 1987). 

. . . In addition to hydroperiod and ~water lev~ls, land elttvation_~or _topography 
(Figure 21) also play a significant role iii determining the aligrHn_ent of vegetation 
patterns and the distribution of wildlife within the refuge as well as influencing 
water movement and the water storage capacity of the marsh. Satellite hnag~ery 
shows the effects of historical sheet flow patterns on the orientation of the refuge's 
numerous tree island and aquatic slough vegetation which are typically oriented in a 
north-south direction, parallel to historic flow patterns (Richardson and Kitchens, 
1987). These flow patterns have been severely altered, or no longer exist within the 
WCAs due to impoundment of the marsh for regional flood control and waters·upply 
purposes. In 1965, a joint study by the USCOE, the District (then known as Central 
& Southern Florida Flood Control District), and USFWS collected data on land 
elevations, vegetation and water movement within the refuge, and prepared a 
generalized vegetation map showing nine separate vegetation zones for the area 
(Figure 22). 

Enclosure ofWCA~l by levees and canals has eliminated historical sheet flow 
patterns within the refuge, dramatically altering the hydroperiod characteristics of 
certain areas of the marsh. Impoundment of the southern, lower elevations ofWCA-1 
has left this area flooded for long periods of time, while allowing more frequent 
drying of the extreme northern portion of the marsh (Pope, 1987). Areas which have 
experienced shortened hydroperiods have experienced vegetation shifts to woody 
vegetation (wax myrtle and willow) while the lower elevations have experienced 
shifts to more aquatic flora. Analysis of vegetative patterns in the early 1970s 
(USFWS, 1972) indicated that plant communities that were located at ground 
elevations below 14.0 NGVD experienced conversion to aquatic habitats} resulting in 
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Figure 21. 
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Topographic Map of Water Conservation Area 1. 
(Source: Richardson and Kitchens, 1987, Florida Co-operative Fish and 
Wildlife Research Unit, Gainesville, Fl.) 
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Figure 22. Summary ofMajor Vegetative Zones within WCA-1 
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an increase in the abundance and distribution of several nuisance E;pecies such as 
hydrilla (Hydrilla verticillatum:), water lettuce (.Pistia stratiotes), water hyacinth 
(Eichho_rnia crassipes) and cattail (Typha spp,) (Figure 22). These observations in 
vegetation change at the southern p-ortion of i·th~ ref-ug~ are conf()unded by the 
influence of nutrient-enriched EAA drainage waters ·which enter WCA-1 through 
pump station S-5A and S-6. Nutrient-en~ichmen:t ofthes'e wate~& may also play a 
major role in determining the ve·getation; eh.9;racte'risti~s qf tl1e. ·s.outherh portion of 
the refuge. Marsh elevations above 14~0- NGvn·, comprised about 75 percent of the 
refuge and represented the most important sec.tors of the marsh for utilization by 
Everglades wildlife .. These areas were \char.aeteri~ed as wet prairie~, tree islands and 
sawgrass-mixed habitats (USFWS, 11)72). · · 

A narrow swath of disturbed vegetation extends aro.upd the perimeter of the 
refuge. This disturbed vegetation includes giant cat}e .(Phragmites com,·munis), 
cattail, willow, herbaceous growths suc;h. as- flag (Thalia .spp) and smartweed 
(Polygonum. spp) as well as floating aquatic plants such as water lettuce (Pistia 
stratiotes), water hyacinth (Eichhornia crassipes) and pennywort (Hydrocotyle 
urnbellata). The refuge also contains a 400-acre cypress (Taxodium distichum) 
swaiD:p., as well as three water manageme:g.t im.pound,ments located on the eastern 
side of the refuge (Compartments A., 86~ .. a.cres; c,Qompartmeat B, 85 acres; and 
Compartment C, 276 acres), and Compartment D (1,300 acres) located on the western 
side ofWCA-1 (USFWS, 1984). 

Everglades plant communities are thought to have developed within a 
phosphorus-deficient ecosyst~m with. the majority of nutrients. derived from direct 
rainfall .. Native vegetation communities were well adapted to surviving under these 
low nutrient conditions as w~ll as seasonal fluctuations in water level, drought and 
fire (Steward and Orl1es,l975a). Native sawgraascommunities grow well in waters 
that contain low, concentrations of nitrogen~ phosphorus, potassium and copper . 
Limited quantities of available phosphorus in surface waters, in the organic ·soils and 
in sawgrass vegetation indicates that phosphorus is very rapidly cycled within this 
ecosystem (Steward and Ornes, 1975a). As a result, limited amounts of phosphorus 
are available in surface waters with the majority of phosphorus .tied up in organic 
peat sediments and living vegetation. Similar trends. of low phosphorus supplies 
have been observed for interior WCA-1 surface waters and within Everglades 
periphyton:communities (Swift and Nicholas, 1987). 

Cattail Distribution in WCA-1. The USFWS report CLOTAC-II,1988) that a 
number of vegetative changes have occurred within WCA-1 since construction of the 
West Palm Beach and Hillsboro canals in the early part of this century. Until25 or 
30 years ago, these changes had been small and were primarily a result of 
hydroperiod change caused by canal construction and impoundment of the n1arsh,as 
shown . in the following quotations from Richardson (Florida Cooperative Fish and 
Wildlife Research Unit) as cited in LOTAC-11,1988: 

"Water quality problems in the refuge didn't begin to show up until the 1970~. A:; late as 
1969, there was little or no cattail...in the south end of the refuge .... Current Hl.udies being 
conducted by the University of Florida Cooperative Fish and Wildlife Research Unit indicate 
that as much as 6,000 acres of the refuge have been (,!onverted to cattail." 

The report goes on to say that cattail expansion in WCA-1; 

" ... i~ a direct responHe to nutrient-laden water being pumped into the refuge. Studie:.-; indieut:e 
that as much as 20,000 acres may he in danger of being converted to cattail. The cornhination 
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of hydro period change with the nutrient inflows are placing the whole Mouth t.md uf Uw refuge 
injeo_pardy of being converted to cattail." 

Review of aerial .photography -studies (tJ:SFWS, t95·2) that ·were ~c·onducted- in 
the early 1950s suggests that relatively little c:attail was present ·On ~the .refug¢ pr.ior 
to the area being impounded by canals and levees-(see•also.-Gi;vens~ -~t:956):. -~na:lyses 
performed by the USFWS in 1952 rec()rded four :m~jor. :plant cam"Qlunity ·types or 
vegetation "zones'~ existing on the .refu.-g.e -as ·listed in ~-able JJ2.· .iCa~tta:~~l was not 
identified as either a major or minor component ef the;-teftrge's: v~g~t~1ti'on:dur-i:n_g---the 
early 1950s (USFWS, 1952; Givens, 1956). By i1!960, rthe :refuge -was ~com..phH:ely 

'Table 12. Vegetation analysis ·Of m-ajor plant:com~munity types found :in 
WCA 1 d t . d fr . 1 · n t h H l952 - as e ermine · · ·om.aefiia .. P~.· Cil 02rap;.Lv .• ·· anuarv. _. r :· .. -

Vegetation Cover Type Acres Percent. 
- I 

--

1. Sawgrass/ Wax Myrtle - • 
I 

a. 'Sawgrasswith little wax myrtle _ . _ at;&OO ~:l% I 

b. Wax myrile/sawbrrassand wax myrtle-dahoon holly 28 400 20% • -. ·J .•.. 

1% c. Mixed grasses 9SDO 
·subtotal' '6~;9QQ .. 49% 

-' 
2. Wet Prairie Community 

a. Typical "white grassn (Rhynchosporg, traccyi)' flats 45,500 3.2% 
b. Maidencane (Panicum hemitomumfFlats · 4,4/t:O ,3% 

I 

Subtotal 49;900 35% 
--

3. Tree Islands and Bay Heads 
Subtotal 16,900 !12% 

. -

4. Aquatic Sloughs 
a; Wate:r Lily (Ny.mpheae~ sp. ) sloughs 2,800 2% 
h. Pickerel weed (Pontederia sp.) 2,500 2% 

Subtotal 5)300 4% 
.. -

TOTAL' 142,00,0 i2% 

USFWS, 1952. 

encircled by a canal and levee system with controlled water levels. Stieglitz (196.2, 
1964) reported the first account of cattail infestations on the refuge; 

•'Recent drought conditions [1962] appear to have been very favorable for cat.t.a i I gmwth as this 
species is currently extending its' range in the refuge interior. Stands are rather Hcat.t.ered and 
thin at present, but the spread is constant. The most serious infestations tHeist on t.hc sc>uth 
end of the refuge, adjacent to the Hillsboro canal. ... Cattail bas also ht~en noted around lhe 
peripheral canals ... and at numerous other sites within t'he refuge intel'im·. The plant iH well 
distributed over the refuge, and it is only a matter of time before actual hahit.at losses m:cur .... 
Approximately 425 acrea of cattail, principally on the south end of the n~fug-e, were treated by 
helicopter [using herbicides] between May 17-25, 1962. ... I recommend that u eoncert.ed 
cattail control project he initiated next spring" (Stieglitz, 1964). 

Additional vegetation studies were conducted within the refuge's perilneter from 
1963-1964 (Stieglitz, 1964). These studies also documented the presence of cattail 
along the refuge's perimeter and southern boundaries. Analysis of vegetation data 
collected along a transect established in the southwest corner of the refuge 
immediately north of the Hillsboro canal (Transect "C") revealed that cattails 
comprised about 5 percent of the community based on a percentage species 
composition. Cumulative analysis of the vegetation occurring along three transects 
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located on the southeast, east and southwest perimeter (Transects A, B a~d C) of the 
refuge showed that cattail comprised about 1.1 percent of the total vegetation, based 
on percent species composition (Stieglitz, 1964). 

. A~ aerial survey of all peripheral ,area,s 'or the: r~ftlge, in~lli~ing spot checks of 
the 11~ ter1or, was flown on August 31, 196~ Jn an effo11t to identify the· growth t~ends 
of nuisance weeds (water hyacinth, alligator w-e~d and water lettuce} .that were 
present on the refuge (Stieglitz, 1965). AI). administr.ative d~cision was made to 
fo~us study efforts on the above three species, ·although cattails, maiden cane and 
willow were also considered important "pest species~' present within WeA~l. Results 
of the aerial survey documented that cattails.were present intheextteme southern 
portion of the refuge (north ofS-lOC), as well as along the interior southwest portion 
of the refuge extending from S-IOD north to pump stationS-6 (Stieglitz, 1965). 

In 1972, the USFWS issued a report concerning a possible revision of the water 
regulation schedule for WCA-1. This report contained an analysis of the area,s 
topogr~phy and vegetation patterns present on the refuge. Vegetation lying below 
14.0 ft. msl (NGVD) were identified as having the most profound changes; namely 
conversion to aquatic habitat. The vegetation: mQst often associated with this zone 
includes water lily, pickerel weed, spattet(lock and other d.eep water species (USFWS, 
1972)~ The report also identified a number of vegetative changes that were thought 
to'be associated with the more aquatic situations: 

"The vegetation change in the area north of the Hillsboro· Canal from sawhrrass tu cattail to 
subrnergent aquatic vegetation now dominated by eg~ria [probably hydrillaJ has been most 
dramatic. Accompanying this change has been an increase ·in the cattail ~one fi·orn Uw 
Hillsboro ca.nal northward along the canal associated with ·L-40 to the refuge headquarters, 
Thi~ zone has increased not only in distributjo_n, hut in width and pJ'(lgres~ion toward Ute 
Interior of the refuge from the canal bank" (USFWS, 1972).. 

The report also identifies concerns about the increase of "undesirable'' aquatic 
plants on the refuge such as water hyacinth and egeria [hydrilla] and cattail USFWS, 
1972, page 15). The 1972 report did not attempt. to provide a quantitative estimate of 
as to the total are subject to invasion by these undesirable species, however the report 
did include a map which identified an area in the south/south-west portion of the 
refuge which was characterized as sawgrass- cattail (Figure 22). Conversion of 
Fibture 22 to a computer AUTOCAD drawing by District staff shows the sawgrass
cattail vegetation class to represent about 9,600 acres or about 6.6 percent of the 
WCA-1 marsh. 

Morton's (1975) review paper on the economic use of cattails cites a pen;onal 
communication with K.K. Steward (Research Plant Physiologist, USDA, Ft. 
Lauderdale, Fl.); 

"In some areas of the Florida Everglades, cattails are multiplying at the expHnt-it.! (if' ot.her 
vegetation. There is a mas!live encroachment. of cattails in the Florida Flood Control 
Conservation Area No.1 [WCA~lj which is attributed to increased wate1· depth~ unfitvorahlc to 
sawgrass and to higher nutrient levels resulting from agricultural operations" (Morton, 
1975). 

The above paper provides no quantitative information concerning cattail distribution 
or water quality conditions within WCA-1 which support the above statement. 
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. . The report entitled Fire. Management Plan for the Loxahatchee National 
\Yild!Ife _Refuge (U~FWS, 1984) includes the following cQmments regardin:g the 
distribution of cattails on the refuge: . 

"At the southern end of the refuge, the hydroperiod has been hmglhehcd and slt•ug-llH havu 
been replaced by shallow lake communities with ~attail 1(Typha sp.) an,d/ur suhriwt,.god .flhat.ing 
plants .... Treatment Area 4 [southern portion oftne refuge] h~s the highest wa.tcr levt;ls. and 
much of it is permanently flooded. It is made up of roughly 5.0% sawgt~a~:~:;; ai1d.5U~~. ~h.)ughs. 
The southern edge is lined with dense cattail sta'rids. ' ... 'Tte·attrient Area 5 [southwe~t: l)ortitm 
of t.he refuge] is made UlJmostly of saw grass and sa wgraijs brush cd_rnmunitim;1 hrokco .. u:p by 
sloughs and wet prairies. Tree islands extend into the eastern htdf and a· huge ca'tt:iiir ~ti~IHf 
lines part of the western edge .... This area tnay· he more s'usceplible to HurgeHirl wa.l:c.~tlO.Vuls 
than sonte other areas, due to its location southeast of the S-6- purlip stat.'idfiu (USFWS~ 
1984). 

The USFWS (1984) report also provides· a copy of the 1972.USFWS vegetation 
m.a~, shown .in Figu~e 23 whi~h characterizce$:tP,e $.C>.:ut1t\!e~'ter~ portio~· of the refuge 
as a sawgrass-cattall vegetation zone" (USFWS, 19841 F1gure 3). 

Classification of the refuge's veg~ta·tion was recently reevaluated' using
satellite image data provided from a SPOT satellite pass~ obb1iried. on April 4, }!987 
(Richardson and Kitchens, 1987). Th~ sa:tellite image data .. has· a:_ resolution 
capability of 20 meters in the multispectral bartdff(greeh; red, and near infra~ red)· and 
a 10 meter resolution in the pa-nchtomati'c band' An initial set of 2·5 $pectral 
signatures were reduced to a finaJ set ofl8 signatures· to classify the image. The final 
image produced contained 18 vegetation communi_ty types using th.e supervised 
classification as shown in 1,able 13, columns B;.,D (Richardson and Kitchens·, t-987). 
Summary of these 18 vegetation types into seven mo.re .general vegetation ,classes 
was performed by SFWMD staff as shown in Table 13~ column A. 1,a hlc 13 shows 
that aquatic slough/wet prairie communitieef r.eptes·ent the duniinant ¢omJnunity 
type found on the refuge while sawgrassdoniina=ted cotn$unity types ranked second. 
The brush category (wax myrtle on tree islands and in wet prairies) ranked as the 
third largest classification while cattails, tree isla~ds, willow and open water ranked 
as. the fourth, fifth, sixth and seventh most abundE!nt c.ommun_ity types }lresent.- In 
1988, Richardson (LOTAC·II, 1988) further refined the or.igin.al 18 spectral 
signatures reducing them to the six vegetation classes shown in Table 14. 

'faples 13 and 14 indicate that in 1987) the r:efuge contained from 5,386 to 
5, 726 acres of cattail· comprising about 4 percent of the refuge's vegetation. 'fhese 
data reflect both the distribution of dense cattail stands located at the edge of the 
refuge (1, 746 acres), cattail stands located away from the canal (1,856 acres) and 
sawgrass stands that were being invaded by cattail (2,124 acres) (Table 13, colu1nn 
B). 

Annual reports submitted to the refuge by the Florida Cooperative Fish and 
Wildlife Unit (Richardson and Kitchens, 1986a, 1986b, 1986c, 1987, 1988; Pope, 
1989 draft report) found a correlation between nutrients extracted from samples of 
refuge peat soil and the distribution of water hyacinths, smartweed, watet fern 
(Salvinia sp.) and cattail vegetation found on the refuge. Although this work did not 
directly sample surface water nutrient chemistry, it concluded that the refuge's 
vegetation patterns appear to be primarily due to anthropogenic alterations of 
hydroperiod and water quality (Pope, 1989). Initial data collected to date indicate 
that areas that have experienced some invasion by cattail tend to have higher 
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Table 13. . Results of 4 April1987 SPOT Satellite Supervised Veg·etation 
Classification Map for the Arthur R. Marshall Loxahatchee 
National Wildlife Refuge (Richardson and Kitchens, 1987). 

Vegetation Class No. Vegetation trype Acre::; 
Pt!rcent 

(ColumnAl (Column B) 

Sawgruss 
1 High density sawgrass 94~ 0.7 
3 Sawgrass 18,132 13.0 
4 Brush I sawrass (primarily saw grass, large amounts of 

waxmyr e) 
21,915 15.7 

15 Sawgrasslbrush (mostly sawbrrass) 2,548 1.8 
16 Sawgrass ridges (higher elevations) 6,214 4.5 

Subtotal 49,757 _35.7 
Tree Islands 

5 Tree I-slands (low stature trees) 2,387 1.7 
1 Tree Islands thiJ:rh stature tree~) 867 0.6 

SubtOtal 3,25-1 2.3 
Sloughl Wet 

Prau1e 
6 Dense Wet Prairie -l6,544 33.4 
9 Sparse Wet Prairie 9,934 7.1 

12 Slough I sparse wet pr~irie ' 272 0.2 

Subtotal 56,750 40:7 

~ 
8 Brush (small dumps· in wetprairieJ 4,771 3.4 
14 Brush /Tree Island 16.467 1L8 

Subtotal 21,238 15.2 
Willow 

13 Willow l brush 1,160 0.8 

17 Willow along canal edge 1,167 0.8 

Subtotal 2,327 1.7 
Cattail 

10 Cattail closest to canal 1,746 1.3 
1.8 Cattail !further from canall 1,856 1.3 
2 Sawgrass with inva~ion by cattail 2,124 1.5 

Subtotal 5,726 4.1 
Of!en water 

11 Open wuter(canals) :h~2 0.2 

Total 
I 

139,334 100.0 

Source: Column A summarized into 7 classes by SFWMD, Columns 8- D from Richard~;un & Kitchens, 19R7, pg~ 
9-10, 

* = De~ermined from asetof18 8pectral signatures. 

concentrations of nutrients in the water column and substrates than areas where 
cattails are absent (Richardson and Kitchens, 1988; Pope, 1989). 

Richardson (as cited in LOTAC-II, 1988) suggests that a direct relationship 
exists between increases in surface water nutrient concentrations and the expansion 
of cattails in WCA-1. This supposition is based on little direct information which 
establishes a significant correlation between increases in surface water nutrient 
concentrations over time and cattail expansion within WCA-1, althoug·h similar 
information exists from studies conducted in WCA-2A and ENP that support the 
refuge's concern that nutrients threaten the ecology of the Everglades ecosystem. 
Although the presence of cattail communities was first noted in 1962-1964 (Steiglitz, 
1965), the first mapping efforts to define the distribution of cattails in WCA-1, were 
conducted in 1972 (USFWS, 1972). This map was also used in a later report to 
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Table 14. Distribution of Major Plant Communities in WCA-1 as 
Determined by SPOTSatelliteimagery,_4A.pril,1987 (from 
Richardson J. as cited in LOTAC-II, 1_~88). 

Vegetation ClaHH 
Aquatic Slough/ Wet Prairie 
Sawgrass 
Brush 
Tree Islands 
Cattail 
Willow 
Total 

Acres 
51,996 
49,786 
29,554 
5,783 
5,386 
1,168 . 
143;673 

Percunt 
36.1 
34.7 
20.6 
4.0 
3.8 
0.8 

100 
Sovrce: Richardson J ., Florida Cooperative Fish and Wildlife ResearchUnit.as cited in I .. O~AC:.II. 1988. 

represent the distribution of cattail within WCA-1 in the early 1980s (USFWS,1984). 
Subsequent digitizing of the 1972_ map by the. District indicated that the area of 
mixed sawgrass and cattails occupied near 9,,000 acres·. By contrast, a recent .19~7 
mapping effort, based on satellite imagery, indicated that conununities of cattails 
and cattails ~ixed with other vegetation .oce1J.pied_ a,pproximately 5, 700 acres of the 
refuge in 1987 (Ri~hardson and Kitchens, 1987). · -

What can be said from the limited data available is that: (a) ·Cattails as well as 
other aquatic vegetation became established in the south end of WCA-1 during the 
early 1960s after th~ coi1structioi1 of periPleter canals an.d levees which resulted in 
stabilized, deep water conditions at the south end ofthe refuge. These hydrological 
changes were associated with con.version ofE-vergladeerhabita~below 14ft. NGVD to 
~quatic slough communities (USFWS; 1972); (b) Over the last thirty years, 
development of agriculture within the E_A~ ha.si,ncre{ised}lutrient loadings to WCA-
1 (s~e WCA Water Quality section of this report) :~d may have also impacted 
peripheral areas of the marsh exposed to higher levels of nitrogen and phosphorus 
derived from upstream agricultural operation$, (e) Rev1ew of the available data 
shows that no clear pictQre emerges· which id~ntifies the direct cause of the alleged 
increase in cattails in WCA-1. A number of factors influence the establislunent of 
cattails in the Everglades. These include) physical disturbance of underlying soil 
profile (by canal construction activities or by alligator nest building)) proximity to 
seed sources, fire, hydrologic changes and the availability of nutrients. (d) Existing 
data has not yet established that a significant statistical relationship exists between 
increases in surf~ce water nutrient concentrations or loading rates and cattail 
distribution in WC!A-1, separate from other causative factors. 

Introduced Exotics: Invasion by exotic vegetation is a growing problem on the 
refuge, within the cypress swamp and within the refuge's water rnanagetnent 
impoundments. Melaleuca (Melaleuca quinquenervia) and Brazilian pepper (Schinus 
terebinthifolius) are both rapidly spreading along the perimeter of the refuge and into 
the interior marsh. Melaleuca is currently found in every section of the refuge. In 
1965, few exotic trees were present. Currently, tree island and sa wgrass 
communities along the eastern portion of the refuge are most impacted. In 1.988, 
total coverage of melaleuca on the refuge was estimated to be near 4,000 acres 
(USFWS, 1989). 

Major Plant Communities of WCA-2. Detailed descriptions of the plant 
communities which existed within the WCA-2A prior to impoundment of the area are 
provided by Davis (1943a,b) and Loveless (1959). Vegetation that was characteristic 
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of the area prior to impoundment included tree islands, sawgrass and extensive 
communities of beakrush (Rhynchospora tracyi), mfiidencane (Panicu1n hemitomon) 
all:d s~ike~ush (Eleocharis cellulosa). The wet, prairie communities. occurre~ 
primarily m the central and eastern portions of WCA-2. A generalized 1956 
vegetation map of WCA-2 showed more than 50 major tree islands in what is now 
W~A-2A (SFWMD, 1978). During the 1960s and 1970s, WCA-2A w~s managed as a 
re~H~nal water storage area which resulted in prolonged high water levels and 
eliminated the natural Everglades hydroperio(i. 'Ehe water regu'latio;n· .schedule for 
WCA~2A during this period ranged seasonally betwe~n 13.0-14.5 ft. NGVD (Ji,ig·urc 
19). Stabilization of water levels resulted in the elimination of the natural flood~ 
drought cycle. This stabilization, combined· with an increased frequency of flooding, 
increased water depths; reduction of the frequency of fire and high nutrient loading 
associated with agricultural runoff, produced a numher nf ecological changes. 
Examples of such changes include the elimination of. wet prairie communities, 
drowning of tree islands, loss of ~awgras~ C()~munities :along slough edges, 
accumulation of a flocculent layer ofplant detritua{up:to 14 inches deep) in sloughs 
causing high oxygen demand and periodic fi~h .kills, loss of 'wading bird feeding 
habitat (Dineen, 1972, 1974). Major plant communities in WCA-2A now consist of 
remnant drowned tree islands, open water sloughs and large expanses of sa wgrass, 
and sawgrass intermixed with d·ense cattail (Typhadomingensis) stan4s. 

In recognition. of these problems, the SFWMD in.itiated sever~l experimental 
drawdown studies of WCA'!'2A for the purpose of stirnulating more natural drying 
conditions that would promote the regrowth of wet prairie v~getation and tree island 
communities. An experimental drawdown was conducted in 1973 which allowed 
WCA-2A to dry out for 71 days before summer rains refill~d the area. Many areas of 
the m;:trsh failed to dry Qut due to the late timing oftlle drawdown. Some success was 
observed in consolidating the flocculent layer of organic detritus as wel_I as 
stimulating the regrowth of a few species of wet prairie and woody tree island 
vegetation (Dineen, 1974). Wading birds (white ibis, herons and wood storks), 
migratory waterfowl and snail kites were observed utilizing WCA""'2A on a more 
frequent basis during the drawdown as compared to years when the higher water 
level schedule was in effect (Kushlan, 1974). 

In 1980, a second attempt was initiated to achieve a drawdown of the area over 
a four-year period (1980-1984). The second drawdown reduced the regulation 
schedule from 13.0-14.5 ft. NGVD to 9.5-12.5 ft. NGVD. The initial 1980-81 
drawdown coincided with a regional drought. Concerns for regional water supplies 
suspended the drawdown during 1982 until the late dry season. The result was that 
only a partial drying of the marsh was. accomplished. The dry seasons of 1983 and 
1984 were unusually wet and prevented the planned drying of the system. In large 
part due to extreme climatic conditions, the drawdown effort overall was only 
partially successful. Lowered water levels created favorable conditions that al1owed 
for some expansion of wet prairie communities and increased sawgrass densities 
(Worth, 1988). 

Remaining tree islands are found primarily at higher ground level elevations 
which are located in the northwest corner of WCA-2A. Remnant (drowned) tree 
islands, dominated primarily by willow, are found scattered throughout the central 
and southern sections ofWCA-2A (Figure 23). 

Cattail Distribution in WCA-2A. Concerns have focused on the problems of 
nutrient-enrichment and cattail expansion in the northwest portion of WCA-2A. The 
increase in cattails in WCA-2A over time is supported largely by long-term field 
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observations made by District scientists (Davis and Harris, 1978; Reeder and Davis, 
1983; Davis, 1982, 1984 1989, 1991· Swift 1981; Swift and Nicholas, 1987; Toth, 
1987, 1988; Worth, ~983;_1~88; Urba~, 1984) who have conducted water quality and 
environmental studtes Within WCA-2A over the last dozen years (1977-1.989). These 
researchers have noted an increase in cattail abundance downstream from District 
water control structures 8-lOC and S-lOD in areas that were originally dominated by 
sawgrass, while cattail was typically observed as rare or absent._ Field observations 
noting increases in catt~il distribution also coincided with observed increases in 
surface water nutrient concentrations ,measured downstream from these two water 
IDE!nagement structures. District ·_scientists have documented the existence of a 
defmed nutrient gradient downstream of S-100. (Swift, 1981; Swift and Nicholas, 
1987).. A set of seven sampling points arranged in a _straight line south of S-lOC was 
established in 1978 and labeled "Transect B". High concentrations of nutrients 
existed at sites dominated by cattail {sites B-1 through B-3) while low concentrations 
of nutrients existed at sites dominated by sawgrass vegetation (Sites B-5. through B-
7)~ In a follow-up study, conducted from l980 - 1982, Swift and Nicholas (1987) 
reported that the nutrient gradient had shifted further. south affecting the 
microb_iology (periphyton com:munity) of site B-.5 located 3. 7 km downstream of S-
100. These data provide evidence that nutrients had. penetrated the marsh_interior 
several kilometers further downstream than originally observed in 1978-1979 .. 

The most current data available {Richardson, C. as cited in LOTAC-II, 1988, 
Planning Document) concerning ·the present distribution of:cattails in WCA-2A is 
presented in Figure 24. This map shows 4,400 acres in which cattail represent more 
than 50% of the vegetation in coverage and 24,000 ae,:res ofmixed or scattered cattail 
(<50% cov:erage) pres~nt in the northeast portion ofWCA;o.2A. Since this survey was 
conducted in the middle of a long.;,tetm regional drought, the species composition data 
presented in this study may be unrepresentative of average conditions due to 
extensive invasion by pigweed (Amaranthus sp.) and temporary thinning of cattails 
resulting from extremely dry conditions. Figure 24 shows the relationship between 
the occurrence of cattail stands in WCA~2A and phosphorus loadings through the 
threeS-10 discharge structures A similar relationship is noted downstream of pump 
station S-7 (Figure 24). 

Several studies conducted within WCA-2A show that cattails out-compete 
sawgrass in their ability to uptake nutrients and increase cattail production during 
years of high nutrient inflows (Toth, 1988; Davis, 1991). Cattails are considered a 
high nutrient status species that is opportunistic and highly competitive, relative to 
sawgrass, in nutrient-enriched situations (Toth, 1988; Davis, 1991). Davis (1991) 
concluded that both sawgrass and cattail increased annual production in response to 
elevated nutrient concentrations, but that cattail differed in its ability to increase 
plant production during years of high nutrient supply. 

Introduced Exotics. Infestation of melaleuca in WCA-2A is conBidered to be 
relatively sparse (scattered single or small clumps of outlier trees) and currently 
comprise less than 10 percent ( < 11,000 acres) of the sawgrass marsh (Melaleuca 
Task Force, 1990). Low numbers of trees are thought to be related to higher water 
levels that were maintained in the area prior to 1980 as well as a District 
experimental melaleuca control program. Existing melaleuca trees are generally 
restricted to higher ground level elevations such as tree islands and sawgrass ridges 
(Worth, 1983). Control of melaleuca was initiated in 1980 as part of a larger 
environmental study to evaluate the effects of a drawdown ofWCAM2A. Efforts were 
directed at eradicating or controlling the existing melaleuca seed sources to prevent 
further spread as a result of the drawdown effort (Worth, 1983, 1988). 
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Figure.24. Average Total Phosphorus Loadings and-''C attail Distribution ·in 
WCA-2A. ·. 
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Vegetation in WCA-2B. Due to the highly permeable nature of the aquifer 
underlying WCA-2B~ it has been difficult to maintain historical water levels within 
this impoundment. As a result, no water regulation schedule is currently·tnaintained 
for WCA-2B although the area should not be allowed to exceed 11.0 ft. NGVD unless 
the outlet structure is open. Impoundment of WCA~2B by construction of the L-35B 
in 1972 resulted in a lowered water table and a shortened hydroperiod, setting the 
stage for melaleuca invasion throughout WCA-2B. Since 1980, the hydrology of 
WCA-2B has changed considerably. Drawdown efforts i11 WCA-2A during the 1980's 
resulted in increased volumes of water being diverted to WCA-2B. These efforts have 
helped somewhat to slow down the invasion ofmelaleuca. 

In the south end of WCA-2B there still exists an extensive wet prairie 
community (Eleocharis cellulosa and Panicum hemitomon) which has been reported 
to serve as a important feeding area for wood storks, snail kites and other wading 
birds over the last several years. Approximately 30 . snail kites were . observed 
utilizing th~ south end of WCA-2B in 1987 (Discussion April 1989 with Mark 
Robson, FGFWFC, West Palm Beach, FL.) 

Introduced Exotics: Heavy infestations of melaleuca (large heads and solid 
forests) ·occur throughout WCA-2B (Melaleuca Task Force, 1990) and threaten to 
dontinate the marsh within the next. several.de.cades. Recent estimates (1990) 
indicate that about one~quarter of WCA~2B (10,000 acres) is currently heavily 
infested by this introduced exotic (Melaleuca Task Force, 1990). 

_ Major Plant Comlll.unlties of WcA .. a ... _ Figure 25 provides. a map showing 
the general distribution and orientation of tree islands and other water management 
features within WCA~3A and WCA ... 3B. ·The original vegetation· communities .of 
WCA-3 were first described by Davis (1943a,b) and Loveless (1959). Many areas of 
WCA-3 still contain vast tracts of Everglades habitat consisting of tree islands, 
sawgrass marsh, wet prairies and aquatic sloughs that are very similar in 
appearance to the descriptions provided by these early studies. However, a number of 
major changes have occurred as a result of canal and levee construction and 
impoundmentofthe area. 

I 
I 

WCA-3A North. The community structure and species diversity of 
Everglades vegetation located north of Alligator Alley (WCA-3A North) is very 
different from the wetland plant communities found south of the trans-Everglades 
highway (WCA-3A . South), Improvements made to the Miami Canal and 
impoundment ofWCA-3A by levees have over-drained the north end of WCA-3A and 
shortened its natural hydroperiod (Figure 20). These hydrological changes have 
increased the frequency of severe peat fires which have resulted in loss of tree islands, 
aquatic slough and wet prairie habitat that were once characteristic of the area prior 
to construction of the C&SF project. Today, northern WCA-3A is largely do1ninated 
by sawgrass and lacks the natural structural diversity of plant communities seen in 
southern WCA-3A. 

Over-drainage of the northwestern portion of WCA~3A has allowed the 
invasion of a number of terrestrial species such as salt bush (Baccharis halmifolia), 
dog fennel (Eupatoriurn capillifolium) and broom sedge (Andropogon spp.). 
Melaleuca has become well established in the southeastern corner of WCA-3A North 
and is spreading to the north and west. The FGFWFC is currently evaluating· the 
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Figure 25. Location of Major Tree Islands and Water Management Structures in 
WCA-3A and WCA-3B. 
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spread of this introduced exotic plant within WGA-3A North (Discussion April, 1989 
withJohnAult, FGFWFC, West Palm Beach, FL.).· 

. WCA-3A South. Everglades vegetation located. in the central and southern 
portion ofWCA ... 3A South probably represents some of the best examples of original, 
undisturbed Everglades habitat left in south Florida 1(Fibture 25). This region of the 
Everglades appears to have changed little since the 1950•s and contains. a mosaic of 
tree islands, wet prairies, sawgrass stands· and aquatic sloughs similar to those 
reported by Loveless (1959). , 

Although the majority ofvegetation within WCA-3A south can be d~scribed as 
typical Everglades habitat, several localized problem areas exist. Construction of 
Alligator Alley (State Road 84) in 1967 cut off sheet flow to the central and f?Outhern 
portions of WGA-3A. The construction of canals and the· roadbed has resulted in 
excessive drainage of the marsh both north and 'sQu~h of the highway. Areas of the 
marsh located several miles south of the highway and west of the Miami Canal have 
experienced a shortened hydroperiod, and an increased frequency of peat fires; 
Severe peat fires during the droughts of 198J, 1985 and 1989 have burned tree 
islands down to bare rock in many places causing th~ loss of tree islands north and 
s()uth of Alligator Alley as well as incteasing soil subsiden~e rates in WCA.;.3A 
(Zaffke, 1983; Schortemeyer, 1980). Two envir()n:mental ehhancerhellt structures, S-
33'9 and 8-340 were constructed on the Miami :C'anal {C-123) in 1980 to divert canal 
water across WCA-3A north and WCA·3A south in an effort to prolong the marsh 
hydroperiod, increase water table levels and reduce flow rates to the south end of 
WGA·3A (Zaffke, 1983). 

The east-central portion ofWGA-3A South; located upstream from pump station 
S~9, has few tree islands and is comprised primarily of aquatic slough and sawgrass 
vegetation (Figure 25)'" District biologists ~have, ·<)bserved large- stands of cattail 
existing in this general area. This area,.located soqth of Alligator Alley and east of 
the Miami Canal~ periodically experiences prolonged deep water conditions 
primarily as a result of S-11 inflows during the wet season. There are several canals 
which converge in this area, bringing inflows from the S-lls, and other upstream 
inflows influenced by agricultural drainage. The s .. g contributes a mix of urban and 
rural runoff from rapidly developing west-central Broward County. The multiple 
hydrologic connections to this area make it difficult to clearly identify specific sources 
of influences on vegetation patterns. 

Apparent impacts to vegetation also have been noted in the western portion of 
WCA-3A; along C-60, located downstream from pump station S-140; and at the 
terminus of the L-28 Interceptor Canal. 

Completion of L-29 across the southern end of WCA-3 in 1962 coupled with 
improvements to several major canals (Miami Canal, L-67 A, L"29 and L-38W) 
interrupted the historic flow of water southward causing the ponding of water at the 
extreme south end of WCA-3A. This construction resulted in long-er periods of 
inundation and relatively deeper water levels in the southern portion of WCA-3A as 
compared to the central portion of the marsh (Figure 20). These hydroperiod changes 
resulted in a loss of wet prairie habitat with. an increase in aquatic slough 
communities which may have benefited snail kite populations in this area by 
providing favorable habitat for the production of apple snails, the primary food source 
of this endangered species. 
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Vegetation of WCA-3B: Plant communities within WCA-3B exhibit ·typical 
Everglades vegetation consisting of a mosaic of tre.e islall.ds, wet: P:ra~iries, sawgJ~ass 
stands and aquatic slough communities. This area ·has .. changed 'little o~since ·the 
enclosing levees were completed in the early 1960s. Tree islands in ·this area 
howev_er, are threatened by t~e i.nvasion _of m~lal~uca., which has 1becotne Jirptly 
established as a seed source w1th1n the Btrd Road/P~I1PSt1CO wetlands,.located ~ust 
east ofWCA-3B in western Dade County. · : 

Introduced Exotics: Rough estimates indica.te that abQu.t :half(3,00,000 acr.~s) of 
WCA-3 contain light to moderate infestations (wid'ely ~cattered outliers and· small 
heads) ofmelaleuca (Melaleuca Task Force, 1990). 

4. Wildlife Resources. 

Macroinvertebrates. Macroinver.tebrate.s represent art important 
com.ponent of the Everglades food vveb. Ho:wev,er, . ,relatiV.ely little. published 
information exists concerning their distribution,·$pecies co.tnposition·or abtindance;in 
theWCAs. 

Previous Studies. Kolpinsky and .Higer (1969), working in the marshes of 
Everglades National Park, first reported the .. hn.portance of crus.taceans to ,the 
Everglades food web. Such species as crayfish .. ,(Procambatus alleni}~ -and the 
freshwater shrimp (Palaemonetes paludosus) as well .. as s::mall fo~age fish represent a 
major component of the Everglades foQ(l w.eb prQv:idiiJ.g ~prey for lar.ger fish, 
amphibians, reptiles and wading birds . 

. · Much less information is available for the WCAs. A study conducted by the 
USGS in 1972-1973 sampled twelve canaJ ~nd ma:r.sh; sites in an effort to docun1ent 
the types of benthic organisiils in the WCAs ~and ~to ,determine the extent which 
.chemical and physical parameters affect their :distribution and community atructure 
(Waller, 1976). Ten of the 12 sites were locEl,ted in WCA canals while only two sites 
(the .2-17 gage in WCA-2A, the 3-28 gage in WCA-3A) were located at interior marsh 
sites that were unaffected by canal water inflows .. Results showed that benthic 
species diversity indices were low at all sites samp~ed and were considered to be 
representative of degraded water quality conditions. Physical factors such as depth, 
velocity of flow, substrate type and water level fluctuations were responsible for the 
observed low species diversity and high variability in the numbers of organistns 
present. Immature insects were the most prevalent formsiencountered (55 percent) 
followed by annelids (oligochaetes and leaches, 21 percent), crustaceans (freshwater 
shrimp, Palaemonetes paludosus) and gastropods. 

The most detailed information available for the WCAs is. an unpublished study 
conducted by District biologists from 1979-1980 (Terczak, 1980, unpublished data). 
Samples collected from three sites in WCA-1 7 three sites in WCA ... 2A, and two sites in 
WCA-3A contained 82 species of invertebrates. Dipterans (chironomids and 
ceratopogonids) represented the dominant invertebrates pre::;ent and apparently 
utilized periphyton and plant detritus as a food source. Dipterans (Dasyhelia grisea 
and Chironomus sp.) as group comprised over 50 percent of the fauna and 
represented a major food source for juvenile and forage .. sized fish. A tnphipods 
(Hyalella azetcus) (28 percent) and annelids (Tubif"ex tubifex) (11 percent) were the 
third and fourth most abundant groups, respectively. The a1nphipod, flyalella 
azetcus and oligochaetes represented the most widely distributed g-roups of 
invertebrates. Other important invertebrates present were freshwater shri tnp and 
crayfish (Procambarus f'allax and P. alleni), which are prey species fbr wading bird~. 
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Res~lts of t~e study indicated that fewer numbers of species were present .at the 
nutrient-enriched 2C site (the equivalent to site B-2, Swift and Nicholas, 1987) 
located in WCA-2A, downstream of the s .. tQC. 

. More recent data were collected by Reeder and Davis (1983), Urban (1984) and 
DaVIs {1991) downstream of S-lOC in WCA-2A. AnQxic conditions at nutrient
enriched sites appeared to have caused a shift jn the,,microbial communities that 
were responsible for decomposition of plant leaf litter. Litter microflora that could 
grow in the presence of oxygen appeared to be replaced ·by anaerobic bacteria at 
nutrient•enriched sites. Ramifications of such a shift on E'verglades food chains are 
poorl~ understood b~t probably significant, since detrital food c~ains play importa~t 
roles 1n many aquatic and wetland ecosystems (Reeder and Dav1s, 1983). Changes In 
communities of macroinvertebrates that colonized leaf-litter included a reduction in 
species numbers, a near elimination of snails, elimination of isopods (Asellus spp.), 
and more than doubling of numbers of annelid worms (Dero) at nutrient enriched 
sites compared to background sites (Urban, 1984). TheteJttur.e of organic sediments 
oil the marsh floor changed from relatively compact, fibr()uS ·sa wgrass s~diment at 
background locations to flocculent, relatively fine, mush-like cattail sediment at 
nutrient .. enriched sites (Davis, 1991). 

Fisheries Resources. Dineen (1974) reported 43 species of fish indigenous to 
south Florida inhabiting the WCAs. The dominantfor~gefishes observed within the 
mar~hes and canals of the WCAs were mosquitofish (Gambusia a/finis), the least 
killifish (Heterandria formosa) and topminnows which include the Florida flag fish 
(Jordanella floridae, and the bluefin killifish (Lucania goodei). lmportan t predatory 
fish species included largemouth bass (Micropterus siilmoides), several species ot' 
su.ll.fl:sh (Lepomls spp.)J warmouth. (Lepo"!is gulosus), bowfin (A mia calua~., and gar 
(Leptsosteus spp.). Taole 15 proVIdes a hst of the tnOSt common fish spec1es found 
within tlie Everglades WCAs. 

There are two primary environments which support. Everg·lades fish 
communities in the WCAs. These include: (1) the vast expanse ofopen water aquatic 
sloughs and wet prairie communities which comprise the majority of the study area, 
and (2) the deep water canal environments within tlte WCAs. While canals contain 
water throughout the year, many areas of the interior' marsh experience seasonal 
drying .. As a result, fish populations within both the marsh and canals fluctuate 
widely from season to season and year to year in response to changing water le~els. 
?-'he eJftensive canal system supports fish species t~at normally :wou Id not be common 
Inhabitants of the Everglades marshes, but typiCally found In lakes. These fish 
included black crappie (Pomoxis nigromaculatus), catfish (lctalurus spp.), and shad 
(Dorosoma spp.}. In addition, canals with access to the Atlantic Ocean have 
permitted the migration of marine fish such as the Atlantic needlefish (Strongylura 
marina), American eel (Anguilla rostrata), snook (Centropomus undecirnalis), and 
tarpon (Megalops atlantica) into some sections of the WCA canals. Four exotic 
freshwater species have successfully established reproducing populations within the 
three WCAs (F. Morello, FGFWFC, personal communication, 1989) including the 
oscar (Astronotus ocellatus), spotted tilapia (Tilapia mariae), walking catfish (Clarias 
batrachus), and the black acara (Cichlasoma bimaculatum). Impact of these exotics 
on the native fish inhabiting the WCAs is not currently known. The extensive canal 
system offers refuge for fish during drought conditions allowing for rapid 
repopulation of the marsh when water levels rise and also serves to increases the 
diversity offish found in the WCAs. 
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Table 15. Common Freshwater Fishes of the Everglades WCAs. 
Family 

Amiidae 
AnguilHdae 
Aphredoderide 
Atherinidae 
Belonidae 
Catostomidae 
Centrarehidae 

Centropomidae 
Cichilidae 
Clupeidae 

Cyprinidae 

Cyprinodon tidae 

·Elapidae 
Esocidae 

Ictaluridae 

Lepisosteidae 

Poeciliidae 

Percidae 
Source: Dineen, 1974 

Scientific Name 

Amiacalua 
Anguilla roslrata 
Aphredoderus sa.yanus 
Labidesthes siccu.lus 
Slrongylura marina 
Erimyzon sucetta 
Elassoma evergladei 
Enneacanthus gloriosus 
Lepomis gu.losus 
Lepomis macrochirus 
Lepomis marginatus 
Lepomis microlophus 
Lepomis punctatus 
Micropterus salmoides 
Pomoxis nigromacu.latus 
Cenlropomus undedmali.s 
Aequidens porta.legrensis 
Dorosoma cepedianum 
Dorosoma petenense 
Notemigonus crysoleucas 
Notropis masculatus 
Notropis petersonii 
Cyprinclon uariegatus 
Fundulus chrysotus 
Fundulus confluentis 
F'unllu.lus notti 
Fundulus seminolis 
Jordanella florit.lae 
Lucanili gooclei 
Megalops atlantica 
Esox american us 
Esoxniger 
lclalu.rus catus 
Ictalurtts nala.Us 
lctalurus nebulostts 
Ictalurus pwz.cta.tus 
Noturtts gyrinus 
Lepisosteus osseus 
Lepisosteus pla.tyrhincus 
Gambusia afl'inis 
Heterandia {orm<Jsa 
Poeciliu latipinna. 
·Etheosloma {itsi/'orme 

Cominon Nau~e 

Bowfin 
American eel 
Pirate perch 
Bro()k silverl.iidc 
Atlantic needlef1Hh 
Lake·chuhsucker 
Everglades pygmy· sunfish 
BJuespottud ::mnflsh 
Warmouth 
Blueb'Hl 
Dollar sunfish 
Red~ar sunfiHh 
Spotted surifi::;h 
:(Jargemou th ba.Hs 
Blac~ crappie 
Snook 
Black acara 
Gizzard shad 
Threadfin shud 
'Golden shi u~r 
Taillight shinur 
Coastal.shinct· 
Sheepshead minnow 
G-()ldeq topm i nnow 
Mursh killifish. 
Starhead toprninnow 
Seminole kilJ if~::~h 
Flagfi~h 
Bluefin killifiHh 
Tarpon 
Redfin pickerel 
Chain pickerel 
White catfish 
Yellow bullhead 
Brown b~.Jllhead 
Channel catfish 
T&dpole madtom 
Lonhrnoscgar 
Florida gar 
Mosquito fiHh 
Least killifh;h 
Sailfin molly 
Swamp da.-l.er 

The Everglades fish community has adapted to a number of severe 
environmental conditions such as periodic drying of the marsh, high temperature 
extremes, low dissolved oxygen concentrations, and generally poor water quality 
experienced during low water periods. Native Everglades fish have developed 
physiological and behavioral adaptations to accommodate extremes in water level 
fluctuations and water quality (Dineen, 1974; Schomer and Drew, 1982). Several 
forage fish species are able to extract oxygen from the waters surface and are 
therefore not affected by periodic anaerobic conditions. Flagiish, mosquito fish and 
the sailfin molly (Poecilia latipinna) have been found to be extremely hardy species 
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tolerant of very poor water quality conditions (Dineeil., H~7 4). Man,y of ~h~se fishes 
have developed reproductive strategies which -alloW them to quickly reproduce and 
repopulate a newly flooded marsh. 

Kushlan (1980 and 1976a) reports that' the number and size-class distribution 
of fishes within the Everglades WCA study area 'is d~t~~mined by the annual pC).ttern 
of water level fluctuation. The seasonal water level variation results in a community 
dpminated by small .. bodied, omnivorous fi_sp.ef) witl;t high reproductive potential. 
Kushlan (1976a) reports that when natural--wat~r..:levelfluctuations are stabilized, 
there is a. shift in the community stru-cture towards a population_ dominated by 
larger-bod1ed, carnivorous fishes, and predation replaces hydrology as the dominant 
factor influencing community structure. · 

An accumulation of organic flocculent (dead plant material), can build up as a 
result of vegetative production duri-ng periods of extended high water. This material 
interferes with fish spawning. Degradation ·of this material exerts a large biological 
oxygen demand which has been correlated with th~ occurrence offish kills within the 
WCA-2A marsh (Dineen, 1972;Worth, 19'88). 

Generally, Everglades sport fish are harvested from the borrow canals which 
surroun~ the marsh~ As water levels in the canal and marsh rise, fish populations 
disperse into the interior marsh and reproduce with minimum competition and 
predation. As water levels r(:'!cede, fish concentrate into the deeper waters of the 
surroullding canals where they become available ·Cis prey for wildlife and fishermen. 
In some instances, the canai_·fishery has experienced major fish kills due to 
overcrowding and oxygen depletion. -

Studies conducted by the FGFWFC in WCA-2A during 1987 found the 
abundance and distribution of fish species within the. interior marsh and perimeter 
canfl;ls to be quite different. Morello et al. (1988) sampl~d fish populations in the 
southern portion of the WCA-2A interior marsh and within the L-35B canal which 
separates WCA-2A from WCA~2B. In the marsh, total standing crop offish was low 
averaging 24 pounds per acre, but density was extremely high averaging 24,000 fish 
per acre. Two small forage fish, the Florida flagfish and bluefm killifish accounted 
for 86 percent of the total fish density. Juvenile largemouth bass were collected in 
the marsh indicating successful reproduction for the second consecutive year. fligher 
minimum water levels implemented in 1986 improved spawning habitat for these 
fish. Between 1982 and 1987, fish standing crop in the marsh varied from 10 to 70 
pounds per acre. 

The L-35B Canal supported a higher standing crop but lower densities of fish 
as compared to the interior marsh. Total fish biomass and density in the canal 
averaged 347 pounds and 1,400 fish per acre, respectively. Sport fish cotnprised 64 
percent of all fish collected. Since 1983, fish standing crop and density were highly 
variable and dependent on water level. When water levels were low in 1983 standing 
crop and density averaged 3500 pounds and 8,000 fish per acre, respectively. 
Similarly during the last five years, there was an negative relationship between 
water level and electroshocking catch-per-unit effort for density (r = -0.96) and 
weight (r = -0.97). Under drought conditions, fish become highly concentrated in 
WCA canals and at times the Florida Game and Fresh Water Fish Commission 
removed or greatly increased creel limits as low oxygen levels became critical to fish 
life (Morello et al., 1988). Wiechman (1985) inventoried the fish population in WCA-1 
and reported similar results regarding the response of Everglades fish communities 
to water levels. 
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The WCAs provide a valuable sport fish.~ry to sp:uth Flori~a. In WOA~2~,- 65 
percent of the fisherman sought largemouth ba~s1 and. 22 p~rcent prefeJ;re~l t9- c~tch 
~unfis~ (Morello et al., 1988). Success rates were higb.co.mpa:r~d to other ~~,t~r bop),es 
tn Florida as catch-per-hour for largemouth ba.ss, s.u~tfish, e~.nd oscar was 0.66, 2.55, 
and 3.12 respectively in 1987-88. However, a 34 pep.~_e.nt d~cH:pe in.· ~n,g~let; use _was 
noted between 1986-87 and 1987 -88~ Du,ripg ·the ~i~·mon.th survey 111. 1-~$.-7~88, 
largemouth bass anglers spent an estimated. $26-.5,0()0. 

In WCA .. 34, fish sampling in. 19.88 w-ith-in tlie .L-67A_ canal iqdjG~t.ed th~~-_gar 
and bowfm (rough fish species) dominate~ the sa-nwle c;oli:ec~io,n by weight C64qi~) 
(Morello et al., 1988). Largemouth bas~, S\lnfit;;h, .a,Ad catfish. wer~ also. t;pUe~t~d. 
Angler effort for largemouth bass was four ti:me~ ·gre~t~r in. WCA.-3A com..p~e<} to 
WCA-~A. However, success for largemouth ba~s, sunfish, ~nd oscar were 0.2(), 0.67, 
and l.2'3fish-per-hour, lower than that observed fo:t; W;GA~2"". , 

Besides supporting a valuable rec~eati()nQCfislu~:ry (qr tb~- t~gio11., WQA fish 
communities provide a major food source fo~ ~verglades wading birds,. aUiga.tprs1 and 
other carnivorous reptiles and mammals. )fish cqinm1;1·:Qity structu!re and ~hllnd~nce 
is highly dependent on water levels. Cons~q'Q.~ntJy, fishing success by humans or 
wildlife is a)so dependent on water levels (Din.e.ep, 19~4). 

Mercury CQntamination of Evergla.d.es F:is.he.a. In February 1989.; high 
leveJ~ of mercury (Hg) were found in the !IllJ.SC.le, ti~~\le of la:rgemouth bas~il!4~l>iting 
the WCAs. Health warnings were issued by the FlQrid:~ D~p~rtment of :Health .and 
Rehabilitative Service recommending red11ced cons\i;mption .oflargemouth b~ss and 
warmouth from WCA-1 since they were found to con·tain 1nercury concentrations 
ranging from 0.5 to 1.5 mg/kg flesh. 

In WCA-2 and WCA-3 mercury concelltratiQns g~:Q.era.11y eXGeeded 1.5-·0H?;Ikg 
a..nd consumption of largemouth hass and war1llo1ith wa~ not recomm.e~d-ed. 
Warmouth are a popular pan fish species that al~o p:rey, on smaller fi~h and th~~ have 
the potential for the possible biomagnification Qf m('rcury. Mercury testing· of fish 
colle-cted from the EAA canals, Lake Olteechobee and wa·ters which flow into the 
WCAs, indicated that largemouth bass were safe to cons-ume. Largemo11-th. bass 
displayed higher levels of mercury, while lower trophic level fish such as blQ~gill 
(Lepomis macrochirus) and redear sunfish (Lepomis micr:olophus) containe4, lower 
mercury concentrations. Bioacc11mulation was evident in largemouth bass as 
generally larger fish demonstrated higher mercury concentrations. At this time, the 
cause of elevated mercury levels in largemouth bass inhabiting the WCAs is not 
known. The Water Quality Division of the SFWMD has initiated a sa1npling 
program to determine mercury levels in the soil and canal sediments thro~ghout the 
region. This program, being carried out in cooperation with DER and I-IRS, may 
provide information on the source and causes of mercury contamination in 
largemouth bass. 

Reptiles and Amphibians. The American Alligator, more than ar,.y other 
species., is most often identified with the Everglades and it's unique wetland 
ecosystem. The alligator has made an impressive comeback in tenns of population 
numbers since the 1960s when the reptile was placed on the endangered species list 
by the USFWS. Today, alligator populations in the WCAs and throughout Florida 
have increased in sufficient numbers to support a controlled harvest program 
(FGFWFC, 1986). 
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I I . 

. 4ll.iga~?rs have been cited t~ s~r.ve· ··~. ~~porta~~ . ecologl~al function _by 
matntam1ng gator holes", or depressions In the.·muck, whtch are thought t? provtde 
a refuge for. aquatic organisms and constitute ·a ~oncentra·ted food source for wading 
bir~s. and ot~er Everglades predators durihg.'drQli'ght {Kushlan, 1974, 1976a). 'fhe 
vahd1ty ofth1s concept is currently being·questioiie(l. 

Water levels represent the important fac;tor ~influencing alligator in the WCAs. 
nesting success ofalligators in the WOAs (A,u:lt;·pers. c~nn., 1989). High water levels 
during the period of nest constructioii, ~hJ'Cll. occurs ·from Jtine ·to early July 
(Woodward et al., 1989), decreases the availability 'o£ines·tjng ·sites, which 'in turn 
results in decreased nesting efforts (Joanen, and' McNea;s~, .1979). Optimum nesting 
effort and success is observed when water levels·· 'remain stable or decrease 
throughout the nesting season (June - September). Significant nest loses, due to 
increas~g water levels. during .. the nesting· ·seasori.J .have !been .reported ·by .saveral 
workers (Joanen, 1969; Jacobsen and Kushlaii, 1$;)86; Hines et al.; 196'8) .. J'oan.en et 
al. (1977) reported total submergence ofeg~s for 48 hours r~sulted in ·mortality; 

Low water levels during the .spring have been asspciated with decteased 
nesting (Joanen and McNease, l972a, o,,c; Palmisano et ql., 1973-;Schemnitz, 1972). 
Aerial nest surveys were conducted in WC:A:-2 and; WCA-3 in_l988 and 198H_(L.J. 
Hord, Feb. 8, 1990, FGFWFC comme~ts 011 Nov~ 8,1989 SWIM Plan).. Three 
hundred and fifty nests were observed in 1988 :··and ·75 in 1989. The WCAs 
experienced low water levels in the ~t:»ring of 1989~ ·A water management scheme 
that promotes maximum habitat and species ~iversity, while maintaining adequate 
water levels in the spring, and tninillliz~s· water levels· increases from June through 
September, would be most beneficial .. to alliga.t<)t · nesting . success (FGFWFC 
comments on Nov. 8, 1989 Everglades SWIM plan, see Appendix E). 

The current alligator management program is designed to conserve alligators 
and their habitat throughout the st~te by establishing mechanisms which will 
provide economic incentives to public and private interes.ts who, as direct benefactors 
ofthe resource, will develop a vested interest in maintaining these wetlands in their 
natural condition (FGFWFC, 1986). The current program includes collection of eggs 
and hatchlings for captive rearing as well as traditional hunting of adult alligators 
for hides and meat. The average gross, market value for adult alligators (hides and 
meat) is estimated at $430.00 (Jennings et al., 1989). The license fee for each egg 
collected is $5.00. The tag fee for each hatchling collected is $15.00. Under the 
current tag and license fee schedule, anticipated revenues based on 1988 nesting 
levels, to the state in tag and license fees was $17,500 Anticipated revenues to the 
state for the 1989 adult harvest were $26,070. The projected gross value to hunters 
for the 1989 adult harvest was $251,550 (L.J. Hord, Feb. 8, 1990, FGFWFC cotntnents 
on Nov. 8, 1989 SWIM Plan). Due to a concern over the high concentrations of 
mercury found in the flesh of alligators and Everglades fish, the scheduled 1989 hunt 
in the WCAs was called off by the FGFWFC until more information becomes 
available concerning the public health aspects of the consumption of alligator meat 
obtained from the WCAs. In addition, no harvest of eggs or hatchlings occurred in 
the WCAs in 1989 due to the low level of nesting (FGFWFC comments on Nov. 8, 
1989 Everglades SWIM plan, see Appendix E). 

Other important reptile species commonly encountered within the Everglades 
WCAs includes turtles, lizards, and snakes. Turtles include the snapping turtle 
(Chelydra serpentina), striped mud turtle (Kinosternon bauri), mud turtle (K. 
subruburm), cooter ( Chrysemys floridana), Florida chicken turtle (l)eiroclwlys 
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reticularia), and Florida softshell turtle (Trionys ferox). Lizards su·ch as the ~green 
anole (Anolis carolinensis), are found in all the WCAs and several .species of s~irt:ks, 
occur more commonly in terrestrial habitats. Nun1er.o~s snakes in'l1abit the· W'CAs. 
Prier habitats support such species as the Florida brown snake. ($toteria c/.e~q.~i), 
southern ringneck snake (Diadophis punctatus)) southern ·black racer (Col:u.ber 
constrictor), scarlet snake (Cemophora coccinea), and two. tattlesna.'.J,tes (Sistr.u:nus 
miliarius and Crotalus adamanteus). The eastern indigo. snake (Dr;yma·r.ohon<.cot>als), 
a federally listed endangered species, an.d .the FloriQ.a pine snake (Pituqphis 
m.el.anoleucus mugitus), a state Spec~es of Spe.cial Gonc~rn~. 111.ay .. als~.e~~i~.st .Jn drier 
areas of the study area. Wetter habitats support mo:re aq11at1c ,species such aa :the 
water snake (Natrix sipedon), the green water sn;~ke (N. cyclQpionJ, Inl).d .si!a~e 
(Francia abacura), eastern garter snake (Tham~~op.his si~taUs), r.ibbon sn~k.e (T. 
sauritus), rat snake (Elaphe obsoleta), and the Florida cottonmouth (Agki$l·rodon 
piscivorus) (McDiarmid and Pritchard, 1978) .. 

_ Important amphibians that are charact~ristic· Qf .th.e WCAF3 include .the 
.Everglades bullfrog, or pig frog (Rana grylio), whic}) .·occurs ,primarily ·within~ wet 
prairie and aquatic slol).gh habitats throughout the ~verglades {L~ga.s, 19'6@).. 'l~his 
~mphibian is con~idered ·an important economic species and prC)vides recreation for 
sportsmen and some s~pplemental inc9me for a few c.01llmQrcial fr.oggers who market 
these animals through wholesalers, b.otels and reatau_r;J.nts. The ·life history ;~:nd 
ecology of this species have been review.ed by Ligas (1960). ·other hnportan~ frog 
species include the Florida cricltet frog (Acris gryllus) and southern leopard frog 
.(Ranasphenocephala) are common in marshesand wet-prauies, while.such.spectesas 
the southern chorus frog· (Pse'(.tcla,cris nigrit(l) and vario11a tree .frogs (sq1;1jrrel tree 
frpg, Hyla. squirela; green tree frog, H. cinerea) are .common to tree islands. and 
qy,press forests. Salamanders inhabit th.¢ d~ns~ly v:~getated., still.or slow-tnoving 
wc;tters _of the sawgrass m11,rshe.s a.nd w~t prairies .. -~They include the greater. s.i~en 
(Sire~ lancertina) and the Everglades dwarf sire:p. (Pseudobranchus striatus). Toads 
such the eastern .narrow-mouth toad (Gastrophryne carolinensis) also occur within 
the study. area. ~ 

Av-ifauna. 

Wading Birds. . Colonial wading birds (Order Ciconifortnes) are a 
conspicuous component of the wildlife communities which utilize the WCAs as both 
feeding and breeding habitat. These include ll species of herons and egrets, two 
species of ibis, the wood stork, and the roseate. spoonbill (Robertf:lon and Kushlan, 
1984). Hist_0rically, white ibis (Eudocimus albus) has been the most abundant 
colonial wading bird species within the Everglades WCA study area. Recent surveys 
indicate that the great egret (Casmerodius albus) is the second 1nost abundant 
species (Frederick and Collopy, 1988). The. great blue heron (Ardea herodias), little 
blue heron (Egretta caerulea), tricolored heron (E. tricolor), green-backed heron 
(Butorides striatus)~ snowy egret (E. thula), cattle egret (Bubulcus ibis), 
black-crowned night heron (Nycticorax nycticorax), and yellow-crowned night heron 
(N. violacea), are also common wading bird species found throughout the WCAs. The 
roseate. spoonbill (Ajaia ajaja), a state species of special concern, and the wood stork 
(Mycteria americana), a federally listed endangered species, both occur within the 
study area. 

Most Everglades wading bird species exhibit a seasonal pattern of abundance, 
being more abundant during the dry season than during the wet season. The 
majority of species nest in late winter or early spring, although a few, such as the 
great egret, are reported to nest at different times throughout the year (Kushlan: and 
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White, 1977a). The WCAs support additio11alaqu~ticavifauna., su.ch as the limpkin 
(Aramus guarauna), two bitterns (lxobrycus exUis and Botarus le_ntiginosu$), the 
anhinga (Anhinga anhinga) as well' as a number of resident and migratory waterfow 1 
(discussed below). · · · 

The reproductive cycle of most Eve~glades wadihg'~irds is tightly linked with 
seasonal water level fluctuations within the marsh. _During the rainy season,. when 
water levels are high, fish and invertebrate preyspe<:i~s repopula,t~the newly flooded 
marsh and begin to increase in abundance·i · As water leyels r~ceq~· during the dry 
season, the density of these prey species (topm'innow~) tnQsquitolish, killitls~, 
crayfish, freshwater prawns and insect larvae) increase as they concentrate In 
remnant pools and along the edge of the drying marsh. Concentration or-aquatic prey 
species during the dry season provides an ~asily harv~sted food source for. wading 
birds~ It has been estimated that the .standing stock of fish increases froin about 50 
kilograms per hectare to about 500 kilograms per hectar~ betweeh the _rainy season 
and the dry season (Kushlan et al., undated). Cop.~~ntration of these foqd resources 
has been shown to. be a major factor in the' initiation of nesting for the wood stork 
(Kahl, 1964) as well as for other wading brnd· species. · · 

Population Declines. Loss of habitat and man-induced changes in the 
natural hydrologic cycle (Le. distribution ofhistorica~ water flows and the timing of 
seasonal drying of the marsh) are thought to represent ~he major factors_ affecting the 
decline of colonial wading bird species in ''Sov.th:Flqri4a~ Historically, the Everglades 
WCAs supported large. numbers of wintering a:pd bt:eedin·g wading birds (Robertson 
andKushlan, 1974). South Florida~wadingbj:rd populations have suffered two major 
declines in this century. Plume hunting a.t th~ turn ofthe century nearly wiped out 
several species. Most scientists agree that fe'd¢ral protection measures enacted in 
1910 ~Uowed wading bird populations to reb-uild tQ h~althy levels by tqe 1930's 
(Allen, 1964; Robertson and Kushlan, 1974~; Ogden1 1978; Kushlan and Ftohring', 
1986; Frederick and Collopy, 1988). Sometime in 'Qetween the late-1940's and the 
mid-1960's, numbers of breeding wood storks, tricolored herons, snowy egrets and 
white il:>is declined several orders of magnitude (Kushlan and White, 1977a; Ogden, 
1978; Kushlan et al., 1984; Kushlan and Frohring, 1986) Frederick and Collopy, 
1988) .. Kushlan and Frohring (1986) suggest that the decline of the wood stork 
population coincided with changes in the regional water management syste1n 
initiated in the 1960's, rather than the gradual declines observed since the 1940's 
(Sprunt andKahl, 1960). Although the extent of the population decline is a subject of 
controversy,; much of it has occurred since construction of the regional water 
management system largely completed in 1962. The physical compartmentalization 
of the Everglades by levees and canals has caused major changes to historical flow 
patterns, water depths, the natural timing of water level fluctuations and the 
distribution of water within the WCAs and ENP (Kushlan, 1987). Water depths in 
some areas of the system are now much deeper than th~y were historically, while 
other areas of the system are substantially drier. Under both conditions, the natural 
timing of these water level fluctuations has been altered (Kushlan) 1987). 
Implementation of the minimum delivery schedule (1967) for delivery of water to 
ENP and the addition of the L-67 extension canal and associated levee has 
exacerbated these timing and delivery problems and is thought to be directly related 
to the poor nesting success of wood storks within ENP (John C. Ogden, 1989, South 
Florida Research Center, ENP, pers. com.). 

Loss of wading bird habitat due to the conversion of seasonal wetlands to 
agriculture has also been cited as an important factor. Browder (1976) reported that 
wading bird feeding habitat south of Lake Okeechobee has been reduced by 35 
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percent since the turn of the century resulting from th~ conversion of sawgrass 
wetlands to sugarcane farming. It is generally. beli~v~4 t~Q;t the C,omhi;ned. ~fe_cts·of 
habitat destruction, loss of feeding areas, .and. disr\l;ption of historical. l)yq~r.op~riod 
pattern~ represent the_ .primary factors affectin:g the decline of ·wading 'bird 
populat1ons In south Florida. 

Wading Bird Requirements: T~~ .m,.ajQrity ofwading hiv~ spe.cies. require 
shallow water ~epth for efficient feeding. White ibis· r~re,~y forage in waters Jdeeper 
than 15 em while almost all of the smaHer .he~on _ a,p~cies are too short, to waP.e in 
-waters deeper than 2() em (.Custer and Oaborp..e, 1978; Kushlan., 1974~. Cq11atruc.tion 
of w~ter management canals and levees ha.ve ren~ered J;I:l.aily are~s .of the- WCAs as 
unsuitable wading bird feeding habitat du,e to the. panqed, de~p water cqnditions 
which prevail in these areas. · · · . 

Regardless of whether a wading bird is_fi tfl;cti.l.e .or sig}J.t. feeder, ~11 spe~ies r~ly 
h~avily on receding water levels duri-ng , the,. d.:ry . season a.nd th~ .a~socia.·t~d 
concentration of prey species (crustac.e8n,s. ~:p.d fish) for .o.pthn.:urn r.~prod,l;lctive 
success. The mec4anical concentration of prey s.p.eciea . produced by .the na:tural 
drying of these wetlands is essential for the n~sti~gJ~n;u;cess of such tactile· feedevs _as 
the wood stork and white ibis (Kahl, 1964; Kushlan1 1974; Kushlan, l976a; 
Frederick and Collopy; 1988). The wood stork is consid.~red to be highly sensitive to 
seasonal water-level fluctuations, Successful h~sthl:grequires that a concentr~tion of 
fish be present within a certain distanc.e of its l):es-tmg colony for the entire l~:qgth of 
its nesting p.eriod (Kahl, 1964). Nesting may ntit be initj;;tted if there is jns.ufficient 
concentration of fish due to poor fish produ~tio~ d~ring the r~iny season, or due to 
high water levels during the dry season. SiniU~rly 1 _ nest failure is likely i~ water 
levels rise before the end of the nesting period, Of all colonial wading birds, :the W.Qod 
stork exhibits the most dramatic resp.onf3e to wa.tet-level changes. The nes~ing 
success of wood storks parallel many other coloJ;Ii~~ wading bir"d pqpulatio~~' and as 
a group are considered a good indicator of. th~ ~ffe~ts 9f w~ter.-level ch~:qges on 
colonial wading bird populations in the Everglade$. Poor feeding conditions. and poor 
nesting success result from chang~s in the natural hydrologic cycle (i.e. timing of the 
seasonal drying of the marsh). Incre~sed or rising water -levels during the nesting 
season caus.e wood storks, white Ibis and small herons to abandon their nests 
(Frederick and Collopy, 1988). Slow drying or interrupted drying r;;ttes, or late 
drying of the marsh relative to the normal nestiqg period all contribute to poor 
reproductive success of colonial wading birds (Frederick and Collopy, 198-8). 
Stabilized water levels, extended hydroperiods or long term, deep water co~ditions 
provide poor foraging habitat for the majority of Everglades wading birds. 'fhe 
duration of optimal feeding conditions is also an important factor in wading bird 
nesting success. Prime feeding conditions must be available during the entire 
nesting period to achieve maximum reproductive success. Optitnutn conditions for 
successful breeding would be a long, protracted drying of the n1arsh that would 
encompass the entire breeding cycle (nesting and providing forage for fledgling and 
juvenile birds (Frederick and Collopy, 1988). 

Wading Bird Diet and Prey Preferences. White ibis, the most abundant 
wading bird found in the WCAs, feeds primarily on crayfish (Procambarus alieni) 
comprising about 66 percent of its diet by energy content with invertebrates 
comprising 25 percent (Kushlan and Kushlan, 1975). In contrast, wood storks feed 
almost exclusively on fish (Ogden et al., 1976). . Although both species are tactile 
foragers, differences in prey preference and foraging strategies allow both species to 
utilize drying wetlands with minimum competition. The diet of sight feeding wading· 
birds (herons and egrets) generally includes forage fish (toprninnows, killifish and 
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mosquitofish), small reptiles (snakes and lizards) and frogs, crustaceans (crayfish, 
fresh water prawns), snails and insect larvae. · 

. Current status ol Wading Bird populations in WCAs. Recent (1987-1988) 
aerial surveys (Systematic Reconnaissance Surveys or·SRFflights) were conducted to 
d~te~min~ the foraging habitat requirements :and_ rn:ap· the movement of colonial 
wading birds (herons, egrets, wood -storks and ibis)::within WCA-1, WCA-2A't WCA-
2B, WCA-3A (Hoffman et al., 1989). Results of these surveys ~indicated that White 
ibis, great egrets, great blue herons; wood storks, little blue herons, snow-y egrets 
cattle egrets, glossy ibis and an occasional roseate spoonbill are the most common 
wading bird species utilizing the WGAs with . populations varying wid:ely in 
relationship to seasonal water level fluctuations. :Pealt wading bird use of the WCAs 
occurred in January in rel-ationship-to receding watel"·lev_e_._ls with over-12_1_ ~000 h_ irds 
observed. A second smaller peak w~s recorded iu March. Lowest counts occurred 
during Augtist with less than 15,000 birds counted, White ibis represented the tnost 
abundant wading bird obs~rv~d with total cou:rits raJ!ging from 894 (August) to 
88,621 (January) birds during 1987-1988, and ,moved in and out of the WCAs in 
response to changing water 1evels~ Great egrets,- represented- the second most 
abundant group of wading birds observed. 

Population estimates showed two residency patterQ.s. Great blue herons and 
great egrets are residents in the WCAs during the dry season with ·consistent 
population sizes during this period .. White ibis, wood storks and small white and dark 
herons fluctuate in numbers in response to rising and falling Water levels. Peak 
populations occur during the winter months (often during M-arch) -with numbers 
declining in the spring. These birds leave ,the WCAs during the wet season. 'l'he 
WCAs -provide an important staging habitat for ibis,. wood storks, small white and 
dark herons prior to their migration to the north.(Hoffinan et al., 1989). 

Snail Kite. Another species of Everglades avifauna that is directly 
dependent on hydrologic conditions within the WCAs is the [Everglade 1 snai1 kite. 
The snail kite is a medium-sized raptor of the Neotropics. Although common in South 
and Central America, Mexico and Cuba, the Florida snail kite (Rostrhamus sociabilis 
plumbeus) is listed as an endangered species by the federal government and the state 
ofFlorida. The snail kite is an obligate wetland species that requires flooded wetland 
areas to produce its primary food source, the ·apple snail (Pomacea paludosa). The 
snail kite has developed a curved, sharp-tipped bill that is specially adapted for 
extracting snails of a single genus, Pomacea., from their shell (Kale, 1978). 

Many wildlife experts consider the snail kite and the wood stork as good 
barometers ofthe Everglades ecosystem. When both species are maintaining healthy 
populations it generally signifies that the system is working close to historic 
conditions. However it should be noted that the snail kite is considered a "bootn or 
bust" species, that is, populations historically increase during wet years and 
dramatically decline as a result of drought. 

Although snail kites were historically observed in WCA-1 and WCA-2A, the 
majority of South Florida•s kite population is found today in the central and southern 
portion ofWCA-3A. In 1983, 92 percent of Florida's snail kite population in Florida 
occurred in WCA-3A (Bennetts et al., 1988). 'fhe south end of WCA-3A has been the 
major nesting and foraging area for kites for the past 15 years and has received 
designation as "critical habitat" by the USFWS (Bennetts et al., 1988). The snail kite 
population in WCA-3A fluctuates annually. The reported snail kite population in 
WCA-3A for 1983 reflects a period of high use. Survey data from 1980 through 1989 
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indicates approximately 60 percent of Florida~s snail kite population occurred in 
WCA-3A (J. A. Rodgers, Jr. FGFWFC, personw communication) In recent years, 
WCA-2B has also been utilized by snail kites. 

There is concern that the recent drought has had a signfficant in1paet o~ the 
resident snail kite population in WCA--3A. A r-ecent survey ,of the: ~H~ea indicated' zero 
nesting success during the 1988-1989 breeding ·sea~OI'l due· to the l.'O:~rnonth · c!tP\l;g:l~t. 
Surviving birds migrated north to the lakes and marshes:of ¢~ntra.l· F:lorida:. Wil(llife 
experts anticipate that the population may drop ftom 500 to· ·aoo bi:ras by the 
December 1989 annual count. - -

Florida's snail kite population e*petiertced ste·ady d:ecHn:es ·du~ting the early 
1900s resulting from the construction of major dta:in,age: and~ freon· con:trO'l pl+ojects 
initiated in the northern Everglades~ Over-~drain·age· ofthese wePUafids is thought to 
have reduced the production of apple snaHs·by destroyi:n:g orntodifying fhe hyd'I'Ol(Jgic 
regime of the original marsh. Lowest population·le\tels ofsnaiT kf:tes occurred from 
1950•1965 with perhaps .fewer than 40 individual. pirds· remainin:g €Sykes; 19~3). 
From 19.65 .. 1980, snail kite populations increas~d· ~'03· p~tceri:t with a population: of 
651 birds reportedina1980 census (Sykes, t:983). Sin~e J:96!},JtlU1¢hof~he popu:~ation 
has shifted from WCA·l and WCA~2A to the south end of WCA--3A.. Sn'ail kite 
abundance has also increased in WCA-2B and WCA~3B~ Lake Okeechobee and 
WCA~3A currently harbor the largest nutiiher of birds· a.nd nesting sites· in south 
Florida. 

Snail kite recruitment is directly linked to depth and· duration of water levels 
within t~e Everglades, which in turn regulat~ the abundance of ap.ple snails (Sykes; 
1983; Bennetts et al., 1988). Optimum liydrologiC conditions for· Sl1ccessful snail _kite 
nesting (and apple snail production~ exist in w~ter .dept~s· ranging from, 20 to ·8~ em. 
with seasonal drying intervals ofno·lessthan .o:S•ye;;its·-(.305 days) and·no·longer than 
four to five years (Bennetts et al., 1988). Complete drying of the marsh for extended 
periods of time results in low or zero nesting s.ucc~ss with occasiona~ mortality of 
adult birds observed. During drought, some portions or the population disperse to 
other parts of the state to find acceptableforaging habitat (Beissifiger and ·Takekawa, 
1988). 

Impoundment by levees and canals caused water to pool in the southern portion 
ofWCA-3~ ~esulti~~ in a lengthen~~ hydroperiod north of'f:amia~ Trail(U.S .. 41). 
Although:th1s cond1t1on was not anticipated as part of the des1g·n of the C&SF proJect, 
stabilized 1water levels increased the amount of aquatic slough vegetation present in 
the south end of WCA-3A, creating optimum conditions for the production of apple 
snails. The optimum range of snail kite nesting relative to ground level elevations in 
WCA-3A occurred between 2.1 M (6.8 ft.) and 2.5 M (8.2 ft.) during 1986~1987 as 
shown in Figure 17 (Bennetts et al., 1988). Creation of favorable snail kite habitat in 
the south end of WCA-3A is thought to be responsible for an observed shift in the 
snail kite population into WCA-3 (Sykes, 1983; Bennetts et al., 1988). 

The snail kite prefers open-water slough and wet prairie (Eleocharis sp. flats) 
habitats with long lines-of-sight for foraging. Dense· vegetation provides relatively 
poor snail kite habitat. In WCA-3A kites prefer to build their nests in short, woody 
vegetation, (e.g. willow trees) over open water to reduce predation of the kite'~ nest 
(Sykes, 1983). Dry hammocks or tree islands are avoided due to increase·d predation. 
Snail Kites rarely build nests over water shallower than 20 em (Bennetts et al., 1988). 
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Mammals. 

WCA Deer herd. White-tailed.dee:r ,(0€Wcoileus virginianus) have lived in 
the Everglades for centuries, long before the mar;sh was i¢pounded by. a· swstem of 
leveet3 and water control structures. Information collected ·i~ recent years indicates 
that Everglades deer herds fluctuate widely in re$ponse to ·nood and drought cycles. 
However, little information is available which ideft,tifies what the origi11al carrying 
capacity was of the system prior to co11struction of the present :day water 
management system. In the past, deer populatipns· were ~e:t).~r~lly described as a 
"boom or bust'' proposition, increasing·during an··~~tended dry period;; -~nd decreasing 
during prolonged wet periods, depending on wat~r .i~vels; CFGFWFQ., 1983). 

During high water periods, d~:~r ·c()nce~tra.t.e ;On tree!· ·ial:ands and levees and 
spoil banks causing competition for·ava1lable (orage~~·'re$ti~ga:reas, increase the 
transmission of diseases and parasites, ·as wen··ak·causing physical .and: behavioral 
stress to these animals. If high water .level~· persist·,. the food· ~tipply becomes 
exhausted, malnutrition develops resulting in a larg~~scale ~ie-offofthe herd. 

Newly born fawns .and crippled or diseased animals are usually the most 
.susceptible individuals within the pQpUl~tion,.. J{ighest fawniqg activity QCC~rs in 
Febru~y ~ If high water levels are exp~r·ienced during. this critfcaJ tim~,. then fawn 
mortality is high. Regression.analysis ahows a strQng ~egative CQrreJation (r - 0. 7) 
between herd recruitment and marsh water levels. High_ recruitment: is e)(perienced 
during low water; while. low recruitm¢n;tl$ ~ypical during high ·water periods 
{Discussion April, 1989 with John Ault, FGFWFC). 

The FGFWFC manages essentially fout<separate deer herds within the WGAs. 
These are identified as WCA-.2A and 2B (managed as one unit), WCA-3A north, 
WCA-3A south, and WCA-3B. Assessment.ofthese four.areas in 1987 indicated that 
the WCA deer herd is currently healthy and. in good condition based on analysis of 
percent kidney fat, counts ofliver fluke E.llid stomach parasites (Ault, .1989).. 

Figure 26 presents a summary of deer population indices in WCA-3A north 
(north of Alligator Alley). Prior to 1979, the deer population fluctuated widely from 
year to year with higher numbers of animals maintained in the area as co1npared to 
levels maintained since 1982. In 1979 and 1982, two highly publicized water-related 
die-offs occurred in WCA-3A. )The die-off in 1982 required a controver~ial Special 
Emergency Deer Hunt (July, 1982) to protect the remaining herd and minimize the 
extent of deer mortality (FGFWFC, 1983). 

Since 1982, the Commission's policy has been to maintain deer herd size at a 
carrying capacity that will prevent the large scale die-off experienced in 1982 
resulting from prolonged high water levels. The strategy developed to 1neet this 
objective was to establish an index (Norton-Griffins index ) of the deer population 
that could survive prolonged high water conditions with having little effect on the 
overall health of the herd, while keeping the adult sex ratio between 1:2 and 1:3. The 
population index objectives for each of the four deer management areas located 
within the WCAs are currently 1,000 for WCA-3A north, 1,500 for WCA-3A south, 
500 for WCA-3B and 250 for WCA~2A and 2B (Discussion April1989 with John Ault, 
FGFWFC). 

Since 1983, the FGFWFC has collected data and tested management practices 
demonstrating that it is possible to control both herd size and adult sex ratios. From 
1983 to 1986, the primary short-term objective was to control the sex ratio and herd 
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Figure 26. Mean Deer Herd Population Indices for WCA-SA North: 1.9171-:-1.989. 
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size~ _ This was achieved by . re·gulating .. tb~- t.f9e: b.arv~st.: N·owever,. ~beca.:us-e of_ this 
emphasis, herd size remained below· the~ F{iFWFC · p'apu.~1at1oti· ol)je¢tives'. ln t987, the 
Commission initiated a number of rnanagem,~nt- -prf!efii¢e$'· d:esi.g·rred te' al'loW far an 
increase in herd size up to the objectiye. J\IS~!fication:fo(tnese ae~ron.a: wettr aased: on 
the following: (1) Only a smalldie-offresulted:from·tne:~tg;ll_wa:te~ ~ve}1ts·recprd'ed in 
the summer of 1986; (2) Herd si-ze wrts- beloW F~~WF.C: objecti;yes· _tor- e.~¢h 
m.anagement zone; (3) Sex ratios _were; at . ti·e§i~¢d: level's with _,the._ FGFWFC 
demollstrating their ability to regain control of €Ite· :P6.Plii1ation· ff vatios become 
skewed; and (4) Increased herd size provides· mare nun.ti:p·g: opp·ortunities. 

In 1987, the primary m-anagement acti9n· ta:ketFto· increase h:etd s·ize up _to\ the 
carrying capacity ofthesewetlands·was-to reducethe·number·ofdioe·tagsissu¢~by 83· 
percent. This strategy hawever, has not yet producet;l the desired result with 1987 
and 1988 experiencing below average recruitm~nt. Low re·cruitm·ent . 1nay _also be· 
related to the time lag required for herd composition: changes to show up~ in older age 
class- individuals. _For 1989, the Commission recommends (a) continuing the· 
restricted doe harvet?t; and (b) recommending moderate hunting pressure on the buck 
population to increa$e recruitment levels (Ault, 19891 personal· communication}. 
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5. Water Quality Characteristics. 

Prior to drainage and development of ~he· :E,verglades~ this vast· sa.wgrass 
wetland functioned essentially as a nutrient-limited ecosystem with phosphorus and 
inorganic nitrogen concentrations at extremely low lev~ls. The majority ofn.u.trients 
~re presumed to have been derived frQrn dire~.t r~hi(!tlJ(Davis, 194~~; ;Parker, 1974; 
Waller and Earle, 1975; McPherson et al., 1976; Davis et al., 1987). Data collected in 
recent years show that a number of \Vater quality ·~b~l)ges haNe t.aken plac~ within 
the northern Everglades WCAs and that ma~y a~e~$ .. ()f'the marsh are now ~ubjected 
to elevated nutrient concentrations w. h._ic~ .. ha. ve.hn .... ~p~ .. cte.d native~p.la.}~t co~m .... uniti.es 
and marsh ecosystem structure and function (LQTAC.~n~ 1988; 8w1ft and.N1cholas, 
t987; Davis, 1989, 1991). The increased n.utri~tit J()ad i~ <}erived p:rimatily from 
drainage of agricultural lands located within. ·the jEAA. and to a lesser extent,. urban 
lands located to the east (LOTAC· II, 1988). · - · ' · · · · 

Since drainage systems were construct~d withip. the EAA, surfac.e water runoff 
from . this agricultural region has histo:ti~aUy. qont~ined high con~ent~~tiqns of 
nitrogen and phosphorus resulting from SOil Subsidenc~ (the biological ;O~idation of 
nitrogen-rich organic peat soils) and the :U.$e_ Q{ . J~PO$PhQrus as . fertili~el\ EAA 
dr~inage waters also contain J:ltgh concentrations· ()fdissolve(l minerals (chlol'ides, 
soaium, and calcium ca.rbonate) aiJ.d t~ac~ .m~t~l~i. (copper, zinc,. lead and iron) as 
compared to interior marsh sites. UIUl_ffec~~d ;PY t}gric~at!ral .f,)urface water runoff 
(Lutz, 1977a, b; Dickson et al., 1978; CH2M~Hill; 1978):. Pesticides are also fot~nd as a 
contaminant of EAA drainage water (Kolpip.sky and Hii.ger; 1969; Waller and .Earle, 
1975; Milleson, 1980; Pfeuffer, in press). Tra~e:@.niQ1l):lts of pesti9jde anP. herbicide 
residues (atrazine and zinc phosphide) are oc~a.~iQJ;lal.Jy found in Everglades E;urface 
waters and sediments near water rnanagementJnflqw atructures (Pfeuffer,in press}. 
Increased nutrient loadings in combination with hy(irop~r-iod changes and the effects 
of fire have produced adverse impacts to native Everglades marsh vegetation within 
all three WGAs and &re .considered a threat t~l th~ biolog-ic~l int~grity of the 
ecosystem (LOTAC-11, 1988). Areas of the marsh that appear to be most affected are 
sites that are located downstream of water man~gement inflow structures~ The 
majority of these water management structures were built over 30 years ago as part 
of the C&SF Project to provide flood control, water supply and other benefits to the 
region. 

In addition to the nutrient loading problem, recent evidence indicates that the 
heavy metal, mercury, is currently contaminating the flesh of fish and reptiles 
harvested from WCA and ENP canals (HRS, 1989). Long-tenn consumption of 
mercury-contaminated fish could potentially cause mercury toxicity in hu1nans, 
especially children and expectant mothers. A public health advisory is in effect, 
urging limited consumption of largemouth bass, warmouth and alligator meat 
obtained from portions of the WCAs and ENP canal systems. At this writing, the 
source of mercury contamination in Everglades surface waters is not well understood. 
An inter-agency investigation of the problem is currently underway within the study 
area. 

Previous Water Quality Studies Conducted within the WCAs: The U.S. 
Geological Survey (1941-1945) initiated the first investigations concerning· the 
surface water quality ofWCA canals and ground water (Parker et al., 1955). Parker's 
investigations of the Hillsboro and North New River canals found thern to he high1y 
mineralized with respect to dissolved solids, bicarbonate, chloride, sodium and 
specific conductivity. Nitrate concentrations ranged from 0- 2.4 mg·/1. 
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These early investigations were not followed up until the 19'70s when the USGS 
orga!lized the first comprehensive studies of w.ater q':lality within the Evergl~4es 
(F~e1berger, 1972, 1973; McPherson, 1973; Mattraw, 1973; McPherson et al., 1976; 
Mtller, 1975; Waller, 1975; Waller and Earle, 1975). Results of these studies found 
concentrations of dissolved minerals, nutrients ~nd .Pesticid~es (cP.lorirtated 
hydrocarbons) to be higher within the northern areas of the Everglades influenqed by 
agricultural development as compared to undeveloped wetla.Jids located within the 
Water Conservation Areas, the Big Cypress or Everglades National Park. 

McPherson (1973) initiated water quality' i:nvestigations in the WCA;s from 
1970 to 1972 in cooperation with the USGS and SFWM.D (then kt-H)Wh as:t.he Ce.nt,:tal 
and Southern Florida Flood Control Distri'ct). Result~ . of this studiy indicate,'d that 
waters draining agricultural lands to the north ofthe WC.As was of poor quafi;ty ~tid 
contained high concentrations of dissolved solid$, nutrients· and pes.tici(.ies 
(breakdown products of DDT) impacting the north· ~nd northeast portion.s· <)f t}le 
WCAs. Dissolved solids were highest in the north and northeast potti'ons qf the 
WGAs where averages ranged from 471 to 641DJ.g/l, and_lQW.est in the "south (WCA~ 
3A) where averages ranged from 172 to 3'87 mg/1. McP}ietson (19'13) atttibuted 
these high dissolved solids concentrations to· the· com:l>inedi effects-of gro:tmdwatet and 
the proximity of WCA .. 1 to agriculture "Dtiring loW•w;ater perjod·s·, a re'lativtHy large 
part of canal water comes from the ground.water c6IitriJ;it1tions~ ·aro"Qnd wa:tet~ is nrore 
saline in the northern Everglades than in the southern part fcitift,g Parker and 
others, 1955]. During high-water periods, agricultu-ral land is drained by pun1ps 
whieh. discharge water with high dissolved solid~ into canals hi the ntn•thern 
Everglades''. 

Pesticides (pri,marily the break down products'QfllD1)showed a sil:nitar trend. 
DD'F residues in canal bottom sediments averaged! 1:92:-ug/kg in the northern WCAs 
as. compared to 13.8 ug/L in. the south. DDT levels . av~raged 723 ug/kg within 
centrarchid fish collected from the north end ofWQA.•l, 264 ug7kg at the south end of 
WCA-1, 230 ug/kg in WCA-2A and 56 t}g/kg in WCA-3A.. Dieldrill and toxa(Jhene 
were also found in high concentrations from fish collected within WCA-1 a_nd WCA-
2A canals; while polychlorinated biphenyls (PCBs)Were· highest in sed~iment satuptes 
collected from WCA-2A. Trace metal concentrations exceeded state water- quality 
criteria at the S-10 structures located betwee:n WCA .. t and WCA-2A., and in the 
Miami Canal located in WC.A,-3A. Seasonal drying of the Everglades also affected 
canal water quality. The highest concentrations of nutrients were observed following 
the 1971 drought. ! 

Several investigations (Freiberger, 1973; Mattraw, 1973; McPherson et al., 
1976) focused on evaluating the quality of water being discharged into the WCAs as a 
result of the water 1nanagement practice of ''backpumping" (pumping water against 
gravity into Lake Okeechobee or the WCAs for floo~ control or water supply 
purposes). These studies indicated that water quality had changed within certain 
regions of the Everglades and that increased concentrations of nutrients from 
agriculture· and urban development had influenced water quality at various 
locations. 

Mattraw (1973) examined the effects of pumping nutrient-enriched water into 
the north end of WCA-1 at pump station 8-5A. R·esults showed that specific 
conductivity and nutrient concentrations were low at interior marsh sites and high at 
perimeter canal sites, indicating that interior marsh sites appeared relatively 
unaffected by pumping in the areas sampled. Dissolved oxygen concentrations were 
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shown to decrease while ammonium concentrations increased during pumping events 
due to the resuspension of bottom ~edifuents and associated 'intre·~sed biological 
oxygen demand. Similar results were shown at pump station 8-9lo¢ate.d in WCA-3A 
(Freiberger, 1973). Pumping produced sh6rt~term impacts including dec.reased 
dissolved oxygen concentrations ·and increased ammonium l~vels. These changeH 
were observed three miles downstream from the S..:~ pump station. 

McPherson et al. (1976) publi~hed similar reS\llts indicat~ng that water 
pumped into the northern WCAs washighi'nboth'diss()lved minerals &nd nutrients. 
Nitrogen and phosphorus were rapidly ·.assimilated by marsh vegetatio~ . and 
sediments within a short distance from perimeter canals. Canals in th~ northern and 
eastern portions of the WCAs experienced low dissolved oxygen concentrations and 
increased n~trient concentrations (primarily ·ammonia) immediately following 
pumping events. The study expressed concerns that increas~d nutrient loading- GOuld 
potentially change the Everglades environment 'by causing increased growth of 
aquatic plants, shifts in food web structure, and possibly effects on wildlife 
populations. 

Klehi et al. (1975) reported that Everglades surface water quality had changed 
in areas of the marsh subjected to inflow$· from dr~ihage areas out~ide the WCAs. 
Dissolved solids and chloride had increased in wa~ers originating frotn, or passing 
through the EAA. Water backpumped to the ·woAs from urban and agricultural 
areas had also cP,anged water quality within certaill areas ·of the Everglades marsh. 
In Everglades National Park (ENP), chloride con~en~rations at sta,tion P-33, located 
in Shark River Slough, had increased from 10 to 70 mg/1 since 1959. 'rhe study 
predicted that water control within the EAA will most probably affect water quality 
within other areas of the Everglades region in the f9ture. Water draining the EAA 
and east coast urban areas was of poor quality. Urban and residential development 
within these areas are likely to increat:;e rather thap. decrease in the futlJ.re. A study 
of pesticides at ten sites within the WCAs showed that concentrations of DDT were 
low in surface waters collected from agricultural lands and at marshes sites remote 
froll1 agriculture. Sediment and fish samples indicated that DDT concentrations 
were higher near sites influenced by agricultural activities. 

Waller and Earle (1975) reported similar results, showing generally poor 
quality water being discharged into the WCAs fro~ the EAA at tnajor inflow points. 
Results showed that the quality of water within the EAA was markedly different 
from other surface waters in southeastern Flbrida. Agriculture and urban 
development had affected water quality in the northern and eastern portions of the 
Everglades study area. Water entering ENP was of better quality than that entering 
the northern WCAs. Highest concentrations of tnajor ions (bicarbonate, chloride, 
sodium) and highest specific conductivity values were recorded within EAA canals, 
the perimeter canals ofWCA-1, WCA-2A canals and marsh, and the northern pottion 
of WCA-3A. These high values were thought to be the result of canal waters rnixing 
with mineralized ground water which had come in contact with connate sea water 
present in ancient marine sediments which underlie the organic soils of the EAA and 
northern WCAs (see also Parker et al., 1955). Much of this highly mineralized water 
is pumped south into WCA canals. Median total phosphorus concentrations were 
highest in the northeastern (pump stations S-5A and S-6) and northwest portions of 
the Everglades study area. Waller and Earle (1975) attributed high phosphorus 
levels recorded in EAA canals and the northeastern portion of the WCAs to 
agricultural activities within the EAA, while underlying clay sediments containing 
high phosphorus concentrations were thought to be responsible for the high 
phosphorus values recorded in the northwestern portion of the study area. llighest 
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nutrient concentrations in the WCAs canal system occurred during the wet season, 
while interior marsh sites experienced highest concentrations during the dry season. 
Average trace metal concentrations were below state water qu.ality sta.ndards for 

Class III waters. High iron concentrations, typical of _the organic soils within the 
study area, exceeded the criteria on some occasions, while chromhun was found. to 
exceed the criteria once. The pesticid~s. most frequently enc0un~red w.i,thin WGA 
drainage waters were parathion and qhlordane with diazti).oJ!,_ dield~ri.n, _ me thy 1 
parathion and DDE occurring infrequently. Concentrations ofDIJT residues in canal 
bottom sediments were generally higher wit_hin the EAA as compated. to other 8;reas 
of the Everglades. The authors suggest that t~e Everglades functioms as·· a sink for 
macronutrients, trace metals and chlorinated-hydrocarbon inE;ecticiciles·. These 
pollutants are tied up in various complexes_ (sedi-ments and marsh vegeta:tion), and 
for that reason, water delivered to ENP is ofbetter quality than water that enters the 
WCAs. 

Rainfall (bulk precipitation) appeared to 'be the maJor C(!)ntrihu·tor of inorg~anic 
macronutrients (ammonia, nitrate, rlitrite and orthophospberus) tm Everg~Iades 
surface waters. Average total phosphorus concentration for bulk rainfall i:n. WCA~3A 
and ENP, excluding samples contaminated by orga-~is$s, was 0. 032 mg/1 (Waner and 
Earle~ 1975, Tables 13 and 14). Bulk precipitation is proba~iy the major contributor 
of nitrogen and phosphorus to the Everglades ecosyBtem (Waller .and Ea·rle, 1975). 
Waller (1975) estimated tha.t bulk precipitat~on was the primary soptce of nutrients 
for the WCAs representing about 78% of the nitrogen an:<l phospho.rus inflow. A 
materials budget analysis indicated tha,t as a whole, the WCAs r~tained about 74% 
(5,500 tons) of nitrogen, and 96% of the phosphorus (242 tons) discharged hJ.to the 
study area during 1972·1973 (Waller, 1975). . 

The potential for utilization of the. Everglades ma.tsh .for waste· water 
treatment was assessed in a study by the U.S·. Pepartment of Agricu·lture (Steward 
a:nd~ Ornes, .1975b) within WCA-3B. Nutrients were .applied .to con·fined, stands of 
sawgrass with estimates of nutrient uptak~!and.grow.th response obtained,. as weUas 
nutrient distribution and movement. Within 12 weeks, the native periphyton
bladderwort (Utricularia spp) algae mat had disapp~ared being replaced by dense 
phytoplankton blooms for the duration of the .study due to continuous~ weekly 
applications of phosphorus. Plant community composition was altered, ind icat.ing 
that changes in vegetation would occur if the supply of nutrients to· the Everg-lades 
ecosystem was increased. Results of the study indicated that the sa wgrass tnarsh has 
low nutrient requirements and ther~fore has a limited capacity for assi1nilating 
nutrients (waste water) introduced into the system. 

Results of these initial studies sponsored by federal agencies brought into focu::; 
the need for the SFWMD to develop a more comprehensive data base concerning· the 
quality of water discharged through District water control structures into the WCAH 
and Lake Okeechobee. As a result~ the District initiated a number of water quality 
investigations within the study area during the 1970s and early 1980s (Gleason, 
1974a; Lutz, 1977a, 1977b; Dickson et al., 1978; Millar, 1981; SFWMD, 1987). These 
studies were augmented by a variety of biological studies designed to assess the 
impacts of agricultural runoff on Everglades water quality and native plant 
communities (Gleason et al., 1974c; Davis and Harris, 1978; Swift) 1981; Davis, 1982, 
1984; Reeder and Davis) 1983, Swift, 1981; Swift and Nicholas, 1987; Belanger and 
Platko, 1986). 

Gleason (1974b) conducted the first detailed study of water quality within the 
interior of WCA-2A. Results showed that concentrations of nutrients and dissolved 
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minerals in WCA canals were high, with some parameters exceeding state and 
federal water quality criteria. Marsh vegetation and sediments had a purifying 
:'kidney effect," reducing inorganic nitrogen and phosphorus concentrations 
Introduced tnto the marsh to background levels within a short distance from inflow 
structures. In contrast, concentrations of chlorides, sodium and silica, dissolved 
organic nitrogen and organic phosphate phosphorus, varied little between canal and 
marsh sites indicating that these elements were not immediately utilized by n1arsh 
vegetation as a nutrient source. Gleason (1974b) also suggested that deposits of 
ancient connate sea water trapped in the underlying aquifer was responsible for the 
high concentration of chloride and sodium, and high specific conductivity observed in 
EAA drainage waters, WCA canals and the interior WCA..:2A marsh. 

Millar (1981) provided the first synoptic assessment of hydrological and water 
quality conditions in ·all three WCAs. This study developed a preliminary materials 
budget for all three WGAs as well as a series of areal maps showing the diatribution 
of nutrients and major ion concentration across .each WCA. A total of 26 sa1npHng 
sites (interior marsh and perimeter canal sites) were sampled in WGA-1, 21 ·sites in 
WCA-2A, while 35 sites were sampled in WCA·3A "'for 35 parameters including pH, 
conductivity, hutrients and major ions. Results of the two year (1978-1979) study 
·showed that water quality within each WCA was largely a function of land use 
within the drainage basin. The physical design ofeach WCA, water level stages and 
the quality of inflow waters were also im,portant factors determining water quality 
characteristics within each marsh. Highest nutrient concentrations were observed at 
sites in closest proximity toDistrict pump-stations or water control structures~ Water 
quality improved markedly, away from inflow structures. Waters draining the EAA 
ten<led to be high in most of the chemical parameters measured. Highest nutrient 
loading occurred atnorthetn WCA inflowpointswhichdrainthe EAA. Rainfall was 
iQ.entified as a major contributor of phosphorus and a moderate contributor of 
nitrogen to the WCAs. Although ·rainfall nutrient concentrations were low, rainfC;l.ll 
volume was large enough to contribute to substantial nutrient inputs into the 
system. The WCAs appear to function well as a natur-al nutrient filtration system. 
A~lthough. nutrient input loading was high, the ·wcA marsh exhibited evidence .of 
high nutrient uptake and retention. 

A short-term (ten-day) study of phosphorus uptake wit~in the WCA-2A marsh 
was conducted by Davis (1982). Radioactively labeled 32p was introduced into 
enclosures within a nutrient-enriched cattail stand and within a sawgrass stand 
containing background water quality. Results showed that over half of the labeled 
phosphorus was incorporated into marsh sediments after 10 days; 30% was 
assimilated by leaf litter at the enriched site, while only 12~15% was taken up by leaf 
litter at the background site. Living plant tissue incorporated only 2-4% of the 
introduced 32P. These results indicate the relative importance of the sediments in 
initial phosphorus uptake as compared to living plants and leaf litter. A follow up 
study was suggested to look at longer term phosphorus uptake and recycling among 
different marsh components as well as determining whether the sediments act as a 
long-term phosphorus sink. 

Populations of aerobic and facultative bacteria and fungi inhabiting leaf litter 
were studied by Reeder and Davis (1983) at both nutrient-enriched and background 
sites within WCA-2A. The presence of anoxic conditions at the nutrient-enriched 
site appeared to cause a shift in the microbial communities that were responsible for 
the decomposition of plant leaf litter. Litter microflora that could grow in the 
presence of oxygen appeared to be suppressed at the nutrient-enriched sites. 
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Ramifications of this effect on Everglades food ~hains are poorly understood but are 
probably significant. since detrital food chain~ ,p~ay a major role in u~o~t we.t~and 
ecosystems (see sectton: Impacts of Nutrients on the Ev:erglad(:}s Ecosyste~m:Itnpacts 
on Microbiology). 

Davis (1984, 1989, 1991) has conducted a number of lop.g~.ter1n studies 
investiga~ing the role of sawgrass and catt.ails as p.ote;ntial sinks for .phqsphor~s and 
nitrogen along a gradient of surface w~ter nu.t:ri~·n.t COilCe~trations in WC1A-2A. 
Results of these studies are discussed in detail in a later section of .tbi~ repor.t (aee 
s_ection: Impacts on Everglades Macrovegetatlon). -

Investigations of the relationship between Everglad-es. per.iphyton (~lgae) 
communities and water quality were conducted withi~ the WGA.s from 1978-1986 
(Swift, 1981, 1984; 1986; Swift and Nicholas, 1987). R~s~lts s:how.ed. th~t surface 
waters within WCA~2A, WCA-3A, WCA-3B and th~ perimeter mar$.h ofWCA-1 were 
a.lkaline, and contained high concentratio:Qs of . dit'l~olved mineral&~ liighe.$t 
concentrations of dissolved minerals were observ~d in WCA.-2A whi~h receives the 
majority of its water (58%) from surface,w~teriAflQ.Wf? Q.taini:Qgthe EAA an~ WCA.-.1. 
Concentrations of dissolved minerals ill· WCA-aA and WCA .. 3B we~e rco~ghl;y one
thir<} to one .. half those reported in WCA-~A. lp. ~on~ra.st, th~ tnt.~rior of WC_A-1 
e.~hibited acid, soft water conditions 3,4d was latg~ly isol~te4 f;rom. EM in.t~QW 
waters. . Interior marsh sites genera.lly e~hibit.ed. low conG.e.ntr~~tions.. o( tel>tal 
phosphorus and inorganic nitrogen (nitr~te-tJ1it~ite+anp:p.Qhiqm i.on). R~I;niall 
~epresented the major source of nutrients for th~f:l~ interior Ill~rsh sites CSw-ift, .1981, 
1984; Swift and Nicholas, 1987). SurfaQe water inflQWf?. i~to WCA~24\. cqntained, bigp 
concent:rations of nitrogen and phosphor\)~' as w~llas c\llorides from· q:ra,.ina:ge .Qf EAA 
orgauic soils. From 1978 to 198f), high levels of Il,<it:rqg.en. a:n.d phosphorus w.~re 
recQrded downstream of the S.-10 structur~.s in .WQ·A·/~1\.. W~t~r .q~J:llity tr~_n:sects 
sa·mpled over th_is nine-: year period ip.dicat~d. that a. n.utrient front firs~ presell:t south 
of B-lOC in 1978 had moved 1.5 -2.0 miles, fu,rtlu:~r :south and was im,pactiO;g the 
atructure of Everglades periphyton communi:ti,es exposed to thes~. hi:ghe;r n~trient 
levels (Swift and Nicholas, 1987) (see section l:m.pa.cts· of Nutrients on the Everglades 
Ecosystem: Impacts on Everglades Periphyton). 

Evaluation of the ecological response ofWCA-2A to a reduction in the water 
regulation schedule and marsh drawdown indicated a number of changes in water 
quality and soil fertility associated with the changes in marsh hy. drology (Worth, 
1983, 1988). The initial drawdown increased th~ av·ailability of some nutrients and 
other ions due to plant and soil decomposition, :and leaching. During high water 
years, changes in marsh water quality were influenced more by source water infl'ows 
(rainfall and inflow water) than by the effects of the experimental drawdown. Areas 
adjacent to inflow structures (8 .. 10 discharge structures and S-7 putnp station) 
exhibited the highest concentrations of nitrogen and phosphorus observed in the 
study. 

Belanger and Platko (1986) conducted an investigation of the sources and si.nks 
of dissolved oxygen in WCA-2A surface waters. 'l'he northern section of WCA-2.A, 
characterized by nutrient rich inflows and dominated by cattail vegetation, was 
reported to exhibit different dissolved oxygen dynamics as compared to pristine 
interior sawgrass stands and aquatic sloughs. Surface water dissolved oxygen levels 
were typically low at the nutrient enriched sites, while interior rnarsh sites exhibited 
large daily fluctuations in dissolved oxygen content. Sediment oxygen den1and was 
the major oxygen sink identified at both sites. Atlnospheric diffusion and periphyton 
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photo~ynthesis ~ere identified as the two .ll,l~jor soprces of oxygep.. ~t .the interior 
aquatic slough Site (see section: Impacts on· MarshJdojnmun:ity Metabolism). 

Pre-Drainage Water Quality: Prlor tO t94·o, relatiyely: l'ittl~ .information 
exists c~n~erning historic~! .we1ter q~B:lity con,ditions w,ithJil the Eve~glades. WCAs. 
The maJority of this early information foc11~~r;l Qti. w~it~r, q:tJ.a.lity co;ndition.s within the 
groundwater or C&SF Project canals. (Parker ~d Roy, 19.43; Parkei:~t al., 1955). 
Almost n? information exists concerning· th~;.:h"Q~trierit1c~.ntenti ,of EY~t:gJ~des surface 
w~te:s pr1or to 1960. Mo~t of what is known i169;u.t~histtn•,ical~ater ,qtJ.al~ty con-ditions 
w1th~n the Everglades IS based largely .upQ:Q .(f.i) .the :nutrtent.r.equrr.ements. and 
nutrient content of Everglades vegetation .anii .. ~oi1~. ~swell as (b) infer.encet? from 
information from water quality sampli~g sit~s,t.hat.~ppe~r to be unaffected by water 
management practices or other anthropogenic e.ffect$~ · . 

' . ' . 1 ~ ' 

Everglades peat soils, or histosolS,~ t~pre~ent th~ predotninant soil type 
throughout the majority of the study area and ~te>derived pri'marily from the growth 
death. and decay of Everglades sawgrass {Cla·diJtm· jainaicense) vegetation that 
usually forms over marl or limestone (Davis, 1943a) .. Early investigations of the 
mineral content of virgin Everglades pe~tft>~.d.th~~e·soiJs.te be high in.nitrog;en,Iow 
in phosphorus and potassium content (Hammel\ 1'929), and deficient hi a nutuber of 
important trace elements such as cQpper, ~~rig~n~~e,, ztn~ and. b9ron (Allison etal.; 
1927_, 1950; Forsee, 1940). The low nutri~:nt .status of the historic ~v:e.rglad~s is 
reflected in the predominant macrophyte and periphyt9n commupities ,charaQteristic 
ofthe interior Everglades marsh where n.uttieh;t;,·s.itpplies are low. Sawgrass was and 
is still' a major component of the WCA veg~tation{Davis;.194·3a; Loveles~, 1959) and 
the ~omihance .Qfthis sedge is attribute~, ~n pa.:r.-t~ t~,·~~$_l;ow phosphorus requirem~nts 
and 1n part to Its fire ~dapted morphology (Stewa,rtl and Ornes) 1975a)~ An~qysts of 
the nutrient content of sa wgrass communities (Ste:ward and Oraes, 197 5a, 1983; Volk 
et al., 1975; Davis and Harris, 197'8), aJ; well· as· ~tttdies of Everglades periphyton 
(SWift, 1981; Swift and Nicholas, 1987) show these plant communities to contain low 
concentrations of cellular phosphorus and that they appear to be well adapted to 
survive within an environment containing limited supplies of available phosphorus. 

Another source of information is inferred from the analysi~ of water quality 
data collected from long-term water monitoring sites located deep within the interior 
of the Everglades that are presumed to be unaffected by water rnanagetnent practices 
or the influence of man. Water quality information collected fro1n th~se sites show 
that during the wet season, surface waters are nutrient deficient with respect to 
inorganic forms of phosphorus and nitrogen (Swift, and Nicholas, 1987). Within the 
WCAs, average concentrations of soluble reactive phOSilhorus exist near or beJow 
0.004 mg/1 while average total phosphorus concentrations averaged near 0.01 mg/L. 
Low nutrient concentrations are most likely the result of uptake by organic 
sediments, native vegetation (periphyton and macrovegetation) and co-precipitation 
of phosphorus by calcium carbonate (Swift and Nicholas, 1987). Inorganic nitrogen 
concentrations varied widely in response to marsh water levels. Wet season 
concentrations existed at levels ranging between 0.02-0.10 mg/1 (Davis et aL, 1987). 

Calcium and bicarbonate, the principal inorganic ions present in Everglades 
surface waters tended to be higher in water covering marl soils in comparison to peat 
substrates. Present day analogs of the original pristine Everglades system can be 
found in the chemical analyses of water from the interior marsh ofWCA-3A, interior 
WCA-3B, and within ENP at station P-34 (Waller and Earle, 1975; Waller, 1982a; 
Davis et al., 1987; Flora and Rosendahl, 1981, 1982; Swift, 1981, Swift and Nicholas, 
1987). 
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Waller (as cited in Davis et al., 1987) suggests that priQr to 1934, water quality 
conditions in the southern Everglades was not affected by upstream alterat~·ons. in 
hydrology or water quality. The Miami canal, which drains the EAA, wa$ dredged to 
a point slightly north of its connection with the South New River Canal (Park~r et al., 
1955) and thus did not transport large amounts ofwater (lowAstr~am from .d~velop~d 
agricultural areas located to the north. The three 'Prim~ry sources of water l tq the 
southern Everglades were overland flow from the · upland Everglades, marshes 
located in the Big Cypress Preserve, and direct rainfall. Major water manag;etnent 
changes occurred from 1950 to 1970 affecting the hydrologic regime ofthe.~o1.1thern 
Everglades (Leach et ttl., 1972). The primary $tructural. changes which poten.tially 
affected the water quality characteristics of the sputhern Everglades included 
construction and operation of pump stations S-a a11d ·s~~, construction of :th~ ~L-67 A 
borrow canal and its connection to t}:le Miall1iCa:nCl.l; and construction and .operation 
of the S .. lo, S-11 and S-12 structures. With these changes, more water could be 
channelized to flow more rapidly southWeil!d through WCA-3A into ENP from 
developing upstream agricultural and urban areas without the water quality b.~nefits 
of nutrient uptake and assimilation originally provided by the Everglades· marsh 
(Davis et ttl., 1987). · · 

Rainfall Water Quality in the WCAs. Dir~ct _rainfall apparently provided 
most of the water and nutrient supplies to the histo~;ieal Everglades (Davis; 1943; 
Parker, 1974). Bulk precipitation, both dry .. fall ~Il.a· rainfall, represents a major 
source of nitrogen and phosphorus inflow into. the WC~s·bo~h historically and· under 
curr~nt d~y conditions. (Waller1 1975). ·wE11ler a:r~d Eatl~ (t975) provide information 
concerning concentrations of phosph9rus, nitrogen, organic carbon and conductLvity 
for a number of selected WCA rainfall collection sit,es. After elhninating samples · 
f)USpected of being contaminated, these data show btt1k rainfall total phospl:torus 
concentrations to average 0.032 II1g/l at the S-9 pqmp station CWCA-3A) and the S-
12A structure which provides inflow to ENP~ Pump station S-5A, located in the 
northern portion of WCA~l showed an ~verage .total phosphorus con(:~ntr.ation of 
0.093 mg/1 for bulk rainfall (Waller and Earle, 1975, pages 51-53, tables 13, 14 and 
15). . 

The most contemporary rainfall quality data available has been collected 
through the SFWMD bulk atmospheric deposition network with four long-term sites 
recording total phosphorus concentrations over a period of record ranging from 10 to 
14 years. The SFWMD's rainfall quantity network consis~s of 273 sampling· stations 
(Figure 27). Approximately half of these recorders are manually operated while the 
remaining are automatic recording devices. 

A total of 12 sampling sites, largely concentrated in the eastern portion of the 
study area comprise the rainfall quality network as shown in Figure 28. For the past 
several years rainfall water quality data has been collected as wet and d.ry 
atmospheric deposition. Prior to May 1986, the majority of data collected was bulk 
precipitation, whose period of record began in 1974. Con_sequently, the majority of 
data collected to date is bulk atmospheric deposition. Four stations (B-50, OKEE, S-
131 and S-2) make up the majority of the District's bulk rainfall data having a 
combined sample size of 652 observations (Figure 27). :Bulk precipitation data 
consequently is currently superior to the more recent wet/dry rainfall data. · 

These long-term records show that average total phosphorus concentrations in 
bulk rainfall varies widely across south Florida (.Figure 28). Minimum values 
occurred at Stations B-50 (West Palm Beach Field Station) with an annual 
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Figure 27. Location ofSFWMD Rainfall 'Collection Sites for Quantity 
or Volume. · · . 
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Figure 28. Location of Bulk Atmospheric ])~position sampling· and' Total P 
Concentrations for Bulk Rainfa'll · 
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ALL 793 0.050 0.062 
{0.057) (0.090) . 

SOurce: 
Sft'WMD Bulk Atmllllpheric deposition network 
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(arithme~ic) mean total phosphorus cop.cen,t~~tion of 0.029. mg/1 . reported over a l 0 
year per1od of record (1979-1989). The ENP site, located at the South Florida 
Research Center, recorded 0.037 mg/1 over a shorter period ofrecord (Nove1nber 1987-
April, 1989). The Clewiston field station .(site CLE) located within the western 
portion of the EAA recorded the highest ave.rag~ annual total phosphorus v~lue of 
0.111 mg/1 reported over a 17-monthperiod (No.vem.ber 1987 to April, 1989). Rainfall 
collected at sites located around Lak~ Okeechobee and· withjn the EAA,exhibjted the 
highest total phosphorus concentration,$ for .l)ul:k. preeip.it~tion witbin thE} study ;area. 
These data suggest that average total phos.phor~s conce~trations for btllk rainfall at 
south Florida sites, uncontaminated by c;tgric\J:ltp.ral or .other activities, averages 
approximately 0.03 mg/1. The 0.03 mg/1 iiVer~ge. repr.esents the long-term annual 
total phosphorus concentration for bulk ra.infall at District heap quarters (Station B-
50, 0.029 mg/1) and within the interior of.ENP (S911th Florida Rese.ar.ch Center, 0.037 
mg/1). It is the least contaminated (lowest total phosphorus) rainfall of all the long
term rainfall collection stations within the_ SFWMD bulk atmospheric deposition 
network. The period of record for the B-5Q s.ite is 10 years and- is contemporary 
(April, 1979 to April, 1989). By comparison,. the average annual total ·p·};}:osphorus 
con·centration _in rainfall over South Florida is $,pproxirnately 0.05@: tqg/1 (Table 16 
and Figure 28). This includes data collected at.l2 atations with period ofrecords 
ranging from less than one year to more than lOy,ears (823 observations). 

Table 16. Estimates of Total Phosphorus Conc~ntrations and Loadings for 
Bulk Rainfall for WCA•1 WCA·2A arid WCA·3A '' 

Parameter WCA-1 · WCA .. 2A WCA-3A 

Area (sq. kilometers) 5ss· 448 2,036 
Annual RatnfaU (em) 122.6 116.8 113.8 

Bulk TP rainfaHcopcentration(mgtl) 0.047 0.049 0.050 
Rainfa11 TP loadjilg (metric tons/yr) a-2 25 114 

TP Areal Loading (metdc tons/yr/km2) 0.054 0.056 0.056 
Source: SFWMD. unpublished data 

Annual average total phosphorus concentrations at pump station 8~2, recorded 
0.069 mg/1 over a 12-year period of record while pump station Swl31 (10 year period of 
record) and the Okeechobee Field Station (14 year period of record) each averaged 
0.051 mg/1 (Ji.,igure 28)~ These data suggest that rainfall deposition within the EAA 
and around Lake Okeechobee may be contaminated by airborne soil particles, dust 
and ash_ resulting from agricultural operations within the EAA as well as seasonal 
fires which occur in the WCAs. In contrast, bulk precipitation data collected near the 
east coast (Station B-50) and within the interior marsh of ENP (South FJorida 
Research .Center) exhibited rainfall total phosphorus concentrations two to three 
times lower than values recorded within the EAA (S-5A was not considered due to its 
inconsistent sampling record and low number of observations). 

A statistical procedure was employed to estimate phosphorus loadings and 
phosphorus concentrations in bulk rainfall for each WCA based on analysis of data 
collected from 12 sampling sites within the SFWMD bulk atmospheric deposition 
network (Figure 28). All period of record data were used for each of the 12 sites up to 
April24,1989. Sample stations included B-50 (West Palm Beach Field Station), CLE 
(Clewiston Field Station), ENP (South Florida Research Center), OKEE (Okeechobee 
Field Station), five District pump stations (S-2, S-5A, 8 .. 7, 8 .. 131, S-140), Hotnest.ead 
Field Station, East Shore Drainage District, and the EKperimental Meteorological 
Laboratory (EML) at Coral Gables. All data were screened for contamination by 
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~ir~s, frogs, algal growth or other potential contaminants. Ranking of all r~~~ d~ta 
Indtcated that values exceeding a total pho~phorqs concentration of 0.320 ~g/1 
represented a potentially contaminated sample~·aqd w·aErelhninated fto.m th.~ §ample set. ·· · · · · ·· · · · · ···· 

Point data from the above 12 sites wer~ us~d to .find the areal ~HstrlbtiUbn Qf 
total phosphorus in bulk rainfall for each .WCA .us.iD:~.a·:statistical ~o.m;tlV..t~r a.n~y,sis. 
(USGS computer program K603) generally · :vef$rt>~a, to as the '(kr~g1ng"· me.t,hod 
(Skriyan and Karlinger, 1980). By specifying. ·a 'tbe9ret~caJ ~em.i .. y,ariqgrGtqt an~ 
funct1on~l t~rms of an assumed underlying tren,!l o:rdrift., k.rjgi.J;lg provide& U.d.bt~~ed 
estimates. of variables in neighborhoods ofaut.oc·Q:tr~latiQJJ.-~ ··Given ·si:qgl~ qb,~e.rva:ti.Qp.s 
and their- spatial distributions in two-.ditnen:SiAl.lS!,, the te.chniqti.e yieldt1. p,qj~t 
estimates and point estimate variances at . arbitra·ry loc~~ions.. . 'This. me tho~ of 
interpolation has been applied to mining·, ge.ophysic~l e:leploratiQP, desc~i.p.t~;O_l).S: of 
ground water flow (Skrivan and Karlinger, l980Yaa welL~s the ~n~lysis of rainf~ll 
data (Gandin; 1970). · ·. · .· ·' ··· · . 

Table 16 presents mean values for l>.ulk rainfa.U (dtyfall + wetf~l~)' total 
phosphorus concentrations as well as. ·total p'bo~pllotu$ . 'lQaqin.gs . contrll)ut~q by 
rainfall for each of the three WCAs. These (j.,ata wete obtaiu.ed.fiQrn r~_sultaJ,l.t :b~ia 
point values computed by the USGS com]ntter ptogr~m. Results of tl}tu~e {lfia,Jyses 
indicated . that total . phosphorus eontributiol1:~,:f ft}~ . bullt rainfall t\Vet~ge 
approximately 0.05 mg!l (0.047-0.050 mg/1) over tli~ period of record for tpe three 
WCAs. Annual total phosphorus loadings to WCA--J, WCA-2-.A and WCA-3A 
averaged 82, 25 and114 metric tons }ler y~ar, r~sp:~qtively, over the p.eriod ofre~ofd. 
Rainfall nutrient concentrations. pres~nted. in ·'fable 16 :at.e about one~half the total 
phoE?phorus concentration$ pr~viously reporte<l aa,. the Florida. statewide average 
(0.10 mg/1 + 0.08) in a USGS study (Irwin and K~wltland, 1980) condijcted ill the 
1970's. This may be dtie to real differences .between samp.ling periods, sample 

. collection methods, data screel!ing_ t~~br!iq11~~~9t.11t~tisti~!il method~ employed... Data 
pres~nted here are the most current ~vailable for ,total p.hosphorus concentrations for 
the south Florida region. Although Table 16. gives the impression that WCA~3A 
receives a much larger share of. rainf~ll phosphor:uaload.lng, comparison of areal 
loading r~tes show that each WCA receives app:r;Qxiin~tely the same amount of 
phosphorus from rainfall per unit area with annual values averaging 0.09 tnetric 
tons per km2. 

Current Water Quality Conditions in the WCAs. Hydrological and 
,environmental conditions within in the Everglades have changed a btreat dealln 
comparison to conditions that existed during the mid-19th. century (Davis1 1943a; 
Parker et al., 1955; Parker, 1974; Loveless, 1959; Alexander and Crook, 1984; 
Birnhak and Crowder, 1974; McPherson et al., 1976). Historic overland sheet flow 
patterns have been disrupted and redirected as a result of construction of the C&;S~, 
project and the three WCAs (Leach et al., 1972; Klein et al., 1975; McPherson et al., 
1976) With the exception of rainfall and flows into the system fro1n_ the eastern Big 
Cypress Basin, all inflows and outflows to the Everglades are regulated by a 
manmade water control system (C&SF Project). Today, water is routed quickly 
through a complex network of canals and impoundments, and flow is reguJated by 
pumps and water control structures. 

Nutrient concentrations measured in water discharged from Project structures 
into canals traversing and sur~oun~ing the WC~s at:e significa~tly higher than the 
concentrations measured at mter1or marsh Sites In the WCAs. For ex~mple, 
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averaged flow-weighted total phosphorus cor:tcehtrationa ·measured at interior sites 
over the period 1979-1988 at S-5A, S-6, S-7, S-8 and L-3 structures were 0.19, 0.12, 
0.10, 0.20 and 0.25 mg/1, respectively. In contrast, W~Uer and Earle (1975) reported 
two-year median concentrations fortotal phosphor:us ranged from 0.01 to 0. 02 mg/1 
at interior marsh sites while Swift and Nicholas·~(l98.7}'and Reeder ana···Davis (1983) 
measured total phosphorus concentrations anywhere from below detection (< 0.004 
mg/1 to 0.022 mg/1 at pristine sites. Therefore, average flow~wetghted concentrations 
of total phosphorus may be ten times as high as 9;vera:ge interior WCA wetland 
concentrations. 

These water management ~tructures dr~ill. tb~·lnAAwhic.h ip.cludes about 700,000 
acres of rich organic soils (formerly Everglades marsh) that has largely been 
converted to intensively managed farm fields·. Water discharged from these Project 
structures contain high concentrations of nitrogen and phosphorus, as well as 
chloride, sodium, calcium carbonate, trace metals and occasional pesticide 
contamination. (Gleason, 1974; ·Waller and ·Earle, 1975; ·Klein. et al., 1975; Lutz, 
1977a,b; CH2M-Hill1978; Millar, 1981;Pfeuffet, 1985; Pfeuffer(in preas). 

Project canals in the.EAA provide tl9od prot.ectioti and drainage, supply irrig·ation 
water, make . regulatory releases to Lak~ Q~eec;hobeg_~ f).nd tr(lnst'er water from 
~torage in Lake Okeechobee to the WCA·s. The first of these two functions are of 
concern with respect to nutrient discharges~ 

EAA farmland consists of organic soils; c~lled hiStosols, which require intensive 
flooding and drainage management. Hi~~osols ·wereformed under anaerobic~ water~ 
logged· conditions. Drainage and aeration of ot.ganic soils causes shrin.ka.ge, 
consolidation and biological oxidation leacling to .$p.bf;idence (Cox ~tal., 1988). Soil 
subsiden~e along with frequent flooding .a11d .drainage of the soils results in the 
presence of nitrogen and phosphorus into EAA d:rainage canals (Morris, 197 5; CH2M-
Hill, 1978). . . 

The need for intensive irrigation a.nd drainage a11dthe economics and size of EAA 
farms has led to the creation of a complex pattern of ditches and pumps designed and 
operated to speedily move large amounts of water onto and off EAA farmlands. The 
water comes fro~ the lake or precipitation a.nd it drains eventually into Project 
structures and is pumped southward into the WCAs. Soil oxidation, water table 
control (to store water in organic soils or to Pl1InP off water if a major rainfall event 
threatens), and application of fertilizers all contribute to the presence of nutrients in 
waters discharged from the EAA into Project canals. 

Additional water of lesser quality than that found at interior marsh sites is 
discharged from tributary basins to the east and west into the WCAs (SFWMD, 1982, 
1983, 1984a, 1984b). Wat~r quality conditions and flows from these basins are not 
well documented. General descriptions of land use and water tnanagement of the 
eastern and western tributary basins are provided in Part II of this volume (Basins 
East of the WCAs and Basins West of the WCAs). 

Water ualit at Interior WCA Marsh Sites. For the purposes of this report, 
interior mars sites are efined as those areas o t e Everglades WCA marsh that are 
far removed from the influences of surface water inflows·from District water control 
structures or other human influences. The principal nutrient source for these sites 
appears to be contained in rainfall. Data used to characterize water quality 
conditions at interior marsh sites located in WCA-1, WCA-2A, WCA-3A and WCA-
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3B were derived from five District technical publications (Swift, 1981, 1986; Swift 
and Nicholas, 1987; Worth, 1983, 1988). 

Dissolved Minerals and pH. The .mineral content and ~PH of interior ·marsh 
surface waters varies widely among the three WCAs. These din'erences are 
associated with the source of inflow water, current land use ,practices ·associated with 
each drainage basin and the routing of water t~ough the WCAs. 

Surface waters within the interior marsh ofWCA ... l exhibit. low··con.centrations 
of dissolved minerals (soft water), poor chemical buffering capacity and lpw,pH {5.7) 
(Table 17). Compared to other WCAs, the low ·mineral content and acid pH ofWCA-1 

Table 17. Average pH Conductivity,_ and Major Jon Concetrbr.atio:p.s ·at ilnterior 
WCA and ENP Marsh S1tes Far Removed 'from the ilnfluences of 
District Water Control Structures. 

; 
Parameter WCA-1 (lJ WGA-2A (1), WCA~3A UJ, ·WCA-3BI2l ENP!31 

.. 
pH 5.7 7.1 7.0 ! :qJ; 7.7 

-··-

Conductivity (umbos/em) 112 1()50 333 512 418 
Alkalinity (CaCOa, mg/1) 16 245 !32 175 161 
Chloride (mg/1) 22 174 28 56. 46 

. -· -----

Sodium (mgn) 12 121 18 ·37 .a() 
Calcium (mg/1) 6 67 47 '52 58 .. 

Magnesium (n1g/l) 1.5 28 4 8 '7.5 
---- -· 

· Potassium (mg/l) 0.6 6.5 1.1 1.9 LB 
- -·· ----

Silica (mg/1) 4 1~ 7 7.6 nd . . -. ... -· .. - --- ·-

Sulfate (Ing/l) 9 39 t2 -- 5 4i2 .. - ----

. T-ota.l Irop (mg!l) 0,2 10.1 10.5 0.4 nd 
numhe·r or-samples (nJ 121 125 1t7 17 6r 

•, .. 
Sources: {1) Sw1ft and Ntcholas (1987) POR 1978-1983; (2) Sw1ft (1986) unpublished data, POR1982-1983; 131· Central 

Shark River Slough, Station P-33, POR 1959-1983,USGS records. 

; 

surface waters is believed the result of three :factors: (1) WCA-1 is entirely encircled 
by an interior perimeter canal (L ... 7, L-39, L .. 40) which directs the majority ofin~ow 
around the marsh perimeter; (2) Ground level ·elevations within the interior of'WCA-
1 are slightly higher than the marsh's perimeter due to peat subsidence resulting 
from canal construction, thus, higher ground level elevations, and the routing of 
inflow water around the marsh perimeter tends to restrict highly mineralized canal 
water from penetrating the marsh interior; and (3) The high water holding·capacity 
and capillary action of the deeper WCA-1 peat soils (up to 4 1neters in depth) 
effectively hold large volumes of surface water derived from .rainfall and isolates it 
from more mineralized groundwater. These three factors tend to isolate interior 
WCA-1 surface waters from mixing with mineralized water from canals or ground 
water. As a result, surface waters within the interior ofWCA-1 exhibit low niineral 
content indicating that rainfall is the primary source of water for the interior of 
WCA-1 (Swift and Nicholas, 1987). 

In sharp contrast, highest concentrations of dissolved minerals (bicarbonate, 
calcium, chloride and sodium) occur in WGA-2A (Table 17). Unlike WCA-1, ·WCA-
2A lacks interior perimeter canals. Highly mineralized, nutrient .. enriched canal 
water is discharged directly across the northeast section of the WCA-2A marsh. 
WCA-2A receives about 59 percent of its inflow water frotn inflows through (a) the 
four S-10 water control structures located on the L-39levee (Hillsboro Canal) which 
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drains the EAA and WCA ... I and (b) pump station S-7located'on the western levee of 
WCA-2A. The S-10 structures receive a mixture of inflow water from WCA-1 and 
highly mineralized, nutrient-enriched can~ll water. de,rived. from drainage of the EAA. 
Surface waters draining the EAA are highin:.C,hlorfde, sodium and c~'l~htrn caxbonate 
as well as a number of other mineral constituents:'(potassium, magnesium, sulfate 
and silica) in contrast to the calcium carbonate-dominated surface waters that are 
characteristic of the interior of WCA-3A, WGA-a:a .and .ENP ('table t·7). WCA"2A 
waters are typically slightly alkaline with a)1- ayetage pH near 7.1 CGle~son:, l974b; 
Waller and Earle, 1975; Swift and Nicholas, 1'987). ·· · 

Surface water alkalinity and hardness (dissolved minerals) values within the 
interior ofWCA-3A and WCA-3B were one•llalfthose!~trieasured in'WCA-2A and were 
comparable to values recorded within. the interior of ENP at station P-33 hi central 
Shark River Slough (Table .17). Surface w~ters.within the southern region _of the 
Everglades have often been described aa the.'~calci~m carbQiiatetype" (c.aJcil;lrn is the 
dominant cation) and are influenced by precipitation and weatherjng of 'the limestone 
bedrock (Gleason, 1972; Gleason and Spackman, 1974; Flora and R_Osendahl,l98l). 

Although the origin of surface water inflow represents the primary f~ctor 
influencing the mineral content of each WCA., s~~~onal variations in.· marsh 
hydrology; dilution by rainfall or concentration by'evap_dtran~pi'ration also affect the 
mineral content of interior WCA marshes (Waller and Earle, 1975; Mc.Pherson et al., 
1976; Swift and Nicholas, 1987). 

Nutrients: During the wet season, surface ·waters· within the interior marsh 
water are typically nutrient deficient. with soluble reactiv~ . phosphorus 
(orthophosphate) present at very low concentrt;ttions; usually near .or below the limit 
of analytical ~etection ( <0.004 mgn ). Annual totalphosphorus values froni 1978 to 
1988 averaged between 0.009 - 0.014 mg/1 at-interior WCA sites (Swift and Nicholas; 
1987). Inorganic nitrogen (nitrate+ nitrite+ ammonium) values were relatively low 
during the wet season with average concentrations of less than 0.12 mg/1 (Table 18). 

Table 18. Average Nutrient Concentrations at Interior WCA Marsh Sites. 
Parameter WCA·l'll WCA-2A•II WCA-3Ail WCA-3B •2r 

Inorganic N (mg/l) 0.09 0.12 0.09 0.06 
Total N (mg/1) 2.53 2.8.6 2.15 1.36 
Or~anicN (mg/0 2.41 1.71 2.04 1.26 
Total P (mg/1) 0.011 0.014 0.009 0.007 
Ortho P04 (mg/1) <0.004* <0;004 0;004 <0;004 
number of analyses (n) 121 125 117 17 

s 'ource: (1) Swift and Nichola~ (1987), POR 1978;.1983; (2) Swift (1986) unpublisht~d dal<1, POn 1982-1 983. 
*=Limit of chemical detection 

Average total phosphorus concentrations within these interior wetland 
ecosystems are comparable to values recorded from a number of olig·otrophic Florida 
lakes (Swift and Nicholas, 1987). On a seasonal basis, total phosphorus 
concentrations at interior marsh sites showed relatively little change over time. Low 
levels. were encountered during high and low water periods. 1-Iig·hest total 
phosphorus concentrations were generally observed when the marsh was drying, and 
immediately following reflooding (Swift and Nicholas, 1987). Inorganic nitrogen 
concentrations were low when the marsh was flooded,'but increased markedly in the 
late dry season as water levels receded. 'l'he increase in nitrogen was probably due to 
organic matter decomposition and associated release of ammoniurn and nitrates into 
the shallow water column. Large releases of ammonia and nitrates are a common 

165 



Everglades SWIM JlJan- Supporting Information Document 

phenomena of peat-forming marshes which undergo periodic drying (Richardson et 
al., 1978; Klopatek, 1978; Worth, 1983). · 

In contrast, total and organic nitrogen conc~p.trations at interior marsh sites 
were comparable to eutrophic Florida lC:Ikes. Tot:al,nit~m~en concentration~. _a.t ir~t_~:r;ior 
marsh sites averaged 1.3 to 2.9 mg/1 ('fable 18).. The. origin of th~&~ higher p.itrog·en 
levels is not well understood. However,.· possible· sources incdude r,ai~nfa.ll, 
decomposition ofperiphyton, organic peat, leaflitte~ al1d leaching from.liv.i)lg.pla.nts. 
High conc~ntrations of to~al and organic nitrogen C()l,llm,only o-ccur in t,empef.at~. and 
south Florida wetlands (Richardson et al., 1979; I)avi~., 1981). · ! 

A review of the literature indicates that the phosphorus content of Ev.er;glades 
surface waters, peat soils, periphyton and sawgra~s ~Qmmunities is low thr.ougbQut 
the interior marsh and that native plant communities have become -adapted to 
limited nutrient supplies over a period of4,500 years .. R~infaH represents.the major 
source of nutrients for the interior marsh area .within all three WCAs (Waller and 
Earle, 1975; McPherson et al., 1976; Swift and NicJlolas,_1~87). · · · 

Water ualit Characteristics of the WCA Perimeter Marsh. Water quaiity 
data co ecte . om t e nort ern verg a es _ ·s. uring t ·e ate 1970s and .. early 
1980s indicate that 1llajor water quality cpanges hav,e .t~l_ren place downstream-from 
District water control structures within WCA:-2A. Th~ discha.rge of IH.lt~i~nt
enriched canal water across the the northern portion of WCA~2A has result~d ill a 
nutrient gradient of decreasing phosphorus concentr;ation downstream of t~e 8•10 
discharge structures. This gradient was first detected by Gleason (1974) and later by 
·Swift (1981). Water quality studies performed· 4own~tteam of the S--10 st.ructures 
between years 1978 and 1982 indicated that this nutrient gradient had qow 
penetrated the WCA-2A marsh approximately 2.5 to ·a;o kilome.t~rs furth~r 
downstream from S-100 than first recorded in 197.8 (Swift and Nichol{:!s, _1987). 
Lo11g-term (1978~1986) water quality transects CJJtlQ·U:cte(} downstream ;of S-lOC show 
this expanding phosphorus gradient as presented in Figure 29. 

Between 1976 and 1988, SFWMD staffhave collected over 2,220 su,rface water 
quality samples in conjunction with a serie·s of biological studies condt1cted within 
WCA-2A (Davis and Harris, 1978; Millar, 1981; Reeder and Davis, 1983; Davis, 1982, 
1984, 1990; Toth, 1987, 1989; Worth, 1983; 1988; Swift, 1981; Swift and Nicholas, 
1987; SFWMD Water Quality Monitoring Network). District staff have organized 
vhese data into one data set in an effort to examine the spatial and temporal trends in 
total phosphorus concentrations downstream from the S-10 structures within the 
northern portion ofWCA-2A. The specific question addressed in this analyses was (1) 
does there exist a statistically significant increase in total phosphorus concentrations 
downstream from the S-10 structures along a north-south gradient previously 
identified by Swift and Nicholas, 1987 and (2) has this gradient changed over tin1e? 

Because the data was collected at 35 different site locations by diflerent 
investigators within different or overlapping time periods, these data were pooled 
into 6 separate zones located at various distances downstream from the S-10 inflow 
structures. The six zones were organized to include Zone 1: sites located less than 2.0 
km downstream from 8-lO's, Zone 2: sites located 2.1 .. 2.9 km downstream; Zone 3: 
sites located 4.0 to 4.9 km downstream, Zone 4: sites located 5.0 to 7.0 km 
downstream, Zone 5: sites located 7.0 to 9.0 km downstream and Zone 6: one site (2k17 
gage) located 12.0 km downstream from S-lOA, S-100 or 8-lOD. Results of these 
analyses show; 
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Figure 29. 
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Zone 1 (0-2.0 km dOwnstream); Between 1978 and 1983 average annual total 
phosphorus concentrations fluctuated between 0.130 mg/1 ·(1979) • 0.324 mg/1 (1981). 
No consistent temporal trends were evident at these sites located closest to· the S.-1 0 
discharge structures. 

Zone 2 (2.1-:2.9 km downstream): Total phosphorus concentrations increased 
significantly (P< 0.05) from 1977 to 1988. From 1977-1979 average, annual total 
phosphorus concentrations doubled within Zone 2 of the WCA-2A 1narsh, increasing 
from 0.066-0.077 mg/1 up to 0.136-0.144 mg/1 during 1986-1988. Howeve·r~highest 
levels were recorded during the drought years of 1981 and 1985 with values 
exceeding 0.2 mg/1. 

Zone 3 (4.0-4.9 km downstream): Average annual total phosphorus 
concentrations within Zone 3 ranged from 0.019 - 0.025 mg/l frotn 1977-1980, 
increasing to 0.140 mg/1 in 1982, and declining to 0.052-0.072 mg/1 during 1986-1988. 
Total phosphorus concentrations were significantly (P<0.05) higher during· the late 
1980's as compared to the late 1970's. 

Zone 4 (5.0-7.0 km downstream): Average annual total phosphorus 
concentrations during 1978-1980 averaged 0.008-0.10 mg/1. The levels increased 
significantly (P<0.05) during 1986-1988 to 0.048-0.049 mg/1. 

Zone 5 (7.0-9.0 km downstream): Average annual total phosphorus 
concentrations during 1978-1980 averaged 0.007-0.008 mg/1, dramatically increasing 
in 1981-82 to 0.044-0.059 mg/1 (a 6-7 fold increase) and declining to 0.023-0.027 mg/1 
from 1986-1988. 
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Zone 6 (12.0 km downstream): With but one exception, the 2-17 gage site 
showed no distinct temporal change in total phosphorus concentrations between 1979 
and 1988 as total phosphorus ranged between 0.005-0.014 mg/1. The only exception 
was 1986 where total phosphorus values increased to :0.072 mg/1. 

Results of these analyses indicate that between 2 and 9 km south of the S.,.J 0 
structures, total phosphorus concentrations have significantly increa~ed over tilne as 
well as downstream from the S-10 structures. These data support a nu1nber of 
earlier observations that nutrients levels have increased downstream of these water 
control structures over time (Swift and Nicholas, 1987; LOTAG•Il, 1988)and Lhat a 
"nutrient front" has progressed further south into WCA•2A during the J980's. 

Current information indicates that vegetation com.munities within WCA-2A 
have been affected by elevated nutrient conc.entrations in combination with a number 
of other factors such as hydroperiod changes, effec~s of drought and the possible 
impact of fire. The source of these elevated nutrient levels are thought to be 
primarily the drainage of agricultural lands located within the S-5A, 8..;6 and 8~1 
basins. The Everglades Agricultural Area (EAA) is the single most likely and largest 
source of nutrients discharged into the WCAs accord.ing to the WCA water and 
nutrient budgets presented in a later section of this plan. (s,ee Nutrient Budget 
section)~ . On the average, water management structures which drain EAA farm 
lands (S-5A, S-6, S-7 arid S-8) have generated 47 percent (202 tnetric tons) of the 
phosphorus load and 58 percent (7 ,090 metric tons} of the nitrogen load to the WCAs 
over the 10 year period of record -

In comparison to background conce_ntratiorts of nutrients obf?er-ved at interior 
marsh. sites, surface waters draining the EAA co:Q.t~in high coricentt~ation.s of 
11itrogen and phosphorus most proba.bly r~~t.llttng £tom 'SQil ·s•i'b~id~nce .due to 
drainage of these agricultural lands. Elevated nitrogen ·concentra'tio.ns are .derived 
primarily from the biological oxidation :and mineralization of o~ganic (peat). rouck 
soils~ while relatively high phosphorus c()nce~.tr~tiops result from a conibinatio;n of 
soil su,bsidence and fertilizer use within the EA.A. Typical ~utrient ~Of1C.ell:trations 
within EAA drainage canals are contrasted with ambient interior marsh nutrient 
concentrations within WCA-2A as shown in Table 19. 

Table 19. Comparison of Average Nutrient.Leveisat WCA-2Ainflow 
Structures (S-lOC) ana the Interior Marsh ofWCA-2A. 

Parameter Ave. S-lOG inflow water Interior marsh WCA-2A 

'rota] N (mg/1) 5.00 3.05 

lnorganicN {mg/1) 0.51 0.12 

Total P (mg/1) 0.126 0.012 

Ortho P04 (mg/1) 0.085 <0.004 
Source: SFWMDJ unpuhhshed data; Sw1ft and NICholasJ 1987, POR 1978~1983. 

In addition to high concentrations of dissolved minerals and nutrients, surface 
water inflows to WCA-2A also contain elevated concentrations trace metals (copper, 
zinc, lead and iron) as compared to interior marsh sites unaffected by agricultural 
surface water runoff(Lutz, 1977a, 1977b; Dickson et al., 1978; CH~M-Hill, 1978). 

Traces of pesticides are also occasionally found as contaminants of EAA 
drainage water (Kolpinsky and Higer, 1969; Waller and EarleJ 1975; Milleson, 19.80; 
Pfeuffer, in press; Hand et al., 1987). However, the major ecological concern is 
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phosphorus loading. High concentrations of this element have been shown to cause 
major changes in the species composition and growth rates of Everglades periphyton 
(Swift and Nicholas, 1987). High phosphorus concentrations in Everglades surface 
waters have been shown to cause a shift in the -~pecies composition of native 
Everglades periphyton to less desirable "pollution tolerant?,~.alg~lspecies. Nutrient 
dosing studies conducted in ENP (Flora et a.J.c~ _1987) and enclosure experiments 
performed in WCA .. 3A (Steward and Ornes, 1975b) have shown that the aqdition of 
high phosphorus concentrations to Everglades aurface waters can result in the 
elimination of the native Everglades·periphyton mat community. High nitrogen and 
phosphorus conce.ntratio11s are also thoUght to be an important factor influencing the 
dominance and spread of cattails in the northern portion of WCA~2A:over the past 
decade. High nitrogen and phosphorus concentrations allow cattails to out-compete 
native sawgrass vegetation during years of high 'nutrient inflows (Davis; 1991). 
Areas of the marsh th~t are primarily a(fected are those sites lo~ated directly 
downstream of water management inflow structures. The majority Qf these w~ter 
management structures were built over 30.yeats·:ago as part of the C&SF Project.to 
provide flood control and water supply benefits to :the r.egion. 

State Water ualit Assessment. In 19871 the DER performed. an as~essment 
of water qua ity. ata ort e .· s contai~ed in the database STORETfor the period 
of.record 1970-1987 (Hand et al., 1987). This assess.m~nt included a.n~lyr;is of over 
5,000 observations from 61 sites. Of thes~,. data from 44 sites were sampled by the 
USGS, 10 sites were sampled by the PER, four sites were monitored by the District, 
and three sites were sampled 'by the EPA. A group ,of24 water quality parameters, 
including water clarity, dissolved oxygen, oxygen demand, pH .. alkcdinity, trophic 
status, bacterial counts·, biological diversity, conductivity, un-ionized ammonia and 
fluoride were used to evaluate the water quality· conditions and produced a ·general 
water ·quality index. · · 

Two major conclusions were drawn from these. analyses as follows; (1) Four of 
the pollution categories indicated moderate to .severe water quality problems, 
including high nutrient concentrations, high biological oxygen demand, low dissolved 
oxyg~n concentrations, and low macroinvertebrate biological diversity; .(2) Water 
quality within rim [perimeter] canals were"sign.ificantly worse" than water quality 
conditions exhibited at interior marsh sites (Hand et al., 1987). Problems within the 
rim canal were also associate~ with nutrients, biochemical oxygen demand and 
dissolved oxygen. Interior marsh sites generally showed overall good water quality 
as ranked by the water quality index while rim canals. generally ranked fair. 

Comparison of state numerical water quality criteria (Chapter 17-3, FAC) and 
WCA STORET data showed the occurrence of low dissolved oxygen concentrations 
(below 5 mg/1) at both canal and interior marsh sites, but indicated such analysis 
must take into account natural background conditions. The DER study also 
indicated that state water quality criteria (Chapter 17-3 F.S.) for dissolved oxygen, 
pH, specific conductance and bacteria was exceeded on several occasions Uland et al., 
1987). The 1987 DER report also indicated that concentrations of nitrogen and 
phosphorus in canal inflow waters exceeded ambient levels recorded at interiot· 
marsh sites. The STORET data was also analyzed for trends by plotting annual 
averages for long-term period of record stations. ~.,igurc 30 shows the trend analysis 
for WCA-1 rim [perimeter] canal stations. Examination of these plots indicate a 
long-term trend of degrading water quality within WCA-1 perimeter canals for 
dissolved oxygen, total nitrogen and total phosphorus (Hand et a.l., 1987). 
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' . -

Figure 30. Trend analysis for water quality constituents in WCA-1 perimeter 
canals. _ 
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The 1987 DER report also identified the occurrence ofpesticides within WCA 
surface waters and sediments. Analyses of 67 compounds at nine sit~s revealed~ that 
e~ce~t for the compound atrazine, none of the other 66 compounds we1~e detected 
w1th1n WCA surface water samples. Atrazine was det.ected at the S-8 and S-7 pump 
stations which drain agricultural lands and flow into the northern portions of WCA-
2A and WCA-3A, respectively. Observed concentr~tions were 0.77 ug/1 at S-8 and 
2.91 ug/1 at S-7. At present, no DER or EPA·.guide.lines exist for ·atrazine in drinking 
or surface waters. A pesticide scan of collected sediment samples revealed that three 
pesticide compounds -- 2,4,D; ametryne; and methamiodophos -- occurred at pump 
stations S-6 and S-31, the L-3 well bridge and the U.S. 41 bridge. Currently no 
quality criteria exist for pesticides within sediments. 

The water quality characteristics of this region were updated ina 1988 DER report 
(Hand et al., 1988) which identified the 1.:8, West Pa:lm Beach, Hillsboro, North New 
River and Miami canals south of Lake Okeechobee to the L-4 and L 7 canals as; 

'"me~hibiting poor water quality with extremely high nutrients and low D.O. valueH. 
Pestit:ides, BOD, bacteria and suspended solids _have also been identified m; proulurnH. 
Agricultural runoff and the overflow from seepage from huge sugar cane .mill retention pmlliH 
provided the pollutant loading to these canals .•• In addition, between the L-8 and WoHI. Pa1m 
Beach canals, s]udge spreading operations may further impact these waterwHyH ... The We!.-il. 
Palrn Beach canal also has a toxicity problem wlth fishkills occurring aft~r heavy rains drain 
from the Chemair Spray hazardous waste site[near·thecity of Pahokee]. Canals hurdel'ingtlw 
conservation areas [WCAs] generally have very low D.O. co•l<!(H'ltratiom; typical uf mur'lih 
waters. Nutrient levels at the perimeter of the ·marsh are somewhat elevated, prohahly clue to 
detritus breakdown as well as agricultural drainage."(Hand et al., 1988), 

. . Sources of Phosphorus. A water and nutrient budget was prepared by the 
SFWMD in support of this plan to determine the primary sources of nutrient inflows 
into the WCAs. This detailed materials budget is based on data collected over a ten 
year period of record (October 1, 1979 to September 30, 1988) using USCOE and 
USGS discharge, rainfall and evapotranspivation. records, as well as SFWMD water 
quality and quantity databases. Three hydrologic characteristics (rainfall, 
evapotranspiration and discharge volumes) and two water quality constituents (total 
nitroge:q_ and total phosphorus concentrations) were collected from each of 20 major 
discharge structures, eight minor water control structures and four long-term 
rainfall collection stations as shown in 

1 
Figure 3L These data were examined 

statistically and graphically. Results of these analyses are summarized in Figure 32 
and Table 20. In Appendix B, Tables B-25 through B-59 provide a summary of 
hydrologic and nutrient budgets calculated for each WCA by year (1979-1988). For 
details concerning water quality collection methods, calculation of rainfall and 
inflow/outflow nutrient loadings, storage changes, areal nutrient loading rates, areal 
nutrient retention rates, water residence times and percent retention for nitrogen 
and phosphorus for the WCA nutrient budget, see Appendix B. 

WCA Hydrologic Budget . .fi.,igure 32 provides a graphic summary of the water 
budget for all three WCAs for the ten year period of reco1·d based on water year 
(Water Year 1979-1988 = October 1, 1978 to September 30, 1988). Direct rainfall 
represents the largest source of water for all three WCAs representing 66 percent (2.8 
million acre feet) of all water entering the area annually. Evapotranspiration 
accounted for the largest loss of water from the system averaging 76 percent or 3.3 
million acre-feet annually. Drainage waters from the EAA represented the largest 
source of surface water inflows into the WCAs. Four major pump stations (S-5A, S-6, 
S-7 and S-8) collectively accounted for 23 percent (1.0 million acre-feet) of all inflows 
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Figure 31. Location of sampling stations for the, WCA inflow/outflow water 
quality monitoring program. 
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into the WCAs over the period of record (Table 20). Other important inflows include 
the S-9 basin (3 percent)) which drains largely urban lands in western Broward 
county; pump stations S-140, the L-3 and L-28 interceptor canal which collectively 
account for 6 percent of all inflows into the western WCA-3A marsh. 

Major outflows from the system include the four S-12 structures (S ... l2A, S-12B, 
S-12G, and S-12D) and S-333 which account for 15 percent (0,623 million acre feet) of 
all outflows from the system over the ten-year period of record (Fit,~re 32). Other 
important outflows include water control structure S-151 (4 percent) located on the 
Miami Canal, S-39 (2 percent) located on the Hillsboro canal, S-38 (1 percent) and S-
150 (1 percent). 

WCA Nutrient Bud~et. Table 20 presents a detailed summary of the annual 
nutrient budget prepared or all three WCAs (WCA-1 +'WCA-2A + WCA-3A) u~ing 
the same ten.year period of record (October 1, 1978 to September 30, 1988) based on 
water year. These analyses include average nutrient loadings for rainfall and each 
of the 20 inflow/outflow structures, areal nutrien·t loading rates, areal .nutrient 
retention rates, water residence time and evapotran~piratin11 volumes for the entire 
system. Figure 33 presents a general overview of the major sources of phosphorus 
inflow and outflow within the WCAs over the period of record. Table 21 provides a 
brief summary of annual average total phosphorus loading, flow ·welghted 
concentrations, and annual water inflows for each of the 8 major water ·control 
structures which provide inflow into the WCAs. 

The largest source ofnutrients identified in Figure 33 originate from suJ·face 
waters draining the Everglades Agricultural Aref,l (!EAt\) located north and west of 
.the WCAs. Surface water drainage of the EAA throughS~&Aj S-6, S-7, S-8, and S-
150represents 48 p~rcen.t (205 metric tons/yr) ofall phosphorus inflows to the WC As? 
while direct rainfall (bulk precipitation) accounts for 40 percent (172 metric tons/yr). 
Total phosphorus lo~ding from all sources a-veraged 430 metric tons/yr over the 
period of record (Table 20). 

Next to rainfall, pump station S-5A represented the largest source of 
phosphorus loading to the WCAs ([i'igure 34). The S-5A pump station is located at 
the north end ofWCA-1 and contributes approximately 18 percent (77lnetric tons/yr) 
of the phosphorus load to the entire WCA system (rrable 20). Putnp station S-5A 
drains over 194 square miles of EAA agricultural land planted primarily in sugar 
cane and vegetables. Pump station S-8 represented the second largest single source 
of phosphorus loading to the WCA's contributing 16 percent or (67 metric tons/yr) of 
all phosphorus inflows over the period of record (Figure 34). Pump station S-8,. 
located at the north end of WCA-3A on the Miami Canal, drains approximately 177 
square miles of agricultural land planted primarily in sugarcane. Punlp stations S-6 
and S-7 each contribute 6 percent (28 metric tons) of all inflows. Putnp station S-6 
drains approximately 132 square miles of EAA land cultivated primarily for 
sugarcane and winter vegetables and discharges these surface waters into the 
Hillsboro canal and western WCA-1 marsh. Pump stations S-7 drains an area of over 
131 square miles of EAA land cultivated primarily for sugar cane and sod farming. 
Water control structure L"3 contributes about 23 metric tons or 5 percent of all 
phosphorus inflows into the WCAs and tie as the fourth largest sources of nutrients 
discharged into the WCAs (Figure 34) 

The L-3 canal drains a larg·e agricultur.al area located within the western 
EAA. Land use within the L-3 basin includes cttrus, cattle ranching and sugarcane 
grown on sandy soil. Pump station S-140, also located on the western border ofWCA-

174 



Everglades SWIM Plan .. Supporting Information Docu1nent 

Figure 33. Major sources of total phosphorusinflowsand·outflows·within the 
WCAs. · ··, · 
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Table 20. Combined Water and Nutrient.Bu<lget for WCA-1, WCA~2A and, 
WCA-3A. Average annual nutrient loadings and watervolutnes fnr 
water years 1979- 1988. 

INPUT TOTAL 
PHOSPHORUS PERCENT 

'l'OTAL 
NITROGEN PEJ.l(!EN1' VOLIJMI!:'~''' P~:IW~N'I' 

S-5A 77* 18% 3,053 25% .314 7(' .( 

S-8 67 16% 1,663 14% .312 ?i,i 

S-6 28 6% 1,096 9% .157 4~~ 

S-7 28 6% 1,253 10% .219 5q 
L-S 23 5'n 188 '2% .074 2~~. 

S-140 18 4% 237 2% .104 2tq 
L-281 8 2% 131 1% ·.o7i 2q 
S-150 5 1% 197 2% -.057 1% 

S-9 4 1% 338 3% 
I 

.136 3c.t 
Rainfall 171 40% 4,027 33% _2.823. __ ()6f,f. -

Tota] input 430 12,173 . 
. - 4.-283 

.. ., ·-
TOTAL TOTAL OUTPUT PEltCI!:N'f PERCENT-'1 VOLUMI!: J>I!:IWI!!N1' I 

PUOSPHOituS NITROGEN OJ .... -

S-151 5.3 22% 430 18% .l83 
S-l2A 0.8 3% 140 6% :I 

.- .080 
S-12B 0.8 3% 130 6% .075 
S-12C 2.3 10% 330 •14% .161 
S-120 2;5 10% 400 17% .168 
S-333 4.4 18% 330 14% .139 
S-38 0.9 4% 110 5% .043 
S-39 5.5 22% 230 10% .078 

S-144. 0.7 3% 100 4% .036, 
8·145 0.6 3% ·100 4% .0~9 
S-146 0.5 2% 80 3% .030 
E.T. .3.3:Jl 

Total output 24.3 2,380 4~362 

Storage change 0.01 1 .000'49 
Oth~r sink.<~ 405.6 9;784 -0.096 

Areal loading@ 0.21 5.98 
Areal :retention@ 0.20 4.80 

& retention 94% 80% 
Residence time 0,86 !years I 

* = allluads reported in metric toru1; ** = Volume in million acre feet; @ = grams/ m2iyr 
Percents may not. equallOO due to rounding off error; Source: Sli'WMO, unpubli~hed data 

'4c.t 
2g, 
2~t. 

4£.} 
4q 
3% 
1% 
2% 
ll-.1 

: 

,lq 

1~~ 

76q 

Table 21. Comparison of Total Phosphorus Loadings, Average Flow Weighted 
Nutrient Concentrations, and Water Inflow into the WCAs for water 
years 1979 1988 -

Major Inflow Ave. Annual inflow Ave.Flow weiGhted Ave. Tutal P lucul 
Structure (Acre ft) Tolal P cone. mg/1} (metric tun~/yrl 

S-5A 314,198 0.198 77 

8-8 311,996 0.175 ()7 

S-6 157,471 0.144 28 

S-7 219,463 0.101 28 

L-3 73,935 0.251 23 

S-140 104.373 0.140 18 

1-281 71,497 0.095 8 

S-150 56,741 0.075 5 

Rainfall 2,823,401 0.049 172 

SFWMO, unpubhshed data 
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t 

Figure 34. Rankings of Average Annual Total Phosphorus Loadings to the 
WCAs at Eight Major Water Inflow Points (excluding rainfall) for 
water ears 1979 to 1988. 
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3A, drains a large area of wetlands and unimproved pasture and accounts for 
approximately 4 percent (18 metric tons/yr) of the phosphorus load discharged to the 
WCAs. Detailed water quality information .concerning the sources of these . high 
phosphorus loadings at S-140 and within the L~3 canal are not currently available 
but are thought to be the result of agricultural .operations (cattle ranching, citrus, 
and sugar cane grown on sandy soils) in the northwest portion of the Everglades 
SWIM study area. 

As a whole, the three WCA's retained approximately 95 percent of the 
phosphorus introduced into the system over the period of record (11ablc 20) and is 
comparable to Waller's (1975) estimate of94 percent phosphorus retention calculated 
for the WCAs. This high retention rate indicates that the WCAs are highly efficient 
in assimilating the phosphorus loads introduced into these wetlands. On the 
average, 2.6 percent (11 metric tons/yr) of the phosphorus load introduced into WCA's 
were discharged into Everglades National Park through the S-12's and S-333 over the 
period of record (Table 20). Other phosphorus losses from the system included 
discharges through S-39 (1 percent) into the Hillsboro canal and discharges through 
S-151 (1 percent) to the Miami Canal (11'igure 33). 

Flow-weighted Phosphorus Concentrations. (4,igure 35 presents a sumrnary 
of average flow-weighted total phosphorus concentrations at each of the pri1nary 
water management structures that supply inflow water to the WCAs. Highest 
concentrations of total phosphorus recorded throughout the WCA system occurred 
within the L-3 canal (0.251 mg/1). However, due to its relatively low discharge, L-3 
represented only 2 percent of the inflow water to WCA-3A. The L-3 canal discharges 
nutrient-enriched canal water into the extreme northwest corner ofWCA-3A. 'rablc 
22 provides a listing of the relative rankings ofphosphorus concentration (highest to 
lowest) at the major water management structures identified in fi"ig-urc 35. 
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Figure 35. Average flow-weighted Total Phosphorus concentrations at major 
inflow I outflow structures in the Everglades WCAs for water years 
1979-1988. 
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Table 22. Rankings of Flow .. Weighted Phos_phorus Concentrations at 
M . I fl 0 fl . C.A u . - 1979 -
.9~lor n ows/ ut ows to.the W. As or water years 

1 8. 
Rankings Water Manag·ement, 

Structure 
Flow.,.weighted Phm;phqrus 

Co~centration (mg/1) 

1 L-3 0.251 
2 S-5A 

' 
0·.198 

3 S-8 0.175 
4 S-6 0.144 
5 S-140 0.140 
6 S-lO's 0.12'9 
7 S.:7 0.101 
8 L-281 0.095 
9 S-150 0.075 

10 S-39 0.057 
11 S-ll's 0.044 
12 8;.9 0.027 
13 S-151 0.024 
14 S-144 0.022 
15 S-12's 0.011 

So\,Irce: SFWMD. unpublished data 
Total phosphorus concentrations at p~tqp station S-5A ranked as the second 

highest (0.198 mg/1) recorded in the WCAs. Pump station S-5A supplies 
approximately 30 percent of the water to WCA~l. High phosphorus and nitrqgen 
concentrations within these surface waters are a result of drainage of the EAA 
located north and west ofWOA-1. 

Pump station s~s, located on the northern levee ofWCA.;.3A, produced the third 
highest value with an average flow-weighted total phosphorus concentration of 0.17 5 
:rng/1 recorded. The S-8. pump station represents 10 percent of the inflow water to 
WOA-3A and currently drains a large area of land planted primarily in sugar cane. 

High values identified in Table 22 and lt,igure 35 occurred at pump stations S-6 
(0.144 mg/1) and S-7 (0.101 mg/1) ranked fourth and seventh respectively. As canal 
waters passed through WCA-3A, nutrient concentrations were considerably reduced 
with pump station S-151 recording an average concentration of 0.024 tng/1. Pufup 
Station S-9, which drains largely urban lands in western Broward County exhibited a 
mean flow-weighted phosphorus concentration of0.027 mg/1 over the period of record. 

Pump station S-140 (WCA-3A) and the four S-10 structures (WCA-2A) ranked 
fifth and sith with flow-weighted total phosphorus concentrations of 0.140 and 0.129 
mg/1, respectively, recorded. In general, waters draining the EAA contained an 
average flow-weighted total phosphorus concentration of 0.149 Ing/1. This value was 
calculated by averaging phosphorus concentration data collected over the period of 
record from the four major pump stations (S-5A, S-6, 8~7 and S-8) which together 
drain the EAA (Figure 35). 

The lowest average flow-weighted phosphorus levels identified in Figure 35 
occurred at the four 8-12 structures (S-12A, S-12B, S-12C, S-12D), which discharge 
water from WCA-3A into ENP. Average Flow-weighted phosphorus concentrations 
at the S-12's were 0.011 mg/1 over the ten year period of record. 
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WCA -1 Nutrient Budget. Direct rainfall repres~n ts the largest source of water 
for WCA-1, accounting for more than half (55 percent or 0.58 million acre-feet) of all 
inflows ('fable 23). Pump station S .. 5A, located ·at the _north end of the rt!fuge, 
accounts for 30 percent (0.31 million acre-feet) ofthe·surface water inflows into WCA-
1, while pump station S-6, located on refuge's western boundary, :contribut~s about 15 
percent (0.16 million acre-feet). Two privately maintained pump sta.tions (Acme 
Improvement District) deliver runoff from residential and urban land use s.ourees but 
comprise less than 1 percent of WCA-1 inflow water. Ov~r half( 58 perce11t or 0.62 
million acre-feet) of the water entering WCA-l is lost as evapotranspiration. The 
next largest loss of water from WCA-1 are through the fo'Ur S-10 structures loc.ated at 
the south end of the refuge which account.for 35 percent (().37 million acre-feet) of the 
outflow. Discharges from S-39 represent 7 percent (O~QB million acre-feet) of the 
water lost from WCA-1 to the Hillsboro canal (Table 23). 

Annual average total phosphorus loadings for WCA-1 :from all combined 
sources (rainfall + S-5A + S-6) averaged 137 metric :tons for the 10 year period of 
record (Table 23). Maximum phosphorus loadi:n.g~ occurred during 19.82.;.1984 

Table 23. Nutrient and Water Budget for WCA-1 (1979-1988). Average 
annualnutrient loadings and water volumes for watery ears 
1979-1988. 

INPUT TOTAL TOTAL 
PERCENT VOLIJM.~''"' PEIWI<!N1' 

PHOSPHORUS PEUCENT 
NITROGEN 

S-5A 77* 56% 3~053' 62% .314 30'>1. 
S-6 28 20% 1,086 22% .157 15% 

Rainfall 33 24% 780 15% .576 55% 

To.tal inppt 138 ~,919 1~048 

OU'rPU'l' TOTAL 
PEUC~N·r 

TOT Ali 
PKltC~N'l' VOLUMI!! lll~ltehlN'J' 

PHOSPHORUS. NITROGEN 
S-39 5 8% 230 ll% .078 7r.r 
s~loA 8 12% 284 ~4-% .084 W·~ 

S-lOC 16 24% 545 27% .103 10q 
S-100 30 46% BOO 89% .138 131·}; 

S-lOE 6 10% 1~5 9% .047 -~~·i 

E.T. .619 5S% 

Total output 65 2,044 1.086 
Storage ehange -0.46 -34 -9,230 

Olhersinks 72.94 2,841 -47,222 
Areal loading@ 0.23 8.37 

Areal retention@ 0.12 4.83 I 

%retention 53% 58% 

Residence time 0.36 tvuan;l 

* = all loads in metric Lonsj ** = Volume in million acre feet; @ =gram::>, m:l yr 
Percents may not equallOO due to rounding off error; Source: SFWMD,unpub lishud da Ia 

following the 1981 drought (one of the worst droughts on record). Phosphorus 
loadings to WCA-1 increased 1.6 times during this period with a maximum annual 
phosphorus loading value of 201 metric tons recorded in 1984. 'l'otal nitrogen 
loadings for all combined sources averaged 4,919 metric tons/yr over the 10 year 
period with highest loadings recorded in 1988 (6,165 metric tons) (Tables 23 and 
24). 

Due to the low concentrations of nutrients found in bulk rainfall, direct 
precipitation contributed proportionally less of the total amount of nitrogen and 
phosphorus inflows (15 and 24 percent, respectiv~ly) to WCA-1 on an annual basis 
('fable 23). This is in sharp contrast to pump stations S-5A and 8~6 which combined 1 
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Table 24. Total Phosphorus and Total Nitrog~n Loading, Water 
Inflows and Water Residence Times for WCA-.1 1979-1988 , 

' 
.. 

Year Total P loading Total N loading Inflows ReHidencl!,UmeM 
(Metric Tons) (Metric Tons) (Millionac-ft)* {yean;) 

1979 108 4,252 ' 0.994 0.55 
1980 123 5,526 '.l-063 0~35 

·-

1981 98 3,684 0~.7~0 0.4n 
1982 170 '5,547-_, Li:go 0.31 
1983 177 5,162 J~~2(j5 0.32 
1984 201 --:5641 .,.,,, .1.4~79 0.37 
1985 124 4,417 0~9~6 0.43 
1986 139 5;8(7 f;3"26 I 0.38 
1987 71 2;7_~9 __ ,.{1;_739 1.16 
1988 177 6;V~5 <lJf60 

-·-

0:31 
-- ' 

~inflow includesS-5A, s~s +rainfall; ;l::iource:·SFWMO, ~ !ll>lishet,Fd~tif-
: p : . ;~·· ' ·. ' 

acco~nted for 76· per~ent of the phO$f?ho!us lQ.ad{~Q'ij-;.metric .tons)~ .S,4.j~ercen~ (4,140 
metric tons) of the nitrogen load, wtthJn only 45 P~:tc~nt of the w~ter ep.ter1ng the 
refuge (Table 23). In comparison, rainf~ll conti"ibut~d'24 per~ent (33 metric tons/yr) 
ofthe phosphorus load and 15 percent (780 metric tonslyr)ofthe nitrogen load within 
55 percent ofthe inflow water. Pump stations S~5A andS~6 combined, drain over 329 
square miles of agricultural land (sugar cane aJ;td winter vegetables) in western 
Palm Beach County~ Over the past decade, surfaf!e water runoff from these two 
basins have historically contained high cQnc~ritrations of nutrients,. dissolved 
minerals and other contaminants (Lutz, 1977a, b; Dickson et al., 1978, CH2M-Hill, 
1978). 

Pump sta'tion S-5A ranks as the largest source.ofsurface water nutrient inflow 
into WCA-1 accounting for 56 percent (77 metric· tons) of the phosphorus, and 62 
percent (3,053 metric tons) of nitrogen loading, while only representing 30 percent of 
the inflow water (Table 23). Pump station S·5A drains approxitnately 194 square 
miles of agricultural land planted primarily in sugar cane and winter vegetable 
crops. The ten year period of record indicates that phosphorus loadings through S-5A 
increased substantially during a series of wet years (1982-1984) following the 1981 
drought (Figure 36). · 

Calculation of a total phosphorus areal loading rate (grams P/m2/year) 
provides a standard measure of comparison for evaluating nutrient inflows into 
water bodies of different sizes. This calculation was used to compare nutrient 
loading rates among the three WCA's. Areal nutrient loading rates were calculated 
by summing all inflows discharged into the water body for a given year and dividing 
by the total surface area using appropriate conversion units (See Appendix B for 
details). Although the above calculation is useful for comparing· phosphorus loading 
rates among different ecosystems, it does not adequately represent the manner in 
which nutrients are distributed within WCA-1 or WCA-2A. Areas of the marsh 
located downstream from water management inflow structures probably experience 
higher total phosphorus areal loading rates as compared to sites located within the 
interior marsh. 

Calculation of a total phosphorus areal retention rate (grams P 
retained/m2/yr.) provides a comparison of the amount of phosphorus annually 
retained within a water body on a uniform per square meter basis. Areal total 
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Figure 36. Total Phosphorus Loading and Discharges through S-5A to WCA-1 
for water ears 1979-1988. . 
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phosphorus retention rates were calculated by subtracting the 'total phosphorus 
loadings at all inflows from the total p}iosphotus loaciings at ~11 outflo~s .. The 
remainder represents the amount of phosphorus retained, within the tnarsh lind was 
termed "other sinks" which include phosphorus retained by n1arsh sediments7 

periphyton and macrovegetation and phosphorus lost to the atmosphere as ash~ or 
taken up by some Qther phosphoru~ sin}{. The ~~oth{!r sinks" ter111 was then divided by 
the surface area of each WCA using appropriate conversiQn factors (see A ppcndix B 
for details). 

Areal loading rates for total phosphorus averaged 0,23 g/m2/yr for WCA-1 
(1,able 25). Annual variations in total phosphorus areal loading rates for WCA-1 
ranged from 0.12 grams P/m2/yr (1987) to 0.34 grams P/1n2/yr observed in 1984 
(Table 26). Areal loading rates for total phosphorus and total nitrogen were found to 
be significantly correlated, reinforcing the factthat both nutrients are derived from a 
common source. 

Areal nutrient loading rates calculated for each of the WCAs were contrasted 
with areal nutrient loading rates for nitrogen and phosphorus from Lake Okeechobee 
in Table 26. These data indicate that current total phosphorus loading rates within 

Table 25. Comparison of Areal Nutrient Loading Rates for the Everglades Water 
Conservation Areas and Lake Okeechobee; 

Loading rate 
(grams/m2/yr) WCA·l WCA-2A WCA-3A 

Total Nitrogen 8.37 8.11 3.48 

Total Phosphorus 0.23 0.25 0.13 
Source: SFWMD, 1989, unpublished data, WCA data POR 1979.1988; 

Lake. Okeechobee data from lt'ederico et al.t 1981. 
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WCA-1 and WCA-2A are similar to those of Lake Okeechobee while ·areal total 
nitrogen loading rates are more than triple those ofthe lake .(Table ·~5). This 
information indicates that current WCA areal nutri~nt loading rates-are comparable 
to those of a nutrient-enriched eutrophic lake (Lake .Okeechobee). These 
comparisons are important in light of the fact that the Everglade~ ecosystem and its 
unique vegetation communities have evolved over ~be past 4,1$.00 years within a 
largely phosphorus-limited (oligotrophic) environment. 

WCA-1 displayed an average annual total pho~phor.tis areal reten,tion rate of 
0.12 grams/m2/yr (Table 23). The highest totalphQsphorv..s areal retention rate 
observed over the period of record was 0.21 grams/m2/yr (1984), and the lowest rate 
observed was 0.09 grams/m2/yr recorded in years 1981 and 1987. Annual variations 
in the percentage of total phosphorus retained withinWCA-1 are shown in 'fable 26. 
The highest percent retention of phosphorus (77 percent) occurred in 1987 and lowest 

Table 26. Total Phosphorus j\real Loadi:r1g rates, Areal 
Retention rates and" :Percent Retention forWCA~l for 

t 1979 1988 . wa eryears .. . 
Year Areal Load in~ Rates Areal ·p 'Retention · Percent Phosphoru~ 

forTotal * rates* Retention 

1979 0.18 0.14 75% 
1980 0.21 0.10 46l}f, 
1981 0.17 0.09 56% 
1982 0.29 0.12 40% 
1983 0.30 0.14 45~· 
1984 0.34 0.'21 62% 
1985 Q.21 ().14 ·. (}6% 
1986 0.24 0.1:3 55% 
1987 0.12 0.09 77% 
1988 0.30 0.18 60% 

Source: SFWMD, unpublished data *Grams per square me~r per year 

retention (40 percent) occurred in 1982. Mean total phosphorus retention for the 
period of record was 53 percent (Table 23). 

Calculation of water residence timefor each WCAprovides a useful index of the 
length of time (in years) that it takes to replace the mean annual storage volun1e of 
each WCA. Water residence times indicate the time that water re1nains within a 
specific WCA before being discharged or lost from the system as evapotranspiration 
or seepage. This parameter also provides an index of the amount of con tact time that 
nutrients have to interact with marsh sediments or plant vegetation. Water 
residence times for WCA-1 averaged 0.36 years over the 10 year period of record with 
values ranging from 0.31 years in 1982 and 1988 to 1.16 years in 1987 ('J'ablc. 24). 

WCA-2A Nutrient Budget. In contrast to WCA-1 and WCA-3A which 
receive the majority of their source water from direct rainfall, WCA-2A receives the 
majority of its water (59 percent) from surface water inflows which includes 
drainage from EAA lands and outflows from WCA-1. Rainfall accounted for only 41 
percent of the inflow to WCA-2A over the period of record, while the four S-10 
discharge structures (Sw10A, 8-lOC, 8-lOD, and S-lOE) and S-7 pump station 

. represented 37 and 22 percent, respectively, of the source water inflows into the 
WCA-2A marsh ('fable 27). 
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Forty-two percent of the water lost from WCA-2A is due to evapotranspiration 
(Table 27). The S-11 control structures (S-llA, S-llB and S-llC) .account for 45 
percent of the water leaving the marsh. Other water Joss,es include, dis~h~rges 
through S-38 (4 percent) and discharges to WCA-2B through S.-144, S-145 :and S-146 
(9 percent) as shown in Table 27. 
Table 27. Nutrient and Water Budget for WCA-2A. Average annuatni~trogen 

and phosphorus loadings and water volume~ for water years, 1979-
1988. 

INPUT 
TOTAl. 

t•EitCEN1' 
TOTAL 

PERCENT VOI.IJMI!!** 
l>HOSPHOltUS Nl'l'RoGEN 

S-7 28* 25% 11253 34% ;219 
S~IOA 8 7% 284 8% .084 
S-lOC 16 14% 545 15% .103 
S-lOD 30 27~l 800 22o/" .138 
S-lOE 6 6tlt,. 185 5% .047 

Rainfall 25 22~. 569 16% . .U2 

Total input 112 . 3,639 1.00_2 
OUTPU'11 'l'OTAI. PERCENT •ro'rAL PERCENT VOI.lJMJt~ 

PHOSPHORUS NJ'i'ROG&lN 
s~aa 0.9 3% 111 5% .043 

S-144 0.7 2% 102 5% .036 
Sal45 0.7 2% 102 5% .039 
B-146 0.5 1% 79 4% .030 
S-llA 4.5 14% 480 23% -.1-74 
S-11B 10.9 35% 5'77 28% .180 
S-llC 13.3 42% 636 30% .179 
ItT. .485 

Total output-· 31.3 2,087 1.166 
Storage change -0.76 :;.56 -14,000 

OthetHink.'> 79.63 '1.,493 -177.789 
Areal loading@ 0.25 8.11 

Areal ret~ntion@ 0.18 a:.aa 
%retention 7lq 41% 

Residence time 0.20 (year~ I 

* = a:llloads reported in metric tons; ** = Volume inmillion acre feet; @ = grarnsi m:.!/yr 
Percents ma,y not equal 100 due to rounding off error; Source~SFWMD, unpublh;hed datu 

l'l~IWI!!N'l' 

22lJ 
w.~. 

wq 
}._I(.~ 

5'·i 
..JJ fj 

1'1-.:IU: .. ~N'I' 

4~·t• 
3(·~· 

3% 
3'-i 
Hi% 
15% 
15% 
421::~ 

Unlike WCA-1, which contains an interior perimeter canal that entirely 
encircles the marsh, phosphorus .. enriched canal waters that are discharged into this 
sawgrass marsh move directly across WCA-2A as sheet flow resulting from 
discharges from the four S-10 water control structures. These four water control 
structures represent the largest source of nutrients imported into WCA-2A 
accounting for over 52 percent of the phosphorus load (60 metric tons) and 50 percent 
of the nitrogen load (1,841 metric tons) introduced into the marsh over the period of 
record (1"lable 27). Nutrients contained in direct rainfall account for only 22 and 16 
percent of the phosphorus and nitrogen loads, respectively, to WCA-2A. 

Pump station S-7 represents the third major source of nutrient inflow into 
WCA-2A accounting for 25 percent of the phosphorus load (28 metric tons) and 34 
percent of the nitrogen load (1;253 metric tons) into the western portion of WCA-2A 
(Table 27). Some of this nutrient-enriched water penetrates the marsh within the 
vicinity of the S-7 discharge structure and downstream along the L-38 canal. 
However, the majority of this w·ater is routed south to the S-11 structures into WCA-
3A through the L-38 Canal and has relatively little impact on water quality east of 
the canal. Although S-7 discharges have little effect on water quality in WCA-2A, 
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these nutrient-enriched inflows represent an important source of phosphorus loading· 
to the northeastern sector ofWCA-3A. 

A comparison of annual phosphorus loadings into the northern WCA-2A marsh 
through the S-10 structures for the ten year period of record is provided in Ji.,igure 37. 
Phosphorus loadings from the S-lOs increased markedly during 19a2 and 1983 
follo~ing t~e 1981 drought year. These increases may be a response to increased soil 
subsidence In the EAA resulting from the previous drought year followed closely by 
two wet years (1982 and 1983). Total phosphorus loading into WGA-2A showed a 
decreasing trend during 1987 with loadings increasing in 1988 ( li,igurc 37). 

Figure 37. Total Phosphorus Loading and Inflow through the ~,our S-1 0 Water 
Control Structures WCA-2A, water ears 1979-1988. 
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Average nutrient loadings for WCA-2A froni all sources (rainfall + S-lOs + S-
7) for the period of record were 112 metric tons for total phosphorus and 3,639 metric 
tons for total aitrogen (Table 27). Peak years ofphosphorus loading to WCA-2A from 
all sources occurred in 1982 with 159 metric tons recorded while nitrogen loading 
peaked in 1980 with 5,206 metric tons ('fable 28). 

Water residence times within WCA-2A varied widely over the ten year period of 
record, decreasing significantly from 1982- 1986 (Table 28). A five-year drawdown 
of the marsh was initiated in 1980 to encourage the reg·rowth of tree island and wet 
prairie communities drowned out during previous high water years (Dineen, 1972; 
Worth, 1983, 1988). During the 1970's, WCA-2A served as a water storage area and 
maintained a water regulation schedule (13.0-14.5 NGVD) that allowed a great deal 
more water to be stored within WCA-2A than permitted under the drawdown 
regulation schedule (9.5 .. 12.5 NGVD). Water residence times ca)culated for WCA-
2A during years in which the the higher regulation schedule was in effect (1.979-
1980) ranged from 1/2 to 3/4 years in length. Implementation of the drawdown 
schedule in November 1980, coincided with the onset of the 1981 drought resulted in 
decreased water residence times ranging from one to two months (Table 28). 
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Table 28. Total PhosQhorus, TotaJ Nitrog_~. n Loadil!~A Inflow W a. ter 
Volume and Water Residence T1mes for Wv-A~2A, 1979-1988. 

Year Total P loading TotaJ N loading Ave. Annual Wul,cr Rf.!Hidcncc 
(Metri<.: Tons) (Metric Tons) inflow 

time~ l.ycur~} (million Ac.·ftl 
1979 58 2,307 0.797 ·0 .. 7~ 
1980 99 5 206 Ll.34 . 0A3 
1981 82 1,988 -0.63.2 0.22. 
1982 159 3,885 1:oo2 0.15 
1983 139 4 248 L314 0.15 
1984 139 4194- 1.142 0;()9 
1985 85 2,998 ().921' 0;08 
1986 120 4,023 1.122 0.09 
1987 52 1,619 0;587 o·.25 
1988 127 4,782 1;220 o.u 

Source: SFWMD, unpublished data 

Areal loadings rates for total phosphorus for WCA-2A averag.ed 0.25 
grams/m2/yr ('fable 27) with a maximum value of0.36 grams/m·2/yrrecorded in 1982 
and a minimum value of0.12 grams/m2/yr observed in 1:987 (Table 29). 

Table 29. Areal Loading Rat~p.~, Areal Retention Ra~tes and Percent Retention for 
T t lPh h vvCA 2A£ te · - 19791988 oa OSP: orus, ryears - orwa. - . 

Year Areal 1oadin~ rates Areal retention Percent h.tlcntimi 
forTotaJ * rates·Total P* Total :P 

1979 0.13 DJO .so'*j 
1980 0.22 0.16- 7J~, 

1981 0.18 0.13 71% 
1982 0.36 0.30 84% 
1983 0.31 Q.25 ~80~/ 
1984 0.31 0.21 67% 
1985 0.19 0.07 ·-·- 38% 
1986 0.27 0.10 39% 
1987 0.12 0.08 70% 
1988 0~28 0.19 65% 

Source: SFWMD, u npubhshed data "'· -=grams per square meter per year 

Annual variations in areal retention rates for total phosphorus are also shown 
iri Table 29. The highest areal retention rate was 0.30 grams/m2/yr observed in 1982 
and the lowest retention rate was 0.08 grams/m2/yr recorded in 1987. Average total 
phosphorus areal retention rates for the period of record for WCA-2A were 0.18 
grams/m2/yr (Table 27). The WCA-2A marsh averaged about 71 percent retention of 
phosphorus over the ten year period of record (Table 27). Highest percent retention 
occurred in 1982 (84 percent) while lowest retention rates (38 percent) occurred in 
1985 ('fable 29). 

WCA-3A Nutrient Budget. Rainfall represents the largest source of inflow 
water to WCA-3A accounting for 59 percent (1.85 million acre ft.) of all inflows for the 
786 sq. mi. (2,036 km2) Everglades marsh ('fable 30). The largest sources ofsurface 
water inflow into WCA-3A are the three S-11 structures (8-llA, S-llB, S-llC) which 
receive a mixture of inflow water from WCA-2A and the L-38 Canal, which serves as 
a drainage canal for the S-7 pump station. The S-ll's account for 18 percent (0.53 
million acre-feet) of the inflow water to WCA-3A, followed in order by pump station 
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S-8, at 10 percent (0.31 million acre~feet), L-3 (2 percent), pump station S-9 (4 
percent), pump station S-140 (3 percent), the L-28 interceptor canal (2 percent), and 
S-150 (2 percent) (Table 30). Direct surface water inflows draining the EAA account 
for aboutl5 percent of all inflows into WCA-3A (not counting the S-11 'sand rainfall). 
These data indicate that the EAA represents an important source of inflow water for 
~CA-3A. Surf~ce waters draining the~e lands ~re, highly mineralized and contain 
h1gh concentrations of phosphorus and nitrogen (Waller and Earle, 1:975; McPherson 
et al., 1976). 

Due to vast size of WCA-3A, nearly three quarters (2.23 million acre-feet) ofthe 
water entering the marsh is lost from the system as evapotranspiration. The S-12 
structures (S-12A, S-12B, S-12G and S-12D)located 1at the extreme'southern border of 
WCA.;.3A, discharged about 15 percent (0.48· million acre..;feet) of WCA-3A's water 
budget into Everglades National Park over the ten year period of record, while S-333 
delivered a:nother 5 percent (0.14 million acre.:;feet) .. Water control structure 8·-151 
accounted for another 6 percent (0.18 million acre.;.feet) of the water lost fron1 the 
system (Tahle30). 

Table 30. Nutrient and Water Budget for WCA .. SA. A.verag·e annual 
phosphorus and nitrogen loadings and ·water \Tolume for water 
years 1979-1988. 

INPlJ'r TOTAl. TOTAL VOl.tJM.l!:•** I'I!!IR$N'l' PHOSPHORUS PEUCENT NITROGEN 
PBRCENT 

S-8 67* 25% 1,663 23% .312 10'·} 
L-3*** 23 9% 188 3% .074 2t.-; 

S-140 18 1% 237 3% .104 3'' • I 

S-llC 13 5% 636 9% .179 W! 
S-llB 11 4% 577 8% ~180 ()q 

8-llA 5 2% 4BO 7% .174 ()q 

L-281 8 3~'" 131 2% .071 21it 
S-150 · 5 2'~ 197 3% .057 ~N 

S-9 4 2% 338 5% .13f:i .Jq 

RainfalJ 114 4:N 2.634 37% 1.851 59q 

Total Input 269 7,081 3.138 

OUTPU'f 
'rOT AI. 

P!o:RGENT 
'I'OTAL 

PEIWENT VOJ.lfMr! l'tiWJ;:N'l' 
PHOSPHOIHJS NI'I'ROGEN 

S-151 5.3 33't~ 428 24% .182 6f.i 
S-12A 0.8 5~i 143 8% .OBO 3'i 
S-128 

I 
0.8 fil,f. 133 7% ~On 2'·~ 

S-12C 2.4 14~~ 332 19~;{: .H;O 51i 
S-120 2.5 15% 395 22q .Hili 6'; 
S-333 4.4 27q 333 19S~ .1:39 51'; 
E.'J'. 2.:.!27 ...... ,,. 

It) I 

Tot.al Output 16 1,763 3.031 
Storage change 0.01 1 .00li.t9 

Other sinks 253 5,317 .106 
Areal loading@.: 0.13 3.48 

Areal retention@ 0.12 2.61 
% relcmtion 9¥k 75% 

nesidence time 0.73 (Vean;l 

* = all loads reported in metric tons; "'* = Volume in million acre feet; @ = gram:.;· m:.!:yr; 
*** = L-3 inflows ba:;ed on a flow dil'llrilmlion of75'n· inflow into the N.W. cnrnerllfWCA-3A, POit 1977-
1988; Percents may notequallOOdue to round off error; Source: SFWML), unpuhli~htHJ data. 

Although rainfall contributes over 59 percent of the inflow water, surface water 
inflows from outside WCA-3A account for the largest source of nutrient inflows into 
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the marsh. Combined surface water inflows from all sources (the S-11 's, S-8, S--9, S-
140, S-150, L-28 interceptor canal, and L-3) for the period of record contribute an 
average of 57 percent (155 metric tons) of the phosphorus and 63 percent (4,44 7 
metric tons) of the nitrogen inflow into WCA..-3A (Table 30). -

Annual nutrient loadings from all combined sources (rainfall + S-11's, s~s, .S-9, 
1 ... 3, s .. 150 and the L .. 28 interceptor canal) averaged 2.6~ metric tons for total 
phosphorus and 7,081 metric tons for nitrogen for the period of reco1~d. YeZ:}rs .o.f p.eak 
phosphorus loading occurred in 1982 with 503 metric tons/yr recorded ('fable 31). 
Phosphorus loading to the WCA-3A marsh increased threefold following the '1981 
drought. Phosphorus loadings to WCA-3A re.mained high for a period of 5 years 
(1982-1986). Lowest phosphorus loading (159 metric tons/yr) occur:red in 1980. 
Rainfall accounted for 43 percent (114 metric tons) of the phosphorus entering 'the 
WCA-3A over the period of record (Table 30). · 

By far, the largest single source of nutrient inflo.w into WCA-3~ w~~ P.U1llP 
station S~B, located on the Miami Canal (C-123) at the north end .ofWCA-3A. Over 
the period of record, S-8 contributed an average of 67 metric tons of phosphorus into 
WCA-3A representing 25 percent of all phof3pl:LOrus inflows and 23 percent (1,:663 
metric tons) of the nitrogen inflow (1,able 3Q). Ann.uaJ ·variations in dis9harge and 
phosphorus loadings at pump station S-8 are shown in Figu,re 38. 

Table 31. Total Phos~horus and Total Nittog¢1l loadings, Inflow Water 
and Water Residence Times for WCA-3A, water years 1979-
1988 .. -

Year Total P Loading Total N Loading Inflow (Million Water Rc~idence 
(Metric Tons) (Metric Tons) Acre-feet) Time (Year) 

1979 184 5,684 2 .. 653 1.15 
1980 159 7,708 2.988 (};90 
1981 195 5,242 ,~ .. 4:5() L09 
1982 503 8,594 3~639 O.qO 
1983 287 7,339 3.923 0.52 
1984 288 6;392 3.018 0,60 
1985 251 6,521 3.059 0.47 
1986 389 9,681 3.721 0.72 
1987 181 4,778 2.441 1.35 
19~8 282 8,489 3.596 OJ;>:l 

Hource: SI~WMD, unpublished data 

Annual phosphorus loadings to WCAw3A though s .. s increased tnarkedly during 
1982 and 1986 in response to antecedent drought years (1981 and 1985). IIighest 
phosphorus loadings occurred in 1986 (171 metric tons) and 1982 (162 rnetric tons). 
Lowest phosphorus loadings through S-8 occurred in 1981 with only 17 tnetric tons 
reported (Figure 38). These data suggest that that phosphorus (and nitrogen) 
loading through S-8 are associated with regional drought cycles, with highest loading 
rates occurring immediately following a major drought event. Increase~ in surface 
water phosphorus loads to the WCAs following a drought may be due to increased soil 
subsidence within the EAA and the Everglades. 

The average annual phosphorus loading rate (0.13 grams/m2/yr) calculated for 
WCA-3A was about one half that ofWCA-1 or WCA-2A (Table 25). Although WCA-
3A receives more than twice as much phosphorus and nitrogen compared to the other 
two WCAs, its large size (786 sq. mi.) minimizes the overall impact of introduced 
nutrients in terms of a generalized phosphorus loading rat.e. The highest total 
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Table 32. Compariso~ of Marsh Surface Area? ;~otal PhQ~phorus L~ading· and 
Areal Loading Rates, Percent Retention and Water Res1dence 
T" Am th Thr W t C · t· A 1979 1988 1mes ong e ee a er onserva 1on reas, -

Water Size of WCA's Ave. Tut.al P Areal Total P Total P 
Ave. Wat.ut 

Man.m;enltmt RcHidencc 
nit Sq. Mi. (km2) Loading* Loading Rate** % Rct.cnt.ion 

Time (ycur) 

WCA-1 227 (588) 138 0.23 59% 0.36 
WCA-2A 173 (448) 112 0.2·5 71% 0.20 

WCA-3A 786 {2,036) i 267 0.13 94% 0.73 
., 

• >• *= *~ = '""' Source. SFWMD, unpubhshed data, metr1c tons/yt, Grams/m , yr 

phosphorus loading rate for WCA-3A occurred in 1982 (0.25 grams/m2/yt~), while the 
lowest value (0.08 grams/m2/yr) occurred during 1980 (Table 33). 

Annual total phosphorus retention rates averaged 0.12 gratns/m1/yr over the 
period of record (Table 30) with highest retention rates recorded in 1982 (0.25 
grams/m2/yr) and lowest values (0.07 grams/m2/yr.) observed in ] 980. These data 
translate into an average phosphorus retention of 94 percent for WCA-3A, the 
highest phosphorus retention of the three WCA's ('fable 32). llighest phosphorus 
retention occurred in 1982 (97 percent), while lowest values occurred in 1985 (86 
percent) (Table 33). Overall, these data indicate that WCA-3A is highly efficient in 
removing phosphorus introduced into the marsh. 

Calculations of water residence times (Table 32) indicated that WCA-3A had 
the longest average water residence time of all three WCA's (0.7:3 years). This value 
indicated that water re1nained in WCA-3A approximately 2-3 ti tnes longer than 
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Table 33. Areal loading, Areal Retention Rates and Percent Retention for Total 
Phosphorus for WCA-3A, water years 1979. 1988. 

Year Areal Total P Areal Total P % Phusphoru::; 
Loading Rates* Retention Rate* Rctontion 

1979 0.09 0.09. 95£~, 

1980 0.08 0.07 92f:'.{. 
1981 0.10 0.09 .96'~ 

1982 0.25 0.24 97% 
1983 0.14 0.13 94% 
1984 0.14 0.13 92% 
1985 0.12 0.11 86% 
1986 0.19 0.18 94% 
1987 0.09 0.08 92% 
1988 0.14 0.13 92% 

... 

Source: Sli'WMD, unpublished data,* =grams.'m"-lyr 

WCA-1 or WCA-2A and may be in part (along with t~e large surface ~rea of WCA-
3A) responsible for the high phosphorus retention (94 ,percent) observed-within WCA-
3A over the period of record. These data reinforce- tile g~~eral :Principle that longer 
water residence times within a given WCA permit greater uptake of nutrient..r; by 
sediments and aquatic vegetation. · 

_ Impacts of the lAP on Water Q11ality. Over the past decade, drainage ·of the 
EAA has generated approximately 1 million acre-feet of surface water runoff per year 
(Table 20) from agricultural lands located south of Lak~ Okeechobee. The tnajority 
of runoff occurs from June to October (wet season). ·Prior to 1979, a significant 
portion of EAA runoff was either purnped north to Lake Okeechobee through the S-2 
and S-3 pump stations, or routed south-to the WCAs throttghpump station S .. 6, S-7 or 
S-8. . 

Until the summer of 1979., the routing of water north or south from the EAA 
dep~nded on water levels and water storage conditions in Lake Okeechobee and the 
WCAs as well as rainfall conditions over South Florida. The Interim Action Plan 
(lAP) rerouted these historical flows south to the WCAs to comply with DER 
operating permit criteria for the discharge of these waters into Lake Okeechobee 
through pump stations S-2 and S-3. The best available information ('ra blc 34) 
indicates that the IAJP has resulted in a 10 percent (45.4 metric tons/yr) increase in 
phosphorus load discharged to the WCAs through pump stations S-6, S-7 and S-8 
since implementation of the plan in 1979. This estimate is based on a cotnparison 
between actual phosphorus loadings recorded from pump stations S-2 and S-3 from 
1979 - 1987 (lAP in effect), with phosphorus loadings generated from a computer 
simulation model (South Florida Regional Routing Model, Trimble, 1986) which 
estimated phosphorus loading from both pump stations based on District pumping 
criteria in effect prior to implementation of the lAP (Table 34). The model 
simulation indicated that without the lAP in effect, pump stations S-2 and S-3 
pumped 57.9 metric tons of phosphorus into Lake Okeechobee on an annual average 
basis. Comparison of actual discharges through both pump stations while the lAP 
was actually in effect indicated that only 12.5 metric tons/yr of phosphorus were 
discharged to the lake (analyses did not include emergency backpumping for water 
supply). The difference between actual and simulated phosphorus loadings through 
S-2 and S-3 is 45.4 metric tons/yr (1.,able 34). It is assumed that this additional 45.4 
metric tons of phosphorus has been rerouted south to the WCAs throug·h pump 
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Table 34. Impact of the Interim Action plan (lAP) on Total Phosphorus Loadings 
Routed South to the WCAs based on Historical and Co1nnuter 
Simulated Loadings to Lake Okeechobee through Pump Stations 8~2 
and S-3 from 1979 .. 1987. · 

Water year 

1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

Total 
Average 
Sum (8.-2+8-3} 

~"'lood Control Backp\tmping 
With lAP in Effect 

(A<:tual data)* 
S-2 8-3 
11.9~~) 4.4 

5.5 2.6 
0 0 

14.1 6.0 
11.4 15.1 

8.7 4.2 
12.5 11.1 

2.8 2.2 
0.1 0 

67.1 45.4 
7.5 5;0 

12.5 

Flood Control Ba~kP.Unlping 
Without lAP hi Effect 

(Model siniulalion** 
s-2 s~a 
21.5 12.1 
34.2 9.2 

28.1 7;0 
56.9 36·.2 
40.5 55;6 
40.6 2L1 
35.0 24.0 

. 33.4 42.3 
13.3 10.6 

303.5 218~0 
33.7 24.2 

57.9 

Diffet·ence 
(Si ri1tilat.ed 

iniu u:::; actual> 
S-2 S-3 
.9.6 TI 
28.7 6.5 

~S.l 7.0 
42'.7 30.2 
29.0 40.5 
31.9 17.0 
22.5 1.3;.0 
30.H 40.1 
13.2 10.6 

236.4 172.6 
26.3 19.2 

45.4*** 
* =-Rf#corded Inflows into LakeOkeec. obee minus bacl(pumping for flood control or water supply under declared uniergency 

conditions. · 
** = Computer Model Run using So.uth Florida Regional Routing Model (Trimble, 19861 

***= Additional totalphosphorus loadings routed to WCAs. 
@ = all 'ia lue.~ ~n metric tons as total phosphorus 

stations S-6, S-7 and S-8 since implementation of the lAP. This inc:rease represents 
about a tenth. (10 percent) of current phosphorus loading& to the WCAs as compared 
to contributionsfrom the EAA (47 percent) and bulk rainfall (40percent), 

I_,esticide and Herbicide Monitoring in the. WCAs. Pesticides selected for 
monitoring by the SFWMD were based on (a) the availability of a suitable analytical 
method, (b) potential for significant environmental impact, and (c) usage in the 
drainage basin. A total of 67 surface water samples·, ~nd 60 sediment sa1nples were 
collected from August 1984 to July 1988 in the EAA (Pfeuffer, in prep.). Until 1987, 
sampling occurred biannuaHy. Since then; sampling has been conducted on a 
quarterly basis. Pesticide water and sediment samples were taken at structures S-2, 
S-3, S-5A, S-6, S-7, S-8, and at the intersection of L-3 and L-4 canals. Of these 
samples, 14 surface water samples, (21 percent), and 22 sediment samples, (37 
percent) had detectable pesticide residues. For the WCAs, a total of 21 surface water 
samples and 25 sediment samples were collected. Samples were taken at S-9, S-31, 
and S-12C. Of the samples taken, one (5 percent) surface water satnple and five 
sediment samples (20 percent) had detectable pesticide residues. Out of a total of six 
surface water samples and five sediment samples collected in the western WCA 
basin, (one sample site at S-190), one surface water sample (17 percent) and one 
sediment sample (20 percent) had detectable pesticide residues (Pfeuffer, in prep.). 

No seasonal trends could be determined from these lirnited data. Information 
as to which stations consistently recorded pesticide concentrations could be 
determined by ranking the stations on the basis of the percent of positive samples. In 
reviewing the rankings, caution should be used as some stations have been sampled 
as few as five times. Structure S-5A appears to be most frequently impacted by 
pesticide residues. Persistent compounds are most frequently detected in water and 
sediment samples at this location. 
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Atrazine and zinc phosphide were the only two compounds detected in surface 
water samples. Zinc phosphide is used for pest control, specifically for .rats and other 
rodents, in sugar cane fields. This compound was detected during the fh:st two special 
monitoring events, but not during subsequent quarterly sam:pling. Since zinc 
phosphide is acutely toxic, monitoring will continue during the routine sam:pling to 
determine any patterns and explanations for its presencei 

The herbicide atrazine is used primarily on sugar cane and corn ·cro,ps for w.eed 
control. It can also be used for non-crop purposes such as lawns and ornatnentals. 
Atrazine can persist in the soil due to strong adsorption to organic matter. 
Contamination of water is more likely to be due to runoff. Atrazine was consistently 
detected in water samples, however; the levels found were not considered to l:la ve any 
potential adverse environmental or health effects as this .compound does not 
bioaccumulate and is not considered very toxic. The· majority of the 23 Samples that 
contained detectable levels of atrazine had concentrations between 0.1 and 1.0 u.g/1. 
Only 9 samples had levels greater than 1.0 ug/1; w1th thehig·hest concentration being· 
12 .. 3 ug/1. Stations S~5A, 8~6, 8~7, and s .. s had detectable quantities more than once, 
iltdicating that more of the compound is used within these drainage basins. In a 
survey done by the FDER in July 1987, .surface water samples ·were collected from 
nine canal sites located around the perimeter ofthe three WCAs .. These samples were 
a~alyzed for 67 compounds, with atrazine being the only pesticide. detected (LOTAC, 
1988). At present, no state or EPA guidelines exist for.atrazine concentrations in 
drinking or surface water. 

The .majority of pesticide residues detected in sediments consisted of PDD 
and/or .DDE. Both DDD and DDE are degradation products of DDT .. In aquatic 
environments, both compounds bioaccumulate and can also be adsorbed to wet soils 
andbiot~. DDD, in addition to being a degrad~tion product of PPT, was formerly 
used as an insecticide on fruits and vegetables. Both DDD and DDE can be lost from 
aquatic systems due to volatilization. Thelevels detect~d atthe sampling sites were 
lower than those routinely found during previous SFWMD monitoring (Pfeuffer, 
1985). These .compounds were found consistently at the same stations (8'"2-, S-3, S-6, 
S-7, and S-5A). The DERstudy conducted in July 1987revealed the presence ofthr~e 
pesticide compounds: 2,4,D, ametryne and methamiodopltos. These compounds were 
found in the sediments samples taken at S-6, S-311 the L-3 oil well bridge, and Bridge 
25 on U.S. 41 (Pfueffer, in prep.). 

Other compounds detected in WCA canal sediments were diazinon, malathion, 
and chlorpyrifos

1 
(organophophorus insecticides), ametryne, (a triazine herbicide 

compound), 2,4-D, (a phenoxy-aliphatic herbicide), . methatniodophos, (an 
insecticide/acaricide), paraquat, (a non-selective herbicide, defoliant, desiccant, and 
plant growth regulator), heptachlor epoxide, (a degTadation product of a chlorinated 
hydrocarbon insecticide), atrazine, and delta BHC, (a chlorinated hydrocarbon 
insecticide). These compounds were detected only once during a single sampling 
event. The sediment residues detected were not found in concentrations high enough 
to present potential adverse health or environmental effects. 

6. Water Quality Degradation in the WCAs. 

Impacts of Nutrient Enrich1nent on the Everglades Ecosystc1n. Analysis 
of the data presented in the previous section of this plan identifies the Everglades 
Agricultural Area (EAA) as the single most likely and largest source of nutrients 
discharged into the WCAs. Surface waters which drain these agricultural lands 
contain high concentrations of nitrogen, phosphorus, sulfates, chlorides, trace metals 
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and occasional trace. amounts of pesticides. The discharge of these s~Jrface water 
contaminants into the WCAs has lead to-eoncerns that elevated nutrient levels are 
ca?sing a .variety of impacts to native Evenglacies flora, ranging fr·om. the 
mlCroorgan1sm to macrophyte level and may ·pose a threat to, the· base of the 
Everglades food web. High nutrient concentrations have also· been shown to affect the 
dissolved oxygen regime of marsh surface waters. Surface water~s entering WCAl 
and passi11g through the S-5A and 8-6 pumping statiqn~.con·tain nutrient levels that 
are causing imbalances in the natural populations of aquatic flora and fauna in 
violation of state water quality standards. This ·nutrient enrichment prQblem is also 
leading to significant alterations of Everglades vegetation whi~h .in turn is 
significantly altering or replacing native fish;and wildlife habitat within WCA .. 2A 
and WCA-3A. These impacts appear to be;on. th~ incre_ase and will continue to spread 
unless nutrient concentrations in these ·waters are reduced prior to their. delivery to 
theWCAs. 

lm acts on Ever lades Peri .h ~ton. The Everglades contains ~- great 
abundance an. iversity o i erent i e orms~· many: which are large and familiar 
such as alligators and wood storks, sawgrass stands, wet prairies, aquatic sloughs 
.and tree islands. HoweverJ hundreds of species are virtually invisible to the naked 
eye including "periphyton'' which consist of millions of microscopic plants or algae 
that live below the water surface attached to plants or· form floating mats on the 
water's surface. Periphyton probably represent an (a) important component of the 
Everglades food web {Hunt, 1953; Tabb et al., 1967; Craighead, 1971; Carter et al., 
1973; Wood and Maynard, 1974; Browder; 1981; Pope et al.~ 1980) and also play 
important roles in (b) marsh primary production (Hu_ntt 1961;Wood and Maynard, 
1974; Wilson, 1974; Van M-eter~Kasanov, 1973); (c) influencing diurnal surface water 
pH; dissolved oxygen and carbon dioxide concentrations through photosynthetic 
production and respiration (Hunt 1961, Wilson 197 4, Belanger and Platko, 1986); (d) 
marl soil formation through calcium carbonate ,precipitation as a result ofperiph¥ton 
photosynthesis (Gleason, 1972; Gleason and Spackman, 1974); (e) providing feeding 
and microhabitat for the survival of the eggs_ of Everglades fish and invertebrates 
during the dry season (Harrington, 1959}j and (f) calcareous periphyton cornmunities 
may also play an important role in the, uptake of nutrients by marsh vegetation 
(Gleason, 1974b; Swift and Nicholas, 1987). 

The general response of these 1nicroorganisms to nutrient enrichment is luxury 
consumption of phosphorus and ultimately an increase in the population density of a 
few pollution tolerant forms and a reduction or elimination of pollution-sensitive 
species. This usually results in an overall increase in algal standing crop (or 
biomass) and a corresponding decrease in species diversity or species richness 
(Patrick, 1949, 1973, .1977; Cairns et al., 1972; Cairns and Dickson, 1971). As a result 
of their sensitivity to chemicals added to their environment, periphyton are widely 
used as water quality indicators throughout the U.S. and Canada (Pat.rick and 
Reimer, 1966, 1973; Wetzel, 1979; ). 

Periphyton communities in the WCAs were studied by Swift (1981) and Swift and 
Nicholas, 1987) along a transect that traversed a gradient of increasing phosphorus 
concentrations in WCA-2A. Results of these studies showed that increased 
phosphorus concentrations in marsh waters were associated with (1) tnajor changes 
in periphyton species composition, (2) reduced algal species diversity, increases in 
algal growth rates, and (3) increases in the phosphorus content of the periphyton 
community. Swift's work can be roughly divided into two segtnents. 'l'he first 
concerns a study conducted between February 1978 and August, 1979 at 
approximately two dozen stations within WCAs 1, 2A and 3A. 
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The 1978-1979 periphyton and nutrient water qua1ity study demo~stra:ted 
that; elevated phosphorus .levels in the marsh south ·ef the SwlO str:uet-tu~ea 
dramatically increased periphyton biomass prod~ction and ..fostered the deV:elepment 
of a "specialized" alg·al community comprised of Microcoleus lyngbyaceus and· .a 
number of pollution tolerant diatom species" such as. Gomphone-ma panu.~l.u .. 'lfn, 
Nitzschia conferuaceae, Nitzschia amphibia and Nitzschia palep, (Sw.ift, '19$1).. 
Diversity was low while the algal standing crop increased at .the nutrien~t~~Jtl'rioh.~d 
sites. In contrast, interior marsh sites .were domhiat~d by species th~t wer.e 
indicators of natural background water quality cond~itions :such as .the blrue"!.gree.Qs 
Schizothrix calcicola and Scytonema hoffrnanni as well ~s .the diatom, lv!as·togle,ia 
smithii. The location of these findings is a set efseven ·sampling :stations arrangecl in 
a straight line in WCA-2A in southerly di:rectien £rom a point mid·way along L ... 39 
between the S-lOA and S-1 OC structures and ·numbered (fr.om nor.th. to .sou.thl B ... ,l 
through B-7. This line of stations was referredto as .''Transect B''. rrhese stations 
showed a definite linear progression of . average· . total dissolved phosphorus 
concentrations between February 1978 and August 1979 £ro:nt0.09 mg/1 at site ;ij ... t to 
0.045 mg/I at B-3, 0.022 mg/1 at B-4 and 0.004 ntg/1 at site.s B--6 and )l ... 7. !ln(Jicator 
species of eutrophic water conditions characterized sites .B-1, B-2 and B-3 but were 
absent from sites B-5, B .. 6 and B-7. 

.. A follow up study conducted in 1960-1982 yi~~~~d dramatic resu,Us a1long 
Transect B in WCA~2A, with significant increases in total ·dissolved .phos-phprus 
concentrations at site B-5 located 3. 7 km (2.3 miles),'south of S-lOC (Swift ctnd 
Nicholas, 1987). Between 1978 B.Ild 1980,. total diasolved p:bosphorus levels ·had 
ranged from below detection limits (<0.004 ,-mg/1). to abo:ut ·0.015tng/L H . .oweve.r, 
measurements as high as 0.075 and 0.12 mg/1 were record~d in the faH of 198:1 and 
ranged between 0.03 and 0.45 mg/1 in the summer and fall of 1982 (Swift .and 
Nicholas, 1987). Apparently as a result of the change in phosphorus level~; the 
periphyton comm'Ullity at Site B-5 now resembled those found at the high phosp,ho_rus 
sites, whereas in 1978 - 1979 and 1980,. the periphyton species at Site B-5 wer~ 
typical ofsites where nutrient concentrations were much lower. When revisited in 
1981 and 1982, .Site B.-5 "was dominated by heavy growths of ... Mi_crocoleus 
lyngbyaceus ... and the pollution indicator diatom Navicula disputans.u." both of 
which peaked in population when total dissolved phosphorus measurements were 
highest ("Swift and Nicholas, 1987"). 

Thus, the later data not only cdnfirms the association between elevated 
phosphorus levels and pollution-tolerant species, but also seemed to demonstrate .that 
increased surface water phosphorus levels in WCA-2A resulted in radical .chang·es in 
species composition: "Results of this study indicate that increases in 1narsh water N
and P supplies ... promote major change in periphyton species cotnposition ... "(Swift 
and Nicholas, 1987)., Increased phosphorus concentrations in marsh waters were 
also associated with reduced algal species diversity, increased growth rates of 
pollution tolerant algae, and increases in the phosphorus content of the periphyton 
cotnmunity (Swift and Nicholas, 1987). 

In addition, a nutrient dosing study (Flora et al., 1987) was perforn1ed within 
ENP. According to the authors, marshes were subjected to nutrient concentration 
doses (including H3P04) at levels significantly higher than presently exist in water 
entering the park (Flora et al., 1987). At such increased levels, the authors report 
loss of the native periphyton mat as a result of phosphorus enrichment, significant 
shifts in periphyton, and macrophyte species composition and alteration of the diel 
dissolved oxygen regime. 
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Impacts on Everglades Microbiology. Increased nutrient loading appears to 
affect mi~~obial popul~tions SbB:cteria ana. fungi) 'that ar~; responsible for the 
decomposition of leaf htter w1th1n marsh. Reeder and 'Davts, · 1983 reported that 
anaerobic conditions Clack of oxygen) and reduced nulh.b.ers offacultative decOrnposer 
microbes prevailed within the marsh leaf litter at' nutrient-enriched sites located 
downstream from WCA-2A water management structures~ They hypethesizethat as 
nutrients are introduced into the marsh, leafr litter decomposition by aerobic and 
facultative microorganisms shift to obligate ana.'el!pbes~ Bat::teria and· fungi 
suspended within the water column were also foun:d·a.t higher densities at ~ites with 
elevated concentrations of nutrients as con1pare_d to s~tes with lowet nutrient 
concentrations (Reeder and Davis, 1988). Colony-forming bacteria were fol).nd to be 
an order of magnitude higher at the nutrient~enri~hed sites, although this difference 
was ~ot statistically different (Reeder and Davis, 198a)~ This change in microflora 
was associated with prolonged, low or anoxic- (zero dissolved oxygen) conditions 
present within nutrient-enriched areas of ·the marsh.. As: with -swift and Nicholas 
(1987), contemporaneous water quality sampling at the sites provided the basis for a 
correlation between observed phenomena and known phosphorus levels. Mean .total 
phosphorus levels at the sites closest to L-39 ranged from 0~144 to 0.324 mg/l; while 
l}lea!l total phosphorus at the third site was 0.008 mg/1 Dissolved oxygen levels 
(D.O.) showed corresponding variatio11s with mean levels between Q.2 and 0.5- mg/1 
for sites close to L-39 and 1. 7 to 2.1 mg/1 at the site located four miles to the south 
(Redder and Davis, 1983). Coupled with D.O. readings shoWing anaerobic ·conditions 
associated with high phosphorus levels~ th,e authors conchtd'ed that anaerobic 
bacteria became· dominant at the pho~ph-orus etU"iched sites, although this 
phet1omena was not tested (Reeder and Davia, 1983). 

SQtne of Reeder and Davis~ findings were confir'¢ed by Belanger and Platko 
(1986). Three sites were selected in WCA-2A and ·D .. O. levels. were measured at each 
site dl1ring a .six-month period. One. site labeled "nutrient-enriched" -was located 
near S-lOC while the other two, labeled ''sawgrass~' and '<pristine slough" were 
located near the 217 gage which is roughly in the center of'WCA-2A. Mean diurnal 
D.O. values ranged from 0.1 to 2.2 mg/1 at the enriched ·site (with all but one value 
being less than 1.0 mg/1) and between 2-.1 and 5~4 mg/1 at the pristine interior marsh 
sites. However, these results are not associated with contemporaneous water quality 
measurements. 

Impacts on Everglades Macrovegetation. The t·espouse of Everglades 
macrovegetation to phosphorus enrichment appear to be somewhat siinilar to the 
effects recorded at the microbiological level. High concentrations of nitrogen and 
phosphorus allow pollution-tolerant species (cattails) to out-cotnpete native 
Everglades flora (Davis, 1991). 

Earlier studies concluded that the nutrient requirements of Everglades 
sawgrass communities were low compared to other species indieating that 
Everglades marshes had limited potential for nutrient-uptake (Yolk et ctl., 1975; 
Steward and Ornes, 1975b). Sawgrass is considered to be a species that is an 
indicator of low-nutrient conditions and is only competitive in nutrient-limited, fire
climax habitats typical of the interior Everglades marsh (Toth, 1988; Davis, 1991). 

Studies conducted within WCA-2A show that cattails out-compete sawgrass in 
their ability to uptake nutrients and increase plant production during· years of high 
nutrient input (Toth, 1988; Davis, 1991). Cattails are considered a high-nutrient 
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status species that is opportunistic and is highly competitive relative to sawgrass, in 
nutrient-enriched situations (Toth, 1988; Davis·, 1991). , 

Marsh Nutrient Uptake Capacity. Based on. e~lttail ~~etenii0n resulting n·om 
growth, death and two years of decomposition (Davis, 1:991) a preliminary estimate 
of the vegetation uptake capacity for nutrient-enriched areas of;'WOA-2A was 1;67 
grams of phosphorus per square meter per year (g/m2/yr) This. study ind.icated that 
both. sawgrass and cattail communities deposited phosphorus and nitrogen in the 
detritus as the result of leaf growth, d~ath, and two years of decomposition .. · Ann11al 
phosphorus uptake by growing cattails was ten times that Qf ·sa:wgrass. However, 
dying cattails lose proportionally larger amounts of phosphorus. a:s .compared to 
sawgrass. The amount of phosphorus remaining ip standing 'd.ead leaves is 
comparable for both species. Rates of phosphorus storag~.in leaf detritus represent:89 
percent of the total retention by sawgrass and 86. ,percent of ,the total ret~ntio11 .Qy 
cattail when root and rhizome storage is added (Toth, 19:87 and '1988). Sawgtass and 
cattail stands accumulated detritus after two ye~rs .of.de~o:mposition, contributed to 
the accretion of organic sediment, and deposited 11utri~ntfJ. :within these sediments 
(Davis, 1991). 

Nutrient deposition estimates for non•enriched sjte_s in the. E:v;erglades ar.e 
approximately equivalent to accretion esthnat~s for.qther oligotrophic .peatl~nds.and 
backwater marshes (Davis, 1991). Davis (1991) calculated .mean :retention rates of 
0.18 g/Jn.2/yr phosphorus and 7.5 g/m2/yr nitrogen by leaf detritus at the Everglades 
background site. These values are comparable to ,calc~~lated values of <0.1 .. 0.2 
g/m2/yr phosphorus retention and 0.1 - 4. 7 g/m2/yr nitrogen retention through peat 
accretion in northern oligotrophic wetlands (Nich()ls,. 19~S). Nutrient retention 
estimates a.t the Everglades background site are also sim·ilar to tneasl1re1nen:ts of 
0.5 g/m2/yr phosphorus and 9.0 g/m2/yr nitrogen retentioninaccretingsediments in a 
Louisiana backwater marsh (Hatton et al., 1982), although Louisiana sediments 
contained both mineral and organic matter. As &-.result of the spread of .nutrients 
across the northern portion of WCA-2A, the :background site is currently (1990) 
considered to be located within the nutrient transition zone (Davis, 1991}. 

Accumulation of Phosphorus in Litter. Litter breakdown has been reported to 
be largely complete after two years in some wetlands (Chamie, 1976; Day, 1982). 
Nutrient release from detrital material slowed before two years ofdecomposition was 
completed in the Everglades, as evidenced by little change in litter nutrient content 
during the last 6 to 12 months of the two-year decomposition period. Subsequent 
oxidation and mineralization of detritus may have been impeded by continuous 
flooding and the presence of reducing (anoxic) conditions in the detrital layer (Reeder 
and Davis, 1983). rrhe observed reduction of nutrient release rates in Everg·lades 
detritus that occurred after less than two years of decomposition 1nay exp1 ain the 
similarity of nutrient retention estimates at the background site to nutrient 
sequestration estimates in other non-enriched wetlands. Perhaps rates of long-tenn 
nutrient sequestration in accreting organic sediment in the Everglades saw.grass 
community are comparable in oligotrophic peatlands under natural low nutrient 
conditions. Similar litter half-lives in the Everglades and in a Michigan peatland 
(Kadlec, 1989) support this interpretation. 

Phosphorus Retention due to Leaf' Production after 2 years oj'Deconzposition. In 
areas where surface water nutrient concentrations were higher in the Everglades, 
nutrient retention rates in two-year old leaf detritus were higher, up to a finite 
capacity (Davis, 1991). l{ates of 1.1-1.4 g/m2/yr phosphorus and 17-18 ~)m2/yr 
nitrogen retention by sawgrass and cattail may represent upper limits of nutrient 
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rete~tion re~ulting from leaf produ~iion and two years decomposition (decaying) in 
nutr1ent-enr1ched Everglades habitat; these rates were equaled or exceeded 
downstream alo11g the surface water nutrient gradient (Davis, 1991). 

Comparison with Results of' Other Researchers. Increased rates of nutrient 
retention might also be expected based on comparison with other studies. The 
finding of higher rates of detrital nutr.ient.retention .at.enriched Everglades: sites, in 
combination with the decline in surface water phosphorus ·and nitrogen 
concentrations downstream along the nutrient .gradient below inflow structures, 
agree with the conclusion of Kadlec (1989) that the litter zone in a Michigan p~atland 
receiving secondary effiuent retained a .large fractiQn _of the nutrients added over a 
1 0-year period. 

Greater detrital nutrient retention a.t enriched Everglades sites also agrees 
with the review of Richardson and Ni~hols (19$5) o( JQading-retentjon relationships 
in northern wetlands receiving wastewater, where.phosphorus removal increased up 
to 7 g/m2/yr as loading in,creased ('rl!bl(:} :Jl)). But ~· corresponf.ling decrease in 
Table 35. Effects ofLoading Rate on Nutrient Uptake Capacity of·Wetland Plant 

Communities. 
.. 

Loading URtake 
Reference .Rate ·ate. 

_gP/1n2/yr gP/m2/yr 

:aoyt el al (i977J 10.9 o~78 
.. 

Davis {1990) (assuming 6000 Acres of 2,22 1.67 Cattail·Itilpacted wetlands) 

Yonika and Lowry (1979) 7.1 3.34 

Spangler· etal (1977) 15;2. 4.86 

Ewel and Odum (1979) 17.2 7.00 

Sou·rce:Staffpreseutation to Sli'WMO Governing Board,December1989 

nutrient uptake efficiency (% of inputs) as loading increased (Richardson and 
Nichols, 1985) also suggests that wetland nutrient retention capacity may be limited, 
as appears to be the case for Everglades macrophytes stands. 

Impacts on Marsh Community Metabolism. The cotnznunity :znetabolism 
and dissolved oxygen regime of a freshwater ecosystem is often used as a measure of 
its environmental quality since both aquatic animal and plant life are dependent 
upon aerobic metabolism (Odum, 1971). During 1985-1986 the SFWMD funded an 
investigation of the dissolved oxygen content and 24-hour community tnetabolism 
characteristics of WCA-2A surface waters (Belanger and Platko, 1986). This study 
attempted to identify the various sources and sinks responsible for oxygen production 
and uptake within three contrasting marsh vegetation comtnunity types including 
(a) a nutrient enriched site dominated by cattail vegetation, (b) an interior (non
enriched) sawgrass site, and (c) an interior (non-enriched) aquatic slough site. 
Sarnples were collected at each site on a diurnal basis on six different dates, with the 
exception that the slough site was sampled on only five different dates. 

Results of Belang·er and Platko's work compare well with previous dissolved 
oxygen monitoring data collected by SFWMD staff in 1979 (~.,igure 39). Both sets of 
data show that dissolved oxygen levels in Everglades sawgrass stands and aquatic 
sloughs unaffected by high nutrient inputs fluctuate widely on a daily basis ( Fig·urc 
39). Belanger and Platko (1986) indicated that dayti1ne maxin1 un1 coneentrations 
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Figure 39. Diu~nal Dissolved Oxygen Curves atNutrien. t Enriched and Non
Enrtched (Background) Marsh. Sites ill WCA-2A,·June,l979. 
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frequently exceed saturation levels; while minimum v·aluesregularly fall below 2.0 
mg/1. In . comparison with the no_n-ertric}led interior tnarsh sites, the nutrient 
enriched site (site B-2) experienced significantly lower dis.solved oxygen ~maxin1ums, 
lower daily minimums, lower percent saturation levels, ·and frequent prolonged 
a~aerobic conditions during warm weather. On the dates sampled in 1985, rnean 
dissolved oxygen levels at the nutrient enriched site, t8:nged from less than 0.1 to 2.2 
mg/1 (Table 36). Dissolved oxygen concentrations at the sawgrass site ranged from 
1.4 to 4.9 mg/1. Highest concentrations were observed at the aquatic slough site with 
mean values varying between 2.1 and 5.4 mg/1 as shown in (Belanger and Platko, 
1986). Sediment oxygen demand represented the major oxygen sink at each marsh 
site,. while atmospheric diffusion represented the primar~ oxygen source at the 
nutrient-enriched and pristine sawgrass sites. Higher oxygen levels observed at the 
aquatic slough site were assumed to be the combined result of atmospheric diffusion 
and periphyton photosynthesis, while oxygen uptake was a result 9f sediment uptake 
and nighttime respiration by the periphyton mat. Oxygen production by plankton 
and oxygen consumption by bacteria or chemical components was minimal (Belanger 
and Platko, 1986). 

Community metabolism, a measurement of dissolved oxygen production and 
consumption, was estimated at each site. Community metabolistn at the nutrient 
enriched site and within the sawgrass stand exhibited an oxygen deficit, indicating 
the demand for oxygen exceeded daytime oxygen production by aquatic vegetation. 
Although both sites exhibited depressed oxygen levels, only the nutrient enriched 
site displayed prolonged periods of anoxia (BelaJ?-ger and Platko, 1986). The sloug·h 
habitat in some instances, experienced a positive oxygen balance indicating that 
more oxygen was produced than consumed. This increase was credited to the 
presence of a submerged periphyton algal mat, which was absent at the other 
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Table 36. Comparisons of mean 24~hour Dissolved Oxygen Concentrations and 
Percent Saturation Values at aNutrient~Enriched marsh site versus 
two "Pristine" Non-enriched marsh sites lo.cated in WCA-2A (From: 
Belanger and Platko, 1986). 

Site Description 7/17/85 8/9/85 9/5/85 9/25/85 11/13/85 12/17/85 
·' 

Nutrient-Enriched site 0.4* 0.1 0.1 0.5 O.t~ 2.2 
(site B~2) (5%) (1-%) (1%) (6%.) (9%) (24%) 

Pristine Sawgrass site 3.5 1.4 3.1 2.7 3.4 4.9 
(near 217 gage) (43%) (19%) (39%) (35%) (40~%) (50%) 

Pristine Aquatic Slough site 4.5 2.1 . -3.5 nd 3.4 5.4 
(near 217 gage) (56%) (28%) (43%) (40.%) (54%) 

- .number WlthoUt parentheses represents mean d.ISSOIVed. {.); concerttral:tOll (mg/L)t number m parentheses represent.<; 
calculated percent-saturation level based on D.O. and temperatuie-da'ta, nd = no data. 

stations. The results of Belanger and Platko (1986) compare well with the results of 
other water quality/biological studies conducted Wj,thin the northern portion ofWCA-
2A where continuously low dissolved oxygen levels ando.ccasional periods of anoxia 
prevail within nutrient-enriched portions of the marsh (Reeder and Davis, 1983; 
Swift and Nicholas, 1987). 

Additional marsh conununity metabolism data was collected by SFWMD 
biologists from 1981-1983. Dissolved oxygen concentrations were monitored at three 
interior WCA marsh sites unaffected by nutrient inflows (site A~3; WCA-1; the 3.;.4 
gage, WCA-3A; the 217 gage, WCA-2A) and one nutrient-enriched site (Site B-2, 
WCA-2A) loca.ted within catt(;liJ vegetation hi the 11orth end of WCA-2A (Swift, 
unpublished data). All sites monitored were op_¢11. water sloughs. Diurnal 
temperature and dissolved oxygen data were _ monitored every half hour using 
electronic dissolved oxyg·e-n meters (YSI model 56) calibrated in th~ field by Winkler 
titrations. The free-water diel oxygen method described by Odum and Hoskin (1958) 
converted to a USGS computer program (Steph~n~ and Jennings, 1976) was used to 
determine the community metabolism characteristics of each site using the collected 
diurnal data. 

Table 37 provides a summary of means, standard deviations, ranges and 
percent saturation for all data collected from the four sites from 1981-1983.. Low 

Table 37. Mean, Standard Deviation Dissolved Oxygen Concentrations and 
Percent Saturation Data from Four Selected WCA sites, 1981-1983. 

Mean D.O. Range, Min- Range> Min- Poreent uf 

SU1tion Concentration Max* IVIu x ob:-;erva t.ion~ 
(Standard lwluw 5.0 mg-/1 

Deviation)* Concentt·ation % Satural.ion :-:~t.i.ltu.lard 

P-Enriched site B-2 (WCA-2AJ 0.86 (0.80) 0.0-3.6 0-4fY~j 100% 

217 gage (WCA-2A 4.6 (3.23) 0.2- 13.5 0-146% 60.2 

A-3 (WCA-1) 4.11 (2.45) 0-13.2 0-139% 64.8 

3-4 gage (WCA-3A> 5.91 {2.16) 0.9-11.4 9.8-138% 33.0 
'1'- I • •t ... - mg. Las Dissolved Oxygen, Sl WMO, llnpubhshed data 

dissolved oxygen (D.O.) levels were consistently observed from the nutrient-enriched 
(B-2) site with an average concentration of 0.9 mg/1 over the study period. Dissolved 
oxygen concentrations at site B-2 never reached higher than 3.6 tng/1 for the entire 
study period and did not meet the state water quality criteria off 5.0 mg'/1 for Class III 
waters ('rable 37). In contrast, non-enriched, background sites showed wide diurnal 
variations in D.O. content with daily values ranging from zero to 13.5 mg/1 (0-146 

199 



Everglades SWIM J>lan- Supporting Informatiou Document 

percent saturation). Average D.O. levels for the 3 control sites ranged f'ro1n 4.1 .-5.9 
~g/1 (fable ~7~. These variations, to a large extent, are probably the 1~esult of 
biological activity (plant photosynthesis and respiration) associat~d with :the 
abundant periphytonw Utricularia spp. (bladder wart) mat present at the interior 
marsh sites (Hunt, 1961; Wilson, 1974). The absence of the periphyton ('Utri(!u:laria. 
spp.) mat is thought to be responsible for the consistently low D.O .. values r.ecorded. at. 
the B-2 site as cited by Belanger and Pla.tko, 198.6). Supersaturated cond·i.tions 
(concentrations exceeding 100 percent saturC1-tion) in late afternoon apd low early 
morning D.O. concentrations ( <2.5 mg/1) appear to be the comrrtOniplace .·~n the 
Everglades 1narsh. 

Table 38 provides a summary of averaged COIIlmunity metabolis·rn data 
collected from the four sites. These data include net daytime 02 production (grants 
02 1m2 produced during day light hours), night respiration (grams 0.2 /tn2 coasumed 
during the night), 24 hour net community metabolism (grams 02 1m2 produced per 
day n1inus grams 02 /m2 consumed per day) and calculation of a 
production/respiration ratio (P/R ratio)as shown in Table 38. 

Table 38. Average Community Metabolism Da.ta for Selected WGA 
Marsh Sites, 1981-1983. 

- - . 

24HourNet 
Net Daytime 

Production 
Interior Marsh Sites 

Night 
Respiration 

Cotnmuility 
Metaboli~:~m 

A-3(WCA--1) 1.09* ~1.11 ..;0;01 
217 (WCA-2A) 1.05 ..,1,12. .:0.05 
3-4 (WCA-3A) 0.95 -0.92 -0.008 
Nut.rien t. Enriched Site 
B--2 (WCA"2AJ -0.006 -0.22 .,,22 

SFWMD, Unpl1bli$lhed data '~<tJ nit~= grams 0,~/M'l day-1 uncorrected· fordiffusic1il 

P/R-
Ratio 

0.99 
0.95 
1.09 

·0.01 

Results showed that on the average, interior inarsh sites un~£fected by 
nutrient-enrichment produced and consumed approximately 1.0 gram of 02 /m2/day. 
PJR ratios at these background sites ranged _between. 0.95 and 1.09 generally 
averaging near 1.0. Aquatic. communities which produce P/R ratios near 1.0 
generally represent stable, balanced ecosystems that have developed over :long 
periods of time (Odum, 1971). Such balanced ecosystems include coral reefs, mature 
tropical rain forests and oceanic plankton communities. Pomeroy (19'70) considers 
P/R ratios near 1.0 to be characteristic of systems where nutrients available for 
production are largely determined by recycling mechanisms. 

In contrast, the community tnetabolism characteristics of the nutrient
enriched (B-2) site was dominated by respiration C02 consutnption) with little or no 
oxygen produced on a daily basis. P/R ratios at this site average -0.01 grams 
02/m2/day (Table 38) indicating that oxygen-consuming processes dotninate nutrient 
enriched areasofthe WCA marsh. 

Summary of Water Quality Impacts. These studies provide evidence that 
Everglades marshes are sensitive to increased nutrient concentrations which are in 
fact being discharged into those marshes. Swift and Nicholas (1987) showed that 
dramatic impacts on periphyton species composition develop relatively quickly when 
nutrient concentrations increase. Dissolved oxygen levels also plumtnet and the 
aerobic/facultative bacterial community shifted to one dominated by anaerobic 
species in response to similar water quality stress. Moreover, cattail out-competes 
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the presently dominant sawgrass in conditions of elevated nutrient con'centrations. 
However, e':e~ c~ttail uptake seems to have a retep.tioA c.apacity·whicb suggests that 
when that hm1t Is reached, water-borne nutrients will continue to pass downstream 
to create new impacts (Davis, 1991). 

. ~11 of ~hese studies and data must be assessed in the con text of a marsh system 
which Is oligotrophic. 'fhis essentially me·ans ··that 'Everglades marshes were 
historically characterized by relatively low levels of nutrients a:nd the)mix of floral 
and faunal species includes or is dependent upon sp~cies which evolved in or are 
adapted to low-nutrient conditions. Therefore, the impacts of additional discharges of 
elevated surface water nutrient concentrations will continue to multiply beyond 
those summarized above which are already occurring. 

Circumstantial evidence that the ·Everglades was historically an oligotrophic 
system comes from a number of sources. For example, historical surface water 
quality measurements from marsh sites far in the hiterior of the WCAs and adjacent 
to ENP in the east Everglades yielded nutrient concentrations well below the ·limits 
correlated with the phenomena observed by Swift and. Nicholas (1987) and Reeder 
and Davis (1983). The United States Geological Survey conducted .a two-ye.ar 
program of monthly surface water sampling at 25 stations in C&SF Project canals, 
the WCAs and in Taylor Slough adjacent to the Park from 1972 throagh 1974 (Waller 
and Earle~ 1975) .. Three of the sampling points were located in the interiors of WCA-
1, WCA-2A and WCA-3A, far removed £rom District structures or canals. One was 
located in a canal in Taylor Slough, adjacent to the Park. A vetage_ nonflow weighted 
total phosphorus concentrations readings at these sites ranged from 0.012 to 0.023 
mg/1 for the two-year period (Waller and Earlet197S~ Basic Data B). 

A.n additional source of information is the likelihood that rainfall constituted 
the primary source of nutrients to the Everglades ,prior to human settlement of the 
region when most of the plant and animal species became established. The same 
U.S.G.S. study measured nutrients in rainfall at two sites on the edge ofWGA-3A. 
Over the same 1972~1974 period~ the non volume-weighted average total phosphorus 
measurements were 0.032 and 0.035 mg/1 at these stations, excluding contaminated 
samples (Waller and Earle, 1975). 

Also, studies of sawgrass portray a species highly adapted for life in a fire 
climax oligotrophic ecosystem. Steward and Ornes (1975a) estin1ated that sawgTass 
has an apparently low nutrient requirement and that phosphorus is on a tight cycle 
in the Everglades. Sawgrass appears to be well adapted to make the tnost of 
relatively scarce supplies of nutrients in the environment. The fact that Hawgrass 
dominates vast portions of the Everglades, both today and historically, provides 
further circumstantial evidence that the system has been historica11y oligotrophic. 

The ramifications of discharging water with elevated nutrient concentrations 
into a highly interrelated, complex biological syste1n adapted to low nutrient 
conditions are significant. For example, rapid, dramatic shifts in periphyton species 
composition as described by Swift and Nicholas (1987) as correlated to nutrient 
concentrations around 0.05 mg/1 or higher could threaten the Everglades food web. 
Controlled feeding experiments with native Everglades tadpoles and common South 
Florida periphyton species showed a significant relationship between the species 
composition of the periphyton food source and weight gain in tadpoles feeding on 
periphyton (Browder, 1981). Although there is much to be learned about the role of 
periphyton in the Everglades food web, a substantial body of research in gverglades 
habitats demonstrates that these algal species form the base of an interloeking 
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sys~e~ of_food ch.ains with predators at the top (Hunt, 1961; C?.gden. et al., 1978; 
Kohpmskt and H1ger, 1969; Loftus et al., in press). .Gom.plex .food webs 1n~y :have 
modest beginnings as demonstrated by the role of mangrove leaf litter in detritus
based food webs (Odum et al., 1982; Odum, 1970, 19,71; ·Heald .et dl., .1974). Wading 
bird populations in .the Everglades are believed to be .delicately balanced with fish 
species that in turn may depend on aquatic microorganismff(OgdenJ lfl78). 

Periphyton also probably play important roles in c,a:p.~rotling ,surfa~~ ·water 
dissolved oxygen. concentrations (Hunt, 1961; Wilson, 1974; Belanger .a:q.d Platko, 
1986) and formation of marl soils (Gleason, 1972; G:leason.anci;Spack:Inan, 19.7·4). 

Therefore, there is valid reason for concern that the documented .shi£ts Jn 
periphyton species associated with elevated nutrient :co~ditions following ·d'rought 
conditions could signallong .. term, adverse changes in the ecosystem with widespread 
ramifications to Everglades vegetation, . fish and wildlife:. .Evidence ·that elevated 
n~trient concentrations are associated with chang~s in dis$olved oxyg~n ·cycl~s and· .a 
shift to anaerobic conditions in a system that appear's t.o be .adap,ted :to Jow n·utrie:nt 
concentrations also creates grounds for concern. 

. . .Fin~lly, changes at higher nutrient levels antong ~macrophytic vegetation 
should :also be eJq>ected. Davis (1991) showed that although.saW:gtass a.nd cattaU,atre 
both adapted to flou,rish in low .. nutrient .systems, cattaU takes advauta.ge ·of high
nutrient conditions while sawgrasS' does not~ Moreov:~r,, .. field .Qbservatio:ns over •a .ten
year perio(f have indicated a gradual increase in .cattail abund~noe in ·saw.g~ass 
marshes in WGA-2A where cattail was previously rare .or absent. E'iev.ated nutri:ent 
concentrations have been ·measured in these sam~ at~ a$ du;ring this sarn·e ;period. In 
fact, a band ofvegetation characterized predominately py cattail has exi'shed for y~ears 
parallel ,to and south of L~39 in WCA~2A east ofS~l~OD., i~· 9.t1 ~rea charact~rized }>y· 
elevated nutrient ·concentrations according to long~te.rm water quality data·, 
Although small stands of cattail-dominated areas· exist thJ!oughotit the WCAs, ·this 
band, possibly encompassing· thousands of acres, is not. 

These phenomena all provide evidence that elevated nutrient concentrations 
in waters ·discharged to the WCAs are causing shifts in floral populations to favor 
those species that are tolerant of, or that thrive in, f)uch conditions as opposed to 
species adapted to historic oligotrophic conditions in Everglades marshes {see also 
discussion of"Water Quality Impacts on Everglades Habitat", Planning Document). 

7. Recreational Uses. 

Outdoor recreational development within the WCAs has generally followed 
the recommendations set forth in two pu~lished plans - Rec~eai_ion Planh the. Ar~a 
South . of Lake Okeechobee, prepared 1n 1960 for the D1stnct by t e Florida 
Development Commission and Recreational Development of the Florida Eve~lades 
Water Conservation Areas: Five-Year Plan 1973-1978 prepared in 1974 y the 
Everglades Recreational Planning Board. Over the years, nutnerous access sites and 
several full scale concession operations have been developed by federal, state and 
local agencies to facilitate use and enjoyment of these areas by the general public. 

WCA-1. Recreational activities in WCA~l are regulated by the U.S. Fish & 
Wildlife Service (USFWS) which manages this area as the Arthur R. Marshall 
Loxahatchee National Wildlife Refuge under a Cooperative and License Agreetnent 
with the District. Fishing, boating, nature observation, and cominercial airboat rides 

202 



Everglades SWIM Plan -Supporting Infor1nation Docu1ncnt 

~re amo1:1g the mo~e popular activities pursued by refuge visitors. Waterfowl h~nting 
~s permt~ted ~ur1ng .the hunting season altlio~gli refuge personnel report that 
Interest. In th1s activity appears to be wap.ing .along with a decline in_waterfowl 
pop~~ations on the refuge. Major attraction$ .ineluc:l~ the _. flillsboro · Ooncession 
Fac1hty (Loxahatchee Recreation Area), a full~service cpncesaion fa.cillty at the south 
end_ of the refuge, and the Headquarters Complex which includes an interpretive 
center, nature boardwalk, and wildlife observation areas and ~-seven-mile canoe 
trail. Visitors must pay a daily entrance fee and ·llQ~S~Sf? valid _state hunting and 
fishing licenses when engaged in those activities. Ait~pQat use is by permit ot;1ly and 
restricted to certain designated areas of the .refuge. ·Nighttime use is prohibited. In 
1986, 50,000 persons toured the wildlife center. An estimated 300,000 persons liSe 
the. ~lsboro entrance to the refuge taxing t_he car_~ying capacity .of. th(} current 
fac1hty (LOTAC-II; 1988). In all, nearly 500,0.00p~oplevisit the! refuge each year. 

WCA-2. Management of the fish and -wildlife resources and recreational use 
within WCA-2 and WCA-3 is handled by the~FGFWFC 1:1n4er a Cooperatlye and 
License Agreement with the District. The· FGFWFC operates these _areas as the 
Everglades Wildlife. Management Area (WC-A 3~ll Ois a subunit ·designated CiS the 
Francis Taylor Wildlife Management. Area). Fishi~g, air boating, hunting-, and 
frogging are the primary activities. WCA,.,2 is serv~d by two full service con(!#ssion 
operations -the Hillsboro Concession Facility (Lqxah~tchee Recreation Area) located 
at the northeast corner of the area and Sawgrass Recreation Area off u·.s. 27. 
Airboat tours have proven to be a popular tou,rist.o£fering at most ofthese btisi;nesses. 
Visitors must possess a valid hunting or fi$hillg lic¢nses· as well as a valid wildlife 
management area stamp when engaged in .those. activities.. Airboats, tracked 
vehicl~s, are typical of the specialized ORVs that are commonly used to access the 
interior reaches ofW.GA-2 and WCA-3. Nighttime usels permitted; however, allor a 
portion of the areas may be closed by the GFG du·rihg elllergency conditions {such as 
fire or high water) and use of tracked vehicl~s is: limited to certain periods· of the 
hunting season in WCA-3. 

The many miles of canals within the three WCAs ·offer excellent fishing and 
boating opportunities. In WCA-2A the borrow canals for L-38E, L-38 and L~35B offer 
approximately 21 miles of unrestricted. boating. As a general rule navigation is 
unobstructed in these canals except on those occasions when sections become infested 
with floating aquatic weeds (water hyacinth or water lettuce) or during extreme low 
water periods when rocks are often exposed or near the surface along the edges. 

Estimated Fishing Use. The FGFWFC 1986-1987 annual report for the 
Everglades area (including the WCA-3 portion) estimates that 128,430 rnan-hours 
were expended by fishermen over the six-month (December through May) season. 
Converting this statistic to a seven-month (December through June) peak fishing· 
season, and using a rate of six man-hours per recreation day (FGFWFC, 1987), with 
an assumed peak season use to annual use ratio of 55 percent, the recorded 21,405 
days of visitor use for the surveyed six month period can be translated into 38,900 
recreation (visitor) days of fishing use. Unlike airboating and fragging, fishing use is 
considered to not overlap with other recreational activities on a per person basis at 
this resource. FGFWFC 1987-1988 data for WCA-2 indicate that 21.1 percent of 
fishing in this area is bank fishing (panfish, catfish) and 78.9 percent is boat fishing. 
WCA-2A bankfishing harvests exceeded that found in other areas. WCA-2B is 
preferred by largemouth bass anglers. In general, sport fishing productivity has 
increased along the marsh rim canal in recent years. FGFWF,C's 1987-1988 surveys 
indicate that non-residents constituted 12.9 percent of fishennen surveyed, up from 
5.5 percent in 1985-1986. 
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Impacts of management practices on recreational resources.a.nd use. The 
~a~er levels within the WCAs impact recreation:arid public access both dire·ctly and 
Indirectly. The mode of transportation needed to travel in :the int'erio·r .portion;s is 
dire9tly aff~cted ~Y water levels. If there is suffi.ejent water within the _1narsh, tra:vel 
by airboat IS possible. If not, tracked vehicles or specially design·ed ORV s· that ·do ·not 
sink into the soft organic peat soil are required. 

The WCAs produce both a marsh and canalfishery. During high ·water pe.riods 
tbe fish tend to move out of the canals into the adjacent marshesto.spawn and forag~. 
The fish are scattered; however, knowledgeable fishermen who underst~n:d how fish 
become concentrated into deep water areas of the marsh often record ·s,otne 
spectacular catches. Fishing in the canals is generally slower duri:tlg these perleds; 
but, as water level$ recede, the fish move hack into the cana.ls, and fishing impro·v·es 
dramatically. As a rule, high water .conditions extending over two yea,rs or .more 
produce larger fish. These conditions have occ-u·rred .011 several occasjons over the 
past thirty years, and each was followe~ ~y . a phenomenal period o( fiS,hing. 
Extremely low water conditions can also result in spectacular periods of fishing as 
the fish become more concentrated in the canals. Unfortunately, if ·w~ter level$ 
recede too far, the result is· often a fish kill. 

Extended periods of subno~mal rainfall reau.lt in dry condj.tio~s favorable for 
the expansion of the deer herd and increased quotas for hunters. While deer numbers 
increase, the long .. tetm affect on the quality of hunting does rto't. Competition for 
available forage in~reases, i!.nd in past high water peri<)ds the animals become mOrf! 
sus.ceptible to die off from disease and malnutritio~. High numbers also may result 
in a reduction in the average size of the animals. and sm.a1ler antlers. ~he FGFWFC's 
prevailing management practices are designed to maintain a smaller herd~ wen 
within the carrying capacity of the areas during high Water conditions. Proper water 
level conditions duril).g· the ap.nual waterfowl ~re~~Qn ~e also necessary to attract 
waterfowl to the WCAs . Good quality hunting depeJids on an ~dequate supply of the 
birds, hut water levels are not the only factors affecting waterfowl use ofthe areas. 

Management practices can and do influence the amount and thning of water 
deliveries to and from these areas, but water c()nditions are often n1ore dependent on 
general rainfall patterns. Water conditions that are optimum for one species or 
activity are not necessarily the same for another, and there is a growingl acceptance of 
the idea that the most appropriate water regimen for the WCAs is that. which is 
necessary to restore and maintain some semblance of the habitat patterns in 
existence prior to construction of the retaining levees. 

WCA-3. WCA-3 is served by Everglades Holiday Park, a full service 
concession located near Pump Station S-9, two private fish camps on the Mianli 
Canal, and several business operated by Miccosukee Indians along the 'fa1niam.i 
Trail. Airboat tours have proven to be a popular tourist offering at tnost of these 
businesses. Visitors must possess valid hunting or fishing licenses as well as a water 
management area stamp when engaged in those activities. Airboats, tracked 
vehicles, and an assortment of specialized ORV s and A TCs are comm,only used to 
access the interior reaches ofWCAs 2 and 3. Nighttime use is permitted; however, all 
or a portion of the areas may be closed by the GFC during emergency conditions. 

The many miles of canals within the three WCAs offer excellent fishing and 
boating opportunities. The largest network of canals is contained in WCA 3A where 
it is possible to go by boat from the northeast corner of the area at the intersection of 
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L-5 an? L-38W to t~e southwest corner along the Tamicpni ·Trail ~ ~- dis~ance of 
approximately 56 mlles .. ~s a general r~le, navig~~ip11 .~s urt~bstruct.e~· ui these 
canals except on those occasions when secbon.s become choked With aquatic weeds or 
during extreme low water periods When rocks are orte:ri expose~ ot near the· surface 
alo~g the edges .. One major exception involves poition~s of' the Miapii Oan·aJ and the 
Alligator Alley Borrow Canal where access to the remainder' of the canal system has 
been cut off by the installation ofwate14 control structures and ·earthen plugs designed 
to restore sheet flow from the north to the south sides of the highway. 

Recreation Access and Mana~ement Issues. There are a nutnber of current 
issues t~at impac~ public access to the ~CAs. Among the more prominent are: (1) the 
conversion of Alhgator Alley to I-75, (2) the maintenance of boat ramps and access 
areas; (3) vandalism of vehicles and equipment, (4) control ofunauthorized overnight 
camp.ing, and (5) the regulation of hunting camps. The Miccosukee Indian Tribe has 
use rights to WCA 3A south of Alligator Alley and, hence, impact the availability of 
public recreation hunting and fishing in this area. 

The many bridge sites along _Alligator Alley have been used informally by 
bank fishermen for many years, and sportsmen. have enjoyed the use of the Miami 
Canal Rest Area and boat ramp at the eighth bridge (west from U;S. 27) for hunting 
and fishing access into the interior portions of WCA-3A. The conversion of the 
highway to a limited aGcess interstate will resl!lt in a net loss of access because 
motorists will no longer be able to pull off the roadway and fish at the ma11y bridge 
sites. A major access site is proposed for location at the Miami Canal; however, it is 
not clear whether the present degree of access will be maintained. Without the 
construction of additional sites, it appears likely that boating access to certain 
reaches of the highway borrow canalwill be lost. 

At present, some of the access sites to WCA-2 and WCA-3 are not maintained 
on a regular basis, and there is little agreement as to which agency is responsible. ,As 
a result, many sites remain in an unkempt and littered condition for extended periods 
of time. The FGFWFC has a program for the construction and repair of boat ramps; 
however, federal flinds are involved, and they must have an easement or agreement 
covering the ramp location from the underlying owner~ A prototype agreement is 
being reviewed by the District, and, if approved, it should expedite future rarnp 
repair in these areas. Reports offishermen and hunters returning- to launching sites 
to find their vehicles and trailers stolen or vandalized appear to be on the increase~ 
Other than increased law enforcement patrol, there appears to be little that can be 
done to remedy the problem since many of the sites are in remote locations. 

Overnight camping along certain reaches of L-29 at the south end of WCA-3 
has become a problem in recent years. Certain individuals - many winter visitors -
have been residing· in their RVs for extended periods of time at locations that are not 
developed and equipped for such use. Legitimate public health concerns and 
questions about the propriety of such use have been raised, and recently, the District 
took action to evict the squatters and post the locations to restrict overnight use. 
There appears to be a need to address this problem area wide. 

The construction of permanent hunting camps in the interior of WCA- 2A and 
3A has been a matter of controversy for many years. In the mid-1960s the District 
and the FGFWFC attempted to regulate the camps under a permit system. The effort 
was abandoned after an attorney general's opinion was received advising that the 
agencies could only regulate the camps if they owned the underlying land. 'I'o this 
day the camps remain unregulated; and there have been no atten1pts by local 
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government to address the problem. Over the . years ·some c~mps ·'h?l v·e been 
abandoned, some burned down, and new ones built. Cur.teiJ.t estnnates pl,~r~e th.~ 
number of camps in WCA-2 at 19 and in 'WCA-3 ·at "55. Th~re -~re twq ·pr~m-~~~Y 
concerns over the camps·- one relating to the lack of adequate ·w·aspe dist>os~d fa~!l'Jlti:es 
and the other concerning the occupancy of elevated sit-e~ needed f(5r \\1H.d1j'fe d-1Jr~p.g 
periods of high water. There ha-ve also been ·allegations bh:a:t so·me ·catnps h~y~ played 
a role in drug trafficking and poaching. The ~iccosuke·e Tribe:!d~r,~ves a slihsta~i~l~l 
income by charging annual permit fees for similar camps lo:cated on the Hes-ervati6n·. 
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C. BASINS EAST 0 F THE WATER CONSERVATION AREAS. 

1. Basins Included. 

Sections of the eight basins lying immediately east of and ;;t.djacent to the 
Water Conservation Areas are included in the Plan's study area for assessment of 
existing and potential Everglades impacts. These baains run the l~ngt}l of the WCAs' 
eastern levees, from State Road 80 in Palm Beach County to Tamiami 'l'rail (U.S. 41) 
in Dade County. · 

The areas encompassed by this plan include the western sections of the C-51; 
C-11 and Hillsboro Canal basins, and parts of th~ C-14, C-13, North New River 
Canal, C-9 and C.;.4 basins. Additionally, an area west of State Road 7between the C-
51 and Hillsboro basins is included, because the largely undeveloped area contains 
extensive wetlands which were once part of the Everglades. Some of this land, such 
as the Strazzula tract in Palm Beach County, has already been purchased by the 
District under the Save Our Rivers program. 

2. Basis for Inclusion. 

Relation to the Historic Everglades. Much of the land lying between the 
Everglades levees and State Road 7 was once PB:rt of the Everglades. In some areas, 
large portions of these basins have been drained for development by the regional flood 
control system and by seco11dary drainage systeJAS. In other areas, extensive 
wetlands· remain, but generally are expected to come under increased pressure for 
development. 

These basins generally are not natural tributaries of the WCAs. In addition, 
any ~teas that were tributary, have bee;n isolated from the j"emaining Everglades 
system by the construction ofthe WCA perimeter levees. Several areas have become 
tributary to the WCAs with the construction of facilities to backpump water into the 
Everglades for flood control or water supply purposes. The remainder of the eastern 
basins have been proposed or studied at. one time or another for either flood control or 
water supply backpumping plans. The eastern basins all receive water supply 
benefits from the WCAs, either directly from WCA water releases or indirectly when 
water from Lake Okeechobee passes through the WCAs and to the coast by way of the 
regional canal network. 

Pressure for Development. Many areas of the eastern basins are now 
rapidly urbanizing. The western portions include extensive acreages of flood-prone, 
former swamp land which has been converted, or is undergoing conversion, to 
residential and commercial uses. Rapid growth has raised concerns about the level of 
flood protection that can be provided by regional and secondary systems, impacts on 
the WCAs from increased flood protection and water supply de1nands, and the 
possible wildlife impacts due to loss of natural habitats and urban development 
immediately adjacent to the Everglades. 

Backpumping. Backpumping occurs at one major structure (8-9) in the C~ll 
basin and several smaller facilities, including the G-123 in the North New River 
Basin (which may also pull some excess waters from part of the C-13 basin). Both 
structures discharge into WCA-3A. Two non-District pumping operations also exist1 

including the Acme Improvement District's pump stations serving the Wellington 
area in Palm Beach County7 and pumps owned and operated by the North Springs 
Improvement District, serving part of Coral Springs in the C-14 Basin of Broward 
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County. The Acme pumps discharge into WCA-1, while the North Springs pumps 
discha:r~ge into WGA-2A. 

Other Issues. Other major issues surrounding the basins east -of ·the WCAs 
eastern basins are primarily growth-related and include the following: 

• Increased need for water supply and floqd control facilities .in_ areas 
adjacentto the WCAs. Of special concern is the rt~ed_ t-ojm.plement ef~~ctive 
water conservation measures in Dad~, Broward and Palm. Bea,c4 ¢ol1qties. 

• Proposals for transportation facilities, including airports and highways, 
adjacent to and within the WCA system. . 

• Increased need for utilities service lines, including, but not limited to; 
power lines and telephonic transmission towers. . . . . . . .. 

• Encroachment of urban development adjacefit ·to the WCA$; where flood 
control and other urban services may cause see-page .problems· or other 
concerns for the WCAs. 

The District is already addressing these and a variety Qfother . wa:t~r teso11rce 
issues .in the western sections of the southeast coastal C01.1Aties and will i~cQ.rp·or~te 
the objectives and strategies of this plan into these ongoing growth-related planning 
efforts. 

a~ Land Use 

Land use in the basins east of the WG.Aa.is sumtnarized il1 Table· 3ft The 
western c .. 51 and the Acme Drainage District are the plini~fy basins in .G·ejjtral 
Palm Beach County. The western C-51 Basin contains 90',000· ~cr~s, of wh~~h the· 
majority (4 7,000) acres is in urban land uses. This basin contains includes portions of 

Table 39. Generalized 1987/1988· Land:Use/L(l-ad Cover Types· and 
Acreages by Watershed· for 'the Eastern··Basin:s of t'll:·e' 
Everglades SWIM· Study Area .. 

Land· Use Type 
.. .. 

Basin Agricultur~, Urban; !Rangeland, Forested, ·wetJandli, Wat.~r~ . m.trteri , 'l'otalii, 
acres acres acres acres acres .acres· ILa~td, a·crt.!l-i . ut:res 

(%basin) 1% basin) (%baain) (%basin) (% JJasin) (%basin) f% businl (tk) 

Acme 4,104 5,408 1,147 790 643 73 55- 12~220· 
(33.6) (44.3) (9.4) (6.5) (5.3) (.6) (.4·) (100 . .1~) 

W0-51 21,823 462712 308 67827 121185 1682 172• '89 709 
(24.3} (5 ,1) (.3) ( .6) (13.6) (1.9) (.2) (100.0) 

C-13W 87 .118587 660 48 217 544 13143 
(.7) (8 .2) (5.0) (.3) (1.7) _(4.1) -- (ldO.O) 

12!f65 197498 11~05 13854 5 346 12493 46I r-;2 61 'l C-11W ,) ij ... 
(2 .1) (3 .1) (2 .4) ( .5) u:o.2> ( .8) (.9} (1 0.0) 

Hillsboro 21l090 31~l94 881 6~47 2 826 1773 1212• 6fi;623 
Canal (32.1) (4 .4) (1.3) ( .2) (~t3) c2;7) · <Ls> (99.8) 

C-14 823· 321::189 365 1,815 449 1,508 372 . 37·520 
(2.2) (8a.8) (1.0) (4'.8) (1.2) (4:0) (1.0}' (ldO.Ol 

North New 2 592 194H3 264 1,142 218 1474 42 2~545 
River Canal clO.l) (7 .6) (1.0) (4.5) (1,474) (/5.8) (.2) ,(1 0.0') 

G-9W 4 932 5 781 11~768 235 4586 13093 958 29 a53 
(i6.8) (i9.7) (40.1) (.8) (i5.6) ( .7) (3.3) odo.OJ 

C-4 121579 309725 4,769 lj799 433873 4,855 3,527 102~127 
uAreaB" (12.3) (2 .6) (4.7) (1.8) (4 .0) (4.8) (3.5) W! .7) 
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the fast-growing communities of Loxahatchee Groves, Wellington .and Royal Palm 
Beach. Approximately 21,000 acres (23%)ofthis basii\ consists· of forests, wetlands 
and open water. The Acme Drainage Disttict;fs-itic~ted in the sc,uthwes.tern portion 
of the C-51 Basin, but discharges directly 1nt6· the WCAs through a privately owned 
and operated pump s.tation. _ ~is _12,000-acre. s-q_p_~~~in is .~om prise~ primar~ly of 
urban (44%) and agricultural (34%) land uses. Agncultpral uses Include cttrus, 
vegetables, cattle ranching, nurseries iitnd- small (5~10) · acres family farms. 
A.ppro~imately 12% of the Acme basin include~'forest~, wetlands and open water. 

. In southern Palm Beach County and northern Btoward County, the Hillsboro 
Basin has predominantly low density residential, some commercial land use, and a 
modest amount ofagricultu:re. · · · · ; · · 

In ce_ntral Broward County, the c~-1~ an<l ~c;..tS and C-11 Bas~ns have n;tixed 
agricultural and urban la;nd uses~ The C-14 basi~ is highly urbanized, encot11passing 
the city of Coral Springs and other :St,oward , tnunicipa1ities. The Saw grass 
Expressway separates urban development'froni t~~ WCAs, but is expeCtE!d to spur 
more growth in remaining undeveloped areas in western section of this basin. 

In southern Broward and Dade Counties, the C-9 and C-4 basins include so1ne 
large tracts of undeveloped natural wetlands as well as mixed agricultural and 
urban land uses. Land use in the eastern pqrtion of the C-4 Basin includes rock 
mining, op~n water rockpits, industrial, and lowto medium density housing. The 
northern and western portions are mostly undeveloped· wetlands. 

4. County Summaties~ 

. More than 3.5 million people live in the tri.;.county region of southeast !«,lorida 
where rapid growth has brought urban development almost adjacent to the WCAs' 
eastern levees. A major toll road, the Sawgrass Expressway runs along· the WCA-2 
levee in north and central Broward County. Development of subdivisions and new 
communities such as Weston, Wellington and other~ is expected to continue in a1·eas 
near the WCAs. Much of the land on which future development is expected to occur 
in all three counties is incorporated within the plan boundaries. Only parts of the 
previously identified basins a:re included in the Everglades SWIM study area in 
recognition of both direct and indirect impacts that growth in the western parts of the 
three counties could have on the WCAs. 

While most of the counties' urban areas are not included within the study area, 
all three counties place major demands on the Everglades~Lake Okeechobee water 
supply system during times of drought and water shortages. Thus, several SWIM
related concerns are regional in nature, including some which apply to all three 
counties: the need for increased water conservation and investigation of water supply 
alternatives; protection and preservation of wetlands outside the WCAs for 
groundwater recharge and wildlife habitat; and the need to address impacts of 
storm water discharge from existing and future development on water quality. 

Palm Beach County. Palm Beach County has a 1988 estimated population of 
830,000. Ten years from now, the population is projected to be 1.1 million, with the 
buildout estimate to be at 1.5 to 1.8 million. The West Palm Beach-Boca Raton 
Metropolitan Statistical Area (MSA) accounts for 80% of the County's current 
population. Limited groundwater supplies in northeast Palm Beach County require 
monitoring and protection to prevent or reduce saltwater intrusion, and to n1eet 
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increasing demand. The cumulative affect of urban and agricultural run(lfl' has 
generally caused degradation of water quality .. Several basins in Palm Beach C.ounty 
have limited drainage and flood protection capabilities. Inp.articular.,,the we.s·ter~ G-
51 and Hillsboro basins have existing flooding problems which are expected t0 g~t 
worse as development in the county continues. . · 

Other issues in Palm Beach County which need to .be ,addresl'~~ include; w·a:ter 
conservation efforts by local government, wat~.r .supply in~erconnections -witQ. ·o.tJ.~er 
utilities to ensure adequate water supply durin.g_ dro.u.gbt or w~Ufi.eJ!f. contam.i·n.~tio.n, 
and storm water discharge impacts . on water· quality- .. and its effect on se~sitive 
environmental areas and subsequent hydrologic connection to weHnelds. 

Broward County. Broward County has a cur:r.ent ·~~timated .p.o_pulat_io.n. .of 1.2 
million. Population projections for the 2020 range from 1.7 to 2.3 million. Much of 
this growth is expected to occur in the southwestern portion .of the. Qounty. . The 
location of this growth will make drainage anc:l-. fl<l~g .~o»t~~~J .ai)"d th~ .ava.H~6i~lity .of 
potable groundwater supplies major concerns of the. $FWMD.. This is· especi~l}y tr1;1e 
in the western C-9 and C-11 basins, where a :signiflc®.t amo~t of ,the :C.Q'Qqty~s 
growth is expected to occur. Similar concerns ex~still th.e B.roward .C(:)unty por.ti.Qn of 
the western Hillsboro Basin, where discharges from n~w .aevelopment in the.1:970s 
and 1980s· have greatly reduced the flood protection fp:r,~h~~western .basin. 

Growth in Broward County is causing plalll!~.d. eJ;p~nsion of wellfield.~ ,p,nd 
additional groundwater withdrawals. These new witLh4ra'\\f~ls may bave hn:pac~s.on 
surface water hydrology. The conflicts between exist~JX.g surface water us~s· a~d .new· 
groundwater uses is expected to increase'. Some ~e~s of Broward County a,;re 
especially vulnerable to saltwater intrusion due to eastern locations- of older 
municipal wellfields. The present strategy is to replace. or ·supplement these ·~lder 
wellfields with new facilities located further· wes~ .. · A countywide water au;thetity 
has been proposed but not imple~nented. In lieu ofth~ countywide plan, the Pistrict 
is requiring the county and municipalities to exami11~ other long~ term Wttter _supply 
options including interconnections between util'ities., wastewater r-euse, and 
alternative supply sources. 

Dade County. Dade County's 1988 population was estimated at 1.8 'lnii:lion. 
Projections for the year 2010 place Dade's expected papulation between .2.21~million 
and 2.5 million (Me~ro-Dade Comprehensive Plan, 198'8). The state's most ,populous 
county is the District's largest water consumer. Metro-Dade has cve~ted a 
countywide water supply authority and generall.y. relocated its wellfieJds to -the 
western areas away from the threat of saltwater intrusion. However> increased 
demand has led to development of plans for additional wellfield capacity in the 
Northwest Wellfield, requiring additional water supply recharge from the 
Everglades. Also, future plans call for a new wellfield to be developed in the 
southwest part of the county in wetlands-dominated areas near the WCAs and the 
ENP. 

Like Broward and Palm Beach counties, much of Dade's growth in the late 
1990s and into the 2000s is expected to occur in fringe areas containing extensive 
wetlands. Much of this growth may focus on areas near the WCAs and ENP and 
could have impacts on water supply, water quality, flood control and wildlife habitat. 
Dade County has proposed that some extensive wetland areas be purchased and 
preserved to eliminate the potential impacts of growth near the Everglades. 
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5. Basin Descriptions. 

. ~-5~ ~West Palm Beach Canal) Basin. The C~51 basin, totaling 164.3 square 
miles, 1s dtvtded by State Road 7 into. .two subbasins; C-51 east, .and C-51 ·west. Total 
area of the western portion of the C-51 basin is apprQxixnately 79.5square miles. The 
eastern portion of the C~51 basin falls outside the Everglades plaruiing area and so 
this discussion primarily focuses on the western. subbasin. The western subbasin 
extends four miles south of the West Palm Beach canal (C ... 51) and six miles north, 
extending from State Road 7 in the east, to WCA-1 and the L-8 borrow canal in the 
west. Ground elevations range from 13 to 22 feet above mean sea level, .sloping from 
north to south. Sand and muck soils. predominate in this basin. 

The District's canals and water ma:qag~ment structures in this basin have 
several functions including flood protection and drainage, discharge of water from 
the. L-8 basin to tidal areas, water supply; and w~ter table elevation maintenance 
sufficient to prevent salt water intrusion. Pres~ntly, c~51 provides a less than 1Min-
10 year flood protection for tll.e western subbasini During periods o.f heavy rainfall, 
runoff from the highly urbanized eastern portion of the CM51 basin fills the canal to 
capacity, leaving the runoff from the western part of the basin without an outlet, 
resulting in flooding of the western area (Water Management Planning for the 
Western C-51 Basin, March 1984). Without a basin divide strtwture and pump 
station west of U.S. 441, the basin will continue to experience flooding problems 
during 1 in 1.0 year or greater storms (Cooper and Lane 1988). Land use plans ill. the 
western C-51 basin should consider the limited flood protection afforded in this area. 

The District in 1987 adopted special blisin rules for development in the 
Western C-51 Basin to require additional, site-specjfic surface water managernent for 
new developments to avoid continued decline of flood protection within the basin. 
The District also has initiated efforts in cooperation with the U .8. Army Corps of 
Engineers (USCOE)to design additional flood protection capacity without reliance on 
direct backpumping into WCA-1, as originally proposed in the 1960s. 

The tJSCOE is finalizing a proposed design to provide additional flood 
protection in the western C-51 basin. During flood conditions, runoff would be 
pumped from C-51 to a proposed 1,600-acre retention area, located east ofWCA-1 and 
S·5A, and south ofC-51. This area would have the capability of handling a 1-in-10 
year flooding event. In rainfall events exceeding the design capacity, water could 
spill over from the retention area into L-40 canal inside of WCA-1, providing· an 
additional flood outlet area. In some cases, as water levels fall, this execs~ water 
could then be transferred back into the retention area or to C-51 Canal. 

Perimeter canal (L-40) water quality in WCA-1 generally is poor due to 
nutrient-enriched agricultural runoff from the Everglades Agricultural Area (EAA). 
The quality ofC-51 water currently is expected to be better than that of the perimeter 
canal, but would not be pristine because of urban runoff. The possibility of increasing 
inflows of urban runoff into a National Wildlife Refuge raises concerns. Problems 
could arise if a rainfall event is severe enough to cause the perimeter canal waters 
together with the spillover from the proposed reservoir to overflow into the interior 
wetlands of WCA-1, which presently have very good water quality. In addition to 
concerns for WCA-1, water quality in CM51 is important because the canal is a source 
of water for Lake Worth Drainage District canals, which provide recharge to the 
potable water wellfields in southern Palm Beach County. 
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All discharges from the western C-51 Basin into WCA-1 should meet the san1e 
criteria as provided for other basins in this plan, including the proposed 0.03 -mg/1 
annual average target for phosphorus. Any plans to increase the amount of discharge 
should also be reviewed for potential hydroperiod impacts on WCA-1. 

Within the western G-51 lies the Acme Improvement District, ~ Chapter 298 
district. This District has responsibility for secondary flood protection for the 
Wellington subdivision and adjacent lands. Acme op~rates two pi11nping stations 
which directly discharge into the L-40, within the boundaries ofWCA-1. The District 
is reviewing water quantity and quality data from the Acme putnp stations to 
determine the current status of these discharges. 

Hillsboro Canal Basin. The Hillsboro Canal J3asin occupies an are~ of about 
102 square miles and is located in southern Palm Beach: and northern Bt:oward 
counties. It is bounded on the west by theL-40 and L..;36 borrpw canals, on the south 
by Wiles and Sa1nple roads, and by the C-15 Basin in the n()rth, and th~ lntraco&stal 
basin in the east. Excess water from the basin is discharged easterly through the 
}Jillsboro Canal to tidewater. Water is supplied to the basin from WCA~1, WCA-2A 
(by seepage into the L-36 borrow canal) and from loc~lized rainfall. Water also is 
supplied from Lake Okeechobee during times of shortages. 

Two District canals are located in the Hillsboro Cana.l basin. The Hillsboro 
Canal runs from Lake Okeechobee to the Intracoastal Waterway ·in a northw:est.to 
southeast direction and then turns east~west while passing through WCA-1. Flow is 
normally to the east toward tidewater. The L-36 borrow canal runs along the eastern 
boundary ofWCA-2A. Flow is usually north to the Hil~boro Canal. 

The Deerfield Lock, which is being considered for replacement. with a modern 
water control structure, controls water levels up_stteam, D}a:inta.ins hea,dwater stages 
t.o prevent saltwater intrusion to groundwater, and controls discharges to tidewater. 

The Hillsboro C~nal and Deerfield Lock were constructed prior to the Central 
and Southern Florida Flood Control Project, with the District assuming operational 
responsibility from the Evergla~es Drainage District~ The canal and lock were not 
des~gned for a particular intensity storm event. Flooding is a concern in this basin, 
especially in the southwestern area. During severe storms, the Hillsboro Canal flows 
both east and west. The westward flow may continues for a period of from 36 to 48 
hours, causing flooding in the

1 
southwestern portion ofthe basin. 

I 

Lake Worth Drainage District (LWDD) canals (located in Palm Beach County) 
are the major contributors of inflow to the Hillsboro Canal (Cooper and Lane, 1987). 
Some of the LWDD canals which run north-south do not have divide structures to 
prevent transfer of water between basins. Water levels in LWDD canals can 
determine where runoff enters the Hillsboro Canal, either east or west of the 
Deerfield Lock. The area of land draining upstream or downstream of the lock also 
varies, depending on stages in LWDD canals. The LWDD also receives water from 
the Hillsboro in times of shortages using a pump provided by the City of Boca Raton 
to mitigate groundwater and surface water drawdowns created by that municipality's 
western wellfields. 

Continued rapid growth, especially west of Boca Raton, and in northern 
Broward County, has raised concerns about the Hillsboro Canal's capacity to deliver 
1 in 10 year flood protection levels. Plans to con~truct a backpumping station 
discharging into WCA-2A have been discussed s1nce the 1960s, but are not 
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considered a preferred option het:ause of envirorunental concerns over diE?charging 
ll!ban runoff into the EvergJadeH. Backpumi>ing al~ernatives, including plans for 
direct d~scharges and indirect diHcharges via a .. det~~tion area, are being evaluated 
along wtth other options by the USCOE in an on-going study started in 1988. 

. The first-phase ~r reconnaissanc~ ~tudy of fiood protection concerns i~ the 
Hlllsboro Canal basin; has recently been cQmplete.d and resulted In a 
reco~men~ation that additiona] investigations c;>f :.t.l~~~ alternative strategies be 
continued In a three-year federal feasibility study fPSGQE1 1989). At the con€lusion 
of the first phase, only one option, canal widening and associated work, was found to 
have a positive cost ... benefit ratio. However,,the.USCOE reported that other options, 
including discharges to the WCAs, may becom~ feasible with additional refinement 
and analysis. The conclusion of the study an(l analysis pflase of USCOE planning 
procedures will take several years. Implementation of final recommendation is 
considered to be five to ten years away. 

Any recommendation to create new discharges into the WCAs should require 
that these discharges meet the water quality an<l hyr]roperiod goals of this plan~ · 

The Palm Beach County Solid . Wa$te Authority is purchasing land at the 
ju~cture of the Hillsboro Canal and L~40 for a new landfill. This f;i te was chosen out 
of fifteen possible locations. 'J'he landfill project has two phases~ The first phase of 
the project has been approved, with the landfill being designated as Class III. This 
means that only trash. such as constru~tion 4-ehris and discarded vegetative material 
can be brought to the site. No household or toxic materials would be p.ermitted under 
the current phase. one proposal. The .second phas~, which has not been approved, is 
the construction of a resource r~covery area c:lnd incinerator. The District's analysis 
of the proposal suggests that with proper desi~, tne landfill may pose no threat to 
groundwater and the .surrounding wellfields of the Hillsboro Canal basin. Opposition 
to the landfill have been raised by area residents, and by U.S. Fish and Wildlife 
Service officials managing the adjacent wildlife refug~ (WCA-1). 

C-14 (Cypress Creek Canal) Basin. Only a small part of the C-14 basin is 
included in the Everglades SWIM planning area. This basin is 59 square miles and is 
divided into western (25 square miles) and eastern (34 square miles) subbasins. The 
boundary between the two subbasins is Farm Road which is two miles west of State 
Road 7. The western boundary of the western subbasin is the L~36 borrow canal 
which is also the eastern boundary of WCA-2A and 2B. The north boundary of the 
west C-14 subbasin is Wiles Road. The south boundary is the western C-13 subbasin. 

Canals and structures in the C-14 basin have several functions, including flood 
protection and drainage; water supply to the C-14, C-13, and Pompano Canal basins 
during periods of low flow; moving excess water from WCA-2A west to tidewater, 
controlling seepage from WCA-2A, and maintaining groundwater levels sufficient to 
prevent saltwater intrusion. Excess water from WCA-2A is discharged to the canal 
and to tidewater. Excess water from the basin is discharged to C~ 14 and released to 
tidewater!. Water supply to this basin occurs by seepage from WCA-2A and rainfall. 

A pump station controlled by the North Springs Improven1ent District (NSID), 
a Chapter 298 special district, is located next to the District's S-38B control structure. 
This NSID can discharge excess storm waters into WCA~2A. A review of the quality 
and quantity of water passing into the WCAs from this pump station is 
recommended. Generally, only the extreme western portion of the basin adjacent to 
the levees, and those areas drained by the NSID directly hnpact of the WCA~. 
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C-13 (Middle River Canal) Basin. The highly urbanized C-13 ba.s_in is 
located in eastern Broward County and has a· total area of 39 square mi.Je.s. It is 
divided in.to an eastern basin of about 9 square miles, and a western basin ·of about 30 
square miles. The boundary between these subbasins is a north-south line which 
runs through SM36. 

The C-13 basin is bordered by the C-14 and North Fork New River hasins on 
the north, the North New River Canal (NNRC) West and C-1'2 basins.on the _south, 
the L-36 borrow canal and C-42 on the west, and the Intracoastal Waterw~y and 
North Fork Middle River basins on the east. This basin includes a major p~n•tjon of 
the city_ of Plantation and the C-13 Canal is an important facility for.provision qfflo.od 
and water suppl_y protection for the city. Excess waterin the C-13 basin is discharged 
to the north and south forks of the Middle River Canal and to the North New River 
Canal basin. Some C-13 water may be discharged into the WCAs via :the ·G-123 
backpumping station in the NNRC basin. 

North New River Canal Basin. The North 'New River Canal (NNRC) basin 
is located in eastern Broward County and has ail area of about 30 square 1nile.s. It is 
divided into an eastern (7 square miles) and a western (23 square miles) basin. The 
basin is bounded on the south by the North New River Canal, on the west by the L-
35A borrow canal, on the east by State Road 7, :1nd on the north by the C-13 basin. 
Excess water from the NNRC basin can be diseh(l:t:g~d to tidewater through Sewell 
Lock, or can be pumped to WCA-3A from the NNRC thrOl!g'h the G-123 pumping 
station. Supplemental water is f'Upplied to the basin from ·wcA-2A. 

The NNRC was originally excavated to drain tne ·Everglades and to _ptoyide a 
transportation route from ·Lake Okeechobee to the ~astern coast. 'l'he SFWM.D took 
over management of the canal from the Everglades Drainage District. Presently, the 
canal and Sewell Lock provide protection for a l·i.in-25 year storm event. A 1-in-50 
y~ar storm event will probably cause some fl_Qpding b;i the western p~r.t of the p~sin. 
(Cooper and Lane, 1987) 

c .. JI (South New River Canal) Basin. The C-11 basin is located in south 
central Broward County and has an area of approximately 104 square n1iles. The 
basin is divided into an eastern basin (23 square miles) and a western basin (81 
square miles). The eastern portion of this basin falls outside of the Everglades 
planning area. The western C-11 basin is bordered by WCA-3A (L-37) and 3B.(L~33) 
on the west, by State Road 84 (I-·75) on I the north, Hollywood Boulevard on the south 
and by a north-south line which runs tHrough S-13A, perpendicular to C-11. 

The C-11 Canal runs east-west through the basin, adjacent to Griffin Road, 
and discharges into the south fork ofthe New River Canal in the eastern portion of 
the basin. The S-9 pump station, built in the late 1950s, is a major component of flood 
protection for the region, discharging excess storm waters to WCA-3. The three large 
engines which drive the pumps were recently replaced. 

The western C-11 basin is undergoing development and is being quickly 
urbanized, especially since the construction of the Saw grass Expressway to the north 
and the southern leg of Interstate 75. Some agricultural uses still occur in the 
western basin. The urban development pressure forces land planners to take a second 
look at land which was formerly considered to be uninhabitable. Construction of new 
secondary canals and deepening of already existin~ secondary facilities could drain 
existing wetlands. These wetlands presently provide groundwater recharge. Also, 
continued development carries associated water quality and quantity concerns due 
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the possibility of contaminated runoff from ~lawn~ (nutrients· from fertilizer)1 and 
roadways (~eavy m~tals, ~olynuclear aromatic ·hydro~arbons), as well as increased 
run?ff from oth~r Impervious surfaces e~tering sutrace waters and the shallow 
aqutfer. Nutrients and other urban ·po'llutants ·. associat~d with . increased 
development could be exported to the WOAs in. th.e backputnped water at the S-9 
facility. The District is reviewing water quality infor~ati'on for the C-11 basiri. The 
C:ll basin is currently discharging water with pJ:iosphorus c~ncentrations that are 
shghtly better than the recommended level of o .. Q3'mg/l target for annu~.l~verage 
phosphorus concentrations. Because of the col:i.'tuuied :growth and because the water 
quality is near the recommended target, the a.rea .~hould be closely mo1:1itored to 
assure that phosphorus levels do not increaa~·above the current ~verage. Monitoring 
for other substances that may impact the WOA.~~bouldbeincreased. 

A narrow strip running north-south between u·.s. 21 and WCA-3A. and _WCA-
3B, and extending in to the C-9 BEJ.sin, was rec~;ntly :J?.9niin..ated by Broward County 
for consideration in the Save Our Riv~r.s pr()grab;l. This area, the so-called 
Everglades Buffer Strip, is largely l1ttdeve}oped, aJ~4 ~ontai~s extensive, although 
impacted, wetlands. One reason that this land was recommended for purchase is to 
buffer the Everglades from urban development. ·Another :reason that this land is 
recommended for public purcha~e. is .that ft .receives extensive a1nounts of 
groundwater seepage out of the WCAs. Due to .the~e hydrologic_ conditions, suitable 
flood protection for urban or other development cannot.be assured in .this area. 

C-9 (Snake Creek) Basin. The C~9 basin is located in southern Broward and 
northern Dade cou.nties and is approximately :98 sql);are miles in area. The basin is 
divided into to two subbasins (east, 45 square mil~s; and west, 53 sql!are ntiles) by 
Flamingo Road in Broward County and NW 67th Avenue in Dade County. ~C-9 flows 
west to east, emptying into Dt1mfoundling Bay. · 

The western subbasin is susceptible to flooding due to relatively low ground 
surface elevations. Major storms can cause a reversal offlow in the C-9 basin due to 
rapid runoff in the eastern portion of the· basin. . Seepage from WGA-3B, which is 
intercepted by the L-33 borrow canal, is the major source of water in this basin. 
Excess water can be held in the area between L-33 and U.S. 27, the southern portion 
ofthe Everglades Buffer Strip. This stored water can be released, as needed, through 
s~so~ Some portions of the basin are experiencing urban development and the area is 
experience major growth during the next two decades. The b(lsin has been studied for 
water supply backpumping, but no action has been taken to recommend such a plan. 

C-4 (Tamiami Canal) Basin. The C-4 (Tamiami) Basin covers an area of 
about 60.9 square miles in Dade County, west and southwest of the city of Miami. 
The basin is bounded on the east by the West Dade Expressway, on the west by WCA-
3B (L-30), on the south by the Tamiami Trail (U.S. 41)t and on the north by the 
Miami Canal basin (C-6). The C-4 area is poorly drained and has flat topog-raphy, 
rising 5.5 to 6 feet above mean sea level. Due to the highly permeable shallow 
aquifer, seepage from the WCA is an important source of freshwater recharge. 

The C-4 basin is prone to flooding and presently has little flood protection. A 
floodplain study has been recommended for this area before development occurs. 
Until detailed land use studies are completed, recommended residential land use is 
limited to one unit per five acres. At this time, the USCOE is determining feasibility 
of backpumping runoff from the western portion of the C-4 basin, along with the 
northern portion of the C~2 basin to WCA-3B. A multi-phase project to boost Metro
Dade water supply is underway in this basin. A new canal presently under 
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construction will convey water to the Dade-Broward Levee borrow canal and to ~the 
borrow ~anal east of the West Dade Expressway, which will sq}lsequ~ntly di~char;ge 
waters Into C-4. Phase I (from S-337 south) of this project is scheduled to, Ii~ 
completed next year. Construction of Phase n {additional excavatioil Sottth) w:ill 
begin next year; The status of Phase m, the completion of,tlle canal.south .to C-4, is 
undetermined at this point. This new canal will assist in: the reeh~r.ge of ~he ·D~de 
County's Northwest Wellfield, which is located in the northwest po~tion pf~the C-4 
basin. This newly constructed canal will .also create a groundwater di¥ide bet~een 
the wellfield and a problem-plagued landfill that is located between C-4 and ,C;-.6, 
preventing possible groundwater contamination by the.landfi1L 

The Pennsuco area of the G-4 ba$in, about ii,962. acres. of wetland$, is 
currently included in the Save Our Rivers, Five Year J?l~,t). as a ·cat~go~y B project. 
This designation means that the parcel qualifies for the Save Our Rivers ·program, 
but is considered to be lower priority than Category A projects. If landowners co_ntact 
the District for possible divestment, the District Will_ atteft1J~~tQ. s.ecU:te th~ la,ncl·.~$ a 
gift or at a bargain rate~ In accordance with th~ N er~w~$t Wellfield Etot~cth~n ~I-an, 
adopted by Dade County in 1985, allowabl~ lf1pd us¢ in ~he thi$ area.ofthe· 0~4 bJ\sin 
Includes limestone quarrying, public institutiQnal u~e$; .. ¢&nun.unication f~ciliti~$, 
recreational uses, rural residences (one unit per five acres), and ~easo.nal fi:'griculttme_. 
Mel~leuca has impacted the area,_ yji.th _th'~·ittfes~!Itiott. iJl th~:-~~uth~fl) tpitd 
considered to be out of control and probably 1rr.evers1~le. The :rrupdle ·thitQ of.the 
basin is heavily infested and will requlre extensive treatment for control~ _ Th~ 
northern third of the C-4 basin is lightly in.festecl. There is a proposal to extend State 
Road 836 through the basin. The alignment of this .propoeed extension may imp;}ct 
existing wetlands and encourage secondary .develo}nn~nt in an area of poor flood 
~~~~ . . -

The location and operation of Dade Oounty~s weste:tn wellfiel<is is of concetnfor 
the. Everglades plan. A J)ri~ary cqncern f~ due tQ Ph(} ~u~stantial_incre~S~$ in the 
water consumption rates_ proJected 1n the Metro-.D~de 09unty CQmprehenslve Plan. 
In the past, District staff has strongly advocated the institution ofconsumer.;.oriented 
demand programs for. water conservation. Ilowever, $ueh a policy has not bee~ 
implemented. Dade County planning staff have determined that, in the next· ten 
years, an additional area of six square miles will be need~d to accommodate County 
growth. This growth will most likely occur in a parcel of land within the C-4 hasin 
and an area south of it. Development that occurs in the ttshorthydroperiod wetlands, 
in this basin, which are directly related to wildlife resource protection and aquifer 
recharge is expected be an issue.. ' 
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D. BASINS WES1.,0F'rHE WATER CONSERVATiON AREAS. 

1. Basins Included. 

. The western basins of the Everglades. SWlMpla_nning.ar~a inclqde.,the p-139 
bastn, the Feeder Canal basin, the L-28 Interceptor b~s~n~ and the L-28:Gap bas1n. 

2. Basis for Inclusion. 

Relation to the Everglades. Each of these basins, including areas northwest 
of the WCAs, discharges into WCA-3A via structur.es or gaps .in tl:le .. ar~a's western 
levee. Inflow~ from t~e western.basins enter. WCA.~·?A. t~rqughthe 8-140, S~-190, and 
G-155. Pumping Station S-140 IS located north.:of,Alhgator. Alley/I-75~ It dt~charges 
~xcess water from L.-28 into WCA-~f!.. •. s;190 !s a gate.d spilhvay i~ th~ .L-28 
Interceptor canal. Thts structure prevents overdra1nage of the Ea.st and WestFeeder 
canals by maintaining adequate water levels upstream. G-155 is located in the gap 
between L-4 and the L-4 extension located at. the northwe$t cor-ner of WOA-.3A. It 
permits flow from the L-3 borrow canal to WCA~Sl\., and ptevel)t~ ov.~rdrainage by 
maintenance of upstream water levels~ Another outlet ispl~nlled to, discharge excess 
water into Rotenberger, but water quali.ty }ia~ bee:Q.,identifi.ed,_~s a concern. by the 
District and the FGFWFC. Moreover, muchof]iotenbergerstill remains in private 
ownership · 

3. LandUse . 

. SFWMD land use and land cover data for the four basins in this portion of the 
planning area are s~mmarized in Table 40. Agriculture isthe dQminant land use in 
the C-139, F~eder Canal and L-28 Interceptor :basins·. The remail!ing la11d cover in 
these three basins is predominately wetlands· an~. forested uplands; while. the L-28 
Gap basin consists almost entirely ofwetlands.(98o/o). Urban land us.es occupies 4o/o of 
theC-139 Basin and less than 1%oftheremainingBaf;ins. 

Table 40. Generalized 1987/1988 Land Use/Land CoverTyP.eS and Acreages by 
Watershed for the Western Basins of the Evetglanes SWIM Study 
A rea. 

Land Use 'rype 

Basin Agriculture, Urban, Rangeland, Forested, Wetlands, Water, !Barren Llind, Totals. 
acres acres acres acres acres acres acres i acres 

(%bashi! I% basin J 1%hasiM 1% basin! (%.basin) (%basin) 1% basittJ (%) 

C-139 122,776 8812 602 16J737 49.,491 296 8 198,722 
(61.8) (4.4) (.3) (8.4) (24.9) (.1) (.004) (99.9) 

Feeder 35,462 551 9566 26,563 60 122 72,324 
(49.0) (.8) 

~- (13.2) (36.7) (.08) (.2) (100.0) 

L-28Gap 433 1110 570 126,312 165 367 1281957 
(.3) (.9) -- (.4) (97.9) (.1) (.3) (99.9) 

L-28 36,187 258 432 29 34,649 ~ 235 71,790 
Interceptor (50.4) (.4) (.6) (.04) (48.3) -- (.3) (100.0) 

The areas immediately west of WCA-3 include the Seminole Indian Tribe of 
Florida and the Miccosukee Tribe of Indians of Florida. These areas include extensive 
private holdings which traditionally have been used for cattle operations on either 
native range lands or improved pasture. The basins west ofWCA-3A are undergoing 
rapid intensification of agricultural development. During the 1980s, native range 
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lands, improved and unimproved pastures have been undergoing conversion to ci·trus_, 
sugar cane or other agricultural use. · 

4. Water Management Related Issues. 

Indian Lands. The locations of reservations . .of the Seminole Indian 'Erihe of 
Florida and the Miccosukee Tribe of Indians· of Flotid,~ are- im·po.f.{ant to th~ 
Everglades SWIM Plan. The-SWIM plan should not ijllpact wat~r slipply ~nd flood 
protection of tribal lands adjacent to the WCA$~ Tribal lands w~.thi~ the WCA .sy.stem 
should be restored and maintained as natural Everglades h~bitat for the p¢nefit of 
the Tribes and the Everglades ecosystem. · . . 

Flood Protection. L-1, L-2, and L-3 were c(nl$t:ru~ted .tQ prqtect th~ wester~ 
boundary of the EAA. Historical flows from the we$t_~w~t¢ iPt.~rtlJpted E:UJ.d floocib:~g 
west of these levees occurred. Originally, the USCo~· pt9posed to cpnstruct a canal 
apd levee from Lak:e Hicpochee in Glades Cour1ty t9 -WC'A-8A~ The. pr.oj~~t wa.~ 
altered and is referred to as the Modified Hendry C.<:rU.ntyplaa · -

The Montura Ranch Retention area Cpentr:~l'C9\lnty Wa~r CoJ.l:WP~ District) 
located in northeastern Hendry County, is <;ortne·cte([ to tb.e ·north~so.uth L~2]lorr()w 
canal by way of the_ newly constructed L-2W an.d. p,QfPPW can~l. When f!qo.di~g 
problems occur, it is possi-ble to pump water i11to the re~tejitio~ area. Two allQ.itional 
canals (L-lE and L-3E) have been designed to alleviate flooding hi the C-13:9 'bi:l$i_i1. 
Both of these canals connect to the Miami Canal The ;L-IE connects L-1 an4 the 
Miami Canal north of the Bolles Canal; ~11d :L-~-~ is· prQPtl$~d to connect will follaw 
the northern boundary of the Roten berger tr~ct betw~ell L~2 and the MUuni CanaL 
The L~SE has not been constructed. -

Water Quality. There has been very little spe¢Hic.study ofthe w~stern ba.sins.. 
The water quality data for the L-3 borrow canal indi~a:tetbatthe ·:wate_r sampled has 
relatively high concentrations of phosphoru$. _ Th~. so~r¢~ .ofpl1osphorus )is :U:ilkn~wn, 
however it has been speculated thatit could be attrib'q.t~ij. to livestock operation,s i.n 
the basin or the result of fertilization of sugar cane, citrus or other crops on sandy, 
infertile soils west of the EAA. As land is managed .more intensi,vely, the ·water 
quality in these basins is likely to decline, and addi.tional monitoring i·s warranted. 
One of the original projects recommended in the Everglades SWIM Plan is to 
undertake assessments of the western basins in Hendry and Collier counties to better 
document existing land use and water-related issues, including identification of ,the 
sources of the nutrient problem in the L-3 basin. Also, other District studies 
underway will help better understand agricultural water-resource issues in this and 
other western basins. 

Wildlife Resources. Western portions of these basins are utilized by the 
Florida panther and other wildlife. As tens of thousand of acres of citrus are planned 
and plan ted, endangered wildlife such as the Florida panther, the wood stork, crested 
caracara, and the sandhill crane as well as other wildlife may be forced from their 
native ranges. A study is currently underway to evaluate the effects of citrus 
conversion on wildlife habitat. 
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E. EVERGLADES NA'fiONAL PAR~ STlJI)Y A~EA 

1. Introduction and Overview. 

. . . Hist~rically the Everglades srste~ . cQoopri&ed appro~hnat~l};. 3,60() :~9uare 
miles (D~v1s, _1943a). In 1943, DaVIs st~ted tpa:t "The canals ~nd. other dra1nage 
construct1on have caused notable chang~s in .w~tert.~soil, al14 _veget~~iop.al condJ:tions 
of large areas in the Everglades." an4 contin\ied ·tQ -~·ay, ·. ~'TJ:ie ·prop.~r use o£ :~hese 
Everglades still remains one of Florida's great~st ·prpplems .tif.Jarid utilization." 
Beard (1938), in a reconnaissance report on the proposed 'Everglade$ NatiQnal' Park 
(ENP), reports on damages du·e to drainage, canalS,, jfupacts .of agric:ttlture and -.~ffects 
of non-native plant species on vegetation of the re'g:jori that ·was to become the Park. 
"Primitive conditions have been chang_ed by the b~I14 of rna~, ab~ndant wildlife 
resQurces exploited, woodland and prairie hurneQ.,a~d reburned, watefleyeJs alt~red, 
and all the attendant, less obvious ecological~onditiojjsd~st~rbed" (Beard, 1938)~ 

The problems currently threatening the. $Jvei:'gl~des r~gio-!1 ~n,d EN~. are not 
new, have beel_l recognized and discussed for,ye~t~, atl.ti.a,tem. from the regulatiQl1 of 
water and its timing, delivety patterns, flow, and·qti.~ity (Beard, 1938; Davis, J;943a; 
Schomer and Drew; 1982; USCOE7 1985.; Wagn.er an4Rosen4:ahl, 1987; Ogden et al., 
1987; and Gunderson et al., 1987). These prQblem:s oJ,-.~gi11.a:tefrotn outside ofth·e Park 
boundaries. Problems involving the Park. and.. th~ historic $Ou.thern Evergla~es 
system also are linked to development and land use~~ D.ade CQuti.ty. The Park is 
defined by an artificial jurisa~ctional boundary tpat has. been impos~d o.n a natural 
system whose hydrological and water quality characteristics. are (!losely tied to water 
resources originating outside its boundaries. :The area originally proposed (or Pal"k 
a_cquisition included much of western Dade Couu_ty:; t}ie area. k[lowq as the East 
Everglades, Barnes Sound and northern portions of'Key Largo, the western portion of 
all the keys that currently borderthe park, Caryfort~~efto the edg·e of the reef tract, 
;..,;. 5 mi. from the shore (Beard, 1938). If this system.had been acquired and incorporated 
as the original ENP as proposed, many of the problems currently facing the Park 
would either not exist, or to a la:rge degree, .such problems as water distribution, 
timing, and quality would be much easier to solve~ The boundaries of what is 
currently ENP do not comprise a functional hydrological unit. 'rhey are missing the 
head waters of Taylor Slough, the head waters of Shark River Slough, the 1nain area 
of land upstream of northeast Florida Bay, and the rockdale lands that historically 
comprised the short hydro period wetlands that were continuous with other areas t.hat 
historically served as foraging areas for wading birds. 

Fifty one years ago, Beard (1938) stated "The most important problem to be 
settled before the Everglades National Park is established is that of restoring water 
levels." and further •'This flow of water was not confined to the rainy season alone, 
but it had a greater volume then. The land is flat and drainage through the porous 
rock structure and marl soil was slowed down.'' He also discussed one of the early 
expeditions which used canoes to cross the glades during the dry season, something 
which at the time of his writing was not possible. 

Currently water management practices have resulted in alteration of historic 
flow patterns, compartmentalization and isolation of portions of the systetn, decrease 
in the total volume of water per area, altered timing of flow events, and changes in 
chemical constituents (i.e., specific conductivity and major ions) of inflow waters. 
These changes have resulted in the following well-documented problems: decreased 
productivity of marsh systems, reduced aquatic diversity of freshwater systems, 
reduced nesting and reduced nesting success of wading birds, alteration in marsh 
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community composition, encroachment of exotic plants and animals, and artificially
induced, extreme fluctuations in salinity within FloFida Bay. l.Q, ac}.:dition to these 
problems there are additional areas of concern that are less well understood. 'rhese 
problems include: potential hydrologic links between various portions: .0f th.e area 
such as Taylor and Shark Sloughs, hydrologic connections to. Florida Bay, ~ater 
management impacts on Florida Bay, the effects of freshwater inflo:w;s on U~,e salinity 
of northeast Florida Bay, potential impacts of loss of freshwe1ter .Oow~, l)yp~rsaHnity 
and seagrass die .. offin Florida Bay, the impacts.of changes i:n salinity and habitat on 
the use of Florida Bay as juvenile and rookery areas for many marine anitnals; and 
the actual volumes of water necessary to establish viable habitat fbr the native flora 
and fauna that the park was originally designed to protect. Some. m~Jor chan.ges h~ve 
been proposed and examined to date to restore port.ons ofthe, sy~t~m a~ well as to 
identify information needed to refine issues that are presently ~9t w~ll defined. 

Two major water management changes ate now un..der copsjde.ration by the 
USCOE and the South Florida Water ManagementDiStriQt (S:FWMD). Th~se ate 
included as portions of the Shark River Slough General Design Memorandum (GDM) 
report and the C-111 canal GDM. These two proj~cts py the Corps Qf En,gineers are 
designed to redistribute water more naturally iQto. historic f.Lqw cha.Qnela t;1nd 
increase the amount of water available to both the western (Shark Slough) ~ection 
and the eastern (Taylor Slough/C-111 basin). The park has. also expressed conqern 
over water delivery problems to the Big Cypr~s& :Basin, ~Jlcl the Water. Conservation 
Areas as well as Everglades National Park. Th~ primary focus of the Sharlt Slot~gh 
GDM is rewetting the historic portions of Shark Slough th~t ar~ currently cut off 
from the system by construction of the L-67 extension canal.. Other recommendations 
from the current park research staff include reconnecting Water Co:nserv~tio~ Areas 
3A and 3B with each other and with the Park,. and prev~nting· any further 
segmentation .of the system into disjunct units by drainage canals and levees. within 
the Park or the conservation areas. ·· -

2. Boundaries. 

The approximate boundaries of the ENP SWIM Planning Ar.ea.are shown in 
Figure 40. The northern boundary is defined by Tamiami Trail (U.S. Route 41). 
From the Tamiami Ranger Station, the planning area follows the Everglades 
National Park/Big Cypress National Preserve (ENP/BCNP)boundary south. At the 
location where the ENP/BCNP boundary turns to the west, the planning area 
boundary angles to the southwest toward Key McLaughlin :following the 
approximate basin flow pattern of the Shark River Slough. Those portions of the 
ENP north of this planning area boundary will be included in the Big Cypress SWIM 
planning area, when the SFWMD establishes a higher priority tor SWIM planning 
efforts in that area. 

The ENP SWIM Planning Area is bounded on the east by the L-31N Canal and 
levee system, and the C-111 Canal. Areas east of the L-3llevees and the area within 
the C-111 Basin lie within the Biscayne Bay SWIM Planning Area. To a litnited 
extent, conditions within the western margin of the C-:-111 Basin are addressed as 
components of the Everglades sub-section because of the role played by the South 
Dade Conveyance System in water deliveries to the ENP. The boundary between the 
upland ENP portion of the planning area and estuarine Florida Bay planning area is 
arbitrarily defmed as the waterward extent of the Inangrove fringe. The upland area 
includes Cape Sable while the mangrove islands of Whitewater Bay and Florida Bay 
are included in the estuarine portion. The East Everglades/C-111 Basin and the 
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Figure 40. Everglades National Park SWIM Study Area Boundary. 
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Florida Bay Basins are included as separate sections of the ENP Planning area to 
more adequately address the specific resources and problems of these regions. 

3. Physiography. 

Based on previously published records (Davis, 1943a; Puri and Vernon, 1964; 
White, 1970; Craighead, 1971), Schomer and Drew (1982) divided the Everglades into 
two physiographic areas, the Lower Everglades Basin and the Taylor Slough/Florida 
Bay Basin. 

Lower Everglades Basin. Within the Lower Everglades Basin, Schomer and 
Drew (1982) recognized five physiographic subzones as depicted in Figure 41: 

* Shark River Slough 
*Rocky Glades 
* Broad River/Lostmans River 
* Coastal Swamps and Lagoons 
* CapeSable 

Shark River Slough. Shark River Slough is a broad southwesterly trending 
arc of continuous wetland, interspersed with numerous tree islands. Expansive 
transitional areas of slightly higher bedrock elevation distinguish its northwestern 
and southeastern boundaries. The slough occupies the center of the Everglades 
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Figure 41. Hydrologic and Physiographic Provinces of the ENP Study Area. 
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trol1gh which may be . describ.ed as a wide, slightly ·eonca ve depression in the 
ll.ndetlying limestone (White, 1970). 

Rocky Glades. Southeast of Shark River Slough lies a transition area 
known as the Rocky Glades or Rocklands (Davis, 1943a). The name Rocky Glades is 
derived from the character of the limestone rock that lies exposed at the surface., The 
limestone (also called pinnacle rock) is comprised of rock-hardened bryozoan colonies 
laid down when the area lay beneath sea level during the Pleistocene. 

The Rocky Glades form a thin transitional area between the Shark River an,d 
Taylor Sloughs. Geologically, the Fort Thompson Formation under lies tnuch of the 
Everglades trough as a surface bedrock feature, ·While the back slope of the Atlantic 
Coastal Ridge (Miami Limestone) forms the surface rock for the area farther east. 
These bedrock features also make the Rocky Glades a hydrologic transition between 
the Shark River Slough drainage to the southwest and the Taylor Slough drainage to 
the south. 

Broad River/Lostmans River. Northwest of Shark River Slough, the 
bedrock of the Everglad~s trough rises gradually toward the Big Cypress Spur, an 
extension of the Immokalee Rise (Puri and Vernon, 1964; White, 1970). These latter 
features generally define the Big Cypress Basin. The area of freshwater wetlands 
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located.J:>etween the Everglades trough and the Big Cypress Basin is kJ;lown as the 
Broad R1ver/Lostmans River Drainage. · 

Like the Rocky Glades, subtle differences in hydrology, ·hydroperiod, and 
g~ology dis~inguish this area from Shark River Slough. The Mia1ni LiJ?estone 
virtually disappears when a veneer of Pamlico sands of the late Pleistocene 
encroaches upon the Fort Thompson Formation, the bedrock of the Everglades trough 
(Cooke, 1945). · 

Coastal Swam lis and Lagoons .. Puri and Vernon (1964) referred to the low 
mangrove and salt mars areas at the lower end of Shark River Slough as reticulated 
coa~ta~ swamps. T~ese coastal swall1ps and l.a~oons e~tend from the upli;lqd limi~ of 
periodic salt water Influence to the Gulf ofMe;1ncQ, a distance of about lO..to 25 miles 
(16 to 40 kilometers). According to Schomer and Drew (1982), the prominent features 
that delineate the area are: 

* salt marshes, which lie relatively upland 
* mangrove forests that lie in vast wetlal\~ e~panses and along shorelines; and 
* ''back bays" or lagoon&-Mdistinct physiographic features that become more 

prominent north along the coast. · 

. The coastal swamps and lagoons receive g1ost of the .surface runoff from the 
Everglades. Prior to the recent Flandrian sea level rise of the Holocene epoch, a 
larger area was inundated by freshwater .. As surface waters flowed over. this area, 
differential solution of the less-resistant bedrock limestone formed freshwater 
channels (Schomer and Drew, 1982). Freshwater runoff increased the various peat
all.d/or ma.rl-forming environments. As sea level rose to its current level, some areas 

· of underlying peat eroded and oxidized, leaving an an~stomosing network of lagoons 
and ''back bays" (Spackman et al., 1964; White, 1970). 

The largest and most conspicuous of these lagoons is Whitewater Bay. The 
drainage pattern along the northern edge follows the numerous southeasterly 
trending channels of Watson River, North RiverJ and Roberts River. The bay to the 
southeast is confined by an extension of the Atlantic Coastal Ridge that terminates in 
the "Cape Sable High" (White, 1970). 

. Where the main flow of the Lower Everglades Basin drains to the Gulf of 
Me'xico, conditions are less favorable for the formation of lagoons or back bays (White 
1970). Consequently, a wide area of coastline north of Whitewater Bay contains only 
one sm~lllagoon-like body of water (Tarpon Bay in the Harney River) (Schomer and 
Drew, 1982). 

Cape Sable. Cape Sable is one of the most distinctive features of the 
southwestern tip of Florida. White (1970) claims that the cape overlies a degenerate 
westerly extension of Miami Limestone of the Atlantic Coastal Ridge. He refers to 
the terminal end of this extension as the "Cape Sable High." 

It is believed that the beaches of Cape Sable first formed as a result of a 
shallow submarine scarp cut into bedrock (White, 1970). The coastal prairies behind 
the beaches are composed of a succession of troughs and low dunes (Craighead and 
Gilbert, 1962). On the upland side of these prairies, the highest elevations support a 
continuous ridge of hammocks (Craighead, 1971). A series of shallow ponds, the 
largest of which is Lake Ingraham, extend from the north of the middle Cape to 
Flamingo. Craighead (1971) considers these ponds remnants of former open waters 
that have not been completely filled in by marl and peat. 
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Taylor Slo~gh/It"1orida Bay Basin. Schomer and Drew (1982) separate the 
Taylor Slough/Florida Bay Basin into five physiographic subzones: 

* Taylor Slough Head waters 
* Upper, Middle, and Lower Taylor Slough 
* Taylor Slough Coastal Drainage 
* Coastal Swamps and Lagoons 
* Florida Bay 

These subzones are depicted in Figure 41. A description ofthe Taylor Sl(;)u.gh 
headwaters is provided in the C-111/East Everglades Section of this report. The next 
three aubzones are described in the following sections; Florida. Bay is des_cribed in 
detail under the Florida Bay Section of this report. 

Historically, sheet flow through the Everglades followed a.. s.o.uth by BO\lthw~st 
curve, as outlined by the arc of Shark River Sl(Jugh (F.gure 41). SQme ot the $beet 
flow) however, has been transverse to the main axis _of the Miami R.o~k Rid:g~, ·the 
Everglades Keys, and the Rocky Glades. Erosion of the thin l~yer of marl .soils and 
solution of the underlying Miami Oolite created a sol1,1tton .. riddl~d land~cape cutting 
across the limestone toward Taylor Slough,. 

Uffiper, Middle, and Lower Tarlor Slough. Tlie norther~ bounP.ary of this 
physiogr~p~ic subzone is located where"-31W iD.ters.ect~ the main chf;lnnel.ofTaylor 
Slough (Olmsted et al., 1980). This area is refer;red to by Olmsted et al. (1980) as 
U,pper Taylor Slough. It is a well defined 3.4-,mile (5.5~1dlo1lleter) long s~gment 
running from the intersection of the slough and the .canalle.ve~ structur~ L-31W 
south to State Road 27 (Anhinga 'Trail). M,iddle '.('ayl~r Slough is defined as- the 
segment of the slough from State Road 27 south 4 miles (6 kilometers) (Ohnste.d et· t;tl. 
1.98~); Low~r T~ylor Slough is deimed as the segment lying south of this point and 
dra1n1ng to Florida Bay. 

Tavlor Slough. Coastal. Drainafce. Schomer and Prew (19.82) ~escribed the 
areas immediately east and west of Tayor Slough and north of the cQa~tal swam.p.s. 
This area is referred to as the Taylor Slough Coastal Drainage. '!'he limestone r~dges, 
Long Pine Key and Everglades Keys, that run west/soutliwest from upper Taylor 
Slough form a barrier inhibiting sheet flow from Shark River and the lower Ilo.cky 
Glades. This forms the northern boundary of the drainage basin, from which surface 
waters flow south either into Taylor Slough or overland to the east into Florida Bay. 

The area south of the Everglades Keys is largely dominated by Inl:lhly gra8s 
prairies. The Hole-in-the-Donut, located nearly in the middle of this area,. was 
formerly a significant agricultural tract. This forms the southeast fringe .of.Long· 
Pine Key. 

Coastal Swamps and Lagoons. In the coastal area west of 'fay lor Sloug·h, 
Puri and Vernon (1964) distinguish two physiographic provinces lying within the 
Taylor Slough drainage basin. The first of these provinces refers to the series of 
lagoons from Seven Palm Lake to West Lake. A broad continuous strip of land 
covered by coastal prairie occupies the area north of these lagoons, running southeast 
to the mangroves bordering Madeira Bay. The northern border of these lagoons 
roughly corresponds to a partial barrier between fresh and saline waters known as 
the Buttonwood Embankment (Craighead, 1971). A distinct band of pioneer red 
mangrove (Rhizophora mangle ) occurs 2 to 5 miles (3 to 8 kilometers) inland of this 
barrier (Schomer and Drew 1982). 
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Reticulate. Coa~tal S'!atnps, the second province distin~uished by ;puri and 
Ver~on ~1964) ~n this regton, correspond to the mor~ sahne black man~~ve 
(Avzcennza germznans) and white mangrove (Lagunculan(t racemosa) communities 
which occupy the areas south to Florida Bay. · · · · · 

West of lower Taylor Slough the coastal $Wall1PS and l~gQQilS are characterized 
by a series of lakes or lagoons fringed by mangr9ves, :.vvith scrrne tropical ~ardwoods 
tow~rd the eastern end (Schomer and D:rew, 1982) .. Spl!th of thes·e lagpons toward 
Flor1da ~!IY the area is dominated by red, })1~~~, and 'w~ite lnang~oves, b~tton~ood, 
and pra1r1es of salt tolerant vegetation '(Russell et al~, 198Q) .. On th~ eastern stde of 
Taylor Slough the coastal lagoons are less prominent, and the surface drainage is 
better defined. This hydrologic structuring leads to a land and vegetatioQ. pattern 
that radiates out from the surface drainage pattern (Schomer and Drew, 1982). 

4. Geologic and Topographic Structure of.t\:te Study 1\rea. 

Holocene Sediments of the Lower Evf3rglflges. _ Holocene sedi mertts in the 
Lower Everglades and 'raylor Slough ar~ the ,result of a seasonal abundance of 
rainfall and. a warm subtropical climate, which over the last .5,000 years have 
promoted a highly productive vegetation and .an indurated surface veneer of the 
periodically-exposed limestone. The b~u-.dened surface has led to retention of water 
a~d growth of wetland vegetation. Together, thf;!s~ conditions create an ideal 
environment for the formation of alternating h1yers, ()f organic peat and calcitic muds. 
Holocene sediments in the coastal areas reflect a mo~&.pervasive marine influence. 

Gleason et al. (1984J consider all Holocene setiiiP.e11ts and s()ils qf south Florida 
mainland to be of the Lake Flirt Formation. The distribution of surface sediments 
and soils in south Florida closely f~llows bedrock geology and hydrology (Dayis, 
1943a; Parker -and Cooke, 1944; DaVIS, 1946; Gleas.on ~tal. 1984). The underlytng 
bedrock geology is characterized by two troug~ corresponding to Shark River and 
Taylor ·Sloughs. These distinctive bedrock features are masked in surface 
topography. The subsurface features are flattened out by peat accumulation and the 
deposition of fresh- or brackish-water calcium carbonates. 

Within the lower Everglades (Shark River Slough) and Taylor Sloug·h areas, 
there are twp major divisions of Holocene sedimentary sequences: 

* Areas: in which geologic core borings to Pleistocene bedrock reveal no brackish 
water sequences of marl or peat. 

* Areas in which core borings indicate inundation by brackish, marine 
conditions at some time in the recent past. 

According to White (1970), a critical factor in determining· where fibrous peat 
accumulates in south Florida is the nature of the base upon which it rests. Peat 
occurs commonly over limestone and rarely on silica sand. This association supports 
the concept of an Everglades trough cut by solution. Fibrous peat may accumulate on 
limestone because the limestone can be dissolved down to the water table. In 
contrast, the ·surface of silica sand cannot be so readily reduced because it is not 
lowered by solution. 

Sediment accumulation in the Everglades area closely parallels the bedrock 
geology and historical hydrology (Cohen, 1989). Two troughs corresponding to the 
Shark River Slough and Taylor Slough run through the study area, and it is along 
these troughs that the greatest thicknesses of Holocene sedimentary sequences have 
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developed. Extensive accumulations of peat and fresh or brackish water calcium 
carbonate have tended to smooth over these underlying troughs, and today the 
surface topography within the study area is virtually flat. 

Holocene Sediments of Taylor Slough. Holoc~ne sediments i~ the, w.e13t~rn 
Everglades and Taylor Slough areas are the product of cas.e hardening of the 
periodically exposed limestone rock, the rete11.tion of aurface freshwa,ter, and the 
luxuriant growth of wetland vegetation. Thes.e conditions have led. to the production 
of alternating layers of organic peat and calcitic mu(l throughout tbe are~. QQ}),~n 
(1989) differentiated nine different types of peat frolll the Everglades and coa$tal 
swamps of south Florida. The most significal'lt types -of peats ~een· in t.his study area 
are those formed in mangrove, salt marsh, and brackish water habitats; however,, the 
precise mixture of the vegetative and environmental factors doniinating · pe{tt 
formation at any given spot have alternated over time with rising a:o.d falling s~a 
level. · 

The distribution, origin; and stratigraphic relationships of the Holocene sediments in 
the. Taylor Slough are presented by G lea sort (1972) .an~ 1suttunari~ed. by .Gleason et al. 
(1984). Six distinct stratigraphic groups are :recogni~ed. The ~1umm..ary of the ~i~ 
groups presented below follows Schomer andDrew(1982)., 

Group A. Composed exclusively. of .peat., Group A is loca.ted in the deepest 
central portion of the slough. Alternating l~yers of water lily and sawgtass peats 
reflect changes in the surface water levels and hydroperiods, presulnaoly a r~~ult of 
climatic and sea level fluctuations. Gleason et al. (19.84) believe the entire central 
depression of Taylor Slough is probably underlain by this contint:tous peat sups~rate 
down to the oolitic bedrock~. The alternating but continuous· r.eco~d of pea.t suggests 
that this portion of the slough was wet continuously·duritl:g the .HolQcene. 

Group B. Located on both the western :and ·e.a~tern marg,ins of the slo11gh1 

Gro11p B is composed entirely of calcite. Calcite, produced through the action ofbl:ue
green algal mats that extend over much of the exposed limestone; constitutes the 
"marl prairie" communities to the east and west of Taylor Slough. The ongoing 
deposition of calcite is believed analogous to the-conditions that produced the strata 
of the Lake Flirt Formation. The continuous calcite strata in these areas suggest the 
recent environment has remained fairly constant. 

· Group C. Located in the eastern margin of the slough and running parallel 
to' its axis, Group C consists of an upper layer of calcite underlain by alternating 
layers of peat. Gleason et al. (1984) interpret this as "filling up•• of a basin with 
sediments. Deep water peats gradually build up. As· the hydroperiod shortens, 
calcareous periphyton begin depositing calcitic mud layers. 

Group D. Located in the western margin of the upper sloug·h, ({roup D 
consists of a peat layer sandwiched between two calcitic layers. Gleason et-al. (1984) 
interpreted this to represent an historical shift in hydroperiod that allowed _peat to 
build up in a relatively wetter area. A subsequent drop in water level forced the 
return of a calcite-producing environment. 

Group E. Located along the upper fringe zone between Taylor Slough and 
Florida Bay, Group E represents a transitional environrnent reflecting the 
oscillations of Holocene sea level. The alternating layers of red mangrove peat. and 
calcitic mud indicate that neither marine nor freshwater conditions have dotninated 
during recent time. 
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Group F. Locat~d along the ·southern tip of th~ slough, ~Group, F consists of 
red mangrove peat overlying a layer of calcitic mud. Tbts arrangement supports the 
theory of a general transgression of the sea over south and southwestern Florida 
(Scholl et al.,l967). · 

Soil Classifications. The three ba.sic soil types· in the Everglades ate marl, 
peat, and rockland soils. The ENP. area ·'contains a great variety soil categories 
generally falling into these three basic soil types.· Table 4:1 lists the nine soil series 

Table 41 S "IS . d P t M t · I £El I d S "1 . 01 er1es an aren a er1a s:o ·vergJa es 01 s. 
Series Parent Material 

MARLS :.r 

Perrine Unconsolid,ated finely divided !llghly calcarf:'OUS sediino~ts, 6 to 6_0·~nchcs (15 
to 13.0 centimeters) deep o:v~:r Jrm_~~~QP~.;: JPamly of fresh-::water Qt·•g~J n. 

Flamingo 
Unc~m~olidated vert) fin_e1y;llividap highly:~alc~reoti~ marh1~ sed·iment.s ~0 t.o 
120 Inches (130 to 3 0 centuneters),deep~over ltmestonc; mamly formed 111 
brackish.or salt W'ater. · - ·'; -.- -,:, · ._ . _ _ ·_ 

Ochopee 
U ncortsolidat~d fi~el{j divided' c~Ic.a_remi~ 5e~iihep:ta (high Cl)rt~ep f. ofo fi'nu 
sand); 4 to 12 mches 10 to 30 centnneters) over hmestone; mnmly of 
freshwater origin · 

Hialeah 
Unconsolidated layers of finely divided calcareous sedimen Ls7 organic 
r,.emainsd and fine sand; or·organic remains.over calcarcuu~ ~edimerlt$ and 
hne san over soft limestone. _ 

PEATS 
Remains ofsawm,-ass, lila, sedge, a:rrowl)_ead,sawgrasaover lirnetif.one, or Everglades 
shallow h1yer of fine san .or mar lover luriestone. 

Loxahatchee Remains ofhladderwort, Hlyl se(lge, arro~head, sawgrass over liinc~f.one, or 
shallow layer of sand or rn~t over hmest()ne. 

·Gandy Remains ofwhite hal, myrtl,e, .rubber trees1 ferh,sawgrass over limestone, m· 
shallow layer of san orJt1arl over limestone. . . 

ROCKLAND 
Rockdale Small pockets of fme sand or fine sandy loam in soft limestone. 

Rockland* Consists mostly oflimeston~and shallow ~olutioil holes filled with fine sand. 
~ource; llescrtmon rom umvennty ottt'Lortcta1 AgricUJtureJt.ixpenn:tent~tatton, 11:165. All otherdes<~nptions rrom :sc:s p 

1946. 

expected to be found in the ENP Planning Area (SCS, 1958) along· with a description 
of the parent material of each soil. · 

Marl. Marl
1 
soils vary in texture according to the particle size of their main 

constituent, calcium carbonate, and the amount of clay or other material mixed in 
(SCS, 1!)58). Most of the marl soils that cover extensive areas of the Everglades are of 
recent age, while some of the subsoil marl is Pleistocene age or older. Some of the 
recent soils, including marls and peats, developed over bare rock. Fine sediments 
washed in from the sea and deposited on the shore, .as in the formation of Flamingo 
marl. Marl, such as Perrine, developed in fresh water from sediments washed over 
calcium carbonate rock. The solution and redeposition of calcareous materials, often 
contributed by calcareous algae, contributed to this process (Davis, 1943a,b). 

Flamingo and Perrine marls may be mixed with various quantities of organic 
materials or sands forming marly mucks or sandy marls. Similar to Perrine marl, 
Ochopee is of fresh water origin but differs from other marl by a high content of fine 
sands. Hialeah mucky marl occurs near the eastern border of the Everglades Basin 
and has thin interstratified layers of marl and peat or muck. 
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Rockland. Much of south Florida was not covered by the Pamlico Sea of the 
Pleistocene Epoch, resulting in large areas of exposed rock without soil m~teriaL 
Most of the deep peat soils of the Everglades develope·d ove;r the last fe·w thousand. 
years on this bare rock surface. · 

In large areas where the rock has not been covered with soil, collectiQI1 ()f 

organics in pits and pockets of the limestone allow pla:nt growth over mo.st of the 
urocklands'\ such as the Rockdale and Rockland soil groups. Areas where. soil 
remains very thin with little vegetation cover are very s~nsitive to fires.. Often fj:r;,e~ 
reduce the shallow soil to ash and set back pl~:n.t succession, .thereby limitiQ.g the 
development of vegetation communities in the rockland. 

Peat. The basin formed by the eastern rim of the Miami oolite co~sta:I ridge 
increases slightly in elevation from the coast north toward Lake. Okeechobee (l)avis, 
1946). This topographic condition favored accumulation of peat in the Evergla4e$. 
Rainwater and overflow from the lake accumulated in the basin. Slow sheet flow and 
ponding occurred over the nearly impervious rock floor. Exten$ive peat and 'muck 
deposits were formed from the buildup of marsh, swamp, and aquatic veget~tioh and 
fl11ctuating water conditions. The type of peat form~a, dep~nded upon the killd of 
organic and plant material, the thickness of the . p.ea.t ID.t;tntle, and the chara~cter Qf 
underlying materials. The main plant materials in the E·verglades contributing to 
peat formation .include: sawgrass, water lilies and emergent species~ and leave~ ·and 
stems of woody plants. 

Different types of peat are classified by the origin of the plant material forming 
the deposit. Everglades peat was formed through decomposition of sawgrass., wat~r 
lily, sedge, aJ1p myrtle. The other peat mucks (Everglad~$,, Lo:1ahatchee, and Gandy) 
were formed from other plant species listed in Table 42. Organic soils d·eveloped 
from the growth and decomposition of marsh and swamp vegetation. Neatly half of 
the peat in the United States· occurs in Florida and half .of the e~timated original 
supply occurred in the Everglades (Davis; 1946). 

Subsidence of the peat soils has occurred through loss of water with. the 
construction of drainage canals since the early l9001s(Davis, 1.946; Stephens, 1974). 
Many peat and muck are~s have been burned, oxidized, subsided or washed off, 
because of altered water tables, removal of original vegetation, and altered drainage 
conditions.: Instead of continued formation of the soils, soils have been depleted 
exposing r9ck, sand, or marl substrate. 

Because of the direct relationship between topography and surf~ce rock, 
vegetation types often form in relation to the physiographic features of rockland and 
thin soil areas. There is a strong correlation between topography, soi I, and rock 
strata. 

Soil Surveys of the Everglades Region. Two soils maps of Dade County 
have been produced. The Soil Conservation Service generated a Set of 12 soils m(lps 
in 1958 (SCS, 1958). ·The soils were divided into 6 soil groups and 6 miscellaneous 
land types. There are 15 soil series divided into 3.7 soil types or phases. The 
University of Florida Agricultural Experiment Station in cooperation with the Soil 
Conservation Service produced a report on Soil Associations of Dade County, Florida 
(Leighty et al. 1965). This document included one soils map and a table of the soil 
series grouped by associations. Eight soil associati!lns ~r groups were delineated 
including 18 soil series. A comparison of the soil classification from 1958 compared to 
1965 in Table 42, shows that the 1965 survey contains more soil phases of each soil 
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Table 42. Soil Types of the Everglades 

1958 Classifications 1965 Classifications 
1. Moderately Well Drained Shallow Soils Group 4- Well Drained Rocky Soils 

Rockdale fine sand, level phase - limestone Rockdale fine sand JimeHtone complex complex 
Rockdale fine sand, undulating phase -limestone 
complex 

Rockdale .fine sandy level phase-Rockdale fine sandy loam, loam - limestone 
complex limestone cornplex 
Rockdale flne sandy loam, undulating phase-
limestone complex 

2. Poor1I To Very Poorl~ Drruned1 Moderate]~ Dee:Q ·(Jr~nip 5- Poorly or very poorly drained marls Marls 
Flamingo marl Flamingo 
Hialeah mucky marl Hialeah 
Perrine marl Perrine 
Perrine marl, peat substratum phase 
Perrine marl, shallow phase 
Perrine marl, shaUow, peat substratum phase 
Perrine marl, tidal 
Perrine marl, very shallow phase 

a~ Poorly to Very Poorli DrainedJ Shallow Marls Group .5-Poor)~ or very (!Oorly draii1ed mar1s 

Ochopee fine sandy marl,shallow phase Ochopee Perrine - shaUow and very 
$ha11ow 

4. Verx Poor I~ Drained Organic Soils2Derivedfrom Group, 6- Very poorJy drained peats Hematns o(Sawgrass 
Eve~glades peat Everglades 
Ever:glades peat, over shallow mar 1 
Eventladea peat, shallow phase 
Everglades peat, shallow phase over deep sand 
Everglades peat; shallow phase over shallow marl 
Everglades peat, shallow phase over shallow sand 

5. Very Poorly Drained Organic Soils.Derived from Group 6 .. Very Poorly drained peat~ Jiemaurs or Woody and t;uccuJent AguatJc ~!ants 
Gandy peat Gandy 
Gandy peat shallow phase 
Loxahatchee peat Loxahatchee 
Loxahatchee peat, deep phase / 

Loxahatchee peat, over shallow marl 
Loxahatchee peat, shallow phase 
Loxahatchee peat, shallow phaHe over shallow 
rnarl 
Loxahatchee peat, sha11ow phase over shallow 
sand 

6. Somewhat Poorly to Poorly Drained Rockland 
Rockland 

7. Miscellaneous Land Units Group 7- Miscellaneous land t.l'Ql!H 
Coastal Beach Coastal Beach 
Cypress swamp CypreHs swamp 
Made land Made land 
Mangrove swamp Mangrove. swamp 
Mines, pits, and dumps Mines, pits, and dumps 

Rockland 

~ources:Soil Conservation Service Soil Survey of Dade County (1958) and Leighty et al., 1965 
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type. Rockland was classified in 1958 as miscellaneous land type - not enoug~ soil 
materi~l to be classifie~ as a true soil. In the 1965. survey, the Rockland seri~s was 
reclassified as a true soil. 

The latest Dade County soil survey has been. completed ~nd'. i.~: expected: to' be 
printed and available to the public in 1990, but does. n.ot provide. cov.er~g~~. of t}l~ ENP 
SWIM planning area. 

'1'opography. Literature regardi~g topography witllln· the planning CJ.,'Fea is 
not extensive. Johnson (1958) provided a brief description ofsurface·eleva.tiohs·ofcthe 
mainland area of ENP primarily based on a·a.:ta c()lle.cted in the I:94!Qs. by th._e.· Soil 
Conservation Service. Elevations in the park ranged from about 8 feet (2~ 1net;ers) 
above mean sea level near Tamiami Trail to mean sea level a,t INorida) Bay. A 
general topographic map of the EN:P was prese:nt~d> bu,t Johnson (19'58) noted tha:t 
the contours presented were not exact. He advised that more acqur.ate topQbr-ra:pbic 
information was needed prior to any planning of watermanagem·ent. operations:~ -

On behalf of the South Florida Research Gefiter (SFRC} of the, National Park 
Service (NPS), surveys of surface eievations within major, porti'Ons of .the planning 
fl,rea were recently (ca. 1987) completed (Be~d~wan, persone:1l eominunica.tj-on). 
Surye_y transects were run westward from L~31N, with surface eleva;bions :being.: 
recorded at 400-foot (120-mete:t) intervals. Tr~nsects were ~tarted. roug~hly a 
kilometer (0.6 mile) south of Tamiami Trail and repeated at 2 kilome~er, (1.2· niile)' 
intervals. These surveys . primarily provided. ~lirt:face elevation data> for the, E-ast 
Everglades and Northeast Shark River Slough.. Coverage ofthe central an:cl' soutliern 
portions of.Taylor Slough and the Eastern Panhan41e ofth,e.IDNJP wa~ less,d,etailed in; 
part because survey cuts were not allowed within _the Park~ Fbr the- satne· teaeon,. 
limited information is a vai,lable for most of the C-lll :Bf.lsjn. · 

The SFRC is working with the Univ:ersity ·of Florida and NASA in d'evel.-oping 
detailed topographic mapping of the E'NP and ~djac~~t ~reas based on the survey 
data described above (Discussion November, l98~lwitllRobertJ:ohnson, s:FR.C~ENP). 
The University of Florida has prepared a c.ontour map, using these:data, and, the,SFRC 
has incor.porated this map into its Geographie Information . S.yst~m (QlS}. 
Additionally, the elevation data were provided to NASA for analysis in association 
with NASA's satellite imagery of the planning area. A second topographic map~ thus; 
has been prepared which SFRC will compare with that produced by the Uni¥er.sity of 
Florida's contouring !program. The topographic data set stored in the 8FRC GIS has 
been requested; wh~n received, it will be incorporated into the. District's GIS 
database. 

5. Hydrology and Hydrologic Relationships 

Ground water Resources. The hydrogeology of south Florida is extremely 
diverse. It includes unconfined, semiconfined and confined aquifers Three aquifer 
systems are identified in the Everglades SWIM area, these are the Surficial Aq~uifer 
system, the Intermediate (or Hawthorn) Aquifer system, and Floridan Aquifer 
system (Table 43). The Surficial Aquifer is the only source of potable water within 
the ENP SWIM Planning Area. The Intermediate Aquifer system contains a few thin 
layers of moderately permeable limestones which can yield srnall quantities of 
brackish water. The Floridan Aquifer is a regionally extensive, deep aquifer that 
contains non-potable water throughout South Florida. 
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Table 43. Generalized Stratigraphic Relationships in the Everglades Planning J 

FORMATION 

TERRACE DEPOSITS 

·MIAMI OOLITE 

KEY LARGO LIMESTONE 

ANASTASIA FORMATION 

LITHOLOGY-

FI{!E to MEDIUM SUBANGULARQUARTZ SANDS 
WITH, MINORAMOUNTOFSILT AND CLAY 

MbDERA TEt.Y .INDURA TED.SLiGHTL YSANDY 
OOLITICLIMESTONE .· 

MOD ERA TEt Y INDURATED, HIGHLY 
FOSSILIFEROUSCOj~ALLINELIMESTONE 

S.A.NDY LIMESTONE, SANOSTONE,.SANDAND 
SHELL TYPICAl~Y O'CtURRING AS COQUINA 

·FRESH\¥ATER AND:IVJARINESHELL.B.EDS WITH 
FTTHOMPSON FORMATION INTER'"BE'ot)ED LIMESTONE 

AQUIFER 
SYSTEMS. 

WATER BEAI 

BISCAYNE AQUIFER Pf 
SOUTHEAST FLORIDA 
SHALLOW AQUIFER T. 
HIGHLY PERMEABLE II 
LIMESTONES AND INS 

SURFICIAL OTHER WATER TABLE. 
MODERATE PERMEAS 

AQUIFER SANDS. UNIT IS SOME1 
SYSTEM UNDERLYING AQUIFEI 

~------ • CALOt>SAHATCHEE 
.FORMATION 

'POORLY CONSOLIDATED 'SANDY SHELL BEDS 
WITH INTERBEDDED LIMESTONE 

PLIOCENE TAMIAMI FORMATION NIODERAT,E£Y 1NDUft6.tED, SANDY AND 
SLIGHTL YPH'9SPHATICLIME$;!0NE 

~------~------------_.--~------~--~~-~-~~~----------+---~---+~~~~~~~ TH ~ HAWTHORN i=O.Rf 

MfOCENE 

OLIGOCENE 

EOCENE 

PALEOCENE 

HAWTHORN 
FORMATION 

TAMPA FORMATION 

.HA.W+HORN: (!ON:FINING BED FORT: 
SYs~·EM OVER MOST C 

AQUIF~R: HOWEY.E~IN SOUTwA 
SYSTEM . ' AR~ESt~N .. AQUIFERS~(! 

I·£6.:WTHORN) YIELD :M; 
·- 8uf;r\rrm~s OF WAti: 

SUWANEE FORMATION fVtEblj:JMqRA,U\IEt:r'(CA~CARENITi¢) LIMESTONE.. FLORIDAN 
SOMETIMES'SANDY . 

dVEAALL VERY HlGS:.f 
bEVEli:1PED MOLDlC; 
SECONDARY SOLUTIO 
VERY HIGWPERMEABI 
FORMATION COf\JTAC' 
~NDcLOWERMIO.¢ENE 
ANtfUMES:TONE·BEDS 
ZOf}JESlN THE UP._P~R'F 
"f:O·INTERB'EDDED:AN~ 

· - _ AQUIFER 
CRYSTAL RIVER 
FORMATION .THE: O.CAt.A GROUP COKI'f~INS P~INCIPALLY 

.,;._ ____ __;... __ ---1 BIOG£NIC,A.NDMICRITJ(: COQt;JI~OJDUME-
WILLISTON FORMATION 

AVON PARK FORMATION 

STONE·S LOW~R INrERVALIN CALCARE~ITIC 

FOSSILlFEROtJS DOLOI\mtes AND HIGHLY 
RECRY..STAU.:I_lED ~19G~~IC UM~STONES 

LAKE CITY tiMES. TO.· NE HIGHLY REC~YSTALLIZED DOLOMITES WITH 
VARYING AMOUNTS OF GYPSUM . 

~--------~------~~~~~~~------~ OLDSMAR LIMESTONE CHALKY AND FINELY FRAGMENTAL 

CEDAR KEYS LIMESTONE 

FOSSiliiFEROUS LIMESTONE 

HIGHLY RECRYSTALLIZED DOLOMITE AND 
EVAPORITES (GYPSUM AND ANHYDRITE) 

SYSTEM 

_' 

ZON:ES'OF:HJGH TRAN' 
BOIJLDER' ZQNES),OCCUR WITt{ll 

ZONE .LAKE CI:TY LIMESTONE 
V·ERY HIGH LATERAL F. 
HORIZONTAL CAVITY 

Source: Kreitman and Wedderburn, 1984 
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Surficial Aquifer System. Jarosewich and Wagner (1985), in a ·study of;the 
geologic structure of the Surficial Aquifer system under lying ENP, found 
considerable heterogeneity in the lithologies but su·ggested ·two~ distinet $ones: 'an 
upper zone of permeable limestones and clt)stica, and .a more heterqgeneo:Us lower 
zone of relatively i!f1permeable fine grained .sands and silty sands interbed~ed; ·~Jth 
permeable sands, limestones, and. shelly .marls. The pe~meable upper :zen~ an~ :phf! 
permeable beds of the lower zone were considered to be· :hydralilic@:lly ·CQnntlC.ted; 
therefore, _the two zones were considered as a si~ngle :;~uificia:l <aquifer sy.~tem. 
?resen~e of a regionally continuous "green ¢lf:l.Y bed" of-the loW¢r·T~:m,iaim.i 'f~rm~Ljon 
;Is considered the base of the aquifer system, Gleason ._et .i:tl~ (1:984) descnibe(11 ·the 
surficial aquifer system as a series of i_nterstratifie(l,. highly :p.ermeaple,: .. ~nd 
relatively impermeable layers extending fron1 the surface ·down :to a ireg·io.Q~:Uy 
contin~ous basal zone. · : 

Differences in the permeabilities ofthesands, limet:;tones, marls, and sUt~:that 
compose the aquifer system influence .the ·direction and rate Qf ground w~t;er 
movement. This movement is generally slow {rom recha:rge·zones ~whet~e·water l~vels 
are high toward coastal areas wh~re wa.ter Jeyels -~re low, ,1;\Q-4 Where som~ itil~~nd 
migration of seawater occurs during extended .drought periods. The water t~ble~ri'ses 
above the land surface over large areas hi the interior because of the cornliined 
influence of low land ~elevation, lack of surface relief; .~and a seasonally ,pl_en.t~fLil 
rainfall. These surface waters ·may then flow overland a.long'-seaward gradiel)tS, .hp,t 
enroute also serve as a source of recharge for the ·sur.:ficial .aq:Uifer system. Thus, the 
surface anQ. ground water systems are interrelated. 

Current Drainage Basin.s. The :ENP SWIM: Pla:nnip.g Area :incJudes two 
recognized ·drainage basins, Shark River SloMgh :{ln~'IDQ.ylor !Slough, located -wit9in 
·the ENP, N ortheastShark River Slough(NESRS)locat.ed:Within·t\1<:} East ~verglad~s 
Area (EEA), and the C-111 canal basin (Figu~re 42)~. The cutrrent FJNP ·':bas~n ,•as 
described by Cooper (1990, in press) incl~des:-alLpf the ENP; the 'E"EA, ·::rn:d f1 portio1,1 
ofthe_:South'Unit ofthe.East.Evetglades Wildlife 'Management A_rea (EEWMA). ''J;be 
EEA is bounded. by L~29 on the north, L•31N en the ·east, ,and ENP :on the west. The 
:portion of the EEWMA within the ENP basin lies in .s_outh-centra:l Dade County 
bounded by ENP and C-111. With the exception.ofthe EEA/C-lllBasin, a.maj,or.ity 
of the study area is undeveloped and in public .. ownership. Theve· is private 
development in the EEA, that is limited to an 8.5 square-mile .residential area near 
L-31N and agriculture along the western boundary of.the L-.31 N le\ree·. The EEA/C-
111 Basin and headwaters of Taylor Slough .are described in detail in another section 
.of this report ! 

Shark River Slough. Water movement in Shark River Slough depends on 
.the timing, duration, and magnitude of flood and drought conditions. Und~r 
high-flow conditions, the velocity of sheet flow may reach 1,400 to 1,600 feet per day 
or about 50 miles per year. During drought, velocities may d·rop to zero as the wa~ter 
table falls below ground level (Schomer and Drew, 1982). Constantly high losses due 
to evapotranspiration affect sheet flow. Recent isotopic data suggests that 
groundwater u_nderlying Everglades National Park is derived primarily from .recent 
surface waters, and is heavily affected by recent rainfall recharge, while waters 
under Alligator Alley in Water Conservation Area 3 is much older and less directly 
affected by rainfall (Swart 1989, unpublished data). 

Flow velocities are typically very low in the Everglades, ranging from 0 :.to 1 
centimeter per second because of the small hydraulic gradients and resistance offered 
by the vegetation (Rosendahl and Rose, 1982). Water appears to move down the 
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Figure 42. Drainage Basins and Water Management Features of the 'East 
Everglades in the Vicinity of Everglades N~tionf;ll Park. 
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s~oughs in a series of sheet flow pulses (Schomer and Drew, 1982), each from a 
dt~ferent run~ff year. Seasonal pulses from Tai}J:iarp.i Canal are aug:tn·ented by local 
rainfall and diminished by evapotranspiration.· The pulse may travel as little as 5 to 
6 miles per year or as much as 20 miles depending on the specific cQnditio!l~. As each 
subsequent year's pulse begins, the remainder of the previous year's pulse becomes 
replenished by rainfall and upstream flow pushing the flow even farther down the 
slough, eventually into the estuarine zone. 

Water Delivery and Flood Control System. Inflows to the current ENP 
basin include: local rainfall, surface water flow from WCA-SA to Shark River Slough 
through the S-12 structures and S-333, surface. flow from L-3l·N Canal to Taylor 
Slough through S-332 and S-175, surface flow from 0 .. 111 to the,eastern panha:t;~.dle of 
the ENP, and the South Unit of the southwestern C-111 basin through gap·s in the 
south ber·m of C-111 between S-18C and S-197 (refer .to ~,igure 42). Additionally, 
flow into NESRS occurs through culverts under Tatniami Trail. 

Pre-draina e surface water deliv.eries. The Everglades were not gauged 
sufficie:pt. y prior t. o major drain~age system.. . ev:elopmt:nt to accurate.ly _· deter~ine 
pre-drainage flows to Shark R1ver Slo~gh. Approxtmate water budgets were 
constructed by the Central and Sout}).ern Flori~a Flood Control District (1950) and by 
Langbein (in Parker et al. 1955), both af which concluded that average a;nn\]al 
predrainage inflow to Shark River Slough was in excess of 2 million acre~ feet The 
USCOE (Appendix B of Pa:rt I, Supplement 33 .. Ge11eral Design Memorandum for 
Conservatuioion Area No. 3 ~-June, l960).estimated that.historic water deliverie& to 
Everglades National Park, across the TaminamiCanal from L-30 to Monroe Station, 
during averge rainfall years (57 inches) was about.1,250,000 acre-feet. 

The Central and Southern Florida (C&.SF) Project. The conveyance canals 
and control structures within Dade County are :part of tfie G&SF Project constructed 
by the. USCOE for flood protection, water ~upply a,nd other allied purposes .. The first 
phase of the project was authori~ed by the Flood CQntrol Act of 1948. This first phase 
included most of the existing water control works in the Everglades Agricultural 
Area (EAA) south of Lake Okeechobee along with the early flood control and 
drainage canals in the developed areas of the lower east coast. 1'he remaining works 
as well as other modifications were authorized by the Flood Control Acts of 1954, 
1962 and 1968. 

The first overall plan for flood protection and water control for southern Dade 
County was presented in the Survey Review Report on the Central and Southern 
Florida Project, South Dade County (USCOE, 19.61). The L-31 W Canal system was 
not included as part of this plan. The remaining major flood control and water supply 
facilities for southern Dade County were addressed in the General Design 
Memorandum (GDM), South Dade County (USCOE, 1963). The L-31W Canal and 
control structures S-174 and S-175 were added to the project as part of the 
memorandum following recommendations by the NPS and the U.S. Fish and Wildlife 
Service. 

The frrst major canal constructed in Dade County was the southern end of the 
Miami Canal, which was built in 1912 to drain the northern Everglades basin to the 
Atlantic coast. In 1951, construction began on the L~30 and the northern part of the 
L-31N canal and levee systems. These were built as part of the eastern levee system 
protecting the populated east coast urban area from the Everglades during times of 
flooding. In 1961, construction began on the L-29 Canal and levee syste1n which 
largely completed the closure ofWCA-3 along the northern boundary ofENP. At this 
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time, there was 'no connection between the L-30 and L-31N canals so the canal 
systems south of the Water Conservation Areas could be used for flood control but not 
water supply. 

By 1965, the C-1, C-2, C-100, C-102, c .. l03, an.d C-111 had been constructed 
and control structures were added to all new and e~sting canals to reduce salt water 
intrusion,. and to retard overdrainage of ground water .. In 1966, construction began 
on the remainder of the L-31N Canal and stru(!ture~ S-173', S-176, and S-177 were 
.added to control flows southward intn the C•lll GanaL At the same time several of 
~he earlier canals (C-1, C-102, and C-103) were extended westward to the L-31N 
Canal to improve flood protection and allow for water supply to these basins. 
Construction of the L~31W Canal and structures'S:-174 and S-1'75 began in 1968 and 
was completed in early 1970. At this tim·e .the system still lacked sufficient control 
structures to move surplus water from WCA -3A to the lower east coast . 

.South Dade Conveyance s:vtem. The need for more fresh water in Taylor 
Slough and the_ downstream .areas of~lorida Bay p;romptf;;!d Congress to authorize the 
construction of the South Dade Conveyance System (SDCS) as part of the Flood 
Control Act of 196.8. This system of canals, control structures, and pumping stations 
(Jj,igu-re 43) was added to the Project for .the purpqses of conveying. additional water 
supplies for the ENP and for agricultural ·and urban devel()pment along the lower 
east coast. The system was primarily designed. to provide 55·;000 acre-feet per year of 
supplemental water to the eastern portion of the ENP to meet the congressionally 
mandated .minimum deli very sch~dule. 

Proiect Structures and _ F.eatures. T:here . are tetr Project .structures. 
controlling flows withili the ·ENP study a.rea: S-12A, S-12B, S-120., S-l'2D, S-180, 
S-175, S-197; S:-332, . S-333, and · S;.B3'4. _.There are two structures controHing flow 
within the ENP basin; S-346 and $~34·7. There are two other Project structures,. 
S'-12E- and S-14, that connect the ENP basin to the 1~29 Canal and to WCA-3A~ 
respectively. These structures are not currently operated (Cooper 1990~ in press) .. 

The first connection between WCA-3A and the south Dade canals occurred- in 
1.978 with the completion of structures S-333 and S-334 in the L-29 Canal. These 
structures were installed to provide additional dry season water deliveries to L-3lN. 
Another purpose of the SDCS was to supply recharge water! to the Alexander Orr and 
the Florida City wellfields. r 

Project works are largely peripheral to the ENP basin and have as their 
primary function providing a supply of water to the basin, The L-67 Extended canal 
is the only Project work within the basin. The L-67 Extended Canal ([1"igure· 43) 
serves as a "get away channel .. for the discharges from the S-12 structures (Cooper 
1990? in press). The channel allows water to move away from the outlet structure so 
that more water can move from WCA-3A to ENP. It was built as a water supply 
feature so that water could be put into ENP even when WCA-3A was dry. 

Recent Water Delivery Schedules. Most of the surface flow enteting ENP 
occurs through the Central and South Florida Project. Project works are largely 
located on the periphery of the Park. Their primary function is to supply water to the 
basin and to pass floodwater flows from adjacent basins into the ENP. 

Water control works that were constructed immediately adjacent to Shark 
River Slough, Taylor Slough, the East Everglades and the panhandle of the ENP 
allowed water managers to regulate flow across park boundaries. SeveraJ water 
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Figure 43. The South Dade Conveyance System. 
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delivery schemes were implemented from 1962 to 1982 to meet delivery goals for the 
ENP. The principle such scheme was the Minimum Delivery Schedule. Table 44 
provides a summary of water delivery schedules to Shark River Slough for the period 
from 1962 to 1982. 

Table 44. Summary of Water Delivery Schedules to Shark River Sloug-h. 
Schedt.i1e (Dates in Effect) Summa.ry 

1. Conservation Area 3A Stage Park only to get excess water once Conservation AreasliUecl. 
(Dec.l962- Mar. 1965) 

~. Conservation Area 3A Stage All excess to pa.rk through S-12s. 
(Mar, 1965- Mar. 1966) 

3 stage zones dictated 3diff£uent monthly delivery 
schedules. 

P-33 as override. 

:ll Lake Okeechobee Stage 13.5-15.5 *feet -1000 cfs lhrough S-12s~ 
(Mar. 1966 - Feh. 1970) 

4. Lake Okeechobee Stage 
(Feb.l970- Sept. 1970) 

5. Congressiona11y mandated 
minimum delivery schedule 

(1970-1982) 

12.5-18.5feet-140tol50cf's throughS·d2s. 

Below 12.5 feet- no delivery; 

Above 12.5 teet- 260,000 acre~{eet through Sw12s. 

Below 12. 5 feet .. reditced% of' schedule. 

P-33 as override. 
260,000 acte-f'eet minimum delivery lhroughS-12s. 

Provisions for red'#,ction to share adversity in tlroug ht. 
o;c =National Qeodetie Vertical DatumfNGVD). {Modifiedfrotn:Wagn~r~dR~sendahl1 l987) 

Minimum. Deliver[ Schedule. Two studies in the i960s alJowed 
development of interim Sliar River Slough water detivery schedules. A minin1u1n 
lllonthly Shark River Slough delivery schedule was adopted by Congress in 1970, as 
Public Law (PL) 91-282. Dunn (1961) analyzed Sh~rk River Slough discharge records 
for a a .. year period (194 7 to 1952), and recommended adoption of the median annual 
flow (273,000 acre-feet) as the minimum annual delivery requirement for the slough. 
Based on an evaluation of data for the period October 1953 to September 1962 
(stage .. duration curves at central Shark River Slough recorder. P-33 and a 
stage-discharge relationship between p .. gg and flow to Shark : River Slough), 
Hartwell, et al. (1963) recommended an annual discharge requiretnent of 243,580 
acre-feet. The NPS roughly averaged these two values to arrive at the 260,000 acre
feet minimum water delivery requirement for Shark River Slough that was 
eventually incorporated into PL 91-282 (Wagner and Rosendahl, 1987). 

PL 91-282 contained a minimum delivery schedule for Taylor Slough based on 
the work of Dunn (1961). The estimate .. oflocally derived flow in Dunn's work was 
based on less than a years flow records at U. S. Geological Survey (Miami) flow 
section "Taylor Slough near Homestead" (Wagner and Rosendahl, 1987). This 
method estimated the spillover from Shark River Slough and added it to flow for an 
annual amount of 55,000 acre-feet of water. The median discharge value (38,000 
acre-feet) was recommended as the minimum requirement and ultimately, a value of 
37,000 acre-feet appeared in PL 91-282 as the minimum annual requirement for 
Taylor Slough (Wagner and Rosendahl1 1987). The minimum delivery schedule for 
the ENP's eastern panhandle designated in PL 91-282 was 18,000 acre-feet. The PL 
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91-282 schedule was the first to both guarantee minimum monthly water rights for 
the ENP and provide a mechanism for sharing adversity in times of drought. 

The interim delivery schedules of the late 1960s~ and PL 91-282, did nothing to 
relieve the drastic alteration of water distribution to Shark Riv~r ;Slciugh ~h~t 
accompanied completion of WCA-3A. Prior to the completion of L-29 and 'fhe :B~12 
structures in 1962, 34 percent of the total annual flow to Shark River Slough was 
through L~67 A to the 40--!vlile Bend flew se.ctiQn, with 66 percent through the ,eastern 
flow section (L-30 to L.;67 A) (Wagner and Rosendahl, 1987). L-67 extended ·wal; 
completed in 1967 at the request of several interests, including· the park, to deliver 
more water to the heart of Shark Slough. Wagner a,nd Rosendahl (1987) describe a 
reversal in spatial distribution., with 92 percent of annual flow going to the western 
half of Shark Slough after deli very schedules were instituted and L-67 ·extended 
completed. 

From 1971 to 1982, 11 consecutive yeats ofbelow average, basin wide rainfall 
occurred, but the water management sy~t~m delivered substan.tially Inore water to 
Shark River Slough than in comparably dry periods before the 1970 delivery schedule 
was adopted. Delivery problems to the park includ'ed un.natural timing of delive.:ry, 
with unnatural volumes ofwater being·d;~livered.attimes when the.sou.thern parts of 
t}l~ system should have been drying _and d~;y periods when the are~ should have been 
filling with ·water. Timing of water deliveries caq.sed failur.e of aHige1.tornesting,. bird 
rookery aba11donment and disruption of natural aquatic communities (NPS-SFRC, 
1989). In 1984 a test schedule of a_ water deliv~ry lt}odel w;;ts implemented. This 
water delivery model, the Rainfall Plan, was based, on upstream water events ,and 
rainfall to approximate a more normal hydroperiod and hydro~pattern (MacVicar, 
1985; N eidrauer and Cooper, 1989). 

. Water supply to Taylor·Slough and to the I}B:rtbandle_ofthe ~NP is r~quited by 
law to be at least 55,_000 acre-feet per year (3:7,000 aere ... feet to Taylor Slough and 
18,000 acre-feet to the panhandle). Water ta.ble eleVations in the eastern-most 
portions of the East Everglades Area ate to some degree controlled by·water levels in 
L-31N (Neidrauer and Cooper, 1989). Since the completion of the South ·Dade 
Conveyance System and the increase in developmen-t west .of L-31N more water h~ 
been moved down this CEU1al (Neidrauer and Cooper., 1989). In order to maintain a 
water table elevation in the East Everglades and in the Frog Pond Area aceteptable to 
the residents and growers in those areas, water rn.ust be continually discharged from 
L-31N Canal. This is accomplished by pumping a.t S-332 and discharge through.·S-
175 and S-18C. Currently this water is moved to the south and discharged through 
the gaps between 8-lBC and S-197 where it then flows overland into northeast 
Florida Bay, primarily at Long Sound. The park has requested that more water ·be 
distributed down Taylor Slough to re..-wet this part of the system and to add 1nore 
water to Florida Bay in a more natural manner. 

The Seven Point Plan. By 1983, it was evident that the minimum delivery 
schedule was altering the natural plant communities within ENP. At that time ENP 
requested that the District and ·the USCOE institute seven protective 1neasures. 
These seven measures have subsequently been termed the Seven Point Plan. The 
concerns over the distribution and timing of water flow were expressed in the Park's 
Seven Point Plan which is described in 11able 45. In 1983, at the same time the 
Seven Point Plan was proposed, the USCOE was considering changes in the water 
deli very system to the ENP. 
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Table 45. The Seven PointPla!l. 
1. Fill in L-28 Canal and Remove Levee Segments. L~28 Canal i~ ovcr-'draining t.hu 

eastern Big Cypress during the dry season, and the levee prevenf.!i high water from 
moving into Big Cypress as it traditionally did. Removal of the leveu will provide Home 
flood relief to ENP and restore high.-water flow through several historic.!al dl:'ainag-e 
channels. 

2, Fill in L-67 Extended Canal and Remove Levee. Water duliverio~ to the ENP 
through this canal at tfmes cause abnormal flooding ofthe ENP during Uw dry se~son, 
and the levee prevents the historical hydrological connection with deup-watur areas in 
NESRS. 

3. Restore WCA-3B tQ the Everglades System. Divert as much fJ()w aH ilr 
environmentally acceptable into WCA-3B. 

4~ Distribute Water Deliveries Along the Tanriami Canal. Dist.dbut.e water doliverit.~s 
from WCA~3A along the full len&rth of the Tamiarni Canal frcnn L-28 to 1.;30. Ttw 
prevention of flow to NESR$ from WCA-3A has str~ssed aquatic communities within 
ENP. 

5. Establish a Water Quality Monitoring Program. Estahli.sh a wat.er .quality 
monitoring program to ~rovide methods to9etectdegradation of' delivery w.at.en; to ENP~ 

6, Defer Implementation of New ·Drainage Districts. Defer implementation .of now 
drainage districts such as proposed forth~ East Everglades, until lhe full impad·ofany 
potential flood discharge~ to ENP arethoroughly addressed and alt possible mitigation Hf 
impacts to the ENP is C()I)Sidered. . 

7. Fi~ld Test a New Water Delivery System to ENP .. Th~ present waler delivery ~yHt(.! m 
to the Park .is not. working. The new d~livery schedule should he based upon ~l veference 
statiol1 in the Big Cypr~ss that prediqt~ water deliveries tn Shark River Slough hasod 
uport ~urrent rainfall and normal runoff, rather Lhan upon .upstream wttter 
Inanagement. Any quantities above that predicted will be considered flood dischargmt 
and all efforts should be made todiv~rtthese.exce$sflowa, 

Rainfa1LDelivery Plan .. In 1983, the U.$. Congress passed legislatio11 (PL 
9S-l81) which allowed the District al).d the NPS to temporarily set aside the 
Minimum Delivery Schedule of 1970. This allowed implementation of a series of 
experimen~s to test alternative Diana~ement plans f~r ·water de~i very to Shar~ River 
Slough which were more related to ramfall patterns (1.e., the Ra1nfall Plan). : 

In 1985 the District, in cooperation with ENP and the Jacksonville Office of 
the USCOE, developed the Rainfall Plan using the following objectives: 

* To base the amount and timing of water deliveries to Shark River Slough 
on recent weather conditions (rainfall and evapotranspiration) upstrean1 of 
the slough in WCA-3A 

* To moderate the sudden changes in flow that occurred under the Minitnum 
Delivery Schedule: 

* To redistribute flow across the entire width of the slough, restoring flow to 
the eastern flow section and NESRS. 

Amount and Timing of Flow. One of the most important characteristics of 
surface water flow driven by natural upstream rainfall is the inherent variability in 
the amount and timing of flow. Under the Minimum Delivery Schedule, waler 
deliveries were made according to a set schedule without regard to upstrean1 
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meteorological conditions. The amount and timing of surface water flow to Shark 
River Slough were not variable under this plan except under flood conditions. 

The model that was used to design the Rainfall Plan was based on a statistical 
correlation between historical upstream ·w·eather conditions in WCA-3A and 
historical discharge to the slough (Neidrauer and Cooper, 1989). The correlation is 
based on the first complete period of the hydrologic record available. The _model 
relates the current week's flow rate to the .previous week's rate of rainfall and 
evaporation in each of the previous ten weeks (Neidrauer and Cooper, 1989). Under 
this plan, discharges are calculated onaweek.-to•Week basis. ·As-much as possible, 45 
percent of the total calculated discharge is released to ENP on the west side of .L-67 
Extended through the S-12 structures .and th~ remaining 55 percent is discharged to 
NESRS through 9 .. 333 and the L-29 Canal. Flow passes from the L-2-9 Canal to the 
slol;!gh through culverts under U.S. Highway 4l~located between L-67 Extended and 
S;.334 (N eidrauer and Cooper 

1 
1989). 

With the current system of ca.nals, structures and levees, the amount and 
timing of surface water flew to Shark R'iver Slough cannot be based solely_ .on historic 
response of the basin to rainfalL The storage capacity of the WCAs is limited, and 
water in excess of this storage capacity must be discharged to prevent fail.ure .of the 
impoW.ding levees; If the a.mount of.waterto be discharged to ~hark River Sl~Juffh, .as 
deter.mmed by the model, 1s ll.Ot enough to keep water level m WCA-3A w1tlun 1ts 
regulation ,schedule, then a ·~te·gulato~y release" ·must be made in addition to the 
discharge calculated· by the model. 

Moderatien of Abrupt Changes-in Flow Rate. The Rainfall Plan improves 
the way in whjch regqlatory releases are made. ·vnd·er the Minimutn Delivery 
Schedule, excess water in WCA-3A w_as released according to a regulation schedule 
that caused abrupt cha.nges in -the ;fate ·of water delivery. Under the Rainfall Plan, 
the regulation schedule for WCA~3A·has been lll04ifiedso that a gradual change in 
th.e·flow rate of water from WC.A·3A occurs·as 'the water level in the w·cAs change. 

_ . Distribution of Flow in Shark River Slough. The third objective of the 
Rainfall Plan is to .return water flow to the entire width of Shark River Slou.gh 
instead of confining flow to the western section. Achieving this objective requires 
restoration of surface water flow to NESRS .. For the hydrologic year (elune to May) 
prior to the cop.~truction of L-31N and L .. ao, the distribution of surface water flow to 
the eastern and western flow sections w~s. a function of discharge. For flow up to 
450,000 acre-feet per year, the percent of flow to the eastern flow section increased 
with increasing discharge. For flow in excess of 450,000 acre .. feet per year, the 
percent of flow to the eastern flow section remained constant at about 60 percent. 
During the two-year test (described below) a split of 45 percent of the total flow to the 
western flow section (to ENP) and 55 percent to the eastern flow section (to NESRS) 
was agreed to by the District, the USCOE, and ENP (Niedrauer and Cooper, 1989). 

During the test, water from WCA-3A was discharge to the western flow section 
through the 8~12 structures, and to the eastern flow section through S-3.33 and the 
L-29 Canal (Figure 42). Fifty-three culverts under the Tamiami Trail connect the 
L-29 Canal to NESRS. Rate of discharge _tllrough these culverts is determined by the 
discharge at 9 .. 333 and the water level held in the L-29 Canal by S-334. 

Field Tests of Alternative Delivery Plans. The District conducted 30- and 
90-day tests to determine the feasibility of restoring flow to NESRS (Mac Vicar and 
VanLent, 1984; MacVicar, 1985). The purpose of these tests was to determine if 
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sufficient volumes of water could be discharged to NESRS by the structures and 
canals involved, and whether these volumes of water would cause flooding to the 
Rocky Glades residential and agricultural areas east of NESRS and west of L-31 N, 

These areas are outside of the formal flood control project and are located in a 
wetland and therefore are subject to flooding for this reason. Periodic inundation of 
this former wetland results from its low ground elevations and the hydrologic regime. 
When these projects were proposed, there were concerns that further structural and 
operational changes in the water management system to benefit ENP would 
aggravate the flood conditions in this region. 

The 30~day test was conducted during the dry season from April19_, 1984, to 
May 18, 1984. A total of 61,000 acre-feet of water was discharge to NESRS during 
the- test. Results of the test showed that large volumes of water could be discharged to 
NESRS through S-333_ ~nd the 1,;,29 Canal, and that for dry-season conditions,. 
dis~harge of water to NESRS .posed no threat of flooding to nearby residential .and 
agriCultural areas. It remamed to be shown that water could be successfully 
delivered to NESRS during the wet season. 

The 90..;day test was conducted during the wet season from August 1., 1984 to 
November 30, 1984. During the test, 118,000 acre-feet of water were .discharged to 
NESRS. Results showed that it was feasible to deliver water to NESRS through 
S-.333 and the L-29 Canai dl.iring the wet.seasQn, and that these deliveries could occur 
without causing flooding in nearby reE)idential and agricultural areas. 

This area historically occupied by NESRS' is a depression bounded on the west 
bya ridge that hydrologically separates this area fromthe eastern Rocky Glades area 
which contains tht} existing urban and agricqltural development. Both tests showed 
that regulation of the water levels m the L-31N Canal is effective in controlling 
ground water levels in the Rocky Glades area. A conclusion of the second report was 
that flexible operational criteria are needed to prevent unnecessary removal of 
ground water from the area. This test situation for water deliveries based on the 
rainfall plan was allowed to continue based on the res-ults derived from the 30, and 90 
day tests as well as the results of the two year test of the plan. Because of the success 
of this test period the rainfall plan continues in effect until responsible agencies have 
agreed to alter the deliveries, continue the test or the USCOE finishes its GDM for 
NESRS. Based on the two-year test, Neidrauer and Cooper (1989) concluded the 
following: 

1. Important aspects of the pre-development spatial and te1nporal patterns of 
surface water flow to Shark River Slough were reestablished in the Slough. 
These aspects were correlation of flow to rainfall, variability in amount and 
timing of flow, and distribution of flow across the entire slough. 

2. The abrupt changes in flow experienced under the Minimu1n Delivery 
Schedule were moderated under the Rainfall Plan. Hydrographs of 
discharge to Shark River Slough under the Rainfall Plan exhibited a more 
natural response to upstream rainfall. This natural response was 
illustrated by a gradual rise in the hydrograph and an extended recession. 

3. The regulatory component of discharge during significant periods of the 
test were as much as twice the rain-driven component, significantly 
increasing the target flow to Shark River Slough. Although this extra flow 
was necessary to maintain the integrity of the WCAs, it was not tied to the 
upstream rainfall conditions used by the statistical model to calculate the 
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rain-driven component of discharge. It was the t·esult of the diversion of 
surface water to the south by L~31N and L-30. 

4. Discharge through S-333 was limited for significant periods during the test 
(usually for flows greater than 1,100 cubic feet per second, cfs), because 
water levels in the L-29 Canal were restricted to less than 7.50 feet. 
Limited flow through S-333 i~pacted the test in two Ways: 
a. The actual discharge to Shark River Slough was. often less than the 

target discharge (84 percent of target for the periods of the test). 
Discharge was limited during the wet -season. Dry season discharge was 
on target. 

b. It was not possible during periods of limited discharge through S-33a to 
achieve the desired distribution of flow to Shark River Slough. The 
percentage of the surface flow to Shark River Slough discharged to the 
eastern flow section decreased with total surface flow discharged, ·the 
inverse of the historic relationship between these parameters. 

5. The combination of rainfall and surface water discharged to Shark River 
Slough during the test was not sufficient to bring water levels in the slo~gh 
to levels u11,der which tile Lo;xahatchee peats in the slough pr.esum~bly 
formed. Hydro graphs. for. sites in. the .slough were adequate for peat 
formation for one site near the L~81N·GanaL 

6 The two~year test of the Rainfall Plan ~as ir;npletnented with the 
agreement between the Dif1trict and the south Pade County Farmers. 

7. The flood risk to the Rocky Glades residential and agricultura~l areas did 
not increase with the implementation 9f th.e Rainfall Plan~ There is 
evidence. to suggest that the areas had I ower 'flQod risk d11;ring the test than 
,prior to the test~ 

8. Closi~g S-333 when the wat~r level in the key monitoring weH (G~32.73) 
·exceeded its trigger was unnec~ssary~ Ground water levels in the Roc.ky 
Glades area under conditions of the test did. not respond to discharg~es at 
S-333. 

9. Regulating the water level of the L-31N Canal was effective in moderati11:g_ 
groimd water levels in the Rocky Glades area. 

General Design Me·morandulll (GDM)-- Modified W a.tcr Deliveries . to 
ENP. The USCOE is currently considering a GDM that would change the way water 
deliveries are made to ENP. Until recently, most of the water delivered to the ENP 
originated in WCA-3A and was passed to the ENP west of L-67 EJxtended through the 
S-12 structures. The deliveries were made according to a fixed delivery schedule and 
by the need to maintain WCA-3A at its regulation schedule. It has becorne apparent 
that the temporal and spatial distribution of these deliveries is having ad verse elt'euts 
on the natural environment in the ENP (Neidrauer and Cooper, 1989). 'rhe USCOE•s 
GDM is being developed to respond to concerns about distribution of water to ENP. 

Within this GDM, the USCOE proposes changes to the canals and structures, 
and proposed methods of operation of the structures that if impletnented would, as 
nearly as possible, return the hydrology of ENP to historic conditions. The phy~ical 
system would be changed to allow more water to be delivered to ENP through NESRS 
east of L-67 Extended. There are four major modifications being considered: 

* Construction of structures in L-67 A to allow water to be passed fro1n WCA-
3A toWCA-3B 
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* Construction ofstructures in L~29 to allow water to be passed from WCA-
3BtoNESRS 

* Removal of L-67 Extended and filling of the borrow canal 
* Construction of a levee around a. residential area in the East Everglades 

west ofL .. 31N to protect the area from surface inflow flooding. 

Under the GDM, operation of new and existing structures would be changed to 
allow water deliveries to be more "natutal" based on meteorological cycles in ENP. 

6. Water Quality 

. Water Quality Issues. Currently, water ~eaching the ENP has generally 
been of goo(! qualjty. However, the l'fPS h~s expressed concern over excesBive 
nutrients in surface ·water .entering ENP from the WCAs. Average nutt·ient 
concentrations in waters discharged from federally owned C&SF Project structures 
into ENP currently Il1eet the water ,quality .staii.dards conta~ned in a Memorandum of 
Agreement (MOA) joint~y developed by the USG·OE, NPS, ENP and SFWMD in 1979 
and later revised in 1984 based upon criteria for acceptable inflow w~ter quality 
developed by ENP scientists. Nutrient levels currently entering ENP should be 
considered excessive, based u~on ~urrent kn?wled~e, and potenti~Hy harmful to 
ENP's flora and fauna. Concentrations of nutrients 1n ·waters that dtscharge. to ENP 
average near marsh background water quality. 

. The District concurs with com.ments by the NPS that the quality of water 
discharged to ENP must be maintained at non~degradation levels to protect the 
uniq11e wetland. resources of the park. Consequences of water quality degradation 
$hould be addtessed before; ratherthan:after, biological changes ha,ve occurred. With 
this proactive attitude in mind and considering the fact that current know ledge 
indicates that previous water quality standards ·we:te not properly developed, it is 
reasonable to reduce the concentration of nutrients in surface waters entering ENP 
from the WCA's. 

NPS has also expressed the concern that potential changes in agricultural and 
urban land use within the East Everglades and C-111 basins may have an impact on 
water quality discharged to the park through the T~ylor SlougQ and the C-111 canal 
(see later discussions of water quality in the C~lll/East Everglades basin section of 
this plan). These issues will be addressed in the on-going development of 
Outstanding National Resource Waters (ONRW) standards proposed for ENP; but in 
the interim, nutrient levels in surface waters entering ENP from these areas-should 
also be reduced .. 

Water Quality Criteria. Surface water quality criteria standards differ 
for different parts the ENP planning area, depending on jurisdictional 
responsibilities, standards and criteria established by the various regulatory 
agencies and entities. Water entering the East Everglades must conform to Dade 
County and Florida State Class III water quality standards. In addition, surface 
waters of Chekika Hammock State Park must meet state standards for Outstanding 
Florida Waters (OFW). 

Water entering the ENP must meet both state standards for OFW and the 
water quality standards contained in a Memorandum of Agreement (MOA) jointly 
developed by the USCOE, NPS, ENP and SFWMD in 1979 (Table 46). Water quality 
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Table 46. Comparisons of Water Quality Criteria in the ENP SWIM 
Planning Area. 

SURFACE WATER 

floridaa 
Class III 

USCOE/ENP:/SFWMO 

Dissolved OxY.gen 
SP.ecific ConCiuctance 
pH (units} 
Color lPCO) 
Turbidity (NTU) 

Total Phosphorus 
Nitrate 
Nitrite 
Ammonia 
Un-ionized Ammonia 
Orsanic Nitrogen 80 . . -
Fe_ cal_ Col if_orm bMPN/ml) Total Coliform - MPN/ml} 
Alkalinit~ (as aC03) 
Calcium 
Magnesium 
Socnum · 
Chloride 
Chlorine (Total Residtial) 
Fluoride 
Sulfide 
Arsenic (u~/1). 
Be ryll i urn u_gll) 
Boron ( ug/ ) 
Cadmium { ugll) 
Chromium (ug/1) 
Copper (ugll) 
Iron ( ug/1) 
Lead {ug/l) 
Mercury (ug/1) 
Nickel (ugll). 
Selenium {UQll) 
Silver {ug/1 >_ 

Zinc_ (.ug/1). 
-Aldrin tu~71) Dieldrin . ugll) 
Aldrin + ~aldrin ( ug/1) 
Ohl ordane ( ug/1} 
'DOD, luglll DOE ug/1 
.DOT ug/1 

,g~~:t~~" rua~H > 
Endo_sulfan (ug/1) 
Endrin (ug/ll 
Ethion {ug/1 
Guthion (ug/ ) 
Heptathlor (u~/1) 
H~pta_ch 1 or E ugll ) 
Lindane ( ug/1 
Malathion lUQ1l) 
Methoxychlo.r lug/1) 
.Methyl Parath1on {ug/1) 
Mirex cug/1) 
Parathion (ug/1-_) 
Toxaphene (ug/1) 
.2.4,5-T (ugll) 
2,4 1 6~TP {Silvex) (ug/1) 
Tri'thion 
Methyl Trithion 
Pthalate Esters (ug/1) 
PCB (ug/1) 
Cyan1de (ug/1) 

12.7gC .d. 
6.0-8.5 

<29 above 
background 

0,02 

5 
e 
f 

20 

10 
10C 

soc 
1.1 

100 
12 t,oooc 

30 
1,000 

30 
0.2 

lOO 
25 
0.07 

.30 

0.003 
o.ot 

0.001 

0.1 
0.003 
0.004 

0.01 
0.001 

0.01 
0.1 
0.03 

0.001 
0.04 
0.005 

3.0 
0.001 
5.0 

Source: based on data Compiled by CH2Mllill 
AlL values in milligrams per liter unless otherwise noted 
a For predominantly freshwater 

MOA 
Criteria 

4.5 
647 

7.6-8.0 
124 
11 

·o.24 
0.7 
0.04 
0.24 

2.1 
3 

269 
86 
25 
93 

143 

20 

10 

8 
270 

1'3 
0.5 

12._ 
0 .. 0 g o.o g 

o.o g 
o.,o g 
:o~o g 
0~0 g 
0.0 g 

0.0 g 
0.0 g 

0.0 g o.o g 
o~o 9 
0.0 g 

o.o g 

0.0 g 
0.0 g 
0.0 9· 
0.0 g o.o g 
0.0 g 

o.o 9 

c. GeneralCriteria Chapter 17~3.061, FAC 
d No greater than 50 percent above background or 1,27 5 umbos/em whichever is grcu lor 
e monthly average not to exceed 200/1000 ml; 400/100 rul for 10% of samples; 800/1000 in I for any :;umplc 
r monthly average not w exceed 1000/100 mt 1000/100 ml for 20% ofsamP,les; 2400!100 rul f(lr ~my sumplc 
g Concentrations ofpegticides in water to be u.O. Actual concentrations to be below limit:~ ufdf.!Lt:dmn. 
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Table 46(Cont). Groundwater Water Quality Criteria in the ENP 
SWIM Planning Area. 

GROUNDWATER 

pH (units) 
Color lPCO} 
Total Dissolved Solids 
Ammonia 
Total Coliform (MPN/ml) 
Sodium 
ctnoride 
Fluoride 
Sulfate 
Sulfid~ 
Arsenic (ug/1) 
Barium (ugll) 
Cadmium ( ug/ll 
Chromium {ug/1} 
Copper (ug/l) 
lron (ug/1). 
Lead ( ug/1) 
Mercury ( ug/1 ) 
Seleri.ium {ug/1) 
S i 1 vf! r ( u g/1 ) 
Zinc (ug/1) 
Endrin (uglll 
Lindane (ug/1~ . 
Me.thoxycftlor u.g/1) 
Toxaphene lug 1) 
2.4-D lug/1} 
2 , 4 , 5-i P ( S 1 Tv.!! X ) ( u g I 1 ) 
Tota·l Tri fialometftanes ( ug/1) 

.Flori dab 
Class .G-Il 

6.5 
15 

5QO 

160 
250 

2 
250 

50 
1,000 

10 
50. 

1,000 
300 

50 
2 

10 
50 

5,000 
. 0.2 

4 
100 

5 too 
10 

100 

All valu~q in, milligrams per liter unl~~s~therwise noted ... _ 
biu.tlludes Pr1mary and 'Secondary Drmking Water Standardt'l (Chs 17 ~22.200 and 17 -22.~20, ft'ACI 

stanc1ard.s for the ENP were df!veloped by the NPS in the 1970s (Rosendahl and Rose, 
1979). When the U.S. Congress ·established a minimum water delivery schedule for 
Everglades National Park (Public Law 91-282), Congress directed the USCO·E and 
NPS to reach an agreement non measures to, assure that the water delivered to the 
Park is of sufficient .purity to preve~tecological dam~ge or deterioration of the Park's 
environment" (U.S. Senate, 1970). NPS was also directed by Congress (under Public 
Law 91-282) to report on the water quality needs of the ENP. The director of the NPS 
was given the right to refuse water not meeting the water quality standards 
addressed in the ·u.s. Department of Interior report, "Appraisal of Water Quality 
Needs and Criteria for Everglades National Park" (U.S. National Park Service, 
1971). 

A w~ter quality monitoring program was developed by NPS, in coope.ration 
with the U.S. Geological Survey (USGS), to provide the data required for water 
quality standards development. Water quality data were collected from 1970 to 1978 
at in-park and water delivery sites. At the·time of analysis, the water of selected 
delivery sites was determined to be of sufficient quality to be adopted as criteria 
against which future water quality could be compared (Rosendahl and Rose, 1979). 
Data from two water delivery sites, s ... 12C and L-67 A, were used to develop standards 
for 36 water quality parameters. These standards were adopted in a Me1norandum of 
Agreement (MOA) among the NPS, USCOE, and the South. Florida Water 
Management District (District) in 1979. ENP standards have also been established 
for 22 different pesticides, herbicides, and PCBs (Pfeuffer, 1985). 

Under the MOA, a violation is defined to have occurred if the annual average 
exceeds the levels established as criteria. This means that a number of 
measurements on a given parameter may occasionally exceed the criteria during the 
year without a violation occurring. 1'his is in contrast to the Florida Class III 



Everglades SWIM Plan- Supporting Information Document 

standards which apply to instantaneous measurements. However, the intent of the 
MOA is to " ... assure that the water delivered to the park is of sufficient purity to 
prevent ecological damage or deterioration of the park's en virnment". 

The interagency MOA was updated in 1984. The water quality criteria agreed 
to under the 1984 MOA are applied to waters currently delivered to the ENP (~fable 
46). Water quality parameters to be analyzed were reduced to 24 but the .number of 
sample locations was increased. The scope of pesticide monitoring has increased 
because of concerns regarding potenth,il effects of agricultural and pest ·control 
applications .. 

Groundwater. All water entering the Biscayne aquifer must conform to 
Florida Class Q:...ll groundwater criteria (Table 46). Because the Biscayne aquifer is 
highly permeable and vulnera.ble to contamination through its recharge zone, and 
b~cause it is the sole source of drinking water for all 1nunicipal water syst~ms south 
of Palm Beach Oounty, the U.S. Environmental Protection Agency CEP A) has 
designated the Biscayne . aquifer as the "sole~sol).rce aquifer." This designation 
provided by the Safe Drinking Water Act of 1974 (P.L. 930523), requires studies to 
determine that federally fmanced projects will not contaminate these designated 
·sole-source aquifers. 

ENP Surface Water Quality Programs and Studies. An overview _of 
ongoing water quality- programs and specific relev~nt short-term studies in the 
plantti.ng area is· provided in the following section. The information ptcrvided is not 
intended . to be comprehensive, but rather to give an outline of the major water 
qUality efforts and the agencies involved. 

. U8GS.llistorically; the U.S .. Geological Survey (USGS) has had·~ p.rima,ry 
role· in collection of water quality information in South Florida. Since ;the 1950s, 
agreements. with several st~te and f~deral agencies have involved USGS in water 
q:Uality studies in ~nd around the ENP. Beca.u,se of various needs and conditions of 
agreements,.much oftheearlier_d.~ta~colleetion was primarily non-nutrient 1data (i.e., 
sj)eeific.:conductance_, temperature). Some of these data have been published (Goolsby 
et a:l. 197~; Joyner, 1973; Miller, 1975). The d~ta wer~ incorporated into the .national 
USGS WATSTORE data base (Flora and Rosendahl, 1982) and were. published 
annually in "Water Resources Data in Florida, Part 2, Water Quality Records". 

In 1972, at the request of the USCOE, the USGS impletnented one 'C)f 1nany 
water quality monitoring progran1s to be initiated near the l~NP. Of the 25 sites 
monitored in this network, 6 were relevant to the ENP Planning Area. 'l'hese six 
stations included five monitoring stations along the Tamiami Canal and one station 
on L-31 W upstream ofS-175. By the late 1970s,this program had been discontinued. 

USCOE/ SFWMD/ NPS/ ENP Memorandum of Agreement. ··under the 1979 
Memorandum of Agreement, a program was initiated to monitor the quality of water 
delivered to the ENP through water control structures at L-67A, L-3lW, C-111, and 
the Tamiami Trail at 40 Mile Bend (part of the Big Cypress drainage basin). 
Sampling and analytical responsibility originally belonged to the USCOE. Water 
samples were collected monthly for physical parameters, nutrients, ions, and trace 
metals analyses, and quarterly for pesticide analyses. Sediment samples were 
collected semi-annually for trace metal and pesticide analyses. 

The 1984 MOA continued this water quality program but reduced Lhe number 
of parameters to be analyzed. Both the USC'OE and the SFWMD were responsible for 
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collecting water samples. Changes to the parameter list reflected a review of the 
previous 5 years of data. The limits for pesticides remained the same but biannual 
sediment sample collection was initiated for which pesticides) herbicides and PCBs 
were analyzed (Pfeuffer, 1985). 

·under the current MOA, the SFWMD and USCOE are _responsible for 
monitoring water quality at the structures along the L-67A, L-31W and C-111 
Canals .. The USCOE sample locations include·S-333, S-332, and S-1.8C. The SFWMD 
also samples at these locations, as well as at s .. 12D. Additional watershed stations 
monitored by the District were added {Germain and Shaw, 1988). These include 
S-176, S-177, S-178, and two stations alongthe Tamiami Canal west of'S-12A. 

Data collected by the District is provided to ENP and USCOE (Germain and 
Shaw, 1988). _Meetings between ENP, USCOE a11d the District occur, at least 
an11ually, t() dis~us~ water quality violations and the water qu~lity parameter list, 
the latter which undergoes periodic revision (Germain and Shaw, 1988). For 
exainple7 because water column analyses showed no detectable pesticides, anaJysis 
for pesticides in the water column was suspended for several years and only seditnent 
"Samples were analyzed~ Water sampling for pesticides was resutned on a quarterly 
basis in J an~ary 1987. 

- _ _ _ District/NPS Marsh Monitoring Program. A sampling progra1n initiated in 
the fall of 1985 includes collection (>f monthly water quality S(lmples at nine marsh 
sites within or adjacent to ENP Oc NPS: collects the samples and the District conducts 
the analyses and handles database management Ct1cheidt et a.l. 1987). Analyses 
include nutrients, major ions, and trace metals. Data from this program are in 
unpublished form. 

District Surface Water ualit Monitorin- Network. 17rhe. District monitors 
a number ofwatershed sites in South Flori-a. _Those important to the ENP Planning 
Area include S-12A, S .. l2B, S-12C, S-12D, S..;-333,- 8.;.151, and S-9 (Germain and Shaw, 
1988). These stations have been sampled biweekly since 1978 for nutrients, 
quarterly for major ions, and biannually for trace metals. 

Short-Term Studies. Under a joint District/USGS \Vater Quality 
Monitoring Program (1976-1980), water and/or sediment samples were collected at 
different locations in South Florida each year (a total of 111 sites). Analyses were 
carried out by USGS on samples collected by District personnel. Only three sites 
(along the Tamiami Canal) are relevant to the study area and only sedirnent samples 
were collected (1976 only). Sediment samples were analyzed for chlorinated 
hydrocarbons, organophosphorus pesticides, herbicides, polychlorinated biphenyls 
(PCBs), and polychlorinated naphthalenes (PCNs). 

In addition, the NPS monitored specific conductance and other water quality 
parameters more intensely (97 locations biweekly) from December 1977 to Septen1ber 
1979 in Shark River Slough to document seasonal and temporal changes. The 
purpose of this study was to attempt to correlate water quality with man-induced 
changes in the hydrological system (Flora and Rosendahl, 1981). USGS has sampled 
periodically for a variety of water quality parameters in various areas in or adjacent 
to the ENP. The agency sampled for common chemical constituents in Shark River 
estuary beginning in 1960. Concentrations of trace elements, heavy metals, and 
insecticides were determined in late 1966. Samples were analyzed for total nitrogen 
(TN) and phosphorus (TP) during the 1968-1969 study period (McPherson, 1970). 
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The USGS has also provided the NPS with data on natural hydrologic re.ghnes 
and water quality conditions in Taylor Slough (Earle and Hartwell, 1973). Wat~r 
quality records for 1960 to 1968 were analyzed for a limited group of water quality 
parameters (calcium, iron, nitrate1 sulfate, and dissolved solids). · 

Surface Water Quality Data. Surface water quality data. from published 
reports and literature are summarized in Appendix C, Tables C-16 through C-22. 
The data were compiled to provide an overview ofavailable published int'orma·tion. 
There are several sources of data, primarily the District, the ENP, and. D'ERM. 
Descriptions of water quality station locations have been co1npiled from the 
literature for ENP ('ra ble 47 and .lt,igure 44) .. 

Table47. Surface Water Quality Stations in Everglades National Park. 
Station 
Number• 
S-12A 
S-t2B 
S-lZC 
S-120 
P-33 
p..:a4 
p,;...35 
p,...as 
p..;a·7 
P-38 
L-67A 
s~aas 
1 
·2 
3 
4 
~ 

Description 
Gate Structure along US-41 
Gate Structure along US-41 
Gate Structure along US-41 
Gate Structure along US-41 
Shark Ri.ver Sloug.h freshwater s·tation 
Shark River Sl'ough freshwater station 
Shark ~iver Slough estuarine stati~n 
Shark Riv~r Sl~ugh fre~hwater station 
Taylor S:l ough freshwater station 
Everglades freshwater station 
Canal L-67A above S-3·33 
5:.333 pump st(ltion on L-6:l'A 
Tayl.or Slough near Homestead 
Taylor Slough near Roya·l Palm 
Highway l7 near Royal Palm 
Cottonmouth Camp 
South e~d Qf L..;67A ex~ended 

Sourt:~: Data Compiled by CH:tMiU 

Reference 
G~rmain and Shawi 1988 
Germain and Shaw, 1988 
Germain and Shaw, 1988 
Germain and Shaw, 198'8 
Wal1e .... 1982a 
Waller .. 1982a 
Waller , l98Za 
WaUei', U~82a 
Wtiller~ 19S2a 
Waller'; t982a 
Germain and Shaw, 1988 
Germain aild Shaw, 1988 
Waller, t982a 
Waller~ l982a 
Earle and Hartwe 11 , 1973 
McPherson~ !971 
Walle~r, ~981 

Surface water quality data from published sou~rces are compiled in Appe•dhr 
C as follows: 

Table C-16. Phosphorus, nitrogen, and organic and inorganic carbon (TOC 
and TIC) 

Table C-17. Alkalinity, specific conductance, and major ions 
Table C-18. Metals 
Table C-19. Miscellaneous water quality parameters 
Table C-20. Pesticides: Chlorinated Hydrocarbons 
Table C-21. Pesticides: Organophosphates and other compounds 
Table C-22. Coliforms 

ENP water quality criteria developed under the MOA as we"n as state water 
quality criteria are presented in Table 46. Comparison of ENP standards to water 
quality parameter averages can provide a method to determine potential problem 
areas of water delivery sites. 

Unpublished summary review tables of water quality at the ENP inflow 
stations from 1984 to 1987 are included separately in Appendix C (SF,WMD, 1989). 
Included in Appendix C are the following: 

Table C-23. ENP 1984 Annual Averages 
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Figure 44. Location of Major Drainageways.and Water Quality Sampling Stations 
in Everglades National Park. 
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Table C-24. ENP 1985 Annual Averages 
Table C-25. ENP 1986 Annual Averages 
Table C-26. ENP 1987 Annual Averages 
Table C-27 ENP 1988 Annual Averages 
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Water Quality Delivery to Shark River and Taylor Sloughs. 

Macronutrients. Much of the published data is dated prior to or concurrent 
with development of the ENP Water Quality Criteria (1979) (Appendix C, 1"ables 
C-16 through C-22). Average nutrient concentrations at canal delivery inflow 
points and within Shark River Slough are generally lower than ENP criteria. 

In their efforts to develop water quality criteria for delivery waters entering 
ENP, Rosendahl and Rose (1979) concluded that "the current quality of delivery 
waters to Everglades National Park [1970-1978] is sufficiently pure to maintain 
ecosystem integrity of this national wetland resource". The authors, however, noted 
that the park is highly vulnerable to water quality perturbations originating outside 
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its boundaries and must have established criteria from which to compare and' set 
limits on ~he q~ality ofw_ater entering the part{:. Analysis of data collected· frot~ two 
canal delivery 1nflow points (S .. 12C and L .. 67A) recqrd~4 a mean concentration. of 
0.033 mg/L for total phosphorus and 0.008 mg/L for pho~phate from 1970;..1978. 
Ammonia values for this same period of record: avefoa:ged 0.089 mg/l~ while ·;nitrate 
and total nitrogen concentrations averaged 0.16 ·and 1.8 mg/L respectively 
(Rosendahl and Rose, 1979). 

Analysis of a 1959 .. 1977 data set. colle(!ted by Waller (1982aJ indicated that 
nitrogen and phosphorus concentrations within Shark River and Taylor Sloughs were 
typically low with total phosphorus concentratjo~s averaging near 0.01-0.03 n1g/L; 
most probably the result of uptake by biologic~l processes (e.g., periphyton and; marsh 
vegetation), organic detritus and exposed limestone which chemically binds 
phosphorus. Typical ammonia concentrations,averaged 0.15- 0.38mg/L, while nitrate 
values averaged 0.01 .. 0.13 mg/L (Waller, 1982a)~ 

Analysis of data collected from interior marsh :sitee (Shark River and Taylor 
Sloughs) as well as from-canal delivery inflow points-Gte .. , the S-l2's) from 19'5,9 .. 1977 
detected no change in macronutrient concentrations ·at any station located within ,the 
park (Waller, 1982a). Reasons cited for the lack of any observed change were{a)'the. 
majority of nutrients were apparently asshnUated by mar&h vegetation, (b) for some 
stations, the sampling frequency was not uniform or contained a relativ-ely short 
period of record and (c) seasonal variations in. macronutrient content may have 
masked long .. term trends·(W aller, 1982a). 

Likewise, Flora and Rosendahl (1982) reported that surface water nutrient 
concentrations within Shark River Slough. and at canal delivery inflow pnin:ts to 
Shark River Slough had not ch~ged sigi).j'fi«!l!litly during the period of their 1972-
198'0 study. Unlike specific conductance and di~s6Tved·ion concentrations which had 
increased appreciably as a result of the ~hift of' SUJ"f~ce~_water d~liy~:ry from: !latural 
sheet flow to a canal delivery regime (see Flora 'and J{()sendahl, l981J, ... "nutrient 
concentrations remained among the lowest in the South Florida system and appear to 
be largely unaffected by either man's change in the hyd:rological regime or .on lc;tnd 
use patterns .... " Again, the major reason cited for the maintenance of the low 
nutrient levels was the extensive nutrient assimilative capacity of the Everglades 
marsh, and the absence of any direct man-made point source inflows (e.g., sewage 
effluents, urban runoff or non-point source inputs) in the immediate vicinity of Shark 
River Slough (Flora :and Rosendahl, 1982). 

In Shark River Slough, mean wet season concentrations of orthophosphorus 
and total phosphorus were low, with orthophosphorus values ranging fltom· 0.001 to 
0.013 mg/L . Mean wet season total phosphorus values ranged from 0.007 to 0.023 
mg/L. Concentrations of orthophosphorus and total phosphorus were also low at 
canal delivery sites, ranging from 0.002-0.030 mg/L for orthophosphorus and frotn 
0.013-0.060 for total phosphorus. Mean annual wet season ammonia concentrations 
in the sloughs averaged from 0.03-0.18 mg/L, while canal delivery inflow points 
averaged from 0.03-0.05 mg/L. Nitrate + nitrite concentrations within the sloughs 
averaged 0.07 mg/L while canal delivery points averaged 0.12 mg/L (Flora and 
Rosendahl, 1982). 
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. Scheidt etal. (1987) presented the results.ofnutrient data collected from 1985-
1987 for the marsh and canal delivery inflovv,points. Interior areas of the freshwater 
marsh sites exhibited low dissolved phosphate concentrations near the limits of 
chemical detection (i.e.,< 0.004 mg/L)~ while dissolved nitr~te concentrations 
typically averaged about 0.01 mg/1. · During·l$85· '(a drought year), mean soluble 
phosphate concentrations at canal delivery inflow points (i;e., the.S-12·'s) ranged from 
0.010-0.017 mg/L while in 1986 con·centrations a-veraged near the detection limit 
(0.0()4 mg/L). Average nitrate concentrations ranged from 0.02 to ·0.122 milligrams 
per liter (mg/L) at the various 8--12 gates. Scheidt et al. (1987) observed ·a trend of 
increasing nitrate levels from west to east along the Tamianli Canal with S-12D 
reporting the highest average concentration. Higher nitrat-elevels recorded at these 
eastern structures appear to be influenced· by water C()hveyed by the L-67 A Canal 
(Scheidt et al. 1987). In contrast, statistical ana:Iysis:-of a.. similar data set by Mattraw 
et al. (1987) showed no significant increase from west to east for either nitrate or total 
phosphorus. The highest average value fortotalphosphorus (().019 mg/L) at S-l2D is 
an order of magnitude lower than the MOA sta11dard (0 ... 24 mg/L). Comparison of 

Table 48. Phosphorus Concentrations at Inflow St,~t~ons to Shark River Sloug-h. 
'. 

Site Date P04(mg/l) TP (mg/1) Ref(!rencu 

Water Qualiz 
Standards Un er 

X 0.02 0.24 Rosendahl and Rose, 1979 GOE/SFWMD/NPS 
MOA 

S·l2A, S-12B; S-12C, 1959-1977 X I o.o1 0.03 Wallerl982a L-67 A and Bridge 53 11. 146 136 

S·12A 5170-9171 range 0.00-0;15. .0;04~0.28 Joyner., 1973 
11 4 ·4 
X 0.008 o .. oaa 

S-120 andL~67A 1970-1977 SD 0.007 0:118 Rosendahl and Rol:ic, 1979 
n 78 72 

S-12B X 0.006 0~013 SFWMD, 1989 S-12D 1984 X 0.006 0.019 
S-333 X 0.007 0.022 (unpublished) 

S-12B X 0.051 0.094 SFWMDj 1989 S-120 1985 X 0.011 0.040 
S-333 X 0.017 0.049 (unpublished) 

S-12B X :8:88j 0.018 SFWMD, 1989 S-12D 1986 X 0.012 
S-333 X 0.005 0.019 (unpuhlislled) 

S-12B X 0.008 0.014 SFWMD, I9HH S-12D 1987 X 0.008 0.015 
S-333 X 0.007 0.015 (unpuhliHlwdl 

Source: Based on data Compiled by CH2MHill 

unpublished phosphorus data (SFWMD, 1989) to 1973-1983 values (Table 48) 
reveals similar phosphorus concentrations except during 1985 (a drought year). Both 
orthophosphate and total phosphorus were significantly higher in 1985, perhaps due 
to water supply deliveries to south Dade County during this period. Water was 
delivered from Lake Okeechobee and these flows generally bypassed the n1ain marsh 1 

although some flows did go to the 8~12 structures since they were open. 'fhis 
situation would not occur under the current Rainfall Plan. 

Ion-Related Parameters. Both Klein et al. (1975) and Flora and Rosendahl 
(1981) have documented an increase of specific conductance and tnajor ion 
concentration in waters delivered to Shark River Slough frotn 1959 to 1977. Both 
studies have demonstrated gradual increases in specific conductance and ionic 
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compounds in Shark River Slough at marsh site P-33. This increase was attributed tc;>· 
the shift of water delivery from natural sheet flow to a delivery canal regixn:e. 
Specific conductance ranged from 250 to 290 umbos/em in tbe·early 1l960s to Qver ~00 
umhos/cm in the late 1970s. More recent data should be reviewed to de.ternl.:ine 
whether this trend is continuing. - - - · - - ' ' 

. Average values f?r conductivity, alkalinity, and all ions at _delivery ._it;!mow 
points_ to the park have Increased from w~st to e.a~t ($•12A to S-:-3.33) (Ap,Jl~n:d:•~ C·-
17). However, all average va.lues are below the Qur:rent MOA standa.·rds. 1:'h~ 19.70~ 
1977 average values provided by Rosendahl and Flora(l979) are; very s~mHar tntnj~ 
later data set. 

Metals. Data sets before 1977 show that all metal concentrations were well 
below ~NP standards. The limited p\lblished :data available do :not allow: ~:ny 
conclusions to be drawn (Appendix C, Table C•18). 

Pesticides!. Trace levels of pesticides have occasionally been dete~te~' in 
waters entering ENP (Appendix C, Tables C-20 and C,:..21). Available. dat@. for 
s~ 12 structures show no pesticides detected. l).Jdrh~ and heptachlQr were petected 
once at S-333 Waller (1982a) reported results of USGS sampling fot pesti~~des ~n the 
water column from 1966-1977. Only 24 detectiona were found in 1,700 analyse.s. The 
compounds detected were DDD, DDE, DDT, dieldrin,. diazinon, and 2,4-D,, All were 
found at low concentrations (maximums ra11ge,d from 0.01 to 0.05 ni:icrog,r~gns per 
liter [ug/1]). Heptachlor epoxide was detecte<l once (0.01 ug/1) at Cottontnouth Camp 
inE".NP (McPherson, 1971) (Appendix C, Tables-C-20and C-21). , 

Other Parameters. Color is the only parameter in this group that disp1ays 
an increasing trend from S-12A east to S-333' (AppendixC-19). 

Estu~rine Water Qq~Jity. Schmidt ~ndDavi~ (1978) pQbli~h~ci C1 sutlHnetry of 
estuarine (Whitewater Bay, Shark River Estuary, Buttonwood Canal) water quality 
information available for the Everglades estuary from 1879-1977 ('fables 53 and 
54). This information is provided as an overview of hj.storical data and sampling 
coverage for estuarine and marine areas within the planning area. 

Pesticides in Canal Sediment_s and ENP Soils. Groundwater quality data 
from published literature were compiled to provide an overview of available reviewed 
information. Data for insecticides, herbicides, and PCBs in canal sediments and 
marsh soils have been compiled because of their potential effects on surface water and 
g·round water quality (Ap.pendices C-31 through C-34). There are sotne studies 
that have analyzed canal sediments from the same sites, but over different time 
periods. For example, S-12C was sampled in 1972-1974 (Waller and Earle, 1975), in 
1982-1983 (Pfeuffer,l985), and in 1984-1988 (Pfeuffer, in press). Chlordane and the 
DDT family (DDE, DDD, DDT) were detected during the early study period but not in 
any of the subsequent studies. These compounds have been detected periodically at 
various sites in south Dade county since this work was completed. This should 
emphasize the need for a long term, continuous sampling program at the same sites. 

Chlordane and the DDT family were detected often in sediments of the ENP 
water delivery sites, L-67 A, S-12A, and S-333, collected from 1972 to 1983. 
Chlorinated hydrocarbons bind physically and chemically to bottom material 
(Waller, 1982) and would tend to remain in the sediments. More current samples at 
S-120 (1984-1988) show no evidence of these compounds (Pfeuffer, in press). 
However, the data reflect that the detection limits. reported varied considerably over 

252 



Everglades SWIM Plan- Supporting Information Document 

Table 49. A Summary of Water Quality Measurements Reported from the Everglades Estuary 
Bay, Shark Slough Estuary and Buttonwood Canal) in Everglades National Park. 

Salinity Water Dissolved 
Turbidity Chemical Number Number Frequency of Date (0/00) Temp. Oxygen pH (JTU) Date of of Measurement 

(oC) (ppm) Stations Samples 

1937~1938 26.9-17.5 
___ a 

6 Irregular 

Mar~ May 14.0-40.82 19.0-33.0 (b) 4 187 Weekly 1955·1957 

Aug-Jun 0.0-43.8 14.4-34.0 1.47-6.90 7.47•9.45 26 772 Monthly 1957-1959 

Sep-Feb 0.0-39;8 16.0-32.5 0.0-6.39 7.7~8.3 25 559 Monthly 1957,-1962 

Apr-Mar 0.0-40.0 44 1,209 Monthly 1962-1967 

Jan-Jun 15.5-45.2 15.8-34.0 89 Bimonthly 
1964-1965 

Juo-Jun 22.0-5,1.5 14.0-31.1 14S Weekly 
1963~1964 

1964·1975 O.o28 15.5-33.0 4.3-1().4 6.4-8.5 0.0~27.0 (b) 9 15& Irregular 

Oct-Sep 0;0.:30.3 14.8~32.2 0.7-9.6 17 Monthly 
1965-1966 

Jan-Dec 23.5-37.4 16;4-31.8 66 Weekly 
1966-1967 

Dec-Feb 0:0.;.16.8 1.3-6.8 ~ _,;; 22' 132 Monthly 
1966-1967 

oct-Dec 0.0-27.4 3 12 Monthly 
1967-1968 

Sep-Nov 2.&,30.9 15.9.-32.1 5.0-9;0 8 135 Monthly 
1968-19.69 

May-Feb 18,0-,36;9 21.0•29.9 6 236 Quarterly 
1971~1972 

Oct-Sep 0.1-41.6 13.2-31.8 0.0-9.S s.8~8.s 0.4-41.0 26 416 Hourly 
1973-1974 Monthly 

1966-1969 0.0-50.8 13-.7-35.5 5 42 Irregular 

a Dashes(---) Indicate data not reported; b Data Summarized in Table45; Source Schmidt and Davis 
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Table 50. Sum.mary of Chemical Water Quality ID.~:t.a~ CD.ol~ect:e.d; il1l Estuar.i:Q.e a:Qd: 
Marine Waters .of Florida. B·ay in·, Eve:rg;ladas.Na,tionat Par~,.l1~4~5·~·li9ft6~. 

PESTICIDES (ug/1 ). 

Aldrin 
Dieldrin 
EndriJ1 
Chlordane 
Lindane 
DOD 

NOB Chlorinated· 

0.00-0.05 
NO 
NO 
NO 

0.00-0.01 
DOE 0.00-0.01 

Nonch.l'o·ri nated 

Ethion NO 
Trithion NO 
Methyl tr;th.ion NO 
Malathion NO 
CARBONATE SYSTEM (mg/1) 

Calcium ... Carbonate {C·a.C03 Hl-315 
Bicarbonate CHCoa-)104-439 
Carbonate (COa=J 0-17 

NUTRIENTS (mg/1) 

N
N
0
Ha: 0.00-l.B 

N.02_ 0.00~7.0 
Nol- and Noa- o~6~~~~~ 

Nitrogen 

. . . . Phosphorus 
Total ortho P 0.00-1.1 
Total P . o.oo-1~4 
Dissolved Po4-3o.o0-6.9 
Total Po4~3 · n.oo-15.5 

Organi't: carbon 0~61 
Total carbon 49-104 

METALS 
-- Dissolved 
Iron {ug/1~. O.oo~atO 
Ma. gn·e···si. um. m.g/1}1.1-1,800 
Str~nttu.m .u.g/1)0.2-9£500 
Sodium (mg lJ 8.6~14 uOO 
Potassium (mg/1)0.2-14,000 
Arsenic (uglll · 0-10 
Aluminum (ug/1) 0.8·40 
Manganese (ug/1) 0-80 

Part.iculate Cug/ll 
Lead 0-8 
Manganese 0-70 
Arsenic 1 
Cadmium NO 

Aluminum 
Arsenic 
Cadmium 
Mercury 
Iron 
Manganese 
Leaa 

Total { ug/1) 
2-210 
0-12 
o~to 

0,1,-5.6 
0-:-3. A 100 
0-.:80 
0-24 

NONMETALS (mg/l} 
Sulfate 0-3 870 
Chloride 13-25,ooo 
Fluorin~ 0-1.8 

MISCELLANEOUS PARAMETERS 
PCB (ug/1) 0.00-0.00 
Dissolved Solids lmg/1) 

Residue at 1800C 161-41 1 400 
Calculated 0.16~-40,200 
Sum.of Constituents 139-451 400 
kg/m~ 0.2-~5.0 
ton/day 0.57 

Oil and Grease {mg/1) 0-15 
Color (PCU) 5-160 

DDT 
Si;lve~: 
roxapJiene 
2 ;4\-D, 
2~, 4,,5.~-r 
Heptach.lor 
Heptach lo·r.· f.poxtde·: 

Diaiinon, 
Methyl Parathion 
Parathion, 

O~gantc N. 
Total N 
Kje l~d~h 1 N. 

To,ta.l .. orrt~o PQ.t-3 
Ioorg.anic P04 3 
Di·SSO'lved P04.-3 

Si.l'fcon 

Lea·d.·, .'( u·g·'· ·1· .. ) Zi n·c ( ur/1} 
Copp. ~r u:gl].) 
Cobalt. .ug/ l 
Cllro.mtum .(.UQ71.') 
Cadmi'um (ugll) 
Calcium (mgll) 

Chrom:ium 
Co.balt 
Copper 
Zirconium 

Nickel 
Chromium 
Coba·lt 
L itMum 
Boron 
Copper 
Zinc 

Total Bromine 
Total Iodine 

Biochemical Oxygen Demand (mQ/1) 
Hardness (moll} 

Calcium, Magnesium 
Non-carbonate 

Sodium Absorption Ratio 
Protein · 
Carbohydrates 

0 Not uetec-fed source: Schmidt and uav1s ( 19HfJ 
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o ... oo;-o.; o t 
No·, 

0·.00-LOQ· 

0.3.6~8 .• 4' 
O\ o·~~9 .• 3 
0 ;23~2:·; 0 

0.0.7-'1...3 
0 .00.-$.5' 
0.0,1,-Q .. 1:0 

0 .. 00"-ZO· 
o. oo~ 1 .o· 

0-fj; 
3'-4'0 
z·-4o: 
.NU 
0-1 

NO 
7. 3·-1 ,9·10 

lO: 
NO 
ND. 
10 

0-47 
0-1.0 

0-0 .. 15 
1.1-6 .. 0 
0-10 
1.5-60 

0-66 
0-0.25 

0-7.4 

105-8,700 
4.,-8,600 
1.0-48 
0.0-1'8.5 
0.0-15.4 
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time, compounding the difficulty in addressing possible temporal patterns. Some of 
this variability may be related to sampling procedures, or differences in analytical 
methods between laboratories, 

Water control structure S-332, another ENP water delivery station, showed 
similar results~ Samples taken in 1972 .. 1974 (Waller and Earle, 1975) showed only 
trace amounts ofDDD and DDE; samples taken in 1982-1983 (Pfeuffer, 1985) showed 
widespread presence of chlorinated hydrocarbons; and in 1984-1988 there were no 
4etections of any pesticides in the sediments at S..-332(Pfeuffer, in press). 

Few published reports of soil . analyses within the ENP exist. McPherson 
(1971) noted the presence of the DDT family at Cottonmouth Camp. w·aller (1982) 
reported trace amounts of .chlorinated hydrocarbons (primarily the DDT family~ 
chlordane, and dieldrin) at nearly every station sampled within ENP. The number, 
location, and sampling frequency of the stations used in Waller•s (1982) pesticide 
analysis were unspecified. 

Water Quality in the East . Everglades. Water quality in the East 
Everglades is intimately tied with wate.r that is delivered to ENP. The Rainfall Plan 
(Mac Vicar, 1985; Neidrauer and Cooper,l989), which is intended to restore sheet flow 
into NESRS, has increased the importance of maintaining good water quality in this 
area. Improperly planned and regulated development in the East Everglades (:ould 
have significant impacts on area-wide water quality. 

Water quality data analysis. The approach used to review trends of water 
quality delivery fu this portion of the plan have been 'to compare data sets aver~gecl 
over long time periods (i.e., 1955~1977, 1970-19'77, 1978.;. 1983 averages). This 
approach is not. well sui ted to detecting chang.es ()vet time. There are also a nutnber 
of studies with limited samples and s~QP~t· \vhic}l do not present enough data to 
substantiate any general comments abou.t water quality trends. There is a need to 
examine data from sites that have a long, continuous period of record, that have been 
sampled at a reasonable frequency, and analyzed for the same parameters fro1n year 
toyear. · 

Most of the data sets currently available for long periods only present averageH 
f()r the period of record at Shark River Slough water deliv:ery sites (Waller, 1982a; 
Rosendahl and Rose, 1979; SFWMD, unpublished data). Only Flora and Rosendahl 
(1981, 1982) addressed water quality trends over time. They analyzed nutrient data 
for ENP water delivery from 1972 to 1980 and found no evidence of water quality 
degradation. However, they did find increased specific conductance and diBsolved ion 
concentration trends, which were attributed to development of the L-29, L-67, and 
Miami canals. There are no detailed published analyses of recent water quality. 
More recent data needs to examined. 

To detect any trend of water quality degradation in water delivered to the 
ENP, as a minimum, data must be examined on a yearly basis. The water quality 
information currently being collected by the District and NPS can be used for this 
purpose. Water delivery sites at the north end of ENP (S-12A, S-12B, S-12C, S-12D, 
S-333) have been continuously 1nonitored since 1978; sites within the C-111 Basin (S-
176, S-177, S-178, S-18C) have been monitored since 1983; and the delivery site into 
Taylor Slough (S-332) has been monitored since 1983. In addition, there are several 
ENP marsh sites which have continuous records since 1985. Analysis of water 
quality trends within the ENP over the past decade is needed. 
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. Ide~lly '· a!l sites whe~e ~ater quality _affec~s the ENP planni{!g_ area ,shi?ul'd p·~ 
examined Individually. This Includes S-332 for Taylor Slough; L-1 '76, L-177, f.;-1.78; 
and S-18C for the C-111 Basin; and the S-12 structur.e·s for the north·ern ·Qoundaty of 
the study area. Current published water quality data'for the Tay;for.Sitl)J'gnBilffi'.f.I ~te 
rare after 1974; for the C-111 Basin, data are Virtually nonexis·tent. Wate·r (fuality 
monitoring programs in these areas should be e:x:panded. 

7. Plant Communities 

Terrestrial Vegetation. 

Historical. Ve~tation . Accounts. The vegetati~n .. pattern~ ,Wit~·in 
Everglades N a tiona! Par are thought to be ~pproX:imately §!,,00'0 ye·ats, trfd .. 1'he 
oldest sediments, which contain remnants o£ pla~nt species· whtcll .occu'r t6'(!Jay' iq~ the 
Everglades, have been dated to 5;000 years·- (.:It }0'0'. year$)1 b·efare p·re~·~b!t: ~J3:P'.}' 
(Gleason et al. 1984) ~ During this time period, .. stra: l~ve'l; posEr ~:pptoxln11itely-41 l'~eter~ 
t_a its. curren~ state (SchoU and· Stuiver, 19:67;· ~·~b'b1rt 19~~J. _ ~~e; t~~!_1~~~~ .. !~,~~~t(t1~n 
can only be 1nferred, but. was probably much more· xer1c,. Wttih lffi£le· or nnne: of tile 
existing wetland vegetation types (Watts, l971}~ 

The earliest descriptions of Everglad·es plan:ti communit-te·s_. a:re· qu~iitfatJiiv.e' all:d 
·extremely sketchy. Later historical ac·collli:ts .. Jnclude- liatiiV'e artcl Alile~iiC~D. ·. pl~ht 
names, and describe elements that rel~te· to t}ie pte~~nt v~getatio.fi; .. 'me; ~.ar!iest 
written descriptions date to the rnid-:t·500'f3.,. -when .Alva¥' f\fuf)ez .. Cabezal de Va·~a 
recounted aspects . of the natural history. 'Fhe1 W.i'J~4~ ''ev:erglad'es''- y/:Rs .. • ~pp1iien~ly 
derived from-~ phrase coined by British geographer Vignples hi 1~823', wljpus~d,the! 
words "Never Glade'' to·describe thelavge;expan·se~of''non~fovest~d a~ea~ 'rhl~·.pbr~~e 
was reduced to Everglades and has appeare.~}' on ll1!tP~···since th~' early 1'600$~ TJ:ie 
Seminole Indian na.me for·the Everglades is:uPa;..ha:f--olee!'~·which.translates1·i'otignly 
to grassy lake (Douglas

1 
1947) ~ · .. · · · . . 

As the southern Everglades become mote: ace(!ssible hi the la·te _1800s: tll~re 
were attempts to inventory the species and define· tlie·plarit associhtions~ Hugli 
Willoughby traversed the area in l898i going up· Shark River then crossfu~(dVei,":to 
the Miami River. Willoughby's photographs of the area showed savvgtass ma-rs:nes, 
hardwood tree islands, and open water prairies. . Angelo Heilpren_, (It8$;7), 
Harshberger (1914), and. Harper (1927) described Ever·glades c<nnmun'ities.~' .. );)ut 
probably never visited thatarea·ofthe.souther.n Ever-glatles'which is now the ENP. · 

Recent Vegetation Studies. The two mostimportaQ.t early w'orks· descr~bing · 
the vegetation of the park were done by. John Kunkel Small and John I-lenrY: Dav~s~ 
Small visited the area of the park many times-for his treatment ·orthe·fleira: ofthe 
southeastern United States (Small, 1932). In addition to identifying, classlf)dn.g!,-an;d_ 
often naming the plants of the area, he described ·Royal Palm Hammirc]:t {Snt'idl; l~l6) 
and cypress swamp areas (Small, 1933). In his book, From Eden to S'tthara, (Hm;all, 
1929) chronicled what. he observed to be destruction of Everglades vegetation dl):eto 
dry season frres, collection pressures, and other human-induced ·chan:ges.- D~:.vis· 
(1943a,b) constructed the first vegetation map of the Everglades; discussed· the 
ecological relationship.s among the vegetation, .-soils, and hydrologic· conditions·· of ·a 
site; and depicted the successional relationshipJ:rofthe plant communities. 

More recent descriptions of the Everglades veget~tion have aug·mented these 
resources. Egler (1952) descr~bed the s~uthern ~v~rglad~s co~niunities·· ~lid 
theorized that fires played a dominant force 1n determining the relative abundances 
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of graminoid and forested communities. :Robertson (1953) was .the first to 
quantitatively define the relationship of fire ~to th:eupland pin.~ fore$ts. RQbe.rtson 
(19~5) also quantitatively related the plant associations to the avian populations. 
Cratghead (1968) provided detailed lists.ofplantspecies·bY, communities in the park, 
and described the importance of the all~gfltor, hurricanes, .~oUs, and fires to. a:haping 
the vegetation patterns (Craighead, 1971). Alexander. and ,Crook (J-984) also listed 
plant species occurrence within a number of ~quare .m.He quadrap.ts ·within the_,park, 
and evaluated shifts in boundaries between veg~tation.zones during the.pe:riod. 1940 
through 1970. Hofstetter (1976) investigated the effects of fire on the pj1;1eland 
ecosystem. A review of the effects of fire on system& of south Florida was done by 
Wade et al. (1980); and included aU of the ·m.ajor ·plant communities Everglades. 

With the establishment of the South.Florida Research Center (SFRC) at ENP 
in 1976, the park staff has been the source of most. of the recent descriptions of the 
:Everglades vegetation, Loope (1980) provided an :exte.nsive bibliography of south 
Florida botany~ A very and Loope (1'983) provided a ptelhnl~ary list of plants found 
within the park and also detailed informatiol), on rare and threatened species (Loop 
i!nd Avery, 1979). Olmsted et al. (1980) mapped a-nd inventoried the vegetatio11 of 
Taylor Slough within the park, and did similar inventories of the mangrove area 
~Olms~ed et al .. _1981) and L __ ong Pine_ Key_ area (Olmstedet a~. 1983). Sny_d_. er _(1986.) 
Investigated the effects of wet and . dry season burns ·oJI the rockland forest. 
Gunderson et al. (1987) mapped the area of Shark River Slough using LANDSAT 
Thematic mapper data. Gunderson et al. {1986) reported on flood tolerance of 
common hardwood species. Gunderso~, 1989 attempted to quantify hydroperiod 
characteristics in wetland communities.ofthe pa.rk. 

PhytogeograTchic Relationships. Th~ origi11 of the flora of the ENP Planning 
Area can be traced to our sources; tropic·al, temperate, endemic, and exotic. Native 
tropical species of the park are primarily front the: Caribbean region of the neotropics, 
With many plants from the Antillean areas. Propagule~ of these species are thought 
to have crossed the saltwater carried by hurricari~ \yinds or migrating birds, or were 
able to tolerate some period of saline inundation. The temperate flora is composed of 
species found throughout the coastal plain of the southeastern United States. The 
endemic taxa consist of species and subspecies that have evolved in unique habitats 
of southern Florida and are found nowhere else in the world. The exotic plants of the 
ENP are species that have been introduced into southern Florida for ornamental and 
horticultural purposes, but were so well adapted to conditions that they became 
naturalized. 

Avery and Loope (1983) prepared a preliminary checklist of the vascular 
plants of the ENP and enumerated some 830 species. By their accounts, t.he flora it3 
mostly tropical in origin. Temperate species are next in abundance, followed by 
exotic or non-native plants and endemic taxa. They identified 141 exotic plants in 
the ENP, or about 17 percent of the total. Robertson (1953) counted 122 taxa 
considered endemic, but later work by Avery and Loope (1980) refined the nurnber of 
endemics to 65 taxa, or about 8 percent of the total plants in the ENP. 

The plant taxa of the park represent 14 7 families and roughly follow the 
distribution of plant families reported by Long and Lakela (1971) in their description 
of the flora of tropical Florida. Of the angiosperms, 100 of the families are in the 
Dicotyledoneae and 29 are in the Monocotyledoneae. Of the remaining families, four 
are gymnosperms and 14 are ferns and their allies. 
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The plant family with the largest number of t~a in the. ENl? .is th~ Po.a:c.~&.~, 
with 101 taxa, followed by the Asteraceae (77 tfl?'a). Other w:eH~.rgpres_~~~~~ f~W,~lt~s_ 
are the F0;~aceae (54), Cyperaceae (45) 7 Orchtdttceae (a5), ~-n~ ~l,lrqho.r~i(tce,q.e (~·~). 
These families represent flora that is herbaceousand~t~Q.pical. ,-

Description of Plant Co.miQ,unities. The native plaq:t CQ,~JtnJ,p,i~~es· ·~~ :t~e 
E_ver~lad.es· are classified by __ major en:v.irop·~eJ~ta:l d.etfi.rmi~·~lit~:. J<> · ·~·~~,e.·~f:\~!9n 
distribution: topography, hydrology, .. and saluuty. ·The thre~· ·lU~JQr· v~g~ta..ti~n 
groups are the upland vegetation Qomplex, tli~ freehwater w@tl~nd CQ.'UtP.le~,:'-a,ti,a~ the 
saline communities (Tatile 51). The dominant ~pecie_a in eatili o.fthe: tn:ajor ·gl~nt 
community types are listed in 'fable 52~ - · _, 

Table 51. Native Plant.C9!mmuniti~softbe E:V~rgla.des 
Grouped by MaJor Ecological Gl~s.ses. 

Community Categories 
I. Upland Communities · · · 

A. Rockland Pine Forests 
1. Low stature hardwood tj.ndetstoty 
2. TaU hardwood Wlderstory 

B. Tropical Hardwood Hammocks 
1. MaLurephas~ - .. · . 
2. Successmnal, scrub .phase 

IT. Wetland Coinmunities 
A. Freshwater Wetlands 

1. Forested Com.ml)llities (Ttf:'e Islands) 
a. Bayheads . 
b. Willow h.ead$-. 
c. Cypress.Fore~.ts 

2. Herbaceous Associations :(M:l\rsh.es: and Prair:ies) 
a. Saw&rrass .. M~rshes · · · 

i. Ta:llStature . 
ii. Intert:n¢di~tfj St~tur~ 

h. WetPrairi.es(peat)_. 
i. Eleoeharis Flats 
ii. RhynctJ,oapQra~FJats· 
Hi. Ma:idencarte.Marshes 

c. Wet Prairies (mal,]) .. · · · - · · · 
3. Little or n6.emer_g,ent vegetation 

a. Ponds and Creeks 
b. Sloughs - · · · 

B. Saline Wetlands 
1. Forested Wetlands a. Monosp~cific Forests 

h. Mix.edMangrove Forests 
2. Herbaceous AssoCJations 

a. Salt Marshes 
b. Coastal Prairies 

Groups derived from classes of Davis (1943a), I.ovele.o.;s (1959) and.G._nderson ana Loftus fht Pres~J. 

The upland complex includes pine forests, tro.pical hard.wood h_aJ,ntnocks, and 
former agricultural areas. Within the ENP, the U;Plands ave .p1·hn~ri~ly r.estrjct~d .to 
central areas in and around Long Pine Key (~,igure 45 ). In the .EEA, the \upland 
areas have been largely converted to agricultural and r.esidentiall~n(i us~.~. 

The freshwater wetland complex comprises three types of forested associ~tio.t:ls 
(bay heads, willow heads, and cypress forests) and three major gro~ps of gr~~mi11oid 
communities (sawgrass marshes, wet prairies, and open water sloug·hs). The 
freshwater wetlands of the ENP are in the two major d:r~inage basins Shark ;Rive.r 
Slough and Taylor Slough. 
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Table 52. Plant Taxa in Vegetation Communities of:the Everglades System. 

Community 

Ponds, Slough 

Sawgrass Marsh 
Tall stature 

Intermediate 
Stature 

Wet Prairies (peat) 
Eteocharis Marshes 

Rhynchospora flats 

Maidencane flats 

We~ Prairies (Matl) 

Swamp Forests 

Willow Heads 

Cypress Forests 

Mangrove Forests 

Species (D = Dominant sp_eci_es) 

white water lily (Nvmphaea odorata) 
floating heart (Nymbhoides aguati'ca) 
spatteraock (Nuphar luteum)_ 
bladderwort (Utricularia foltosa) 

(Utricul aria purwrrea) 
water hyssop (Bacopa card miana) 
arrowhead (Sagittar:Hl lancifol ia) 
pickerel weed (Pontei'leria. cordata) 

(0) s.awgrass (Cladium iamatcense) 
Justicia an usta 
spikerush · leocharis cell uTosa) 
catta i 1 (Typha l'atifo l ia) 

(O) sawgrass (Cladium iamaicense) 
sw~rnp-lily~m amer,icanurn) . 
arrow arum (.f.!lliodra.virgin+ca) 
spider lily (AvmenocaJli·slatt(olia:) 
shy leaf (Aeschynomene pratensis) -
Everg:lades mornil)g· glory· (Ipomea sagittata) 

(D) spikerush (Eleocharis cellt.iJosa) 
(D) spikerush (Ele_ocharis e'londata) 

(D) beak rush (Rhynchospora tracyO . _ 
water rush {Rhynchospo~a · 1nunda~a·) 

(D) Maidencane (Panicum hemitomon) 
water p. aricon {P.as%ahdiunt geminatuni· 

v.ar. aludiva_um.) 
swamp 1 ily Crinumamerican.um.) . 
water hyssop (Bacopa caroliniana) 
arrowhead ( Sagittar.ia lancilf·olia l .... 
water drop-wort (Oxvpo:l is fH'i.formis} 

(D) sawgrass (Cladium iamaJcensel 
(0) muhly grass (Muhlenbergia filipes) 

narrow beardgrass sch:lzactivt,um rhizornatum 
white-top sedge (Dichromena col~rata} 
black:-top sedge (Schoenus n-igricans) 
Aristida purpurescens 
Panicuin tenerum 
Rhvnchospora divergens 
RhynChospora mtcrocarpa 

!
D! red bay {Persea borbonia) 

.
D sweet bay (Magnol.la. v1 r in ian. a) 
D dahoon holly (Ilex cassine 
D willow (Salix caroliniana) 
D wax myrt~yr1ca cer11era) 

cocoplum (Chrvsobalanus icaco) 
swamp fern (Blechnum serrulatum} 
leather fern (Acrostichum danaeifolium) fern 
red maple (Acer rubrum} 
red mangrove (Rhizophora mangle) 

(D) willow (Salix caroliniana) 
wax myrtle ~~yricf cerifera) 
buttonbush epha anthus occidentalis) 
sawgrass (Cladium iamaicense) 

{D) cypress (Taxodium ascendens) 
sawgrass {Cladium iamaicense) 
Schizachyrium rhizomatum 
wh1te top sedge {Dichromena colorata) 

!
Dl Red mangrove {Rhizo hora mangle} 
0 Black mangrove v1cenn1a germ1nans) 
0 White mangrove Laguncularia racemosa) 
0 Buttonwood (Conocarpus erectus) 

Hource: Data Compiled by GHllMHill. 
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Growth form 

floating aquatic 
floating aquatic 
floating aquatic 
submerged aquatic 
submerged aquatic 
submerged ~quatic 
emerge.nt aqoat ic 
emergent aquatic 

emergent sedge 
emergent herb 
,emergent r·ush 
emergent aquatic 

~margent sedge 
emergent herb 
e·mergent herb 
emergent herb 
emergent herb 
vine 

emergent rush 
emergerit rush 

emergent sedge 
emergent sedge 

emergent grass 

emergent grass 
emergent herb 
submerged aq~atic 
emergent h.erb 
emergent herb 

emergent sedge 
emergent grass 
emergent grass 
emergent sedge 
emergent sedge 
emergent grass 
emergent grass 
emergent sedge 
emergent sedge 

tree 
tree 
tree 
tree 
tree 
shrub 
fern 

tree 
tree 

tree 

shrub 
sedge 

tree 
sedge 
grass 
grass 

tree 
tree 
tree 
tree 

tree 
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Table 52. Plant.Taxa in the Vegetation Communities of the Evergl~d;es, S:ys.te~ 
(Conttnued). . 

Community 

Batis Marshes 

Coastal Prairies 

Salt Marshes 

Pine Forests 

Hardwood Hammocks 

Burned Hammocks 

Species {D = Dominant species) 

loj. Batts maritima 
D Glasswort (Salicornia vtrgtntca) . 
0 Sea purselane (Sesuvi.um p.o.rtuTacastr~m) 

( 0) Gulf cordgrass (Spal't_i:n:a~ ,.s'pa.rttnae) 
( O) Sea-oxeye (Bordcllia f:·rute!o~~ns )· 

I Ol Sand cordgrass {Spar.tliHi ·b1lk~rji)i 
0 G_ ul. f cor. d_ grass ._(Spar.ti,na sp-art;;-tn·ae) 
o Black rusfl ( Juncus. roernar.j:anust -
D Fringe rush ( Fimbrvstylis ·castanea<) 

(0} South Florida slash pin~ :(.Pinus. ellio·ttii 
var. densa.) · . ·· · · -- · • · 

(D) Rough ve_lvet see_ d (Guettarda.s·cabra) 
(D) Randi.a aculeata · · ' - -

l.
Dj· Va. rn1_'sh ,_·eaf fDodonea. cdscosa) o . myrsine {M~rsin.e noridarta· · 
D. Willow. bust·ic (:~um·a;H?a·.-·sa;·cifol~~~:) 

l
ol strang:ler fig (Ficus: _au·r.ea) 
0· gumbo-limbo {Borserailiilaiubra) 
D Live oak ( uercus v.frgtntan·a) 
D wild tarnarin ·· L~siloma lati's.il iquum) 

cabbage pa.l.lil ( a al p·6=l~;e.tto:) ·- -
hackberry. (Celtis 1aavlCiat:a) 
mulberry. (Morus r.ubra)· 
citrus (.Citrus spp·~: r 
persimmon ~Diospy,r~os·. v;i r i rriana) 
mahogany ( wiate·n;a .maho.· ani 
paurotis pa·irn '(AcoE!'lo.r..rap e wrighti i) 
Roy a 1 palm ( Rovstonea ·e.Ta:~a.) · ·· .· 

Florida trema (Trema in.i cranthi.lrn)· 
saltbush (Baccharis halim1fol'ia) 
wax myrtle (MtPica cerife·ra:} · . 
bracken fern · tertdium~ aquilin~m.) 

Growt·h Form 

erne rg~n:t h~·.rl1· 
ern~ r.g1e·n t tl~T~· 
emerg~nt "'~-'rb 

em~rgEt,nt gr:ass, 
emergent he·ro, 

emerg_.ent g.ras~ 
e~erg:en~ g.r-&5,~ 
emergent rush 
em,ergent s:e:dg~ 

tree 

sh·rub 
s·hrub 
sh.rub 
s·hrub 
shrub 

tree 
tree 
tree 
tree 
tri:le 
tree 
tr$e 
tree· 
tree 
t·ree 
tr~e. 
tree 

tree 
shr.ub 
tree/sh.rub 
fe•rn 

Saline communities within . the park tnclp.de mallgrove for~st~ · ~d, 
salt-tolerant herbaceous marshes. The saline vegetation types ~re _located . ~n the 
southern portions of the ENP, bordering on Florida Bay and the Gulf ofM.e~jco. 

The total area of the non-marine portion of th~ ENP i~ approf{im_at~ly 34Q·,.QO 
hectares (~39,.800 acres) based on the Ever~lades Fir~ Man~:emer:t Plan:_ !Nf:S, 
1979), which IS larger than the study are~ Of the proJect .. T · e sa.hne· v.egetatuln 
complex covers about 182,00 hectares (449,500 acrE}s)J or about 54 per¢ent c,fthe ~r#a. 
The wetland vegetation complex covers appro;ximately 150,000 hectare_s (370,500 

acres), or about 44 percent. The upland vegetation complex. is the sntalle:st of ~n,(:ljQr 
groups within the ENP, with only 8,000 hectares (19,8()0 acres), or 2 percent of the 
park area. Most of the East Everglades Area is characterized as nar:t of the 
Everglades wetland vegetation complex, and the remainder is part Qf the upland 
vegetation complex. 

Upland Vegetation Complex. The primary uplan,d veget.a.tion co~~~;njties 
of the park are pine forests and tropical hardwood han;tmocks. Variations of these 
two forest types are generally due to effects. of !ire on the species cott;~position and 
structure. The two forest types are .primarily In a;nd around Long Pin_e Key, the 
collective group of rocky outcroppings in the central area of the ENP. The upl_and 
complex once extended northward to the Miami area and c.overed about ,64,780 
hectares (160,000 acres) (Shaw, 1975). Long Pine Key is now the largest remnant of 
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Figure 45. Conceptual Distribution of Major Plant Complexes of the Everglades 
Region. . . 
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this community type; the remainder has been developed. The uplan4 areas within 
the EEA have been converted to agricultural and land uses. 

Pine Forests. The pine forests of the ENP are characterized by an overstory 
of south Florida slash pine (Pinus elliotti var. densa). Olmsted et al. (1983) reported 
mean densities o£250 to 660 stems!hectare{lOO to 270 stems/acre), mean diameter at 
breast height (dbh) of 15 centimeters (6 inches), and mean heights of 12 to 18 meters 
(40 to 60 feet), in the Long Pine Key pine forests. Most of Long Pine Key was 
lumbered during the 1930s. The existing forests are approximately 50-year-old, 
second-growth stands. 

Two types of pine forests were mapped by Johnson et al. (1983); those with low 
stature understory and those with well developed understory (Table 52). The
distinction between these types can be explained by fire history, which will be 
discussed later under environmental relationships. 

The most significant floristic feature of the rockland pine forests is the species 
richness of the understory stratum in the low-stature type. Loope et al. (1979) found 
186 species in this association, making it the most diverse. community in the ENP. 
Approximately 50 species of hardwoods, primarily West Indian in origin, are found in 
the understory (Taylor and Herndon, 1981). The understory plants in these forests 
only attain heights of 2 meters (6.6 feet). Dominant hardwoods include rough velvet 
seed (Guettarda scabra), Randia aculeata, varnish leaf (Dodonea uiscosa)_, myrsine 
(Myrsine floridana)_, and willow bustic (Bumelia salicif'olia) (Olmsted et al. 1983; 
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Taylor and Herndon, 1981; Snyder, 1986). Important palm species are cabbage palm 
(Sabalpalmetto) and saw palmetto (Serenoa rep~ns). · 

Grasses and forbs account for a small petcentage of the totat g.round cover, but 
account for the bulk of the species diversity. Oomtno:n.gr-amin;oid.;s.pecies are narrow 
beardgrass (Schizachyrium rhizomatum) and A'ndropQ'g,Qf!;: ~qabatt.=isii (Ohnsted e.t al. 
1983). A number of endemic taxa are found only in .the tockla·nd ph1e forest. They 
inclu?e Dyschoriste oblongifolia, Phyllanthus. peift~p/t:j.V,l11.~; Botreria terminalis, 
Tragza saxicola, Chamaesyce porteriana var.~ p6,rt.e.f:i"tffl.ij,,. iJacquemontia _:cy>rt~s·sia, 
Melanthera parvifolia, and Foresti{#ra segret;Jjt(t -v:~r:. pi;il:etortiir.tt (Loope et al. 197~).. 

The pineland areas with the ta.U stature·~ hardwood tindersto:ry cont_ahi the 
same hardwoods and palm species found in ~f}ie lowet stature pineland-s, but the 
hardwoods attain heights of 8 to 10 meters :(26 to 33 feet). The tall hardwood 
understory in this forest type typically has a ·closed canopy, ~esulting in few if any 
herbs and forbs in the ground cover. 

Tro ical Hardwood Forests. The broadi"leafe~ evergreen, upland forests are 
locally called hammocks. T . ese orests are domi11ated by West Indian species., and 
are the most diverse arboreal association in the ENPa A:t least 120 hammocks ate 
found. in conjunction with the pine f()re$ts . of LQng: Pi11e. Key (Joh~son et al. !983; 
Olmsted et al. 1983). One ·of the largest and most notable ~~rilm~ck is ~QyaJ Palm 
HamJD.ock,,located at the ed'ge ofTaylor Slough and ~ong Pine Key. Ro&a.l.P.alm 
Hammock 1s noted for the emergent royal palm trees, Roysto.nea elata (Small, 1916). 
This hammock was first protected in 1916, when 770 heetare£; (1~900 .acres) were set 
aside as Royal Palm State Park, forming the nvcl~11s oCENP. Tropical hardwood 
:Qammocks also occur on elevated outcrops on th.e·upatream side ef some tree islands~ 
These sites have a history of habitation by native Atn(dr~ca.n populations. ·H~mmo~ks 
also are found in the saline zolle of the patk (Craighead, 1971; Russell et al. 1980). 

The dominant overstQry trees in the hammo¢ks :of'Long Pine Key ate live oa.k 
(Quercus virginiana), wild tamarind (Lysiloma la_tisiliquuin), and gumbo li.mbo 
(Bursera simaruba). These trees attain heights Qf 18 meters (60 feet) and diameters 
of 2 meters (6.6 feet) (Olmsted et al. 1981). ·Other, less common, tr~e species in the 
overstory include sugar berry (Celtis la,evigata), mastic (Mastichodgndron 
foetidissimum), and mahogany (Swietenia mahogani)(in the southern hammocks). 

A suite of species attain sub-overs tory status and account for the tremendous 
stem d~nsity found in hammocks. Among these commonly found tre·es include· willow 
bustic (Bumelia saUcifolia), lancewood (Nectandra coriacea), 1nany species of stoppers 
(Eugenia spp.), pigeon plum {Coccoloba diversifolia), marlberry (Atdisia 
escallonoides). Few plants are found on the ground because of heavy ~hading by the 
dense canopy. Most of the herbaceous flora are epiphytes, including vines, orchids·, 
and bromeliads. 

Hammocks that were recently burned or have histories of frequent past fires 
are in a successional, often scrubby phase. Hammocks with recurt·ent or severe fire 
damage are often colonized by Trema fioridana and bracken fern (Pteridium 
aquilinum). Some hammocks in the East Everglades that were subject to frequent 
and severe fires now support Australian pine forests (Hilsenbeck et al. 1979). 

Freshwater Wetland Vegetation Complex. The freshwater wetland 
vegetation complex of the Everglades is composed of forested and non-fc)rested 
communities. The forested wetlands include bayheads, willow heads, and cypress· 
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forests. The non-forested or herbaceous wetlands of the park include sawgrass 
marshes, wet prairies; ponds, and open water . sloughs. The ·~ommunities are 
typically arrayed in a landscape mosaic- .of types, as shown by Rintz and Loope, 1979. 
and Olmsted et al. (1982). 

Bayhe_a~Swam~ . Forests. The. freshwater, broad·leafed, . hydrophytic 
hardwood associations orthe Everglades are also ;ref~rred to as tree tsl~lldS. The 
name is descriptive of the isolated, emerg~nt -trees surrounded by the lower stature 
.marshes. Tree islands primarily comprise swamp forest vegetation, although some 
small areas of relatively higher elevation support mesic tropical hardwood 
vegetation. The larger tree islands within the ENP; are in the ~ha:pe of an elongated 
tear drop, generally oriented with the main axis parallel to the maina,c.is of.flow. The 
hayhead or swamp forest is the most common a.nd a.hundant forested wetland type in 
theENP. 

Typically~ a group of bay trees are co•dominants in this association, hence the 
name bay head. Dominant canopy species include red bay (fersea borbonia), swamp 
bay (Magnolia virgi'niana), dahoon. holly (!lex cassin~),. pond apple (Annona glabra), 
and wax myrtle (Myrica cerifera). Other,less·common.species include willow (Salix 
caroliniana) and strangler fig (Ficus saureq,). These canopy species attain heights of 
between 8 and 10 meters (26 to 33 feet) (Olmsted_.et al.1980). A dense shrub layer is 
generally found beneath the canopy, composed primarily ofcocoplum (Chrysobalanus 
icaco) but including smaller individuals .. of the,. above.;.tnenti()ned overstory species~ 
Other plants in the shrub stratum include buttonbush, (Cephalanthus occidentalis) 
and the large leather fern (Acrostichum danaeij'olium). Some are.as of the understory 
are de-void of ground cover because of the dense. shac;le. of the overstory. Other areas 
are inhabited by herbaceous wetland species such as lizards tail (Saururus cernuus). 

. The soils in swamp forests are primarily .gandy peat,. with measured depths of 
30 to 200 centimeters (1 foot to 6.6 feet) (Olmsted et al. 1980). The surficial soils are 
composed mainly of decomposing leaf material from the extant vegetation. The 
hydrologic regimes (duration of flooding) in these forests average between 1 n1onth 
and 4 months. Many of the hardwood species cannot sustain prolonged flooding 
(Gunderson et al. 1988) .. Mortality has been observed in some areas where prolonged 
flooding occurred (Craighead, 1971). 

. . Willow Heads. Stands of southeastern coastal plain willow (Salix 
caroliniana) are also called willow heads (Davis, 1943a; Loveless, 1959; and 
Craighead, 1971). These stands have a monospecific overstory and understory, with 
willow the dominant woody plant. Other, less-common, associated herbaceous taxa 
include phragmites (Phragrnites australis), sawgrass, and flag (Thalia geniculata). 
Herbaceous vines such as Sarcostemma clausa, hemp-vine (Mikania scandens), and 
Ipomea sagittata are commonly found. 

Willow heads are found on sites with a history of severe soil disturbance, such 
as a peat flre, lumbering, farming, or alligator excavation. Willow heads are common 
in the northern central areas of Taylor Slough (Olmsted et al. 1980). Large areas of 
willow are found along the western edges of the Shark Slough, where severe fires 
burned through bayheads during the early 1970s (Gunderson et al. 1987). Willow is 
also commonly found around alligator holes or ponds. Craighead (1971) reports that 
willow is much more widespread now than in previous times, due to changes in the 
hydrology and impacts of dry season fires. According to Hilsenbeck et al. {1979), 
willow thickets are ecologically important because they serve as feeding, resting, and 
roosting habitats for many of the herons, egrets, and other wading birds. 
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Cypress Forests. Cypress forests are relatively minor features of the 1ENP 
occurring east and west 0f the Long Pine Key area. Two types of' forests occur, tto'illes 
and cypress prairie. Both are dominated by pond cypress ( Taxod'tufn aseetul~nsj. 
Domes of pond cypress occur in bedrock dep:ression.s in northern Taylor Slough ('Rirntz 
a~d Loop, 1979). The do~es are characterized .by _dense stands of pond .cypre~s ·wfth 
diameters up to 50 centimeters {1.6 feet) and heights to 25 meter.s (80 feet)~ 'fhe 
domes wi~h lowest soil surface elevations su,pport little other flora, .e~€ept perlra.ps. a 
few aquatic species. Domes with higher soil eleva·tions support many df the hard:Y.Tood 
species found in bay heads including red bay, swatnp bay-, wax myrtle, artd coct.aplutn, 
and have been called cypress heads (Olmsted et aL 1980}. 

Cypress prairies of the Everglades were first described by Smal'l (1932). -'fh:ese 
forests have also been described as dwarf or hatrack eypress (Cra,ighe·ad, 19·71). The 
cypress trees attain heights of less than 5 .meters (16 feet) and diameters of less- ·than 
20- centimeters (8 inches). The trees are widely spaced. Understory platd1s- include 
sawgrass, muhly grass, and other herbs and grasses. 

Sawgrass _Marshes. Sawgrass {Cladium- jamai-eense) is a ubiquitous., 
characteristic plant - -species of the_ Everglades fre·shwater _ -marsh. 
Sawgrass-dominated marshes are the spatially dominant freshw.ater wetland ph:1nt 
community type both within the WCAs and :ENP. Sawgrass is . a rhizomatous, 
perennial sedge and not a grass as the common name implies. The· plant is well 
~dapted to the conditions of flooding and burning. that occur in tne~ Everglades. 
Although capable of surviving variable water 4epths froJll. dry soil to flooding of the 
lower portions of the plant, sawgrass loses viability if high water lev-els are prolonged 
(Hofstetter and Parsons, 1979'; Davis, 1989). Sawgrass also has low rn1trient 
requirements (Steward and Ornes, 197 5), ·~. trait. which anows su-rvival in the 
oligotrophic waters of the Everglades. 

The adaptations of sawgrass to fire ha.'Ve be.en wen studied' (Davis; l94'3a; 
Loveless, 1959; Craighead, 1971; Forthman, -197-3; Yates, 1974; Hofstett·er· and 
Parso~s, 1979; and Wade et al. ·1980). The leaves of sawgrass are extren~ely 
flammable· (Wade et al. 1980}, but the meristem is protected by spongy tissue 
(Conway, 1938) which is inflammable except under extreme dtought conditions. 
With the meristem intact, regrowth is rapid (Forthman·, 1973'; Titman.tj- t:~,7i5). 
Preburn structure (height and biomass) is attained within 2 years (Loveless, 1959). 

Two types of sawgrass marshes occur in the ENP: tatl stature _or dense 
marshes, and intermediate or short stature sawgrass marshes ('rablc 52). Soil 
depths account for much of the observed difference in size. On sites with deeper 
accumulations of peat (over 1 meter), sawgtass attains heights up to 3 meters 
(10 feet). On sites with thinner organic soil, sawgrass normally attains heights of 
80-150 centimeters (2.5 to 5.0 feet). Both types of marshes are dominated· by 
sawgrass in terms of biomass and plant density. Few other species oc·cur- in the taH, 
dense marshes (Craighead, 1971) except some woody plants such as willow or pond 
apple. These establish in openings in or on the border of dense marshes. Only 14 
other species have been found in association with sawgrass in the sparse sawgrass 
marshes (Olmsted and Loope, 1984). These includ·e spikerush (Eleocharis ceUu-losa), 
Bacopa caroliniana, Proserpinaca palustris and Ipomea sagittata. 

Wet Prairies. Wet prairies are a group of low-stature graminoid marshes. 
They are found over· both peat and marl, with each soil type supporting· distinct 
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communities. Wet prairies occur in the ENP in the central areas of Shark Slough and 
Taylor Slough and in portions of the EEA. 

Wet prairies are generally described by the dominant plant found in the 
associations. Loveless (1959) described the associatiQna ·over peat as Eleocharis, 
Rhynchospora, and Maidencane flats. Craighead(19'7l) described them a$spi~erush 
and sedge flats. Common emergent aquatic pl~nts ill these wet prairies include 
spikerush (Eleocharis cellulosa), beak rush ,(Rkynchosp.ora tracyi),. maidencane 
(Panicum hemitomon), arrowhead (Sagittarig ll'l!tifol~a), and ,pickerel weed 
(Pontederia lanceolata). At least 25 taxa typic~lly occur i~ these ~ssociations, but 
spikerush, beakrush, and maidencane dominate. In the. WCAs, Goodrick (1984) 
found these three species comprise most ·of ..the ·mean 300 grams/square . meter 
above-.ground biomass. Submergecl aquatics i:Qclv9e ludwigia (Ludwigia spp.) and 
bladderworts (Utricularia spp.). Periphyton is. a conspicuous, important feature of 
these associations, and will be discussed in the section on periphyton. 

The wet prairies over marl are a CODJ3picuous feature in the ENP. Marl 
prairies occur on the east and west margins. of Sh~l"k and Taylor Sloughs and ill the 
EEA, where bedrock elevations are slightly higher and bydroperiods shorter. These 
communities have been called the southern coastal marsh prairies (Davis 1943a), 
southeast saline Eve.rglades (Egler 19!5~), marl .~.v~rglades (Kuchler, 1964), tnarl 
prairies (Harper, 1927; Werner, 1976; Olmsted and Loope, 1984) and Muhlenbergia 
prairies .(Olmsted et al. 1980). 

Most of the mar 1 prairies in the ENP are dominated by the species m uhly grass 
(Mu/l,lenbergia {ilipes) and sawgra~s .. Other locally dominant species include the 
black top sedge (Schoenus nigricans), Aristida purpuril$cens, narrow beardgrasS; and 
Eragrostis . elliottii. Beak rush is common in the lower, wetter areas of the marl 
prairies. The marl prairies are a diverse 8:ssociation; Olmsted and Loope (1984) list 
over 100 species. The majority of these are herbaceou~ plants, and while they 
contribute greatly to the species diversity, they comprise less than 1 percent of the 
ground cover (Olmsted et al. 1980). Typically, the graminoid vegetation in the marl 
prairie community is less than 1 meter tall. Olmsted et al. (1980) found from 9 to 
12 species/square meter. Above-ground biomass ranges from 50 to 100 grams per 
square meter, depending on soil depth, hydroperiod, and time since fire (Herndon and 
Taylor, 1986)~ 

Ponds and . Creeks. Ponds are small, typically less than 1 hectare 
(2.5 acres), open water areas scattered throughout the Everglades. Generally, little 
or no macrophytic vegetation is found in the ponds. The ponds are often bordered by 
spatterdock (Nuphar luteum subsp. macrophyllurn), water lilies {Nymphaea spp.), fire 
flag (Thalia geniculata), pickerel weed (Pontederia lanceolata}, and woody plants 
such as willow or primrose-willow (Ludwigia peruuiana). 

Creeks are open water areas found in the southern portions of the ENP, they 
occur at the interface of the freshwater and saline zones originating in the freshwater 
marshes, continuing through the mangrove forests, and terminating in Florida Bay, 
Whitewater Bay, and the Gulf of Mexico. The creeks are typically un vegetated, 
aquatic systems. 

Sloughs. Slough communities are associations of floating aquatic plants. 
These associations are found on the lowest, wettest sites in the central portions of 
Shark River and Taylor Sloughs. Dominant macrophytes include white water-lily 
(Nymphaea odorata), floating hearts (Nymphoides aquatica), and spatterdock. The 
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remainder of the flora in these associations are _composed of submerged aquatics: and 
periphyton. The common submerged aquatics are _the bladderworts ( Utricularia 
foli?sa and U. biflora). The submerged aquatics-pro,vide·· strtrcture for attachmen·t by 
per1phyton and are a key component in what· is described as· the p·eriphyton mat 
complex. 

Periphyton. _"Periphyton" describes th~ __ -alg~ll __ a~semblag·e~· __ ~It __ the 
open .. water areas. Periphyton is found in all the:·marshan<i prairie associa1Uonsb-ut is 
most_ apundant in the slough community. llyd:i~ope~iod· ·and'_ wate17 ch~tais~try 
determine the species composition of periphyton- (Swift,- :t:9.8·4)! ___ Calcareous bltte:~green 
algae and diatoms dominate in shorter hydroperiod· sites., which are m·are aJjlf~::Brte 
and higher in carbonates (Browder et al. 1981). These algae precipitate catci-un1 
carbonate from the water, forming the calcitic mud or marlfo~nd hi 'the marl praT-ries 
(Gleason, 1972). Different algal assemblag.es are found in sloughs and' wet pra~·ties 
over peat, sites with longer periods of inundation; a~d- water characteri~ed, py 
relatively more nutrients and lower alkalinity. P.es~n:ids ,a1td filatnentous gte·en 
algae dominate the assemblages on these sites. The.J1eripnyton provide prim·acty 
production which forms the basis of the detrital-based food web af the Ev~rglades 
(Browder et al. 1982). The algae also influence oxygen levels. in the free water as w~ll 
as form biological mediators in the cycling of nutrients (~Iunt, 1!961; Brock, 197.0; 
Wilson, 197 4; Wood and Maynard, 197 4; Gleason, l97~~)oc · 

Saline Wetlands Vegetation Complex~ The- s~line zone ofthe ENP ~ansists 
of many forested and non-forested vegetation typ~s. The· ~rea is tida:lTy i.nfluen·ced, 
but soil salinity is the major determinant of the vegeta,tion. Salinity in t11e .zone 
ranges from freshwater in the upland waters during the rainy season, to hy.p.ersa1line 
during extreme_ droughts. The zone parallels the coiist and reaches_ a tna~:jn:IUrn 
width of 15 ~iles in _the area of Shark Riv~r ~iltl tap·ers to the east an(! west 
(Figure 45) (Craighead, 1971}. Russ.ell et al. (198()) fi!apped the distribtJt~ot?-· of 
vegetation in the saline zone between Flamingo ant:lJoeBay. Otmst.ed( et (l'l. (:1981) 
described the complex floristic composition ofthe.saline communities. 

Mangrove Forests. Four species of mangroves occur in t}}e ENP,: _red 
mangrove (Rhizophora. mangle), black m~ngrove (Avicennia germinans), white 
mangrove (Laguncularia racemosa), and buttonwood (Conocarpus e-rectU$). 
Mangrove forests occur as monospecific stands dominated by one these four spe~ies 
and also as mixed forests including all combinations of the species. The under.story 
stratum is 110t well developed in the m.angrove forests, but some additional species 
that. may be present in the understory vegetation include; antwood (B-umelia 
angustifolia),joewood (Jacquinia keyensis), christmas berry (Lycium carolinianum), 
rubber vine (Rhabdadenia biflora), moonflower (Ipomea tuba), and sawgrass. 

The mangrove forest region of the ENP is a complex spatial mosaic of 
monospecific and mixed species stands (Russell et al. 1980). In addition ta 
topographic and salinity gradients, disturbances such as lightning strike~, human 
disturbance (lumbering), and hurricanes probably account for the distribution .of 
these associations. Craighead (1971) states that mangrove trees up to 1 meter 
(3.3 feet) in diameter and 250 years old existed prior to their destruction by major 
hurricanes in the last 50 years. Currently the largest trees are found in the areas 
along banks of rivers where organic soil depths are greatest. Along the freshwater 
margin of the mangrove forests, large areas of stunted red mangroves are found. At 
these sites, the mangroves only attain heights of2 meters (6.6 feet). 
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Salt-Tolerant Herbaceous Communities. The herbaceous comtnunities of 
the salin«: zone include Batis marshes, coastal prairies, and salt 1narshes. T~e salt 
marshes Include Juncus marshes and Spartina marshes. The black rush (Juncus 
roemarianus) and fringe rush (Fimbristylis castanea) dominate the Juncus gulf 
cord~rass marshes. Spartina marshes with greater freshwater influences are 
dominated by sand cordgrass (8. bakerii); whereas in the more saline areas gulf 
cordgrass (S. spartinae) dominates. Common plants in the Batis marshes include 
Batis. maritima, glass wort {Salicornia virginic~), and. sea;..purselane (Sesuuium 
portulacastrum). Coastal prairies are doll1in~ted by ·g1.11f cordgra.ss and sea.;.oxeye 
(Borrichia frutescens). · 

Environmental and Successional Relationships. Although niany factors 
explain the configuration and distribution of the v~geta:,tion ·commqnities, the major 
determinants are the hydrologic regime, soil type., and_disturbanc~ hist()ry. The 
disturbances influencing the communities ar~ fjre, hurric~es, frosts, and animals 
(Davis, 1943a; Loveless, 1959; Craighe.ad; l$)71) •. Some of the factor$, ·especially soil 
type, hydrology, and fire regimes, are close'ly r.elated and dependent upon each other. 

_ Hydrologic Regime. The two ·.ptillciple hydrologic determinants are 
hydroperiodL characteristics (aepth .and duration .of flooding) and water chemistry 
characteristics: The actual _Physical hydr9logy . Qf a site is determined by its 
topography (soil surface elevation) and water :budget. 

The soil surface elevation is a function ofthe·Und~rlying bedrock topography 
and accumulations of' organic soils. Soil surface elevations do not vary greatly in the 
ENP, with the range of relative elevatjons between the lowest and highest 
communities on the order of 1.5 meters (5 fe~t). Even though ~his range is sm~ll, 
elevation differences translate into greater differences in the hydrologic regime due 
to the temporal variability in rainfall inputs. Vati.ous ground elevation profiles 
contrast vegetation communities (Olmsted et al. 1980; Ohnsted et al. 1983). 
Gunderson and Loftus (in press) present an idealized profile of the wetland vegetation 
types (Figure 46). However, no distinct quantitative differences in soil surface 
elevations among communities have been established due to the variation within a 
community type compared to the differences between communities. The wetland and 
upland community types (Table 52) can be ranked on an elevation gradient. From 
lowest to highest elevations, these are ponds, sloughs, wet prairies (peat), sawgrass 
marshes, tree islands, wet prairies (marl), pine forests, and tropical hammocks 
(Figure 46). 

The hydrologic regime of the plant communities is driven by the annual 
rainfall pattern. The summertime rains cause water levels to rise during the 
summer months and reach the annual maximum levels by September and October. 
As rainfall decreases through the fall and winter months, water levels decline and 
reach annual minima during the spring months. The resulting inundation of the 
plant communities, is inversely related to the elevation rankings of the comtnunities 
as listed above. 

Davis (1943a) first related the influence of hydroperiod on the distribution of 
these communities. As long-term hydrologic data became available, quantification of 
the hydrologic regime within some of these plant communities was possible. 
Gunderson, 1989 studied water level records in five wetland co1n1nunities of the ENP. 
The records showed historical hydropatterns did not statisticaJly differ among 
community types due to the high year-to-year variability. The wettest associations 
are the ponds and slough communities, with year round inundation and 1uean annual 
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Figure 46. Generalized Profile of Plant Community Types of the Everglades, 
Showing Influences and Water Levels. 
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depths of 30 centimeters (approximately 1 foot) (Gunderson, 1989). All of the 
remaining wet~ands communities are inundateg,fQriat least .some period ·.during the 
year. The driest graminoid wetlands are th~ marl,prairies, where in,undation 
averages 3 to 7 months per year and m~~;In:depths av~rage lO·centitnetJers.(Olmsted et 
al. 19~0). Hardwood tree islands, are inund~te~ for shorter per,iods of time, 
~veragtng 4 to 5 months per year (Olmsted et al. 1980). The p1ne forests can become 
1nun~ated for up to 1 month during- e){trem~l.Y. _rar~, v~ry intense rain events. 
Tropical hammocks are rarely, if ever, inundated (Gq~derson and Loope, 1961) .. 

. . Sa~inity is one major aspect of water ~heltl1s.t.ry ~th~t: inflpences th~ v¢getation 
distr1but1on. The border between the freshw:at~r Jliul.sttljne wetlands .is-~ liirge, 
dynamic zone determined by the equilibrium;. bet weep- t.h~ freshwater pverland flow 
and the downstream tidal influence. Within the ;$alin~ zone, the tolerance of each 
species of mangrove to soil salinity affects its distribution. Button wood is the least 
salt-tolerant of the four mangrove species and is fo111idw~ll inla11d. Red m~ngrove is 
tolerant of salinities from fresh water to sea w~ter, :andc occurs inland to the middle of 
Taylor Slough (Rintz and Loope, 1979). 

Most of the native vegetation of the Everglades is adapt~d to conditions of low 
nutrients, including the wetland vegetation such as. sawgrass (St~ward and Ornes, 
19!5; Davis, 1989) .and the uplan.d pineland vegetation (Snyder; 1986), 

Soils~_ Each major plant co~mv.-~ity .gto~p has a distinct soil type. 
Craighead (1971) describes the soil types of the ~NP as rocky .soil, marl soil,· or 
organic soil. The upland vegetation complex is· primal'ily found on outcrops of the 
rocky soil type. Marl soils underlie the marLp:rai;r.es, and organic soils ar.e found in 
the remainder of the plant communities. 

The rockland soils are outcrop$ of Miami ot o_oljtic limestone and support the 
pine forests and tropical ham~ocks. Sand and marl are found in the depressions of 
the pitted rock _substrate of the pine forests. A_ thin (10 centimeter) .layer of 
decomposing leaf litter is found over the limestone of tropical hammocks (Olmsted et 
al. 1981). 

Marl soil, or calcitic mud, has been called Perrine and Flamingo marls. It is 
generated by the blue-green algal mat found in the seasonally-inundated, short 
hydroperiod marshes. · 

I 

The organic soils of the freshwater and saltwater vegetation are classified 
according to principal components. Red mangrove peat underlies much of the 
mangrove zone (Craighead, 1971). The soil in the slough con1munities has been 
described as Loxahatchee Peat (Gleason et al. 1984). It is composed mainly of 
remains of water lilies. The soil under sawgrass marshes is called everglades peat 
and is made up primarily of pieces of sawgrass in various forms of decay. The soil in 
willow heads is a black, plastic, mucky peat (Craighead, 1971). Gandy peat is the 
primary soil type beneath tree islands, containing much woody material and the 
decomposing leaves and other material from the extant vegetation (Davis, 1940; 
Craighead, 1971). 

Natural Disturbances. Frequent and infrequent disturbances affect the 
vegetation of the Everglades, including lightning, freezes, hurricanes, ani1nals, and 
fire (Craighead, 1971). Lightning and hurricanes have significant effects on the 
mangrove forests and less significant effects on other vegetation types. Freezes 
influence sensitive species in all communities. The alligator is the pri1nary animal 
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affecting the freshwater wetland associations.· Fire plays a significant role in the 
ecology of all the non .. mangrove associations. 

Because of the high conductance of the saline· '$ail~ ill the mangrove zon¢, the 
electrical charge associated with a lightning strike will usually kill all the vegetation 
in area up to 1 hectare (2.5 acres) in (Craighead, '19'71}. Succession in ·these· niangrove 
gaps is a poorly understood process. · · 

Impacts associated with hurricanes occur as a result of the strong w;in~.'f?, l)igll 
rainfall, storm surge, and increased wave action. ·Mangrove forests are affected ny all 
of these processes whereas the inland vegetation types are affected by the wind and 
rain. Hurricane-force winds defoliate the vegetation and uproot trees of the woody 
associations. The high rains can produce some fhmd mortality. Massive mortality 
occurred in the ENP mangrove forests after hurricane ·Donna in 1960, whep the 
storm surge and waves deposited a fine mud that suffocated the root systems 
(Craighead, 1971). ·_ 

Fires have been a recurrent part of E:verglades ecology as ~videnced by the 
charcoal layers in the basal peats. of the wetlands (Cohen and Spackman~ 1984)~ Fires 
during the dry season consume the standing vegetation and can also burn the organic 
soils. 

Survival of the rich endemic flora of the pine forests depends on an ope~ canopy 
maintained by frequent fires (Robertson, 1953; Wa~e et al. 1980; Loope and Avery, 
1979) .. The fires consume pine needle_litter, standing_grasses, palms, and hardwood 
leaves and stems (Snyder, 1986). Most of the pineland _plants, except the pines 
themselves, resprout readily from protected meristems. The hardwood plants: are 
therefore prevented from dominating the site, which -can· occur within 2·5 years in the 
absence of fire (Phillips, 1940; Alexander; 1967; Robertson; 1953; Hofstetter, 1976). 
Fires burn the pine forests on the average of one~ every 3 to 7 years (Robertson, 1953; 
Hofstetter, 1976; Taylor, 1981; Wade etal.19BO). · 

Tropical hard wood hammocks can burn during dry years, and most of the 
hammocks of Long Pine Key .show evidence of having been burned within the last 40 
years (Olmsted et al., 1983). Robertson (1953) found that post-fire recovery of 
hammocks depends on recovery from undamaged root systems and regeneration from 
external seed sources. Flowering and fruiting of some pineland species can be 
stimulated by burnling, whereas the flowering and fruiting of some hardwoods 
appears to be delayeH in response to fire (Gunderson et al., 1983). 

The role of fire in the wetland complex depends on the ambient tnoisture 
conditions. Severe fires during drought conditions can consume the organic soils, 
lowering soil elevation and altering plant communities~ The itnpact of fire on 
sawgrass communities has been well studied (Robertson, 1953; Forthtnan, 1973; 
Yates, 1974; Hofstetter, 1976; Werner, 1976; Wade et al. 1980). Sawgrass can btJrn 
over standing water, and regrowth is very rapid, reaching pre~burn heights and 
biomass within 2 years (Loveless, 1959; Forthman, 1973; Yates, 1974). 
Peat-consuming fires can result in the conversion of sawgrass marsh to Eleocharis 
flat (Craighead, 1971). Similar peat fires in the bayhead tree island conununitie~ 
during the early 1970s resulted in dominance by willow (Wade et al. 1980). 

Since most of the observed natural changes in the vegetation of the ENP 
involve fire, successional relationships will be presented in context of fire etle~ts and 
post-fire recovery. Davis (1943a) and Alexander and Crook (1984) pretieni a 
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successional scheme based on the concept that all communities would eventually 
succeed to a single community given the proper time and environmental conditions. 
Robertson (1955) stated that it was unlikely for some of the pathways to. occur, since 
basic differences in soil type and elevation would not be changed qy. community 
processes. Olmsted and Loope (1984) indicate that the state o£·sea level as well as 
many of the above~mentioned disturbances account for the current distribution of 
vegetation patterns~ Gunderson and Loftus (in press) present a i;typothetical diagram 
that depicts the successional relationships among the communities whichbavebeen 
observed or reported in the literature. This diagram is presented with the ·addition of 
rockland pine forest (Figure 47). · 
Figure 4 7. Successional.and Environmental Relationships Among Major Plant 

Communities ofthe Everglades. · · 

frequent fires 

SOIL SURFACE ELEVATION frequent lites 

Source: Modified from Gunderson and Loftus, In Press. 

Threatened and Endangered Plant Species. Loope and A very (1979) 
provided an excellent review of the ENP plant species that require special attention. 
They reviewed the existing state and federal lists of endangered and threatened 
plants and added their own information and ranking system on the status of plants 
within the ENP. Table 53 summarizes the federal (U.S. Fish and Wildlife Service), 
state, and ENP status of the plant species of concern that occur within the ENP. 
Among the threats to these species are wildfire, illegal collecting, hurricanes, 
invasion of exotic species, and fire management programs (Loope and Avery, 1979). 
Although all plants within the ENP are protected under federal law, only two, 
Euphorbia garberii and Cereus gracilus var. pinetorum, are listed by the .U.S. Fish 
and Wildlife Service as Endangered. The federal agency is considering listing at 
least 20 other plant taxa. 

Tropical hammocks support the gratest number of taxa (59) listed by Loope 
and Avery (1979). Most of these are epiphytic bromeliads, orchids, and ferns. 
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Table 53. Status of Rare, Threatened, an:d End·a11:g~red Plant Species in\ the 
E·verglades National Park (Med~fied fro~ Loope an;~· A.v;e·r.y,. 1!9'%~). 

Sp~·cies. 
Psilotum nudum 
Selaqinella eatonii 
Ophwglossum palmatttm 
Anemta wrightii 

. Poly podium plumulq, 
Polypodium heterophyllum 
Acrostichum aureum 
Adiatttum melanoleucum 
Adiantum tenerum 
$phenomeris clavata 
Tectaria lobata 
Lomariopsis kunzeana 
Zamia pumila 
Digitaria paucillora 
Imp!!rata bt:asiliensi~. 
Schtzttchyrtum gractle 
Schizdchyrium rhizomatum 
Roystonea elata 
Acoelorraphe wrightii 
Thrinax radiata 
Coccothrina.x argentata 
Tillandsiaflexuosa 
Catopsis berteroniana 
Catopsis floribunda 
Guzmanta monostachia 
Vanilla phaeantha 
Vanilla barbellata 
~iranthes ~ostaricensis 
Erythrodes querceticola 
Encyclia cochleata 
Ency_clia boothiana 
J1piilendrum nocturnum 
Epidendrum rigidum 
Polystachya concreta 
(]yrtopolliumpunctatum 
Uovenia utriculata 
Galeandra beyrichii 
Ma.xillaria crassif'olia 
Brassia caudata 
Oncidium floridanum 
Oncidium luridum 
0 ncidium carthagenense 
Macradenia lutescens 
Peperomia floridat~a 
Peperomia obtusif'olia 
Acacia pinetorum 
Rhynchosia cinerea 
Rhynchosia swartzii 
Cassia deeringiana 
Desmodium l-tneatum 
Tephrosia florida 
Aeschynomene pratensis var. pratensis 
Galactia pinetoru,m 
Linum carterii var. carterii 
Aluaradoa amorP.hoides 
Poly__qala boykim,i var. sparsifolia. 
Stilltngia syluatica ssp. tenuts 
HipRomane mancinella 
Euphorbia garberii 
Chamaesyce porteriana var. porteriana 
Phyllanlhus pentaphyllus var.floridanus 
Tragia saxicola 
Argy_thamnia blodgettii 
!lex krugiana 
Calyptranthes zuzgium 
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Table 53. Status ofRare, Threatened, and Ertcl,~ng~red Pla.nt SI>ecies in the 
Everglades National Park (Contin:ued). 

Species 
Myrcianthes {ragrans var. sirnpsonii 
Ludwigia spathulif'olia. 
Jacquinia keyensis 
Crossopetalum rhacoma 
Hype late trij'oliata 
Colu.brina citbensis var.floridana 
Gossypium hirsutum 
Pauonia spicata 
Passiflora sexflora 
Rhipsalis bacCi{era 
Cereus gracilis var. simpsonii 
Forestiera segregata var. pinetorum 
lflomoea microdactyla 
Ipomoea tenuissima 
Jacquemontia curtissii 
Bourreria cassini{olia 
Cordia sebestena 
Lantana depressa 
Verbena maritima 
Elytraria caroliniensis var. angusta 
Ernodea littoralis var. angusta 
Melanthera paruif'olia 
Sachsia polycephala 

a E = Endangered 
T= Threatened 

Federal FCREPA 
Status a List b 

2 

E 
1 

2 

1 
'2 

2 

T 

E 

RE 
T 

T 

E 

2 

Park 
.LiHLc 
5 
2 
3 
1 
1 
1 
3 

1 
2 
3 
3 
3 
4 
4 
1 
1 
4 
1 
4 
1 
4 
4 

1,2= Taxa are under consideration for formal listing~ Status 1 species are given higher· 
Qriority for assessxnent than status 2 taxa. 

b E = Endangered 
T== Threatened 
R= Rare 

RE::::: Recently extirpated 
c: 1 = Species of highest <;oncern 

2= Species have always been rare 
3= Species with very restricted range,range reduced 
4= Species with very restricted range, still rare within range 
5 = Species with very restricted range, still connnon within range 

Notes: Federal status indicates listing by the U.S. Fish and Wildlife Service in t.hc Fcdc;·;.d RcJ4istcr. 
State list is from report by Ward et al. (1978) h_y the Florida Committee on Rare and 
Endangered Plants and Animals (FCREPA). Park list is from Loupe and Avery ( 1979). 
Species given federal status are the only one~:~ provided protection under rcgulat.m·y prugrurn::;. 

Solution holes in hammocks support at least ten rare' plant species. Species which are 
the rarest in this association are Ophioglossum palmatum, royal paln1, Catopsis 
floribunda, Guzmania monostachia, Encyclia boothiana, Cyrtopodiurn punctaturn, 
Brassia caudata, Oncidium floridanum, Macradenia lutescens, and Calyptra.nthes 
zuzygium. Some of these taxa, such as B. caudata, may be recently extirpated. 

The flora of the finelands includes 51 taxa of special concern (Loope and 
Avery, 1979). Many o these are endemic grasses and herbs found only in the 
rockland vegetation type. Euphorbia (Chamaesyce) garberiil a plant species that is 
classified as federally endangered, occurs in the pineland association. Other taxa of 
concern are Alvaradoa amorphoides, Argythamnia blodgettii, Crossopetalum 
rhacoma, Hypelate trifoliata, Colubrina cubensis var. floridana, Passiflora sexflora, 
Bourreria cassinifolia, Verbena maritima, and Ernodea littoralis var. angusta. Other 
plant communities support fewer taxa of concern. Wet prairies over peat have 
9 species, mangrove forests have 11 species, and freshwater marshes have only one. 
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Exotic Plant Species. Even though over 140 exoti~ plant species occurJn the 
ENP only a f~w threaten to invade and displa9~ native plantf~. Th~ National .. ~ark 
Service classifies exotic taxa as pest, potential pest, Or mrloeuous for manEt~g·ement 
purpo_ses~ The pest plants have large populatip~s_ ~p_(l __ po~~_the. g~~~te~t tlit_~·-~t. -~f 
Invasion. The woody plants that are well established 1n the East Everglades ~nd are 
invading the native habitats include brazilian pepper (Sch-inus . tere'Q:in:t!hi//dt'il:ts), 
australian pine (Casuarina spp.), cajeput (Melaleuca qfi,in·quehertlia'J), ~ftil ~q·o'ehett~'on 
Ardisia (A rdisia solanacea) (La Rosa and Gurulerson, ~h press). Probl~m. ri_pn.~·wt-o:oily 
plants include water hyacinth (Eichharnia crassipes), Colubriiui asitiiica·, .P-ata l~~i~ass 
(Brachiaria mutica) and Reynaudia reynaudiana. 'J'he genus of so1lle &t'·these:p:Fa~nts 
will be used (lower case, not underlined) as a comlllon :ham~ b'etow. · 

_ Brazilian pepper, or schinus, poses one of the largest managetXIen·t_prcll>~:~nrs irt 
the ENP planning are·a because of its large populations, anq prqyen ability to .. ~·riya~e a 
number of habitats. Until 1975, approximately 5j000 acres_ (ciaJied the 
Hole-in-the ... Donut) in the southern part of Long Pine Key vias fartl}ed:. 'fhis are~ rid\v 
supports forests dominated by brazilian pepper, although. shoebuttoii ~td:is'1:a add 
para grass dominate locally, and is the largest conc~ntration ofe}{Otic pTa;ti'ts·,ip the 
ENP~ The farming practices of rock plowing and_itutrient addition altered': :~he 
physical and chemical aspects of the substrate, allowing ~chin-qs a_ ~(jm,pe'titive 
advantage over native species (Ewel etal. 1982; Mec:t4or; l977J. The sthinVJ:s· shitid 
provides a large seed bank for dispersal into other ENP ccrni:ihu-riities .. · Scllititis will 
establish in pinelands, and will dominate. the underatory if the stand i~ iiot .. bt.ii-rl'~d 
(Wade et al. 1980). Schinus can be controlled thtqugh. th:e proper use of. burning the 
pinelands (Loope and Dunevitz, 1981; Wade et al.l980.). · ~.chin us has a'~s'O &e,¢n "found 
in disturbed, ecotonal areas of the· mangtove forests CMytinger and WiHiamson, 
1987). . . 

Australian pine, or casuarina, was the t;.rst m~j()r exotic plant tecogriized as 
invading the ENP (Egler, 1952; Robertson, 1953)! Octsuqtina equise~~f'til(a formed a 
monospecific stand on Highland Beach in ~he ENP· b1lt W~$' successfully refuo\red 
through cutting and burning (LaRosa and GunderSP1l, In Press}. . 9thet. speci~~ of 
casuarina are established in the southeastern panha-ndle of the ENP (Klukas, 19-~9), 
replacing the bay head species (Craighead, 1971). This pattern also· occurr'ed in the 
East Everglades in an area north and east of the ENP which may so·nn be 
incorporated by the ENP. 

Currently, no large starids of melaleuca are found in the ENP. Isolated 
individuals are scattered throughout the wetland sites. Large stands of m·elaleu~a 
are found in the East Everglades along Krome Avenue, artd are expanding ,into 
surrounding disturbed wetlands. Recent interagency control programs have 
eliminated melaleuca within a 3~mile zone along the northern and eastern borders of 
theENP. 

Other, less· common, introduced exotic plants include water hyacinth, 
shnebutton ardisia, and colubrina. Water hyacinth occurs in the L-'67 e·xten~ron 
canal in the northern ENP areas. This floating aquatic has spread into adjacent 
marshes but does not appear to have yet displaced native association-s. Shoebutton 
ardisia: occurs in and around the Hole-in~-'the-Donut and Royal Palm 1-Iamniock, 
where it was introduced as a landscape ornamental., Recent control programs have 
mechanically removed many plants (Whittaker, SFRC, personal communication). 
Colubrina occurs in the mangrove areas of the ENP where it grows as a vine on top of 
mangrove trees (Olmsted et al. 1981). 
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Recent V eget~tion Changes .. ~ecent' ~hang~s: i~ Everglades vegetation: have 
resulted ~om human-tnduced changes 1n majQr ~nvirdniile.ntal facto~s. The changes 
are associate~ with altered hydrologic regimes, f:l,l;lbst~ilte aJtera.tion arid' modified fire 
patterns (Craighead, 1971; Alexander and Crook,. 1:!}84; Gun.~ersoh et' al. 19,87). In a 
s~udy of the plant c~mmunities of the East EverglS:cies Are.a, Hilsenbeck et al. (1979) 
hsted 17. vegetation types as "deflected. $uc~es~io:n$ .. _ , r~s,ulting from major 
human-induced changes in Everglades plant coni:tnunities (Table 54). 

Table 54. plant Community Type$;Char.a~tev.j:ze4 as Deflected. Succe~s!~ns 
In East Everglad~s Ar~a R~sultu}.g .. ~om }\/.(an~Induced Activ1t1es. 

Fire-related recovery vegetations 
Bay head recovery communit~es 
Cypress dome recovery communities 
Hammodt forest recovery comml1nities 

Exotics ecies in natura) s_econdar suc.e.ess1ons 
a_j~put colonization. 0 saw grass COIIimu,n)ties 

Brazilian pepper) cajeput, and AusW.alian pine 
colonization of muhJy phi'ides. 

Brazilian pepper and Australian pine invasio.n of 
ha1nmock•hay head :recovery comm\lJlities 

Cajeput forests · . 
Australian pine forests 

AgricuJturally~induced successions . 
Rock plowed prairies .without farming effects 
Rockplowed prairies with Jartning.effects 
Grove plantings 
Annual recovery vegetatio11 ori farmlands 
Napier &if ass communi ties 
Saltbush-Brazilian pepper commu:aitiea 
Bra~ilian pepper monocultures 
Brazilian pepper-guava forests 
Willow-monoculture on abandoned farmland 
Sawgrass-cyp~ess,.bayhead ~n~loi,F\ie. c()mmlinities· 

(Modified from Hilsenbeck et al., 1979) 

Vegetation changes in the upland areas of the ENP are primarily due to 
modifications in the fire regime. Following the lumbering in 1930·1940, the pine 
forest apparently did not burn for several years. Robertson's (1953) work resulted in 
a prescribed fire program in the. late 1950s. Since that tipte, the management 
program has burned most of the areas of pineland h~bitat. A few isolated stands have 
not been burned in 25 years, and now are dominated by hardwoods (Wade etal. 1980). 
Taylor and Herndon (1981) determined that for the 22-year period of prescribed 
burning, hardwood abundance was fairly constant. They found the density of sotne 
species (Dodonea uiscosa, winged sumac (Rhus copallina), and Tetrazygia bicolor) 
increased in response to the winter burning regime, while other species (Hypelate 
trifoliata, Jacquinia keyensis, Byrsonima Lucida, and flex krugiana) decreased in stein 
density or disappeared. Most Long Pine Key hammocks show evidence of burning 
during the past 40 years, and recovery within 25 years (Loope and Urban, 1980). 

Changes to the wetland communities have resulted from changes in the 
hydrologic regime, particularly disruption of overland flow into the ENP. Wetland 
marshes and prairies in northern Taylor Slough are probably drier due to the canals 
and development of upstream watershed (Craighead·, 1971). Concomitant with the 
drying out of these wetlands is an increase in fire frequency, which also al t.ers species 
composition. One such change is the apparent increase in the abundance of 1nuhly 
grass (Muhlenbergia filipes) in Taylor Slough. Early botanists (Sn:1alJ, 19:32; Dav iH, 
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1943a) did not recognize this species as a dominant plant, y.etlater work by Werner 
(1976), Olmsted et al. (1980), Herndon and Taylor (1986) showed this plant is a 
co-dominant with sawgrass. Atwater (195.4) was therfh·st~toindfcate muhJy,. grass--was 
dominating in this area. Herndon and Taylor·: (1986)- indicate. mulily. gra~s- may be 
increasing as a result of a frequent burning· regime., which decre~~es·. sawgrass 
density. Another change in northern Taylor .. Slough is· theinvasion ·or·wood,y. plij,nts 
into the·graminoid wetlands; Olmsted et al. (l980) indicate.d: r.ed:bay, dahoon- holly, 
and wax myrtle are now found in the mulily prairie as-sociation. · _ 

During droughts, severe fires consume organib soils of wetland association$. 
Severe fires· burned the bayhead tree .islands along: the eastern portion· of 'Sh~rk 
Slough during 1971- and 1974, consuming both t~e V(!getation and or,ganic soil. These 
areas are now colonized by monospecific stands of willow (Craighead; 1971). 

Prolonged flooding also can result in vegetation changes; Water levels·· in 
central Shark Slough were apparently high .during· the·mid,.l\970!s·:and,-cQn'tribu t~d. to 
the observed "decadence" or decrease in culm deJi~ity and stt;1ture of sawgrass 
described by Hofstetter and Parsons (1979). These ,sawgrass. stands have ap.pa,.rently 
returned to a healthy status (Wade et, al~ 1:980). M·any· har.dw:ood. species in the 
bayhead association are sensitive) to prolonged· flooding (Gunderson et aL 1988). 
Craighead (1971) attributed mortality of hardwoods a·long· the L-67 extension canal 
to_flooding events during the late 1960s~ Similar eff~cts~ wer.e noted' in WCA-2A 
('Worth; 1988) and WCAM3A (Z'affke, 1983). 

Because most Everglades wetland vegetation evolved: under conditions- of low 
nutrients, it could be altered by increases. in nutrient conc.entra~tions. In hiHtorically 
similar wetland communities of the Water €onser.va:tion A·:teas (northern 
~verglad~s), increa~ed nutrient _levels~ _ along_ with ph~~i~a} _ d:isturba;nce- .and 
hydroper1od alteration, are thought to _ l1::1Ve _caused _a sruft In vegetation hrom 
sawgrass to cattail dominance (Da¥is 199<1'). The periphyton :community in th~~e 
areas. has also· shifted, with native calcareous blue .. green and. diatotn algal species 
being replaced by pollution tolerant flora (Swift and Nichols, 198·7). 

s~ Wildlife and Fauna 

Historical Over,riew A reference list of the major studies· of Everglades 
fauna is presented in 'fable 5·5. The early works which described the fauna of' the 
area now in the ENP focussed on the avifauna: and' large mammals. A wildlife 
reconnaissance of the area to become the EN1P was done by Daniel Beard (Beard, 
1938), who later became the first superintendent. Robertson and Kushlan {1984) 
state that the earliest descriptions of birds in southern Florida can be traced to Titian 
Peale's visits to the Florida Keys in 1824. Howell (1932) aud Sprunt (1954) ~re 
important early references on birds of the area. Common birds and mam·mals were· 
listed by Willoughby (1898), Harper (1927) and Davis (1943a). Schwartz (1952-} was 
the first to summarize the mammals of south Florida. Robertson (1955) correlated 
land-bird populations to vegetation communities within the ENP. The reptiles and 
amphibians of south Florida were enumerated by Duellman and Schwartz (19.58). 

Most recent studies of Everglades fauna have been done on the birds, 
especially wading birds, although several studies have detailed the ecology of 
reptiles, especially the alligator and various mammals. Basic habitat and avian 
ecology relationships were investigated by Robertson (1955), and Robertson and 
Kushlan (1984). Studies on specific bird spec~~s include work on the Cape Sable 
Seaside Sparrow (Ammospiza maritima mirabtltsl by Werner (1976) and Bass and 
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Table 55. Major Studies of Everglades Hertpetofauna, Avifauna, and Mammals* 
Group Author(s) (date)' 

. ' 
· · Subjec_t_ ! 

Reptiles/ Due11man and Schwartz~ 1958; 
Amphibians Dalrymple (in press) ; _.I,., Oo~~.c~~itio";;, ~ahiLat. relationshipH 

Birds 

Mammals 

Ligas, 1960 ~- ~_Pigfrqg;(Ranagry~io.> hiolqgy. 

Crai:ghead, 1968; Kush Ian, 19'74;: . ·A ..•. n .. _•,:ga_ t,o. ·_r.B .... ·.i, plo_gy_ 
Kush Jan and Km-ihlan, l9.80a · . 
Rohertsoti, 1955 ·. · 

Ro~ertson and Kushlan, 1~~4 

Werner, 1976; Bass and Kushlan, 
1982a ·· · ' 

Ogden et al.~ 1976, 1978 

Beissinger and Takekawa, 1983; · 
Sykes; 1983 . 

Sprangers, ·1980 

Snyder and Snyder, 1969 

Kushlan, 1976a,h; 1978a; 1979b 

Schwartz, 1952; Layne; 19~4 

Loveless, 1959b 

.Porter, 1953; Tilmant, 1975 

Smith, 1980 

Smith and Vrieze,1979 

~iology/ecolO:g;yof Cap~ Sahle.Sea~ide Sparmw 
(A:inm(jdr4mits rr~aritimu~ mifabilis) 

i ,· ; ... . . j • j,, •.· < ' " • --· 

Wood Stork(Mycteria. americana.) 
. .. ,. ·. . ·. 

:$.Qai1 Kite:.(JlQ.~trh~m.us sbciabilis) 

'Boat.:tail~d Grackle fQ'uiscalus ni ajor) 

Fau.nal compositionlbahitat r.elation~ 
• • '·. -- • • -...:... -. • •• _ • • _._! - -- ~ 

White-tailed deet (Odocoitetts uirginiantts) 
ecel.ogy .· ' . 
Round-taiied,muskvat (Neoj'iber alle1ii) ecology 

Everglades mink (Mustela vison evergladid) 
ecology ; 

Ever~lad~s rodent populations/ habitat 
relatiOns · 

*Source: Gunderson and Loftus, m press. 

l{ushlan (1982b). Exemplary studies of wading birds include Kushlan (1976a, 1977, 
1978a, 1979a, and 1979b) and Frederick and Collopy (1988). Other workers have 
studied the ecology of a single aquatic species, such as the Wood Stork (Ogden et al., 
1976; op. cit., 1978). 

Important works on reptile communities were done by Duell man and Schwartz 
(1958) and Dalrymple (in press). Ligas (1960) contributed to information on the 
biology of the pig frog (Rana grylio!. Studies of the American alligator have been 
done by Craighead (1968), Kushlan (1974), Kushlan and Kushlan (1979), and 
Fogarty (1984). 

Layne (1984) provided an excellent review of the mammals of southern 
Florida. Mammal species that have received special study include the Everglades 
mink (Mustela uison euergladensis) by Smith (1980), round-tailed muskrat (Neofiber 
allenii struix) by Porter (1953) and Tilmant (1975), and the white·tailed deer 
(Odocoileus uirginianum) by Loveless (1959). 

Zoogeographical Relationships. The fauna of the ENP Planning Area is 
comprised of a mixed taxa derived from temperate and tropical regions (primarily 
neotropics). A number of endemic and exotic taxa also are found in southern Florida 
and the ENP. Although such faunal mixing should result in a high diversity of 
species, authors of monographs on particular animal groups have repeatedly stated 
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t~at each group is species .Poer in :the :E·¥~}!glades .(ma·fn!znals-~ayne, . t984;; 1a:nd 
brrds .. Rohertson and Kushlan, 1984; :r~.p·ttl·es ·and amphibiaihs .. I~ueU~tn~B ~nd 
Schwartz, 1~58). ~On;ly ·ter.vestrial insects •app.e·ar. ;rto 'ibe 7the :e*ugplfi~>n.; Jf!1lfth{1t1.gh 
Dalry:m.ple '(1:n pr.ess) :rzep·otts tq.at :tb:e :hetpe.t(}~a;w.na · ~i$. .IJ::tpt. ·~·~::Patipe'rtt!te iof. ·~p~ci es 
when compared 'to·simi~Ia~ay sized :areas. , · ·. · ':·, · · · ':_ ~ ·· ~ 

The ~m~jor~ity ·of animal apecies ·fo\U.l-4 .m ~h¢ J~t<ea ·~~l~e_::c·cs,1ai;lii;z;ed'-ifr~hl:~~etn
perate r.e.gions., :pri~mari1ly ~the .sa~theast'ern ·eoast~:l plaitn.~. Ailll ~d~· itib:e· l~a~d rtrarn~~als, 
and most .of ·the ·bre~ding birds,. ·reptiles· :a:ttd·,--~~ll~lfiijJh.,~-~A'~~i>·ea:r Jtip h~ve 'C!QJ1brrized 
from the .coastal pla1n a-nd Floridan :~eri!i~sui1:a;!{tJ~f;r.i'e,.·,tt98~l·rGnp·d~rgo'n., .. ~~a._~(f)~tus, 
In P.tess) .. The wetland and. wading''bird. ;$p~ecrefj ~ai1e::~~~s~ri!'bJA't¢tl.1t~o~glii ll¥e· w·est 
Indies .and the IEver.glad·es (Roher,tson ,and KY.:~b.~a~, Jl;~8-~~i !l~n,d·e:m:·J&$_*fi-'s'b1a:~hetn 
Florid~ ·occn:rs at t~e -subspe:ci£ie le:ve~, geReballf·:~:s::r:wc·esf(),t; .$~l>~·~.e~r~~··:. E~a~n.i\f>~:es (~f 
end:emtc :anJ:mals l·nclu:de ·the Evetiglad;es mtn~ik,, ~'he' ;·r.ie'e. ·r.a:~t ·~Q~t$~~J'h1;}YS f]J(;vltli;t·ris 
coloratus)., the hispid .cotton ~at (Sig.mQi}:&n ~hispitlq,·$ )~pqdittiPNeu$2~·-:fin~ _:round..,taHed 
musltrat (Layne 1984) ;and ·the 'Cape.S'abie.-Seaai.de :·s:p'~lf>J.+tiw(Wetner, l~!.i$). _ 

The predominance :of .te~pe:rate species . ~n ~the .. ·;.~11.1>'0V..er:~a:hedc fain~~:a ·of 'the 
Evetg.lades . may be . ex.phiin·ed .· in p'a.ft . hy . the <:1\l}J;y:sicalt :s~t;ti~:~~.· -;efrvb!611~~~n:tai 
conditions ~d its teqen.t .geologic age, 'The south~~n \tip;t(!if F·Jojjtda ·:is~·~a.:a-iib.-·tr<it>·ical 
terminus of a moderately. temperate .. peni.n·su~a~ Tke ·:area: ls :~e.p:~a:te-d frum ~·tlu~r 
t:r:-opical .areas :by large ~exp~nsef[l ~pf ;3alt ·\V:flit~r:, Dl!~lkmg:.dra.p·ersal'· .orr-om tn·e _l:r(!),pics 
dtfficult for most non-ily~ng ·animals in:cli;tdi~~·1frQ-a~:.;~ali1;Jr~~s~ ·~ep:ti't.es~ ~·m.ph]:brahs, 
and fr-eshwater fishes. However, evell. the: :w~~-iti,g ia.fr~ fat:ld :b\l:tlit:s ·ar~ .1~~~· :4iv:.e~se 
than those in nearhy tropical areaa, sut}l.a.srChx1fa:(I.1J&:b'~J':t$&n.·and l.Ktnihi·an;. :t9.8?!)'. 

Environmental conditions in :soutP,etn Fh>tida m:ay .p~ttia.Jly ;ac:cott~t for 'tl~re 
impo.verished faunal .. groups. U.pl~na. fG~~,$~t~~ ... 1b,B;J.;1~~~~t.·i~ Ji\$itetl;_ ~lr~refo~e ·oaly 
lim~ted num,bers of terrestrial or ·arbQteal 'allinra:l_s ·may b'e ·sq,ppotl¢d. .1\:qu~tic 
hablitats, although ·extensive, are not .. ·4_iyet~~. af}~. ·C~~~is't trta.fn[,y ~f :sea·snn~lly 
fluctuating marshes and .swall\ps. ___ W·hile .Jhese :aqu·a;t~c .sy·st,~ms _tntee supp9tt·¢d 
tremendous populations of birds and alligators., ~h~ relative holntlgenei'ty· of the 
habitat did not result in a high diversity of species. 
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Faunal Groups 

. . ~eptiles and Amphibians. At lea·st 44 ~p~~i~s pf finiP.ilibians an~ reptiles 
occur w1th1n the Everglades (Duellman and SchW«rtz, 1958; Dalrymple, tn press). 
Most of the herpetofauna are repti~~es (30. species), with snakes .compri~ip,g the 
majority of the species (16 speciea,: Dalrymple, in pr~~~l ... :The 6th~r te.ptH~s..fouild in 
the park include 9 species of turtles and 5 species ht lizards. . Fourteen· ·.~pecies of 
amphibians have been recorded (Duelitnanand ~chw~rt~~.1958; Palrymple, in press). 
Records for at least six species of ex()ti~ reptiles aua:a.mpQ:ib.'iaps also eJ{iSt. . 

. Bi~ds. Robertson and K:usbl~ .(19.8~) i:t}4i¢ct.~e th~t even tbough<n~arly 400 
spec1es of b1rds have been record~d in southern Florid'~, the re,giona]avjfaQna is 
cll.aracterized by about 300 taxf:l .. Th:ese a.'Jthpt$ r~late that_. meat .of these species 
(6.0 percent) are wintering and .ID:igrant _bird$, __ and_a'Q9Jit ll(i speci~s colh.prise the 
native breeding avifauna. A checklistofthe birdsO.fE~:PUsts'347ta~a (Robertson et 
al. 1984). Toops and Dilley (198'6) also ~tovided a.'broacl .overview of bird life in 
southern Florida with emphasis on the Ev~rgl·l:ld.~$,! f 'fil:e h~ton {Ardeidae) ~nd hawk 
(AccipitridaeJ families are the most ~peciose gt:()'(lp$ 'i~ tbe p~rk (Gund~r~on and 
Loftus, in press). · · · 

Mammals. Sc;hwartz (1952). and L~yne · (19'$4)_ Usted the mamlnCl;ls th~t 
occl1r withil! the ENP. Layne (1984). stated as 'tllany a~.ao sp~cies h&v¢been ae¢nor 
collected .. The most sp·eciose group i~ the. c~tpivQr~~; ·wheteas .th~· most fib.undan.t 
group is the rodents (Layne, 1984). A)toted feature ofth~ manunal fauna is the near 
absence ofba.ts (Layne, 1984). 

Faunal Comll1unitie13 of Major Habitat' ':tyu~s· . 'I'he major habitat types 
found in the ENP Planrii11g Area can b~ broadly- g~g.~ped in the ,categoriet3. of upland 
forests, wetland forests, marshes; wet pra;iri~~'~ op.el): water poruj~ IDl.d c:r¢~ks•, a.n.d 
mangrove. forests. Few animals are restricte4toca~~ingf~~abitat,,and inde..~d; niost 
animals occur iri a variety of plant conunurtities. 'The use of di_fferent hcl:bitats is 
linked in part to, and influenced by, the annual water level cycle. ~For exatnple, as the 
freshwater marshes dry out, some primarily terre~tt!al e1nimals will enter wetland 
habitats to forage. The animal occurrence and abundance information presented 
below attempts to describe the characteristic fauna of these broad habitat types. 
Summary lists of characteristic vertebrate fauna of major Everglades habitats are 
given in Table 56. i 
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Table 56. Characteristic Avifauna, il'erpetofauna, aiid M·artunals ofM'ajbr 
Everglades Habitat_s. . ; . , -··"· . , . . ..... ,_ 

Species Occurierice 
HARDWOOD HAMMOCKS AND BAYHEADS·· 
Raccoon (Procyon loto·r) 
Opossum (Dideljlhis marsupialis) 
Cotton mouse (Peromyscus gossvpinus) 
Hispid cott'on rat (Sigmodon hispidus) 
Ma~sh raphit (Syluilaglls P.alustr~s~ . 
W·hite-tailed deer (OcliJCOtleus vttguuanus) 
Red-shouldered Haw'k (Buteo lineatus) 
Great Blue Heron (Ardea her"Odias) 
Barred Owl (Strix varia) 
Blue-gra_y_G.natcatcher (Polioptila c:aeritled) 
Various Warblers (Parulidae} 
Cardinal (Richnunulena cardinalis) 
Peninsu!a coo.ter (Chrysemys flori(lal~apenitisulari.s) 
Red-belhed shder (Chry_semys nelsmtd 
Everglades rat snake (Elaphe obsolet'ibssaUen'i) 
Black·.racer ( Coluber constrictor) 
Florida kingsnake (Lan.![Jropeltis getulus}Z.oridana) 
So. uthern leoP.ard fl. ~og (Rana.. sphenocephala) 
Southern toaa (Bufo 'terrestrts) 
SAW GRASS MARSHES 
Rice rat(Oryzomys palustris) 
Cotton mouse (Peromyscus gossyp.i'rt'us) 
Hispid cotto.n rat('B_igmodon hisJi!dus) 
Marsb r.abh1t (Sylmlagus palu.strts) 
King Rail (Rallus elegans) 
Limpkin ·(Aramus guarauna) 
Red.;.w,inged .Black oi rd. (Agelaius ph;oeniceus) 
American Bittern (Botau.rus lentt.gtl'toSits) 
Lon_g.;billed Marsh Wren (Cisltitho. rus paluslris) 
Yellowthroat (Geothlyp_is trichas) 
American alligator (Alligator rnississippiensis) 
Squirrel tree frog (Hyla sqztirella) 
Green anole (Anolis carolinensis) 
WET PRAlRIES AND SLOUGHS 
White-tailed deer (Odocoiletts uirg_in,ianus) 
Round" tailed muskrat (Neofib.er ci.lleni) 
Everglades mink (Mustela uison euetg'liJ.densis) 
Otter (Lu.tra canade1isis) 
Hispid cotton rat (Sigmodott hispidu.s) 
Cotton rnouse (Peroniyscu.s gossY,pin~ts) . 
Wading birds (E_g_retta spp., "Ardea, Casm'eroclius, 

Ny_cticorax) 
White D) is (Eudocimus alb us) 
Wood Stork (Mycteria americana) 
Common Moorhen (Gallinulachloropus) 
Pied-Billed Grebe (Podilymbus podiceps) 
Be1ted Kin,gfisher <Mwaceryle alcyon) 
Boat-tailed Grackle (~rtisciilus major) 
Common Grackle (Qatscalus quiscula.) 
Limpkin (A ramus guarauna) 
Arnerican a11igator (Alligator mississippiensis) 
Greater Siren {Siren lacertina) 
Southern cricket frog (Acris gryllus gryllus) 
Pig frog (Rana grylio) 
Water snakes (Neroclia spp.) 
WET PRARIES (MARL) 
Striped crayfish snake (Reginaa.lleni) 
Black swamp snake (Seminatrix py_gmaea) 
White~ tailed deer (Odocoiletts uirginia.nus) 

Source: Gunderson and L<Jflus, in pre~~ 
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Resldent 
Resident 
ReMderit
R(!sident· 
Resident 
Resident 

In;iportant dry~s(mso'h · feud i llJ.prr~.a~ 
Feeds and breeds in ~hall6w.it'fehs 
Feetl"s in d~ying" rnar~h(!B 
Feeds and·· nests in tllarshm-; 
Feeds arid ne~fs in wirll:er· 
Winter residerlt 
Resident 
Winter resident 
Resident 
Resident 
Resident 
Resident 
Resident, usually 11ear ponds 
Resident 

Resident 
Resident 
Rt!sident 
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Table 56. Characteristic Avifauna, Herpetofauna, ·~nd Mammals of Major 
Everglades Habitats (ContinD:ed). 
Species · ·occurrence 

WET PRARIES (MARL)-~Continued 
Hiapid cotton rat (Sigmodon hispidus) Resident 
Rice rat (Ory_zom:ys palustris) .Resident 
Marsh. rahb1t (Syluilagus palustris) Resident 
Florida panther (Felis concolor coryi} Resident · 
Least .shrew (Crypt(Jtis parua) · Resident 
Ameracan Bittern (Botaurus lenUginosus) Winter resident 
Cattle Egret (Bub~lcus ibis) Re·sid.ent . · . --
Great E~rret ( Casmerodius alb us) Feeds i1l flooded praiti·es 
·Red-shouldered Hawk (Buteo liri.eatus) Resident 
King Rail (Rallus elegans) Resident 
Common Nighthawk (Chordeiles minor) S'unuiier neste.r 
Eastern Meadowlark (S!urll:ella magna) Resid_ent,~ common in dry sea~on 
Yellowthroat (Geothlypts tnchas) · Resident 
Cape Sahle Seaside Sparrow (Ammodromus. maritimus) Resident 
Green An ole (Anolis carolinensis) Resident 
Southern leop~rd frog (Rana. sphenocephala) Res!dent 
Oak toad (Bufo quercwus) · Res1.dent 
Narrow-·moutheo toad (Gastrophryne carolinensis) Res~dent 
PONDS AND CREEKS 
Round-tailed muskrat (Neofiber alleni) 
Rice rat (Oryzomys palustris) 
Otter (Ltttra canadensis) 
Wading birds (Egretta .spp., Mycteria, Casmerodfus, 

Eudoctmus) 
Blac~-crowned.Night Heron (Nycticorax 11.ycticora:x) 
Anh1nga (Anhtnga anhinga) 
Turkey Vulture (Caihartes aura) 
Purple Gallinule (Poshyru.la martinica} 
Boat-tailed Grackle{ uisccilus maj(Jr) 
Ame_ .. rican alligator {A lig.ator m.ississippiensis) 
Wat~r snakes (Nerocf,ia spp .. ) 
FJor1da lioftshell (Tnonyx ]erox) 
Two~ toed .amphiuma (Amphiuma means) 
Pig frog (R(tll.a grylio) 
Southern leopard frog (Rana sphenocephala) 
Peninsula newt (Notophthalmus uiridescens) 

Nests.along margins 
Resident .in marginal vegetation 
Occasional'. 
Feed ·along margins at low water 

Feed,s ~nd nests alm)g pond odgm; 
Feed~ & tu~ats nf;!ar ponds 
Feeds along edges. at low water 
Feed~ and nests in marginal vegetation 
Feeds and nests in marginal vegetation 

Digs and maintains ponds 
Common atlow wator 

· Resident 
Resident 
Resident; 1;1round edges 
Resident, around edges 
Resident 

a lnfonnationderived from: Layne, 1984; Robert~onand Kushlan,1984; Schwartz, 1952; DueHman uud s,~t.wurl:t, 1958; 
Loftus and Kushlan, 1987; Lotl.u:-4 et al. 1986, in press; Werner, 1976. 

Source: Gunderson and Loftus, in press 

Upland Habitats. The upland habitats are comprised of tropical hardwood 
hammocks and rockland pine forests. The tropical hammocks which are located in 
the wetland complex and saline zone probably have a less diverse fauna than the 
hammocks in the area of Long Pine Key. Most truly terrestrial animals are found in 
the upland habitats; most utilize both hammocks and pinelands, while a few are 
found exclusively in one or the other habitat. Most large mam1nals with large 
ranges, such as the black bear (Ursus americanus floridanus), white-tailed, deer, and 
Florida panther (Felis concolor coryi) utilize both upland types. 

·.'Hammocks and tJ'leir characteristically dense foliar cover provide unique 
habitat in southern Florida. Gene flow is restricted between these sinall, isolated, 
and disjunct areas, resulting in some unique examples of faunal diversity such as the 
color forms of the tree snail (Liguus fasciatus) (Pilsbry, 1946). 
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The most abundant mammals in tropical ham.mocks are· the s1nall rodents. 
One of the few quantitative studies ofthe fauna ofhamm9cks was done by Stnith and 
Vrieze (1979). They (op. cit.). studied population dynamics· .of the Gotton mouse 
(Peromyscu~ gossypinus), hispid cotton rat, and rice rat, and fourtd; rl·lean annual 
densiti~s of 117, 27, and 19 individuals per hectare for the th.re·e redent spe·cies, 
respectively. Other mammals that utilize hammocks include-the shrews (Blarinu sp.) 
and the gray squirrel (Sciurus caroUnensis). 

The hammocks are one of the many habitats used by the~~br.eeding land 'bi~r.ds ·of 
the ENP. Robertson and Kushlan (1984) list hammocks as one of the. ba.hl~a:t$- JJ'$ed 
by non-passerine birds such as the White-Crowned Pigeon .(:Colum,ba:, leuco.cephal.aJ, 
four species of owls, Pileated Woodpecker (Dryocopus· pileatus}, and'.pa:saeri~ne~' s:uch 
as the Cardinal (Richmondena cardinalis), Red-Eyed .Vireo CVireo .olio[Jeeus}, 
Black-Whiskered Vireo (Vireo altiloquus), and northe·r.n P~rt1la ·warbler- CPt:~tnala 
americana). The herpetofauna characterizing the ltammock fo:rres·ts· in'ehrde vatious 
snakes such as the eastern Indigo snake (Drymarchon corqis e~uperi.): (St:eil:lJ~:r. .~tal.-, 
1983), several lizard species, and the southern Leopard· frog. (R:a·n:a speniJ.cepha:la~ 
(Dalrymple, in press). · · 

The rockland pine forests of the. ENP represents the last ·~e.mnant .Gf- a 
once.;.extensive for·est which covered the rock ridge' fr-om Miami south to· the E~H?. 
The op~n pin~ forests suppo~ted .a faun.al assemblage· similar to• ;ptp:·el flat~·oods. else
where In· Florida, yet not qu1te as spectose. Common mammal resrd:ents tn:clud~ the 
white-tailed deer, bobcat (Lynx rufus), raccoon (Procyon lotor}, and apos~{;IPl 
(Didelphis marsupialis). Less commonly found _a:re the .$tri:ped' .s}tuplt (Mep/j;itis 
mephitis) and gray fox ( Urocyon cineroargenteus) (Layne, 1984)'. The avifauna ofthe 
pirielands is less diverse than other southeastern coastal or 'tropical pine· types 
(Robertson and Kushh.tn, 1984), supporting 15 breeding species at a1lay.erage:.d~Iis.ity 
of 45 ll1ales per hect~re .. Robertson (1955) fou:pd the populations 0f Pin·e W'Sirb'ler 
(Dendroica pinus); Red· Bellied Woodpecker .. (MelQ.nerjjes ~arolilius}!J E_·~~t¢rn 
Meadowlark (Stu.rnella tnagna)7 and Mockingbird· (Mir_nus polyglotftus) . had . the 
highest densities in the . old-growth pine forest- of Long Pine Key, whi1le . Bobwhite 
(.Colinus virginian.a), Red•Bellied Woodpe·ckers, Pine Warbler, Blue Jay (Cyanoc~tta· 
cristata), and Loggerhead Shrike (Lanius ludooicianus) were .the most abundant 
species in a younger pine forest. Dalrymple (in press) found the m·ost cotnn~on 
reptiles in the pinelands were the green anole (Anolis caroliniensis) and the black 
racer ( Coluber constrictor); the southern toad (B·ufo terrestris) and the exotic 
greenhouse frog (Eleutherodactylus p.Zanirostis) were the common am·phibians. 1 

I 

Wetland Forest Habitats. The wetland forest habitat includes bayheads, 
swamp forests, cypress forests, willow heads, and pond apple forests. l'vf ost of these 
forests are relatively small and are generally surrounded by en1ergent marshes of low 
stature. These habitats, especially those forests surr-ounding alligator ponds·, are 
notable as roosting and nesting sites for many wading birds and other tnarsh birds. 
Common breeding water birds found in these wetland forests include the A.ahinga 
(Anhinga anhinga), Green-Backed Heron (Butorides striatus), Black-Crowned Night 
Heron (Nycticorax nycticorax), and the Boat-Tailed Grackle (Quiscalus major) 
(Sprangers, 1980; Robertson and Kushlan, 1984). In many of the tree islands of tbe 
park, tropical hammocks occur surrounded by wetland forests. Many of the birds 
listed above from hammocks also utilize these wetland forests. Common tnammals 
include the ubiquitous raccoon and opossum; the river otter (Lutra canadensis} occurs 
around the wetter sites. Water snakes (Nerodia spp.), the green anole, and various. 
turtles occur in these and other habitat types. 
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Marshes. The -freshwater. marshes, espeqi~lly the o~~n ~ater :Jnarshes, 
ponds and sloughs, are extremely Impor,tailt h~bitats to wading bt;rq$ an~ some 
mammals. Other marshes, such as the. a:teallY:-domina.nt sawgra$s marshes, have a 
dearth of animal life. The sawgrass marsl;les. ()fter poor habitat becau$e, o( high 
su~mer te~perat?~es and a high den_sity _of. emergent s,awgraf)s cubns. T~e, ?nly 
al}Imals which utilize sa wgrass marsh,es . do sq se~sQnally, . such .a,s the A m.-ertcan 
Btttern (Botaurus lentiginosa), Long~Bille~ Marsh Wren (Ci~tothoru$ palustris), 
Limpkin (Aramus guarauna), and · the . American - alligator . (Alligator 
mississippiensis), which often constructs nests in these marshes (Craighead, 1968; 
Fogarty; 1984; Kushlan and Kushlan, 198Qb) .. Residept ~aminals,9fth~ other marsh 
types include the river otter, the round--t~il~(l m~$krat, and various·stnall rodents 
(Layne, 1984). Tilmant (1975) found· mQ.skra.t .de~sities of 50 to 205 ~o:uses per 
hectare. 

Most of the wading and water }Jiic;l§ of -t~e,. Evergla,des utiliz_e marE;;h ,habitats 
(generally excluding sawgras_s marsh). The W:~~ersJoup.d in these .habit~ts. include 
the Wood Stork (Mycteria american.a), WJ:ll.t.e (Eudocimus albus) and. Glo~~y (P,legadis 
falcinellus) Ibis, Great Blue Heron (Ardeah~r,odiq,s)., Green-Backed. Heron (BU:t()rides 
striatus), Tri-Colored Heron (Hydranas.sas ~l:icolot), Black-Crowned Night Heron 
(Nycticorax nycticorax), Great Egret (.Cq,smerodiu.s all)us), Snowy Egret (Egretta 
thula), Least Bittern (Ixobrychus exilis)., and AmeriQan Bittern. The White Ibis was 
historically and remains the most abtindarit yvaping bird, in south~rn Florida. 
l)ensities of these birds vary seasonally. Kushlan and Kushlan (1977) cou.nted 
96 birds per square kilometer (km2) during the spring and summer months and found 
more than 379 birds/km2 during the winter (J{ushlfin and Kushlan, 1976). 

. . . Other animals which comprise the fauna .of the wetland marshes include the 
Snail Kite (Rostrhamus Sociabilis), American alligators, pig frog; cricket frog (Acris 
grylio), water snakes, peninsular newt, and several sirens (Gunderson and Loft11s, in 
press). 

Wet Prairies. Wetland prairies are sea~onally inundated freshwater 
marshes with marl or mud substrates. They occurinareas with shorter hydroperiods 
than marshes. These prairies have relatively high variation in local topography. 
Potholes from 0.5 to 1.0 meter deep, created by dissolution of the soft lirnestone, forn1 
aquatic habitats within the higher and drier wetland prairies. These solution holes 
are: important dry season refugia for aquatic species (Loftus and Kushlan, 1987; 
Dafrymple, in press). · 

Wet prairies support a diverse herpetofauna. Duellman and Schwartz ( 1958) 
found 46 species in these habitats. The green anole, southern Leopard frog, and oak 
toad (Bufo quericus) were the most common reptiles found in these prairies 
(Dalrymple, in press). These areas also are the first marshes to dry out, and 
conSequently, offer the first feeding areas for wading birds. Much of the renlnant 
functional wet prairie in southern Florida is in ENP, and is designated as critical 
habitat for the Cape Sable Seaside Sparrow. Of all habitats found in lhe original 
Everglades ecosystem, the wetland prairie has experienced the most significant 
losses or alterations by urban or agricultural development. Prairie habitat in the 
East Everglades area outside ofENP is being considered for inclusion into the park in 
recognition of its importance to park wildlife. 

Ponds and Creeks. Ponds and creeks are habitats that retnain wet during 
all but the driest years. Usually, ponds are created and maintained by the activity of 
the American alligator (Craighead, 1968; Kushlan, 1974). Creeks are ecologically 
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analogous to ponds, but are located at the landward side 'Ofthe rivers that entpty into 
the Gulf of Mexico and Florida Bay. Large salamap.d'ers, turtles, and snal~es also 
inhabit these aquatic habitats. Common mam:thals i~nclud·e the tiver otter and 
round-tailed muskrat. Birds that feed in these pond·s are· affected hy t~e ··water.' d~pth 
in gaining access to food. During periods of high. water, water birds ·such a;s the 
Common Moorhen ( Gallinula chloropus), Pied~BHled ;Gt~be (Podilymbtl.s pd'dtcep~J, 
Anhinga (Anhing0; anhinga), and Limpkin may ·be cQmtnon. Vultut~s, ·w~tliiJ~fhirds 
and more .. terrestrtal fauna are commonly dbsetved ·using thes·e .sites d.uring.th·y 
perio~s. T~ese deep-water habitats are critieal to· dty-seaso:ri -stitvival ·'Of ~arty 
aquatic species. · · · ' · 

Man· ove Forests and Coastal Prairie·s. Mangrove fote-s_ts often ·surn~uhd 
open, gramineous wet an s (coasta prairies) hr thesa_line zon·e ofthe p-ark. '1'hjes~ 
forests provide irnportant habitats to many animals·,- ihchidfng sevetal rare ·and 
endangered taxa. Common mammals in the mangroves include the raccqon ·and 
bobcat. Layne (1984) reviewed the sitings of bobcats ~ the park and fout1d that a 
high incidence occurred in. the . mangrove zone. Although found in ·fu~n·g·ro_ve 
habitats, the mangrove or Everglades fox squirrel ($ci'utus i~iger auice~~~/1iti), ·a.lso 
occurs in cypress and pineland sites (Layne; 1984). 'The rate 1nanate_~ (':P~ichechus 
manatus latirostris) also occurs in the mangrove lined waters of the ENP. Ilistorica I 
r9okeries in the mangroves oll~e held te~s o'f thQl.lSands of biNls (Robertsuh ~rtd 
Kushlan, 1984; Ogden et al.; 1987). Other birds nior~ clq~ely associ~ted with 
mangroves include raptors such as the . Southern_ Bald . ~agle '(1~ati~-eetus 
leucocephalus leucocephalus) (Nesbitt et al., 1975.) and Prairie Warbler (Dendtoica 
discolor) (Toops and Dilley, 1986). ' 

The herpetofaun.a of the mangrove zone includes common species ·suc,h as the 
tree frogs and anoles as well as rare species such as the American croc9dile (Mazzotti 
et al., 1988), mangrove water snake (Nerodia sipedon comptessicautla), and 
mangrove terrapin (Malaclernys terrapin thitophoratttm)4 

. · Factors Affecting the Faunal Communities. _Both abiotic and biotic factors 
atfect the composition,_ abundance, and distribution of the animals within. ENP. 
These factors vaty both spatially and tetnpor~lly; t.esulting in a complex;. ~v~r 
changing set of conditions to which the fauna must adapt. The do~inant abiotic 
forces which shape the communities include the annual patterns of rai~fall and \y~ter 
levels, recurrent cyclonic storms, fires, and occasional frosts and freezes. B~otic 
influences of competition, commensalism, and predation configure the cofl!mtntities 
as well, but less study has been devoted to the biotic factors compared to information 
on the abiotic forces. 

Abiotic Fcctors. The annual rainfall pattern of wet su1nmer and dry winter 
seasons is one of the most dramatic influences on all groups of animals, and is a major 
factor which structures most of the wetland faunal assemblages. Typically, .tnost 
(85 percent) of the rain occurs during the months of June through October, With the 
remainder falling throughout the fall, winter, and spring tnonths. Since t~e 
Everglades is primarily a rainfall-driven hydro~ogic system, water levtHs follow the 
annual rainfall pattern. Peak annual depths occur at the end of the wet Sl:J.mmer 
season during October and November. Dry season rainfall amounts determine tile 
rate of water level recession. Water levels generally continue to decline during the 
winter and early spring, reaching annual mi?-imum depths during April and .May. 
Animals of the Everglades are adapted to various aspe·cts of the hydrology, with key· 
parameters being the rate of recession (Ogden et al., 1976; Robertson and Kushlan, 
1984) and the depth of water during spring months. 
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Flooding of the marshes during, the summer months initiates aquatic 
production, as macrophytes and algae photosynth~tically fix carbon, which in turn is 
consumed by fish and invertebrates. Fish anq, inver'tebrates. are major dietary 
co:tp.ponents of.the wading and water birds. High water levels aJso restrict terr~strial 
anun.als to upland habitats. One such example is the white .. tailed deer, which is 
restricted to hammocks and pinelan~s during extreme rainfall and flood events. The 
w~t summer season also creates appropriate conditiops t<> s~pport large populations 
of In vertebrates, especially mosquitoes. 

Most of the ecological work on wading birds-hasjnvestigated the influence of 
the dr~ season on popula~ions, especially f~e_4,illg distribution (D. M. Fleming, 
unpublished data) and nesting success (Freder1c}t ~nd Collopy, 1988; E:ushlan, 1987; 
Ogden et al., 1978). The dry season is correlated with the period of nesting of most 
inland wading birds (Robertson and l{ushlan, 1984). As wate:t;" levels decline, fisb and 
invertebrates are concentrated withi11 d.ep:ressi()~ls in th~ marshes. Fish d~risities of 
500 animals per square meter are not unusual at such. locations (Loftus et. aL in 
press}, maki~g the food readily available to avian, reptile .and piscine predators and 
scavengers~ Robertson(1964)~ Robertson-and Kushlan{l984)1 and Ogden et,al.(l978) 
link the success of the Wood Stork to th~, hydrplogic sta.tus during the .spring. In 
many years when surface water levels are hj:gh, _·waaip:g birds experi~nce poo~ nestin,g 
results. Although wa«fers benefit from ~pri11g drawdowns, other avian species, such 
as Limpkins, Pied-Billed Grebes, and Snail Kites (Bennetts et al., 1988.) increase 

I populations when water levels remain high. 

Fire is a recurrent natural disturbance in most habitats (eJ(cept mangroves) in 
the planning area. Fires can cause dir,ect mortality~ :.reptiles and rodents have been 
reportedly consumed -by fires (Robert~Qn, 1955; W~d~ ~t a$., 1980). Robertson and 
Kushlan (1984) thought that n~sting grou~l(l birds may a1so be· consumed by fires. 
Most of the influences on birds and other animals are linked to habitat modification. 
Robertson (1955) found that -ranges of forest -and edge bird species may ·change if 
forest margins .are consumed by fire. 

Cold, often freezing, temperatures ·that occtJ.r follQwing the passage of winter 
cold fronts seldom have direct effects on the fau·na, but rather may have slight, 
indirect effects. The frosts defoliate sensitive tropical vegetation and often kill some 
insects. Populations of insectivorous birds may drop following such an incident 
(Robertson and Kushlan~ 1984). 

Hurricanes have caused locally heavy mortality of nesting and roosting bird~ 
found in coastal areas (Robertson and Muller, 1961). Effects on mammals and 
herpetofauna are poorly understood, but may be temporarily significant. 

Biotic Factors and Trophic Interactions. Biotic factors which influence the 
fauna are primarily related to consumption or predation, and to effects associated 
with activity of certain key species. Predation is one of the processes by which energy 
flows through the ecosystem. . Primary production occurs in the herbaceous 
macrophytes and periphyton of the wetland areas (Browder et al., 1981, 1982), with 
little or no contribution by phytplankton (Van Meter, 1965). In freshwater marshes, 
upland vegetation complexes, and mangrove systems, detritally-based food webs 
appear most important (Odum, 1971; Gunderson and Loftus, in press; Loftus et al., in 
press). Odum (1971) related the importance of mangrove detritus to secondary 
production of estuarine systems in the park. Gunderson and Loftus (in press) present 
generalized food webs supported by the grazing pathway (~.,ig·ure 48) and detrital 
pathway (Figure 49) for freshwater wetland systems. 
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Figure 48. General ~ac~o];!hyte-Based TrQphic Relationships Among 
C haractertstlc Everglades Animals. 

. ' ·- -

MAC-ROPHYtES + SEiE!JS 
(SAWGAASS;SPIKERUSH.aEAKAU$H~BLAbDI;AWOFIT,PI't~I~"GAAS$) _ 

Source: Gunderson and ·Loftus; in press 

Some animals may occ-upy various trophic levels_, d.epending upon ithe1r stage 
in life. Som.e species, such as the Limpkin and SnaH Kite, are specialists. ~obh of 
these ·birds feed .on. the ap.ple snail, Pomace(l paJudosa !(Snyder -and :Snyder, 1.969). 
O.ther speicies, s-uch as the alliga-tor are gen~rallists that ·consume a variety of 
animals {Fogarty, 1984). _The influence of the ~lligator on the Everglades ecosystetn 
has received much study (Graighead, 1968; Kushlan-, 1'97 4; Fogarty 1984). Alliga:tors 
keep ponds and creeks free from accumulation ·Of vegetation and ·otga111c soH, ~th.ereby 
offering a dry season refuge for aquatic organisms. Alligator nests may also p-rov-ide 
riuclei for establishment of tree islands (Craighead, 1968), and dry nest sites for 
~urtles and anoles (Kushlan and Kushlan, 1980a). 

Introduced and Exotic Fauna. Most of the introduced and exotic fallltia 
which occur in the rylanning area can be traced to intentional importatioti tJritnarily 
for the pet trade, while others are animals adapted to the conditions humans,cteate ih 
conjunction with urban and agricultural development. Several species were intro
duced for food and sporting purposes or to control pest species. Although present, few 
of the .alien taxa are abundant in the ENP itself. 

The exotic mammals in the ENP range in size from the wild hog {Sus scrof'a) .to 
the house mouse (Mus muscalus). Other mammals reported in the ENP are the nine 
banded armadillo {Dasypus novemcinctus), red fox ( Vulpes uulpes), al).d the 
jaguarundi (Felis yagouaroundi) (Layne, 1984). Accounts of unusual anin:J.als from 
the ENP include a spider monkey (Atelis sp.) (Layne 1984) and a coatitnundi (Nasua 
narica) (Loftus, personal communication) 
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Figure49. General Detritus-Based Trophic Relationships Among Characteristic 
Everglades Animals. · · · · · 

-------,. 
~ACRO~~~Jr:::==~l> ASsoJ:N:bT~fcROBES.--. ~-_.........,...........,~_, 

Source: Gunderson a.nd Loftus, in press 

Most of the established exotic birds of southern Florid~ nest in. the developed 
and suburban areas. These birds have. been released and take a4v~ntage of under
utilized niches (Robertson and Kushlan, 1984). Some ofth.ese find their way into the 
ENP, although few if any nest there. Cornman exotics include fi.ve ·species of parrots, 
Red-Whiskered Bulbul (Pycnonotus jocosus), Hill Myna ( Gracula religiosa), 
Blue-Gray Tanager (Thraupis episcopus), and Java Sparrow (Padda ofyzivora), 
Starling (Sturnus vulgaris), and House Sparrow (Robertson and Kushlan, 1984). The 
Collared Dove has rece~ tly been sighted in the ENP. 

The exotic herpetofauna of southern Florida are primarily small lizards and 
frogs. The lizards include five types of geckos"' and five types of anoles. Corn1non 
frogs include the Cuban tree frog (Hyla septentrionalis) and the marine toad (Buf'o 
marin.us). Caimans (Caiman crocodylus) have been found nesting near canals on the 
boundaries of the ENP (Discussion December, 1989 with William Loftus, SFRC). 

Threatened and Endangered Species and Species of Special Concern. 
Pop.ulations of some animal species have experienced tremendous declines in south 
Florida. Factors that have led to decreased populations include the loss of habitat (as 
;1reas are developed for urban and agricultural. use), intensive harvest and over 
harvesting, altered hydroperiods, and alteration of fire patterns. Some marsh animal 
populations have been jeopardized by certain water management actions that 
affected aspects of their life histories. 
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Ten species of southern Florida animals· have been designated as threat~ned· or 
endangered by the U .8. Fish and Wildlife Service (Table 57). The Florida Game and 

Table 57. Endangered and Threatened Animals which Utilize Everglades 
Habitats, with Notes on their Regulatory Status. 

Taxa :Preferred Hahital .Status* 

MAMMALS 
]'lorida Panther, 

Felis concolor coryi 
Cypress, Mangrove, Pi11e FurtHi1. E (F), E (S) 

Man grove Fox Squirrel 
Sciu.rus niger auzcenn.ia Hammock; Pine and Cypress Forest Et.S) 

Florida Black B~ar Hammock; Bay head; Pine; !\fan grove Forest~~ T(SJ Ursus americanus florida nus Cypress -
Everglades Mink 

Mu.stela· v'son evergladensis Cypress and Mangrpve.Foreata;Wet.Prai·ritHi TtS> 
Manatee. Saltwa.ter Bays; Estuaries E (F)1E fS) Trichechus manatus latirostris 

BffiDS 
Wood Stork, 

Mycteria americana 
Freshwater arid Brac_kish Marshes; DitcheH, 
DepressicH'is; Cypress and Mangrove Forest 

E (F), E (SJ 

Snail Kite, 
Rostrhamus sociabilis plumbeus 

FreshwateJ; Sl'oughsand':Wet Prairies; 
Sawgrass Ivfarshes E <F:>, E(S.) 

Cape Sa}Jie Se~side Sparrow Freshwater and Brackish M.al·shes E (F) 1 E(SJ A.mtnospiza maritima mirabilis '- ~·1?;. 

Peregrine Falcon1 

Falco peregrinus anatum Mangrove Forests; Pond~ and SluughN E (F))E {8> 

Southern Bald Eag]e, . Freshwater Marshes; Cypres~ and Mangrove .E-(F},T (8) Haliaeetus leucocephalus leucocephalus Forests I 
I 

Brown Pelican, 
PelecanllS occidentalis caroliniensis Mangrove Forest; EstuarieH T(S> 

REPTILES -

American alligator, Fresh water Marshes; Cypre~s Forest T(F> 
Alligator mississ~ppiensis 

Eastern Indigo Snake, 
Drymarcho11 corais couperi- Hammocks; Pina Forest T(F.),T(S) 

American crocodile, 
.. C rocodylus acutus 

Mangrove Forest; Brackish Bays and Creel<s; 
Ponds and Canals E(F),E (8> 

Source: Gunderson and Loftus 1989· La ne (1976 1984) McDiannid (1978)· Kale (197S). 1 I . Y I t I 

*Status: E =Endangered, •r = tbrea tened, F =Federal (U.S. Fish and Wildlife-Service) , S=Stale lli'lorida Gu rn~ .u.nd 
F'reshwe1ter Fish Commission) 

Freshwater Fish Commission also lists threatened or endangered taxa which occur in 
the planning area (Table 57). 

Mammals otl the State list include the Florida panther, mangrove fc)x squirrel, 
black bear, Everglades mink, and manatee. Only the panther and •nanatee are 
federally listed. Birds which are listed as endangered by the federal governrnent 
include the Wood Stork, Everglades Kite, Cape Sable Sparrow, Peregrine ~,alcon 
(Falco peregrinus), and southern Bald Eagle. The Florida Game and Freshwater Fish 
Commission adds the Sandhill Crane (Grus canadensis), Crested Caracara (Polyborus 
plancus), White-Crowned Pigeon, and southeastern American Kestrel CF'alco 
sparverius paulus) to the list. Reptiles that occur on both lists are the eastern Ind-igo 
snake and American crocodile. The American alligator is listed as threatened by the 
federal government, but has been delisted by the State, which -recently held a 
hunting season to allow harvest of surplus alligators. The Florida Conunittee on 
Rare and Endangered Plants and Animals_ (FCREPA) lists additional anitnals not on 

288 



Everglades SWIM Plan- Supporting Information Docun1cnt 

o~ficial state or federal lists. Accounts of ~e~ected key species and groups which are 
directly affected by water management pohctes are discussed below. 

A few taxa are recently extirpated. Early· ~naturalists found a number of 
mammals and birds which no longer .are presentin southern Florida. Layne (1984) 
lists the Florida red wolf (Canis rufus floridan,us) as· occurring in the state until the 
late 1800's. Birds present at the turn ofthe century1 hut .no ,]onger occurring in the 
area include the Carolina Parakeet and Red•Cockaded Woodpecker. 

Wading Birds. Robertson and Kushlan (1984) present data to document the 
dramatic decline in the number of wading birds found in the interior wetlands of the 
Everglades. They estimated total populations: numbered as, high as 2.5 million birds 
in 1870, but then declined to 500;000 in 1:910 as a result of plume hunting. 
Populations increased to 1.2 million birds by 1935 when hunting ceased. Since that 
time, total populations ha¥e declined. to levels. whic,h a.re about 10 percent .of the 
levels during the 1930s (Collopy and.Frederick, [986). The most recent decline has 
been attributed to loss of suitable: habitat to drainll'ge and development. 

The most abundant wading bird historically and currently is the White Ibis, 
with population counts in the 1930's of 660,000 .individua~ls (Robertson and Kushlan, 
1984). Current levels vary a great deal about a mean of approximately 60,000 birds. 
Other birds which have declined in population are the egrets, small herons, and the 
Wood Stork. Total mainland breeding populations have been very low during the 
1980's (Collopy and Frederick, 1986; Frederick and Collopy, 19H7). Annual numbers 
. of nesting great egrets has been less than 2,000 pairs, ·snowy egrets less than 1)500 
pairs, and white ibis less than 2,500 pairs (Ogden et al .. , l987a). The primary nesting 
colonies of small herons, egrets, and White Ibis were located at the headwaters of 
Shark, Broad, and LostmansRiversin the ENP (Ogden et al., 1987). The freshwater 
marshes adjacent to the mangroves between Lost~ans and Shark River were 
historically the major feeding area for wading birds: during the nesting season (Allen, 
1958). 

Wood Stork. The status of the Wood Stork is of particular concern in the 
ENP, perhaps because no other species is as good an indicator of the viability of the 
freshwater marshes. Historical populations of the stork in the ENP have declined 
precipitously. Reductions of about 20 percent occurred between 1930 and 1950. The 
decline was about 80 percent bef,ween 1960 and 1980 (Ogden et al., 1987). Annual 
numbers of storks averaged about 2,000 pairs unti11960, although much variation 
occurred (Robertson and Kushlan 1984, Ogden and Patty, 1982, Ogden et al., 1987). 
Coincident with the completion of the water management structures which deliver 
water to the ENP, numbers declined through the 1970's and 1980's. The mean 
annual breeding population of storks within the ENP was 374 pairs, with a range 
from 15 to 1,660 (Ogden et al., 1987). 

Since the wood stork is a tactile feeder, it is dependent upon fish concentrations 
to provide a reliable food base. The time of food availability and correlation with 
nesting success has been studied by Ogden et al. (1976), Browder (1976), and Kushlan 
and Frohring (1986). Ogden et al. (1987) argue that the decline ofENP populations is 
a result of alterations to the hydrology since 1960. They state that the scheduled 
water deliveries resulted in delayed and incomplete dry season drawdowns, which 
delayed nesting to the point that the nesting period extended into the wet season and 
the adults could no longer supply sufficient food for their young. Water management 
actions also led to flood releases in the dry season which reversed the recession of 
water levels and dispersed prey concentrations. Another major factor in the Wood 
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Stork population decline is believed to be the loss of peripheral wetlands) such as 
Northeast Shark Slough and its margins, which provided important early dry season 
feeding habitats. 

Cale Sable Seaside Sparrow. The Cape Sable Seaside Sparrow is a 
subspecies o the Seaside Sparrow, first discovered in the coastal prairies near 
Ochopee; Florida, and near Cape Sable (Werner, 1976). The habitat and biol9gy' of' 
the bird were studied by Werner (1976), Taylor (198.3)~ and Werner and Woolf~.nden 
(1983). Currently it inhabits the peripheral wetland prairies which border· ·Shark 
River Slough, Taylor Slough, and the rocky gladelands (Bass and ~ushlan, l982a)~ 
These populations appear stable, and are estimated at 6,600 birds (Bass and 
Kushlan, 1982a). 

Snail Kites. Populations of this Everglades~dependent. raptor have fluctu
ated greatly since the species was first discovered in :FloF-ida (Benn·etts et al., l988). 
They (op. cit.) estimate that the number of kites in Florida rangedfrom 100 to· ·more 
than a thousand individuals in the 1930's, declined to' less than 100 ln the mid-1900's, 
and increased to at least 668 birds by 1984. The· d·ecline in kites .dur-in.g· the 
mid-1900's is attributed to .drainage of marsh habitats. The recent increase is 
thought to be related to th~ impoundment of water in Water Conservation Area 3A 
since 1962. This conservation area has since become increasingly important to the 
Florida Snail Kite population (Bennetts et al., 1988). · 

Today, the Snail 'Kite population undergoes wide fluctuations, cor1·esponding 
to periods of drought or flooding (Beissinger and ·Ta.kekawa, 1983; Sykes, .1983; 
Bennetts et al., 1988). During the wet period from 1981 to 1985, Snail Kite numbers 
in northern Everglades National Park increased markedly, .only to decline after the 
1985 drought. The fluctuations seem to be p~rtly in response to the availa·bility and 
abundance of its exclusive prey, the apple snaiL · · 

Crocodilians. The American crocodile (:Ctocodylus acutus) occurs in 
southern Florida in coastal habitats. such as mangrove swamps, salt and .brackish 
water bays, and brackish creeks {Behler, 1978). The primary nest sites in Flor-ida 
Bay are in the edge of hardwood thickets at the heads of small sand beaches or on 
relatively high marl banks of narrow coastal creeks (Ogden, 1978a). The crocodile is 
the dominant carnivore in these habitats and is presumed to play an ilnportant role 
in nutrient cycling and ecosystem dynamics (Behler, 197·8). 

Past exploitat~on and habitat loss have resulted in a decline in numbers of 
crocodiles. Data presented in Behler (1978) and .Ogden (1978b) indicate that, as of 
1978, only 100 to 400 individuals inhabited south Florida waters, of which 9nly 20 to 
25 were breeding females. One indirect effect of past drainage has been the 
alteration of salinity gradients within the former habitat of the crocodile, exposing 
hatchlings to high salinity conditions during the hatching season (Evans and Ellis, 
1977). Other adverse influences on the crocodile population besides habitat loss, 
commercial exploitation, and drainage effects include possibly increased nest 
predation by raccoons (Ogden, 1978a; Behler, 1978), prolonged droughts, exotic plant 
species introductions and commercial fishing in nesting areas (Og-den, 1978a). Egg 
mortality due to desiccation and nest flooding was evaluated by Mazzotti et al. (1988). 

The crocodile is currently listed as endangered on both Federal and State 
levels. Ogden (1978a) believed the population of crocodiles in Florida Bay could 
remain stable, provided that proper protection and habitat managetnent rneasures 
continued to be taken. 

290 



Everglades SWIM Plan • Supporting Information Docu1ncnt 

Water management impacts on the American alligator have been 
demonstrated by Kushlan (1987); who correlated dry-season flood releases with 
alliga~or nest flooding and resultant egg mortality. Drainage. of ·marsh~s, such as 
those In N-ortheast Shark Slough and East Everglades, appears to result 1n reduced 
carrying capacity for alligators (Fleming, in. prep.). Lower densities of alligators in 
degraded marshes has an impact on other aquatic .species because the dry-season 
refugia that the alligators create are less available. 

9. Biological Resource Management and Ecological Relationships 

Current Wildlife Management Prob.em~. Over the past several decades, 
development and operation of the regional flood control system has altered the 
natural flow of waters to the planning area. Concurrently, land along much of the 
eastern boundary of the planning area has been cleared and drained to allow 
agricultural activity and residential development. 

These practices have measurably affectec;l the extent and condition of upland 
and wetland habitats needed for continued maintenance of natural wildlife species 
populations, and have contributed to the current distributions of both non-native 
species and some species of special concern. Hence, wildlife-related management 
problems for the planning area generally fall into the categories of water 
management, land uses, and critical species management. 

Water Management. Water management concerns generally have been 
addressed.in terms of either water quantity, distrihution and timing or in terrns of 
water quality issues. In reality, the effects of water management practices should not 
address either caf~gory individually; these aspects are. integrally related. 
Assessment of the effects of water management practices Qn wildlife resources of the 
planning area should recognize this linkage. 

Degraded water quality has been awarded the primary responsibility for 
changes in wetland vegetation observed in the water conservation areas to the north 
ofthe ENP Planning Area (Davis 1991; Swift and Nichols, 1987). Although specific 
effects of the referenced vegetation changes on wildlife have not been documented, it 
is generally presumed that altered marsh plant communities would have altered 
wildlife habitat value. Objective evaluation of relative values of altered habitats is 
needed prior to presuming a change is negative or positive. 

The effects of altered deliveries of water may be either subtle ot dra1natic 
(Kolipinski and Higer, 1969), and impacts may occur under conditions of either too 
much or too little water. Excessively high water levels maintained for an extended 
period may drown tree islands (Worth, 1988), which are valuable habjtats for 
terrestrial and arboreal wildlife species. Diversion of waters away from a wetland 
can also degrade marsh habitats ultimately reducing carrying capacity for 
vertebrates (Loftus, et al., in press). As noted in prior sections, the timing of water de
liveries is equally important. Unseasonal water releases may disrupt normal feeding 
behavior (e.g., wading birds) or breeding success (e.g., alligator nesting) of many of 
the planning area's key wildlife species (Kushlan, 1987). 

Physical structures associated with water management (canals, levees, gates, 
and pumps) directly affect wildlife in a number of ways. For example, canals provide 
routes of rapid dispersal for exotic plant and animal species, potentially leading to 
more rapid invasion of natural habitats. Exotic species disrupt natural cotnmunity 
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int.egrity. Additionally, canal systems or related structures may inadvertently divert 
am~als away from natural habitats, and in some cases, can be significant physical 
barriers to normal movements or activities (Loftus and Kushlan, 1987). 

Land Uses. Land clearing activities associate.d w:ith either. ag;ricult,\.ltal or 
residential site development eliminates natur.al habitats_. Developrnent_ of. short· 
hydroperiod Everglades marshes in the East Everglades and associa-ted', b.a~Jl1f' lil;a~ 
been implicated in wildlife declines (O.gden et · al~, 1987; Kushlan, 1987'),-~ · Pl.';ior to 
development, ~orne o_fthese are~s afforded important early season fotaging gr;<)l,l_ilcjs 
for mammals, mclud1ng the Florida panther. · 

Land development and associated habitat physic~J distti.rbances often provide 
opportunities for exotic organisms to invade adjacent natural S,ystems. Ind-~ed, 
humans are responsible for introducing seveFal exotic species1_ anQ the resul'~.ing 
impacts on native communities (Loftust in press; Wilson and Porras, 1:983)~ 

The expanding human population in South Florida plac;es incr~asing pr~ss.ljJ~eH 
on Everglades wildlife in the forms of competition for Hmited, water supplie_s, 
poaching, traffic ... and boating related mortality, and nois~ distuFbances~ Fire 
suppression in and around developed areas allows habitat succession gispla,cirig ao1n~ 
species and favoring non-native species (Hofstetter and, Parsons, 197'6, 19,79;- Wa~le et 
al., 1980). · , , 

Critical ssecies Management. Critical species management efforts C~ll be 
considered to inclu e both restriction of exotic· or non-native species distriattti~ns, 
and enhancement or restoration of populations of threatened and ep.dangere,d species 
(or others of special concern). Generally, wildlife management effor.·t$· m~y be. b.~st 
approached through habitat management. FQf example, restoration of mo.r.e aa.tU:Iial
hydroperiods through water management activities wHI favor reestahlishn1ent _of 
vegetative communities conducive to incr~a~ed h~bitat u.se by wadJng bird-s: for
foraging or breeding purposes (Frederick and' Collopy~ 11988). 

Protection of natural habitats from invasion by exotic ve.getation w1.U al_so 
enhance planning area integrity for us,e by natural wildlife popQ.lations. In thi~ 
sens_e, management of exotic species is- a critical, although indirect, compon~n~ of 
wildlife management efforts. · 

Wildlife Management Objectives. It should be recogni~ed that the natural 
habitats of the planning ar~a are extremely complex and integrated sys.t~ms. 
Wildlife management objectives for the planning arc:>a will be equally cornQlex. 
Management objectives directed at correcting one problem may ultimately have to be 
compromised with those directed at other issues. For example, restoration of tnore 
natural hydroperiods in the ENP and East Everglades will require modification of 
water delivery through Water Conservation Area 3~ Such modifications may impact 
Snail Kite populations which have expanded into WCA-3 because of the deeper 
waters currently present (Bennetts et al., 1988). 

Hence, management actions which may ultimately preserve or protect 
habitats having value to a host of wildlife species may at times have to b~ weighed 
against potential negative effects on selected species of special concern. Managem,ent 
of wildlife issues in the planning area will require general consensus rather than 
unanimous agreement. Input from and coop_eration between all concerned in.ter~sts. 
will be necessary to achieve results hav1n~ l~ng-term pote11.tial for improv~d 
preservation and enhancement of area wide wlldhfe resources. Management efforts 
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for th.e Ey~rglades s~ould emphasize systemwide preservation and restoration rather 
than md1V1dual spectes management. 

Aquatic Communities. 

Historical Overview. Of the three major groups of organisms (microflora, 
invertebrates, and fishes), the largest body of literature has been written about the 
fishes, in particular the estuarine species. Table 58 provides an overview of major 
studies of Everglades aquatic communities. Much oftlie work on estuarine fishes was 
done by research scientists associated with the. University of Miami, School of Marine 
Sciences during the 1960's to early 1970's. Their pioneering studies in the ENP's 
estuary have been supplemented in recent years by research studies by staff and 
contractors of the South Florida Resea,rch Center. Freshwater fishes received the 
ilttention of these two organizations from the mid-1970's to present {Table 58). 

Aquatic and estuarine invertebrates have not been studied to the degree of the 
f:tShes. Basic inventories have been made or are in progress, but much less is known 
about ecological relationships of these itn.pottant taxa. The knoWledge ofperiphyton, 
other algal associations, and submerged vegetation is similarly incomplete, with the 
inventories having been done, but their ecology still poorly understood. 

Fishes._ Genetal treatments of the freshwater and estuarine Everglades 
regional ecology include those prepared by Tabb (1963); Odum et al. (1982), Schomer 
·and Drew (1982),Wade et al. (1980), Durakoetal.(1985), and Lewis etal. (1985). The 
tr~at!llellt of tidal freshwater habitats by Odwn etal. (1984), while not covering this 
geographical region, is applicable. 

_ Early investigations Qfthe fishes of~outhern Floi"ida (Ev~rrnann and Kendall, 
l9QQ; Fowler, 1945; Carr and Goin, 1955; Briggs, 1958) included ·minor accounts of 
the ichthyofauna of the ENP area. Distributions of freshwater fishes in southern 
Florida were first described by Kilby and Caldwell (1955), Kushlan and Lodge (1974), 
and Dineen (1974). The 1llOSt extensive sampling and distribution records within the 
ENP Planning Area are presented by Loftus .and Kushlan (1987). Other studies 
included work on food habits by Hunt (1953) artd Odum (1971), and on sunfish 
spawning by Clugston (1966). Ecological studies in the freshwater marshes include 
those by Tabb (1963), Kolipinski and Higer (1969), K;t.tshlan (1976h, 1980), and most 
recently by Loftus (1988), and Loftus et al. (in press). Other workers (Ogden et al., 
1976; Kushlan, 1976a, 1979) discussed the role of freshwater fishes in the ecology of 
wading birds (Table 58). 

Important works on estuarine fishes and invertebrates inc1ude the works of 
Davis and Williams (1950) and Tabb and his co-workers (Tabb and Manning, 1961; 
Tabb et al., 1962, 1967, 1974; Tabb, 1963, 1966). These works described the cotnpo~ 
sition of the fauna, provided a base for ecological understanding, and addressed the 
difficult issue of freshwater needs for the estuary. In the late 1960's to the early 
1970's, the studies of estuarine fish populations by Odun1 (1971), Clark (1971 ), 
Roessler (1968), and J annke (1971) led to increased understanding of fish 
movements, seasonality, and recruitment patterns. Odum (1971), Odutn and lfeald 
(1972), Heald (1971), and Heald et al. (197 4) described the basic trophic 
inter-relationships in the Everglades estuary and demonstrated the important role of 
mangroves in detritus food webs. More recently, works by Rutherford et al. (1982, 
1983, 1986), Thue et al. (1982), and Thayer et al. (1987) have focused on the life 
histories of important game fishes and forage species, and described fish diHtributions 
and abundances by habitat. 
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Table 58. Major Studies of Everglades Aquatic Cornmutdties· 

Research Topic 

SUBMERGED FLORA 

'l'axonomic composition, association with hllricularia 

Primary productivity, oxygen production; andstock biomass 

blfluence ofhydroperiod and-water ch~micaL composition of 
periphyton 

Deposition ~£calcitic muds by periphyton 

Roleof'periphyton in foodwebs 

Brock 1970;.Browder., 1981,l98~-;.SWif'f:;_~98-": S~vil): al'l'c!' . 
Nicholas, 1987; Va·11 Meter, 1965,, 197~3~;. Wi'l~'lm:, 1:9'74·; Wond 
a·nd:Maynard:.,l974, 
:Brock•,.l9liO;Browder,.l9flii,l9~2i·H'llnti;··J.l96l';-SwH!t',·~gtt4: 
:.iwift.andNichohis, 1987,;. ¥anM~t'er, 1!965, 19·?:3\ W~l~()_i:i;: 
'1974; Wood:a·ndiM~y,nard~ lJ9'14. - · 
Swift,.1·98\!; Swifti and'Nltillolas:, 19B7; I~' lora c!ltil'. f98'7•; liiuW 
!and' Rice; t989i~ut1publiahedtdiltu•l : 
~Bleason;l97~;.Gleasoii·a·nd:Spaduuuu,l9'7-4'. 
'Hunt~ 1953; .Srowde:rehE; 1982: 

Summary of.informa.tion on root/mud algae and'submerged (i)_ dum·et·at, 1982\ 
vascular flora. associated. with mangroves 

INVERTEBRATES-·FRESHW.A'I'ER 

Population fluetuations of apple snailsi Pomacea paludosa .Kushla':n,l97.5'. 

·~~~~h~:~~~ayfiah population (Procambarus alleni) to.wa.ter 
1

l{uslilan·and IKl&shlan; 1.9'79. 

Hydrological reJationships of the prawn, Palaeinonetes 
paludosus 

Effects ofhydroperiodonmacro- and micro-invertebrate 
populalions; community com}losiLion 

INVERTEHRA'rES--ESTUARINE 

Zooplankton and :invertebrate cemmunities and factors., 
affecting organiam distribution and density in-estuarine 
Wa~rs 

Jlenthicand epibenthic invertebrate communiti~ a:nd; 
e~logica 1 factors. aftecting them 

Food'habits and .trophie interrelationships 

FISHES--F-RESHWATER 

~or;:tgefor-wading birds 

Cump()sition, distribution, and·ecology 

Hydroperiod effects on density and biomass. 

Habitat stability/community relationships 

Age and growth 

Length, mass, and calorific relationships 

l•'ood habits 

Sunfish spawning 

FISHES--ES'l'UARINE 

Species composition and habitat relationtihipl:l-

'rrophic inter-relation.<~hips 

Buttonwood Canal fishes 

Relation of young drums to ecological factor~ 

Factors affecting, Whitewater Bay fishes 

:KuahlanandiKuslilan,1980. 

.-_ 

baviSa.nd,Wrllliams; 19'50; Talib and·Nt~nriing) 19t>l;!l'tihll ct.' ~ 
'al., 1962; McPherson1 1'970i Odwn, 1971· 

'l'~bh and,Manning, -1961'; 'l'ahl; cL ui:,1H6~; OdtHfl, 1'971i 
()dUmetral;, 1982: 

0dum,.~971; O~lJA1·.an4Hillddi 1972!_0du!n el a):, pl,8~. 

I 

Ogdem·et al.,l9ltlf; ltushlan et•al.,l97-5. 

Kushla,n and,1Lodge,l971l; Iluftut-~ und'Ku&h1la·r~. 198'7;' IJintH!Ir, : 
~974; Growder,l97ih · 
Reark,-1961, 1967; Loftus~et•al.,lin press! 

J{ushlan, 19!76& 
HoakeandDean, 1983; 
KushHm.ett'al., 1986:: 

tJunt; 1953. 
Clugston, 1966. 

Kilby and.Caldwell,1955; ~l'abbund· M,anning.l-961; 'J'abh e,l' 
al., 1962 Odum-,1971; Tabb·elaJ., 1974;~'rllllyer~L-al..l987; 
Loftus, (in review); LindaU et·al., 1·973~' 

Odum, 1971; Odum and Heuld, 1972. 

Roessler,1970, 

jannke. 1971. 
Clark,197L 

Population structure, food habits, and spawning .. of.sp~tted sea 
trout and gray snapper; early life history of spotted sea ttout, Rutherford et aL, 1982, 1983;·Rutherl'llrd el u 1 .. 1986·. 
red drum, gray snapper, and snook 

Age. growth,. and mortality ofsnook 'rhue et aJ., 1982. 

Source: Compiled by CH2MII1ll 
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Aquatic Inv_ertebrates. Some. of. the *qua,~i.c invertebrat~. groups found in 
the ENP SWIM planning area have been 1dent1fied ~nd cataloged 1n general works, 
such as the mayflies(Berner and Pescador, 19t)8), aquat.ic snai.ls(Thoinpson, 1984), 
?donates (Pau~son, .1966), and water beetl~s, (Young, 1954). .S.tl)dies of specific 
Invertebrates Include work on the freshwater: prawn. ~nd crayfi~h (Kush .Ian and 
Kushlan, 1979, 1980), and the apple snaH (Kushlan~, ~97~}. Current inveaUga tions 
are underway on the aquatic invertebrate community comp·ositfon at short- and 
long .. hydroperiod sites (Loftus et (ll. ~986,. ill .pres.s), and at nutrientwenriched 
locations (Urban, 1984). 

Periphyton. The periphyton or micro.floral components of the aquatic 
assell}blages have been s~udied in terms of community. c~mposi;tio,n and e,cologica] 
function~ Hunt (1961), Wilson (1974), Brock(l970), Wood and ¥ayQ,ard (1974), Van 
Meter (1965), and Browder (1981, 1982)studied ~he producti<;~~ ;of oxygen by the peri
phyton and other aspects of primary production-. Gleason (1972) and Gleason and 
Spflcknian (1974) studied the role of per.iphyton, especially blue~gt.een alg~e,_ in the 
processes of limestone dissolution and soil deposition. Swift (1984) and Swift and 
Nicholas_ (1987) documented , relationships between periphyton community 
compositio?, water quality, and hydroperio~, prim~rUy• in ~arsh.es.of .the._Water 
Conservation Areas (WCAs). Recent work Includes Inventories Wlthtn the ENP of 
periphyton (Hall and Rice, 1989; unpublished data), and responses to nutrient dosing 
(Flora et al. 1987) (Table 58). · 

Biogeographical Relationships. Most of the freshwater invertebrate and 
fish species in the southern Everglades ·&ave temperate origins. Many of the algal 
taxa are also temperate, found in waters along the southeastern coastal plain (Swift, 
1984). In general, the freshwater fish and invertebrate faunas are depauperate when 
compared to the remainder of the state (G:y.:Q.derson and Loftus, in press). Fewer 
species of both groups occur in the ENP SWIM Planni11g Area than farther north on 
the Florida peninsula. For example, the northern Bverglades has five species of 
freshwater fishes not found in the southern· Everglades (Dineen, 197 4; Loftus and 
Kushlan, 1987). The same is true for some invertebrat~ groups, as only a few species 
of mayflies (Berner and Pescador, 1988), and snails (Thompson, 1984) occur in the 
southern Everglades. Habitats in the Everglades may be unsuitable for many 
temperate fish taxa. The lentic marsh habitats provide suboptimal conditions for 
coastal-plain species adapted to lacustrine and riverine environments (Loftus and 
Kushlan, 1987). Dry-season conditions in the marshes are stressful for all aquatic 
species, especially those with temperate origins (Loftus and Kushlan, 1987). 

The estuarine fishes and invertebrates of the ENP are derived from the 
Carolinean and Antillean faunas. Several are Florida endetnics. Most are found both 
in North American and Neotropical waters, although some are 1nainly Neotropical 
and reach their northern limits in south Florida (Tabb et al., 1962; Loftus, under 
review). 

Taxonomic Diversity. Periphyton have been inventoried in the ENP but not 
to the degree as the WCAs (Swift, 1984; Swift and Nicholas, 1987). Van Meter (1965) 
found approximately 200 species of algae within the ENP, whereas Swift (1984) 
found more than 300 taxa in the WCAs. Hall and Rice (1989, unpublished data) and 
Wood and Maynard (1974) also listed algal species for the ENP. A few taxa dominate 
in each of the habitats, depending on factors of hydroperiod, water chemistry, etc. 
(Browder, 1982; Swift, 1984). Little has been written about estuarine micro-algae, 
except for a summary in Odum et al. (1982). 
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The larger aquatic invertebrates have· re·ceived move attent:i'an tfian the 
microinvertebrates. Most macroinver.tebrat~ . groups ar~ represe:a:tedt- by one 
chara~teristic species. Only one species of crayfish! fttishwatero ptawrt;, and' amphil)~d: 
occur 1n the Everglades (Gunderson. and' :Loftus,. till pr.e·ss}l Cla.d'oceraJts·J- copep:o~l~·; 
odonates, aquatic beetles, and midg·es are .diverse (Lofitu-s et ctl: ~98~6~~ i~rti press). 
Planorbid and physid snails are more d:ivers·e· tbt\n;: the· hyd:r.obild:.s-~i:d;fs~ :fnJ ~·st\nt~in:e· 
areas, decapod· crustaceans are more diverse· th;~n: ip:: fresb:wE!ter· (Tabb' etf1·& M!anl~JingJ 
1961), and gastropods and bivalves are very 'di~erse· .. 

Loftus and Kushlan (1987) list 30' spet!ies-. of" nati¥e fi:shes· as· ger_ttla:n.ent 
residents of the freshwater habitats of the ENP (Tabl~- 59)~ Tl1·ey· l~sti- 80' lnati:ve 
species from freshwater in the Ever-glades· -~nd· lts ma.ng.r.ove· h.aipita.~ts., T~·e 
Cyprinodontidae and Poeciliidae with 111 spp:,. a:r-~ .. the: mos~t _spec:i:ose.~ a~;on~· wUih.: tihe 
Centrarchidae, with 9 species. An additional se:v.en exotic· fisnes· t>Ccur· in~. tihe· 
Everglades and· its estuaries (Loftua, in ptesa,).- A tot'a;l of 2'9.t t'ishes;has1Been.·. r·ece.!td'ed:: 
from the ENP, most from saline habitats: (L_oftu;s·, und;er·review).-

Table 5il.~ Fishes of_Ma ·or-F:refihwa,t~r ~l$!1ib.it~t~~~QP_t.&:~-~Qu:t}l~r.~~~¥~r. Ja~~a-
Common N arne 
Florida gar 
Bowfin 
Golden shiner 
Taillight shiner 
Coastal shiner 
Lake chubsucker 
Yellow huHhead 
Brown bulll1ead 
Tadpole madtom 
Diamond killifish 
Sheepshead minnow 
Golden topininnow 
Marsh ·killifish 
Seminole killifish 
Flag fish 
B'luefin killifish 
Rainw-ater ld llifi$h 
Mosquito fish 
Least killifish 
Sailfin molly 
Brook silverside 
Everglades pygmy sunfh:!l1 
Bluespott.ed sw1fh;h 
Warmouth 
Bluegill 
Dollar ~unfish 
Redear 13unf1~h 
Spotted sunfish 
Largemouth bass 
Swamp darter 

Species· 
Lepisosteus platy-rhitwlt$ 
Amiacalva 
Notemigotttts erysol'eucct$· 
Notropis maculatus 
Notropis petersOJ~i 
Erionyzon sucetta 
lctalurus natalis 
Ictalu rus nebulbsltS 
Notu.rus gyrinus 
A'dinia %en ita· 
Cyprinodon uariegatus 
Fttt~dulu.-s·chrysotus 

Fit.ndulus confZuentu.s 
Fu·ndulits· semitwlis 
Jordanella {loridae 
Lu.cania goodei 
Lucania parua 
Gambusia afTinis 
Heteran.dria formosa 
Poecilia latipinrta
Labiclesthes siccul'us 
Elassoma ellerglaclei 
Ennea.c:anthus gltJriosus 
Lepomis gulosu-s 
Lepomis macrochirtts 
Lepomis marginatus 
Lepomis microlophus 
Lepomis punctatus 
Micropterus salmoides 
Etheostoma.fiJ.siforme 

El¢tlch~tda.J~far.slrPonds 
tl~. - - d' 
we ue· 
uc 0· 
ac: nre· 
uc (I!.' 

trC c 
uc. c 
u·e me 
uc c· 
uc 
c uc 
c c 
c ac 
UC U'C 
c uc 
Q c 
uc 
C' c 
G C 
c c 
UC-L ue· 
c uc 
uc oc 
C' c 
uc c 
c c 
uc c 
c. c 
uc uc 
uc uc 

Source: (Loftm~ and Kushlan, 1987) C=Common, UC= Uncommon. L= Localized, -=not co11e<:t~d 

SiL w-gr:a_~_s 
u~ -
ue· 

ue· 
uc 
e 
m·c 

c 
c 
lJC 

c 

uc 

c 

c 

Communities of Major Aquatic Habitats. The·aquatic habitats in the.ENP· 
SWIM planning area include zon~s tha.t a~e stric~ly freshwater, strictly ,saline) a.·~d
areas that are euryhaline. This discusston·Is restr1cted to freshwater and··euryhahn'e 
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aqua~ic ~ommu!lities. Additionally, emp1tasis i~ .plac~~ pn «;ommuni ti~s of fi~~shwater 
graminoid _habitats, and estuarine co.astC~,l,are~s ,dcnnin~te4 by .mangrove_s

1 
and salt 

marsh habitats. Graminoid habitats within thefr.eshwater. zon~s jnclude s~wgrass 
marshes, wet prairies and sloughs overpeat(Ill.-iick.&oi1s)7\v,et .. p~ai;ries over marl~ and 
alligator ponds. The estuarine habitats iticlud~ D;ta,ngr(rV,e,. forests, tnapgrove-Hned 
creeks, an~ coastal prairies. fs. bri.ef des~rfptjop. of~h.e ~S}qatic flora,..inver:t'ebrates) 
and fishes In each of these habitats 1s provided below~ 

Wet. Prairies and SloU:2hS· over Muck,_ SoHs. The spatially dowhtant, 
freshwater habitats of the souther;n EvergJ~d.¢_$-.)lre~-- ~awg~r~ss marshes and. wet 
prairies. Wet prairies provide the best haBitat for periphyton, invertebrates~ and 
freshwater fishes and are sites of major primr:trY ~n-~~econdary aquatic. productivity. 

The fish fauna of wet _prairies. (toftu~ : 8Jl<l ... ,K,pshla;p., 1987) ,B:f~ ~donljnated 
numerically by small poeciliids, ~ypriqQdontj(l~; ~n.d jQv~~nile c~~trarchid~. Loftus 
and Kushlan (1987) found all 30 sp~.cies.Qfnative- fte~~w.ater fishes in i}:lis habitat 
(Table 59). Larger speci~S.; such as the Florida ga~ .aria oo.wfin,, occur in this habitat 
during~ the wet season. Typical inhabita_nts are .Il_losquitofish, sailfin molly, bluefin 
killifish, least kill~fish, sheepshead minnow, goldep,topminnow, and flagfish (IJoftus 
and Kushlan, 1987). Densities range from:l0::050 fi~hp~r square meter (Loftus et al., 
in press). Biomass estimates offishes in the~e habitats are .Ipw, usually ranging from 
less than 1 gram per square me'ter (g/m2) to 5. 1 g/tn~ _.wet-weight. Densities and 
biomass vary according to water depths, hydrop~tterl'l, history, and season. Highest 
densities occur _in long .. ~ydroperiod mar~hes ~:n: .t)pril)g:,_ ~hen water is shallow. Such 
marshes are prime feedn1g areas for wad-Ing btrds,anii other predators. 

Aquatic invertebrates typically fo~n~ in th~ wet prairies incll}(,ie cr~yfish 
(Procambarus albni), freshwater prawn (Palae~Ytonetes pp,ludosus), and. apple snail 
(Pomacea paludosa). Kushlan and Kushlan (1979) fQ_und crayfish biomass, to range 
between 0.02 and 0.4 g/m wet-weight over ari annual cycle. Prawn density ranged 
from 4.2 to 12.4 individuals/m over an annual ~ycle (Kushlan and Kushlan, 1980b). 
Apple snails utilize this habitat, and commonly lay .. their egg~ on the emergent stems 
ofspikerush (Eleocharis sp.) and arrowhead (Sagittariasp.)~ Annualtnean biomass of 
apple snails has been measured at 0.1 to 1.5 g/m (Kushlan, 1975). Loftus et al. (in 
press) reported densities of prawns ranging from 0 to nearly 200/m, depending on 
marsh hydroperiod. Crayfish densities ranged from 0 to 14/m (Loftus eta~., in press). 

Periphyton in these habitats occur primarily as mat complexes. Mats are 
formed when algae grow in and around submerged aquatic plants of the genus 
Utricularia. Periphyton also grow around stems of emergent aquatic plants of the 
genera Eleocharis, Panicum, and Sagittaria. Algal assemblages account for dissolved 
oxygen fluctuations in the water column (Hunt, 1961; Wilson, 1974; Belanger and 
Platko, 1986). Most of the primary production in these communities is derived from 
algal mats (Wood and Maynard, 197 4; Browder, 1981). These algae can be important 
food sources for crayfish (Pope et al. 1980) and some tadpoles (Browder, 1982). 

Sawgrass Marshes. Sawgrass marshes support a poorer aquatic fauna than 
the wet prairies and sloughs (Craighead, 1968). The sawgrass marsh is poor habitat 
for most aquatic organisms, due to the high density of sawgrass culms, high summer 
water temperatures, and low dissolved oxygen levels. Soil surface elevations are 
slightly higher than in wet prairies, and therefore inundation periods are shorter 
during the year. The high density of sawgrass culms results in less available open 
water. High stem density also shades out much of the available light. The resulting 
habitat is much less productive of aquatic microflora and fauna. 
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. . Some algae, primarily g~een .algae of.~h~ genJ).sSpirogyra) ~r~ fot,uid,w-o:win.g 
around sawgrass culms following fires. Loftus· and\ Kushla.n (1987} only. tound·16 
speci~sof fish in th.i~.habitat. The fish communi~y ~~~ t#~inly compris.ed pf .~}':p~~!l
odorttids and poeCiluds, and small centr~tchids'·' '(Loftu-s and KQ~hl"an, 1{}87). 
Densities of fish, obtained from block-net roteno~e s·am.~le~ have .been rn·ea:s~t~.d \at 
0.8 fish/m (Loftus, unpublished data). Apple snai1s ()ften' u'tilize tn~ sturdy sa.wgrass 
stems at the wet prairie sa wgrass ecotone as egg ... deposftion sites. · · · 

.... _ . .- ' i ! 

_Wet Prairies Over Marl. The marl w~t. p~ra.iri.es ar.e fouAd op. the .peripheries 
of the maJR water courses of the park, and Op :siteS:;Sll.·bjected to shorter hyd::ropeti0ds 
during the year due to slightly higher topograpny 6t better draina.ge. · · 

• I \ 

Periphyton compositions on these sites vary according to hydroperiod (Van 
Meter, 1965; Browder, 1981) and surface. water ionic content (Swift, 1981; Swift and 
Nicholas, 1987). Browder (1981) found blue~green a1g~e -~.o comr>rise 90% of the algal 
volume, with the predominant genus being· . S~ytoh,etfta. •he bl\le-green ... a,igae 
re··.estab. lish.· much more. qu. ickl;y:. ..fo.~low~llg r~bY.d:!~. · :t.: ion .. ! .. a.:~~ ,Jher.ef~ .. re ..... ~ .. re. ·.;.~·~~tt .. :~ ... r 
adapted . to shorter periods .. of Inundation. I W a.ters· . htg}ler rn. d~.~sol~.e~ .. ~~Ic~aum 
carb()nate, chloride, and sodium support a l~·ss divers~ flora .{Swift aj}d Ni~Holas, 
1987). Periphyton biomass has been reported to tt\nge from 4p to.4;4!7.g/ni (Gleg~Qn 
and Spackman, 1974); and from 7 to 1,70() g/m.CBrowP.~t~.l.981). Tbtal.bio11f~$s,lnts 
been reported as high as 2,000 g/m (Wood and Mayt!~d, 1974). Biomass· to-tals h~ve 
been correlated with soil organic matter (Browder, 1981)~ 

Primary prod11ctivity of ~he per:ipp;ytpn h~s b~·e:Ji Hn~ed to se~qnd.ary ~tophic 
production and soil deposition. Van Meter•Kasanof(1973}rneasured an aver-ag,e net 
production of 2.68 .g/m/day (978 g/m/year). Browder (1991) meas.ured net producti9n 
ftom 0 to 366 g/m. Gleason (1972) and Gleason and s:pack~an (1974) dete;min:ed the 
role of the blue-green algae in these prairies in precipitation of the calcitic 1nud or 
marL · · · 

Th~se prairies appear flat on first gJance, but actuaUy provide much relative 
variation in micro-topography (White, 1970). The numerous solution holes, wh~ch 
are 50 to 75 centimeters below the surtou,nding $oil surface elevations, provide 
important refugia for aquatic organisms. Wood and Maynard (1974} discussed the 
algal components of the solution holes and their importance as recolonization 
reservoirs for marsh algae. The solution holes are the primary crayfish and fish 
habitats, but due to frequent drying and water level fluctuation support low nutnbers 
of organisms and lower diversity than the longer hydroperiod peat mars~es (Loftus 
and Kushlan, 1987). The fishes and invertebrates found in the marl prairies· sUpport 
early dry-season feeding aggregations of wading Qirds. 

Alligator Pond·s. The alligator ponds are the dee.pest natural habitats i.~ the 
freshwater complex and the smallest in areal extent. ·Generally, Inacrophytic 
vegetation is limited within the pond to small stands of bladderwort ( Utricularia), or 
waterlily (Nymphaea odorata) and spatterdock (Nuphar luteum). The ponds are 
often surrounded by willow and other marsh vegetation species. Algal blooms occur 
in the ponds as water levels decline and nutrients become concentrated; The bottotn 
of many ponds is covered by a layer of globular blue-green algae (Wood and Maynard, 
1974). 

Alligator ponds support the largest fish species found in the Everglades, and 
the densities and composition of species change depending upon water depths in the 
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adj~cent marshes. Loftus and Kushlan · (1J;l87) found s:m~1.I numbers .of yellow 
bullheads, ~lorida gar~ and large centrarchids ln: the pp.en water areas .duri~g wet 
seaso!ls, with mosquitofish, sail fin m.oll_ies,. and ;gqJd~p ~9I?minn.owa . arou~1,1d the 
margins. They found that large fish specie~ dominate .pond;biomass as :wa,ter·levels 
fall during the dry season. These ponds serve as refugia during the dry season~ when 
fish and many invertebrates from the surro11nding m~r~hes- migr.(;}..te intO, the ponds 
which often contain the only remaining .s~rfa,ce water ln. ·~ht{ area. ~ue to the 
seasonal concentration of food r~sources, the po:t;1qs .ar~ the .focus of feeding and 
nesting activitie~ for birds and alligators througll,otit they~ar. 

Man rove Creeks/Swam s/Coastal'Prai:ries .. ;.These .. habitats for:m th~ vast 
estuarine co.mp ex ownstream o. the Everg. a. e$· · f:eshwater Jnarsh sys~.~m; and are 
dependent upon freshwater input from qpstr~am marshe~ for th~ir e~ist_enc~ .. The 
physical aspect of this region is extremely div~rs'e and harL})e~n ~es.cribed by Odum 
(1971), Odum et al. (1982), and Schomer ~nd Drew (l982)~ ·The IllangrovesJ e~·pe~ially 
red mangrove (Rhizophora mangle), border:strearg:.·ch~p~.el.s, that cu,t deeply· int.o the 
freshwater marsh system. Between the stt~am chamielS.·· are. extensive areas of wet 
prairie and sawgrass marshes. Closer to the coast; the . red' and· black nup1groves 
(Avicennia germinans) form huge swamps. dissected by stream channels and 
interrupted by stretches of coastal pra,iri~s of Spa77ttn(J spp., Ju-,,t;us ~oemarianus, and 
other species. These habitats experienc~ wide variations in e:r1vironmental conditions 
over daily, seasonal, and annual periods. ·· ··· . 

Freshwater and estuarine animals 1110v~ in re~.ponse to. changing conditions 
a:p.d to their life-cycl~ requirements {Tabb etal.,.l962';.Roessler, 1968; Odutn et al., 
1982; Schomer and Drew, 1982), res'4-lting in this region_havirtg very high annual 
species diversity and productivity. The '(~tinas ,a:t;e typically mixtJ.Ires of freshwater 
and euryhalihe species, dominated by truly freshwater taxa at the upstteam sections 
of. creeks and marshes and l;>ecomi:qg more marjpe·iJJ.6-uenced qearer the. coast. 
Loftus ~nd Kushlan. (1987) found 69 ·fish species in fr~shwa.ter in this region~ many of 
those species were euryhaline taxa which had \!Sed the stream c9annels to enter 
freshwater reaches. Penetration of this habitat by euryhaline species was aided by 
qigh ionic (calcium) concentrations in Ev·erglades waters (Hulet et al., 1967). A 
similar situation was reported .by Odum (1971) ;~nd Odum et al. (1984). Loftus a11d. 
Kushlan (1987) found small fish species using mangrove prop roots for shelter and 
grazing; larger species inhabited the main channels. Odum (1971) established the 
importance of this region as a nursery for many important game and forage species1

• 

Water levels, salinity, tides, sea-level, rainfall, and freshwater flows are major 
factors controlling the aquatic environment of the region. The stream channels vary 
slightly in water level during the year but fluctuate greatly in salinity and water 
chemistry. Stream channels may be connected to pools, swamps, and prairies during 
high-water periods, then isolated in the spring (dry season). Water-level changes are 
especially pronounced in the swamps and coastal prairies, large areas of which often 
dry in the spring. 

·odum (1971), Heald (1971), Odum and Heald (1972), and Heal~ et al. (1974) 
described the importance of mangrove leaves and detritus to estuarine food webs and 
export of carbon to marine areas. Related concepts are discussed by Odum et al. 
(1982), especially nutrient cycling, hypotheses on energy flow, importance to wading 
birds as feeding/nesting sites, and manage.ment options. 

Ecological H.clationships. The distribution, composition, and abundance of 
aquatic communities are affected by both abiotic and biotic factors. These factors 
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var_y both spatially and temporally, resulting in a complex, ever-changing mo~aic to 
whtch the flora and fauna must adapt. The dominant abiotic factors which shape the 
aquatic communities include hydrological patterns, water quality, frre, and cHm~tic 
events ... Biotic interactions, such as comp·etition 'and p.redation, shape· the 
communities as well, but less study has been devt;ted to theb'iotic factors co·mp~·red to 
the infor~ation gathered on abiotic factors. · 

. . Hydrologic Influe~ees .. The wet sununers. and. dry winters af. the· ~r~gion 
result 1n an annual hydrologiC pattern in whicli water le.ve·lsreach annual' maxima in 
late summer and early fall, then dry to annttal mini.rnain the: spring .. Aquatic 
organisms exhibit a variety of adaptations to the changing cottd'i'tions associated·with 
this alternating cycle of flood and drought. For example, during ,the dry season, algal 
assemblag·es become desiccated and remain dormant until rehydr.ation the following 
summer .. Invertebrates, such as the crayfish; burrqw_ int9 tpe ground. during 
drought, maintaining contact with the water table (Kol~pinskf and Hi.get; 1969). 
C.ladocerans produce resting eggs·, resistant tQ ·desiccation. (Loftus et al.. 19$6, in 
press), as do some fishes (Hartington, 1959). Sont:e stna;ll fi~net:} li.hd. ip . .v~rtebrates 
survive low dissolved oxygen levels by utilizing tlj.e oxygeritich water .$Urface wh.~re 
diffusion occurs (Lewis, 1970) or using atmospheric oxygen (McCormack, t9H7; 
Loftus and Kushlan, 1987)'. · - · 

Mobile organisms, such as fishes· and prawns, follow thedecHning wa.ter'lev~ls 
and become concentrated. into the remaining marsh .puddles . aild aJl~gator ponds. 
Densities as high as 500 fishlm are. not unusual (Loftu$; unpubl'islied · dat~). Dry 
season crpwding may lead to mortality from Par~si.t~~ (KoHpins!ti, 1969}. In 
pr~long~d droughts, intoler·ant species., ·such as. sunfish, die (Loftus and .Kushlan, 
1987) .. The onset of the wet season results in shott .. term d'ec~eases in density, species 
diversity, and biomass (Loftus et al in press) as niarshes ·reflood and rem~lining 
organisms disperse into the surrounding wetland$. 

ln regions having shorter hydroperiods, wJrether natural due to topogra.pll,y or 
anthropogenic because of drainage, reduced diversity, 'density, and· biomass of fishes 
and invertebrates has been observed. (Loftus et al. in .preS,s). Evidence points ,to the 
lack of adequate food base (detritus and usable algae) for those organiEnns. (Loftus et 
al. in press). Periphyton communities may shift species composition under different 
hydropattern regimes as drought-tolerant form·s are selected {Van Meter-Kasanov, 
1973; Browder, 1981). 

i 

Water flow from the freshwater Everglades is important i:h maintaining· 
estuarine salinities suitable for meeting life-history requirements of associated 
organisms. Although not well demonstrated, it has been postulated that the fresh
water input carries nutrients and carbon into the estuary (Odum et al., 1982; Wood 
and Maynard, 197 4). Wading bird predation and movement of fishes out of 
freshwater and estuarine habitats are significant sources of carbon loss fro1n those 
systems. 

Water Quality. Water quality is a major factor in the configuration of cur· 
rent aquatic communities. Direct rainfall is thought to have historically provided 
most of the water and nutrients to the Everglades (Davis, 1943a; Parker et al. 1955; 
Waller and Earle, 1975). Nitrogen and phosphorus concentrations are naturally low 
in the marsh waters, and phosphorus especially is thought to be limiting to peri
phyton (Swift, 1984; Swift and Nicholas, 1987). 
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. . Water qu!"ility has. been correlated. with p.~riphy:ton co~rnunity composition 
(Swt!'t, 1984; .S~ift and Nicholas,1987). Cha;ngesin. water quahtydue to drainage or 
nutrient addition can favor species of pollution~tolerant algae, a!nd potentially could 
lead to food web alterations (Swift and Nicholas, 1:987; Woo.d· and Maynard, 1974); 

Climatic Events and Fire. Other.' ecological factors that affect. aquatic 
organisms in the Everglades include weather :c.ol.lditions such as hurricanes .and cold 
fronts. Hurricanes periodically strike the Eve:rglades with force sufficient to destroy 
mangrove forests, open areaf3 to strong .sunlight; :aP.<J cause o~ygen. depletion of 
waters because of decomposition of organic. matter following storm .passage. 
(summarized by Odum et al., 1982). Reark (1961) described how Hurricane Donna 
pile_d up windrows of a periphyton~.Utricularia mat in,Shark Slough .. Such large scale 
.disruption of aquatic habitats has immediate and lol1g .. term effects on organisms. 

Cold temperatures associated with severe· cold fronts rarely affect aquatic 
animals in the Everglades marshes but hav:e killed estuarine species, such as tarpon 
and snook,.with tropical affinities. 

Fires, especially those that occur in marshes during severe drought years, may 
consume organic soils, cause direct mortality .of organisms, and change successional 
patterns of vegetation (Wade et al., 1980; Gqnd~rson and Loftus1 in press). In 
estuarine areas, fire is important to maintaining the presence of coastal prairies 
against incursion by fire-intolerant mangroves (Wade et al, 1980). Because coastal 
prairie .Pools are important wading bird feeding.;sites, a. red11ction of that habitat in 
favor of.mangroves would likely result in declines in wading birds and forage fishes. 

Trophic Interactions. The primt:J,ry biotic factors that affect both flora and 
fauna of ENP are predation and competition. While both competition and predation 
affect the composition, abundance, and distribution. of the biota, predation is a major 
factor in the flow of energy throughout the food web. 

In the WCAs and ENP the food web is a detrital based system composed of 
material contributed by the decomposition of herbaceous aquatic macrophytes and 
algal material derived from the periphyton community with relatively little 
contribution from phytoplankton (Odum, 1971; Gunderson and Loftus, in press; 
Loftus et al., in press). Due to its sparse concentration, phytoplankton does not 
contribute appreciable fixed carbon to this system rather the majority of primary 
production in this system occurs in herbaceous aquatic macrophytes and the 
periphyton community (Hunt, 1961; Van MeterJ 1965; Wood and Maynard, 1974; 
Wilson, 1974; Browder et al., 1981, 1982; ). Mangrove productivity is additionally 
important to the estuarine systems of ENP as a source of secondary production of 
detritus (Odum, 1971; Heald, 1971). Generalized food webs supported by grazing and 
detrital pathways for the freshwater systems ofENP are presented by Gunderson and 
Loftus (in press). 

Macrophytes and periphyton (submerged or floating associations of do1ninant 
blue-green algae with filamentous green algae, desmids, and diatoms) are the major 
primary producers of the autotrophic food web. They are consu1ned by rnicro
invertebrates, as well as small fish, such as sailfin molly, flagfish, and Hheepshead 
minnow (Kolipinski and Higer, 1969). Dead organic matter, and its associated 
microbes, form the base of the detrital food web. Detritus is consumed by cyprinid 
fish and small invertebrates such as microcrustaceans, midges, and oligochaetes 
(Gunderson and Loftus, in press). 
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Life histories of certain animals can determine trophic level. For exatnple, 
many insects spend part of their life as aquatic larv:ae and their adult stag.e· as 
terrestrial. Each stage is impovtant, for theaquati(~· hu~vae provide eneJtgy ~o· C:tq~atic 
predators, while adults are an integral part of the ter.res·triaf energy flow-. E·x:a.rn.pl'es 
of insects with aquatic and terrestrial life st3:ges: ave caadisf.Hes, ma:y£11es, 
dragonflies, damselflies, and mosquitoes. B~cause· of the· sheer· n:u·mbers o£ hl's~cts in 
the plann~ng area, their contribution to the food web-is important. But tile: ecology 
and trophic interactions of this group have· not been studied•i;n'tensivel~,jus-t as many 
of the biotic interaations in the Everglades are·rloarlyunderstood.~ 

Fish are the top aquatic consumers withtn· the aquatic food cha.irl', and: feed on 
various trophic levels below them.. Fish., as w:ell as other a·q:uatic ani~mals StfcPt as 
crustaceans, snails, and tadpoles provide a yita.;I' link to terrestrial feed~ webs~ 
Heterotrophs such as wading bir-ds, snail kites, ~mink~·. otter, and: the a'llfgator d~pend 
on the health and vitality of aquatic communi!ties in the· Everglades~ 

Exotic Species. Exotic aquatic taxa a~re abund~nt in. southern~ Florida· ~Cbu.r~ 
tenay and Hensley, 1979), and common within the ENF. SWIM· Planning; Arrea 
(Loftus, in press), The major habitats for exotic species ar.e' ca:nals c0nstpuct~d fbr 
water management purposes, and borrow pits used- as. sour.ces of limer:bck UiH 
material). The canals also provide means of'coriv:eyanee~for these oFganisrns to~tnove 
rapidly into undisturbed, natural habitats~ 

Aquatic weeds that occur in the tanal system include· the· floating aquatic 
weedJ. water hyacinth (Eichhornia crassipes), and; the· submerged·. aquatic 'w.e,ed, 
hydrHla (Hydrilla verticillata). Both species ane· found in Canal L .. 67 Extended. 
Generally Canals L-29, L ... 31W and C-tllare.ke.ptfree~ofaqtiatic plants by chetnical 
and physical means to maintain optimum. flew· capacity.. Prolife~ation of these 
a quartic weeds is generally restricted to ma~n.-.mad·e; pliysicaUy~disturbed: areas. Even 
when the exotic weeds occur in areas adjacent to the natural marshes,. these plants 
show little sign of colonizing the native system ... 

Exotic aquatic invertebrates Which occur in canals and marshes include 
sp·ecies of Neotropical dragonflies and several snails <Marissa and M~tansides). 
Otherwise, few exotic invertebrate species are considered probl'ematic. Althoug·h t~e 
exotic fishes of southern Florida reach their greatest abundance in the canals of the· 
southeast coast, the natural ma:1,rshes have been invaded to a relatively· lhnited 
extent. Loftus and Kushlan (1987) found· 12 established· exotic species·, most. 
belonging to the Cichlidae. Loftus (in press) reported seven es·tablished species·. in 
Everglades National Park (Table 60). The· walking catfish and· black acara have· 
invaded natural areas, being most successful in those habitats where few native 
species can survive. The blue tilapia, mayan cichlid, oscar, and pike killifish inhabit 
the barrow pits along Anhinga Trail in 'Faylor Slough. Several exotic fishes have
colonized estuarine habitats (Loftus, in press)'. 

A great deal has been written about the potential impacts of exotic fishes on 
native aquatic communities (Courtenay and Hensley, 1979; Loftus in press). Known 
impacts in Everglades waters include nest-site displacement of native sunfishes and: 
largemouth bass by blue tilapia-; predation by walking catfish, oscars, and· pike 
killifish; and food web alterations by blue tilapia, spotted tilapia, and others. Several 
species are now be utilized as prey items by wading birds and alligators. Factors 
limiting_ colonization of natural habitats by neotropical exotic fishes include periodic 
cold· spells which drop temperatures below lower lethal limits (Shafland and Pestrok, 
1982; Loftus, in press), and ecological interactions with native species. 
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Table 60. Exotic Fishes Established in Ever lades NationalPark 

Family Clariidae 
Taylor Slough, · ·sll.atk Slnul{h 

Walking catfish (Clarias hatl'achuH) X 

Family Poeciliidae 
Pike killifish (Belone!:)OX be1izanus) X 

Family Cichlidae 
Oscar (Astronotus ocellatus) X 
Black acara (Cichlasoma himaculaLum) X 
Mayor cichlid (Cichlasoma urophthalmus) X 
BJue tilapia (Oreochromis aureus) X 
Spotted tilapia (Tilapia mariae) X 

Source: (Loftus, in press; Loftus and Kushlan, 1987) 

X 

X 

X 
X 

X 

Est.uuriue: Zone 

X 

X 

X 
X 
X 

Threatened and Endangered Specjes ·and Specie~ o'f Spechll· Concern. 
No freshwater aquatic species in the ENP SWIM: .i>lanning ar~a ·are listed as 
threatened or endangered by the Federal governm~nt or the State of Florida. The 
Florida Committee on Rare and Endangered Plants \ana Animals (FCREPA) lists a 
killifish, the rivulus (Rivulus marmoratus) as threatened .. The rivulus occurs in 
estuarine habitats in Everglades National Park (Tabb and Manning, 1961; Loftus 
and Kushlan, 1987), but it has rarely been collect~d.: It's rarity may be an artifact of 
inappropriate collection techn,iques; it i~.poasible that the rivulus is ac~tually tnore 
abundant than is currently documented. Too little is known about the population 
siz~s of niost ~qua tic invertebrates to ascertain whether any des~rve to be listed. 

The Florida tree snail, Liguus fasciatus, is not considered an aqtiaticorg·anism 
but warrants special mention. Liguus was avidly hun.ted by coHectors and amateur 
scientists in the hammocks of ENP. Beard (1938) reported over collection and the 
destructive practice of setting fires to reach collection sites. The Florida Game and 
Freshwater Fish Commission lists the Florida tree snail as a species of special 
concern. 

Threats to Aquatic Resources. Urban and agricultural developments in 
southern Florida, which are inexorably tied to water management practices in the 
Everglades, are the major agents threatening aquatic resources in the plan ... ning area. 
Direct loss of Everglades wetlands began with the first urban developments at the 
turn of the century and continue to the present day. Agricultural development, first 
by farming finger glades followed by rock-plowing of short hydroperiod peripheral 
marshes irrevocably converted wetlands to other pprposes. 

Most development of Everglades wetlands would have been impossible without 
concurrent drainage via the regional canal system. Urban and agricultural 
development in, and neighboring, the Everglades basin represent threats to aquatic 
resources because they potentially can result in degraded quality of waters delivered 
to the oligotrophic ENP wetlands. 

Water-quality degradation has been implicated as a cause of shifts in 
periphyton communities in Everglades marshes (Swift and Nicholas, 1987). Diverse 
periphyton communities change to less diverse assemblages dominated by 
pollution-tolerant genera. Such changes may produce measurable changes in 1narsh 
food webs. Additionally, contaminants like pesticides and heavy metals may be 
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concentrated by aquatic organisms through the process of bio.magnification. E'ven 
the human population may be affected if significant amounts of fishes witij high 
contaminant loads are consumed. Recent detection of mercury in bass collected from 
the WCAs and other Southern Florida areas ha.s heightened regional awareness of 
this ever-present threat to aquatic $ystems. 

The loss of peripheral wetlands is thought to be a major factor in chan,ge.s of 
nesting wading bird numbers and the timing of their nest initiation in the southern 
Everglades (G. C. Ogden and W. B. Robertson, Jr., personal communication). ;Many 
of those short-hydroperiod wetlands, Which served as early dry-season. feeding· 
habitats for wading birds, are now lost because of wetland conversion for· human land 
uses. Loss of wetlands and associated aquatic habitats is· a continuing threat tq these 
natural systems. 

The water management practices associated with urban and agricultural 
development have· had serious impacts on aqut1tic :r~sQtWces in this ·planniiJ:g a.rea. 
The case-history of Northeast Shark River Slough offers many lessons on the ~ffects 
of water-flow reductions on aquatic communities (Loftus et al. in press). Reduction of 
marsh hydroperiod in this former~y. Iong-hydroperiod wetland has tesulted in a 
periphyton community similar to that of naturally short-hydroperiod marshes, low 
levels of soil organic matter, low fish and invertebrate popul~tion levels, and low use 
by wading birds (Fleming, in press). The entire food ·web appe(\rS· to have been 
altered by the reduction of hydroperiod, resulting in a hydrologically altered marsh 
system. 

Loftus and Kushlan (1987) suggested that marshes subjected to drainage are 
more susceptible to invasion by exotic fishes. Cpn.vetsely, d,isruption of natu:ral 
water-level fluctuations by artificial mainten(ince of:a.~~P w~ter allows build-up of an 
unconsolidated organic _floe (Crowder, 1974), may_ change community structure 
(Kusll.lan, l976b), and alter energy flow ii1 the ~a.rsh. PrplQQg.ed higb-waten levels 
may interfere with alligator nesting and may pre::vent wading birdH frotn. using 
marshes for feeding. 

The infrastructure of the regional water management system can potentially 
affect aquatic communities in several ways. Rapid shunting of poor quality wa.ters- to 
sites remote from the sources may occur. Canals also route large quantities of. water 
to areas where ecological damage can result from unnaturally- rapid water level 
increases. Levees prevent aquatic animals from freely moving acro~s the EvergladeH 
system, and associated canals may direct animals from ·marshes so they are 
unavailable to predators. The canal system also may act as a pathway for rnovement 
and invasion by exotic fishes and invertebrates into natural habitats. 

Many of the problems and threats facing aquatic resources in the Everglade~ 
are directly related to inadequate understanding of natural processes and ecological 
relationships. Although understanding of the system has improved over tixne, some 
basic questions remain that require intensive r~search effort. A major unanswered 
question deals with the relation of upstream water management on estuarine 
processes and estuarine animal life histories. Attention and funding should be 
directed at basic system processes and the consequences of altering those proces"Ses. 

10. Land Uses 

Historical Land Use. The Water Resources Atlas of Florida (Fernald and 
Patton, 1984) presents a comprehensive overview of historical land use activities in 
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south Florida which have affected water flowing·. to the ENP SWIM Planning Area. 
Much of the material presented in this section is taken from this source; other sources 
are noted where appropriate. 

In a reconnaissance study prior to the establishment of ENP, Beard (1938) 
summarj~ed the human ~ctivities i~ the p~qpos~d park ~rea. lie; _repqrted S?Ine 
commercial and sport fishing, extensive hunt1n.g Qfplume btrds, especially Amertcan 
and Snowy Egrets, and hunting or trapping of animals such as raccoon, bobcat, otter, 
and alligator. Lumbering occurred on ~ small f)cale within the planning area; Jogging 
was primarily on Caribbean Pine. A sawmill was located in Long Island Key, where 
most of the timbering operations occurred (Beard, 1938). 

Agricultural activities were g~nerally small m scale and seasonal (farming 
from November to February through April). Beard (1938) reported farn1ing near 
Royal Palm State Park, along the Ingr~ha..m HighWay .. Farms were usually ditched 
and diked. Unfavorable conditions, such as high water and tnosquitoes, precluded 
significant farming in the area. The ''Hole.-jn-the•Do)11).t", located in the south ridge 
of Lo:n.g Pine Key, was considered highly prQductive farm land.. At maxitnutn 
cultivation, this area was as large as 4,00Q hectares (10,000 acres). Much of the 
marginal land was abandoned from the 1940s to the. 1960s. By 1975 all agriculture 
had ceased. 

In an attempt to preven.t the spread of a cotton borer to northern 
cotton-producing states, the U.S. Department of Agriculture undertook a campaign 
to eradicate wild cotton in the southern Florida mainland. The wild cotton was 
pulled out and burned. ·These activities caused· some hammock destructinn ··(Beard, 
1938). Other human activities which have affected. the ENP included; West Indian 
Snail, ,.Lig", hunting, which caused some destruction to hammocks; plant collecting, 
primarily orchids, pal.ms, and ferns; and frog-hunting~ 

The Everglades National Park was created in 1947. Its size at that time was 
460,000 acres (190,000 hectares) (National Park Service [NPS], 1979). As a resuJt of 
several land acquisitions during the 1950s, the ENP expanded to its current size of 
1,400,533 acres (566,796 hectares) (NPS, 1979). Land use activities within the ENP 
have been directed at preserving the natural environmental setting while allowing 
low-impact h~man activities associated with education, research, and recreation. 
Such activities within the park are primarily located along State Road 27, which runs 
from the park 1entrance at Royal Palm southwest to Flamingo. 

Present Land Use. The Draft Master Plan of the Everglades National Park 
(NPSJ 1979) presents five classifications for land within the ENP. These include: 

o Class 11--0utdoor Recreation Areas: major access roads and major 
developments to which they lead 

o Class -Natural Environmental Areas: buffer lands around Class II lands, 
waters of the Gulf Coast and Florida Bay, and major inland waterways 

o Class IV--Outstanding Natural Areas: habitats and rookeries of 
endangered species, mud- and grass banks of Florida Bay, parts of the Ten 
Thousand Islands and the Shark River Slough 

o Class V --Primitive Areas: the remaining undeveloped and road less lands 
and most submerged lands that are not otherwise classified 
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o Class VJ-... Historical and Cultural Ar.eas: indian mounds and ce·meteries, 
land reserved for Miccosukee Indians, ·and other historic areas. I 

There are no Class 1--High Density Recreation Areas in the park. 

L~nd use Effects on Water Quality and ·Hyd·rology. Alteration of r~g.ional 
hydrology, combined with agricultural and residenthrldevelopment land uses·, in the 
East Everglades have adversely affected the study area through 

* overdrainage, resulting in loss of habitats 
* stabilization of water levels, interrupting the periodic wet/dry cycle which 

many of the native species need 
* interruption of the sheet flow of water across the park, resulting in 

disruption of the normal water delivery patterns. 

In addition to these hydrologic effects_, degradation in the q11ality of wat~rs 
deliv~red to the ENP could result in further :ch~nges in the natural syste~s within 
the planning area~ These problems are aggravated llY continued growth in demBl.lds 
for water supplies in· southeast Florida; supplies. which are- primarily provid'ed l)y the 
Lake Okeechobee water system .. Growth in these· water demands increasingly 
depletes waters from the Conservation Areas which m~ght otherwise. be avaita;ble. for 
the Park. Water delivery problems are the result of identifiable and spe·cific hqman· 
activities on land adjacent to the ENP. In a broader, :regional perspective., these 
problems are integrally linked to economic development in southeastern Florida. 

11. Recreation Resources. 

The largest remaining subtropical wilderness ih the coterminous United' 
States, Everglades National Park (ENP). is a unique and highly. (iiverse wetland· 
f)ystem which attracts visitors from around the globe~ Admi11istered- by the· N'ational 
Park Service, the ENP has been designated a World Heritage Site and' an 
International Biosphere Reserve by the United' Nations Education~d, Scientific and 
Cultural Organization (UNESCO) for its outstanding universal and ecological 
values. Most remarkable among these is the freshwater river about 6 inclies deep: 
and 50 miles wide which moves slowly and imperceptibly through sawg.rass prairies 
to cultivate a vast diversified marshland. The park also contains cypress forests, pine 
uplands, subtFopical hardwood hammocks, marl and limestone flatlands, freshwater 
streams and sloughs, spring;..fed lakes, mangrove estuaries, and marine bays. These 
ecosystems support 14 federally listed endangered and threatened species and 
hundreds of other flora and fauna. 

ENP is located on the southwest tip of Florida and comprises 1.4 million acres 
of wetland, upland, and water, including most of Florida Bay. Almost 1..3 million 
acres are designated as part of the National Wilderness Preservation System. 
Another 107,600 acres is proposed for park expansion in the East Evergl'ades Area 
directly east northeast of the present park boundary. 

In 1988 the park attracted 1,071,373 visitors from all over the nation and the 
world. ENP was the 8th and lOth ranked primary destination of all surveyed tourists 
entering the state by air and car, respectively, in 1988. Visitors catne to participate in 
such recreational opportunities as nature study, sightseeing, saltwater fishing 
(snapper, redfish, trout), freshwater fishin~ .(largemouth bass), boating, canoeing, 
bird watching, hiking, and camping (primitive and improved). Although charter 
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fishing, group tours, and similar guided excursions are offered, park management is 
mainly oriented toward providing primitive recreation experiences consistent with 
ENP•s designation as a national wilderness area. In 1988, approximately 64 % of all 
recreation use occurred in the five months from December through April. Many 
visitors avoid the rainy summer season with its large nutnbers of mosquitoes. 
However, summer use is on the rise, primarily from European visitors. The park's 
main entrance is through the Main Visitor Center on the eastern boundary, south of 
Miami. Internal access is highly limited and reflects ENP management objectives for 
ecological preservation and compatible, limited use,, consistent with a wilderness 
recreation experience. Beginning at the Main Visitors Center, one 38 mile road 
traverses the park. Most of the park is reached only through backpacking or boating. 

In keeping with its primitive nat~_e, outdQor recreational facility development 
is minimal. It includes: four visitor information centers/nature observation sites, 43 
developed campsites, primitive camp sites walking trails, a 99 mile Wilderness 
Waterway and 32 additional canoe . tr:ail mile~, boat ramps, and other day use 
recreation facilities. In addition, NPS licenses the following commercial concessions: 
3 air taxis to Ft. Jefferson National Monument, 24 charter boats, 6 canoe outfitters, 3 

. nature.photographers, and 1 bus company. 

12. Economic Significance . 

. · ENP•s .economic significance encompasses at least two primary perspectives. 
One is the value of the p~blic recreation offered by the park itself. Another is ENP's 
direct and indirect contribution to the private U.S". economy, which might be further 
narrowed to identify the specific contributions to the, local, South Florida regional, 
and State economies. 

ENP•s contribution to Florida's $24.~ billion tourist economy (1988, U.S. 
Travel Data Center) can not be meaningfully sutn,marized on the basis of existing 
data. An estimate of the number of ou.t~of-state visitors is hazarded at roug·hly 
500,000, or almost half of all ENP visitation; however, this estiinate is based on 1988 
state tourism data which lacks a statistically significant sample size. Nevertheless, 
extrapolation from this sample would show that about 60% of these out-of-state 
visitors arrived via air transportation, while roughly 40% arrived by car, on extended 
journey over the length of Florida. 

I 

Direct contributions to the Florida economy would include variable trip 
expenditures by out-of-state tourists for gas, lodging, food, site fees, and similar 
items. Out of state residents and instate residents of northern Florida would 
contribute to the regional south Florida economy and the local economies of Monroe, 
Collier, and Dade Counties. However, most Florida tourists attend more than one 
destination attraction so that the sole contribution of ENP to the regional and State 
tourist industry can not be isolated without special survey. Several canoe and camp 
outfitters, food establishments, and other tourist-oriented private businesses on the 
outskirts of ENP in Monroe, Collier, and Dade Counties are based in the recreational 
useofENP. 
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F. C-111 BASIN AND EAST EVERGLADES. 

1. Physical Features of the C-111 Basin and East Everglades 

Introduction. Two surface water dra~age: basins are located east of ENP and 
west of the coastal basins, the East Evergla<l~,s,antJthe C-1~1 Canal basin (Figure 
50). The East Everglades lies generally wes~ .c)fL~31N, east\ofENP, south of WCA-3, 

Figure 50~ Location and Maj'or 'Plty$ipgraphic Features ofthe 
E · · · . C•11lBasin. 

5 10 
ill!l!!!ililml!n 

MILES 

East Everglades 

• C-111 Basin 

::;ource: Adapted from Cooper and Lane, 1987a and Schomer and Drew, 1982 

and north of the eastward extension of the park boundary where it intersects L-31 W . 
The C-111 Canal basin includes lands that lie generally southeast of the East 
Everglades and west of the coastal basins. Present land use/land cover 
characteristics of these two basins indicate that 85% of the area contains native 
vegetation or open land. Approximately 5% of the combined area of these two basins 
is developed for urban uses and 10% is used for for agriculture. 

This region includes portions of Shark River Slough and the headwaters of 
Taylor Slough which historically provided significant surface water inflows to 
Everglades National Park (Figure 50). Drainage from the East Everglades and C-
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111 is ultimately discharged into Northeast Florida Bay and Barnes,Soun(l. ·8urface 
~ater runoff.~om the C~lll basin repres_e~ts a:n iinp9rtaq.t source ·q£Jteshwa:te~ tlow 
1nto the sensitive estuarine ecosystems ofN·ortheast :Florida Bay and B'arnes Sound. 

Much of the land in these basins is occupied by extensive nati-ve E·verglades 
plant communities consisting of freshwater wet pra;ities, sawgtass stalldf?·~ a;q;uatic 
sloughs and tree islands, . which eventually intetgr~u.i~ .. into d\w·~f ~an:grove 
communities which fringe the shoreline of Northea$t Florida l~~y and ~~Bir.rres Soul).d. 
T~e ~ast Everglades and the C-111 basin represetlt critical buffer zoir~s b¢tweefi the 
pr1st1ne wetlands of ENP and the rapid·1y expa~d-ing urban and agric-t-l•ltural 
development in the eastern coastal basins. Most of this region has been r~ce~tly 
identified for acquisition to protect sensitive ecosystem·s by e:&pansian qf ~N·p. 
Approximately 50,000 of this 107,000 acre addition to ENP became ·part of EN.I~ on 
October 1, 1991. 

The available surface water quality data for·~hef;le b~sins, in general, irr~i9~te 
that water quality is very good with low levels ·of dis~olved nutrients. Occa~ionally) 
aamples indicate elevated levels of n1J.ttient$ a11Q_j~fsf3o~v_~d solids., as ·well ~s the 
presence Qf detectable concentrations of pesticides. ·r;r}!~~is increasing co11cern about 
the quality of water discharged from these basifiS;to EtiP~ 

Groundwater quality is also gel).erally v~ry ;good.. Potenth;tl ,ptQblems have 
been identified for ·contamination of .grouildwater .. with .agric-ultqr~l chem._icaJs, 
storm water runoff and saltwater intr.usion. The$~._,pf:obletns ate especia.Hy significant 
due to the location of a number of_ e~~stintt ·and proposed public water supply 
wellfields in the C-111 Canal Basin and a~j~cent!!lte~s. 

Continued population growth and developmelitt w ·recent yea.tshav~ cr.ea.ted, a 
number of water management problems hi tpj.~ :area. ~construction ~of.phe L~29 levee 
in WCA--3B coupled with completion of tb.~ -~.;67 e~tEJenSiQfi canal_ and levee hi ·EN·P, 
cut off sheet flow to the central portiQil, of'Saaxk River Slough (F-igQre 51). These 
alterations isolated the interior ofENP from a pr,imary source of natural ·.sheet f1ow of 
surface water and altered vegetation charaeteri$tics within the eastern p~~ttion of 
EN'P tha,t had developed in response to that.f1ow. Construction of the C~11l'Canal 
system was never fully completed. Operatioil of the existing component$ af ·this 
system results in occasional large discharg(=!s of fresh water into Bar-n:es Sound ;and 
Manatee Bay. The South Dade Conveyance System (SCDS) was design.ed and built to 
provide additional water to ENP and to support agricultural production in South 
Dade County. This system has resulted in increase in the amount of wa1er 
discharged to the southern end of the C-111 Canal system. 

In response to these problems, the District and the Corps are developing a 
series of management plans to improve water deliveries to these basins. 'I'hese pla~;:; 
include a "Rainfall Plan" to improve water deliveries to Taylor Slough; the C-lll 
Basin Interim Plan to address short .. range water management problems in the C-111 
Basin; and the C-111 Canal and ENP Water Delivery General Design Memorandums 
to develop long-range water management solutions. 

Major Hydrographic Units. The EEA and C-111 Canal basin contain a 
number of adjacent land areas that are both hydrologically and ecologically 
interconnected (Figure 51). These areas are divided into a number of units, based on 
physiography, canals, drainage patterns and land uses. The boundaries of these 
areas may overlap so that a given point can lie within one or more units: 
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Figure 51. Major P.}nrsical and-Wate.r Conveyan~e:jFeatures of the East Everglades 
and the C-111 Canal :BaSin , . · · ' . · 

Florida Bay 

Source: SFWMD 
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East Everglades Area (EEA). The EE~ is bounded in the north by the L~29 
levee along WCA-3, on the east by the L-31N levee, on the west by ENP and in the 
~outh by t~e eastern extension of Evenglad~s Na·tional .Park l;l.order whetTe· it 
1ntersects ~~t~ L-31 W. Th~ "8 1/2 Square Mile. Ar.ea" is a .developed area of rural 
land use within the EEA, adJacent to L-31N. The East Everglades also includ:.es the 
historic main portion of Shar~ River Slough, generally called the Northeast. Shark 
R ... iver Slough (NE. SR~) .. This area was physically !3-nd hydrologica..Jly sepa~ated from 
the rest of Shark R1ver ~laugh after the add·1t1on of the L-67 Extension Levee 
(Neidra~7r and Cooper, 1989). The ~EA also in(jludes the Rocky Glades, whic~ fq.rm 
a transition area between Shark River Slough to the west and the: headwaters of 
Taylor Slough to the south {Figure 50). Wat~r deliveries through the EEA are 
c~itical for restoration of the historic distribution, hydroperio~: and flow to Shark 
R1ver Slough and the subsequent receiving .ecosystems of ENP. The East Everglades 
include portions of three physiographic areas•-Sh~rk River Slough, Rocky Glades and 
Taylor Slough. The East Everglades area ie composed of peat, marl soils, or 
rockland/rockdale soils on lime rock and the entire region is .unde;rlain by by Miami 
oolite (Hoffmeister et al., 1964; HQfstetter and HHsbeck:, 19.80). 

Shark River Slough. Shark River Slough ,provides the primary inflow of 
water to the ENP, and whose main portions lie withi:rfENP boundaries. Shark River 
Slough is. a natural wetland depression that eontains.organit sediments made up of 
both shallow and deep peats (Davis, 1943.a; Stephens, 1943). Historically, the Shark 
River Slough drainage originat~d in Water Conservation Area 3. Water flowed 
s9utheastward in an arc that swept through the area that is now called the East 
E;verglades and curved back to the we~t to i)()w down .th:e main channel of the slough 
through the heart of ENP at Shark River Valley .(Bea.rd, 1938; Davis, 1943a). The 
ma.in portions of the northern slough ,are contained hi bQth ENP and the East 
Eyerglades. The slough is presently divided in the northern portion by the levee, L-
67E. The restoration of the historic structure arid function of Shark River Slough is 
critical for the restoration ofENP 

Rocky Glades. Shark River Slough is bounded on the east by a slight 
topographic rise that partially comprises of th~· western edge of the Miami R9ck 
Ridge (Davis, 1943a; Parker et al., 1955). The area that lies north of Taylor Slough 
and south and east of Shark River Slough is known as the Rocky Glades. The Rocky 
Glades act as a hydrologic barrier to separate surface waters of Shark River Sloug·h 
on the north from the headwat~rs ofTaylor Slough to the south (Parker et al., 1955; 
McPherson et al., 1976; DER)/.1, 1980). The Rocky Glades contain sparse, short
hydroperiod wetland vegetation. The portion of Rocky Gl~des that lies within the 
East Everglades is generally characterized by thin Rockdale or Redlands soils that 
were described by Davis (1943a) as essentially rocklands not covered by soil (Fig·urc 
52). This area, in the northeast central portion of the East Everglades, is under 
pressure for urban development. Portions of the Rocky Glades, located along the 
levee, are currently under cultivation in many places. Cultivated lands extend south 
from this area, along the levee, through the Taylor Slough headwaters to the area 
called the Frog Pond, west of Florida City. 

Taylor Slough. Taylor Slough is a 158 square• mile (24 7 square kilometer) 
wetland systeJ]l that extends more than ·20 miles (32 km) from headwaters that begin 
in the central portion of the East Everglades to the coastal mangrove fringe along 
Florida Bay (Johnson et al., 1988) (Figure 50). The slough crosses parts ofthe C-111 
basin, but the major portion of this system lies within ENP. Headwaters of Taylor 
Slough provide the main inflow to eastern ENP. Taylor Slough headwaters include 
the extreme southern portion of the East Everglades, the area known as the Frog 
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Figure 52. Soil Associations of theN ortheast Shark River 
Slough Area. 
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Pond (DERM, 1980). Taylor Slough is the central component of the Florida Bay 
drainage basin. Under natural conditions it is the major source of overland 
freshwater flow into Northeast Florida Bay. ·surface relief in the Taylor Slough 
headwaters is low. The area is perch~d at an elevation of approxilnately 7 feet (2 
meters) NGVD. Both Shark River Slough to the north and the rest of Taylor Slough 
are slightly lower in elevation (Schomer and Drew, 1982) . 

. Canal C-111 Basin. The C-111 canal is the southerntnost canal of the 
C&SF Project, bordering ENP. Construction of this canal by the USCOE was 
completed ill 1967 .. Canal facilities are presently operated and maintained by the 
SFWMD. The C-111 drainage basin, as defined by Cooper and Lane (198:7a), is 
approximately lOQ square miles. The C-111 Canal borders and drains agricultural 
areas ofsouth Dade County. Just south of Homestead, the main canalisjo.ined by C
lllE and then moves south and south eastward to cross the marl marsh and flow into 
Manatee :Bay at the head of Barnes SoU1ld (Figure 53). The C-111 Canal b~sin is 
bordered on the west by tl)e East Everglades Are~, ENP.and the Canal its-elf. On the 
east the !basin is bordered by the C-103 Basin, 0-102 Basin and U.S. 1 right~of-:way. 

This canal syl3tetn (~lso referred to as the Aerojet Canal) was initially 
constructed as part of the C&SF Project but also contained some modifications to 
provide access for barges for a proposed rp~et engine testing plant. The project 
includes water control structures s ... 177, S-18C,. S--19-7, G-109, C-llO, L-31N, and C-
111 (Figure 53). The five operational project canals are the L-31N borrow canal, C-
111, C-lllE, C-113, and the L..,31 W borrow ca~al. 'fhe three main functions of these 
canals are a) to supply water to the eastern panhandle ofEverglades National Park 
and the ·south Dade area (the ENP Panhandle is that portion ofEverg'lades National 
Park that lies south ofC·111 Canal ~d receives ov:erflowdrainage from both; the L-
31W canal and the C-ll1. canal during wet p.e~iods);: b) to prevent saltwater 
intrusion, and c) to provide flood protection for U:Pstream agriculture interests. 1"he 
C-111 canal also provides a gravity outlet for storm water runoff. 

. Most of southern C-111 subbasin (so\lth of S-176) is cotnprised of wet.laruh;. 
These areas are in public ·ownership by South Florida Water Management District 
and are managed by the FGFWFC (Metro-Dade Planning Departtnent, 1988). 
Residential use centers primarily in the Florida City/Homestead region while 
agricultural zoning is primarily in the Frog Pond Area and to the east. The dcnninant 
agricultural c~op in the area is winter tomatoes~ with some squash, beans, corn~ and 
citrus (Metro-Pade Planning Dep.art;ment, 1978b). During recent years, increased 
urban development and agricultural activity has occurred in the 1-Iomestead/Florida 
City vicinity (U.S. Army Corps of Engineers, 1988). 

The area covered by the C-111 basin is composed of prilnarily tnarl soils, 
mangrove peats or, in the northern portion of the basin, rockland soils (Davi~, 1943a; 
Tabb, 1963). This area is u:nderlain by Miami oolite and forms the end of the Atlantic 
Coastal Ridge (Davis, 1943a; Parker et al., 1955). The remainder of the south~rn 
Everglades is comprised of the "finger glades" or, in places, the "transverse gladesn 
(Davis, 1943a&b; Hoffmeister, 1974). These areas are also underlain by the Biscayne 
Aquifer and produces water for major wellfields that supply water to southwestern 
Dade county, Florida City and the Florida Keys. 

The SWIM boundary includes the area that lies south of the Frog Pond 
between the C-111 Canal and ENP. The boundaries of the Everglades SWIM 
Planning Area, include one additional area outside the boundaries ofthe C-111 Basin 
as defined by Cooper and Lane (1987a). This is the area south of Florida City and 
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Figure 53. C-111 Canal and Associated Drainage Basins 
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Source: Adapted frbm CooptH·and Lane; 1987a 

ec:tst of U.S. Highway 1. Historic drainage patterns show that flow occurred to 
Flori4aBay and Barnes Sou;np through this areas, prior to construction ofC-111, U.S. 
Highway 1 and Henry Flagler's railroad (Parker et al., 1955). 

i 

_ . Barnes Sound. Barnes Sound is a semi-enclosecL lagoonal estuary that is 
located between maiiiland Florida and the upper end of Key Largo (Figure 50). 
Circulation in this sound is generally wind and tide driven (Lee and Roath) 1972; Lee, 
1975). Tidal range within the system is approximately six inches (15 em), and 
exchange takes place through J ewfish Creek to the south or Card Sound to the north 
(LeeJ 1975), Average residence times for water in this system are 2.3 months for Card 
Sound and 3.4 months for Barnes Sound (Lee, 1975), Freshwater historically entered 
this system as over land sheet flow, aquifer outflow around tree islands and u.pwelling 
of fresh water from the aquifer (Harlem, 1979). Currently, freshwater inflow occurs 
primarily through the C-111 canal. Sheet flow occurred in this part of the Everglades 
in a squtheasterly direction. The existing road bed for U.S. Highway 1 currently has 
few provisions to allow sheet flow to the southeast (the natural drainage pattern) and 
so serves as a levee that prevents overland flow of fresh water into Barnes Sound. 
Although Barnes Sound is located adjacent to Everglades National Park, Crocodile 
Lake National Wildlife Refuge and Biscayne Bay Aquatic Pret)erve, it is not included 
in af!y formal management plan. Most of the eastern shore of Barnes Sound is within 
the Crocodile Lake National Wildlife Refuge. Barnes Sound also abuts the western 
edge of John Pennekamp State Park and provides a buffer for this coral reef system. 
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_ Northeast Florida Bay Coastal Swamps and Lagoons. This area include~ 
the downstream freshwater ffi(lrshes and estuarine systems that extend frotn the 
southern edge of Barnes Sound on the East to Madeira Bay in the west and include 
Little Madeira Bay, Joe Bay, and Long Sound. These areas historically received 
water from the c ... 111 basin as ·overland sheet flow through the EN P Panhandle. 

Topography. Natural contours of the East Everglades Area range from a 
high at Grossman's ridge of over seven feet w neat sea level in other portions of the 
basin (Figure 54), The edge of the Atlantic Coastal ridg~ underlying Miami is found 
within portions of this basin (see Figure 51). Natural contours of the C-111 basin 
are low and range from five feet and thre~ feet .at the most northern portion of the C-
111 system, to less than one foot in the fringing wet~at;l.ds a11,d eventually sea lev~l at 
the southern terminus. of the system (Johnson, I988) .. ·The five-to-three contour lines 
at the northern portion of the syste111 are narrow and are characterized by stands of 
exotic vegetation such as Schinus terebinthifoUus f):lid Cas·uarina.sp. (SFWMD, 1990). 
Generalized contours of the lower C-lll Basip. are shown in (Figure 55) . 

Land Use •. The SFWMD P.as collected lf!nd use data for th~ portions of Dade 
County that He outsi~e of Everglade~ National'Parlt~ Origi~naldata were collected in 
1979 and have beep. updated periodically .4uri~g· -.t}}e 198Q's in response to special 
projects. The most recent data were collected by the s-outh Florida Regional Planning· 
Council, under contract to the SFWMD in 1987/:88. 

Pte'sent Land Use-.. Ever lades National Park Associated Basins . 
. Quantitative estimates o area coverage o an. use categories . Leve II/III per t ~ e 
'District's L~nd Use a11d Land Cover Classification C.oc:Ie-s) are not currently ij.vailable 
for the entire ENP 'SWIM Plalilling Area ·because vegetation mapping within the 
ENP has not been com.pleted. However; l~Q. us~ data for areas east of the ENP· but 
within the planning area were obtained froro the: District's Geogr~phic Sciences 
Division. The currently available data are sl}mm~rized by land use code in 'I' able 61. 
Where possible~ acreage per Level III code is prOV'i~(!d; ~reas not classified to Lev:ellii 
categories are presented by Level II codes. 

ENP Land Use. Present land use!· atterns within the ENP retnain as they 
have historically. Land uses remain focuse on preservation of the natural setting of 
the Everglades environment and promotion of low impact human uses including 
education, recreation, and research. 

East Ever lades. Primary uses of land by man within the East Ev.erglu.de~ 
include resi entia , recreation, and agriculture. Residential and agricultural 
activities are restricted to the eastern portion of the area, while recreation activilie~ 
occur throughout. Of the approximately 242 square miles (63,000 hectare~) in the 
East Everglades/C-111 area, slightly over 8 square miles (2.,000 hectares) ar,e 
categorized as residential, 1 square mile (260 hectares) as commercial, 1 t:::quare 1nile 
(260 hectares) as public park land, 24 square miles (6~200 hectares) as agriculture. 
The remaining area is classified as vacant land. 

Residential. Residential areas are concentrated in the Richmond Drive 
and Howard Drive areas. In addition to actual residences, property categorized as 
residential includes generally small-sized adjacent lands used for crop and farm 
animal production. The 1980 population estimate for the area was 400-450 persons. 
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Figure 54. Topography of the East Evergl~des Area. 
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Figure 55. Hydrologic Sampling Stations used by SFWMD, Showing Approximate 
Ground Level Contours in the C-111 Bt;isin. , I 
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Table61. 

Leve 1 II /II I 
Land Use Code 

AC 
ACTC 
AM 
AMCT 
AMTF 
AP 
APlM 
FE 
FEPF 
FM 
FMOF 
FO 
FOAP 
H 
RG 
RS 
UCMC ucsc 
ucss 
UI 
UOGC 
UOPK 
UORC 
UOUD 
UOUN 
URMF 
URMH 
URSL 
URSM 
US_ ED 
USMF 
USRL 
UTHW 
UTRS 
UTTL 
WF 
WFME 
WFMX 
WN 

Existing Land u·se·s_ir,itheEverglades 
SWIM Plannineo Area. East of ENP 

Descr.iption Acres 
Crop land i4]-
Truck Crops , , -11,-433 _ _.,z 
Groves, Ornamental~, ~tc. 4~809.2 
Citrus - 332·.3 
Tropical Fruits 664.a 
Pasture 37.1 
Improved Pastur_e ·87 .'5 
Conife~ous Forested Uplan~& _96~3 
Pi-ne Flatwoods · 940 .• 8 
Mixed torested Uplands -65.9 
Old Fields Forested 13,805.9 
Non-Coniferous Forested 269.1 
Australian;Pfne · 12~9 
Water_ 854:.8 
Range 1 and 31. 7 
Sc~ub ~nd Btushra~d 64~6 
Marine Commercial (Marinas-) 6.3-
Shoppin~ c•n~ers lf.7 
Sales and- ·services Z20 ~ t 
industrial 264.8 
Golf Courses 308,:6 
Parks 816 .• 8 
Recreational Facilities 88.3 
Open and Under Deve.l opment 2'6 .3'39. 2 
Open Urban Undevelop(!d 1:392 :-g 
Multi-family Residential 497.6 
Mobile Homes _ _ . 154 .. 9 
Single Family, Low,...Density 44,162~7 
Single Family; Med ... Density_ 1_,534-.5 
Educationa.l 63:.0 
Military 50.5 
Religious 42.2 
Major Highways 166.1 
Antenna Arrays ·sa3 .1 
Major Tt~n~mission Lines ·10.8 
Forested Fresh Wetlands 4_,815.3 
Melaleuca __ 17:. a· 
Mi~ed Ftirested Wetl~nds 1~679~£ 
Non-:Forested Fresh Wet1 ands 38_, ic37 .;0 

Percent 
of Totai 

0 :~02' 
7.39, 
3.11 
-'0.21 
0.43 
0.-,02 
(L()6: 
0 •. 06 
0.61 
0.04 
8.92 
0.17 
0;01 
0_.55 
0.02 
0.04 
o.oo 
0.03 
0.14 
0.17 
0.20 
0.53 
0.06 

17.;02 
'0\90 
0.32 
0.10 

28,:5 4 
0.99 
0.04 
0.'03 
0,03 
0.11 
0',25 
0 .. 0.1 
3.11 
0.01 
1.09 

24,65 

Source: SFWMD, Geographic Sciences DivisiQii 

The USCOE's Draft General Design Memorandum (GDM) for Canal C-111. 
(1988) projects moderate growth of agriculture and residential land use in the atea. 
Urban development around Florida City and Homestead is expected to be liJhited to 
low or low-medium density, with an upper limit of 13 dwellings units per acre. : A 
greater emphasis on non;;.row crops, stich as tropical fruits, Cuban vegetables, and 
ornamental plants is expected. Row crops, especially tomatoes1 is projected to be 
concentrated on the rockland soil areas bordering C-111, L-31W and State Road 27. 

Agricultural. Dade County is one of the few areas in the country where 
tropical fruits and vegetables are grown. Production of winter vegetables is also 
important in this area because of the sub-tropical climate, Agricultural crop 
production includes ·winter vegetables, tropical fruits and vegetables, ornamental 
nurseries, and citrus (Metro-Dade Planning Department, 1978). The Frog Pond is an 
intensively farmed area within the C-111 Basin (Figure 61). In 1984, the District 
and the ENP agreed to attempt early drainage of this area every fall to allow earlier 
planting _of winter crops and greater crop production, since much of the land in the 
western sector of the Frog Pond could not be used early in the crop season due to high 
water levels. In 1988, ENP personnel urged the USCOE to reconsider this policy 
since it caused an unnatural lowering of the water table within the Park boundaries. 
The practice of fall drawdowns was discontinued in 1988. 
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. . . Recent changes in the zoning designations of land ill:. the Frog ~qnd and 
vicinity were enacted by the Metro-Dade CQu~ty Government (Metro-Dade PJann,ing 
Department, 1988) to better reflect uses of the land at :that time"._ .. These lands had 
previ?usly been designated for "Enviro:Qrn~ntal'.,J~.r.otection." This desigr~ation 
permits land uses that are compatible with tpe area's enviro~n1ept and which will 
not adversely affect the long-term viability ofthe .. ecosyst~in.s (M·etrq--Dade Planning 
Department, 1988). The new designation assigned ,to these lands is ''Agricultural 
Subarea 1 (East Everglade~ Agricultural Area)"~ P~r:trtitted ac#ivitie~ on lattd:s With 
this designation include agricultural uses and ru:ta1 residence~ at densitie~ of one 
dwelling unit pet 40 acres to one dwelling unit pef20.·acres; aqditio~al drainage in 
this area is prohibited (Metro-Dade Planning D~pat.tment, l-9~18). This new -zoning 
allows _existing a~icultut;al ac~iv~ties ~n.tbe are!l·~q 09Iitin~e, :lrut sinc;e drainage will 
not be Improved, It appears to lurut act1 vtty to seasonal agr1cul ture. 1 

Recreational. Organized and ufiorganized recreatic.,nal activities· occur 
in the area. The only publicly~maintained facilities,:ate lacated at the·: Chekik~ State 
Recreation Area. The recreation area allo.ws Jow~i.ill:paet activ!ities s·l;lch as hiking~, 
camping, and swimming. Unorganized recr~a,:.~ro.#~lactivitie$ occut throughout the 
area and include hunting, fisl}.ing, off ... road !V'efiicle· operation, soaring (sailpla11e 
gliding), skydiving, and hiking. · 

2. Hydrologic Features. 

Construction of the C-111 Canal. Thed-litCanal bas-in is often con.Sidered 
a subarea of the East Everglades in most planning .an:d land use documents. Because 
the C-111 basin is considered a distinct water)tlB.t!S.gement :U!lit,it iEr discussed 
separately in this plan . The C,..111 basin li~s #;itJ):resQ'~th end of the East Evetglades 
(Figures 50, 51 and 53) and includes the Frog ~P.op,d~; )?tior tQ· huma11 activity in the 
area, the C-111 basin was a wetland that ext(itided .Il'()~·th to Flo tid a City and-west to 
Taylor Slough (Metro-Dade Planning Department; 19?$). In the early 1900s, h,.uman 
activity was limited to .a few farms ·and' ;some tran~pottatiofi routes (trails). By the 
1940s, construction on U.S. 1, extending south from .Florida_ City,· was initiated. 
Construction of C-111 and related structures began in the mid 19'60s. At the time 
when the C-111 surface water control system was designed, planners pr'oj:ec~ed 
increased agricultural activity, expansion of the semi-urbanized Homestead/Florida 
City area, and industrial activity to the south. This canal syste~ was initiaUy 
constructed as part of the C&SF Project, butcontained modifications to provide bar-ge 
access for a proposed rocket engine testing plant (i.e. the Ae:vojet faci:lity). Although 
the projected industrial uses never developed,. agricultural and urban deve'h>pltrent 
expanded into the area. Regular flooding events, caused by normal, cycle·s of 
precipitation in south Florida, have led to a perceived need for better water control 
capabilities. The USCOE is evaluating alternative strategies for maintaining flood 
protection within this basin. 

Structural Water Control Features. Although most of L-31N was built by 
1952, this canal was built in two stages. L-31N Remainder (the southern portion) 
was constructed in 1966-67, when C-111 was completed. L-31N canal and L~30 were 
enlarged and S-331, S-334 and S-335 were const.ructed as part of the South D'ade 
Conveyance System (SDCS) during the period from 1978 to 1979. The levee system 
around the southern portion of Water Conservation Area 3 is cotnposed of Lw30, L-29, 
and L-28. Connections to the ENP portions of Shark River Slough are through the 
four identical S-12 gated culvert structures located between L-67 and L-2·8. 
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Connection to the East Everglades section of Northeast Shark R.iver Slough occurs 
through S-333. · 

Water Management. In 1963, the completion of the levee system ar:ound 
WCA-3 coincided with a severe regional @ought. Subsequ~11t management of;WCA-
3 as a water storage pool reduced water flow into .ENP. Concerns expressed :by the 
National P.ark Service resulted in the implementation of a congressional.ly mandated 
(Public Law 91-282) minimum delivery scheduTe.and· a plan to channel water directly 
to the heart of the slough via a levee and borro·w ·canal. Canal L-67 Exten·sigll, was 
subsequently added in 1967 to promote flow into 'th~ ENP portion of the Shark River 
Slough and serve as a "getaway channel" intQ the heart of the slough.,. This 
~rrangement channeled the once 25 mile (40 ·km) wide sheet flow of the hi~toric 
Shark River Slough system into less than ten miles (16 km) of the western pQr~tion of 
the area~ .It was not recognized that it would he necessary for the entire ·SiQJJ,gh to 
remain intact for Shark River Slough to function corr$ctly. Construction. offL"!67E 
exa~erbated the existing dam(lge by further isola~ing Shark River Slough froin its 
historical drainage basin (NPS, 1989; Metro-D~d'·e C.orinty, 1988i Goode, 1985). 

Currently, hydroperiod in Shark River Slough is controlled by rain events and 
the District's Rainfall Plan (Mac Vicar, 1985). The Rainfall Plan was used to recreate 
aspects C?f the natural hydrologic system that ha.d· 'been removed by man-made 
modifications. The rainfall plan provides a means to deliver water to SRS according 
to a pattern that is correlated to raimall event~ (l\llacVicar and Lin, 1984). This 
method approximates normal variability ip. the timi.Jig and cunount of water and 
provides for gradual increases and decreases in flow (MacVicar and Lin, 1984; 
Neidrauer and Cooper, 1989). Flows through Shark Slough under pre~draina,ge 
hydrologic conditions are compared to post~draip.ag~ flows, prior to the test of the 
rainfall plan, in Figure 56. Because of hydrologic gradients within this area, under 
some conditions water levels in L-31N serve to regulat~ water levels in the eastern 
portions of the EEA (Figure 57). Grotmdwater levels in the Rocky Glades do not 
respond to dischal'ges at S-333 that have occurred :since 1984 (Neidrauer and Cooper, 
1989). 

History of Agricultural and Urban Develop1nent in the East 
Everglades/ C-111 basins. The dry years that occurred in the early and mid 1960's 
in conjunction with the completion of the exif?ting system of canals and levees in the 
1970's, allowed many areas of the East Everglades and Rocky Glades to be 
temp·orarily dry. The perception that these lands were drained resulted in increased 
pressure for development. Dade County later allowed this area to be parceled into 
lots smaller than the originally mandated density of one unit per forty acres of land. 
The county lowered the zoning for the area west ofKromeAvenue to one unit per five 
acres in April1974 (Goode, 1985). 

About this time, it was recognized that alteration of Shark River Slough had 
created problems with the volume, distribution, and timing of water deliveries to the 
ENP. Management planning for the East Everglades began in 1978 under provisions 
of Section 208 of the Federal Water Pollution Control Act. A report entitled, 
Proposed Management Plan for the East Everglades, was prepared (Dade County, 
1980). The county commission, based on the recommendations of this plan, declared 
the East Everglades an area of Critical Environmental Concern in ~January, 1981 and 
passed the East Everglades Zoning Overlay Ordinance in October, 1981. This 
ordinance reduced the zoning densities of most of the area from one unit per five acres 
to one unit per forty acres. However, the ordinance also provided that land use of one 
unit per five acres would be allowed " .. .in that portion of Managetnent Area 1 which 
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Figure 56. Pre-Drainage and P.ost-Drain~ge Flow in Shark River Slough. 
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Figure 57. L-31N Regulation of Water Levels in the East Everglades Area. 
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had. established residenti~l.c~aracter as. of JaD;uary 14? 1981, provided tha.t p~sitive 
drainage flood control facilities are avallable to p:ro.t~ct the ar~a (.ro_m -~ op~ 1;n ten 
year flood event" (Goode, 1985). · ·- · · · 

_ __ During the perjod from August 17 ~o 2~, 19.$-l .rec.or~ r~infall occ.tirred in So:Qth 
Dade C~unty due to the passage of Tropical Stoifu?Denn:is ·and- reslJ.lte.d in st.~nd,ing 
waters m the East Everglades. The West Dade Acres Holl1eowners Association was 
formed to secure the interests of landowner~ 'in .. 

1th1s -·area '(Goo(ie~ l985}. G9verrnor 
~raham formed a special task force at that time· to}n.r~stigfl t~Jq~ c;_@fu~es of tlQQqing 
1n the East Everglades and suggest solutio~s··to:·tl):~sEf probl~md.~- ~~e p~b~ished 
recommendations from .this task force includ~d theJot;-mf!ti,QJJJ1.fa ~J)~¢.q~al_ ·ta,~k. ·gr_t>up 
to seek long-term solutions to the problems Qf-th¢ East Evergl~d~~· On :Fe'Pruary 7, 
1984, Governor Graham established _the ENP .. Eas't Evergla:des ::tt~so:ure.e Planning 
and Management Com~ittee un.der Chapte:r 3&Q ofth~\JFJg~i~~·StcttUJes. T~~e wotJt of 
this committee coincided with the Governor's S'av~ Ol.ir.Everg:l_ad.~s Program an~ has 
provided the basis for the recommendation that,-:·~he :rest 9£ tl-!e. East EvergJades 
should be acquired for public ownership. This is see~ _a_s the best- m~EHl$ to p_r~s~rve 
and restore historic headwaters ofmajorsee~ons ofE_Nlf:l. In 1987~ ~e~om:m~;ad~tions 
from this committee were to await the review of ·the research anu· -evalu:ation in 
progress by the Southern Everglades ~Techpie~l1\dVisot.y C(;intfil.ttee -(SETAO> . 
Currently, .most of the prQgrams are co~plete, bu.t the ·status .of bp.th, ·t:he Governorts 
380 Committee and SETAC are prese))tly unkll.owri. .. 

Prior Water Management Projects lUid Activities• 

South Dade County Surve~ Review Report and GDM. The first overall pla.n 
for flood protection and water contro for so-ut)ie:f:tl IlJide County was· pre$~nted by the 
United States Army, Corps of Engineers . .(USC():mJ in tbe.,Survey Review Repprt on 
the Central and Southern Florida Project, South Dade ,County_ (USCOE, 1961). The 
L-31W Canal system was not included ~s p~rt of this ~~411L .. -The remaining maJor 
flood control and water supply facilities for southern D~Q.e County were a.ddressed in 
the General Design Memorandum (G.DM), Sout)i. ~p~qe County (USCQE, 1963). The 
L-31W Canal and control structures S-174 and S-175 were added to the project as part 
of the memorandum following recommendations by the NPS and the United States 
Fish and Wildlife Service (USFWS). 

Construction of the canals began in the early 1960's as part of a drainage plan 
for south Dade County. By 1965, the c ... l, c .. 2, C~lOO, CM102, C-103, and C-111 c~nals 
had been constructed and control structures were added to all new and existi11g 
canals to reduce salt water intrusion; and to retard overdrainage of ground water. ~n 
1966, construction began on the remainder of the L-31N Canal. S:tructureB S-1.73, 
S-176, and S-177 were added to control flows south into the C-111 Ca~1al. At the sanu~ 
time, several older canals (C-1, C-102, and C-103) were extended west .to the L-3lN 
Canal to provide improved flood protection and water supply to these basins. 

South Dade Conveyance System. The need for more fre::;h water in rraylor 
Slough and the downstream areas of Florida Bay prompted Cong-ress to authorize 
construction of the South Dade Conveyance System (SDCS) as part of the li'lood 
Control Act of 1968. Construction of the L-31-W Canal and structures S-174 and 
S-175 began in 1968 and were completed in early 1970's. 'I'he remainder of the 
project was constructed between 1978 and 1980 and primarily consisted of enlarging 
existing culverts, borrow canals, and structures. The SDCS facilities include S ... l51, 
S-337, S-335, S-336, S-334, S-333, S-338, S-331, S-332, C-304, L-30, L-29, L-31N, and 
L-31W (Figure 43). This system of canals, structures and pump stations was 
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superimposed on those that already existed above th~ G-111 syst.em for the purposes 
of conveying additional water supplies for the ENP and for afrricuJtural and urban 
development along the lower east coast (Cooper and Lane, l987a). The SDCS was 
designed to provide 55,000 acre feet per year of~v..pplem~ntal water to the ea.stern 
portion of the ENP to meet the congressionally-· mandated minimUn1 deJivery 
schedule. ·, ---

Problems within the extreme southern .J.)fir.t::oft>B:de.County,. generally result 
from the combined impact_s of the S:OCS,.other fiqod·.contFol project facilities;·-~nd the 
C-111 system~ The completion of the SDCS epJaf'ge(i .the capacity of the ,~xisting 
northern portion of canal system above .C.l:].ll ·without aqequate provisions to 
accommodate the additional flow of water i~ the so.]:lther.tt end. of the ·system. 
Construction of the SDCS also facilitated agricultural and'residential.d·ev.eloproent of 
adjacent wetlands during dry years. 'J'his. :r;esulted in increased flooding. of 
agricultural lands during wet years and subsequent ·requests fQr additio{lal drainage 
and flood protection. -

C-111 Canal GDM. When initial construction of ithe C-11:1 C~nal was 
completed, the terminus ofthis canal was plugg~4 with a gated,·:structure with 'three 
culverts (S-197) to prevent saltwater intrusion'(Cooper and Lane, 1!9S7a). :Plans at 
tb!-s time were to periodically remove the structure to allow navigational access to the 
Aerojet properties. This never occurred becauae the Aerojet property has never been 
developed for industrial use. A mpre final solution, an operable · stt1.1Ct1Jr·e in the 
terminus of this system, has never been constructed. Changes in econolllic,g-rowth for 
this region and shifting priorities InE!de the completion of the planned· extensive 
system of canals, which had once been proposed~ no longer practicaL The original 
proposed C-111Canal network was never completed. 

Agribusiness and developers in this region _of south Dade County have 
·continually requested that increased flood protection be provided in the East 
Everglades and C-111 Canal basin. These requests have raised concerns among the 
National Park Service (NPS), U.S. Fish and Wild.Iife Service (USFWS),' national 
environmental groups, and local residents outside ·the basin. Interests opposing the 
increased flood protection for this area generally fear thEit damage will occur to ENP, 
remaining sensitive wetlands in these areas, as well as biological impacts to coastal 
estuaries that serve as receiving systems for this drainage. 

The USCOE is preparing a Draft General Design Memorandutn (GDM) to 
complete the C-111 system by adding a controllable structure at the terminus of the 
canal, some structural changes to accommodate added flood protection and. improved 
water flow to Taylor Slough and Northeast Florida Bay. This plan is cur-rently under 
agency review and expected to be modified and made available to the public in 1992. 

Regional Water Managc1nent Issues. Portions of the East Everglades and 
C-111 basins comprise the largest remaining undeveloped wetland areas in Dade 
County. This basin lies adjacent to Everglades National Park and drains into the 
sensitive estuarine systems of Northeast Florida Bay, Manatee Bay, and Barnes 
Sound. Large portions of this region are currently in public ownership and more area 
is under consideration for purchase. Public ownership lands and lands under 
consideration for purchase are shown in Figure 58. 

Issues within this region include extensive farming interests, shifting of crop 
type from seasonal vegetable crops to year round crops, water supply, flood control, 
rock plowing, urban development, restoration of overland flow to Shark Slough, 
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Figure 58. Publicly-Owned Lands and Are~s f,axg~~~~4:fP~ #¥~q~):~l.~i~ll ~rt4~i;~~~. 
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restorat~on of overland ~ow to northea$t Floridal»~¥' \Yide11iqg of'T.J.S. Hi~hw~y.l, 
and periods of excess d1sch~ge of freshwa.ter to Manatee. Bay alternatJAg w1th 
extended periods of low or no flow. · · · · · 

Development and Land· .Use lmpaetst ,Agrictiltur~l land qses witb,i~t .this 
region have continued to shift: {rom seasonal cr:Qps $\lph as .tomatoe~ (lAd vegetaQJe.s to 
year-round crops and plants Stich as citrus, tropical frUit, and ornamental nurseries 
tha~ require more int~nsive wa.ter m..an~geiJl~~t (~~le,~:rc~~Dafl~t 1989) ... East~tn 
agricultural lands continue to. be: converted' fo.r :fl~velqpmen,t, wh1~1l forc.es ~ar~nng 
actiy~ties further. we~tward. into w~tl~cf j .ar~~~;. it~at f~qqire. ro.Ak .plowi;n.g . ~nd 
add1t1onal flood protection. Rock plowing 1s the praet1ce of breaking up and crushing 
the native limestone pinnacle rock formations until- th.ey become a coarse, aggregate 
gravel that is then disked, furrowed _apd fartn,ed~ 'J,'his type of agricultute often 
requires intensive use of water, pesticides, herbicicjleEJ, and fertiliz¢r {B.aker, 1988). 

Increased demands for development in the Florida ·Keys have reinstated. plans 
to cQnsider widening of the U.S. 1 Highway corridor to accommodate more traffic 
through south Dade County to the FlQrida K~ys .. ':['his widening; if not properly 
designed, may further impact freshwater flows and water quality reaching· Barnes 
Sound and Northeast Florida Bay. · 

Altered Hydroperiods. Historical water management practices within 
portions of this region have resulted iit <>ver drainllge and shortened hydroperiodsfor 
these marshes. In other areas, ponding·andptolo:nged hydroperiods.occurin marshes 
that .a:re impounded by levees and inactive·.eanals. In addition, water disttihution 
a~d flow patterns have been altered, preventing natural sheet .flow.conditions which 
a~. e.ct marsh hydroperiod .. Drainage of upland baains·:llave resulted ~n large periopic 
discharges of freshwater 1nto Manatee Bay, Barnes Sound, and adjacent e.stuar1ne 
areas during extreme storm events, impacting· marine biota. Extended periods of low 
or ·no flow conditions d11ring the dry · se~son iJP!paet the salinity balance of these 
estuarine systems. ENP, along ·with other federal and. state agencies and 
environmental interests have identified the need to restore more natural patterns of 
overland flow toN ortheast Florida Bay (Johnson et al, 1988). 

. Impacts of Canal Discharges. The C.;.lll canal is the major source of 
freshwater currently entering Barnes Sound and Northeast Florida Bay. Water 
enters this system through either the structure at S-197 or through a seriesof gaps in 
the south spoil bank ofthe canal along the reach from S-18C to U.S. Highway l. Most 
water flow into Northeast Florida Bay from C-111 occurs as overland flow throug·h 
these gaps (SFWMD, 1990). Barnes Sound has had problems resulting from 
alternating periods of hypersalinity and extreme freshwater discharges. Under low 
rainfall and normal operating conditions, little overland or canal flow of freshwater 
goes into Barnes Sound. As a result, this lagoon periodically experiences hypersaline 
conditions during the dry season (Lee, 1975; SFWMD, 1990). Barnes Sound can 
provide a nursery for many fish and invertebrate species (Bader and Roessler, 1972; 
Smith et al., 1950; Roman et al., 1983). However, hypersaline conditions in this 
region may severely restrict its productivity as a nursery and breeding habitat 
(Zillioux, 1978). 

During periods when flood waters are moved through the systen1, freshwater 
inflows to these eastern areas can alter the salinity balanca of the systetn. Because 
residence times are long for these lagoon systems, large discharges may result in the 
formation of an isolated mass of freshwater that does not readily mix with the 
surrounding high salinity waters (Lee, 1975; ChinFatt and Wang, 1987). 
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When upstream flood conditions in the G~lll canal necessitate r.emqv.-al of the 
earthen dam or plug adjacent to the culvert structure (6-l$7), ·tnese';pljQb'l~ms l?.ectltne 
acute and severe. Once the earthen dam structure at s~l97is remov~d, it ~an only he 
replaced after flow through the canal decreases to the point w.hete w~i.tel tan 'be held 
upstream at S-18C. Flow must be stopped to allow the earth work,s to ~e replaced 
without being washed into the estuary. Plac~fiient o(fJ,·watet·:¢olJtti:>l.S~tuctQr.e .at.S-
197 would allow control of the rate and volume o'fwater disch.ar~.e'd. tp lJii:rn._esSoci~d. 

Present Water Management :System .• 'The flv~ cweration·af.p.analaln tl~.e ·C-
111 basin are; C-111, C-111E, C-113, L-3~W, and theL~31N caJ1ai. ·Tbe·se.c:a!!~ls h(lve 
the following three functions (Cooper and L~ne, 1987): 

* To provide drainage and protection· for the c ... l11 Basin 

* To supply water to the C-111, C-102, C-108 Basins, and to ENP li.e. Taylor 
Slough and the panhandle of the EN:P) · " 

* To maintain ground water table elevations ;sufficient to ~prevent :·s·alt·water 
intrusion. : 

': 

. The twelve Project control structures in .the C·l1l Basin are S-331, s .. 173, s ... 
194, S-196, S-176, S-177, S-178; S-174; 8•332, 8•1'75, S•l77, .S-17·8, s~tSC, and Sl~1_97 
(Figures 51 and 53). 

. Operation of the System. The L-·31N horr.ow canal .runs in :anor.th so:u.th 
direction and serves to deliver water to·ENP,,,the·C~lll Basin and Dade .Courrt-y :as 
part of the South Dade Conveyance· Syste_ni· (SDOS) .. L-3lN: enters tbe ;.C;.;lll basin :a;t 
structure S-173 just north of Richmond Drive. ~Jl~ disc:ha;rges :to the C-lJl at :$~1~~6 
and to L-31 W an auxiliary structure for the ENP at :Structure ,S-1?4 .. :Fl~w :in the 
Canal is to the .south. The L-3lW Canal is .used to· :make deliveries ta T.ayl~ :SiQu;gh 
through S-332 and 8·175. Water is discharged to the<panhandle ~ofthe ]£NiP t~·r.l.!>:~gh 
a serie·s of gaps in the south .berm of C-111 between S-18C and S-197 ... water 
overflows through these 55 openings in the canal berm across a five .mile ·wide 
segment of m.arsh. The gaps are each .100ft (30.51tl) wide through the south spoil 
bank (Figure 55). 

Water is delivered to the Planning Area from .canal L-31N and structure S-332 
and into the eastern panhandle of the park through cutouts in the sauthern l·eve·e 
along C-111. C-111 actually begins at structure S-176 and flows soHth through the 
regulatory structures S-175, S-177 and S-18C. Structure S-18C is the last actual 
regulatory structure in the system. Once water has moved though this structure it 
can move through S-197 at a rate up to 550 cfs (15.5 m3/s), although the large 
majority of the flow passes through the g~ps into the panhandle of the EN P (Cooper 
and Lane, 1987a). Flow through S-197 1s through the three gated .culverts at the 
terminus of the system in the earthen plug structure on Manatee Bay. 

Unused canals C-110 and C-109 run north to south and are inactiv.e in the 
system (Figure 55). Both canals were partially completed prior to the decision -.to 
stop construction on the southern half of the system. Although both canals have 
structures they are not functional and earthen plugs have been placed at their 
confluence with the C-111. Neither canal has an open channel or a controlled 
connection with C-111. Due to the north-south orientation of these canals and the 
general southeast surface water flow pattern of this area the canals serve as passive 
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impoundments and and their levees impede sheet flow across the marsh (Ogden and 
Johnson; 1989). · · · · 

Flow is passed through S-18C once the.stage at this structure reaches 2.3 ft (70 
em) NGVD. Once water is moved passed this:structure it can be: dispersed four ways: 

1. As controlled flow through the culvert structures in S-197 to Manatee Bay 
and Barnes Sound. 

2. As overland flow through the.,.55 gaps in the spoil bank:on the south side if 
C-111, towards ENP panhandle and northeast Florida Bay. 

3. As flow northward through the .nine culverts in the north C-111 when the 
stage exceeds 2.0 ft (61 em) NGVD (control board setting) and a lower water 
level occurs in the marsh to the north. 

4. As groundwater recharge to the limestone aquifer (SFWMD, 1990). 

Impacts of Water Management Activities. Operation of project facilities 
has had observable effects on water conditions within the system. Impacts on specific 
areas are noted in the following sections. · 

Taylor Slough. Groundwater records suggest that changes have 
occurred in the water table of the Taylor Slough drainage basin as a result of the 
levee and canal construction in the 1960's. Specifically, these records suggest less 
seasonal variability and.a lower overall seasonal minimum (Tabb, 1967; Schneider 
@d Waller, 1.960). In 1970, PL 91-282waEJpa~sed.'whieh made appropriations for the 
1948 Flood Control Act authorizations and req.\lired·part of the money to be used for 
·accelerated construction of L~70, C~308, C~ll9W and· S~326. Also, when these works 
are completed, mandated 315, 000 acre~fe~t a.nnua:lly as set forth in the N a tiona! 
ParltService letter of October 20, 1967. Before the 1979 agreement between the 
National Park Service and the U.S. Army Corps of Engineers that set up the 
atra:g:gement to putnp an additional37.,000 acte~feet into the upper Taylor Slough per 
year, these areas were effectively dry for much of any given year. 

0-111 Basin. Impacts on this system are primarily the result of the 
intensive agriculture in the northern portion of the C-111 systetn~ water 
management of the region and urban development adjacent to and in historic 
wetland slough areas. Impacts resulting from these situations include the following: 
pesticides and contaminants in surface waters, sediments and soils; altered 
hydroperiod, timing, and flow for the region; lowered water table; the encroachn1ent 
of exotic plant species due to farming and artificially dry conditions; and iinpacts on 
the downstream estuarine systems due to artificially altered water flow. 

Drainage patterns at the northeastern end of the study area, in the 
Card/Barnes Sound drainage basin, have been altered significantly by drainage and 
development. Prior to the construction of roadway levees, local drainage canals, and 
the construction of the C-111 canal in 1967, bedrock contours and natural Everglades 
floodway channels through the coastal ridge provided most of the directional flow 
into this basin. 

Since 1981 the terminal outflow structure of the C-111 canal system, the plug 
at S-197, has been removed on five separate occasions to alleviate flood conditions for 
this basin (Table 62). This has resulted in damage_ to downstream estuarine 
receiving system (Barnes Sound and northeast Florida Bay). These discharges have 
had severe impacts on the seagrass and hard-bottom marine cominunities, and has 
impa~ted the marine fisheries resources of the area (SFWMD,1990). Moreover, loss of 
historic freshwater sheet flow characteristics as a result of canal consLruction h; 
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Table 62. Removal of the S-197 Structure . 
Date ofRemoval ofS-197 Date of Replacement ofS-197 · Length of'I'i.rne Prhir t;o · 

Repla<:emen t of tho Stru.Q~'-! v.e 

August 18, 1981 August 28, 1981 lO dayti I 

-- -· 

September 27, 1981 October 51 1981 Hdaya 

June 3,1982 June 5,1982 2d~tyM 

J uJy 23, 1985 July 24, 1985 1 duy 
--

August 15, 1988 August 23, 1988 8dayH 

Source: SFWMD Operatlonal Dat~ -· 

thought to have affected the overall productivity of tpjs estiJar-ine .sy~terp by 
preventing the gradual release of particulate nutrients into coastal waters (SFWMD, 
1990). ' 

) 

The current water management syste.m r~sults jn little ov.erl~nd flow· .tQ the 
downstream estuary at Barnes Sound. Barile~ Sound salinities would. norJnalbr be 
modified by exchange with Northeast Florida :B~y, excha:ng~ ·with th.e Oc.eari_, or by 
overland flow of freshwater. Barnes Sound· has extremely restricted :nat,ural 
circulation that is primarily wind driven and ~ay h~·ve· reaidence times of~-p; t$l.· o,:t.e 
year depending on wind speed and direction (Lee, l'9'79.; L~e and R.o.oth, 1972). {).§!~an 
exchange takes place over long periods ofti:me ail1d so w~s not as as rapid as .oy~rla-~d 
flow or exchange with northeast Florida .Bay. Bar-nea Sound salinitj~s are naturally 
affected by exchange with northeast Florida Bay and, tllro"Ugh Card Soun.d, th~ .. o~~an 
(Lee; 1975}. Salinities between 33-40 ppt wer~·reported du,ring the w~t se,~tJon 4nd 
salinities from 39-46 ppt have been reported duri~g the dry season (I.Aee, 1975)." 

Water exchange by systems other than the .o·cean have be.en modified -~nd 
reduced since Flagler1s railroad was built and th~ C-lll.system was created. l3arn~s 
Sound an.d northeast Florida Bay were once more interconnected than they .are 
~urrently_ CE_ vink, 1981). Histori_cally _there w_ e_r_e m_ o_r_e . intc::rcon_nect_io_ n_ s -_he __ ·~_·_we.en 
Barnes Sound and Northeast Florida Bay that were filled during t}:le constru~b~Q~ of 
Fl.agler's railroad (Evink, 1981). Addition ofth~ ~-111 ca_nalan~ the roa~bed £or_U.S. 
H1ghway 1 removed overland flow by channehz1ng water and 1m.pound1ng· ov;erl:f),.nd 
sheet flow. The U.$. Highway 1 roadbed serves as a l~vee to .this overland flow. 
Salinity data collected from the northeast corner of Long Sound suggests th,at ·wa:ters 
r.eleas.ed from the upstream gaps in C--111 ultimately flow to the southeast fo.Uo:wjng 
the marsh topography and are directed south to eastern Long Sound (SF,WM·D,19.9.0).· 

Manatee Bay and Barnes Sound, both estuarine water bodies with con.!?tricted 
exchanges with adjacent water bodies, have a precipitous f,lrop in s~lin.i.ty Jeyels at 
the time of release. The result has been temporary removal of snme ·:es~tl:lar:we 
communities, particularly turtle grass and mangrove prop-root communities as ~w:el;I 
as associated animal species (SFWMD,l990). Tabb (1967) found that, ifgr.ound W;f),ter 
levels at the Homestead well increased to 1.8 m (6ft) above mean sea level, salinity .in 
Florida Bay declined to 10 to 15 ppt. He suggested that this increase represented an 
overflow phase pushing down~gradient into Florida Bay. Due to the .impedance of 
this overland flow and channelization of water, estuarine conditions have .p.ot be~n 
allowed to "naturally" fluctuate in northeast Florida Bay and are altered in :Ma.n.~t~e 
Bay and Barnes Sound. The problem of large episodic releases offreshwate_r ,is m~de 
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more coptplicated by the potential presence of suspend~d sediments containing bound 
contaminants from the urban and agricultural ate as,; of south Dade County. 

. _. . .. Minimum Deliu~ry Sc~edule and .tJper.ation of.the SDC?~· Conc~rn for the 
dechn1ng resources and Integrity of the Park led to the .decis.Ion to Implement 
minimum deliveries to the Park in the late 1960's. These deliveries were mandated 
by Congress in Public Law (PL) 91-282 and we~e·basecfontwo studies in the 1960's to 
determine flow volumes necessary for the Park.- The two studies (Dunn, 1961 and 
Hartwell. et al.~ 1963) concentrated primari'ly on the requirements of Shark River 
Slough as the major inflow source of water for ':the region .. -These :studies however did 
not address. fl. ows fro. m the. B.ig Cypr~ss .B·~~in .. and Eatt~ctilarly. · flow necesaary for 
Taylor Slough and the Panhandle portion ofthe Park (Wagner and Rosendahl, 19.87). 

Public Law 91-282 established a minimum delivery schedule for Taylor Slough 
based on the work of Dunn (1961), An estimate oflocally .. derived flow was computed 
based upon comparisons of a year of USGS flpw reeords~inGl'uding the flow sections 
i~entified as "Taylor Slough near Homestead'' and flow to Shat•k River Slough 
"Ta·tniami culverts. 40-62~'. Spill over from Sharlt River Slough was estimated and 
add-ed to this flow to.1.1rrive at an alUlual flow of 55,000 acre feet. The median 
discharge value (38,0.00 acre feet) was recommendedasthe minimum requiretnent. 
Ultimately, a value of 37,000 acre feet appeared in PL 91~282 as the :ffiinimum 
annual requirement for Taylor Slough .. The minimum delivery schedule for the 
ENP's eastern panhandle d~signated in PL 91-282 w~s 18,000 acre feet. 

Delivery schedule and operation of the system are ·complicated by the fact that 
L~Sl acts to· conduct excess water south through the C-111 system. The net result 
has been an increase in the volume of water flowing :down the C-111. system since 
1981 (14"'igul'e 59)., The increase in annual flow ·at the southern end of the system is 
direct~y related to ·changes in the upper basin, north .of 8"'176, since 1980. Two 
~ignificant water managem·ent issues drive the. hydrologic· behavior .of the system. 
First, upper basin design cha11ges have result~d in an in.crease ir1 the annual volt.nne 
of water that flows to the lower end of the system. Second, the design of the coastal 
water control structure, S-197, provides limited management flexibility Which leads 
to unacceptable environmental damage during major ·storm events. The 
implementation of the rainfall plan showed that, in fact, the L-31N acts to draw down 
water .l~vels and control groundwater in the Rocky Glades area of the East 
Everglades (Neidrauer and Cooper, 1989)., It is therefore pos~ible to mediate ground 
and surface water levels in the developed area of the East Everglades by pumping 
more water down L-31N. 

Since 1981, there has been an increase in the volume of water passing 
downstream to the southern portion of the system (Table 63). Figure 60 is a double 
mass plot of rainfall recorded upstream of C-111 (Homestead) versus flow recorded 
downstream through S-18C reduced to inches of runoff from the basin. 'l'his 
teclmique removes most of the influence of rainfall variability and highlights 
changes in the basic rainfall/runoff relationship of the watershed. Changes in slope 
of the relationship indicate physical changes in the system that influence the 
hydrologic response of the system. Two noticeable changes in slope are evident. The 
first, occurring in the 1979-1980 period, is evidence of the canal enlargetnent 
upstream of S-176 associated with the construction of the South Dade Conveyance 
System. The enlarged canal intercepts additional seepage which eventually flows 
through C-111. During this period the deficiency in the size ofS-176 was recognized 
and the District began to make changes in the operation of the structure to 
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TatJle 63. Annual Rainf~ll and Flow fQr S-18C . 
.. ··. ·--- .,.._·.- ... . - ( 

Year S-18C FlQw (~c-£t '7' lOOQ) ' $-18C r~.ii)JaU (_jn,ehm~) . 

1977' . . 41f9'6' , ..... ,.~., ... , .. , .. ·-· . 

1978 '5LO~ 
1979 44.17 ... 

'1980 4'4.70 . 
13~_.93 

1982 
1983 319.89 . 5;3'.gl·'. 
1984 .. 139';41 

1985 
1986 
1987 191.51' 

Source: SFWMD OperatipJ;~al D~ta 

Figpre 59. AAnnuFal Flow through C-1~1 atS-laC sin.qe 1969JThol;lSallqSJ)f 
ere- eet). 
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compensate for the lack of s.ufficient struct1.1ral capacity. These chfl~ge~ resJw~J~te~ ;j.n 
lower static water elevations north ofS-176 and incre~sed .flow through the $tr~~;ty..re. 

Mean flow for 8-lBC prior to 19.81 was 51.88 X 103 acre feet .{s:ta..ndard 
deviation= 10.7 X 103 acre feet) howe¥er for the :years l981~19S7 .w·~~n ;fi()w··:w~s 
183.56 X 103 acre feet. This represents a three-fold 1.n.c:r,eas.e iiJ. flow .(gr :the .~PP.:Ph~.rn 
half of the system. Rainfall however, averaged 44.:89 inches (114 cm){$d~7.61 
inches) and was consistent throughout the per.iod--all values were :wJthin ~ s,t~p.4.,~rd 
deviations of the mean. These d.ata graphically represent .t.he m~g11itude .of :inc.r~~se 
in flow down the C-111 system £rom 1970-1.987 (F~g.u-res .59 an~l.60). - · , · ... ·· · 
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Figure 60. Double Mass Curve ofRa~i:nfall at H.omestead Ve:r,-sus r~noff 
ThroughS-18C. : . ' 
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Impacts· on Coastal Forests and Estuarine :$ystems. During the su 1nmer wet 
season the stunted (or dwarf) mangrove forest and tnEJ.rshes north of Long Sound and 
Joe Bay experience freshwater conditions (SFWMD, 1990). These conditions 
alternate with brackish or saline conditions with salinities from 3-28 ppt in the 
marsh itself. Chloride values used as tracer measurements indicate the influence of 
c .. 111 canal waters on the marsh and mangrove·areas directly south of the cutouts in 
the c .. 111 canal bank (SFWMD, 1990). Water quality data collected by the SFWMD 
( 1990) suggests that water moves out of the canal through the gaps and follows the 
natural land surface elevations to the southeast, eventually ponding up against the 
road bed along U.S. 1 and fl. owing south to the eastern portion of Long Sound. 

1.,he C-111 Canal affects the southeasterly sheet flow of water in the area east 
of Taylor Slough. The canal concentrates water flow that once spread and flowed into 
Joe Bay, Trout Cove, Long Sound, Manatee Bay, Barnes Sound, Card Sound, and 
their adjoining water bodies and delivers that flow through the gaps in the dike 
lining the south bank of the C-111 Canal into the panhandle of ENP. Occasionally, 
excess water is discharged directly into Manatee Bay and Barnes Sound. 
Construction of the canal and the S-18C control structure are assutned to have 
dampened the C-111 marsh hydroperiod. Groundwater levels exhibit less variability; 
however, the seasonal lows are lower and the peak average highs are dampened by 
the automatic opening of the structure when the upstream stage reaches 2.3 ft 
(Schomer and Drew, 1982). 

Montague et al. (1989) studied the current conditions south of the C-111 Canal 
in anti,cipation of modifications in the freshwater delivery in the area. rl'hey selected 
three tributarywto-bay systems (to the west, Taylor River to Madeira Bay; central, 
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S~ook Creek to Joe Bay to Trout Cove; to the east, Jl:t:ghway Cteek.:to Lo~g·S~und.·to 
L1ttle Blackwater Sound) to investigate current water: quality. and b~n:tp.ic ,ffal)ita:t 
conditions: The eastern syste·m e~h'ibited' ·a·loW:er :~~atmilty. ra·rrge. ·aJs )r res~Tt of 
-upstream Inflows of freshwater. Differe11ces in 'tlle 'degree ·or sali'ifi'ty Jlec'tt;t·S:~i;on~ 
were greatest in the western system d'ue. to lower disc~arge ·of fre~hwatei~ i~:. ,tl)'~t 
system. The temporary plug and ·culvert (S~197) on the C-111 ·Oafi·a.l.east of U·.S·. 
Highway 1 accounts for the greater flow in ·the eastern system ~·y h:lfo·ck\'ftg ·an 
apparently historical water flow to the east. The- water now accuunifliites ·ana; flows 
down Highway Creek. 

Hydrologic Management Re_c<unmendat'ions. The. Di$trict, . toe .. tDS·C(fE 
and other agencies that have studied the C~111 basin and East Ev,ergl~d,'~s· Have 
developed a number of recommendations concex:riing manag~ment of th.e hyU.roiowy of 
this system. In most cases these are reflected in . ongoing planning and co·nstr.~c~io:n 
efforts to make structural or operational changes to t}¥e,system. · 

C-111 Canf!-1 GDM. The pur_p~se _o~ -~he ~·SG9.E's C~.na,l 111 9.1:?~. i~ to 
complete an authorized p·lan of 1rnprovem~nt fo.r flood control, .envrrotimental 
enhancement, and water management in the C-.;111 Basin. Specific obje-ctiv~s are to·: 

1. Develop a plan that would ptovid:e th~. tlood protection authorized-,for the 
South Dade County area. 

2. Restore sheet flow, in so far as p9ssible, to the marsh adjacent tt>' C-111 and 
to northeast Florida Bay via ENP. 

3.. Reduce large freshwater flows· to BarneS:: Sound. 
4. Protect, preserve, or minimize impacts 'Oil: signi'ficant historic or cuftura·J 

resources. 

According to the 1:988 acre feet C.analll~ l~J}M, several pro'b1:em:s have been 
attributed to the change in flows· caused by C-Eil. These·problems· irt<!hH.l'e: 

1. A-lteration- of wetlands within; t'he· basin... 'fhe c~al has·· drain~d- ·$:urfaqe 
water from the adjacent marshes. reducing hydroperibds,. (d~ptifi~ anq~ 
duration of flooding), in turn affecting the productivity and'habita·t··.valti(fo'f 
the marshes~ In other areas·, ponding:;paf?.ol!.curred whe.re·flow· is··iW,ped~d· 
by lev:ees, as where C-111 intersects· U.S. Higltway 1. AdditionaUy., tHerEfis· 
poor distribution of. flow over_ the marshlands in the eastern pa:rthandte·of 
ENP to the northeast of Florida. B·ay. 

2. Reduction in estuarine productivity. Discharge of flood waters to Bi:lrnes 
Sound via C-111 and removal of 8.;;197' causes· rapid d'ecrea:sQs hr salinity. 
Florida Bay and Barnes Sound have beeii 4escrih¢d' as a nutrienv li1tiiteu·· 
system, and the ~oss·ofhistorical ov~tland fl()w of·flood'water-s· dept1y~~ tl1e 
estuaries· of a flush of nutrients that would othetwise accoinpa·fiy l'arge 
storm events. 

3. Alteration of the salinity balance of Florida· Bay. Th.ere are unnatural cycl~s 
of both reduced and hypersalinity as the result of water nlanltgeriient
practices and. control within the G-111 Basin. 

A storm in August 1988, which required th~ rem~val of the earthen d~arn ·at 
S-197 to allow flood control within the C-111 Basin, heightened. concern over Lhe 
environmental consequences of water management practices within the ba;sin. THis 
dis~harge of a large volume of fresh water caused significant· estuaf.ine·1 sy~te-in 
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def~unation an~ seagrass ki.lls. Follo:wJ.ng ¥he 1'9'88 plug r;emo~al and associated 
envtronmental1mp~cts, a s~r1es ofpubhc meetings were held tn Ifomestead and West 
Palm ~each to sohc1t co.mments ~rom the public and _st~ffs of loc!ll, state and feder~l 
agenc1es concerned w1th the 1ssue. Dis~trict ... staff .has s1nce developed s1x 
recommended changes in the system intended to improv~ environmental and water 
management throughout the C-111 Basin (MacVicar, 1988). 

District Interim. .Proposais' for the C-111 sctstem. According to MacVicar 
(1988), two water manag~ment issues drive the }ly~rologic behavior of the C-111 
System. First, design changes in the upper bas~t.th~ve resulted in a major incre~se in 
the annual volume of water that flows to the lowe~ end of the system. Seco~d, the 
desi_gn of S-197 provides limited managc;nne:Qt. _flexibility, therefore unacceptable 
environmental effects occur as the.result of each major storm event. To retnedy these 
problems, the District has proposed six .immediate ¢hanges for the C-111 Basin, three 
within the upper basin and three within the lower basin ( ~,igure 61), 1'hese six 
changes are summarized below and are recommended as temporary improven1ents 
that can be implemented- until the long-term federal pi~ forthe basin is constructed: 

Upper Basin Recommendations 

A.l. Install a culverted water controlstructu~re in the L-3lN cana] north of 
the residential area and just south of the intersection with C-lW. 
Figure 62. was taken from the District's ,report on_ t~e wet season test -of 
flow to NESRS. It indicates that mone than 8() percent of the flow 
through S-331 originates as seepage ·entering: L-31N north of C-1 W. 'I'he 
proposed culverts would allow an upstream water level of 6.0 feet 
compared to the 4 .. 5feet that is now h~ld in the wet season. This would 
greatly reduce the seepage enteri11g the canal and the additional head 
would allow the seepage that is coll~cted to be diverted through C-l.W 
rather than CR111, 

This structure would be an intermediate solution that could be removed 
when the East Everglades plan is implemented. It would he sized to 
ht:1.ve minimal impact on the water delivery function of the conveyance 
system and in an extreme drought could be removed to allow increased 
water delivery to south Dade. .No adverse effects on adjacent property 
are expected since there is very little developmept near L-31N north of 
C-1 Wand the water level in the canal was routinely above 6.0 ft prior to 
1983. 

A.2. Revise the operational guidelines for S-176. To compensate for the 
increased flow to the south, as a result of pumping S-331 for flood 
control, the operating criteria at S-176 were lowered to provide 
a~ditional flood protection for the area between S-331 and S-176 during 
the wet season. Once the majority of the seepage flow is elin1inated the 
operating range can be raised. The District proposes an in crease in the 
wet season level from 4.3 ft to 4.8 ft at S-176. This is well within the 
design range of the system and should not pose any additional risk to the 
adjacent property, once the L-31N culverts are in place. 

Another benefit of raising the water level at S-176 is an enhanced 
ability to divert water from L-31N to Taylor Slough. With an operating 
level of 4.5 ft in L-31W water cannot be diverted from L-31N to northern 
Taylor Slough. A 4.8 ft stage at S-176 will allow rnore diversion to 
L~31W and further reduce the load on the south end ofC-111. 
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Northeast 
shark River 
· Slough 

Frog·P.onc:J 

Northeast Florida Bay 
Memorandum 12/6/88 

· · JDU mrn i:"':atinn ?.II! ,r.? -· 1
· ·~!~~ ·r:.~ I :~,.·Yt,~ 

1g 1 1 ~p.i.Uw.ay 
. i ·-r::- :~ ... ·. ~ 

_;S!rY~~9 r~l 
~~ha"Jit~~ 

Figure 61. Generalized Diagram ofC-11113asin with-~ocation ofP-roposed 
Changes. 
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Water 
Conservation 
Area3-A 

Water 
Conservation 
Area3-B 

Northeast. $haric.Ri¥~' 
slough 

Monthly Seepage Volumes (estimated) 
and Canal Flow {acre feet) 

site 

W-1 
W-2 
W-3 
W-4 
W;.S 

E-1 
E-.2 
e:...-3 
E-4 
E-5 

Aug. 

8,800 
16,500 

1,800 
2,410 
1,600 

2,700 
2,700 
6l900 
2,000 

870 

Sept. 

7,200 
14,000 

1,500 
2,800 
1,780 

2,000 
1,300 
7,100 
1,600 

877 

OCL 

7,300 
18;300 

1,100 
2,500 
1,500 

2,300 
1t800 
7,120 
1,400 
1,130 

Nov. 

missing 
15;000 

460 
1,300 

soo 
1,500 

400 
5,600 
1,700 
3,400 

Canal Flow at Control Structures 

S-333 
S-331' 
S-338-
S-194 
S-196 
S-174 
S-176 

.30,700· 
·31,500 
11,300 

8_,200 
3,700 

12,800 
16,900 

13;400 
15,700 
13,800 
6,800 
3,400 
6,700 
7,500 

11ncludes flow through S-173 

28,400 
14,700 
13,700 
5,700 
4,000 
3,800 
8,100 

45,300 
2~,700 

1,200 
0 

.2,800 
0 

7,400 

Arrows indicate direction of 
---t ...... Groundwater flow 

Frog 
Pond C-111 

S-167 

Figure 62. Idealized Flow Sections used to Compute Estimates of Groundwater 
Flow in the Vicinity of L~31N During the 90-Day Test in 1984 
(MacVicar, 1985). 
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A.3. More effective use of S-3S2. PHfu,p station S~332 IllQves water from 
L-31W to Taylor Slougli. It is n;ow operated to supply a mi~~imu1n 
monthly allotment of water tn the alou.gh :wi~th no- varra.tibn in·. ~re~ponse 
to rainfall or drought conditions. ·. The ~greement betw¢en 'th~· ',0.orps7 
SFWMD, and NPS states~ wha.t th.e min.i:inrtJ,jn month.J~' ·O·ow r-aJ~s: t.}r..e,, 
and that during flood periods such rates:·ma.:y:·~.e ~~c@·~d~d,.~up,;to,e~:PaQity 
of the pump station, upon mut.ual agree.mQttt'Of th~ p~r:ties .. Al~bqygb 
its capacity is limited, ·the station could clea.~tlybe·:p~~t ~tO\lJlor:e:~~e.£f~~tlve 
use during wet periods when flow ~·s now b~,i~g .s.hlU1~ted,' :~Q:·ttu~· ·$pu~th end 
of the slough through S-175. The Dl&trict will wo;r~. w:itb: the the 
USCOE and ENP staff to accomplish wor:e m·eaningful" op,el~~tion, of 
these pumps. · · ·- · -

Lower Basin Recommendations. The pro~l~nis QftheJ'tlWier ()~111 RU.sirt 
are .dominated by the _lack of flexibility in the .original :d~s.ign._ andl: ~he .extent .of ,the 
environmental damage whenever the S--19.7 'tplug~' must be· remoYe~l.:. Although 
influenced by the increase in annual volumes _:paJ;;sing throug}1-· S~l:8C., it _is 
predominately a storm response shor~tc<uuing bt1ilt.iil.t6 the system that, l.e~ds to the 
need to pull the plug. We are recomm.ending:·two:$tt\letw2tl'and one operatiopaJ 
change for this reach of the canal. · , 

B.l. InstalL additional culverts in the ~l~,, . __ '~_ u_ • t __ h_:_e __ ·. h_ ~d-·J.~:~:titliC -_ an_··-. a_ :ly.si~ 
prepared for the C-111 GOM, th~·V .. C::~ estnn~t~d tha:t flow thro.ugh 
S-197 during a design .storm·coul~;be.r,edue~d_ ·by .67 pet¢ent. sitnply by 
installing an operable structure ra:tb:et·~b;:(ri an .e~rthen pl-c;t.g. A cpritrol 
structure allows . the flow to. be reduced-: as so9n as conditions Jn. the 
developed area improve. _ With tne ]>lug; th~ District llllif3;t wa,it q:n.til 

B.2. 

B.3. 

almost all flow has subsided befo:r~~the:pl~g·can he~r:eplaced. 

Change the oJ)erational~olicy for the: $.;1!7 eulvetts. A !!YStem must be 
devised that allows gra~ual ope!i'iil'g·~pf··f}!~- ~Ulvetts (exieti:ng- and tJ.ewJ 
as water levels rit?e· upstream or S~l8C.. hnplementatiQn of an 
appropriate schedule and control elevations to provide for ,gradual, 
pre-flood releases would cause mljch l¢s$ h~rm to Barnes. Sound and 
may eliminate the need for full scale discharge. for son1e flood events. 
Any proposed change to the operating rules must be .reviewed by all 
interested parties before implementation. . 

Remove the westernmost spoil on the south si~e ofC-111 b~tween S-l8C 
and C-110. Flow from C-111 to,the panhandle ofENP is accomplished 
by a series of gaps in the spoil bank on the south side of'the .C-111 canal 
upstream of U.S. Highway 1. Most of the flo.w passes through the 
eastern-most gaps since the land elevation is lower and the distance to 
Florida Bay is shorter. Enlarging the gaps at the western end would 
have little affect on the routine flows to the panhandle4 However, 
during storm events when water levels are up in the canaJ, more water 
may be diverted overbank in the western reach with the removal of the 
spoil material. This is an expressed interest of Everglades National 
Park and would not be pursued without the full support of Park staff. 

Recommendations from Everglades National Park. (Ogden and Johnson, 
1988). 

1. Unnatural Water Impoundment. Remove the C-109 and C-110 levees to 
prevent unnatural impoundment of surface water north of the lower C-111. 
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2. Modification of Culverts. Remove or lower the flashboards in culverts along
the northern side of the lower C-111 to allo~ ,n1ore natural flows south and 
southeast i~ this regio~·and reduce:~ome'itilp9undment~ofwater north and 
west of the Junction of the C-llland u~~ .. }fighway 1. 

3. Culverts under US 1. As prop·osetl · 1Jy the Florida :Qepartment of 
Transportation, install additional culverts and bridges along U.S. Highway 
1 to allow more natural flows thro~gh this area. The culverts and bridges 
should. be located at historical flow~way$ to restore pre-.U .. S. Highway 1 
connections. · 

4. Acquire Additional Southern Marshes. Acquire for public::ownership the 
belt of marshes and estuaries between U.S. 1 and Mangrove Point. These 
areas are significa11 t nesting habitat for wading birds and crocodiles. 

3. Water Quality. 

Surface Water Quality. 'J)e$ctiptions. of water_ quality sampling station 
locations have been comp.iled from the lit~raturefor ENP(Table 47 and Jc'lgure·44) 
and for the East Everglades and G-111 B·~sins (Table 64 and Figure 63). Much of 
the data in this report is more than ten years.o:l<l .. There are several sources of more 
recent raw data including SFWMD, ENP,. an.d. DERM. Some of these more recent 
studies are. briefly described, but rto attempt 'bas been made to analyze or interpret 
these data. Selected data summaries. are inchidediri Appendix C. 

Table 64. Surface Water Qual1t; Stf!tio~s ;ij:l the· East Ever ·]ad~s 
Station 
No~ber• Description 

Stations within the East Everglades 
1 Br1dge 45 on lam1 am., Can a I z Bridge 53 on Tamiami Canal 
3 Coo~ertown · · · 
4 NES~S freshwater Station 
5 NESRS Freshwater Stat ion 
6 Chekika Hammock Stat& Park 
7 Rocky Glades Residential Area 
8 Grossman Road Borrow Canal 
9 Rock-Plowed Tomato Field 

10 Context Road {undeveloped ar~a) 
11 Context Road undeveloped ~rea) 
12 Cracker Jack laugh Agricultural Area 

S-33Z Pump Station at L-31Wand Taylor Slough 

Stations along C-ti1 
S-176 Structure at Head of C-113 on c~ttl 
S-177 Floodgate at c~111 and US27 
S-178 Floodgate at C-111E and US27 
s~t8C Structure on C-111, South of USZ7 

*Source: Base on Data Compiled by CH,:MHill 

Reference 

McPherson.t 1913 
Wa'ller, 1~81 
Waller, 198Zb 
Wa·ller; 198Zb 
Walleri 1982b 
Waller, 1982b 
Waller, 1982b 
Waller, 1981 
Waller, 1982b 
Waller. 1982b 
Waller, 1982b 
Wa11er, 1982b 
Germain and Shaw. 1988 

Germain and Shaw, 1988 
Germain and Shaw, 1988 
Germain and Shaw, 1988 
Germain and Shaw, 1988 

East Ever~lades. This discussion of East Everglades water quality 
includes Nortlieasthark River Slough (NESRS) and Taylor Slough. Data for the 
Frog Pond are included in the Taylor Slough section. The USGS and Dade County 
cooperated in a study to analyze effects of land use on surface water quality between 
June 1978 and October 1978. This study was initiated because of concern reg·arding
potential effects of East Everglades residential, agricultural, and recreational 
development on the quality of water delivered to the ENP. The results of this and 
other studies are included in the discussions of Northeast Shark River Slough and 
Taylor Slough. 
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. . f!ortheast Shark. River Slough._-Surf~ce ~ater flow to NESES was almost 
ehm1nated With the completion of L-:-29 rin 1963. ,Seepage .occurred from WCA-3B 
under L-29 to the borrow canal, from. which waters s~b~~qrie:Q..tly ,Qowed to tQ.e. slough 
through ~he c~lverts u~der Tam~amif.r~il. However;]hi~ i~ onlY:ii small :Per~e11~a~e 
of ~he historical flow In the_ area (~ eulr,~u~r; .a.n4 _ Q_oQp.er, 

1 
_198_9), The :I)Istrict s 

Ra1nfall ~Ian has attempted to redistribute flow a;~r()s.~ ~l:t~: entir~ slough a,c~or(iing to 
actual ra~nfall frequency and accumll.lat.e~ vqlum~s (Le., res.torin:g overland_ flow to 
NESRS VIa S-333 and the L-29 Canal). BecatJse oft}J.e ip.creasesin water delivery to 
NESRS and water supply deliveries tosou'th Pade Gpun-ty, c(lpc~rns about the quality 
of water in the L-29 canal have increased. · · '· · · 

Surface water quality data for a·reaa. with.in Northeast Shark River Slo~gh are 
limited. Surface water quality during 'the wet season and its relationship to land use 
in Northeast Shark River Slough were studied for several land use types (Waller, 
1982b). Are~s sampled included Coop~rt.()Wll (~tatiQn 3):, the oldest settlement in 
Shark River Slough, Chekika H~unmgck ~p~te .J;l~rk (s~ation 6), and Rocky Glades 
residential area (station 7) as shown iA Figti·rr~ 6~); ~J$9 referred to as the 8~5-square
mile residential area. Water quality ~t Gbppettown seemed t9 ·be influ¢nced by the 
quality of the water coming from Ta1lliamiQ$i;tlf()rthe period of record June 1978 to 
October 1978 (Waller 1982b) .. llurillg ramf~1~1 eveP..ts, wat~r quality did not 
significantly change. However, the ins~eti~ide,. nialath.j'on, was detected in Chekika 
Hammock State Park (Appendix C, Tl}ble -c-~:t) (Waller, 1982b). 

Relatively little current inforrnation.exist~ c()rtcerQ.in,g the quality. of water 
that flows through culverts under Tamiami·'frail fro1n tll,e L-29 Borrow to Northeast 
Shark River Slough. Data for the period. 1.{;172 .. 1980 {flora and Rosendahl, 198.2) 
indicate that most nutri~nt concentr~tiolls ·discharged into Northeast Shark River 
Slough were among the lowest in south Florida at that time. Shnilar_ results were 
reported by Waller (1982a) where average total phosphorus conc.entrations at the 
Coopertown site was 0.01 mg/L while the Bridge 53 site averaged 0.022 mg/L (WaHer, 
1981) (Figure 63). (Appendix C, Table C-16).. lVIore recent . data (1979-1988) 
collected by SFWMD at S-333 indicate that anhiial flow~ weighted total phosphorus 
concentrations averaged 0.026 overthe ten year per~od of record (Table 65). llighest 
yearly average total phosphorus concentrations at S-333 occurred in 1985 (0.043 rng 
/L) representing a phosphorus loading of17 metric toris per year to L-29. 

Table 65. Surface water inflows, flow-weighted total phosphorus 
. d h h lj d' tS 333 1979 1988. concentrations an pJ osp. orus oa tne: a . - '· -

Inflow Flow-Weighted Total P Loading 
Year Total P 

(acre ft.) (mg/L) (melric t.OJlli} 

1979 37,698 .018 O.H 
1980 35,991 .015 0.7 
1981 29,681 .022 0.8 
1982 80,211 .015 1.4 
1983 112,197 .008 1.5 
1984 101,583 .026 3.2 
1985 327,458 .043 17.2 
1986 278,511 .027 9.3 
1987 175,702 .017 3.7 
1988 208,301 .004 1.2 

Source: SFWMD, Unpublished data 
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. . Coliform bacteria, ty~ically ust:!d as ap indicatdt. of dpme~ti~ s~wa:ge ·and 
a~1c~tural runoff,_was monitored at thr~e sit.e~ in :N~·r~~east.S,b~!4:~iver ~,long-~. 
Sites In Coopertown and Rocky Glades (both ·residenthd~. and C&eki~ka ·Flatll.ttloek 
St~te Park (recre'!tional) were sampled ·for' -tQta1, 're_c~I, ian&. _l'~u~,l :s·~·tt%p~·O'cu~cci 
coliforms (Appendix C, 1,able C~22). Total colifor·m ·cdunts at ·Chekika ThtnYrru~dk 
Sta:te ·Pa~k ·exceeded the 20;000 cells ·per ·~OQitf.t --~'t.aird~t4 ··fdr ·;~.tr~~~iti-R W.a;etrt:.· '(he 
fecal ·c?hfor-m standard of 2000 ~ells ,::pe~ . ~J.IQOpil~ . ·was. '~9if~l~~ ~~r: .~~~c~~·~e&,~~F j·~~~~e 
Coopertown and Rocky Glades sites du-rntg ~6ne· ·aampltng ·.period..:(W~1ler, .~-9~·2b). 
Ratios of fecal coliforms,t~ fecal st-reptoc?c·c·i ·e~~-~~~~g_4:!Q,, -~~gg~s~i:!fg:_'r4·C)n~~H>:9:~i~ns 
from human sources. Ratios. on one. occasion (J-uly 28; t9~8) -w~r~··s. Q:() :tit'~Coilp:er~·aw·n:, 
and. '8,8~ at Rocky. Glades Canal (Wa'ller1 .!r·98~). ,W~te~ .. t(ValJ:~r- wa~ ~.al~q.~;ftn;~Jyzed 
during Intense ra1nfall events to determme the ,effect of J.hcreasea :ru~:non~ •,Water 
qu. ality .. d_i.d _not con~istently chang~. dur_ ID,g._ ~~_te_ n_se.· r~ . .infa:H ._~ye'h'~B. _ ie>f_·.· __ ,~_c~·p···. ·-t.; -.. -. ·,Ul_l. eyt 
malathion, used for 1nsect control, (A:}1pendix 'C) was 'detected in ;"~he Stat~e ~P~rk 
(Waller, 1982b). · . 

Taylor Slough. Little published d~ta _ exi~ta tor. w~rp~va,. ;,d·¢JiV'el·~d ~-o 
TaylGr Slough. Nutrient concentratioll data forwf:lt~:rs:(leHv~r~p ·'to-1;}lylor~t?1rou.g_n Via 
S-332 ~ave beren collected periodicafly by -SFWM:p since _ t9~:a._ . flie;a,~ ·,:~~~~a,.· t~._ iri 
unpubhshed, but 1984to 1987 annualaverag~s·~·a\tibefotindin.-A:Pp'([f;:!Jl~~;C, tt~·~t>_l~~·s 
C.-24 through C-27) •. During the 1978 wet;sea.~oli, '(Jiune.to {)c·~o-m·er) Wi\·H·~:r~(l:982~') 
studied the effects of land use ·on surfac~ water. C!ftial'ity·. 'Ctacker · J·~ck ;Slo~gh 
agricultural area and a rock-plowed t()mato field. w~-e chos~h 'to ·reptes~ift· ttwo 
common land uses in Taylor Slough. ·water qualfty para1neters :&:o'm tne'Se ·-aireas 
were compared to baseline sites in Nortb~ast Shark J,tiv~rSlough. Wa:t~:r t}l!l)a1ilty-~t 
the rock-plowed toma.to site had highe'r eoncentrations o'f o·rg;~~nic.' ni;tt.,ogeil·, 
orthophosphate and. higher turbidity th~n the.hasel~e si~es t~Iri?.etfaix --q)~·o\_}tfie§e 
elevated con-centrations were indicative of agriqultural practi~es '(W~Her, t9'8:2p)" I~ 
addition, elevated concentrations of microf\utrien.·ts coiD;fu0nly used in ·agrfc;h1:t·U:tal 
practices were found. Water quality of the Cracker.Jack Slo~gh site was ·cont:parable 
to baseline values. 

- - - I 

Grossman Road Borrow Canal, Iocat_etl ~Quthea~t otChekika H€ttn'in;c>ck ~State 
P-ark, was also sarnpled during another US'GS -study (W~Uet, 1981). L,an~ .us~~ 
information was not provided in the report, but according tQ, land u~e maps, 'tn¢ cal;ial 
drains open l~nd, some agricultural land and .p~rt o~, th~I~ocky {11~4-es r~s-i~_ent,ial 
area. Comparison of the borrow canal to the baseline stte (Context R'oad) show~d t}tat 
the two areas did not differ greatly in nutrient -concentration. The borrow oanal did 
have higher conductivities, sodium, chloride, and sulfate concentration$, a 
characteristic of agricultural activity (Waller, 1981). 

Pesticide detections in the water column have been rare in T~ylor Slough 
(Appendix C). Atrazine (Pfeuffer, in press) and toxaphene (Pfeuffer, 1985) were each 
detected on one occasion at S-332 . Sediment samples in the East Everglades were 
taken one time, in 1979 (Waller, 1983), however sample sizes were limited. 
Chlorinated hydrocarbons were detected in all la~d use areas, except . Chekika 
Hammock State Park. Pesticides were primarily df the DDT fa:tnil.Y 1 chlordan~, and 
dieldrin. The range of pesticides tested for was also limited. No recent published 
information is available for the East Everglades. 

C-111 Basin. Little water quality data exists for the C-J 11 basin prior to 
the construction of the C-111 canal in 1962 (SFWMD, 199_0). Earliest water qua-lity 
data were collected by Wilson (1974) in a study of algal communities during th~ 
period 1969 to 1971. In this study, total phosphorus was reported to range froin 0;005 
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t~ 0.100 mg!L, nitrates from 0.01 to 0.05 mg/L, an.4(nRJroll17.8 to 8~6. The sampl~ng 
s1te was located about 300 feet south ofthe·C-·l~l :ca:Qal (Wilson, 197 4). 

Water quality at S-18C has· been ,col:lected Jjy the SFWMD since 19'83. A 
District report (SFWMD, 1990) provides additiofl:al :water quality information for the 
C-111 basi~ for the period October 1, 1985.~to Sep.tember 30, 1987. In this study, 
water quahty of the C-111 canal was characterized as "good" to "excellent". The 
report also concluded that the average total p:hosphQrus· concentrations at S-18C from 
1983-1987 ranged from <0.004 to 0.026 m:g/L With an.average concentration o£0.007 
mg/L. These v:alues were comparable to total phosphorps values observed at interior 
C-111 marsh s1tes sampled over the same period <;>frecoFd (SFWMD,1990). Compared 
to other south Florida canals which drain southern Florida agricu1turallands 7 such 
as the Miami or Hillsboro canal~, (1-lil ca~al water c.ontains moderate 
concentrations of dissolved minerals (Table ·aG) and low concentrations of nutrients 
(SFWMD, 1990). Yearly averages for water quality parameters at S~l8C for 1983-
1987 can be found in Appendix C, Tables c.~22through C-27·. 
Table 66. Cotn_paris~n ofnutrien~, chlbr!dean~·specific.conductance within 

south Florida canals which dratn agricultural lands. 
Parameter c~111 at S-18C L-67 A at:S•333 J • .,67Aat S,151 Miami Canul uts,s 

Total Phosphorus (rng/L) .007 .016 .023 .H)2 
Total Nitrogen {mg/L) 1.14 2.22 2,33 3'.37 

Specific. Cond.(umhos/cm) 585 743 873 786 
Chloride (rng/L) 66 ·87 110 88 

Souree: SFWMD 1990 

A .draft report of pesticide concentrations is available for 1987-1988 (Pfeufl'er, 
in press). Atrazine was detected, with concentr9:tions found at the S-176, 8~177; 
8·178, and S-18C structures in April1988. Pesticid~ 4ata have been summarized for 
the C-111 Basin in Appendix C, Tables C-20 and C;.21. Sediment samples taken in 
1972 .. 1974 (Waller and Earle, 1975) at S-175 ~bowed trace (.2 ppb) amounts of DDE. 
Samples taken in 1982-1983 at nearby 8 .. 332 (Pfeuffer, 1985) showed the widespread 
presence of chlorinated hydrocarbons; however; the 1984-1988 sediment satnples did 
not show pesticides at this site (Pfeuffer, in press). Analysis of sediment samples 
taken in canals leading into the C-111 Basin (8-176, S-177; S-178, S-18G) have 
indicated the presence of pesticides. Chlordane has been detected periodically in 
samples taken at S-177. A summary of pesticide detections and dates for this area is 
found in Table 67. 

Dade County DERM Canal Monitoring Program. Under a general canal 
monitoring prograni, selected canals in Dade County are sampled quarterly by Dade 
County Department of Environmental Resources Management (DERM). s~unples 
are analyzed for a variety of parameters, including nutrients, alkalinity, biologica 1 
oxygen demand (BOD), chlorine, pesticides, and herbicides. L-31N is the only canal 
within the ENP SWIM Planning Area currently monitored under the general Canal 
Program; three sites along this canal are monitored. Historically, sotne sa1npling 
was performed in C-111. Samples were collected monthly in 1984 and every 2 months 
in 1985. However, only a limited set of chemical parameters (nitrate plus nitrile, 
conductivity, and dissolved oxygen) were monitored. Coliforms were also analyzed in 
1985. 
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Table67. 

Station 

5-18C 

S-176 

S-177 

S-178 

S-12C 

US41-25 

Win 
1984 

11 
5 

1984 

-1< 
H 

-1< 
H 

-1< 
H 

17.3 
DOE 

H 

-/10 
DDE 
H 

-/4.9 
DOE 
H 

Summary of Positive Background Pesticide Monitoring Da:ta 
Sampling Event and Date·~ · . __ _ -· 

Sum W.in S_um 2"11 .. d_ 3rd_-: -4--,+;h. fst.· · '2nd· 3rd · 4+h 
1985 985 9 6 ·~ Q-.rt·.·. ' ~-·! 

1 1 s : tlrt· Qrt ort o_, 
0
rt Qr:t .c>rt._· 

7 2 6 1 4 7 f 2 4' 7 
17-19 11-12 25-26 6-28 13-15 20~22· 26:-28 22.-2.4 H- H 25~27 
1985 1986 1'986 198·7 1987 , 19lrr 1987 t9.~s~ 19as: -, ;r9aa 

-1< 
H 

-1< 
H 

-1< 
H 

-1< 
H 

-1< 
H 

-1< 
H 

-1< 
H 

-I< 
H 

·I< 
H 

-1< 
H 

-1< 
H 

-1< 
H 

-1< 
H 

-/1100 
diazinon 

H 

-/600 
aldrin 
4200 

malathion 
H 

-1< 
H 

-1< 
H 

-1< 
H 

-1< 
H 

./< 
WH 

-1< 
WH 

•I< 
WH 

-1< 0.411< 
H 2,4,5-TP 

V\f;H 

-1< <I< 
H WH 

-I< 
H 

-1< 
H 

-l< 
H 

<I<:. 
WH 

<I< 
WH 

<I< 
WH 

<i.J• <I<!, •; I. <~~ - <l< 
W ·Wiff:i WH: WH 

<1-w 
<1-
w. 

<lw 

<l·· 
w 

<f./ .. ' 
w 

<I-: 
w 

<1-
w 

<;I.< 
WH 

<r< 
W.H 

<,./·< 
WH 

<.l< 
WH 

</369 
2,4-D 
WH 

<I< 
WH' 
·: 

<I< 
WH 

<1<. 
WH 

. O:S_!< <t-
'atrazine · · ""' 

WH WH 

: <11.8,'[)0[;. 0.11?9' . 
<1:< I 1:'• o··o· ·o·c· ,a~r(J~me. WH ' ~. r - ~ •• DOE 

WH W~l' _ 
' 

..rns · 
n11>e 
yY_hf; 

<I< 
WH' 

</< 
'1''f3~2;<' ---- __ ,: 

k!< 
WH ·:.Mrazine Wl'f. 

.•. I WH 

<11.2 
<I< hepta_~hlpr. <I< 
WH epoxid,e ' WH 

WH 

<I< <13ADDE <I< 
WH WH WH 

<I< 
WH 

<I< 
WH 

<:1< <11~()0' <l< 
·w· H paraquat '"ii.J WH V.V<'l 

<I< <I< 
WH W.H 

aJ ~ompoundsal:love.detec~lon·ltmJtiOsurracewatet 
&n ug/L 

~~ co_ mpo_u_n·d_:_~s:~~oV.e_ ·detection llm-.t 111 sedlmer.rnnug/Kg 
d} - =not~ampled 

(d < all.co-mpounds below·detec.tion limit 
W = surface watersamgled, 
S.ource: Data compiled for SWIM report 

H == sediment sampled, - = notsampled 

DERM Intensive Canal Survey._ Each year, DE~M designates one canal 
from its Canal Program to be studied more intensely. L .. 31N wasdesignat~d in 1987. 
SiJ(: sitef) were sampled on a quarterly basis for bo.th water and se.dimen.t s;;1mp.les. 
Analyses _inch~ded physical properties, nutrients, major inorganic che1nicals~ trace. 
metals, biological and chemical oxygen deman.d (BOD and COD), and a var-Iety ot 
pesticides. Results from the L-31N Canal survey are in unpublished form. 

Pesticides in Canal Sediments and SPi.ls. Samples taken in 197·2~1974 
(Waller and Earle, 1975) at S-332, an ENP delivery station, showed trace amounts of 
DDD and DDE; samples taken in 1982-1983 (Pfeuffer, 1985) showed the widespread 
presence of chlorinated hydrocarbons; but in 1984-1988 soil saxnples did not show 
pesticides at this site (Pfeuffer,. in press). Soils samples taken in canal:.-; Jeading iato 
the C-111 Basin (8-176, S-177, S-17'8, S-18C) have shown detections of contamjnants. 
Chlordane has been detected periodically in samples taken atS-177. 

Few published reports of soils analyses within the ENP exist. McPherson 
(1971) noted the presence of DDT and its breakdown products at Cottonmouth Catnp. 
Waller (1982) reported trace amounts of chlorinated hydrocarbons (primarily the 
DDT family, chlordane, and dieldrin) in nearly every station of the ENP. 'rhe
number, location, and sampling frequency of the stations used in Waller's (1982) 
pesticide analysis were unspecified. 
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Waller (1983) presents information on soils &ampled in the East Everglades. 
Samp~es were taken one time, in 1979, however sample sizes were lin1ited. 
Chlorinated hydrocarbons were detected in all land-us~ . ate as, except Chek i ka 
~am~ock State Park. Pest~c~des were primarily ofth~J)PT family, chlorda~e1 and 
dieldrin. The range of pesticides tested for was also hm1ted. No recent puhhshed 
information is available for the East E.verglades. 

Water ualit Im acts on Receivin Waters. The JUOSt rec;ent r~moval of 
the S-197 structure from t e mouth of the C-111 released large quantities of 
freshwater and suspended sediments into Manatee Bay, Barnes Sound and adjacent 
estuarine areas. Portions of this water, due· to hydrologic connections, moved into 
northeast Florida Bay. This area is connected to John Pennekamp State Park by an 
~rtifi~ial channel through North Key Largo atthe Ad~ms 'Yat~rway. Water sampled 
1n this canal, after the removal of the . S-197 structure, 1nd1cated the presence. of 
abnormally .hi~h concentrations of pesticides (Skinn~r, 1988): .The ':"at~,r samples 
taken at this time had unusually h1gh suspended sphds .and 1t ts beheved that the 
compounds detected were bound or adhered to suspended particles. This is indicated 
by the type of compound found in the analyf3is.and its· :normal residence time in ·water. 
These compounds are typically bound in thesedimentsand:because of their chemistry 
are not dissolved in the water column. A ·summary of positive pesticide samples for 
this area and time is found in Table 67. A, listing of known pesticides in District 
canals and results of previous sediment monitoring are provided ill 1,able 67. 

Freshwater releases from C-111 canal .periodically have major impacts on 
water quality conditions in Barnes Sound. In add~tion, local interests,. agency 
personnel and conservation · groups . have expressed increasing concerns that 
residential development along north Key Latgo and intel}sified farming~ and urban 
development south and east of Homestead may :contribute to deteriorating water 
quality conditions in Florida Bay and adjacent marine areas. Other potential sources 
of contamination for Barnes Sound and Manatee Bay ate nutrients from live~a.board 
boats and septic tank seepage, hydrocarbon contamination fro1n runoff and boating 
activity, and trace metal and pesticide contamination from runofl' and periodic canal 
discharges. Few data, however, exist to document these· suspected problems . 

. Ideally, all si~es where 'Ya~er quality affects the ENP planning area should be 
examined and monitored. This Includes S--332 for Taylor Sloug·h; L-176, L-177, L-
178, and S!18C for the C-111 Basin; and the S-12 structures for the northern 
boundary of the study area. Current published water quality data for the Taylor 
Slough Basin are sparse after 1974 and data for the 0~111 Basin are ahnost non
existent. Data from expanded monitoring programs, such as the estuarine 
monitoring and assessment projects that are proposed in this plan, may be required 
before clear demonstration of water quality impacts will be possible in these areas. 

Groundwater Quality. Data from numerous groundwater quality sampling 
studies have been compiled from the literature for the East Everglades and C-111 
Basins. Results of these studies are summarized in Table 68 to indicate those 
parameters that exceeded background levels. 

Groundwater Contamination. Results of SFWMD review of Metro-Dade 
and FDER files from 1976, 1978, and 1983 revealed that in 1976, while installing a 
sewer main in south Dade County at the Everglades Labor Camp, an old pesticide 
disposal site was uncovered. Samples showed 3.25% (32,500 ppn1) parathion in 
broken containers in the groundwater at the origi~al time of discovery. In 1983, an 
investigation was begun by FDER to determine the extent of groundwater 
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Table 68. 

Land Use Area 

Howard Drive 
Agric. Area 

Citrus Grove 

Rock-plowed 
Toma·to field 
Cracker Jack 
Slough Agric. 
A•rea 
CQopertown 

Richmond 
Dr. Resid. 
Area 
Chekika 
Hammock 
State Park 

Northeastern 
Shark River 
Slough 

Context Road 
at Bfidge 27 

Summary of Ground water Quality Parameters Exceeding~, 
Background in the East Everglades~ 

Param.eters source 

Specific 
Conductance 

Total Organic 
Nitrogen 

Specific 
Conductance 

Organic Nitrogen 
Nitrate 
Potassium 

Potassium 

Color 
Spe.ci fie 

Conductance 
Ammonia 
Tc;Jtal Organic 

Nitrogen 
Specific 

Conductance 
Total Nitrogen 
Specific 

ConductCJnce 
Oraani~ Ni~rogen 
Total Nitrogen· 
Orthophosphate 
Alkalinity 
Calcium 
Magnesium 
Chloride 
Cof:u~er 
Leaet 
OrthoP.hosP.hate 
Organic Nitrogen 
Total Organic 

Carbon 
Calcium 
Manganese 

Ir-on 
Ammonium 
Total Nitro~en 

Potass.ium 
IPon · 
Total Nitro~9n 

wa·ll·e r, 1983 

waller, 19.83 

W~ll er. 196·3 

Wall E}.r, t~a·~ 

Alkalinity Waller. 1983 
Iron · 
Org~n i c N_i t rogen 
Total N~itrogen 
OrthophQspli~te 

Total Organic Waller, 1983 
N·itrogen · 

Potassium Waller, ~983 
Iron 
Ammonia 
Total Organic 

C~rbon· 

Snec if 1 c Wa lle . .r. .1. 98.1 
,.Conductance 

Sodium 
Fluoride 
lron 
Manganese 
Ammonia 
Total·Nitr.Qgen 
Total Inorganic 

Carbon· · 
I ron Waller, 1981 

, I 

contamination of at this site. Toxaphene was discovered in ground wa,ter to the 
northeast of the original site at levels ·of 9.3 and 8~4. micr()grams per _liter (.ppb). 
Parathion was tested for and not detected. No .sourc~ of toxaphene was deterinlioed. 
At this writing, the status for cleanup of this site is unknown. 

Spraying of pesticides by airplane is a.. common method Qf control Hng in.st!ct 
~pests in south Florida. These field spraying operations are often a source ofJong-t~rnl 
contamination after the original operation has ended becau&~ hi~t_orically~ the 
standard practice for cleaning the spray tanks was to dump the tank at the end pf tlle 
field. Field spraying operations are responsible for a number of Svperf\Jnd sites in 
South Florida (USEPA, 1986. National Priorities List Fact Eook. Washington, 'llC. 
94 pp). Groundwater should be sampled more e~tensively in areas of south D.~de 
County that are known to have been used for spray operations. Pesticide anq 
herbicide use has been identified as a threat to drinking water, an<l nA.i'ural tlora and 
fauna in this region(Scheidt, 1988; Walters, 1987; Mattrawetal.1987). 

DERM Ground Water Ambient Network. In 1981, DERlVl initi~t.ed FJ 
groundw~ter monitoring ne~work to p;ovide a _Ion~wterm, .gfO}J-P.dwater qp;:.tlity 
database 1n Dade County. This network Included sites 1n the VlCiQ.Ity of the propo~ecl 
west wellfield near the East Everglades. The purpose of the p:rog.ram w~~ to 
determine local trends and pollution control programs. The prog1·am wa.s ~~sr>.enq~d 
in 1985. -
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DERM!FDER State Ground WatetAmbientNetwork. The State Ground 
Water Ambie.J:?-t Network replaced DERM's groun_dwater network in 1986. This 
program monitors wells from DERM's Ground. Water A.mbient Network,_ plus 
additional wells. Initial samples w~re analyze4, o~ce for an extensi:ve Hst of 
para~eters. The 1986-1987 network Included appri9?'11llately 85 wells with depths 
rang1ng from 10 to 100 feet. The 1988 network re'dllced the number of wells to 60. 
Analyses includ~ physical parameters, nutrie~ts, inorganic ions·, organic cheniicalB, 
trace metals, rad1onuclides, cyanide, and indicator bac.tetif1, 

Short-Term Studies. On behalf ofthe_Dade County Pl~nning l)~pB;:tttnent, 
the USGS sampled groundwater in the eastern Everglades in 1978 and 1979 (Waller, 
1981). Parameters analyzed included nutrients; major ions, and n1etals. 1'his eflbrt 
was to establish baseline water quality conditions: and to. provide information for 
future development plans in the East Evergl~des. This worlt showed elevated levels 
ofnutrientsand some metals (Waller, 1981). . . . -

In 1984, prompted by FDER and the Water Qri~lity Assuranc~·Act of 1983~ the 
District initiated the South Dade Agricultural Pi:Iq't. Study to investigate efl'ect.s of 
certain agricultural land uses on groundwater quality within the Biscayne aquifer 
(Anderson, 1986). Samples were collected from 2Q West Dade/East Everglades 
lllOnitoring wells twice in 1984 and analyzed for pestici4es) tnet~ls; and nutrients. 
Results of this study identified the presen~e of 4,4'~DDT, Aldrin, and Dieldrin in 
excess of potable water standards in the monitoring wells (Anderson, 1986). Existing 
SFWMD data indicate that pesticide residues occur occasionally in South Dade 
County monitoring wells. The exact magnitude and sources ofthis contatnination, 
and the potential impacts on potable water supplies·, are presently unknown. 

Wellfields. Several major public wat~r supply wellfields lie within or 
a~jacent to the study area including the Ho~nestead Air Force Base well field in the 
EEA, several within the 0-111 Basiti' (Florida Keys Aqueduct Authority, City of 
Florida City) and several just east of the o .. ttl Basin (City of Homestead, Miami 
Dade Water and Sewer Authority (MDWSA) Leisure, MDWSA Naranja, and 
MDWSA Newton. In .addition, a major new wellfield, the MDWSA West Wellfield 
which is proposed to serve South Dade County, will likely be sited to the east ofL ... 31, 
in the Bird Drive area (Figure 64) (Discussion 1989 with Jean Evoy, Metro-Dade 
County, Planning Department). 

Groundwater Quality Data. Groundwater quality data frorn published 
literature were comp~led to provide an overview of available reviewed information. 
Descriptions of groundwater quality station locations have been cotnpiled from the 
literature for the USGS Land Use/Water Quality studies ('fable 69, Figure 65)~ for 
the District South Dade Agricultural Pilot Study (1"able 70, Figure 66 ), and for the 
DERM Chlorinated Pesticide Survey (Table 71, Figure 67 ). Groundwater quality 
summary data from published sources are compiled in Appendix C as follows; 

Table C-28 Nitrogen, phosphorus, TIC, and TOC 
Table C-29 Alkalinity, specific conductance, and major ions 
Table C-30 Metals 
Table C-31 Pesticides in groundwater: Chlorinated hydrocarbons 
Table C-32 Pesticides in groundwater: Organophosphates and other compounds 
Table C-33 Pesticides in soils: Chlorinated hydrocarbons 
Table C-34 Pesticides in soils: Organophosphates and other compounds 
Table C-35 Coliforms 

Groundwater Quality Rela.tionship to Land Use. Groundwater quality 
sampling within the ENP SWIM Planning Area has occurred primarily in the East 
Everglades, prompted by concerns over effects of land uses (agricultural, residential, 
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Figure 64. 

I 

Major Public Water Supply Wellfields within and adjacent to the 
Everglades National ParkSWIM'Study--~r~~.. _ _ ___ _ 
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Source: Based on Data Compiled by CH2MHili 

recreational) on the Biscayne aquifer_ and the ·$Qg::rce· .of most __ of Dade (Jp11nty's 
drinking water. Results of Groundwater quality studies for pesticides are 
summarized in 1,a ble 72. - . - · 

Pesticides in Soils. Data for insectield·~s., ,herbicides, and PCBs in soils 
have been compiled becat1se of potential im-pacts :Qil \Vf}ter quality (Ap,pendix: C, 
Tables C.-33 and C-34). Some studies that have ari:alyzed sqils from the same sites 
at different times. For example, S~12C was sampled in 1972-1974 (Waller and Earle, 
1975)., in 1982-1983 (Pfeuffer, in press), and in 1984-1988 (Pfeuffer, 19$9). Chlordane 
and the DDT family (DDE~ DDD, DDT) were deteeted during the early study period 
but not in any of the subsequent studies. This should emphasize the need for a long¥ 
term, continuous sampling program at the same sites. 

I 

P()tential Water ualit Im acts on _Groundwater. The Biscayne A·quifer is 
the prime source of rink:ing water or a I municipa water systems south of Pahn 
Beach County, and is the primary source of water for agricultural and municipal use 
in Dade County. The Biscayne Aquifer is highly permeable and vuJnerable to 
contamination through its recharge zone, and it is the sole source of drinking water 
for a large part of southeast Florida. Therefore, the U.S. Environmental Protection 
Agency (EPA) has designated the Biscayne Aquifer as a "sole source aquifer." 

Dispersion and adsorption tend to reduce the concentrations of polluting 
substances, and seasonally heavy rainfall and canal discharge contribute toward 
diluting and flushing the upper aquifer ~ones. Expansion of urban and/or 
agricultural development into recharge areas, and the attendant runoff could 
contribute contaminants, and affect water quality in down-gradient sections of the 
aquifer (Klein and Hull, 1978). 
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Figure 65. Groundwater Monitoring Lcmati6~8'fot1tlS!GS Land, Use/Water Quality 
S~d~s · . : 

s-t?• 

+ 
• 
-117' 

• 

o4 MIL£5 

5 KILOMETERS 

LEC!£ND 

CONTROL STRUCTURE 
AND CAN/tl. 

WILL LOCAnON AND 
NUMIIR CSU TAILE n 
LAND•U81 AAIA 

•. 1 

349 



Everglades SWIM Plan - Supportiug In.fo.:rm~thJtt.P9Cl11llCI~t 

Figure 66. Groundwater Monitoring Locations of the South Dade 
Agricultural Pilot Study. . · 

1 
N 

0 1 2 3 
-MILES 

Source: Andei'Son, 1986 
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Ground water can move relatively lqng di$tan~e~ u.nd~r low hydraulic 
_gradients through the cavernous zones; bu.t -ti};()¥~m~:qt i~ retarded by zones 
characterized by dense limestone and fme s~nd. Tn q~ijtt;;tl al)d ~o.~th Dade County, 
hydraulic conductivity, and therefore. the tra!).smissivity, i~. higb becau.se of the 
cavernous limestone, but transmissi vi ties decrease wes.t iD:to the ENP due to a 
thinning of the aquifer. The regional ground water flow graQ.ient is seaward, but may 
be locally influenced by drainage canals and major municipal well fields. 

Coupling of Ground Water and Surface Waters. In the agricultural area of 
south and central Dade County, irrigation wells at:e usually rotary drill~d to qeptbs 
of 25 to 35 feet. Wells are drilled at spacings of as little as 300 feet ~~d c~sing is not 
required (Klein and Hull, 1978). Typically, truck-mounted irrigation putnps are 
moved from well to well for crop irrigation. Each well is pumped for short periods at 
rates of 500 to 1,000 gallons per minute (gpm) (Klein and Hull, 1978). Metro-Dade 
County DERM (1989) has completed a preliminary study of these wells in conjunction 
with pesticide/herbicide mix loading activities (Table 73). Results of this work 
indicated the presence of carbophenothion, chlorothalonil, malathion, meth.o1nyl, 
oxamyl, and high levels of endosulfan and parathion (ethyl) (DE:RM, 198$). This 
same study detected various classes of metals including copper, manga,nese, a.nd zinc 
at parts per million levels. · · 

Groundwater Contamination with Agricultural Chemicals. The issue of 
possible contamination of groundwater by agricultural chemicals, via unlined and 
uncapped wells, has been a continuing concern in South Dade County and has not 
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Figure 67. Groundwater Monitoring Locations, of-the DERM Chlorinated 
Pesticide Study. 
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Source: Baker, 1988 
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N , 

Table 69. Well LocationsofUSGS Land Use/Water 
Quality Studies (Waller, 1983). 

Site USGS Well. Number 
Depth 

(feet) Source 

Baseline Wells G-3186,-3189,-,3172, 10-27 Waller, 1983 
-3175,-3180,-3183 

Northeast Shark G-3171 12 Waller, 1981 
River Slough 
Context Road at G-3170 12 Waller, 1981 
Bridge 27 

Howard Drive G-3187,-3188,-3190, 10-41 Waller I 1983 
Agricul. Area -3191,-3192 

Citrus Grove G-3193 to -3199 11-46 Wall ur· I 1983 

Rock-plowed G-3173,-3174,-3176, 10-41 Waller, 1983 
Tomato Field -3178 

Cracker Jack Slough G-3179,-3181,-3182, 10-39 Waller, 1983 
Agricul. Area -3184,-3185 

Cooper town G-3202,-3203 10-34 Wal'ler·~ 1983 

Richmond Drive G-3200,-3201 
Resid. Area 

11-42 Waller, 1983 

Chekika Hammock 
State Park 

6~3204,-3205 14-44 Waller, 1983 
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Table 70. Well Locations for the South Dade 
Agricultural Pilot St1:1dy. 

. 

SfWMD 
Sample USGS 
Station latitude Longi.tude wen 
LEC 04 250 30' 56" aoo 30' 53 11 CHl316A) 
LEC 05 250 30' 58'1 aoo 30' 53" Cl03 1.) 
LEC 06 250 30' 29 11 :aoo 29' 66 11 SHi6 
LEC 07 240 32' 33 11 aoo 30' to•· G-1353 
LEC 08 250 35' 37" SOil 28' 44'' G~757A 

LEC 09 250 39 1 53 11 ·soo 32• 14 11 G-3272 
LEC 10 240 37' 4411 800 3'4 1 36" G-3273 
LEC 11 250 36 1 56" aoo 35' 03'11 G:-T502 
LEC 12 240 34' 45 11 8oo ·3_4• '03 11 200 ST 
LEC 13 25° 34' 45 11 aoo 34' 03" 200 ST 
LEC 14 259 30' 42 11 aoo· zg·• 40" C103(12A) 

LEC 22 250 39 1 07" aoo 31' 43" G-3189 
LEC 23 250 38' 42 11 800 31' 43 11 G-3187 
LEC 24 250 36' 30" a·oo 31' 18 11 G-3201 
LEC 25 250 36' 56 11 aoo 35' 03" G-3204 
LEC 26 250 35' 30" soo 34 1 32" 6~3124 

LEC 27 250 35' 10" 8'00 32' 07" G-3-198. 
LEC 28 250 31' 12'' 80'0 34 I 15" G-3175 
LEC 29 250 30' 18 11 aoo 34' 12" G-3177 
LEC 30 250 29' 4811 80° ·34' 18" G-3117 
LEC 31 250 29' 48'11 800 35' 27" 'Recorder 
LEC 32 250 24' 13" ·aoo '33' ,()8" G-3184 

Source: Anderson,_1986 

Table 71. 

Station 
Number• 
1 
2 
3 
4 
5 
6 
7 
8 
g 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

Well_ Locations andSurroundbig Land Use for 
the DERM Chlorinated Pesticide Survey. 

Well 
Number . Predominant Land Use til Area 

Fallow field, latin vegetation 
f~llow field, Latin ~egetation 
Fallow field, Latin vegetation 
fallow field, L.~tin vegetation 
Row crops 
Row crops 
Row crops 
G-roves 
Mango groves 
Mango groves 
Row crops, ornamentals 
Lime grove 

G-3188a 
G-3189a 
16-lCc 
,G-3373a 
W-1Ab 
W-1Bb 
W-1Cb 
G-136Za 
E-lAb 
E-lBb 
G-757a 
G-3371a 
G-3108a 
G-1363a 
G-614a 
G-3364a 
G-33708. I 

G-3412a 
S;.;6Bc 
E-ZAb 
E-2Bb 
E-ZCb 
G-c3165a 
G-3169a 
G-3174a 
G-3.177a 
2.1-3Cc 
E-3Ab 
E-3Bb 
E-3Cb 
G-3368a 
G-3360a 
G-3359a 
G-3864a 
W-4Ab 
W-4Bb 
W-4Cb 
G-3181a 
G-3184a 

Avocaao a~d lime ~grove, Row crops 
Nursery, horse farm 

1 Avocado grov~. residential 
Lime and avocado grove 
Row crops, nursery 
Nursery 
Nursery 
L_ime grove_ !N of_ c.ana_l!, Row crops Lime grove N of canal , Row crops 
Lime grove N of canal , Row crops 
Avocaao grove 
Nursery 
Mango groves, natural vegetation 
Mango groves, natural vegetation 
Mango groves, natural vegetation 
Row c1·ops 
Row crops 
Row crops 
Row crops, citrus 
Row crops, citrus 
Row crops 
Aqueduct Authority, Residential 
Row crops 
Row crops 
Row crops 
Row crops 
Row crops 
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Table 72. Summary ofPositive Pesticid~·M,oil:i~Qri:ng Data for Groundwater. 

Site 
(Study) 
South Dade Agricultural Pilot Study 

LEC-04 *n=l 
LEC-05 n=l 
LEC-06 n=l 
LEC-07 n-1 
LEC-08 n-1 
LEC-09 n=l 
LEC~lO n=l 
LEC~ll n=l 
LEC-12 n=l 
LEC-13 n=l 
LEC•l4 n=l 

I DERM Chlormated i:'esbcide :;;tudy 
l(G-3188) n=3 
2 (G-3189) n=3 

3 (16-C> n =3 
4 (G-3373) n = 3 

5 (W-1AJ n=3 
6(W-18) n=3 
7 (W~1C) n=3 

8 (G•l362) n = 3 
9fE-lA) n::=:3 

10 fE-lBI n=3 
11 (G-757AI n=3 
12(0-33711 n=3 
13 (G-31081 n=3 
14(G-13631 n=3 
15 (G-614) n:::3 

16 CG-33641 n:::3 
17 (G-33701 n=3 
18 (G-3412J n=3 

19 (S-66) n=3 
20 (E-2AJ n = 3 
2UE-2B) n=3 
22 CE-2C) n = 3 

23 (G-3365) n=3 
24 (G-3369) n=3 
25 (G-3174) n=3 
26 CG-3177) n=3 

27 (21-3C) n=3 

28 (E-3Al n = 3 
29 (E.3B) n=3 

30(E-3Cl n=3 
31 (G-33681 n=3 
32 (Q.336m n=3 
33 (G-3359) n=3 

34 (G-864) n:;; 3 
35 (W-4A) n=3 
36CW-4Bl n=3 
37 (W-4C) u=3 

38 (0-3181) n-3 
39 (h-3184) n-3 

..-. n- total numoer or sam lies couectecJ l 
Data provided in Appendix C 
Source: DERM, 1989 

, . I 

Pesticides at ·bfabdvedetectlon 11 mit 
I 

Uctcct.ed 
Detectedon~~e twi<:c .. -t 

(Anderson, 1986) 
Aldrin 

Aldrin 

Aldrin 
~ ,• ' 

Aldrin, Methoxychlor 
Aldrin 

I 

Aldrin 
" '" 

alphu-BHC, DDT,Oieldrin 
fBaJ(er,l9M8) 
Dieldrir1 . Hcptcu:hlur 
Dieldrin, Heptachlor .·· ... .. _. 

DDE, DOD,DDT, Oi~lcfrin 
Aldrin, Lindane, DDE, Dieldr.i)l 
Lindane, DDT~ Endosulfim 
Linda:ne:, H¢ptac_hlor ~poxide " 

Endosulfan, Heptathlor 
Lindane, :Q.DE 

c 

Li ndan~; Hept!lchlor e.p()xide 
Aldrin. Dieldrin 
DDE 

" 

DOE, DDT, Dieldrin 
Lindane Chlordan~ 

DOE, Dielchin 
Lindane, Chlordane, 001'. Endrirt 
DDl·~. Dieldrin, Endosulfan 
Aldrin, Dieldrin, Endrin, Heptac,lhlor 
Aldrin, Endrin, Heptachlor 
Lindane, 00 E, Dieldrin, Heptachlor epoxi(!~ Heptachlor 
ODE, Endrin, Heptachlor, Heptachlor ~pox ide 
Aldrin, Heptachlor, Heptachlor epoxide 
Aldrin, Lindane, Chlordane, DOE~ DDT, Dieldrin, Endmmlfan 
Heptachlor, Heptachlor epoxide 
r>DI~. Heptachlorepoxide Heptachlor 
Aldrin, Chlordane, ODE, Endrin, Heptachlor epoxidl' 
Aldrin, Eudrin, Heptachlor 
Endrin, Heptachlor epoxide 
Eudo~ulfan, Heptachlor 
Lindane, Hcptachlorepoxide 
Lindane 
Aldrin, Lindane, Chlordane Endrin, Hepttu:hlor, H(.!pl.achlor L'(lilxidt• 

OD'r, Dieldrin 
Lindane, DOE, Dieldrin, Heptachlor 
Aldrin, Lindane, ODE, Dieldrin, Heptachlor cpoxide Hcpl.at~hlor 

Chlordane, DOE, Heptachlor, Heptadtlorepoxidc Aldr·in, Linclutw 
DDE, DDT, Endrin, Heptachlorepoxide l!:nclo~ull'an 

Lindane, DDE, Heptachlor, Hept.achlorepoxide 
Lmdanl', ODE, Dieldrin, Heptachlor 
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Table 73. Mixed-Loadi!lg Well Water Quality Survey: Pesticide Residues 
a d M t I Cc t f . /1) . n e as-- oncen ra 1ons tn lJgJ .. 

SHe Carbo ph Chlrthl En<h;fn Malath Ml!thml Oxamyl Pa.rath C.:u Mtt Zn 
.. ,O,JI fll.ll tO.O.J~I !O.Oiil 120.01 \2.0) tO.Cil j~.l/1 11.111 ,;1.1)1 

1 BDL* BOL 9 BDL BDL UDL BDL 60~5 51.0 22.6 
1 Dupl - - 8 . - - - 67.0 69.0 19:9 
2 BDL BDL 18 BDL BDL BDrJ 0.1'4 9.0 47.4 21.8 
2Dupl - - 12 - - - - ... 6.~ 87.2 ~Ll 

3 BDIJ nor... 179 BDL 159 BDL B])JJ 950 1110 2CJ2.0 
3Dupl - - 217 - 138 - - 1050 1230 2B.fi 
4 BDL 65 63 BDL BDL BDL 0.20 1000 390 97.·5 4 Dutll - 12 77 - - - 0.2·5 950 360 96.5 4Blanll BDL BDL UDL BDL BDL BDL BDL 
5 :BDL 5 11 BDL 21 8fJL BOL 340 150 44.1 
5 Dupl - 5 10 - 16 - - 330 130 a~.s 

6 BDL BOL 0.1 BDL BDL BDJ., Bl>L 38.8 UDL 41.4 
6Dupl - - 0.1 - - - - 43.4 4~.R 

7 0.6 BDL 530 BDL BDL 529 0.21 6~2 8110 9B0]) 
7Dupl 0.4 - 740 - - 1192 0.25 4.4 7950 920.0 
8 BDL BDl .. 0.6 BDr~ 17 ... BrH.~ ·i~bt~ 89.5 170 71..2 
SOup) - ~ 1.2 - BOlt - - 147 240 89.8 
9 SDL BDL 81 BDl.. BDL 58 0.5· 5'570 990 HJ7.4 
9Dupl - - '65 ., - 49 o~3 43HO 830 9.~.7 

10 6.1 BDL 11560 4 BDL BDL 1.0 16440 . 2840 1160 
lOD1,1pl 1.7 - 10452 5 - - 0.8 16580 2740 1110 

. -

11 BDL 87 920 BDL BDL 215 1.773 230 2930 430 
11 Dt1pl - 23 580 - - 22() '519 300 3790 560 
12 BDL 14 217 1 BUI~· 22 ... 1325 770 570 75.0 
12 Dup1 - 8 263 0.4 - 21 493 650 4·60 67.8 

::iou!ce: Metro Uacle vOUnty Ul.'i ltM,· 19M9 
Restdues detected include: carboplumothion, chJorothalouil, endosulfan (reported a~ ~um ol"l, U, and :~u Lnrt e 1, 

malathion, methomyl, oxamyl, and parathion lethyll. 
Other residues tested for Lul not deleded include: benomYl1 chlorpyrifos, diazino.o., dkufol, guthi(lt1 1 tltdh~tnriduphus, 

metribuzin, and mcvinphos. · · 
*BOt= Below detection limit 
- =Not analyzed 

been adequately investigated. Dade County has an ongoing monitoring program that 
should address this issue by sampling surface water and groundwater in the 
proximity of mixing wells and in conjunction with areal applications of pesticides and 
fertilizers. Data concerning this problem could form the basis for permitting 
decisions concerning surface water and ground water resources. In addition, the 
county should assess the impacts of abandoned shallow wells in areas that have 
subsequently shifted to urban development. Consideration should be given to 
requiring capping and lining of new wells in south Dade County, and retrofitting old 
wells, if possible, with caps and liners. Currently there is little coordinated effort to 
establish the link between contamination of surface waters and groundwater. The 
fact that observable levels of contamination occur in monitoring wells, indicates that 
these compounds apparently can move readily through the estimated 15,000 unlined, 
uncapped wells in south Dade County into ground water (DERM, 1989). 

Few studies have examined the breakdown products of pesticides, detern1ined 
their persistence in the Everglades environment, and evaluate their effects on' and 
accumulation in, native flora and fauna. It is important also to begin to evaluate the 
toxicity, bioaccumulation and fate of adjuvants (compounds used as carrier solvents 
for the active ingredients in pesticides). These compounds are listed as inert 
ingredients, are unregulated, and may be more toxic that the active ingredient 
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(Ghassemi, et al., 1982). It is also critical to. kno:W the ultimate fate of agr·icultural 
and ur~an contamin~nts in surface and gro11nd_wElterssince th~~e w,aters ul~iln!ltely 
mo~e Into Fhe. marine systems of Biscayne Bay; Barnes Sound, .. CrocOdile Lake 
National Wildlife Refuge, Northeast Florida Bay and John Pennekamp State Park. 

4. Biotic Resources 

Biological Resources within the E~~t Everglades. The East 
Everglades Area contains a variety of vegetation communities. Beard (1938} 
described the East Everglades ... Shark Rivet Slough region .as :Everglades Prairie 
indicating that unlike other areas of the Everglades; sawgrass was not the most 
common grass (sedge) found~ but that switch grass (Spartina, bakeri, Merr.) was the 
dominant vegetation present as a result of alteration of the natural system by 
drainage and fire. · 

The following authors have compiled inventories of various parts of the Shark 
Slough-East Everglades system: Hofstetter and Hilsenbeck,1980; Gunderson, 1989; 
Herndon and Sternberg, 1987; M0lnar and Bernardino, t988;'artd Wood and Tanner, 
1989. Vegetation patterns in this region are a furic.tion of a variety of factors 
including fire; hydroperiod, hydropattern, soil C'Cn)lpositipn, ,and availability of seed 
source for colonization/re .. colonization (Hofstetter arid HH_se_p.beck, 1980; Gunderson, 
1989). Community types found within the EEA and their hydrologic requirements 
are listed in Table 74. 

Table 7 4. Major Vegetation Community Types, within the East Everglades I 
C 111 PI . A D fi db H dr . d Ch t . t' - ann1ng- rea as e 1ne ~y lYj operto arac erts tcs. 

_Range of -RanJi.e,ofmean Meu:n of' Hydl'ic 
Community Type HydroperiodK HY. _ operiods prir~uu·y 

Category (montlts) (months)' type· 

1) Mosaic Eleocharls & 3.9-12 6.9 .ol0.3 10.3 Herui· 
Rhynchospora dominant J)tH'manent. 

2) MQsaic ~ Cladium 3.9-12 6.9-10.3 9.6 Hl!lJll 

dominant perrrtanent 
3) Mo~aic-marsh 6.5-9.2 8.6~ 9.6 9.6 semi 

thicket permanent. 

4) Salix -Annona - 1.0-10.7 8.0 M.Yrica thicket 
- long· 

HCWHHUtJ 

5) Typha thicket 3.0-12 9.3 - semi 
pcrnu .. u1cnt. 

6) Sa,lix thicket 4.1-12 5.3 .. lung 
smumrwl 

7) Mosaic - Muhlenbergia! 
An.dropogon 1.0-4.3 2.6 - Jl'leHie 

8) Bay head forest < 3.0 < 3.0 - Hie~ I<.: 

9) Mosaic- Muhlenbergial 
Cladium 1.0- 12 2.6-10.3 a.o Hhurl 

10) Chrysobata.Juts 4.0"5.0 4.0-5.0 . !ihot•t. 
thicket. H<.!i.lHOnaf 

11) Post-burn bayhead < 3.0 < 3.0 - JlleHiC 

12) Melaleuca forest. - - - ** 
13) Successional < 1.0 <LO - cpllenien.d 

bayhead forest 
i::lource: lVlOdtlled trom: lVIotnar and .tlernardmo, UltSl':S 

** Hydroperiods <?fMelaleuca stands vary depending upon the pw·t.ieu lar<:~unmuni l.y that 
has been colontz~d. ;However( short Heasunal wetlanda are more HlJHCl!pl.•blu l.o 
Melaleuca colontzatton t.han ong seasonal wetlands. 
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Plant communities found within this region are similar to tho~e found in 
Shark Slough in ENP. Communities have be~n .grouped by several authors. The 
foll~wi~g six broad categories were used by the.:East Everglades Resources Planning 
proJect In 1980: 

1) Hammock forest (tropical and broadleaftree); 
2) Thicket (cocoplum-willow, wax .myrtle .. salt bush, buttonwood, pond apple, 

scrub mangrove); 
3) Prairie (muhly, sawgrass, beardgrass); 
4) Marsh (sawgrass; spike rush-beak rush, maidencane, £lag.;pickerel weed, 

cattail); 
5) Prairie .. tree island mosaic; 
6) Disturbed (including native and exotic speci~s). 
Molnar and Bernardino (1988), characterized the following· cornn1unities after 

those described by Hofstetter and Hilsenbeck (1980): 

"Graminoid mosaics - hydric flats interspersed with sa wg;rass 
marshland. In dryer areas, hydric flats and sawgr.ass marsnes are replaced by more 
mesic associations dominated by muhly grasses and broomsedges. 'rhe relative 
dominance of gra.minoid type appears to l:>e.·related· to the degree of wet11,ess along a 
northwest.-southwest gradient in the slough." Graminoid m·osaics include 
communities l, 2, 7; and 9 on Table 74. 

"Woody thickets - Generally these dense stands of hydric shr~b and 
sm~ll tree species occur adjacent to tree islands or within op·en marshlands adjacent 
to seasonal ponds." Includes communities 4., 6, and 1e on 1'able 74. 

"Marsh thicket mosaics - Consisting of sawgrass marsh flab;~ sen1i-open 
water zones 8lld woody thickets occurring in clpse· .Proximity Lo one another (sie). 
Considered by Hofstetter and Hilsenbeck (1980) to be a result of 'hutnmoeky' 
difl'erentials in elevation over limited areas as a result of past fire disturbances. 'l'hey 
often occur in association with tree islanda.'' Community 3 of Table 74. 

"Tree islands- Various successional stages (including post-burn stages) 
of closed canopy hydric and mesic tree stands that ultimately can becotne tropical 
hammock forests." Includes communities 8, 11, ~nd 13 of Table 74. 

"Exotic communities- Generally Melaleuca invaded phases of any of the 
above communities, representing deflected serial sequences." 

Slough communities are often found in association with forested tree islands 
and are generally the wettest of areas (Gunderson and Loftus, 1989 in press). 1'he 
rocky glades is primarily comprised of thinly scattered sawgrass on rnad soils in 
association with muhly prairies. 

I-Iabitats that occur in the East Everglades include the slough and long· 
hydroperiod wetlands or the rocky glades and associated short hydroperiod wetlands 
(Figure 68). Hydroperiods of regions within the heart of the slough regulate the 
deposition of the high organic peat soils or the precipitation of less productive marl 
soils which form under shorter hydroperiod lengths (Gunderson, 1987; Hofstetter 
and Hilsenbeck, 1980). The deposition of peat soils requires longer hydt·operiods and 
extended inundation and is generally characteristic of systems that dry only under 
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Figure 68. Successional Sequences ofEve:rglades.V.egetation in tile 
East Everglades Based on.Ilydrpperi,od RelationshiP,s 

SEMI~PERMANENT WETLANDS (9 ~ 12·rnonthul 
1) Eleocharis!Rhynchospora dominant mosaic 
2) Cladiu.m dominant mosaic 
3) Marsh thicket m<1~aic 
4) T,ypha thicket 

LONG SEASONAL WETLANDS (5-9 months) 
1) Salix/Annona/Myrica thicket 
2} Salix thicket 

T 
SHORT SEASONAL WETLANDS (3.; 5 months) 

1) Muhlenbergia!Cladium mosaic 
2) Chrysobalan.us mosaic 

.~ 
MESIC WETlANDS (1 - 3 months) 

1) MtthieJtber~:fia/Andropogon mosaic 
2) B.ayhead forest 
S) Post-bitrn bayhead 

EPHEMERAL WETLANDS (< 1 month) 
1) Successional hayhead 

Source: Simplified ~1.1ccessional sequences based on hydr~period relallonships m(•rlilled 
f'rom Molnar and Bernardino1 1988 

severe conditiOJ.l.S (Leach et al. 1972). The productivity of these soils is related to their 
function in the food chain and the refuge that they provide for fish and invertebrates 
during dry periods (Loftus et al. 1986, in press; Loftus and Kushlan, 1987). 

In 1987-88 a reassessment of the exotic tree species Melaleuca quinqueneruia 
was made for this area by the Metro-Dade County Department of Environmental 
Resources Management (DERM). This analysis showed a drarnatic increase in the 
extent of infestation. Densities for the same sites examined in both 1978 and 1985 
showed 3 and 6 trees per site in 1978 and 46 and 170 trees per site in 1985 (Molnar 
and Bernardino, 1988). Since 1985 there has been an acceleration of the rate of 
colonization by this species in the south Dade region (Discussion with G.Molnar, 
1989, DERM). In addition, there has been a series of fires since 1988 that have 
occurred in the East Everglades Area and in bordering wetlands to the northeast and 
to the east. These fires may further stitnulate production of Melaleuca saplings and 
seeds and thus enhance existing threats to regional ecosystems and water supplies. 

Biological Resources within the C .. III Basin. Marshes of the C-111 
system south of Florida City include a variety of habitats~ These marshes are 
physiographically classified as southern coastal glades and are also known as 
transverse or finger glades (Hoffmeister, 1974; Schomer and Drew, 1982). Mid and 
southern marsh vegetation is composed primarily of sawgrass (Cladium ja.rnaicense) 
and spikerush (Eleocharis cellulosa) prairies that grade into stunted tnangroves, 
primarily the red mangrove (Rhizophora mangle) and the black mangrove (Auicennia 
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germinans) (SFWMD 1990). The northern marsh is primarily dominated by muhly 
grass (Muhlenbergia sp.) and the entire area contains bayheads, willows, and 
hardwood hammocks (SFWMD, 1990). In addition a birge ,portion of this- area was 
historically pineland with some relict pineland areas left around Florida City. 

Periphyton Communities. An important habi:tat in Everg·lades 
ecosystems are the periphyton communities associated with marl soils and 
sedi~ents. Areas sampled by the SFWMD (199.0) are shown in fi.,igurc 69. 
Periphyton communities in these areas are dominated py two species of filamentous 

Figure .69. SFWMD Sampling Locations in the C-111 'Basin, 1985-1987. 

AEROJf:T FACjUTY e e 
SUB-AREA 3 SUB-AREA 4 

SUB-AREAS 

SUB-AREA 1 SUB-AREAi 

8 
SUB-AREA6 S-197 

/ 
EVERGLADES NATlONAL PARK BOUNDARY 

Source! SFWMD, 1990. 

blue green algae, Scytonema hofmannii and Schizothrix calcicola. Other algae that 
colonized artificial substrates during this study included the diatoms: Cymbella 
ruttneri, Mastogloia smithii v. lacustris, Anomoeneis v#rea, Synedra. pahokeenis, 
Achnanthes minutussuma, Nitzschia (7 sp), and Nitzschia denticula v. elongata. 
Filamentous green algae occasionally observed were; Mougeotia spp., Bulbochaetae 
spp., and Spirogyra Spp. Low numbers of the desmid species, Pleurotaeniurn 
minutum, Cosmarium sp., Gonatozygon spp., and Desmidium spp. were also observed. 
Previous work in the northern Everglades WCAs and ENP has statistically 
documented that these assemblages of algae are reliable indices of low nutrient, 
alkaline, hard water conditions and, as such, they indicate that relatively pristine 
water quality conditions probably exist in the lower portions of the C-111 system 
{Swift and Nicholas, 1987; SFWMD,1990). 

Macroflora. Of the 40 species of plants counted along transect lines by 
the SFWMD (1990) only two, sawgrass (Cladium jamaicensis) and spikerush 
(Eleocharis cellulosa) were present at all transect sites. Sub-areas with relatively low 
diversity were 1, 2, 6, and 7 while sub-areas with high diversity were 3, 4, and 5 
{Figure 69). Plants found in this study are listed in 'fable 75. This study concluded 
that various sections of the C-111 marsh appeared to be greatly influenced by 
hydroperiod. Short hydroperiod marshes in the northern end of the syste1n were 
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do~inated . by muhly grass (Muhlenbergia sp.) a11d .ha-<f ex:perienced extensive 
encro.ach~e~t of wax myrtle (Myrica cerilera), brazilian pepper (Schinus 
tereblnthifolr,us) and australian pine (Cqsuarina $p.). Sub-area 57 located in to the 
west !lf C-111, appeared to be the most ~ffected by shortened hydroperiod and 
~onta1ned large numbers of terrestrial specie~. The lQn.ger hydro period· that occur1:ed 
In the .south ~nd of the system.was probably responsiple·for the sawgrass community 
found m the Impounded the area formed by C-109 and c .. llO. (SFWMD, 199.0). 

Fauna! Fishes found in the East E.verglad~s/C-111 basin are listed in 
Table 76. Fifteen species offish were collected by the SFWMD (1990). The flag'fish 
(Jordanella floridae) and the mosquito fish (Gdmbusia afjinis) comprised 64% of the 
fish sampled in this work. Other fish collected in this study were Lucania goodei, 
Fundulus chrysotus, Fundulus confiu.entus, Fundulus seminolis, . Heterandria 
formosa, Fundulu$ grandis~ Poecilia latipinna, Ictalurus natalis, Fundulus sp.; 
Lepomis gulosus, Etheostoma fusiforme, Lepomis macrochirus, Cyprinpdon 
uariegatus, and Lepomis microlophus. The primary aquatic in vertebrates of this 
region are.shrimp (Palaemonetes paludosus) arid crayfish (Procambarus alleni). Most 
invertebrates, especially insects, have not been studied in detail. . G·eneral 
descriptions of invertebrates and insects are given in the ENP section oft his report. 

Hydroperiod is critically important to the production of fish and invertebrates. 
A reservoir of breeding fish is required to seasonally colonize short-period wetlands 
as they are created. Once these wetlands dry, fishbecotne increasingly concentrated 
in pools and serve as food for foraging birds (Ogden personal cotnmunication; Loftus 
and Kushlan; 1987). Extremely dry conditions and rapid drying rates result in high 
densities of fish concentrated in refuge pools becal!se of their inability to normally 
rnove to1 or due to the loss of connections to, more permanent wetlands. This 
situation often favors fish kills (Kushlan, 1974; Loftus and Kushlan, 1987; Loftus -et 
al., 1986). 

The C-111 basin is used extensively by migrant wading birds as forage habitat 
(Powell, et al., 1989a). Hydrologic conditions, fluctuating water levels and extended 
hydroperiod marshes combine to provide excellent forage habitat for feeding. Several 
species of rare and endangereO. birds utilize or historically utilized this area 
including; roseate spoonbills (Ajaia ajaja), the Cape Sable sparrow (Ammospiza 
maritima mirabilis), little blue heron (Egretta caerulea), great egret (Casmeroclius 
albus), snail kite (Rostrhamus sociabilis), tri-color heron (Egretta tricolor), snowy 
egret (Egretta thula), white ibis (Eudocimus alb us)~ white crowned pigeon (Columba 
leucocephala), wood stork (Mycteria americana), bald eagle (Haliaeetus leu.cocephalus 
leucocephalus), southeastern American kestrel (Falco sparverius paulus) least tern 
(Sterna albifrons) and the Florida sandhill crane (Grus canadensis pratensis). This 
area including that portion to the east of U.S. Highway 1, is particularly in1portant as 
forage habitat for the roseate spoonbill (A. ajaja) Powell, et al., 1989a; Powell and 
Bjork, 1989) (Figure 70). 

Herpetofauna found in the East Everglades /C-111 systen1 follow the same 
general distributions that occur in the southern Everglades . Important species 
include the American alligator (Alligator mississippiensis), eastern indigo snake 
(Drymarchon corais couperi), mangrove water snake (Natrix f'asciata 
compressicauda), the mangrove terrapin (Malachlemys terrapene rhizophora), 
freshwater turtle species (Chrysemys sp.), and potentially five species of sea turtles 
(Caretta caretta, Dermochelys coriacia, Chelonia mydas, Eretmochelys irnbricata and 
Lepidochelys kempi) in Barnes Sound (Duellman and Schwartz, 1958). rl'his. region is 
known breeding habitat for American crocodiles (Crocodylus a.cutus), with two of the 
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Table 75. Mean% Cover and (Frequency of'Occurrence) of Vegetation in the 
Seven Stl.b-Areas at C-111 

SPECIES 1 2 3 4 5 6. 7 

.Cladium jamaicensis 16.7(100 ) 11.6(100) 14·.3(100) 8.7(100) 9·.4(1J0Q)' 114.6t.lH0) '!20:~5HO:~'J 
Eleocharis cellulosa 19.5(96) 15.6(78) 0.5{30) <0.1(10), o·~5(2o:,. ll9'.MH~8) i 1H·;8Hi6J 

\ 

Rhynchospora lracyi <0.1(2) - <0.~1(4) 0.1(12) 0~9t64).1 . <O.;H2·1, ; <OU1t4) 
J 

Utricularia sp. - - 0';2(14) - I 0.5(24'.) •. 0:,6(7~)') ;ll.O(·t'OO,I · 

Rhyn.chospora mitrocarpa. <0.1(6) - <0.1(4} 0.4(86) 3-.4{9.0:) <Q.1(8·) -
Crinum a.mericanum - - <0.1(6) - <0.1(2) o~2(~jH <0'.1(2') 

Rhizophora mangle 0.1(12) 0.1(18) - - - - -: 

Aster lenui/'olizts - - <0·.1(10.) 0.2(40) 0.2(40)' I <O~lt2J I -
Pan'icum tenerum - - <0.1(6) 0.1(12) 0.4(84). - -
Eragrostis elliotti - - 0.1(8) <0.1(6) OA(7'0) - -
Andropogon. virginicus - - 0.1(8> <0.1(4) 0.3(54) - -
Bulbosty lis. ciliatilolia - - <0.1(2) <0.1(2) <0.1(10.') ,.. ... 

Plucheasp. - - - <0.1(4) <0.1(2l <O~l(H) -
Schoenus nigricans 0.1(4) - - 11.9(72) 26.9(:67) - -
Atistiola simpliciflora. - - - 0.1(26) 0.3(56) - -
Muhlenbergia capillatis - - <0.1(10) - <0.1(4} - -
Lu.dwigia alata - - <0.1(8) - 0.1(16) - -
Solidago sempervirens - - - <0.1(6) < 0.1(6J - -
Eupatorium leptophyllum - - <0.1(4) <0-.1(2) - - -

Sagittaria lancij"olia - - <0,1(2) - <0,1.(4) - -

Cuscutasp. - - - - 0.2(·44') - -
RhynchfJspora diuergens ,.. - - - 0.2(38) - -
Proserpinaca palustris - - <0.1(2) - <0.1(6) - -

Oxypolis f'ili{ormis - - - - <0.1(6) 0.1(2) -

Rhynchospora inundata 0.4(4) - - - - - -
Utriclllaria· corn uta - - - - <0.1(4), - -
Utricu.lariasu.bulata - - <0.1(4) - - - -
Chara·sp. - <0.1(12) - - ~ - -
Juncussp. 0.1(12) - - - - - -

I 

Bacopa carolinia.na ~ - <0.1(6) - - - -

Peltandra sp. - - - - <0..1(8) - -

Conocarpus erectus - - - 0~1(14) - - -

Taxodium distichum - - <0.1(4) - - - -

Chrysobalanus icacao - - <0.1(2) - - - -

Persea borbonea ~ - <0.1(2) - . - -
Myrica cerif'era - - - <0.1(2) - - ~ 

Mikania scandens - - - - <0.1(6) - -
Agalinis maritima. - - - - <0.1(16) - -
Cynoctonum mitreola - - - - <0.1(2} - -

Cenlella asiatica - - ~ - <0.1(2) - -

Source: SFWMD1l990 
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Table 76. Freshwater Fishes of the East Everglades/ C- 111 Basin 
Family Species Common Name EEA Cclll 

Amiidae Amiacalva how fin X X 
Anguillidae Anguilla rostrata. American eel X X 
Atherinidae Labidesthe.~ sicc:ulus brook silverside X X 
Ca tostomidae Erim.yzon sucetta lake chubsuckcr X X 
Centrarchidae Elassoma eve rgladei Ev.~tglades pygmy Hunfh;h X X 

Enneacanthus gloriO$ll~ hlue~potted sunfish X X 
Lepomis gulosus. warrnouth X X 
Leponiis macrochirza; bluegill X X 
Lepomis marginatus dollar sunfish X X 
Lepomis microlophus redear sunfish X X 
Lepomis punctatus ·spotted sunfish X X 
Micropterus salmoides hirgemouth bass X X 

Centropomidae Centropomus zuuleciinalis snook X 
Cichlidae Astronotus ocellatus Oscar X 

Cichlasom,a bimaculatum black acara, X X 
Tilapia aurea blue tilapia X X 
Tilapia mariae spotted tilapia X 

Clarlidae Clarias batrachus walking catfish X X 
Cyprinidae Notemigonus crysoleucas gold~n shiner X X 

Notropis maculatus taillightshiner X X 
Notropis petersan.i coastal shiner X 

Cyprinodontidae A dinia xenica. diamond killifislt X 
Cypri1wdo11 variegatus sheepshettd minnow X X 
Floridichthys carpio go}dspotted killifish X 
Fundulus chrysolzts golden toprninnow X X 
Fundttlus.ctmfluentus marsh ·killifish X X 
Fundulus grandis gulf killifish X 
Fundulus semirwlis Seminole killif1~h X X 
Fundulus lineolat us lined topminnow X 
Fundulus sirnilis longno~e killifish X 
Jordanella florldae flagfish X X 
Lucania goodei bluefin killili!ih X X 
Luca.nia parua rainwater kiJiifi~:~h X 

Elopidae Megalops atlanticu.s tarpon X X 
Esocidae Esox niger chain pickerel X 
Gerreidae Diapterus plumieri st.ri ped mojarra X 
Gobiidae Lophogobius cyprinoicles cre~:Jted goby X 
Ict:aluridae Ic:talurus natalis yellow bullhead X X 

lctalurtts nebulosus brown huJlhead X 
lclalurus punctatus channel catfish X X 
Noturus gyrinus tadpole madtom X X 

Lepisost.eidae Lepism:;teu.s plalyrhitW(tS Florida gar X X 
Mugilidae Mugil tephalus striped mullet X 
Percidae Etheostoma jusi{orme swamp darter X X 
Poeciliidae Belonesox belizanus pike killifish X 

Gambusia a/linis mosquitofish X X 
Gambw:ia rhizophorae mangrove gambusia X 
Hett?ranclria f'ormosa }east killifish X X 
Poecilia lalipinna sai Lfin molly X X 

Sourc:e: Loftus and Kushlan, 1987. 
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ource: Powall de Bjork 
Notional Audobon Society 
198\} 

~ource: Powell and Bjork,·Nalional Audubon Society, 1989 

Y7/.l///] Roseate Spoonbiil 
rtff.ll:lA Foraging Hab1tat 

three known breeding areas bordering this region (])iscru;sion with Frank Mazzotti, 
University of Florida Institute of Food and Agricultural Science, Fort Lauderdale, 
Florida. November, 1989 ). Mammals of specific interest known from this area or 
potentially found here are the river otter (Lutra canadensis), the Florida panther 
(Felis concolor), Florida manatees (Trichechus manatus); and several species of bats 
(Schomer and Drew, 1982). 

Coastal and Estuarine Areas. Coastal and estuarine areas consist of saline 
marshes along southeastern Dade County, including Barnes Sound, and portions of 
Northeast Florida Bay. This discussion primarily concerns the coastal saline 
marshes north of Florida Bay and Barnes Sound. The majority of information on 
Northeast Florida Bay will be covered in the Florida Bay section of this report. The 
saline portions of this system are primarily coastal scrub mangrove forest. The 
northern portion of this area consists of stunted mangrove forest that intergrades to 
more common mangrove tree heights in the extreme southern portion of the syste1n. 
Coastal bays, lagoons and sounds are heavily influenced by freshwater runoff and 
alternate between periods of high salinity during dry conditions to almost freshwater 
under wet conditions. Although northeast Florida Bay appears to be physically 
separated from Barnes Sound and has very different botto1n sediments and 
communities, both systems have close hydrologic interconnections. 

Shoreline vegetation in this region consists of sa wgrass near the freshwater 
uplands, which intergrades to stunted mangrove habitat. Stunted mangroves are 
thought to be old healthy trees. Their small size is believed to be due to the nutrient
limited nature of the syste1n (Lugo and Snedaker, 1974). An alternate hypothesis, 
put forth by Schomer and Drew (1982), attributes the distribution of stunted 
mangroves to the combined effects of restricted flushing, high evaporation rates and 
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resulting salinity stress on the plants. Stunted mangrove areas are primarily 
composed of the red mangrove (Rhizophora mangle); however other species of 
mangroves found in these areas include the black mangrove (Auicennia germinans), 
the white mangrove (Laguncularia racemosa) and buttonwoods (Conocarpus erecta). 
Subm~rged vegetation in Manatee Bay consists of approximately 1% widgeon gra~s 
(Ruppta sp.) 6% shoal grass (Halodule wrightii) ann 93% turtle grass (Thalassta. 
testudinum) (SFWMD, 1990). 
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G. FLORIDA BAY. 

1. Physical Features of Florida Bay and adjacent Coastal Areas. 

Major Hydrographic Units. The major hydrographic units· within the study 
area ( li"igure 71) are delineated on the Physiogr.aphic Zones and Basins Map .. These 
units can be subdivided into five major physiographic zones shown in Table 77. 

Figure 71. Florida Bay Physiographic z·o.nes and Ba$1ns. 
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Table77. Major Phvsiographic Features of Florida B~y. 

1) The Coastal Swamps and Lagoons; 
2) Whitewater Bay; 
3) Cape Sable; 
4) The Sounds; 

a) Manatee Bay and Barnes Sound; 
b) Black Water Sound; 
c) Little Blackwater Sound; 
d) Tarpon Basin; 
e) Little Buttonwood Sound; and 
f) Buttonwood Sound 

365 

5) The Basins of Florida Bay, including: 
a) Upper Bay; 
b) Crane Key Basin; 
c) Cal usa Basin; 
d) Cotton Key Basin; 
e) Lignumvitae Basin; 
f) Whipray Basin; 
g) Rabbit Key Basin; 
h) Long Key Basin; 
i) Dildo Key Basin; 
j) Sandy Key Basin; and 
k)SchoonerKeyBas~. 
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. . . Coastal S~amps and La~oons. Upland portions of this study ar~a are 
divided 1nto two dramage basins (U.~. Department of~he Interior, 1979)", as follows: 

1) The Lower Everglades, which drain into the Gulf of Mexico; and 
2) Taylor Slough, which drains into Florida: Bay. 

Coastal swamps and lagoons within the Lower ,;mverglades draina:ge })asin 
rece~ve runoff from the Shark River Slot1gh and the· Broad River/Lestrrt~ns· River 
Drainage system (Schomer and Drew, 1982). They·aredescribed as: reticulate cbastal 
swamps by Davies (1989) and extend upland to t~e limit of p.eriodic sal,t water 
influence. These coastal swamps and lagoons receive most of the surface water runoff 
from t~e Everglades National Park. Their present day structure is. the~ result of an 
evolutionary process dating back to pre-Holocene periods of lower sea levels. At that 
time, the area. influenced by freshwater runoff during the wet season was gte~ter 
than tod~y, and the flow of this water cut channels and basins into the underlying 
limestone bedrock, Freshwater inundation also pro~()ted development of extensive 
peat formations characteristic of the .area today. When sea level rose, the more 
susceptible areas of peat deposits eroded.a.nd o)C.idized,Jeaving the convoluted system 
of back bays and tidal creeks seen today (White, 1970; Davies, 19.89). · 

Cottrell (1989) disting~shes two types of coastf}l swamps and lagoons in the 
Taylor Slough drainage area. Betwt;len West· L~~ aQ:d.. S~V:eh Palm Lake (to the west 
of the actual Taylor :Slough) there are a· series .of.lak~s· separated from the coas'tHne 
referred to as "gulf coastal lagoons." These lakes or lagoons·.are ftinged by mangToves 
and occasionally hardwoods. South of these enclosedlagoo;rJ.s· and along~ the coastLine 
of Florida Bay are reticulate coastal swamps character:iZed by higher ·salinities and 
dominated by black and white mangrove communities4. :Btittonwood stf;lnds· and large 
prairies of salt tolerant herbaceous vege~atio~ a.re also characteristic· of the area west 
of Little Madeira Bay; . East of Little. Madeira Ba)r;. :coastal lagoons are absent and 
surface drainage is better defined. There is ·also.a mark~dxeduction in the presence 
of buttonwood alid lierbaceous plant pr~iri~s betwe~p. Littl~ Madeira Bay and 
Manatee Bay east of Taylor Slough. 

Whitewater_ Bay. Whitewater Bay is the largest and most conspicuous 
coastal lagoon within Everglades National Park. lt. receives freshwater from a 
considerable portion of the Shark River drainage basin, and prior to the construction 
of Buttonwood Channel, which directly connects Whitewater Bay with Florida Bay, 
flushing was entirely to the north. The lagoon is. confined and created by the presence 

~ of the "Gape Sable High," a relict extension of the Atlantic Coastal Ridge, on its 
! southwestern side. The southwest/northeast orientation of the numerous islands 

within Whitewater Bay suggests historical erosion rates and relict freshwater 
channeling from periods of lower sea level (Gebelein, 1977). 

C~e Sable. Cape Sable is a major geophysical as well as zoogeographic 
feature on t e southwest Florida coast. White (1970) designates this feature as the 
last westerly remnant of the Atlantic Coastal Ridge, which be ca1ls the Cape Sable 
High. More recent geophysical investigations in the Gulf of Mexico have indicated a 
tentative link between these features and submerged features seen at the edge of the 
west Florida Shelf. Northward from this topographic high, the structure of Florida's 
western coastline is dominated by rising sea level and freshwater runoff from the 
Everglades drainage area up to Cape Romano (White, 1970). 

Three cape projections form the Cape Sable feature: the Northwest Cape, the 
Middle Cape, and the East Cape. Sediments along theN orth.west and Middle Capes 
are composed of quartz sand and shell hash characteristic of western Florida beache::; 
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north of Cal?e Romano. Jfro_m East Cape to Spake, Bight, sediments grade into the 
marls and Silts characteristic of Florida Bay ·(G~b~l~ib, .1977; Roberts et al.,: 1977). 
East Cape marks the transition zone from Gulr to ·Frorida Bay segiment regimes. 
North of the Northwest Cape, in the area ofB~g'Sable Creek, active erosion i~ taking 
place d~e to the lower topography, higher ·st·ornl f3U~ge, i:p.creased tidal activity, and 
greater Influence from freshwater runoff~ Below this area, the present day beaches of 
Gape Sable are the surface extensions ·of the. buried coqtiinoid ledges that form the 
major po.rtion of Cape Sable's seaward edge. -- - - -

Behind the beaches is a series of troughs a:ndlow-ditiles dotnihated by coastal 
prairie type vegetation. Inland from these pra~rl~s, an almost corttinuo~s ridge 
feature supports a co~astal hammock vegetative, structure (Gebelein, 1.977; SQh<>mer 
and Drew; 1982). :aeyond this ridge; C·ape topography slppes gradually down toward 
the Joe River and Whitewater Bay. Within this boggy lui'bit~t are a series of troughs 
that have filled in with peat to form generally eas't/W:est trending ponds, the largest of 
which is Lake Ingraham. Hydrologic conditions,witliin tlie~e troughs and ponds may 
be more or less saline at any given time; dependinf{ on local climatological factors. 

The Sounds. For the purposes of this r-eport the :Sounds, or completely 
enclosed liydrographic basins at the northeastern end of Florida Bay, are be'ing dealt 
with as separate entities. Circulation withirt these water bodies is wind and tide 
driven. except during those time periods, correepondirig to the wet season, in which 
freshwater inflow influences circulation. H.ydrologi~ conditions within these sounds 
depe11d on local climatological fB:ctors such as rai11fall a~d canal discharge rate. The 
more northerly sounds such as Long Sound, Li~tle. Blackwater Sound, and Manatee 
Bay lie in what has been called the "RunoffZone.'' ~!ld are the moHt influenced by 
fr~shwater flow from the mainland. Southern $Cl more westerly sounds stich as 
Blackwater Sound, Tarpon Basin, and ButtonwootlSound lie in what has been called 
the "Interior Zone .. of Florida Bay, and thesesounrl:s· show the greatest fluctuations in 
salinities (Ginsburg and Lowenstam, 1968; Schmjdt and Davis, 1978}. 

Geologically 1 there is a distinction between ~anatee Bay and Barnes Sound at 
the northeastern end of the study area ( Figure 71), and the rest of Florida Bay. 
These two sounds are actually part of the Card and Barnes Sound water~hed. U.S. 
Highway 1 forms the western-most boundary of this watershed) and an eastern 
projection of the Atlantic Coastal Ridge separates it from Biscayne Bay to the north 
(H-offmeister, 1974). , 

Florida Bay. There are three important hydrographic zones in Florida Bay 
(Turney and Perkins, 1972; Enos and Perkins, 1979; Merriam, 1989). 

1) The Eastern Bay, composed of the Upper Bay basin and Crane Key Basin as 
well as the sounds already discussed. This area is characterized by broad, 
rounded depressions and considerable freshwater influence; 

2) The Central Bay, including Whipray Basin, Cal usa Basin, Lignun1vitae Basin7 

and Cotton Key Basin. This area is characterized by stnall basins, shallow 
water, and restricted tidal flow; and 

3) The Western Bay, characterized by extensive shallow carbonate mud banks, 
and including Dildo Key Basin, Rabbit Key Basin, Long Key Basin, Sand Key 
Basin, and Schooner Basin. More tidal exchange occurs here than in the 
Central or Eastern portions of the Bay. 
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Natural Features. 

Coastal Swamps and Lagoons. Today, freshwat~r move:ment into the 
Lower Everglades generally peaks in October and reaches,, ,a. minimum .duripg A~pril 
and May. There is considerable variation in bpth the quantity and timing· of these 
flows due to variations in annual rainfall. Freshwater sheet flow rates from. the 
Shark River ~ystem peak at approximately 0.016 ft)nitn~ (4 ... 9 rom/min.) in the, rainy 
season and fall to zero during the dry season (Parker, .1974) .. 

Under the present, system, the Shark River receives water fron1 the 'l'amian1i 
Canal control structures and from direct rainfall over the area. Rookery B~ranch, at 
the upper end of the Shark River Estuary, exhibits a wide range of both water level 
and salinity. This seasonal gradient diminishes towa,rd the Gulf and }lonce de L~on 
Bay. In the lower end of the Shark River estuB:ty sy-st.em<.shallow :depth, low channel 
slope, strong tidal flux, and wind combine :to .prod:qce .• ~· well .. mixed., homogeneous 
water column. Tidal.velocities approaching 6.4 kmlb.r (4 knots) have been reported 
from the lower Shark River (McPherson, 1970). 

. Taylor Slough is the primary freshwater e;ource fQr ·Florida Bay; other than 
rainfall, and as such it plays a critical roll in many water quality aspects of this 
study. Taylor Slough receives its freshwater from three sources: 

1) Local rainfall; . 
2) Overland sheet flow originating from the Shark River overflow and 

Tamiami Canal between levees 30 and 67 A~ 
3) Pump station S-332 

. Drainage modifications prior to 1960 do not appear to have affected Taylor 
Slot1gh as drastically as they affected the drainage basins of the western Evetglades 
(Schneider and Waller, 1980). Since that date, however, construction of the C-111 
C'anal, and increased development in the upland :retention areas affecting Taylor 
Slough, such .as the "Frog Pond," have slowly lowered freshwater discharges. from 
that system (Schneider and Waller, 1980). · · 

In 1979 the National Park Service and the U.S. Army Corps of Engineers 
entered into an agreement stating that an additional37,000 acre-ft of water per year 
would be supplied to the upper reaches of the Taylor Slough. Despite the fact this 
agreement is almost a decade old, conditions in the Taylor Slough area have 
continu~d to deteriorate. A 1989 review by U.S. Park Service Personnel of the U.S. 
Army C6rps of Engineers General Design Memorandum for the C-111 Canal stressed 
the need for more and better timing of freshwater flow into Taylor Sloug·h (Ogden, 
1988a). 

Whitewater Bat Whitewater Bay is the largest, and n1ost hydrologically 
important of the Coastal agoons seen in Everglades National Park. It occupies the 
southern end of the Shark River Slough drainage basin, and has gone throug;h several 
circulatory and salinity gradient patterns within the recent geological past. 

Once primarily a freshwater enclave, submergence over the past 5,000 years 
has gradually established an oscillating, ••double" gradient pattern for salinities 
within this estuary. In the rainy season the salinity gradient runs along a northeast 
to southwest axis. ln the dry season there is a northwest to southeast salinity 
gradient representing the effects of tidal flushing at the Bay's n1outh. fJ untan 
modifications in historical drainage patterns have attenuated these oscillations and 
increased the overall salinity with in this coastal lagoon. Extre1ne periodH of 
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evaporation n~w regularly produce periods of hypersalin!ty withi~ the southeastern 
c?rner ?f W~1t~water. Bay (Tabb1 1967). Tidal and. wtnd packtn~ events control 
crrculat1on Within Whitewater Bay, and to a lesse'r ~r greater extent 1n all the coastal 
lagoons and lakes seen within the bounds of this study (Schmidt and Davis, 1978). 

The Sounds. Geologically two groups' or subdivisions ofsounds are covered 
by this study. These are: 

1) The Barnes/Card Sound complex, of which Manatee Bay and Barnes Sound 
are discussed; and 

2) The enclosed hydrographic sub .. basins of eastern Florida Bay, including 
Long Sound, Little Blackwater and Blackwater Sounds~ Buttonwood and 
Little Buttonwood Sounds, and Tarpon Basin. 

. . The enclosed sounds of eastern Florida Bay ·are wind/tide driven systefils. , 
Long Sound and Little Blackwater Sounds lie in what is described as the "Runoff 
Zone"and are periodically influenced by freshwater runofffrom the mainland. 

Florida Bay. There are three important hydrographic zones in Florida Bay 
(Ginsburg, 1956): . . . 

1) The Eastern Bay, composed of the Upper Bay basin and Crane Key Basin as 
well as the sounds already discussed. This a:rea is characterized by broad 
rounded depressions and considerable freshwater influence; 

2) The Central Bay, in.cluding Whipra.y Basin, Calusa Basin, Lignumvitae 
Basin, and Cotton Key Basin. Thjs a:re~ is characterized by SinaU basins, 
shallow water, and restricted .tidal flow; and . , 

3) The Western Bay characterized by extensive sliallow carbonate mud banks, 
and including Dildo Key Basin, Rabbit Key Basin; Long Key Basin; Sand 
Key Basin; and Schooner Basin.. More tidal exchange occurs here than in 
the Central or Eastern portions of the Bay. 

These hydrographic zones are roughly analogous to the interior, Atlantic, 
and Gulf subenvironments discussed by Turney and Perkins (1972). Hydrographic 
conditions dictate the communities seen in these zones. 

Geology and Sedimepts. The oldest Tertiary rock layers beneath Shark 
River, Taylor Slough, and Florida :ijay are a chalky limestone of rnarine origin 
described by Cooke (1945) as Avon Park Limestone. Oscillations of sea level in 
response to glacial formation and melting have been the primary factors in the 
formation of post Tertiary rock beneath the Everglades and Florida Bay. Prior to the 
initial Pleistocene glacial melt, approximately 60,000 years before the present, sea 
level was nearly 270ft (83 m) above its present level. At that time, dty land on the 
Florida peninsula was restricted to a few small islands along the central Florida 
ridge in what is now Polk County, and one other archipelago in the vicinity of 'l'rail 
Ridge in Jacksonville. Subsequent glacial melting, accompanied IJy seafloor 
expansion, produced sea level fluctuations which gradually left more and more of the 
Florida Peninsula exposed (Cooke, 1945). 

As the sea covering the Florida Plateau retreated, the submerged oolitic ridge, 
now known as the Atlantic Coastal Ridge, gradually emerged as dry land. 'fidal 
channels were cut through this unstable oolitic ridge) connecting the shallow sea 
covering what is now the Everglades with the Atlantic Ocean. These channels form 
the parallel cut and grooves known as the Transverse Glades (Hoffmeister, 1974). 
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The concurrent fluctuations of sea level .and climatic .conditions exerted 
dramatic effects on surface and ground water tables, salt water intrusion, 
hydroperiod, and consequently on sediment accumulation in the southern 
Everglades. Major shoreline shifts result-primarily from sea level fluctuations, but 
are augmented by longshore sediment drift, erosion, tidal scouring, and fluctuations 
in climate and water table (Cottrell, 1989). 

Sediments in the Cape Sable area are dominated by infringing- and 
overlapping layers of beach, marl,.and peat subs~rates. To the north of,the Northwest 
Cape and throughout the Shark River Estuary and mouth of Whitewater Bay, the 
mangrove peat sediments are being actively eroded and swept out to sea by tidal 
scour (Gebelein, 1977). 

Recent sediments in Whitewater Bay show a northeast .ta southwest grading 
pattern going from predominantly freshwater peats to predominf,lntly brackish water 
peats (Cohen and Spackman, 1977). In the ma:pgrov~ ponds to the north~asi, and to a 
lesser extent within the open water portions :of Whitewater Bay:, Gl.JeHo-like, light tan 
mud called "Liver Mud" is seen, whichis belie¥ed to re&ult from the nlixing of ¢roded 
peat with freshwater marl brought in by surface runoff (Schomer and. Drew, 1982). 
Sediments south of Whitewater Bay toward Flam:i11go a11cl east toward 'l'c.1ylor Slough 
have an elevated level of marine marl in them~ These marine .marls.are believed to 
have migrated northward out of Florida Bay and be-en heaped u{Jon- the ,shoreline by 
repetitive storm events (Craighead and Gilbert, 1962; Gebelein, 1977). 

The sediments of Taylor Slough along-the upland bp-undary of the study area 
represent a transition zone between upland marsh peats and Florida .. Bay marls. 
There are many alternating layers of red mll:Iigrove peat and calcitic mud1 indicating 
that neither marine nor freshwater conditions have .predpminated in this area for 
long in the recent past. Along the actual coastline where Taylor Slough merges with 
Florida Bay, there is a defined and continuous ·layer of red mangrove peat over an 
older layer of calcitic mud (Cohen, 1989). 

The Holocene sedimentary record from Florida Bay shows the asymmetric 
pattern of transgressive followed by recessive sea level cycles even rnore clearly than 
that of the mainland. Prior to the most recent sea level rise, beginning about 4,000 
years ago, Florida

1
Bay had developed a terrestrial wetland flora similar to that seen 

in the Everglade~ today. As the sea level rose, the encroaching marine waters 
encountered conditions very similar to those being encountered in the gverglades 
today. The typical cycle in an upward sea level transgression is 1) freshwater pond, 
2) coastal mangrove swamp, 3) shallow ,bay (lake or basin), 4) mud bank, and 
eventually 5) island (Enos and Perkins, 1979). The islands seen in Florida Bay today 
have developed at different times and from different types of sediments, indicatin.g 
that the mud bank-to-island cycle has persisted throughout most of the Bay's history 
(Merriam, 1989). Present trends in island formation suggest that eventually Florida 
Bay will become a coastal carbonate. plain with inland mangrove swamps and 
freshwater ponds similar to the type of habitat seen on the mainland portions of this 
study area (Enos and Perkins, 1979). 

Carbonate mud layers seen in Florida Bay arise primarily from the gTowth and 
fragmentation of calcareous green algae such as Halimeda, U do tea, and Penicillus 
spp. Since these sediments are biogenically produced, water chemistry properties 
effecting the water/sediment interface are of considerable significance. Salinity, pH, 
dissolved C02 and 02, and turbidity are important factors in determining the origin, 
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~istribu~ion, and accumulation of recent sediments· in ~Florida Bay. Complex 
1nterac~1ons .among basin configuration, circulatip~, 

1
pellution, .animal activity, 

vegetation, hght, temperature, and agitation all play a role in ·establishing and 
recording the sediment history of the basins iii Florida Bay (Merriam et al., 1989a) . 

. Land Use Patterns. Land use patterns illustrate :a predomi.nance of 
residential activities oriented toward the water and commercial activities along the 
main (and only) hig}:lway. Residential .growth and development is occurring at. a 
rapid rate, irrespective of the limitations of a adequate potable water s4pply1 

adequate waste disposal alternatives, and impacts on the natural environment. The 
rapid growth within the Keys is a result of the warm clitilate and exten'sive diversity 
of the natural environment. This growth is having an ever :increasing negative 
impact on the quality of the environment. 

Historical Land Us_e. Just as the climate and. diversity of resources attracts 
people to the .Keys today, so it has also in the past. Although the 'first date of 
habitation in the Keys is not known, the first native inhabitants. were the rrekesta. 
The Tekesta tribe was divided intQ smaller bandsJ of which the Matecumbe were the 
most important (Goggin and Sommer, 1949). 

The natives utilized the rich food resources of the tropical ·coastal watets, 
consuming many species of fish, shellfish, and marine reptiles and mammals. 
Upland animal species such as deer and raccoo1;1, as well as wild plants, probably 
supplem~ilted their diet. _ Because there are no deposits of flint or hard stone in the 
limestone rock of south Florida,. many tools. were ma,de from the: heavier portions of 
co:nch shells (Goggin and Sommer, 1949). A.rcAaeolagical evidence fro1n numerous 
village sites, middens,. and burial mounds, and e~ly observations by Spanish 
explorers supportthese findings (Florida Depart:mentofNatural Resources, 1985). 

In 1902, Henry Flagler began construction of a railroad linking Miami to Key 
West, which was completed in 1912. This railroad was subsequently destroyed by a 
hurricane in 1935 and the remaining bridges were used to develop a highway system 
(Rockland, 1988). 

Current Land Use. The Keys are generally divided into three parts: the 
Upper Keys (Key Largo to Matecumbe), the Middle Keys (Marathon and 
Islamorada), and the Lower Keys (Big Pine to Key West). For the purposes of this 
plan uses in the upper and middle keys are considered to border the SWIM planning 
area. 

The Monroe County Planning Department has divided Monroe County 
(excluding the mainland) into 43 discrete planning units called Planning Areas. The 
Florida Bay study area includes Planning Areas #28 through #43, which are shown 
on the Existing Land Use Maps. An overview of land use within the study area will 
be presented, followed by a description of current land uses as of 1986, by Planning 
Area. A description of land uses on the mainland will be presented last. 

Total existing land uses, by Planning Area, in acres and as a percentag·e of 
area for the Keys proper within the study area, are presented in Ta blc 78. The land 
use categories summarized include Residential, Government/Utility (Public), 
Commercial, and Vacant Land. 

As shown in Table 78, the predominant land use for the study area (ex-eluding 
the mainland) is Vacant, which accounts for 75.3 percent of tota] land uses. The next 
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larges·t category .is residen.ti!l-1, comprising 18.7 percent, followed by cornntercial and· 
government/utility, comprising 4.7 and 1.3 percent, respectively. 

Table 78. Existing Land Use Acreages. 

RESIDENTIAL GOVT/UTIL COMMERCIAL VACANT 

------------- ---------------- -------------
.,.,. _______ .....,......,.-......, __ .... __ 

% of % of % of % of 
PLANNING Planning Planning Planning. Pla·nnijng 
AREA Acres Area Acres Area Acres Area: Acres Area TOT•AL 

28 117.7 10.2 41.7 3.6 10.2 o·:.{r 981.8 85.3 11'51'.4 
.29 357.6 41.0 4;4 0.5 5(). 7 5.8 459.8 53.0 87'2. 4 
30 231.9 25.2 25.6 2 .. 8 1'61. 3 f7 .5 500.3 5~\ 4 9HL 1 
31 28.1 6.9· 1.1 0,3 41.8 10.3 333.6 82:.4 40'4 .6 
32 '871.9 51.2 32.2. 1.9 43.6 2.6 756.5 4'4.4 1704.3 
33 383,3 23.0 31.9 1.9 61.9 3', 7 1193.2 7'1.4' 1670.4 
34 315.4 43.6 4.3 0.6 46.1 6.4' 356 .9· 49.4· 72t. 7 
35 560.4 38.5 39.4 2,7 95,6 6.9 759.5 52,2 1'454 .• 8 
36 632.2 38.9 45.8 2.8 52.1 3.2 895.7 55.1 i62'5. 8 
37 188.8 22,1 15.8 1.9 17.2 2.0 631.1 74.0 852.9 
38 259.7 49.0 0.8 0.2 37.5 7.1 23'2.1 44.0 5'30 .2 
39 4.1 0.9 4.0 O.Q 5.8 1.3 4'26.4· 9'7.0' 44'().4 
40 o.o o.o o.o o.o 0.0 0.0 5910.2 100.0 5910.2 
41 50.0 3.0 0.0 0.0 4 ... 0 O •. l 16.38. 3 96.8 lij92 .• 4 
4-2 514.2 13.7 63.3 1.7 496.8 13 .. 3 2.666, 0 71.3 3740.3 
43 0.0 0.0 0.0 o.o 15 .. 9 3.3· 472.3 96.7 488.2 
------------------------------~-------------------------------------------------~~-
TOTAL 4515.2. 18.7 310,4 1.3 1140.5 4.1 18213.7 75.3 24180.1 

Source: Monroe County Planning Department, Florida Keys CQmpreheu.•dve Plan .. Key Wet~t, Floridtt. 1mu;. 

Planning Areas with residential land uses of 40 percent or greater i:rt the area 
include #29:.-Lower Matecumbe Key and Craig_ Key ·(41.0 percent); #'32--Planta:tion 
Key (51.2 percent); #34 .... Key Largo and ]£love Creek to Point Charles (43'.6 lj·ercent); 
and #38;..-Key Largo on the northwest sideofU.S:. Flighw:ay l front the southwestern 
edge of Sexton Cove to U.S. Highway 1 (49·~o percent)~ The Planning Area· with the 
most G·overnment/Utility use is #28--L()ng Key and. Jewfish Key (3.-6· percent). 
Plannillg Areas with the largest percentage of commer¢ial use include #30--'I' eatable 
Key and Upper Matecumbe Key (17.5 percent); and #31--Windley Key (l'O.a percent). 

Planning Areas with 80 percent or greater vacant land include #28--Long Key 
and Jewfish Key (85.3 percent); #31--Windley Key (82.4 percent); #'3'9:..-Port 
Bougainville and Garden Cove (97.0 percent); #40--Key Largo on the northweBt side 
of State Road 905 from U.S. Highway 1 to the Card Sound Road (100.0 percent); #41-
l{ey Largo from Port Boug~inville to the intersection of Card Sound Road and State 
Road 905· (96.8 percent); and #43-~Ctoss Keys from Jewfish Cre·ek to the Dade 
Cou.nty line (96.7percent). 

The predominant land use on the mainland is wetlands, consisting of 
mangroves and shoreline marsh areas. Much of the mainland area is within the 
Everglades· National Park. There is one small urban complex at Flamingo, on the 
shore of Florida Bay within the Park. This area contains a marina, motel, 
restaurant, and visitor center. 

Platted lands are found in each of the County's Planning Areas. There are 421 
recorded subdivisions, with lot sizes ranging from 5,000 square feet to over an acre. 
There are an additional 27 unrecorded subdivisions. The subdivisions range in 
character from fully improvedJ scarified lands to unimproved native lands. A number 
of subdivisions are mere "paper" subdivisions, several are subject to tidal inundation 
on at least a periodic basis, and several are completely submerged. Of the 421 
recorded subdivisions, 55 percent have homes developed on fewer than half of the lots, 
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and 33 percent that are not completely built out have homes on fewer than 30 percent 
of the l~ts in the subdivision. In a significant number of cases, adjacent lots are 
owned In common ownership, and many developed homes are located on two lots 
(Monroe County Planning Department, 1986). · 

Table 79 presents the estimated number of subdivisions, acreage, and lo~s by 
Planning Area. The average lot size in the County-for single family residential lots is 

Table 79. Summar of Subdivisions- FlQrida Ba Stud Area. 
Planning Number of Total Total 
Area Subdivisions* Acreage** Lots 
28 3 102 637 
29 14 423 1169 
30 15 279 639 
31 1 4. 6 
32 28 899 3607 
33 25 496 2294 
34 14 271 1459 
35 25 824. '3628 
S6 18 734 3402 
3.7 6 258 1267 
38 13 322 1629 
39 1 98 457 
40 2 18 79 
41 10 179 726 
42 10 4'71 821 
43 1 22 27 

~-T"oTii~~~~~~-~~~----1i36·---~~~--------.. -54oo ___ .... _ ........... _2i H4 1 

ource: onroe oun.Y . anntng epar men, on a eys ompr~ cmuve 
Plan. Key West~ Flonda~ 1986. . . . . . 
* The number of subdivisions may vary l)y one if any~ubdivitdon lie:dn two 

Planning Areas. · 
** These figures are estimates only; subject to verification. 

9,800 square feet. This figure represents a weighted average for all subdivisions in 
the County (Monroe County Planning Dep~rtment, 1986). Planning Areas #32, 33, 
and 35 have the greatest number of subdivisions. Those Areas with the greatest 
acreage in subdivisions include #32, 35, and 36. Planning Areas with the most lots 
are. #32, 33, 35, and 36. 

Table 80 presents subdivision lots by land use types. The categories used were 
native, disturbed, residential, and other. Planntng Areas #32 and 38 contain the 
greatest number of lots in wetland habitat. Areas #35 and 39 contain the most 
upland habitat lots, whereas #35 has the most disturbed lots. Areas #32 and 35 
contain the most residential lots. 

2. Hydrologic Features. 

Historical Background. Within Florida Bay (Figure 71), paramount 
environmental parameters are the quantity, quality, distribution, and timing of 
freshwater runoff from the Florida mainland. The flow of freshwater into this system 
defines and con trois the unique natural resources seen there. 

Physical drainage patterns in the two major drainage systems, actually 
delivering freshwater through the Everglades National Park to most of the study 
area, remain . These drainage routes are as follows: 

1) Shark River Slough and associated estuaries on the western side; and 
2) Taylor Slough and the C-111 basin on the east. 
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Table 80. Subdivision Lots b Land Use- Florida Bay Area. 

Planning 
Native Lots* __ .., ___________ ~,.. ... -....... _______ 

Disturbed Residcnt.iul Ot.hor 
Area Wetland UQland Lots** "Lots*** LotH*'1';j* 
28 0 0 15 200· 422 
29 0 26 80 9.89 7"4 
30 0 12 44 312 2il 
31 0 0 2 2 2 
32 215 19 262 2773 .338 
33 155 139 141 937 922 
34 80 232 10 478 659 
35 74 354 544 2301 355 
36 69 232 126 1523 1452 
37 121 240 45 666 195 
38 192 0 160 584 693 
39 49 329 27 9 43 
40 0 79 0 0 0 
41 87 194 230 215 0 
42 19 17 75 710 0 

---!--'!"----·---------a&~"' .... _.,._ ... M_ ....... ._ _______ ............... __ ... ____ .. _.,. __ ._.._ _____ ~----------"!"--------------t.••-

TOTAL 1061 1873 1761 11759 5393 
. ou.rce: onroe oun ;y annmg epar :men t on a eys· mnpt·e ·en~nve an. 
Vol.l~ Key We~ttFlorida) 1986. 
* Native lots are those which are categorized on the Existing Conditions 

Map as hammock) pinelands, wetlands and transition zone~L 
** Disturbed lots are those lots which are categ01•ized on the Ex i H~i n g 

Conditions Map as scarified and disturbed. 
*** Residential lots are those lots which are categorized on the Existing 

Con4itionsMap as single-family low, medium and high. 
**** "0ther11 Jots are those lots categorized on the E:xisting Conditions 

Map as Residentialt Commercia:lt Public, or Utility. 

Drainage pattern modifications and extensive developrne:pt activities in lower 
Dade and upper Monroe counties hfive substantially alt~red both terres~rial and 
marine communities (Tabb, 1967; Hoffmeister, 1974; Schmidt and Davis) 197'8)., 

Current Conditions. 

Shark Rivet Slough and Associated Estuaries. Water movement within 
Shark River· Slough generally peaksu in October; with minimutn flows occurring 
during April and May (Leach et al. 1972). There is considerable variation in ~his 
pattern from year to year, however, based on annual rainfall amounts. Once inside 
the Everglades National Park, sheet flow predominates in the Shark River sy~tern. 
Surface water flow during periods ofh~gh water may reach 1,400 to 1,600 ft/day (427 
to 428 m/~ay). During drought perio~·s, surface water flow rates drop to zero as the 
water table falls below ground level (Leach et al., 1972). 

The estuary zone of Shark River Slough runs from the north end of the study 
area south to Ponce de Leon Bay. North of Shark River estuary in Ponce de Leon Bay, 
dr~inage to the Gulf is primarily through the Lostmans and Broad RiverH, which only 
partially derive their freshwater from Shark River Slough. South of Ponce de Leon 
Bay, freshwater runoff from the Shark River Slough enters Whitewater Bay through 
a series of divergent small rivers, primarily the Watson, North, and Roberts. 

Shark River and its associated estuaries are generally well mixed with a 
homogeneous water column due to the shallow depth, low channel slope, and constant 
tidal flux. Rookery Branch, at the upper end of the Shark River estuary, show~ the 
widest seasonal fluctuations in water level and salinity for this area. Salinity 
fluctuations gradually decrease down the estuary toward Ponce de Leon Bay 
(McPherson, 1970). 
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Whitewater Bay. Whitewater Bay is a large and hydrologically important 
feature at the southern ena of the Shark River Slough drainage system. White (1970) 
suggests, based on the geological evidence that at lower sea levels; the Shark River 
Slough flowed directly into what is now whitewater Bay. As sea level rose, this basin 
was gradually submerged to form an open water .estuary, and historical drainage 
patterns were modified. Paleo~biological data on mollusks (Lloyd, 1964), and the 
orienta~ion of the islands within the present day Bay (Ginsburg; 1964), support this 
conclusion. 

Construction of the Buttonwood Canal in 1957 further modified the hydrolog·y 
of Whitewater Bay, as well as Coot Bay to the south. Prior to the COJ.J.Struction of this 
channel connecting Florida Bay and Whitewater Bay, both Coot Bay and the 
southern end of Whitewater Bay were essentially wind-driven systems. After 
construction of the canal, wind packing was almost entirely eliminated from the Coot 
Bay hydrologic structure and its effects were greatly reduced in south White-water 
Bay. Buttonwood Canal also disrupted the seasonal water supply cycle to the other 
small lakes south of Coot Bay by allowing direct drainage of this freshwater into 
Florida Bay (Schomer and Drew, 1982). This ca~al was.closed by the USCOE in 1982 
in an effort to restore natural conditions in this: area~ Although closed in 1982~ the 
connection formed by the Buttonwood Channel between the southern end of 
Whitewater Bay and Florida Bay allowed some of what was once a totally westward 
flow toward the Gulf of Mexico, to exit to the south into Florida Bay. It also aHowed 
tidal exchange between the southern end of Whitew~ter Bay and Florida Bay, 
increasing salinity fluctuation$ in that area <Schomer and Drew 1 1982}. · 

Rising sea level and increasing tidal influence from the Shark River Estuary to 
the north had already converted this once freshwater system to a brackish water 
system before the 1900's (Schomer and Drew, 1982). Subsequent drainage syst~m 
modifications and .reduced freshwater inputs have generated an oscillating double 
salinity gradient in this water body. In the wet season; a northeast/southwest 
salinity gradient mimics the historical freshwater influence. In the dry season, a 
northwest/southeast gradient shows the effects of increased tidal influence and 
reduced freshwater flow (McPherson, 1970; Clark, 1971). 

Florida Bay. Florida Bay is a triangular, tropical lagoon/bay which 
occupies a shallow~ rocky trough between the relic, expdsed barrier reefs of the 
Florida Keys and a series ofmangrovewlined bays and sounds at the southern end of 
the Florida Peninsula ( Ji,igure 72). Circulation within most of the Bay is prhnarily 
tide and wind driven (Schmidt and Davis, 1978), although Gorsline (1963) has 
r~ported some slight counterclockwise currents within some of the large basins. 
Freshwater drainage into Florida Bay is limited to the runoff from Taylor Slough, 
runoff from the coastal wetlands south of the Shark River Slough system, and 
groundwater seepage from the mainland. There is an inverse relationship between 
salinity in northern Florida Bay and the height of the south Florida ground water 
table (Tabb, 1967; Thomas, 1974). 

Restricted flushing in the northern and northeastern basins of Florida Bay 
causes water levels to vary by as much as 21 in. (53 em) seasonally (Turney and 
Perkins, 1972). During normal rainy seasons, Florida Bay exhibits a pronounced 
gradient of reduced salinity from north to south across the entire bay, whereas in 
years when rainfall is below normal, the entire Bay may beco1ne hypersaline). 
Despite extreme fluctuations in salinity across the Bay as a whole, three persistent 
salinity relationships are seen: 1) a northern runoff zone along the mainland, where 
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reduced salinities due to freshwater runoff are tntiat fr~quent. and prc;nounced.; 2) a 
zone of tidal exchange along the southern and wester1;1 portion of the Bay where 
salinities are closest to oceanic; and 3) an interior·z6ile where the n1os,t severe salinity 
fluctuations are seen (Merriam et al., l989a). · · 

Tidal Features. Florida Bay and the western coast of Everg·lad~J3 National 
Park, covered by this study, are typically describe.·a:as low energy·coastlines. Tidal 
cycles are diurnal and the range in the; outer b'ashUrof Florida Bay is normally about 
50 em (20 in). Within the ·interior of the· ~ay the; ti4ai range is less, reducing tidal 
mixing there. Tidal mixing is extremely imp'ortapt l~ the circulation ,pa~terns seen 
at the southern and southwestern sides of ;Florid~ ]lay ('ra..hb et al., 1962; Brown, 
1987), and in the Shark River Estuary . a:tea . on tpe western si~·e of t11e Park 
(McPherson, 1970). Tidal mixing is also extremely .important in flushing ~nd mixing 
within Whitewater Bay, and when the Buttonwood Canal was· open, within Coo:t Bay 
(Tabb et al., 1962; Clark, 1971). Tidalfltishingisleastinfluentiaialong the northern 
.coastline of Florida Bay in the area defined a~ the runoff zone (Merriam et al., 1989a) 
or northern slibenvironment (Turney and Perki:hs, 1972). Wind packing, or the 
forcin. g of w. ater in. to a. n~. out of Fl .. ori<la. B.~ ~y.· by··· ..•. 'w. ·.in. d. and. h_arom. etric con. ditions, also 
plays an 1mpo~tant role m Bay and Sound flq$hing :rates (Ginsburg, 1964). 

Effects of Hurricanes. Since 1935, two . gr~a.t hurricanes 11a.ve passed 
through the study area: Donna in 1960, and Betsy m·l965 (8chotner and Drew, 1982). 
These two storms had significant but different· effects within . the study area. 
Hurricane Donna produced extensive sediments shifts in Florida Bay, depositing as 
much as 2 in (5 em) of mud and up to 2ft (60 em) of·seagrass and benthic debri~ along 
coastlines (Perkins and Enos; 1968). Benthic communities were decimated, and 
extensive destruction was noted in the m,apgrove _friilge areas east of Flan1 in go 
(Craighead and 'Gilbert, 1962; Perkins and Enos; 1968). Hurricane Betsy in 1965 
affected essentially a depauperate fauna not yet fully· recovered fro~ the effects of 
Donna. In Hurrh;ane Betsy, sediment shifts were not as pronounced in Flotida Bay 
as they had been during Hurricane Donna. On the west side of Cape Sable ,there wa6 
extensive erosion north of the Northwest Cape. It was at this time that the erosion 
currently affecting the area around the mouth of Big Sable creek first began 
(Craighead and Gilbert, 1962; Perkins and Enos, 1968). 

The storm surge associated with hurricanes is caused by a complex interaction 
of wind, barometric pressure, and the slope of the bottom topography in adjacent 
waters. Recorded storm surges in Florida waters have ranged frotn 9 to 18ft (2.9 to 
5.5 m) above mean normal high tide levels (Simpson et al., 1969). Storn1 surges in 
this range would virtually inundate the entire area covered by this st.udy, and the 
accompanying wind and wave action could be expected to do extensive en vitontnental 
damage to all habitats seen here. 

3. Water Quality. 

Water Quality within the Hydrographic Subbasins. 

Long Sound, Little Blackwater Sound, and Blackwater Sound. Long Sound 
lies parallel to the mainland and just west of the U.S. Highway 1 road bed. 
Originally this sound was heavily influenced by freshwater runoff frotn the areas 
south of Homestead. Agricultural and urban development within those areas and the 
construction of the C~lll Canal, has virtually eliminated that water source today. 
Long Sound still receives some upland runoff from the lands west of the U.S. 
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Highway 1 road bed within the Everglades National Park. There is no development 
and limited access to Long Sound and physically water quality is ·consid·ered ·fair. 
There are periods ofhyl?ersalinity and excessively Wgl1..temper~tures in 1the sumtnerH 
(Tabb, 1967) and occasionally oxygen· depletion may .occur. The Soun.d is naturally 
restricted and poorly flushed. · ~-- - -

One boat ramp on the western side of U.S. Ilighway 1. provideR-access to Little 
Blackwater Sound and the upper sections- of Florida .Bay. As in Long· ~-ound, 
freshwater intrusions once played a much more i:rn:po~t.ant tole in the ecol·ngy ;and 
water quality of Little Blackwater Sound than they .do .today. :Seditnents wi:thin 
Little Blackwater Sound are a chalky marl, ea~ily.s.t:~rr.~d ·~P by ·wind and. wave \a·~tion 
and periods of intense turbidity are common. O:veraU water quality in this sout1:d is 
again considered fair. Many of the same problems a.een in Long Sound are present 
here. In addition, Little Blackwater Sound is: pro haply r.eceiving some .trace· ~tiletal 
a.nd hydrocarbon contamination due to its proximity to the U.S. Highway 1 r.oad bed 
and the increased boating activity seen there. 

Blac:kwater Sound is the largest s()und in upper Florida Bay and ahu ts mid 
Key Largo. There are four major flushing points allowing ·water into and out of 
Blackwater Sound. These are: 1) Jew Fish Creek op~ning: into Barnes Sound; 2) The 
:aoggies, opening on the north side into Upper Florida Bay; 3) Dus~nbury Creek, on 
the eo.uthwest corner opening into Tarpon Basin; and ·4) The Largo Gut, ~ man-made 
acce~s. channel cut through the Key Largo limestone on the south side of Bltl.cltwater 
Soup.d which gives access to Largo Sound. and the Atlantic :side of the Keys. Both Jew 
Fish and Dusenbury Creek have been dredged. an,d .deepened ~s part of the 
Intracoastal Waterway. These cuts and channels haye considerably increased the 
effects of tidal flushing in this sound. 

A number of marinas front on the south side of B'lackwater Sound and a-~ong 
Jew Fish creek. In addition there has_been cpn.siderable r~sidential and cotnJner.cial 
development along this portion of Key. Largo. Currently, water quality within 
Blackwater Sound is considered good, although the system is receiving gradual 
nutrient enrichment from Key Largo residential development (Lapointe and 
O'Con-nell, 1988) and some hydrocarbon and trace m.etal contaminates from the 
extensive boating traffic and marinas seen there. The area has also been reported to 
feel the effects or freshwater discharges from the C-111 Canal, and reportedly 
agricultural pesticides linked to these discharges have been detected as far south as 
the Key La.rgo Cut and Largo Sound (Skinner, 1988). 

Buttonwood and Little Buttonwood Sounds, and Tarpon Basin. 
Buttonwood Sound, Little Buttonwood Sound, and Tarpon Basin all lie in what is 
described as the interior subenvironrnent of Florida Bay. Flushing is neglig.i:hle and 
salinities fluctuate widely. Aside from salinity fluctuations and reduced flushing, 
general water quality conditions in these three sounds are conside-red fair to good. 
Some nutrient enrichment, and trace metal and hydrocarbon contatnination is 
probably occurring in Buttonwood Sound and Tarpon Basin from the 1narinas and 
developed areas of Key Largo, but the extent of this problem remains unknown at 
this time. 

Upper Bay. The term Upper Bay designates the northeast corn.er of Florida 
Bay. ~he Upper Bay also lies in the _interior ~uben vironment and together wit~ Lol?-g 
and Little Blackwater Sound, thts area IS most effected by the reduction In 
freshwater runoff resulting from construction of the C-111 Channel and subsequent 
lowering of the water table. Salinities here fluctuate from 22 to 52 ppt at varying 
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seasons throughout the year and sun:rrner water tempera tares may be as· hig·h as 38 
degrees C (100 _degrees F). Although human pollution is slight, this area is definitely 
a stressed enVIro~me.nt (Tabh et al., 1962; T.W. S~hmidt and M.B. Robblee,, 1989, 
personal commun1cation, Everglades National Park). 

Middle Bay. Middle Bay includes· Crane Key Basin, ·Cal usa Basin, Whipray 
Basin, pildo Key Basin, and Rabb~t Key Ba:sin .. :These ibasi~s again lie in interJor 
subenvtronment. They are the basins that have been most effected by the reduction 
of terrestrial freshwater flow coming through:the TaylorSloughdrainagesystem .. In 
these basins there have been. fish kills attributed ·to hypersalinity (T~ W i Schmidt, 
1989, personal communication, Everglades Nation.al Park) and there currently exist 
a condition in which established seagrass beds are dymg out for as yet undetermined 
reasons (M.B. Robblee, 1989, personal conHp,uni(!at~on, Everglades National Park). 
This environment is again considered a stressed environment although hu1nan 
po~lution sources are very few. Deterioratedwater,quality and environmental stress 
in both the Middle and Upper Bay areas of Florida Bay ~an be ~irectly attributed to 
the reduced quantity rather than reduced quality of :freshwater entering the system. 

Atlantic Basins. The Atlantic Basins, or Atlantic subenvironment of 
Florida Bay isucotl1posed of Cotton Key Blisinl Ligfl:umvitae Basin, and Long· Key 
B~sin .. !I ere there is considerable tidal exchange between th~ basin waters and those 
of the Atlantic side of the Keys. Salinities in these areas approach oceanic nor mal (35 
to 41 ppt) and summer water temperatures do not reach the extremes seen in the 
Middle or Upper Bay. Increased flushing dramatically improves the water quality 
seen in these areas. At present, water .quality is considered good throughout the 
Atlantic Basins, but there are indications of potential problems in the future. 
Sewage disposal practices along the Florida Keys, as well as the ever-increasing 
residential and commercial development taking place there are all contributing or 
potenti~lly contributing. to the deterioration of wate~ quality within the Atlantic 
sube11vironment of Florida Bay (Lapointe and O'Connell, 1988). 

Gulf Basins. Schooner Basin and Sandy Key Basin are described as the 
Gulf Basins because their water quality conditions and biological com1nunities are 
closely associated with the Gulf of Mexico. Both these basins have high exchange 
rate with the open Gulf through tidal flux and longshore currents. Water quality 
within these basins is considered good throughout the year. 

Point and Non-Point Pollution Sources and llcconunc:ndcd 
Containment Strategies. Land use activities as sources of point and non-point 
pollution to Florida Bay center on three issues; septic tanks aHsociated with 
residential development, Inarinas, and inadequate stormwater lUanagetnent. r('he 
most commonly used septic tank system in Monroe County is the single tank systern. 
Standards for on-site wastewater treatment facilities have been established for 
Monroe County by the Department of Health and Rehabilitative Services (HHS), and 
are implemented by the Monroe County Department of Health, Envirornnental 
Health Unit. Little, however, is actually known about the effectiveness of seplic 
tanks ih the Keys, or about the long-term implications of septic tank use on Keys' 
water quality, except that there are no known obvious problems of surface water 
pollution in conjunction with septic tank usage. Numerous studies of canal systems 
have been made since 1973, as well as open water discharge areas from wastewater 
treatment plants. Except for raw sewage discharges, or improperly installed sept.ic 
tank systems, the surveys showed that the major pollutants were nutrients. 
Bacteriological tests were seldom in violation of State regulations, except under the 
previously noted conditions (Monroe County Planning Department, 1986). 
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. The HRS takes the p~sition that properly designed, installed and maintained 
septic tanks are an appropriate means of wastewater treatment in the Keys (Monroe 
County Planning Department, 1986). Results from·a recent study on the effects of 
septic tanks on nutrient relations of groundwaters and nearshore surface wa.ters 
indicated elevated nutrient concentrations in groundwater in the winter and in the 
nearshore waters in summer (Lapointe and O'Connell, 1988). Determination of 
water quality impacts requires further study. Of prime importance.'are the density of 
septic tank.s1 age and regular maintenance of the system. . 

'/ Marinas are of increasing significance as nonpoint sources of ·surface water 
pollution. Marina facilities in the study area are listed in rl"a:ble· 81. Boat repairs, 

Table 81. Marinas in the Florida Ba Stud Area. 
Map Sli.8s Live Pumv·out 
No. Name Wet/ r~ Aboards Faci ities 

1 Uutdoor·Resorts of Amer1ca 30/01 No 
2 Bdb~s Marine South · 30/0 No 
3 Islamorada Yacht Basin 25/0 06 No 
4 Topside Resort 17/0 No 
5 Gamefish Resort 03/0' No 
6 Lienu~vitae Marina 10/0 No 
7 Ro •s Marina 14/0 No 
8 Lows Marina 30/50 02 No 
9 Max Marine 20/50 No 

10 Max Marine 30/'10 01 No 
11 Ba~side Matine Inc. 40/20 No 
12 Es es Fishing Camp Ot/0 No 
13 Venetian Shores Marina Inc. 12/0 No 
14 Plantation .Harbor Motel 50/0 Yes 
15 Plantation Harbor Motel 86/66 50 Yes 
16 Tavefnier Creek Marina 10/50 --- No 
l7 Campbell Marina _ 80/0 06 No 
18 Tavernier Surf and Harbor 50/0 16 No 
19 Ke.y Largo Ocean Resort 26/0 No 
20 Rock Harbor No 
21 Manatee Ba~ Marina/Boatyard 
22 Perdue Manna 30/0 60 No 
23 Blue Lagoon MHP and Marina 09/0 No 
24 KiQt Kamgground and Marina 04/0 No 
25 Tw1n Har or 10/50 No 
26 Deep Six Marina 92/14 01 No 
27 Ocean Safari No 
28 Blackwater Sound No 
29 Gilberts Motel 25/120 No 
30 Anchorage Resort 30/0 No 
31 Cross Key Marina 20/0 01 No 
32 Point Laura Marina and Camp 11 No 

maintenance and fueling require the use of toxic solvents, paints, and petroleum 
products. In addition, insufficient facilities for disposal of untreated sewage is 
increasingly becoming a problem due to growth in population and subsequent boat 
numbers. Currently, only three marinas have sewage pumpout facilities within the 
study area, as shown in Table 81. Little is known of wastewater facilities available to 
live aboards at these marinas. Finally, inadequate and improperly ri1aintained 
stormwater management systems are having an impact on surface water quality in 
Florida Bay. The extent of this problem is not currently known, but an inventory and 
programs for retrofitting of these systems should be developed. 

Inventory of Point and Non-Point Discharge Sources. NonpoinL discharge 
sources permitted by the DER are listed in Tables 82 through 89. Table 82lists two 

Table 82. Draina e Wells - Monroe Count . 
Map Record Facility Facility Design 
No. No. Name T~ge CaQac1 tY: Lat/Long 

1 5244P0031/ Key Largo Shopper Oomesbc Waste r 2502.3278026.33 
Injection Well 

2 5244P50014 Coastal Waterway Domestic Waste ? 2506.57/8038.02 
Injection Well 

drainage wells within the Keys portion of the study area which are used for the 
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disposal of domestic waste, which includes wastewater derived principally froln 
dwellings, business buildings, institutions and the like; sanitary wastewater and 
sewage (Rule 17-6, F.A.C.). Table 83 lists hazardou~ waste generators within the 

Table 83. Hazardous Waste Generators - Monro·e Coun· ! 

Map Record F~cility Facility Des1gn 
No~ No. Name T~Qe Ca~ac1t~ Lat/Lona 3 5244P80250 J.P. Mckenz1e .Gener-ator: N/A 2502.00/803.00 
4 50l3P80731 

Jobber Inc. 
N/A 2505.04/8026.06 Largo Honda Generator 

5 5244P81170 Sunoco Service Generator.. N/A 25.05. 2218026 .. 35 
Station (i nac~t;v~) 

Keys portion of the study area. Th~se ,genet,ators ·are ,prhnarily commercial auto 
sales and service activities, that generate solvents, petroleum products, lead and 
acids. As indica.ted in Table 88, the Sunoco Service station is inactive. It should be 
noted that although new wastes are p.cJt bemg g~·~era.ted~ this sit~ may still be a 
source of waste products from previous activities. 1,able 85 lists leaking 

Table 84. Leaking Stora e Tanks - Monro~ Count . 
Map 
No. 
6 

Record No. 
N/A 

Facility 
Name 

Tavernier Creek 
· Marina 

Facility 
-Type 

leaking 
underground 
storage tank 

Design 
Capac1ty 

N/A 

Lat/Long 

2500.15/8031.48 

underground storage tanks, of which only one has been located by the DER. This is a 
leaking fuel tank at the Tavernier Greek Marina (Table 84). The tank is near 
Florida Bay, but the extent and impact of the leaking fuel are not known. 

Table 85lists solid waste facilities within the Keys. Incinerators are found on 
Long Key and Key Largo. Daily quantities received are 70 and 93 tons per day, 

Table 85.. .Solid Waste Dis- _osal Facilities -Monroe Count -. 
Map Record Facility ·Faci'l ity Design 
No. No. Name Type Capac1 ty** Lat/Long 

1 5244P06134 Long Key Incinerator• 70 T/D 2449.19/8049.15 
8 52.44C06173 Key lar~o Trash T rash/Yard· 18 V/D 2513.55/8020.00 

Landfil Tras.h 
85 T/D 2613.55/8020.01 9 5244C07114 Key Lar~o 'Landfill 

Landfil 
10 5244C04644 Key Largo Transfer Unknown 2.513.55/8025.00 

Transfer Station Station 
·11 52.44P06133 Key Largo Incinerator* 105 T/0 2514.10/8019.33 

Incinerators 
"' '.: ort a· epa men o nvtronmen a egl! a 10n, an 1 enm , 

;>j; Process water rrom these incinerators ure treated lly drain field. "'* 'IYD::::: tons per day; Y/D =cubic yards per day. 

respectively. Typical quantities received are at Long Key and at Key Largo. The 
incinerators are nonpoint sources of process water from the facilities, which are 
treated by drain fields, as well as sources of air pollutant emissions. The only landfill 
within the Keys portion of the study area is on Key Largo, and includes a trash area 
(Class II) and a residential and domestic waste (Class I) area. A transfer station is 
also located at the landfill facility. Design capacity of the landfill is 85 tons per day. 
Typical waste quantities delivered to the facility total 45 tons per day (Florida 
Department of Environmental Regulation, Landfill Permit Files, 1989). 

Table 86 lists industrial discharges, which includes the Florida Keys 
Aqueduct Authority and two coin laundries. Industrial discharges are those products 
which result from industrial processes as defined by the Standard Industrial 
Classification code and selected by the DER (Ru1e 17-6, F.A.C.). 
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Table 86. 
Map 
No. 
12 

13 

14 

Industrial Dischar es- Monroe Count . 
Record 

No. 
5244S02021 

5244P02040 

5Z44P02474 

Facility Faci)tty 
Name . T~pe· . · .. 

Florida Keys Inject16ri Well 
Aqueduct Authority 
Upper Keys Coin Trickling Filter 
Laundry 
Maytag Cofn Trickling Filter 
Laundry Discharge to Pond. 

Design 
Capac1ty• 

1 MGD 

5· .6 TGD 

10 TGO 

. Lat/Loilg 
2505.16/8027;02 

2509. 18/8023 .-16· 

2514.44/8018.55 

* ourcMe:
0 

on .a
11

. epa 
11
men o !.nvJronmen a egu a on; n us na · 1ac arge ermt s, otlroe ,o.. u a m:is~e. • , 

• D = m1 Ion ga ons per day; 'I'GD = thousand gallons per day. 

Table 87 lists domestic sew~ge treatment plants;. and/or .. package pla11ts", 
which are permitted by the DER. There are 73 permitted facilities within the Keys 
porti~n of the study. area. The predom~nant form of s.~wag~ treatment is extended 
aeration (EA). Th1s process was designed for use In small, low flow package 
treatment plants, which treat wastes from hciQ.sing subdivisions, isolated 
institutions, schools and small communities. The· pio<;!e,ss involves screening of solids 
and debris, followed by aerobic digestion of excess soUas· and C)rganic;s by bacteria. A 
few facilities use the contact stabilization process, which involves the use of partially 
treated, or activated sludge to absorb organics from un.treated_sludge. There are also 
two facilitiesthat use rotating biological contactor processes. This invol:ves the use of 
paddles coated with treatment bacteria that alternately contact the effluent and the 
air for aerobic digestion of the wastewater (Tchobanoglous, 1979). 

With a few exceptions, most of these facilities are nonpoint discharge sources, 
utilizing bore holes or injection wells for diaposal pf secondarily treated domestic 
wastewater effluent. Four facilities use soakage pits or drain field, which rely on 
evaporation and infiltration for disposal of effluent. Two facilities use spray 
irrigation for . effluent disposaL . Two facilities ate, point sources, using surface 
discharg~ to dispose of effluent. These facilities ,are listed as- discharging t<J either 
Jewfish Creek or the Gulf of Mexico. 

The mainland portion of the study area includes only one developed area, 
Flamingo. Flamingo contains a motel arid marina, and National Park Serviee <N'PS) 
facilities. The NPS operates and maintains a 130,000 gallon per day wastewater 
treatment facility which serves Flamingo. This facility discharges treated effluent 
into a percolation pond for evaporation and infiltration. There are a nurnber of oeptie 
tanks located in the Everglades National Park to serve the primitive ca·tnpground::; 
(R. Getty, 1989, per. com., Everglades National Park). : 

•· I 

Tables 88 and 89 list individual and general surface water manage1nent 
permits issued by the SFWMD within the study area. As the tables indicate, perrnit::; 
were issued for residential and commercial development activities, aH well as for 
highway improvements. 

Review of Current Permits and Discharge Activities. Permitted potential 
and actual point and non-point sources of pollution are listed in Appendix 1). With a 
few exceptions, the majority of these facilities are non-point discharge soureeB, 
utilizing bore holes or injection wells for disposal of secondarily treated domestic 
wastewater effluent and industrial wastewater. Four wastewater facilities use 
soakage pits or drain fields, which rely on evaporation and infiltration for disposal of 
effluent. Two waste facilities use spray irrigation for effluent disposal. 

As with septic tanks, discussed previously, domestic wastewater, and 
industrial wastewater, little is known about the long-term impacts of current 
dispqsal practices on Monroe County water quality. Pollution from domestic 
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Table 87. Domestic Sewa e Treatment Plants- Monroe Count 
Map Re~ord Facility FacilitY Desi~n 

......-.!Nfiof.-!'--~rnN~ofi.-=t*li'Oi""-~r.::r-i:N~a:l!:m~ew::-:~~--~,..-..JTJ.'V.J!P$[e•::*:.__--;-;-..JC~a!.l:!p~a*"c 1.w't::.:sv~•u La til. on g 
15 5Z44P05732 Outdoor Re-sc:>rt EA- - soakage pit 60 2448.21/8050.35 

of America 
16 52-44500128 Long K·e.y State 

Park 113 
17 62A4P10619 Long Key 

Townhouse Condo 
1R 5~44Pl0696 Blue W~t•r 

Tra Her Vill. 
1~ 5244P00204 Chico Comm. Bldg. 
20 5244POO·l98 Tavernier Towne 

Shopping Cen.ttH' 
21 5244POOZZ5 McMurray_Comm. 

Bldg, STP 
22 5244P04452 Driftwood Travel 

Trailer Pa.rk. -
Z3 524'4P058i9~ Harbor 92 Condo, 
24 6244P0000'1 An.ch_or- Conde>. 
.25 5244P00046 P1 ant.ers Pt. WWTP 
26 6244~05678 Sunset Acres 
.21 5244P00133 Sunset Hammrick 

Condo. 
2'8 5244P00006 Par.adi.se Pt., MHP 
29 5244P04431 Key Largo · 

Ocean Resort 

EA - drain field 

EA - injection 

EA - bore hole 

EA - i nj.ect ion 
CS - soakage pit 

EA - inject;1on 

EA - bore hole 

EA - bore hole 
EA - bore hole 
EA - i nj e·ct i.on 
EA - bore hole 
EA - i n j e ct ion 

EA - drainage well 
cs - i.nj ect ton 

30 5244P00079 Petersens Condo. EA - injection 
31 5244~01217 Co~al Sands Resdrt EA - injection 
3i 6244P05878 Silver Shores MHP EA - bore ho'le 
33 5244P10476 Buttonwood Bay· Condo CS- bore.hole 
34 5244P0012 Sheraton Key largo EA - tnjection 
35 624·4P00301 Cu:rry Cove STP EA - inj.ection 
36 -5244?045-20 Amer1 ca Outdoors EA - bore ho1 e · 

Key Largo· Inc .. 
31 5244P00276 Fishing Plub 
38 !j244P00·212 Krieter Twnhse lit 
39 5244POOZ13 Krie.ter Tw.nll·Se #2. 
40 5244P002.1'4 Krieter Twnh:se, 113 
41 5244PQ02.11 Krieter Twnhse 
42 5244P00019 Danny's Place 
43 ·5244P05432 Rock· Harbor .Club 
4·4 5244P06t81 Kawama Yacht Club 
45 5244P00237 Hicfden BS.yCondo-
46 5244POOS49 The Landing.s 

.EA - inj.e.ction 
1 - bore' hQl e 
~ - bore h.ol e 
? - bore h.ole 
? - bore hole 

EA - i n"j.ect-iori 
CS - bore hole 
EA - injection 
EA - injection 
EA - bore hole 

(riot in operatton) 
47 5244P00060 Atlantis Key Largo EA - injection 
48 5244P00201 Key Largo EA - bore hole 

Bay Villag.e 
49 5244P00078 Dolphins Plus sec-ondary-injection 

? - injection 50 5244P00156 SeasidQ Plaza 
E.A - injection 51 5244?00305 Pilot House 

Restaurant 
52 6244P00145 Pizza Hu.t_,Key Largo EA - inje~tiQn 
63 5244P04419 waldorf Plaza EA - tnj•ctt~n 

Shopping Ctr 
54 5244P04261 Holiday Inn EA - bore hole 

Key Largo 
55 5244P00240 Florida Bay EA - inj.ection 

EA - injection: 
spray ; rrigatton 
EA - injection 
EA - bore hole 

56 5244P00471 Marina Del Mar 

51 5244P00040 
58 5244P10796 

59 5244POQ073 

60 5244P00210 
61 5244P00129 
62 5244P00015 

63 5244P03331 

64 5244P04934 
65 5244POOQ89 
66 5244P00218 
67 5244P00236 

EA - inject-Ion 

Ocean Divers Rest. 
Holiday by the Sea 
Condo 
Tradewinds/K-Mart 
Shopping Ctr. 
Port Largo Inn RBC - bore hole 
Calusa Camp Resort EA - bore hole 
Key Largo EA - injection 
Kampground & Resort 
Glens Trailer Park EA - bore hole 
and Campgrounds 
Coastal Waterway ParkEA - bore hole 
Paradise Pub STP EA - injection 
Quays Key Largo EA - injection 
Torresol Condo EA - injection 

2:.6 

7 

45 

2. 4 
50 

10 

~ 

10 
9 

75 
15 
20 

3.2 
70 

7 
7.5 

a·s 
90 
ao 
27 
15 

10 
1 
1 
1 
1 
7 ,.5 

3.5 
80 
20 

100 

5 
5 

1.5 
? 

15 

to 
30 

30 

35 
15 

7.5 
5 

20 

8 
60 
30 

22 

5 
3.6 

12 
15 

2448.27-/3050.07 

2449.08/8050.55 

2500.06/8031.14 

2500. 16/8031.20 
2500. 17/8031 .. 32 

2b00.30/8031.0Z 

2-500.4118030.50 

2 500. •4118031 ~- 05 
2501.01/8030. 4'5 
25Ql.l0/8030,00 
2501.1218030.48 
2502.18/8028.47 

2502.30/8029.27 
2502.40/8029.25 

2502.48/8029. 11 
2502.51/8029.13 
2503.22/8028. H 
2503.40/8028.36 
2503.56/8028. 19 
2503. 57/8028 '49 
2504.04/8028. 13 

2504.15/-8025. 45 
2504.26/8026. 15 
2504. 26180'26 .16 
2504.27/8026.16 
2504.27/8026.25 
2504.30/8027.42 
2504.30/8027.50 
2504,4518026.35 
2.504. 50/8026. 4'6 
2504.50/802J.Z7 

2504.5//8026.16 
2505.06/8027.06 

250o. 1218026. 30 
2505. 12/8026 .. 56 
2505.15/8026.28 

2505.20/8026.30 
2505.38/8026.15 

2b05.39/S026.16 

2505.40/8026.35 
2505.4218024. 15 

2505.4218026.05 
2:505.43/8026.14 

2505.44/8025.04 

2505.45/8025.59 
2506.36/8025.50 
2506.46/8024.58 

2b06. 5118025. 2 4 

2506.b6/8025.25 
250 7. 12/8024.58 
2507.14/8025.05 
2507.20/8025.00 
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Table 87·. Domestic sew a e treatment plants -Monroe Count . (Continued) 
Map 
No. 
68 

69 
70 
71 

72 

73 
74 
75 

76 
77 
78 
79 
80 

ar 
82 

83 

sa 
84 
85 

86 

87 
88 

Record 
No.* 

5244503381 

5244P00296 
5244P01286 
5244P01031 

5244P00209 

5244P00277 
5244P00055 
5244P00036 

5244P01203 
5244P00202 
5244Poot4o 
5244P00939 
5244P.00216 

6244P00147 

5Z44C00274 

5244POOO 1.6 

5244,PQQ290 
5244P03U2 

5244P05,189 

5244P05797 

5244P00221 
5l44P00474 

Facility Facility 
Name Tyee*• 

John Pennekamp EA - inJection 

OesiQO 
Capac1ty*** Lat/Long 

45 2507.2878024.15 
Cora 1 Reef St. P.k. 
The Sanctuary 
LeeSide Prof. Bl~g 
Hwd. Johnson Motor 
Lodge - Kjy Largo 
The Center of Ke.y 
Largo 

EA - injection 
EA - bore hole 
EA - bore hole; 
~pray irrigation 
EA - injection 

Flori (Ia Bay Club RBC - i·nject ion 
Sr. Frijoles Rest. EA - injection 
Italian Fisherman EA - injection 
Restaurant 
Moonbay Condo 
Tamarind Bay Cl~b 
Tamarind Cove Apt.s 
Tamarfhd tove Apts 
Winn Dixie of 
Key Largo 
Ke.y Largo L. r.o. 
(not built) 

EA - bore hole 
EA - bore hole 
EA - bore hole 
EA ..., injection 
EA - injection 

STP - injection 

EA - bore ho.l e 

EA - bore hole 

10 
3.3 

35 

20 

3.6 
4.6 

15 

26 
15 
15 
? 
5 

2.5 

15 

15 

Rey Largo 
El.ament,ary Sch. 
Happy Vagabond 
Campground 
Gaetano Rest. EA - injection 5· 
L'Oas·iS EA ~ Jewfi.s_h Creel<. 2 .. 6 
(point source - surface discharge) . 
G i 1 berts Motel EA. - Gulf of .Mex. '10 
and Marina ~potnt source - surface discharge) 
Anchorage Re$ort EA- bore hols 10 
and Yacht Club 
Nichols Subdivisi·on EA - bore hole 10 
Cr.oss Key Rest. - EA '- dfainag£1 ·3 

2507.30/8023.40 
2507.35/8024.40 
2507.48/.8024.58 

2508.1318024.12 

2508.15/8024.12 
.2.508. 21/8023 f 42 
2508.30/8024.00 

2508.54/80.23.37 
2509.05/8023.32 
2509.08/8023.30 
2509.08/8023.30 
2509.30/8023.06 

2510 ;00/8022 .5.5 

2510,00/8023 .uo 
Z510.04/8022.32 

2510.13/8022.05 
2510.58/8023,12 

2610.58/8023.23 

2511.10/8023.20 

2512.36/8020.17 
2513. 0:0/80·26 ,,QQ 

Individual surface water management.· erm.its- Florida Ba . 
Petmit Receiving Use Location 

No. Body Type Acreage TWPIHNG 
~~4n4~o~ooms~a~s~o~1------~F~i~or~,~a~a~a~a~y~----~R~e=s~ia~e~n~t~,~a~I------~~T1~3.~/F-------~*"027~ 

44000065 Tidewater Residential 374.5 6014D 
44·00040801 Buttonwood sound Residential 24.0 61/39 
4400041501 Tidal Commercial 25.2 61/39 

I 

Table 89. General surface water mana ermits · Florida Bay. 
Permit Use l.ocation 

No. Project Type• Acreage TWP/RNG 

78-71 Long Ke¥ Channel SWM N/A unknown 
83-55 u.s. 1 ruprovements HWY N/A 65/33 
83-1145 Bank Faci I i ty SWM N/A 61/39 
83-1155 Tatnarind Cove . SWM N/A 61/39 
84-45 U.S. 1 Widening HWY N/A 64/36 
84-29$ U.S~ 1-P1antat1on Key HWY N/A 63/38 
86-1205 Plantation Key SWM N/A 63/38 

Government Center 
N/A 87-82S u.s. 1-Plantatton Key HWY 63/38 

88-74S u.s. 1 Widenin~ at HWV N/A 62138 
Tavernier Cree 

wastewater treatment plants with surface water discharges give the most inlLnediale 
indication of the extent of water pollution. From 1977 to the early 1980's, several 
intensive surveys were conducted by the DER at the outfaJl area of several 
wastewater treatment plants. None of the sites, including Sigsbee Park Naval 
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Housing, Key Haven Utility, the Community College, the County Public Service 
Building, NUAGE Utility, and Key Colony Beach) had degraded the water quality 
sufficiently to require_ a mixing zone. The DER has recently initiated a series of 
monitoring programs; however there are· no known water quality problem areas that. 
are attributable to wastewater treatment plant discharges (Monroe County Planning 
Department, 1986). 

Local DER personnel inspect each domestic wast~water treatn1ent plant at 
least once each year, test the eflluent if it appears to be out of limits, and observe and 
report on maintenance of the system. No violation~. have been currently recorded 
(Florida Department of Environmental Regulation, 1989)~ 

Non-permitted ·Discharge Sources.Information on nonpern1itted. pollution 
sources. is minimal a.lld incomplete~ Conversations with personnel of the DER office 
in Marathon indicate tha.t seafood processing plants and leaking underground 
storage tanks are a problem. Effluent from seafood processing plants includes fish 
parts, offal, and other organic 1natter which raises biological oxygen demand (BOD) 
levels in nearshore waters ·of Florid'a Bay. Unreport~d or undetected leaking 
underground storage tanks are creating grol)ndwater and surface water i1npacts of 
unknown extent. Additional monitoring and enforcement is needed (.R. J. IIebJing·, 
1989, personal communication, Marathon Field Office, Florida Departtnent of 
Environmental Regulation). 

1) Central Florida Bay, or the Upper and Middle Bay basins descr·ibed above; 
2) Barnes Sound and Manatee Bay; and 
3) The ba:sins and sounds along the shoreline ofthe Florida Keys . 

• 
The lack ofs\lflicient quantities offreshwater delivered to central Florida Bay 

intensify periods of hypersalinity in that area. Freshwater is delivered to that area 
through the sloughs east of and including Taylor Slough, through surface sheet flow 
in high water conditions, and through ground water flow. Tabb (1967) provided 
evidence that the most significant factor in moderating salinities in }?lorida Bay is 
ground water discharges. As he explains~ the average rainfall in southern Florida is 
not enough to cause dilution of the estuaries and is insufficient to prevent an annual 
deficit between rainfall and evapotranspiration. South Florida is generally clasHified 
as having a tropical savannah climate where there is a relatively long and severe dry 
season, and the rainfall during the wet season is not sufficient to repleni~h the watel· 
lost to evapotranspiration during the dry season. The area is jn constant need of 
water during the dry season, and prior to drainage the balance was ntaintained by 
the prolonge~ and massive displacement of freshwater southward (down gradient) 
through the Everglades system. 

Tabb's study spanned a severe drought and a period of he a vier.;.than-normaJ 
rainfall. Results suggested that hypersaline conditions (greater than 50 ppt) resulted 
in central Florida Bay when ground water elevations in a test well near Homestead 
fell below 0.55 to 0.61 m (1.8 to 2 ft) mean sea level. Salinity at the Florida Bay 
stations fluctuated between 25 and 35 ppt when ground water levels fluctuated 
between 0.61 and I. 7 m (2 and 5.5 ft) mean sea level. Heald (1970) warned that the 
turtle grass systems could not persist in such hypersalinity events. Seagrass die-off 
was reported in 1987 (T.W. Schmidt, 1989, personal comtnunication, Everglades 
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National Park) and has spread since then (M.B. Robblee, 1989; personal 
communication, Everglades National Park). The Park Service has a]so noted fish 
kills (forage fish and juvenile sport fish) possibly resultingfro1n low dissolved oxygen 
~nd high hydrogen sulfide conditions (T.W. Schtnidt, 1989, personal cornn1unication, 
Everglades National Park), 'fable 90 lists the salinity monitoring dala base fi·cHn 
Florida Bay. · 

The other area with potential water quality problems is the shoreline adjacent 
to the Florida Keys. Along the shoreline adjacent to the study area, the potential 
presently exists for large quantities of nutrient laden water to be injected or released 
into the ground water. It is estimated that 88 privately 1naintained package 
treatment plants release approxim~tely (5~6 x 106m3/day (1.5 million gallons/day) of 
treated domestic sewage into shallow wells in this area. This does not include the 
input from septic tanks of single-family homes and small businesses, which can only 
be estimated by the existing numbers. The total may approach 7.6 x 109 to 11..4 x 
109 m.3/day (2 to 3 million gallons/day) in the winter. Lapointe and O'Connell (1988) 
have demonstrated that these outputs are maximized in the winter tourism season. 
The nutrient-laden grou:nd water is forced .into the nearshore areas during the 
summer rainy season. As recommended by Lapointe and O'Connell, a lon,ger-term 
(two years or more), more detailed study of this situation needs to be coinple,ted to 
characterize the problem. More data need to be collecteq to document the degree and 
extent of eutrophication in the nearshore waters :of the Florida Keys. 

4. Biotic Systems. 

Biological Communities. Florida Bay sup.ports diverse biological 
communities that are· interrelated in a complex ecosystem. The major cotnponents of 
these systems consist of aquatic plant and animal communities and e1nergent 
vegetation. · 

Plankton. The few studies that exist on the plankton of the Florida Bay 
area can be · divided into nearshore phytoplankton and zooplankton studies, 
ichthyoplankton studies, and studies concerning the planktonic distribution of a 
specific fishery species. In February and May 1948, Davis and Willian1s (1950) 
sampled the plankton of mangrove areas in south Florida frotn Chokoloskee Bay to 
Long Sound in northeastern Florida Bay. They found three major i11 fluences 
determining the natut·e of plankton populations in that area: 1) seasonal influences, 
2) the effect of isolation, and 3) the effect of salinity differences. They did not have 
enough data to clearly show seasonal differences. They did, however, find that 
isolation is a factor along the north coast of Florida Bay. They f()und that 
embayments along this coast could have similar chetnical and physical 
environmental factors but contain different plankton communities. They found thai 
the greatest differences were due to salinity. Desmids and blue-gTeen and green 
algae were confined to the fi·eshest bodies of water, whereas the abundance ofrotifers 
was inversely proportional to salinity. Finucane and Dragovitch (1959; also reported 
in Odum et al., 1982) found that dinoflagellates (e.g., Peridiniurn spp. and 
Gymnodinium spp.) maybloom and dominate at times, depending upon the principal 
water mass influencing the area. In their study of the hydro biological characteristics 
of the Shark River Estuary, the U.S Geological Survey (McPherson, 1970) found 
phytoplankton to be scarce in the estuary but zooplankton and small nektonic 
animals to be abundant. Greatest concentrations of phytoplankton were found near 
the mouth (diatoms and other algae) and in the headwaters (fila1nentous blue-green 
algae), and increased from a few cells/liter during summer to more than 5,000 
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T bl 90 H" t a e lS ortca IS r "t D t B a lDI ;y a a _ase. 
Autllor(s) Study Title Y·ears Type Data .Ava i1 abi 1 ity 

Davis,J.H. 'rhe ecology and ,geoldg~c role of mangroves 
m Flortda. . 1936-1938 23 statitms sam·pJed 

irr.ug~darly 
Puhlb;lwd 1940 

Davisv;c. and R. H. 
illiams 

Brackish water plankton ofmangrove area 
in southern li'Jorida s 1947-1948 8 station.'! sum pled 

irr~gulal'ly 
Pulllished 1950 

Ginsburg, R.N, 
Environm~ntal relatiyn.'ihips ofgrainsize · 17 statious-Mampled Pul.Jlislwd 1956 and const!tuent ~articles m some south 195$ irregularly Florida car onatesediments -· 

Finucane, J.H. acd ~ou nts of red tide. organisms, Gym nodi ni uro 
.. 

·4. station:; s~unplt.!d breve art,d a~soc1ated oceanoyr~h!C. g~ta. 1955-1951 Puhli~hud 1959 A. Dragovich 
----rfOm F lortda 's west coast, 9 '1~1_957 monthly 

'J'abbJ D., D.Du~row, HJ'lrographic data from the:inshorebays 
1957-1;95~ 

9stutiont-ll'IUitllJled Rupurl, 1959 an R. Man:nmg an estuanes ofEver§lades National Purk, moriLhly Florida 1 57 ~1959 · 
- -~- -

{iydrographicclata. Sup,Pleme·ntL From· ' 7 stations sampled 'fabb, D. and D. Dubrow Inshore. bays and estuane.c; ofEvewades 1959-1~62' Uepurl1962 
National Park, Floridi:l1959·1 _'2 monthly 

L~loyd~ R. M. 
Vari~ tions in the oflagen and carbon :isotope 10 stalium;:;umpled Publb;hud 1!164 ratto$ .ofli'lorida BY. mollusks and their 1959 · bimonthly environmental significance 

Lyuts,G. W. 
Ret a tionshl~s of sediruent~size distribution 

1962-H)6~ 
2 ~tati(ms~ampled Publisht•d lO{i(i of ecologit! factllrs in Buttonwood Sound, irr~gulnrly Florida Bay · 

Tabb,DC., The physical, biological a lad $"eolo~cal 
T; R.A Jexande~ 'l'.M. character of the area south'-ofC.:.nl ,anal 1967 75 atations sampled lteporll-967 Thomas, an N. in extreme southeastern Everglades monthly 

Maynard National Park, Florida. . . 

HudsondJ. H.,D. M. Distribution, seasonal abundance, and 
1962-1968 

22 station.'~.. Some sam~lod 
Hepurl1986 Allen1 an 'l'. J. Co.'itello . ecology of juvenile northern pink slirimp, sporadicaii{J 1963-19 7; 

Penaeus duorarum~ in the Florida ,6ay ar~a sampled monllly 1967-1966 
Tabb,D.n., Coastal marshes ofsouthern Florida as 

B. Drummond, and N. habitat for fishes and efl'ects of changes in 1961·1963 7 statiorissampltJd mcmthly Ht!(IUrL1974 
Kenny water supplies on these habita~. 

CosteHo, et al. The flora and fa· una of a basin in central 
Florida Bay 1967 '3 statimissampletl••umthly (Jnpuhlhdli!d 

Schmidt, sl'. W. ~tudy in the- area of Black Betsy Key, u.s. l 1973-1976 14 stutions !'lam plod lf nnu uli~hed 
·- - ... _ ~p.onthly~ .·. ---

Creamer, B. Study in Long Suund area 1977 12 stations ~ampli!d 
irr~gularly Unp~1hlished 

Patty, etal. Study in the area of Black Bef.$y Key J U.S, 1 1977 32 staliom; ~arupl~d 
irregularly UnJHlhliHhed 

Ogden,J. C. Field trip report. 1977 ·Tramrectrrom 'ra vernier tu lJnpubli: . .dwd Tayldr River 

Evink, G. L. Hydrological studl in the area of Cross Key, 
•'lorida 1979 .. 1980 4staLions~atntlled monthly llepurl19tH 

Bert, 'l'.M ::ltone crab studies -1980-1981 4 station~ sampled 
hiruoulhly lt«!purll9H6 

White, D. and P. 
1 Rosendahl Salinity in northwest J•'loridu Bay 1979-1982 30 tu 60 stalim1s stHllpli!d 

biweekly and munllily llnpuhli:;h,,d 

South Florida Research Miscellaneous salinity records~ monitoring 1981-1986 17 !lLations ~am pled lJnpllblh;ht.•d Center stat10ns irrt.•g-ularly 
Ratheford, et al. Larval and ju venilc gamcfish studies 1982-1984 28 Ml;ations !:-iOIIH' munl hly llnpuhli:.ht·tl 

Bhaw, A. B. Variou~ :-~alinity samplings 1983-1984- Nurn«.•ril\1::1 slut ion:; lJ II fill b I i~lwcl 

Robblee, M. It Variou::~ salinit~ san~1lings in western 
l•'lorida Bay (main yin ohnsun Key Ba~in). 1983~1986 

Johll.'!On Kt?.y Basin :Htlltplt·d 
in~ix-w•~ck inturvals lJufJitlllished 

'l'hayer,G.W., Distribution and abundance offish 
W.l• .Het.t.ler (:ommunities along selected estuarine and 1985~1987 264 Mlal.iom;, -;;twt!rcd Hi~purl.l!)Hi' A.J .Chestc~D. H..C)olby, marine hahit.al.a lfl Ever3ludes National sampll;lrf up l«) Lhrcc linws 

and P.J. cglhaney Park, I•'lori a. 
Powel}A.B., D.E. Haas, 

Abundance and distribution of 12 stations wiLhin f'luridu W. . Hettler, D.S. 1986-1987 ltupur'l19fn PeLen;, L. Simoneaux, ichthyoplankt.on in Florida Bay Bay sanlplcd irrug-ulal'ly 
andS. W~gner 

Powell, G. V. N., W. J. EXJHlriment evidence for nutrient 
1985-1986 5 stations saruplt!d Lhrt~t! 

Publi::~hetl Hllm Kenworthy, J. W. LimitatiOn.."! of sea grass growth in a tropical Lime:,; Fourqurcan estuary with restricted circulation 
Montague, C. I.., R. D. 

13artlt!s6n, and J. A. Ley 
Asses~ment of benthic communitie..'i along 

salinity gradients in northeast Florida Bay 1986~1987 12 stationtl ~am pled 
bimonlhly ltL"purt. 198H 
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cells/liter during winter and spring. The distribution of zooplankton and stnall 
nek~onic animals .could be related to salinity .. Copep~ds (j\.cartia 'lonsa,, La.bidocera 
aesttva, Pseudodtaptomus coronatus), cumaceahs (Cyclaspis ·sp.), chaetog·naths 
(Sagitta hispida), bay anchovies (Anchoa m~tchilli)J and ·scaled sardines (flarengulcl 
pensacolae) were dominant at the seaward end·ofthe estuary in the highest salinities. 
Dominant forms in the. brackish water of the mid-estuary were. amphipods 
( Corophium sp., Grandidierella sp.), mysids (Mysidopsis alrnyra, Gastrosa.ccus 
dissimilis), crab larvae, and young of anchovies, sardines1 or related fish. The 
presence of large numbers of juveniles and young indicated the importance of these 
brackish waters as nursery grounds. 

The National Marine Fisheries Service l1as conducted icbthyo(Jhinkton 
surveys of the area between Cape Romano and Gape ·Sahl~ (LindaU et al., 1.973; 
Collins and Finucane, 1984), and within Florida B~y (Powell et al., 1987). Jannke 
(1971) studied the young Sciaenidae in.Everglades Nation.a.l Park. Studies .by Houde 
and Chitty (1976), Houde et al. {1976, 1979), and Leak '(1977) reported infor1nation on 
zooplankton, fish eggs, and fish larvae on the con:tin~~ta'l shelf adjacent. to the study 
area. Collins and Finucane (1984) sampled the: area betweenCapeRomanoand Cape 
Sable in 1971-1972 and found the area .to b¢ ~ :spawning ground and nursery for 
several recreationally and commercially important 'fishery specie$ includil1g~ (~ulf 
flounder (Paralichthys albigutta), ladyfi.sh (El.opS' sll,urus); striped 1nul'let (Mugil 
cephalus}, silver perch (Bairdiella chrysura), sp·otte'd seattout{Cynoscioil. nebulosus), 
black drum (Pogonias cromis), red drum (Seiaenops ocellatus)~ spanjsh 1nackerel 
(Scomberomorus maculatus), sheep.shead (Archo$Q.rgu·sptobcitocepha.lus) 7 and pinfish 
(Lagodon. rhomboides). They assumed that the qccutrence of larvae less than 3.5 nun 
(1.4 in.) from the 10 most abundant families~ indicated the location and time that 
some of these fishes spawned, as well as the direction of larval transport. So1n.e of 
these small larvae were distributed about equally among the most~seawardf middle, 
Cll1d ll10st ... Jandward stations in the inshore zone {which suggested spawning 
throughout the less than 32.1 ft [10 ml depths), whereas the smalb:H3t larvae of othe,r 
fishes were caught mainly at the seaward .most stations (Which suggested spawning 
in depths greater than 32.1 ft flO m]). There were great differences in the total 
number of eggs and larvae and in diversity of larvae 'between the two zones. Most 
eggs (95.9%) and larvae (97.9%) were collected in the inshore zone, with all larvae 
collected at the estuarine stations found in the inshore zone. 'I'he variability of 
salinity in the estuarine zone was probably limiting to numbers of eggs and larvae. 
When the abundance of eggs and larvae was highest, salinity was moderately high. 
Roessler (1970) found that all life history stages offishesshowed greater abundances 
with higher salinities in his studies in the Buttonwood Canal. 

Powell, A. B. et al. (1987) and Rutherford et al. (1986, 1989) focused on the four 
recreationally important species found within Florida Eay--red drum; snook 
(Centropomus undecimalis), gray snapper (Lutjanus griseus), and spotted seatrout 
(for a more complete discussion, see Section 2.6.5). Spotted seatrout spawn in 
intermediate to high salinities of western Florida Bay and adjacent waters, but did 
not appear to spawn in brackish water habitats in the area or in the Florida Keys. 
Gray snapper, snook, and red drum spawn outside of Park waters. J'uveniles of those 
species migrate into the Park. . Goby larvae dominated larval collections in 
northwestern Florida Bay and the Shark River area (Powell, A. B. et al., 1987). 

McPherson (1970), LindaU et al. (1973), and Collins and Finucane (1984) 
indicate the value of the inshore and estuarine area between Cape Romano and Cape 
Sable as an important spawning area for many species of fishes. Houde et al. ( 1979} 
reached similar conclusions for the offshore area. Thus, the entire aquatic region 
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adja~ent to the .Florida E_verglades, including the· cOntinenta] sl~elf :and. :the w~stern 
portion of Florida Bay, Is of vital importance· to the 'well-being of nutfierous fish 
species (Collins and Finucane, 1984). 

Benthic Algae. Zieman. (1982) states that ~he primary substrates for 
benthic macroalgae include 1) sediments, '2)·:s.eagt~ss blades·, and' '3) rocksor rock 
outcrops. In a~dition, many ma~ro~lgtt~'j# :~~~~~s~j)~ds form l~rH"e. uria'tt~ched 
masses, collectively known as drift alg~e~ . :Benthic ·~lg~~ ha~e . hrn.it~d· sedtment 
stabilizin& properties, the main utility of'th~if:·tbizqid'ill holq~a~t~fl:~.eing to maintain 
the.algae In place. Because they do not h~ve ·a: '~argeinvestiture .of'4t~'ucture in the 
sed_Iments, the algae can more rapidly accom.m()(;late chan~tes in shiftjng sediments, 
while still maintaining some current h11fferj~g· ca;pacity. fu this capacity they may 
form early successional stages for seagrassi~va~iori. -

Ta.bb et al. (1962; also reported 'in ·8cho.mer- and Drew, 1982) nl'apped the 
~enthic algae Within Whitewater Bay and adJacent Florida Bay hi i960 ~nd 1962. 
The dominant plant of the salt/fresh transition . zone was the macroalga Chara 
hornemanni. Upstream of this zone, the do·ml:tiant cpimnun:ity is freshwater marsh 
and slough flora of the Everglades. 13atoplicrfq, oerstedi was also found in the 
transition zone on rock outcroppings or~wo()a. Ghar,q, and Batophb.ta pre(erred low 
salinities (0-10 ppt) and were observed to a¢hfeve greatest areal covera.ge in winter. 
Chara has been observed surviving in water$ approaching 30 ppt (Schomer and 
Drew, 1982), and Batophora has been reported' :&oril hypersaline Florida Bay (1-Iudson 
et al., 1970). In his studies in Florida Bay near. Key Largo, Morrison (1980, 1984) 
found that the standing crop of Batophora wat:J.highest in the surnm.er and lowest in 
thewinter. · 

In higher salinities in Florida Bay, Tabb: et a.Z. (1962) found the niacroalgae 
Acetabularia crenulata, Caulerpa verticillata, anli f)dotea wilsoni to be dominant 
species~ Invasion of the extensive Udotea beds by red algae-~Dasyapedic.ellata and 
Gracilaria confervoides--was observed when.ever·the salinities rose above 20-25 ppt. 
These algae were found to be epiphytic on Udotea or attached to coarser shell gravel. 
Morrison (1980, 1984), in his studies .on Batophora near Key Largo, found that the 
red alga, Laurencia poitei, became the dominant species in winter and spring. 

Zieman and Fourqurean (1985) measured the distribution and abundance of 
benthic alga~ in Florida Bay, Everglades National'Park, in 1984. Batophora was the 
most widely distributed macroalga, occurring at 51% of their stations, but was never 
the dominant in terms of biomass at any station. Laurencia was the 1nost abundant 
macroalga. Being a drift alga, its distribution is a function of wind and wave energy. 
The other two major macroalgae, Acetabularia crenulata and Penicillus, were found 
sparsely and patchily distributed throughout the Bay. Penicillus was f(Jund to be 
especially important where localized conditions prohibit dense seagrass covm·. 
Acetabularia and Batophora require hard substrate for attachment. Within the study 
area, the eastward extent of significant stands of the seagrass Syringodi urn filifonne 
coincided with the westward extent of Batophora distribution. '!'his was explained by 
the growth requirements of the two plants. The seagrass thrives in the vigorous 
flushing and soft sediments often found in western Florida Bay, whereas Ba.tophora 
needs a hard substrate more characteristic of the eastern Bay. Batophora can survive 
in a wide variety of environmental conditions, but usually reaches greatest 
abundance in quiescent waters typical of the eastern Bay. 
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Montague et al. (1989) investigated the benthic algal communities along 
sali~ity gradient~ ~n northeastern Florida B~y. QhfJ.r.a ~omin~t~d 1i4e ugstt:e~m 
statt~ons, and Penzclllus and Udotea were the d.omift~nt.c,alcare_o:l)S Jllgc;t_e· at th~ .Q\l'ter 
sta Ions. 

Defelice and Lynts (1978, 1979, 198()) .studied the mar,in~. bentl~ic diatom 
associations from Long Soup.d, Little J31ai!kw~ter. So.lJntl, Blackwatet $o.u.nd, 
Buttonwood Sound, and northeastern Floridl;l 'IJ~y. Tl:ley found four distj.J1ct 
associations of ben~hic. diatoms .. Two ass~cjai~io*s,· :wer,e .-~R~phytic--occurriJ?,g OJ.J: the 
blades of Thalassta testudinum: Assochl:tio'i,l · l : was ¢114tacte;rize.d qy (Jpct;:<J.t,teis 
placentula, and Association III by Cylindro~heca ct.bstfi.tiu,m .an,d,lJiJcc.qnt!i8:plqcentula. 
The other two were epipelic--occurring on 'the carboilate rrrud. substra,t1t~= 
Association II was characterized by Cy~lotelta 'l;ttiata, [ll,.opalodiq. gibber:t~la, and 
Surirella fastuosa; Association IV by Fragilaria ·cr(Jto~en$is and · Cyclot'ell(t ;-s-triata. 
The epipelic assemblage was significantly lllo:r.~ · diverse than the et)iphytic 
assemblage. They noted a general trend ofincr.ea;s.ed diversi~y aw11y from terrestrial 
environs towards more open area~ ofwat~r in bot}). the.epipelon an4 .;epiphyton. 

. . Geologis~s have ~tudied the impottAA~~· of:p~At.h.ic a.lg,~e in creating ~.Qd,hnent. 
The distribution and abundance of the caJ,categua..~lgaJ~ have_ nqt been documented~ 
however, the importance of certain spe.c~es, ~~g., tile. :gr¢en alg~e; Ac;~tc;tbud~ria sp., 
Halimeda sp., Penicillus sp., Rhipocepht~lus:S,{'~~ ~~>:l.Ji},Qtf!p, sp., and ·the bl~e-gree.n 
algae, Oscillatoria sp. _and Schizothrix sp.1 in,· crerathiK ~edlnient in specific habitats 
has been documented (Ginsburg, 1956; Sto¢ltm.an et ~l., l,~67; ·Gi.p.sQur.g et (tl., 1972; 
Merriam et-al .. , 1987). · 

Marine Seagrasses. The bottom of .Flqrida Bay is carpeted with seagrass 
and macroalgal communities. The dominant ·macrophyte ~n the soft botto·m 
·communities of Florid~ Bay is turtle gra,S$, ThaZar;sia t~studinurn {Zie-man and 
Fourqurean, 1985). Other important :se~grass species include 'tnanatee grass; 
Syringodium filiforme, and shoal grass, Halodule wr.i'ghtii,. and at least tw.o. species or 
the genus Halophila (decipiens and engeZ.manni). Turtle grass is considered to he a 
climax species i:n the succession of soft bottom ma.cro.phyte conununities in south 
Florida and the Caribbean (Zieman, 1982). 

Seagrass beds are highly productive, faunally rich, and ecologically irnportanL 
habitats in south Florida. They serve as nursery areas for juveniles of many 
¢ommercially and trophically important species, as well as feeding and fc)raging 
grounds for numerous adult populations. Seagrass beds are import~nt habitats not 
only for fisht but also for prey of harvested fish species (Zieman and Fourqurean) 
1985). 

Tabb et al. (1962) described the seagrass communities in Whitewater Bay and 
adjacent Florida Bay near Cape Sable and Flamingo, between 1957 and 1962. 'I'hey 
found Whitewater Bay and Coot Bay to be brackish water, containing a con1bination 
of shoal grass and widgeon-grass (Ruppia maritima), and that) prior to the opening of 
the Buttonwood Canal, after a summer of drought in 1957, shoal grass was dotninant. 
The opening of the Buttonwood Canal resulted in the increase of widgeon-grass, and 
shoal grass almost disappeared. On the marl banks in Florida Bay, they found turtle 
grass to be the dominant cover. Two general growth forms of turtle grass were 
described: 1) a stunted and sparse growth of plants 31 to 91 cn1 (1 to 3 ft) iall in the 
shallow, highly turbid waters just off Flamingo, and 2) tall, dense stands east of 
Flamingo and south of Cape Sable in the Sandy Key Basin. 
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. H~dson et f:!l. (1970) desc~ibed the flora of r,orpoise Lake, a subbasin within 
L1gn~mv1tae Basin sou~heast of Foxt~ot KeyB and' south of Bob Allen ~ey. They 
?escr1be the banks as being carpeted With extensive beds of turtle grass whtch extend 
Into the lake but thin rapidly with increasing water depth. The ridge area between 
the turtle grass beds and the islands was nartow and covered with sparse patc;hes of 
shoal grass. · 

Schmidt (1979) mapped the seagras~es of F,lari~a Bay in Everglades National 
Park. He divided the Bay into three sections (western bay, central bay, and e~stern 
bay) and identified nine macrophyte communities. within the bay, by dominant 
species. Six community types characterized west~rn Florida Bay: 1) shoal grass
turtle grass; 2) shoal grass-Gracilaria; 3) Caule:rpa; 4) shoE;tl mass; 5) turtle grass; and 
6) turtle grass-Porites. Four community types characterized central Florida Bay: 
1) shoal grass-turtle grass; 2) turtle grass-Batophora; 3) shoal grass~Penidllus; and 
4) turtle grass-Porites. Four community types. characterized eastern Flori~a Bay: 
1) shoal grass-turtle grass; 2) shoal grass-Penicillus; 3) turtle grass; and 4) turtle 
grass-Porites. The shoal grass-turtle grass community was the dominant comJ11unity 
type, covering over 70% of the study area. In colll,paring this study with the work by 
Tabb et al. (1962) in northwestern Florida Bay, .possible changes in the species 
composition of western Florida Bay s~agras~ beds were noted. Turtle grass was 
gradqally being replaced by manatee grass in the Pa:lm and Sandy. Key Basin~, 
possibly due to the influence of relatively stable, marine salinities and low turbidity 
found in that area. The changes did notappe.a.r tobe occurring in Rabbit Key Basin 
or offshore on the grassy banks southetiSt of San.dy Key which n.orma:lly experiences 
stable marine salinities and low turbidity. Schmidt (1979) attributed the lack of 
turtle grass hi the intermediate area of central Florida Bay .to hypersaline conditions 
as a liiniting factor. He noted that the turtle grass beds south of Terrapin Bay 
appeared st11nted and yellow after e~perie11cing several months of hypersaline 
conditions (60+ ppt.) during the, 1974·1975 d:rought period. 

Recent studies by Zieman and Fourqurean (1'985) and rrhayet et al. (1987b) 
have focused on the distribution and. standing ~rop of se~grasses in Florida Bay. 
Zieman and Fourqurean (1985) used dis·tributional, standing crop, productivity, and 
isotope data to define important benthic vegetational communities in Florida Bay. 
The physical parameters associated with each of the primary benthic ccnnmunities 
are summarized in Ta~le 91. Each community is described briefly below. 

The Northeast cbmml.inity was characterized by sparse, patchy turtle grass (0 
to 10 g dw/m2) growing in shallow sediment in the basins. Shoal grass was found 
throughout this zone and was usually very sparse (less than 1 g dw/m2). The alga 
Penicillus was an important macrophyte in this community and the algae Batophora 
and Acetabularia were found on bedrock outcrops. Banks in this area supported 
heavily epiphytized, moderate density turtle grass (around 30 g dw/m2). 

The East-Central community was dominated by sparse, patchy turtle grass (0 
to 20 g dw/m2) throughout the basins. Deeper sediment was found covering the 
bottom, eliminating bedrock outcrops for attachment of Batophora. Banks were 
covered by medium to dense turtle grass with little evidence of epiphytism. 'I'he drift 
alga Laurencia was locally important where concentrated by wind, waves, and 
current action. 

The Interior community was defined by dense monospecific stands of turtle 
grass. Sediments were thick enough to ale Lake, a subbasin within Lignumvitae 
Basin southeast of Foxtrot Keys and south ofBob Allen Key. They describe the banks 
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Table 91. ~ummary ofPh(sical Characteristics ofPrimaJ Benthic Vegetation 
ommunities o Florida Bay (From: Zieman an .· Fou r.o,urean 

1 
1~85). 

Community and Water ~edimcot Water Salinity and 'J'erreslrial ~eugTw.;~ 
'1'/wlassi« 

Uepth Depth Standing Ot11p 
Important Algae tm) (cmJ Clarity 1'emperature . Input ::ip~dc!i lg/m21 

NORTHEAST 
1.5 0-5 Bottom stirs up 

Vuriable Intennediate 
1'haltu;sia, 

0-:10 Batophora in Light wind 1/a/,)dult! 

EAS'f-CENTRAL Bottom sti n; up Moderately Low to '1'/talassUt, 2.0 3-6 in moderate lU-60 Laurencia wind variable inttmnediale llal,Jthde 

INTERIOR 
2.5 20-50 Generally clear 

Moderately 
Low 

Tiwlassitt; 
50~60 

iaurencia stable litrll~tlttll! 

A'l'LAN1'1C 
'/'lw{m;sia, 

1/alimed.a. 2.5 0-20 Generally clear Very stable Lowe~l ~0-l20 
Penicillus HyriiiiJCJdium 

GULF 
2.5 10-80 Ot!nerally clear Ve~y stahl~ LQW 

'i'hahl:;:;ia, 
60-1!!5 

Laurencia ~yrilltJuciituH 

MAINLAND 
ncnerally Highly 1~/wlassin, 

Batophora, 1.0 Varie~ High Syritlg'dditim o.mo 
Laurencia turbid variable Ht.tladule, llilppia 

CONCHIE 
1.0-3.0 Very turbid Variable High Nun(} 

CHANNEL ··-

as being carpeted with extensive beds of turtle grass which extend into the lake hut 
thin rapidly with increasing water depth. The fringe area between the turtle grass 
beds and the islands was narrow and covered with sparse patches of shoal grass. 

The Mainland community was heterogeneous· and heavily affected by 
terrestrial influence. Highly epiphytized turtle grass was :the dominant mactophyte 
in densities similar to the Interior community; but nearly m.onotypic stands of shoal 
grass were found~ with densities of 90 .g dwAm2 ·and nigher. Widgeon-g~ass was found 
along the mangrove fringe of the mainland in the eastern1nost areas of this 
com·munity. Manatee grass was found in the deeper waters of the western areas of 
this community. Water depths were shallow~ and turbid conditions cotntnon. '!'he 
.alga Batophora was common on hard bottom. 

The Gulf community was the most diverse, with high density turtle grass beds 
(75 to 125 g dw/m2) interspersed with shoal grass and manatee g:rass. Manatee grass 
was domin:ant at greater depths (around 3 m). Localized areas of bedrock outcrops 
were found with live bottom communities. The .dri£t alga Laurencia was local] y 
i:m,por.tant on the banks. 

The Atlantic community was characterized by sparse turtle g-rass (20 g dw!Jn::!) 
in deep water and lush turtle grass (up to 400 g dw/m2) on firm banks (mean, 90 g 
dw/m2). Dense manatee grass was found in deep bottoms of tidal channels through 
the banks. Basin floors contain shallow accumulations of coarse sediment. 
Occasional bedrock outcrops contain live bottom communities. The calcareouB algae 
Halimeda and Penicillus were the dominant macroalgae. 

The Conchie Channel community corresponds with the area of Florida Bay 
studied by Tabb et al. (1962). Conchie Channel is a deep, highly turbid tidal channel 
just south of Cape Sable that drains the basins to the ~ou~h and east of Flatningo. The 
bottom is hard packed mud or muddy shell sand With Infrequent bedrock outerops 
with sparse live bottom. Macrophyte cover was generally lacking, with only widely 
scattered turtle grass and shoal grass (densities approximately 1 g d w/m~). 
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Zi~t;nan and Fourqurean (1985) desc:ribed. ;some .similarities between their 
commu.ntties and those described by Schm·idt (197.9}. The .Northeast community 
app~ox1mates th~ turtle grass-Batophora comm:u11ity; the Atlantic, the turtle grass
Portt~s commun1ty; the Gulf, the turtle ... grass~mfW~tee grass corn1nuni ty. The 
relative areal coverage and position of similar cem.munity pairs differed greatly 
between the two studies. Shoal .grass, appea·r.s .. t:o .have declineQ, in hnpo·rtance 
between the two study periods (1973-1976 and 1983-1984). Both the Gulf community 

B
and the Atlantic community appear to have en.croached ip.to the interior of Florida 
- ay. . 

. Thaye~ et al. (1987)., in their study rel~ting fish., populations to habitat, divided 
Florida Bay tnto five strata: I, eastern Bay; IT, mid-Bay; III, west Bay; IV 1 channels; 
and V, Coot Bay and a portion of Whitewater Bay. They found that turtle gras~ 
dominated the standing crop biomass of seagr~sses in Flori~a Bay and occurred at 
almost every sampling site where seagrass was present. Manatee grass and shoal 
grass contributed substantially to shoot .densities in op,en water areas ofStt·ata III 
and in the channels (Strata IV). When data .for the three species were con1bined, total 
standing crop and shoot density were highest in: -Strata. III. . 'fatal st~nding crop 
averaged 230, 221, 206; and 59 g dw/m2 for Strata IV, III, II, and 1, r~spectively, w.ith 
corresponding shoot density average~ of 18,6(); .171~, 1024, and 535 shoots/tn~. 
Strata I, II, and III correspond, respe.ctively, to th~ Atlantic; Interior, and Gulf 
communities of Zieman and Fourqurean (1.985). In th~t study, those cornmunities 
were characterized as predominantly turtle grass, with densities for that species 
varying between communities but showing a g.eneral trend of increasing from east to 
west, coinciding with increased sediment depth. 

Coot Bay and Whitewater Bay had the lowest.overall abundances of seagrasses 
of areas sampled by Thayer et al. (1987). Many stations in Coot Bay were devoi<l of 
seagrasses; where seagrasses were present, widgeon grass was prevalent, with a 
mean standing crop of 5.3 g dw/m2 and shoQt density of 636 shoots/m2. During the 
period May 1984-June 1985, the alga Ohara expanded its atea in Coot Bay. Shoal 
grass, which was alf)o present, had a mean standing crop of 1.3 g dw/m2 and a shoot 
density of 109 shoots/m2. Shoal grass was predominant in Whitewater Bay, with a 
mean standing crop of 6.0 g dw/m2 and a shoot density .of 534 shootshn~. Widgeon 
grass was also present, with an average standing crop of 3.4 g dw/m2 and a shoot 
density of 366 shoots/m2. This! grass had expanded its area and density in March 
1985 in northeast Whitewater B~y, when there was a standing crop of 77 g dw/ml and 
a shoot density of 8, 700 shoots/m2. 

Two recent studies have focused on specific areas or habitats in Florida Bay. 
Montague et al. (1989) provides an assessment of benthic habitats along- salinity 
gradients in northeast Florida Bay. G. V. N. Powell et al. (1987) studied the ecology 
of shallow bank habitats in the Bay. 

Montague et al. (1989) sampled three transects: 1) from the n1outh of Little 
Madeira Bay into the Taylor River; 2) from Trout Cove into Trout Creek and Snook 
Creek; and 3) from Little Blackwater Sound, into Long Sound and up Highway Creek. 
Turtle grass dominated the outermost stations in Little Madeira Bay and Trout. Cove, 
with densities varying between 563 and 1400 g dw/m2 at these locations. The 
calcareous alga Penicillus was dominant in Little Blackwater Sound, with a small 
percentage of turtle grass. Shoal grass and turtle grass dotninated in near equal 
amounts at the next stations upstream on each transect. Further upstream in each 
system, turtle gTass becatne less dominant and shoal grass, widgeon grass, and the 
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alga Chara became more influential. The outermost stations sampled in this .study 
coincide with the Mainland (Little Blackwater Sound .and Littl-e Madeira Ba,y.) and 
N.ortheast (Trout Cove) communities of Zieman .and Fourqurean {1985). A.ctually, 
L1ttle Blackwater Sound as described by Montagt!e et {tl. (1989) is 1nore siinl1laf to .Lhe 
Northeast community of Zieman and :Fourq\ir_ean (198'5) ·With s·parse, patchy_ turtle 
grass and Penicillus. Little Madeira Bay and Trout Cove are sin1ilar to ·the Wrai,ntall.d 
community, with turtle grass as the dominant macrop'hyte ,being replaced ·wi.th shpa 1 
grass and widgeon grass as salinities become reduced. 

Powell, G. V. N. et al. (1987) studied five bank ih~bitats located in each of the 
major vegetational divisions of Zieman and Fourqurean (1985). Eagle Bank is 
located in the Northeast community; Cross Bank, in the E~st•Cent:nd cotnrp.unity; 
Whipray Basin, in the Interior community;· Buchana.n Bank, in the _.Atlantic 
community; and Oyster Bank, in the Gulf community. The mean atandJng crqp 
values for_ turtle grass along transects at Eagle· B·~ut~, Cro~s B~nk, Whjpray ~~asin 
(Dumps Bank), and Buchanan Bank were 33~4, 90~0j 73, and ·90.0 :g ciw'/In2, 
respectively, coinciding closely with the values for th~ respective con1:tl1Qnities of 
Zieman and Fourqurean (1985). Oyster Bank_ was found to lia ve a ~nuch lo.wer me.an 
E;tanding crop than reported by Zieman and Fo-urqu:r;ean (l98.5). .Oyster Be:1.:nk \V;as 
found by Powell, G. V. N. et al. (1987) to hav~ high t~:tbidity which may have causea 
the reduced density values at that site. Oyster Barik hfid the, ~.par~e&t turtle :g-I~~s 
density of any site; however, shoal grass and mal);atee grass were found !·n tb'e· highest 
densities of any site at this location. At the ,Buchanan,· Cross, and 'Eagle sites, a 
progref)sion of richness in vegetation was noted from one side of the bartkto the other. 
The trend appeared to be related to relative :exp()~li!re'to wind-induced wave action~ 
with seagrass lushness decreasing from protected-to the exposed s.i<le. ofl.'lattks~ This 
progression was not apparent at the Oyster or I;>urnps site·oecause these banks were 
broad, and relatively sheltered from wind effects. 

One recently recognized function of seagras$ beds is. their ability to ~~port 
large quantitiee! of organic matter from the. beds for utilization at soyn_e distant 
location (Zieman et al., 1979; Zieman, 1982). This exporteO. material is both _a carbon 
and nitrogen source for benthic, mid-water, and surface-feeding orga,p.lsllls at 
considerable distances from the original seagrass beds. The seagra~s blades can be 
detached by herbivores, low tides or wave action) or major storms (which can tear out 
whole· plants). 

Live Bot !om. Live bottom refers to the communities of attached 
invertebrate fauna ·e.g., corals and sponges) found within some areas of Florida Bay. 
Live bottom communities are found within Florida Bay where there is hard bottom 
and good circulation ofGulfofMexico or Atlantic Ocean waters. From dala provided 
by Thayer et al. (1987) (see Section 2.5.2 on surficial sediments), the southeastern 
portion of the study area would have the greatest potential to contain hard bottorn 
areas. 

Schmidt (1979) recognized nine macrobiotic communities in Florida Bay 
within Everglades National Park; all but one, the Thalassia-Porites cotnmunity, was 
defined by the major macrophyte components. The ThalassiaH Porites co nun unity is 
found along the southeastern boundary of the Park along the Florida Keys. Hudson 
et al. (1970), in their study of Porpoise Lake (found within the Thalassia~Porites 
community of Schmidt f1979]), describe the seagrass beds as having a discontinuous 
distribution of Porites furcata. They also noted the knobby star coral, Solenastrea, 
hyades on hard bottom in the canals transecting the banks. 
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. Schomer and prew (1982), adopting the ·stib'en:virontn_ents of Turney 3;nd 
Perkins (1972), described the Atlantic subenvironment as·.hav1ng abundant Pontes 
furcata, common Siderastrea and· Alcyona .. ,ia. and few· ·Solenastrea, th.e Int.~rior 
subenvironment, very rare Siderastrea and 'rar~ Porites~ Solenastrea, and: Alcyonaria 
near margins; the Gulf subenvironment, common Boritesftircata and rare A,lcyonaria 
and Solenastrea. Attached invertebrates were absent in the Northern 
subenvironment. 

Zieman and Fourqurean (1985} faund loca.t hard: bottom, areas in the mjddle of 
basins within the Gulf community. These hatd bottom areas: supported gorgonians, 
alcyonarians, hardy corals such as · Siderastrea, and sponges. 'I' he ·Atlantic 
community contained occasional bedrock .outcrops colonized by dense stands of 
gorgonians and the hardy hermatypic corals Por!tes and Siderastrea. 

. . Fish. Schmidt (1979) summarizes the early fish studies in the Florida Bay 
area. Hensha.ll (1891) ,prepared a list .of fishes from. ~he Cape Sable region. Tabh and 
Manning (1962) prepared a,n.annotated chec~list··oftfish and invertebrate fauna from 
Whitewater Bay and northern Florida· ~Bay. an.d Roessler (1970) provided an 
annotated checklist for the Buttonwood CanaL Hudson etal. (1970) incl,uded a listing 
of fishes in their inventory of species from:Por,poise'Lake. The U.S. Geological Survey 
study of the Shark River estuary (McPherson,.l~70)1included. fish collections, using a 
combination of trawls, nets and sein~§. LindaU et at. (1973) conducted a surv~y of 
fishes a11d invertebrates along the Gulf of Mexico shoreline between Cape l~omano 
and Cape Sable, using a combination.oftrawl and seine collections. A study of the 
Ten Thousand Islands area .by the U.S. Environmental Protection Agency (Carteret 
al.~ 1973) was the first systematic survey in Florida on the r~dative abundance of 
estuarine and marine fishes by number and biom.ass~ Clark (1974) studied the 
variability of trawl data in Whitewater Bay; . Da:v-is and HHsenbeck (1974) and 
Schmidt (1989) sampled fish in the Whitewater Bay areaJ using boitom trawls. 

Zieman (1982} and Odum et al. (1982) provide· a gene:ral listing of invertebrate 
and fish species found in seagrass and mangrove habitats. The structure of the 
seagrass bed with its calm water and many microhabitats provides living space fora 
rich epifauna of both mobile and sessile organisms including gastropods, a1nphipods, 
isopods, and. polychaetes. 'l'hese organisms are of the greatest i m porta nee to higher 
consumers within the grass beds, especially fishes (Zieman, 1982). Mangt•oves serve 
two distinct roles for fishes: 1) the mangrove-water interface, generalJy the red 
mangrove prop roots, affords a relativeTy protected habitat which is particularly 
suitable for juvenile fishes and an attachment surface for sessile filter feeding 
invertebrates; and 2) mangrove leaves are the basic energy soutce of a detritus-based 
food web on which many fishes are dependent (Odum et al., 1982) (see Sections 2.6.6 
and 2.7 for further discussion). 

Schmidt (1979) provides a sumtnary of a 40-tnonth study to determine the 
composition, diversity, distribution, and relative abundance of the fish fauna in 
Florida Bay. During that study, 182,530 fishes representing 128 species and 50 
families (674.9 kg [1,488 lb l, total biomass) were collected in seines and trawls at 27 
stations in the Bay. An additional 21 species were identified from sport fi~h surveys. 
Overall, five species comprised 75% of the numerical total and 11 species made up 
75% of the total biomass. In western Florida Bay, species dorninating numerically 
were anchovies, specifically striped anchovy, Anchoa hepsetus and bay anchovy 
Anchoa mitchilli; in the central portion of the Bay, silver jenny, Eucinostornus gula 
and pinfish, Lagodon rhomboides; and in eastern Florida Bay, the hard head 
silversides, Antherinomorus stipes and gold-spotted killifish, fi'loridichthys carpio. 
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The silver jenny was the biomass dominant throughout the Bay systetn. Excluding 
t~e silver jenny, the most abundant species by w~ight in western ·Flotida-l~ay were 
p1nfish, southern stingray, Dasyatis americana, ands'ilverpe-rch, ·Bairdiella clirysu·i'a; 
in central Florida Bay, the pinfish, gray snapper, Lutjan-us gtisettS; and scr~w1~d 
cowfish, Lactophrys quadricornis; and in eastern. Florida 1Bay, the hatdhead 
silversides and hardhead halfbeak, Chriodorus ather.inoides.. · 

. The study by Schmidt (1979) also showed that the·distribution:and abundances 
of fishes varied according to hydroperiod, region, habitat, and salinity;. The greatest. 
numbers and biomass of fishes occurred during :the ~wet:)a~ason '(sumttuH· and fall 
months) whereas the lowest numbers and bioma&S !~ppeareti :(firurin~g;· the !dry se,ason 
(winter and spring months). Fish ·abundance anddiversity,wer~ highest in. v\,.estern 
Florida Bay, followed by the eastern and central ·regio~s1 _. respe'Ct~vely. (Je1rtain 
species and age-sizes of fish were abundant .only in pa:tticular mactobidtic 
communities and habitats. The 0 age group pinf~h, silver perch, a.nd grunts 
seasonally dominated the shallow seagrass flats whereas :,ala'er {age I) fish w.ere 
commonly found only in the seagrass .. covered' basin ar.eas. ·The aneh'oyies ·dominated 
the shallow rock and shell channels and the spar.sely~.-v~g~taOO.d intertidalih1JdLf1ats 
of moderate salinities in western Florida Bay... Th~~-(hardhead ;silverside~, _and 
halfbeaks dominated the hypersaline,. open water caltclies qver· stunted sea grass beds 
in eastern Florida Bay. Salinity was. the major ~en·virontnen~tal 1itl):itii'ng factor 
affecting fish distribution, particularly in north cen-tra1 and ·northeastern Floriff:a 
Bay. 

Thayer et al. (1987) studied the distribution and abundance of.fish in se~gt~ss 
an(L mangrove habitats in the Park. In the seagrass habita't, they collecteq 43,678 
individuals of 93 species in nine surveys between May ,1984 and June 1985; using 
surface and otter trawls. Twelve species contributed :9:LO%~ofthetota1 number offish 
collected by otter trawl; rainwater killifish ~Luc~nia parua}, silver jenny; pinfish; bay 
anchovy; gold-spotted killifish; white grunt ·(Haetrl/uJon plu:rnieri); dusky pip.efish 
(Syngnathus floridae); silver perch (Bairdiella chrysoura); pigfish COrthopristis 
ch'rysoptera); gulf pipefish (Syngnathus scovelli); hardhead· siTverside; and gulf 
toadfish ( Opsanus beta). Bay anchovy dom~inated the surface trawl catches, followed 
by halfbeak (Hyporhamphus unifaseiatus); reef silverside (llypoatherina 
harringtonensis); rough silverside (Membrtts martinictt); hard head si lverside; tedfin 
needlefish (Strongylura notata); hardheaded halfbeak; striped anchovy; silver jenny; 
rainwater killifish; and Spanish sardine (Sardinella artrita). 'rwelve species 
dominated the biomass of fjshes collected by otter trawls: pinfish; silver jenny; 
hardhead catfish (Arius felis); pigfish; white grunt; gulf toadfishj silver perch; gray 
snapper; gafftopsail catfish (Bagre marinus); scrawled cowfish; inshore Iizardfish 
(Synodus foetens); and bluestriped grunt (Haemulon sciurus). Nine species 
dominated the biomass collected by surface gear: halfbeak; redfin needlefish; 
hard head halfbeak; ballyhoo (Hemiram.phus brasiliensis); ti tnucu (Strongylura 
timucu); bay anchovy; rough silverside; pinfish; and silver jenny. 

In the study by Thayer et al. (1987), the seagrass sarnpling stations were 
divided into five strata (see Section 2.6.3 for explanation of strata). Analysis showed 
that, although many demersal and pelagic fish species co"occurred in the three open 
water strata (IJ II, III, and IV), western Florida Bay (Strata Til) contained ihe g-reatest 
number of species collected solely in that strata. In general, few species were unique 
to any one strata. Salinity was the limiting factor to co*occurrence of species in 
Whitewater Bay and Coot Bay (Strata V) and the open water strata. 
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Within I_Uangrove habitats in Florida Bay., :a total of 14148.2 fish distributed 
among 8'! species ~ere collected during- the- stucly!period ·(Thayer et at; 1987). The 
ten dominant species were hardhead silverside· silver jenny; bay anchovy.; .gold .. 
spotted kill!fish; rainwater killifish; spotfin· ~-moja~ra ($ucit~tostomus: argent.eus); code 
go~y ( Go?tosoma robustum); striped _ .anch.Qvy; :g1;1lf pip.efi,s:h; ai}d~. clown goby 
(Mtcrogob~us g'!losus). Silver jenny, bay ~anehcrV:y~ and gulf pipefi~h were more 
a~undant 1n a~Jacent seagrass beds than in~·the mangrove sites. B.a,s~d!OJl a few. day
night comparisons, the trend app.ears to he towards higher, abundances of fishes 
among the mangrove prop roots during daylight_,.and-greater diversity at night. The 
mangrove habitat exhibits an overall greater density and standing: crop biomass of 
fishes than the adjacent fringing- seagrass habitat .. Overallthe t.wo.habitats support 
different fish communities during daylight and- night hQurs, and £u1fill different 
functions for different species of fish. 

In their study of bank habitats~ in FloridaJ3ay; 'Powell, G. V. N .. et q,l. (1987) 
divid·ed the community into demers;;tl (epib~nthic} and pelagic species. Fifty""six 
species of demer$al fish were caught. TP.e. doJD.,inant. speCies in total abundance were 
gold spotted killifish, rainwater kjllifif3h, gulf toaqfish, code go by, and fringed 
·pipefi~h (Anarchopterus criniger) . .. Seventy-one species pfpela.gic fish ·were caught, 
witl! the. dominant being (not in order,ofilnportance) silverjenny; sea catfish; fantail 
mullet (Mugil trichodon); striped mullet (Mugil cephalus), silver mullet (Mugil 
curema); Atlantic thread herring (Opis-thon,ema oglinum); scaled sa,rdine (llarengula 
jaguana); pinfish; silver perch; redfin needlefish; _gray snapper; lady fish (Elops 
sautus); spotted seatrout (Cynoscion nebiilosus); bluestriped grunt; crevalle jack 
(Caranx hippos); pigfis-h; andhalfbeak_. 

Schmidt (1986, 1989) has studied the foQc}. habits .of juvenile lemon sharks 
(Nec.aprion brevirost;is) and. young . great :barr.acuqa (Sphyrqena ba.rracuda) . in 
Florida Bay. Juvenile lemon sharks were found to feed on small demersal fish, 
predominantly gtilf toadfish and pinftsh. Young batra_cuda feed oil sma1 l epibenthic 
fish, mainly gold ... spotted killifish and rainwater killifish. 

Tilmant (1989) summarizes the history of commercial and recreational 
fisheries in Florida Bay. Florida Bay was added to Everglades National Park in 
1950t and in 1951 government regulations were established to control fishery 
harvest. Commercial trawling for shrimp and trapping for lobster was prohibited in 
the Park; however, commercial fishing for mullet, spotted sea trout, and ot.her finfh:ih, 
as well as trapping of stone crabs, was allowed to continue in specific areas and using 
designated gear. Information on.the dynamics of the sport and commercial fisheries 
in the Park began in 1958 with a series ofreports issued by the Institute of Marine 
Science of the University of Miami to the National Park Service (Rosen and Dobkin, 
1958; Higman and Steward, 1961; Higman and Yokel, 1962a,b; lligman and 
Roessler, 1963; Rouse and Higman, 1964; and Dooley and Higrnan, 1965). 'l'hese 
studies were the foundation of an expanded monitoring program instituted hy the 
National Park Service in 1972. The program provided detailed data on the fishing 
effort and harvest of commercial and recreational fisheries and docuntented growth 
in commercial fishing activities and declines in stock of popular sport fi::;h during the 
1970's. The National Park Service placed restrictions on sport fishing in 1.980 and 
announced a phase-out of all com mercia! fishing in Florida Bay by 1985 ( lJ .S. 
Department of the Interior, National Park Service, 1979). Particulady itnporLant 
sport fish species are snook (Centropomus undecimalis), gray snapper, ~poLted 
sea trout, and red drum (Sciaenops ocellatus). 
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Studies on snook in Florida Bay were begun by Marshall (1958) ~nd Volpe 
(1959)~ More ~ecen~ studies have studied tile ~g~.tgrowth, !8Jnd mqrt~diby ,('Fhue et a.l., 
1982); early hfe history (Rutherford et al., 196'6, 1989)i and :fish~ry harve$t and 
population dynamics (Tilmant et al., 1989). Thue .etdL (:1982) used :scale attn,l.lili ic> ~.ge 
snook; finding that snook in the Park wer~ .¢ahi~y four-· artq1 five-ye~r olds. 
Recruitment into the fishery began at age two an<:l was conipleted b.y age six. ,M::ea~ 
calculated growth was 375 mm (l4.8in.} in the fi.r·st year, ari.d 57~90· n1n1 (2.2~3'~5 in.) 
thereafter. Fish taken from Whitewater Ba:y~<Doot· B_a.y w·ere la.ng~r a~ age·s ·one 
through four than fish of the same age from the north Florida Bay..;tJ~p·e Hable a-rea. 
Rutherford et al. (1989) found that snook apparently do not ~llhf\hit F:loride1 B:ay· as 
larvae or juveniles. Juveniles 269-423 nun (1:0i6~16·,f). inJ (l-2 years oJd} ·were 
collected in Whitewater Bay. Since 197 4, the average teng·th ·of sno~k harvested iri 
the P~rk has been approximately 635 mm (25.0 inJ· (;age 4.5·years). A inininnttn: size 
of 610 mm (34 in.) was placed on the fishery in 1985; 31%·of the,.fish harvested hf!ve 
been .less than the minimum length. Average size of the pqp~l~tion increased to 
711 mm (30.0 in.) in 1975 and 1982, possibly reflecting low recrtiitiuent .year c1asses. 
Ali apparent increase in recruitme-nt occu·tr~d in li983 ~nd: 19'84 following· high 
rainfall years of 1982 and 1983. This sugg~sts that larval teCrl!itrnent and/or 
juvenile survival may be enhanced by i11creased upland . runoff or marsh flooding. 
Management techniques (bag limits, minint~:tm size limits~, and: closed seasons) AG\'Ve 
not resulted in reduced annual harvests(TiJ:mant~eta/., 1989). 

Gray snapper enter the Park waters as poatl.arvae and .~m:aiil Jllveniles, 
inhabiting seagrass beds in banks, basi11s and. channels,. ~nd' mangrove prop· l!Oo~ts. 
Juvenile gray snapper were most abundanl in mixed .seagrass beds of Flbrida Bay 
{Rutherford et al., 1986, 1989). Fish aged u~ing sca:le~an\ilu.li ranged from 1-7 years 
(me(ln age; 3 years). Growth is greatest in the first year and relatively linear b~fore 
inev·easing in the fifth year. Spawning activity .pppbably occurs· o.utside of the Park. 
waters·. The gray snapper diet consist tnaillly of.fish:,.S,hrhnp, and crahs (Rutherford 
et al., ):983). 'Total annual harvest of gray s~~pper in .Florida Bay and adja.cetit 
waters has dropped from 129,000 to 99,500 in 1973.;1976., increased .gr~atly to 156;000 
fish in the mid-197o•s, but declined agajn durjng the· 1980's to 59,000 fish. 'f'he 
increase in the 1970's was due to an increase in g:tiide harvest. The decline in eflort, 
harvest, and harvest rates in the 1980's is beli~ved due to increase in effort for other 
species such as seatrout, as well as reduced stock abundance· and recruitntent 
(Rutherford et al., 1987). 

Spotted seatrout was the only :sport fish found to spawn in Park waters, 
predominantly western Florida Bay ( Powell, A. B. et al. 1987). Spotted seatrout 
larvae were found in every month but January, with peaks in June to Septe1nber. 
Juveniles were collected in mixed seagrass beds and were most abundant in w~stern 
Florida Bay (Rutherford et al., 1986). Age of harvested sea trout ranged frorn 1 to 7 
years. Estimated population in the Flaming·o area ranged fro1n 686,000 to 786,000 
fish from 1974-1978, and then decreased slowly to 63~,800 by 1984. Recruitrnent 
varied during that period but was lowest in 1983. Recruitrnent appears loosely 
correlated with rainfall and water levels in upland marshes (Rutherford et al., 1989). 
The seatrout harvest has changed through the years with changes in the fishery 
(commercial and recreational); however, since 1980 when bag· limits of 10 fish per 
person were initiated, total annual harvest has in·creased to early 1970 levels, with 
increases in both recreational and guided harvest. Current harvest levels have 
moderate impact on the stock (Rutherford et al~, 1989). 
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Red drum spawn outside of Park waters but .larvae enter: the Park from 
Septel!lber to ~anuary and inhabit ~haUQw 1 br~9~ish wa~ers. near. tnangrove 
shorelines and 1n creeks. L_arval cat.ches ba;y,e decreased 1n, the la~t. 20 yt>ars 
(Rut~erford et al., 1986, ~989). The red drum -.flshety con~ists larg'ely of newly 
recrutted fish1 as maturing fish are known . to migrate offshore,· Increased 
!ecruitment tot~e fishery hasb·e·en observe~ to fo.liQwhig.l\~rat.·n.fall y. ~a·r.s., sug·ge:st. ]ng· 
~mproved recruitment an~/or surv~val ,c:lf early ·~tag~ jM-v~nil~s. during: ~eriods of 
Increased upland r'!p.off (T1lmant et al., .1989)~ I 1'fb.e. popy:I~r1ty of re~ . .dr.u rp. i Increased 
from a species specifically sought by lesethan 7%, Qf.t.I:u~Jishermen 1n .tq~.late 19ij0's 
to one sought by over 40% of the fishermen in Flor.ida.Bayt'ltWing 198(). Thisres.ulted 
in an increasing percentage of the availabie stock being harvested. A 457.2 mm 
(18 in.) size limit placed on the fishery in Au.gu~t 1985. Jlnd a cl9sed E;eason in 
November 1986, both have contributed to spme de.c~e~~ein the total a·nnualrepor.ted 
catch. ~owever' a decline in the repor:t~d pa,tch .r.S:te a~d a r.adi~al incre~~~ rin the 
mean s1ze harvested (well beyond .. the hm1t) suggest a: ,de.chne, 1n population and 
recruitment or a11 increase in mortality in recent;:y;~~.rs (TiJmant et al.,, 1989). 

Florida Bay has had, or is link~d to, .con,1lllercial fisheries for pink shrimp 
(Penaeus duorarum), spiny lobster (Panuli:rf,fs.· argus), and .stone. crab .CMenippe 
mercenaria). The Tortugas fishery for pink shri-ptp was discove~ed a.,pd studl~.9. ·~y the 
Institute of Marine Science of the University oflV[ia.mi. Dobkin (1961) and Ewald 
(1965) described the early life ·stages of pink shrimp fron1 tank rearing and plankton 
.samples. Jones et al. (1970) describ~d tile .distribt1tion ofearly developmentaJ stages, 
finding that the species. entered Florida Bay. ~s. postlariVae and moved to inshore 
waters as the postlarvae became older. Beard.sl~M (1967} found that the movement of 
juvenile pink shrimp in the water column of~he BlittQnwood Canal maximized on full 
moon ebb tides in early sun1mer. Costello et al!' (19.86}'~:;ummarizes the work done on 
t9-e species from 1965 to 1968 by the National Marine Fisheries Service. They found 
that maximum concentrations of juvenile pink slttimp occurred in western Florida 
Bay; .few occurred in eastern Bay. Juvenile shritn,p occur year• round and are inost 
abundant from late summer to early Winter, in seagrasses. Flood tides (especiaUy 
associated with a rise in sea level from about April to October) bring planktonic 
postlarvae into the Bay where they settle as epibeuthic postlarvae (approximately 
0.4 in [10 mm.]), actively selecting shoal grass f()r initial Hettlement. Optimum 
habitat for early juveniles consists of relatively open marine water circulation, with 
daily tide exchange, and broad intertidal and subtidal beds of shoal g-rass, with high 
blade density. With growth1 late juvenile and early adult S

1
hrimp move to deeper 

water. Shrimp in the 2.76-3.15 in.(70-80 mm) range prefer ch~nnels and basins. 

Robblee and Tilmant (1989) studied the seasonal abundance and recruitlnent 
of juvenile pink slrrimp in Johnson Key Basin in western Florida Bay. 'I' he species 
was present throughout the year in the basin and was tnore abundant during fall and 
winter (peak, September and December). Shrimp in the less than 0.4 in. (9 tnrn) size 
class were the most abundant. Juvenile pink shrimp were most abundant in near
key habitats. They seem to prefer this near-key or bank habitat throughout the Bay. 

Browder (1985) reports a relationship between freshwater runoff to estuarine 
areas in the Park, as indexed by water levels in the Shark River Slough, and landings 
on the Tortugas fishing grounds. A strong positive relationship was found between 
quarterly landings and average water level of the previous quarter. October through 
March shrimp landings (when two-thirds of the annual landings occur) were 
associated with high freshwater discharges from July through Decen1ber. January 
through March freshwater discharges also positively affect the landings. An inverse 
relationship exists between landings and discharges fro1n April through (June. 
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_Several docume~ts report the importance of Flo'i'i«;la Bay 'as nursery ar~a for 
the spmy lobster (Davis and Dodrill, 1980; Lyons et'al., 198_1; Marx and IIerrrikip.d, 
198~). Lobsters enter the Bay as actively swimming.·P.ueruli ·(p·os~l~rv:ae) andse.tpe 
rapidly when they encounter suitable inshore substrate~ 'Fierrnkind and ,Bu'tie·r 
(1986) have found that the alga Laurencia spp. is the· pref~rred settling ha,:bitat of 
postlarvae, which may remain in that habitat a'$ ·~arly j\lveniles (20 tn-m rQ.8 ip.]). 
Late juveniles and early adults occupy crevices ih ru'bl>)~·areas,. ,Ia:fge spong·es, <!O..t~l 
heads, mangrove roots, seagrass bed undercuts, so1utt9:P. 'hdles,~nd rocky·ou'tc'rQgs. or 
ledges. Lobsters approaching maturity {2.76..:3.15' in. {'70~;80 nirn]) emigrate ·oltshore 
(Marx and Herrnkind, 1986). ·· 

Commercial fishi~g for stone crab was allow·ed ·hi the Everglades Nc:!tion~I 
Park prior to 1985. Before that time, the fishery ·was ;3howing signs of'stc.tck depletion 
and increased fishing pressure (Bert et al., l:986l. Bert ~taL (1986) an.d B'ert and 
Stevely (1989) summarize the biology and population (lynamics df the stone crab in 
the Park. Relative abundance, proportion offemales~ and number ofjuve·niles were 
highest in the Lostmans River area northward. Mean size of. both &~~es was sn1allest 
in that region. Southward and into Florida Bay, the relative ah\l:~dance of both 
adults and juveniles decreased, the proportion of Iruile·$ jncreased, ~rt.d th~. mean size 
of both sexes became larger. Juveniles were not fou11l:l in Florida Bay. 'l'h~ prhnary 
source of adults in·Florida Bay appears to be a very slowmoV\emen't ofcrahs fro'm the 
Gulf of Mexico progressively into the Bay. The cra.hs excavate burrows under 
emergent hard substrate or in turtle grass beds. · Density is highest in mixed 
roc}{/seagrass habitat. Females prefer rock/seagrass, whereas males ptefe~ n1ixed 
rock/sand habitat. In western Florida Bay;· where little rock habitat exists.> no 
difference in substrate preference between the sexes was noted. 

Mangroves. A summary of information on mangroves in south Flori"da is 
presented by Odum et al. (1982). Most of the mangrov~s in FloridCl: (estin1ated two 
thirds [Olmsted et al., 1981]) are located ·within Everglades National Park, 
particularly in the Whitewater Bay/Shark River Slough and along the Gulf of Mexico 
shoreline northward. All three species--black mangrove (Auicennia getrninans), 
white mangrove (Laguncularia racemosa), and red. mangrove (Rhizophora rna.ngle)-
ahd the six community types--overwash, fringe, riverine; basin, ha1nmock, and scrub 
or dwarf-.. exist within the Park. Overwash mangrove forests· dominated by red 
mangroves are found on the islands in Florida Bay. Fringe mangrove forests are 
typically thin fringes along waterways and ;may contain all three species of 
mangroves in zones defmed by tidal inundation. Riverine mangrove forests, probably 
the largest community in the Park, are found along the tidal rivers and creeks in the 
western portion of the Park; red mangroves predominate along the bankH, with the 
other species found inland. Basin mangrove forests and ha1nn1ock fore~l~ occur in 
areas where terrestrial runoff is being channeled to the tidal rive1·s or coast. BaBin 
forests are found in depressions and are dominated by black and white mangrovef-1. 
Hammock forests occur on slightly elevated areas and all three species 1nay he 
present. Scrub or dwarf forests are found in the limestone substrate of the eastern 
portion of the Park. This community type may contain any of the three species and 
appears to be nutrient limited. 

Davis (1940, 1943a) provided the first detailed descriptions of the tnangrove 
forests of south Florida. Several of the classic studies on mangrove ecology (e.g., 
Heald, 1969; Heald et al., 1974) were performed in the Whitewater l~ay/Shark River 
Slough drainage basin. Olmsted et al. (1981) is the first attemt)t to use a con1bination 
of aerial photography and "ground truth" surveys to map the coastal vegetation fron1 
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Flamingo to Joe Bay and a transect through Coot ]~ay Hammock ( O:hn.sted and Loope 
(19811 as reported in Olmsted et al. f198l]). 'The vegetational 'COmmunities are 
delineated and described. The observed effects ofhurricanes~ fire, freezing, sea level 
rise, and human influences, including the intr.oduction of the exotic Brazilian pepper 
(Schinus terebinthifolius), are discussed. · 

A discussion ofthe major values attributed totn~u!groveforests is contained in 
Odum et al. (1982) ... These include substrate formation; water quality alterations, 
nutrient cycling, leaf litter production, and fish and :W:ildlife·habitat~. The formation 
of peat soils by mangroves has been extensively studied by geologists, h1 the Florida 
Bay area (Cohen and Spackman~ 1972; Cohen and Davies, 1989; also, see 
Section 2.5.2). Odum et al. (1982) summarizethe,currentunderstanding·ofmangrove 
peat and soils: 1) mangroves can grow in a wide. variety of substrates ,indtiding mud 7 

sand, rock, and peat; 2) mangrove ecosystems 'appear to flourish on fine-g~ained 
sediments that are usually anaerobic and. m~y ·have. a high organic eonteni; 
3) mangrove eco~ystems that p.::rsh;t for sometim.e:~in. the absence ~f strong physkal 
forces may mod1fy the underlymg substrate .through peat formation; 4) n1angrove 
peat is formed primarily by red mangroves and :consists ,predominately of root. 
material; 5) red :mangrove peats may reach thi(!knesses of several meters, have a 
relatively low pH, anq may be capable of dissolving, v.nd.erlying layers of lhnestone; 
and 6) when drained, dried, and aerated, . mangrove s,oils experience, dratnatic 
in(!reases in acidity due to the oxidation of reduced sulfur compounds. Olmsted et aL 
(1981) discuss the importan~e of mangroves as "land bUilders," stating that sea level 
fluctuations dwarf any effects of land buildup by peat formation. They consider the 
mangrove ecosystem as ••steady-state,'' with the only major sediment accumulation 
eccurring during storm events. 

Odum et al. (1982) describe the surface: water. quality in -q1arigrove forests as 
characterized by 1) a wide range of salinities fron1 virtually freshwater to above 
40 ppt, 2).low macronutrient concentrations (particularly phosphorus)~ 3) relatively 
low dissolved oxygen concentrations, anci 4) fr.equently increased water color and 
turbidity •. The last three become most pronounced in exte11sive systems such as those 
in the Whitewater Bay/Shark River Slough area. The low macronutrient 
concentrations have led to speculation concernizlg mangrove forests as nutrient 
sinks. These ecosystems appear to act as sinks for many elements, including nitrogen 
and phosphorus, as long as the input is modest. Nitrogen fixation 1nay provide much 
of the nitrogen needed for mangrove growth. 

The fall of mangrove leaf litter (and other parts of the tree), is an i1nportant 
ecosystem process because it forms the basis for detritus·based food webs in the 
mangrove forests (Odum et al., 1982). Odum (1970) and I-Ieald (1969), in theit· work 
on the North River estuary, estimated the litter production from riverine red 
1nangrove forests averaged 2.4 g dw of organic matter/m2/day (or 876 gftn2/year). 
Riverine, fringing, and overwash communities produce the greatest Jitter fall. 
Mangrove leaves increase in nitrogen, protein, and caloric content as they decompose. 
Mangroves do export this 1naterial as dissolved or particulate organic carbon to 
adjacent bodies of water, particularly during extreme events such as storms. 

Mangroves are important as fish and wildlife habitat; as indicated. in the 
previous section's. Algae, sponges, and ascidians attach to the prop roots of red 
mangroves and provide habitat for am phi pods, isopods, and algae (Reh1n, 197 4; 
Nickelsen, 1977; Odum et al., 1982). Fish and shritnp use the root systetn as 
protective habitat. Many bird species nest in the canopies of the trees and feed in the 
surrounding waters. 
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ZieJ.!lan (19~2) emphasizes the importance of the juxt~position of the ~wo 
fau~ally-r1ch habttats, mangroves and seagrass, found in. coaata~ E-verg}aqes 
~at1onal Park and Florida Bay. The indiv.i<lu.al .. studies hp.ve sho.wn certain. sp~cies 
Interdependence on the two habitats. For- eKam;ple; ·~ay snap,p·er~ spotteds.eat.vout, 
and red drum recruit into the seagrass habitat, but move· intm· the: man.gro;ve .habitat 
for the next several years. -_ 

Wildlife. Most of the wildlife of the m.:aJigrove fvip..g~ of E·v:erglades 
National Park and Florida Bay has been discussed w-ithin the; preceding sections; for 
a synthesis of the faunal components of 1Ila;Qg£ove an~ seagt:ass ,systems in south 
Florida, see Odum et al. (1982) and Zieman (1982). 

Within the amphibians and reptiles, two subsp·ecies of· diatnondback teFrapJn 
use the mangroves as principal habitat, Malacle.mys terrapin macrosp.tlota, and M; 
terrapin rhizophorarum. Four species of sea ~urtl~a have: been .doct1mented as. l1Sing· 
Florida Bay; further discussion will occur u.pder ~Enda11gered· Sp,eci~s. and Species .of 
Special Concern. One species of snake, the· mangrQ:V:e··water sna.k~ (Nerodia faseiata 
compressicauda), is dependent on mangro:ve hal;litats. The American crocodile 
( Crocodylus .acutus) wiH also be discussed as an enda~ngered species~ 

Birds are a major component of wildlife using. mangrove and· s~eagrass habitats 
surrounding Florida Bay, and have been studied -bY Evergl~_des National Park 
personnel and National Audubon Society resewchers·. The tJ .S. Fish and Wildlife 
Service has provided summaries of marine birds- in t11.~ southeast~rn U .8~ and the 
Gulf ·Of Mexico. Part I contains Ga viifo:rmes through Pelecaniformes (Clapp et. al., 
1982aJ; Part II, A!lseriformes (Clapp et al., 19.82b); ~d Par.t III, Charad;riiformes 
(Clapp et at., 1983). The U.S. Fish and Wildlife Service has deve'lopeq· habit~t 
sui~ability indices .for the Laughing Gull (Lar~s atticiUa) (ZaJe ~nd Mulholland, 
1985), the Brown Pelican (Pelecq,nut; occidentalis) {l!ingtgen et a.Z., 1985), and the 
White Ibis (Eudocimus alb us). (Hingtgen et al.; l985b)"' 

The annual Coot Bay Christmas Count, a si!lgle da,y _census of waterfowl over 
an area of 458 km2 near Flamingo, has been held since 19£1 and provid~s a large 
database for analysis. Bolte and Bass (1980) provides a reporting of this data up to 
1979. Kushlan et al. (1982a,b) provides an analysis of wintering waterfowl counted 
up to 1981 in the Coot Bay count, along with surveys done by the U.S. Fish and 
Wildlife Service (data reported in Fritts and Reynolds [1981], Nesbitt et al. [19821, 
and Portnoy et al. [1981 1), and Everglades National Park; Service personnel (1977-
1978 data reported, in Bass, 1979). Blue-winged Teal (Anas discors), Les::;er Scaup 
(Aythya affinis), Pintail (Anas acuta), American Widgeon (Anas americana); Hing
necked Duck (Aythya collaris), Northern Shoveler (Anas clypeata), Mottled Duck 
(Anas fuluigula), Green-winged Teal (Anas crecca), Ruddy Duck (Oxyu.ra 
jamaicensis), and Red-breasted Merganser (Mergus serrator) have consistently 
accounted for greater than 90% of the wintering waterfoWl along the coastal area of 
the Park. 

Kushlan and White (1977a) surveyed 41 colonies of nesting wading birds in 
south Florida in 1974-1975; 21 of these colonies were located in Florida Bay and the 
contiguous mangrove areas within Everglades National Park. 'l'his report corn pared 
estimates of population with past estimates and found a 95% decrease in population 
of nesting birds since the 1800's, an 89-% decrease since the 1930's, and a 13%, 
decrease since 1970. Even the population within the Park, representing a protected 
site, has shown reduction, suggesting that aspects of the natural ecological procm·IHen 
are no longer functioning (Kushlan and White, 1977a). 
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Several individual bird species have been investigated within Florida Bay 
CK u~hlan et al. [ 1978] provides. a bibliography of wading bird investigations· in Sou~h 
Florida). Kushlan et al. (1975) documents·a~r.elation,between Wood Stork·(Mycterza 
americana) nesting success and fluctuating. water levels in the Sha:rk River Sloug-h. 
Historically, Wood Stork nesting success was associated; .with high summer water 
levels, high rates of surface water discharg·e, ~hd1highrates ofdrying. Fish.on which 
the Wood Stork feeds increase in density during the dry .season as water levels .fall. 
Before the closure of the south side of Conservation A·rea 3 inl962, years of successful 
and unsuccessful nesting were characterized ~by :'different pa tterrts of drying. After 
1962, the predictability of nesting success,failed. ·Successful nesting occurred in .only 
one nesting year (1967), and there was low 1>roduction in 1971 and 1972. Lack of 
successful nesting can be attributed ~in part; ~to latfr colony~ .formation as a vesult of 
inability to attain a suitable nutritional state. :Ogden et al. (l978J·studied food habits 
and nesting success of Wood Storks within Everglad'es· National Park in 1974. Since 
197 4 was a dry year, it continued the patter11· of..suc.cesaful nesting ·during dry years. 
The time of nesting, January, correlated with drying iil. the Everglades. The diet of 
the Wood Stork was composed of fish, with marsh_ killifish (Fundulus confluentus), 
sheepshead minnow (Cyprinodon uariegatus), flagfish (Jordanella floridae), sunfish 
(Lepomis spp.), and yellow bullhead (IctaluruS; natali$) accounting for 84% of the fish 
eaten. Storks fed where food was relatively concentrated, and selectively con~urned 
the relatively larger fish of those available,. The 197~ results proved that sufficient 
food can still be produced in the highly altered sQuth :Florida environment to pertnit 
successful nesting of the remnant population of Wood Storks, although with loss of 
habitat and artificial impoundment ofwa.ter t storks: wereforced to fly 130 ktn ('81 n1i) 
from the colony to feed the yoWl g. late in the nesting-season. 

Kushlan and White (1977h) documented- Laughing Gull colonies in Florida 
Bay duringthe summer ofl976 .. They documented 1,895 Laughing GuH nests at 15 
sites on islands in Florida Bay~ All colonies were in the. interior of the islands on t1pen 
marl flats or among low herbaceous plants (e.g~~ Batis maritim·a, Sesu.uiurn 
portulacastrum). Colonies on Horseshoe Keys, East Key, and Nest Key contained 
69% of the nests. 

Kushlan and McEwan (1982) located and counted Double~crested Cor1norant 
(Phalacrocorax auritus) colonies in Florida Bay during 1977-1978. They located 30 
colonies, but 73% of the nests were concentrated in eight colonies. Year-round 
nesting occurred on Frank Key and Sandy Key in western Florida Bay. ! 

Robertson et al. (1983) reported on the movement of juvenile Roseate 
Spoonbills (Ajaia aj(lja) marked in Florida Bay in 1979. They recorded dispersion of 
up to 400 km (248 mi) in the first year. 

Bass and Kushlan (1982b) report on the status of the Osprey (Pa.ndion 
haliaetus) in Everglades National Park. Poole has studied sibling aggression among 
nestling Ospreys (Poole, 1979) and brood reduction (Poole, 1982). Ogden (1975) 
studied productivity and factors affecting nesting success in Ospreys. All of these 
studies find a reduction in nesting success of the Osprey, particularly on three islands 
in western Florida Bay--Murray, Frank, and Palm Keys--where a 63o/o reduction in 
nests occurred since 1968. Ogden (1975) attributed the reduction to competition with 
the Bald Eagle (Haliaeetus leucocephalus), and Poole (1979, 1982) attributed the 
reduction to food stress (decreased food supply) and, subsequently, increased sibling 
aggression. Bowman and Powell (1989) investigated variations in reproductive 
success between subpopulations of the Osprey. They co1npared nesting populations in 
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Florida Bay to populations in the lower Florida Keys and found greater foraging 
succ~ss of Lower Keys' nests came from trips to the Atlantic Ocean rather than 
~lor1da Bay. They concluded that ?ecrease in f:loridll H~y nesting succesH. was du~ to 
n~ad~qu~te food supply. Flem·tng and ~htne· .(lr9$9~ ~b~N~ cornpared nesLJng 
distribution, abundance, and success of the o·spr.ey frcom 19'6$ t0 1964. 'f'.fuey r~p,1rt 
that current Osprey productivity occurs primarily. on ·islands adjacen.t to Lhe 
mainland coast of northern Florida Bay. An app·e1r.ent relationship exists~ bet~ween 
annual rainfall and salinity variability, the reli:rtiv:e· abundance· of i.rnp0rtaht fish 
prey species, and subsequent Osprey productivity.~ 

Powell and Powell (1986) related reproductive success of Great \Vhit~ -II~ertJ.tls 
(Ardea herodias) to food supply in Florida Bay and fo11nd that d,utch siz~ is 
significantly smaller and there are significantly fewer. fledgling~ than i~n- 1923. ~l,hey 
interpret the data as indicating that habitat quality is. currently reduced f-ronll923 
levels. Powell (1987) analyzed habitat use by wa.ding .bird species with res})He-t to 
fluctuating water levels within .the Bay and found, that ,many alternative foraging 
sites in eastern Florida Bay that are not within the Park boundary are· sUtsceptible to 
human impacts. 

G.V.N. Powell et al. (1989b) analyzed' ~population trends of the wading hh·ds 
Roseate SpoonbiHs, Reddish Egrets (Egretta rufescetts), and G:reat White Herons in 
the Bay. All three species are· believed to have had relatively large· poptiJation~ in the 
Bay but were harvested for their feathers in the late 1800's and eatly 1900's to 
virtual extirpation. All speeies have recovered, to· a much lower density· than was 
histerically present, and in recent years Roseate SpoonbillS"have·shown a population 
decline and the Great White Heron has demonstrated 1ow reprod tictive succ'e'Ss. 

. No terre~trial mammals are confined. to tl1e mangroves of south Florida. 
Odum et al. (1982) contains a complete listing ofmammals that have been sighted in 
south Florida mangroves. The· most common species include opossum (Didelphis 
virginiana), marsh rabbit (Syluilagus palustris), cotton rat (8igmodon hispidus), 
black rat (Rattus rattus), raccoon (Procyon _lotor), strip·ed skunk (Mephitis 11zephitis), 
bobcat (Felis rufus), and white .. tailed deer (Odocoileus uirginianus). 

Schmidly (1981) compiled the known distribution of marine matnmaJs found 
living within Everglades National Park, using data reported by Moore ( 1953), Layne 
(196.5), and Fritts and Reynolds (1981). Species found in the Park area include a fin 
whale (Balaenoptera physalus) located near Man-o-W ar Key; a sperm whale (Physeter 
catodon) located near the north entrance to Whitewater Bay; several short-finned 
pilot whales ( Globicephala macrorynchus) located along the Gulf coastline of the 
Park up to 13 km (8 mi) up Shark River and near Cape Sable; and the At1antic 
bottlenose dolphin (Tursiops truncatus) located throughout the Park area. Odell 
(1975) documented the status ofthe Atlantic bottlenose dolphin in the Park, using a 
series of overflights conducted in 1973-1974. He reported an increase in the nurnher 
of dolphin in Florida Bay and Whitewater Bay during winter months, posBibly 
related to calving/mating season or seasonal changes in food distribution or water 
temperature. Irvine et al. (1981) reported the results of a 1979 aerial survey of the 
Park for manatees, dolphins, sea turtles, and crocodiles. They noted a high number of 
dolphin calves in the Park area in December. The West Indian manatee will be 
discussed as a threatened and endangered species. 

Food Web Interactions and Ecosystem Productivity. The hypothetical 
framework for energy flow through mangrove and seagrass com1nunities is 
understood qualitatively. The best understood systems are those where the bulk of 
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the research ?as occurred--e.g.~ the mangroves of the Whitewater Bay, Sha,rk River, 
and N~rth River area and the seagrass bed.s of Florida Bay. It is also itnportant to 
recogruze that there are interactions and connections between ~eagrass and 
mangrove ecosystems! and th~t Florida Bay ecosystems influence t~e surr?unding 
areas (e.g., by exporting detritus, or by serving as nursery areas for spec1es that 
eventually migrate to surrounding areas). 

The importance of detritus in the riverine .;man~oves· around Whitewater Bay 
has already been mentioned. Odum et· al. (1982) rep.ort at least seven sources of 
carbon serve as energy inputs to consu111e.rs in mangro.ve ecosy~tems ( li"igure 73). 
The relative importance of these energy sources varies from one location to another. 
Consumers in riverine mangrove communities appear to be dependent on mang-rove~ 
derived carbon, whereas consumers in overwash communities are more dependent on 
phytoplankton and attached algae. In other locations, phytoplankton, zooplankton, 
and larval fish may be the predominant food web. In general, there is very little 
direct grazing of mangrove leaves. 

Heald (1970) traced the production and transport of organic detritus in the 
North River estuary and Odum (1970) documented the food habitats of 53 species of 
fish and num.erou~ invertebr~tes usingthe,estuary ... Fjgurc 74 is a sun1mar~ oft~e 
energy flow m this. community. Heald (1971) .estimated that 85% of the 'debns" 
C :::detritus) produced in the North River ~stuary ·or~ginated from the red tnangrove. 
The mangrove detritus is broken down by detritus consumers (invertebrates, e.g., 
caridean shrimp, crabs, mollusks, insectl~rvae, aniphipods, and small fish). The best 
environment for the degradation of mangrove detritus is a system well moderated by 
adequate freshwater and/or tidal flushing (Schomer and Drew, 1982). Heald {1971) 
documents microbial (bacterial and fungal), succession on red ma~grove leaf detritus 
durin.g this degradation process. Thi~ S\lCC~sf)ional pFocess leads to the relative 
enrichment of the leaf, with animal protein at the expense ofplantprotein giving the 
leaf higher nutritive content for detritus consumers. Blum et al. (1988) conclude that 
the microorganisms may not be the primary source of carbon for detritus consu1ners, 
but they may be a major source of essential11utri«:rnts such as fatty acids, amino acids, 
sterols, vitamins, and other growth factors. The most important pathway in a 
detritus producing mangrove ecosystem is mangrove leaf detritus --> 1nicrobial 
enrichment--> detritus consumer--> higher consumers (Odum et al., 1982). ~rhese 
higher consumers can be terrestrial (e.g., mammals and birds) or aquatic (e.g., fish 
and larger invertebrates) in origin. 

Depending on the intensity of freshwater outflow and/or tidal flushing, the 
detritus can leave the mangrove ecosystem and influence the ::;urrounding waters 
(e.g., Florida Bay), or accurnulate and begin the sedimentation process. Nitrate and 
sulfate are highly important as oxidants in the anaerobic decon1position of tnangrove 
detritus. Sulfides, the product of sulfate decomposition, may combine with heavy 
metals, tnagnifying the back ground load in mangrove sediments. 

Seagrasses (and associated epiphytes) provide food for higher trophic level 
consumers by 1) direct herbivory, 2) detrital food webs within the sea grass beds, and 
3) exported material that is consumed in other systems as plant Inatter or detritus 
(Zieman, 1982). The importance of any one mode of utilization may be location 
specific; however, the detrital pathway is the primary pathway of trophic energy 
transfer. Manatee, sea turtles, fishes (e.g., parrotfish [Sparisoma spp.l), sea urchins, 
crustaceans, and molluscs (e.g. queen conch f Strombus gigasl) have been noted as 
direct consumers of seagrasses (for a complete listing see Zieman, 1982). In addition~ 
am phi pods and isopods may be direct consumers of epiphytes on the sea g-rass blades. 
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Figure 73. PE,o_te;nt_It·al Pathways of Energy Flow in M~.Ilgr,Q.Y~ a.qq $~,1:lgr~-~§ 
cosys ems. --- ·· · _ 

Source: Odwn et al., 1982 
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There are many similarities and interactionsJbetween mangrove and seagrass 
communities. Several fish species have been noted .as living different stages of their 
life history in a particular habitat. The coral reef community also .interacts in this 
~ann~r with th~se two communities. Several fish ~p.e~ies.and .the spiniY 1o9ster ~pend 
J~venlle stages In seagrass or mangrove habitats,. :and certam fish specieS migrate 
diurnally or seasonally between these habitats. These interac'tio11s may be regionally 
important in Florida Bay. For example, coral re~f~seagrass interaction is more 
important in the southeastern portion where passes to the Atlantic exist, ·whereas 
mangrove-seagrass interaction is mo~e importa~t jtj the northwest portion. 

Threatened Natural Resources. This section 'is a discussion of the fish, 
wildlife, an_d natural vegetation that is beip.g ~r _ ~ay ~e. imP.act~d_ by deteriorating 
water quahty. Surface water and/or groundwater or1gmat1ng from three sources 
flowing into Florida Ba.y has had an eff~ct on the FlQrida Bay ecosystem. These three 
sources are; 1) modified flow to the Shark River. Slough . through the S-12 gates, 
2) modified flow to the eastern side of the Park :~hro\lgh the C-111-Canal and into 
Barnes Sound, and 3) surface waterandgro'Q.pdwate:rflowfrom the Florida Keys. 

The effects of the modified flows through the Shark River Slough have been 
mentioned throughout the text as afl'e¢till:g~, important fisheries species and 
endangered species (e.g., the Wood Stork). The.~lteration offre~~hwater inflow to the 
Park through the Shark River Slough has be~p. the.foca1 point of mu~h ofthe res~arch 
occurring in that area. Reduction iri freshwater fl()WS~was implicated in_ the decline of 
estuarine fisheries in the area during the l970Js, (Schmidt, 1988, personal 
communication, Everglades National Park) has cOrtJ:pared .. salinity values from past 
studies (Tabb et al., 1962; Clark, 1971; Davis a.·!ld Hi.Is~11beck, 1974) with tho~e from 
1979 to 1983 and suspects a possible datnpel1in,g: .o.f salinity fluctuations (i.e., the 
average salinity has not changed but the highs :ana .lows are less). Discharges of 
excessive amounts of freshwater, especiaUy during periods that are normally dry, 
have been blamed for adverse changes in freshwater plant and animal con1munities 
upstream of the estuary (VanArman, 1984), ~ 

Heald (1970) asserts that the runoff from the central Everglades toward the 
estuary to the south was formerly (pre-drainage) about 2.3 million acre-feet (2.8 x 
109m3) in average rainfall years and as high as 10.7 million acre-feet (1.3 x 1010 m3) 
in: peak years. Following completion of the major drainage projects in the watershed 
by 1944, records of annual runoff in the same area averaged less than 500,000 acre
feet (6.2 x 108m3), rising to 1.4 million acre-feet in the peak rainfall year of 1947. 
The U.S. Geological Survey (Klein et al~, 1975) compared the flow to the Park before 
and after the construction of the S-12 control structures in Leve~ 29 and report that 
discharge before construction (1941 to 1962) from Conservation Area 3 through 
outlets in the Tamiami Canal between Levee 30 and 40-Mile bend averag·ed 372,000 
acre-feet (4.6 x 108 m3) per year and discharges after construction through S-12 
averaged 548,000 acre-feet (6;8 x 108 m3) per year (1963 to 1970) and 456,000 acre
feet (5.6 x 108m3) per year (1971 to 1980). 

As described by Ogden (1988a), the problem is one ofboth insufficient quantity 
of water but also concentration of the water source. This has prevented efficient 
sheet flow through the systetn, causing some areas to be inundated with water and 
peripheral areas to be dry, essentially decreasing the production of food, small fishes, 
and macroinvertebrates in the freshwater areas requited for successful nesting. An 
example is the Wood Stork, which now seldom successfully nests except in dry years 
when the wettest portion of Shark River Slough experiences drying·. Prior to changeB 
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in water delivery, most nest failures occurred in_dryyears~ Wood Storl~s have nested 
successfully 7 oflO years between 1953 and 1962 but only 7 of25 years·be_t.ween 1963 
and 1988. Ogden (1988a) documents three basic ;£!lhanges. in wadiing %ird nesting 
patterns in the Park: 

1) W ~ding birds have shifted timing of ne~·tir(g. _ :For e~antp.Jte, Woo4 j$:torks 
shifted initiation of nesting from 'Nov~tt;tber-D·~~~~ber to ·Febpu·a~ty~:March, 
and small herons, egrets, and ibis, frqm Fe'l>ruaty..;J\if.a:rch- ta March"!~p.ri.l in 
mainland colonies. · 

2) Some wading birds, e.g., small herons,.eglret$,-al'ld White Ibis, ~av·e·cltang'ed 
locations of colonies, since the late. L96·G~s, &om. :the tr~dit·ion.a;l co·to·n:y sites 
in the mangrove forest and in the mangrove-marsh ecotone at the end of the 
Shark River Slough to Water Conser~Va:tfon. AreaM3A. 

3) Wading birds have shown a reduction in 'frequency ofsuccess£uf nesting. 

Several sport and commercial fish sp~ci~S.,o; i:n¢11y,ding snookrspptt~d s~atrout, 
and red drum, show increased recruitment fol;lC?Wll}g JJ.igh.,r~infaH.antl hig4 :r~lease of 
walter to the estuary. Browder (1985) reporte·~~fa s~ron,g PO$iti.ve reJation_r:;h~ip.·be'tween 
quarterly landings of pink shrhn p on tlie Tortug~Ef fishm:g g~:ourtds and the average 
water level of the previous quarter. Shriwp l~(l.~·pg~ :from October thrOl!gh March 
(when two-thirds of the annualla:Qdings m~cur) \V;~r~ associated with high f)~.es~water 
discharges £rem July through December. J·a~:Q~ry .throt1gh l\4arch fresh.water 
discharges also pasitively affect the landings. An inverse relation.shjp,exists betw.een 
landings and discharges (water levels) from April through June. 

Lack of delivery of freshwater to c~nttr~l-_Florida B-~y tnay_b~ th~ ~auf).~ of 
perieds of hypersalinity (e.g. salinity of 45 to 6·5· ppt in l~-74.~to 1975)., fish kiHs (b(}.th 
forage fish and juvenile sport fish, and tl)~ cu:rt~rtt _ ~e~gtass die-off: (Schtnidt, 1988, 
personal communication,_ Everglades National far}t). _ 'These probletns rna.y _be the 
result of long-term lack of freshwater ent~ri11:g the system; however, the short-tetm. 
release of freshwater by removal of the S~197 hE!§ re~lilted in seveJi"e hnpacts to the 
marine ecosystem in Manatee Bay and Barnes ~ound. The S--197 consi_sts of a 3-
barrel, 84-inch pipe culvert with manually operated; gates and an adjacent earthen 
plug. The earthen plug has been removed on five occasions; four of those occa::;ions 
werefor upstream control during major storms: 18-27 August and 27 September to 5 
October 1981 (Tropical Storm Dennis), 3-5 June 1982, and 23-24 July 1985 ('l'ropical 
Storm Bob). The recent release of water in August 1988 caused extrem~ly low 1 

salinity in Manatee Bay and Barnes Sound, fish kills., and sponge die-off. 

The entire Florida Keys shoreline adjacent to the Park can be consideted a 
non-point source of pollution. The major source of pollution in the Florida Keys is on
site sewage disposal systems (septic tanks and aerobic treatment units) with 
effluents to surface or groundwater. Lapointe and O'Connell (1988) studied the 
effects of on-site sewage disposal systetns on nutrient concentrations of upland 
ground waters and adjacent inshore waters of the Florida Keys. 1,hey found that the 
systems result in extremely elevated nutrient concentrations in groundwaters. 
Maximum concentrations in groundwater nutrients occurred during winter, whereas 
maximum concentrations in surface waters occurred during summer. The inverse 
seasonal pattern suggests that the maximum discharge of groundwaters occurs 
during summer (rainy season). 
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Endan ered S ecies and S ecies of S eci'al Concern. 'fable 92 lists 
endangere , t reatene , an ot er species -o~-sp:ec1a _-concern t at may occur within 
coastal ENP. Most of the species on this list ate: ~ndangered, threatened, 01' of.special 
concern because of loss of habitat or the ability to· use the habitat. Developtnent 
pressures have squeezed many species into habitats thatexistwithinNational,St.ateJ 
and local parks. At the same time these areas,ar,ea;heavily used for recreation. Two 
very important habitat species--the black -ahd'.-r~d .m~ilgroves--fall into this (!ategory. 
A large percentage of the mangrov·es·· in Florid:a ~re:'in Everglades National Park. 
Three other seashore plants (Euphorbia gttt'betilttyp~locality the ·bat;k~beach of ~~ape 
Sablel, sea:layender, and. 'Florida thatcl(palm),j~r··,$alt marsh (marichine~l) plant~:> 
have been luruted to certain areas including the Park by development. 

The total number of manatees (Trichechzts TJJ,(Jnatus) in Florida is estin~ated to 
be at least 1,465, a population which is roughly equally split between the Atlantic 
and Gulf coasts (with slightly more animals on the .t\,tlantic c:oast). This population 
count is based on a synoptic aerial survey.· of .~the ·state's tnanatee popU'lation 
performed by DNR in February 1991. There i~, mafginal interchange between the 
east and west coast populations. The greatest kn()M"#)causes of manatee tnort~lity are 
human rela~ed; _of these, collision~ .witp wa~~rct~~t-.acc(>unt .for .ab_out sp~% of th~ 
deaths~ Irv1ne et al. (1981) surveyed manat.ees·o_f the weat coast of Florida. ENP 
represents the southern limit of that population. They noted several individuals 
entering Whitewater Bay in the winter months. More recently~ biologists at ENP 
have performed manatee surveys. · 

Any of the sea turtle species found in the Caribbean may .use Florida Bay as 
foraging habitat, except the Olive ridley (JiepJdoch~ly$ olivacea). The K~m.p's ridley 
sea turtle has been reported as migrating throlJ,gll the areS: (Rober:tson, 198'9; McVey 
and Wibbels, 1984). The loggerhead b.as nested· within the Park _(Holden; 1964, 1965; 
Klukas, 1~67; Davis and Whiting, 1977). D~yis:and Whiting (1977) reported between 
600 and 1,200 nests on Cape Sable in 1972--73-~ ·rjesthlg also occurred on Sandy Key, 
Shark Point, Highland Point, Lostmans Beach1• Hog Key, Plover K~y, North Plover 
Key, Turkey Key; New Turkey Key, Mormon Key_, Pavilion Key, and Rabbit Key. 

Most of the American crocodiles occur from extreme southern Biscayne Bay 
south and west along the main_land and Key Largo shorelines of Card Sound and 
Barnes Sound, Lake Surprise, Blackwater Sound, Buttonwood Sound, and through 
eastern an~ central Florida Bay as far west as a line drawn fro1n Plantation Key 
through Russell Key, Satnphire Keys, to McCormick Creek on the mainland 
(Pritchard, 1978). Primary nesting sites in that area are either in the edge of 
hardwood thickets at the heads of small sand beaches, or on relatively high marl 
banks of narrow, coastal creeks. Ogden (1978b,c) reported on the status and neHting 
biology of the crocodile and suggested three reasons for lack of increa~e in the 
population; 1) the individuals being killed in the Key Largo area (accidents and 
poaching) are greater than recruitment of young; 2) mediocre ne8ting success due to 
failure of eggs to hatch rather than excessive predation; and 3) low nest temperatures 
in shaded areas. Dunson (1980, 1982) studied osmoregulation in crocodiles and found 
the skin virtually impermeable to sodiu1n and hatchlings remain terrestrial for a 
period of time to prevent loss of body weight from contact with seawater. Lutz and 
Dunbar-Cooper (1982, 1984) found two basic nest environments of the crocodile in 
sand/shell and marl. Each environment had different gas diflusion leading to 
adaptation problems for the embryo. Both desiccation and flooding of the nest.B n1ay 
cause egg mortality (Mazzotti et al. 1988). Stoneburner and Kushlan (1984) 
presented more recent data concerning heavy metal burdens in crocodile eggs, as a 
follow up to the work of Ogden et al. (1974). They reported the levels of several heavy 
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Table 92. 
P
Listkof endangered species found within the. co~s.t~l ~YtW~l~.~~~ ~ ~~~«;rr~aJ 
u. . . . 

Common Name 

PLANTS 
(No common name) 
Manchineel 
Sca-la vender 
Florida Thatch Palm 
Black Mangrove 
Red Mangrove 

MAMMALS 
West Indian manatee 

REPTILES 
Kemp's Ridley Sea Turtle 
Le~therback Sea Turtle 
Green Sea Turtle · 
Loggerhead Sea Turtl.e 
Atlantic Hawksbill Sea TurtJc 
American Croco.dile · . 

BlltDS 
Wood Stork 
Eastern Brown Pelican 
Rothschild's Magnificent 
Friga.te-bird 
B~dd Eagle 
Osprey 
American Oyatercatcher 
Least Tern 
White-crowned Pigeon 
ied.dish Egret 
Roseate Spoonbill 
:M~Qgtove ~Cuckoo 
A.ntiBean Nighthawk 
Black .. whiskered Vireo 
Cuban Yellow War.bler 
Gr.eat White Heron 
Littie .Blue Heron 
G.reat Egret 
Snowy~gret 
Louisiana Heron 
Glossy Ibis 
Whitell)is 
Piping Plover 
American Avocet 
Royal Tern 
Sandwich Tern 
Black Skimmer 
Florida Clapper Rail 
Mangrove. Clapper Rail 

Scientific Name 

Euphorbiagarberi 
Htppom().ne maat:htnella 
Mallotoni~.gJ~fJ:pb.alodet.; 
Th rinax fZortdan~ · · 
Auic:enizia g~rminqo,.s 
lJ.hizophora rrz.anqle 

Tric:hechus m.anqtus 

Lt~pidochelys l~empii 
L>erm(J(;helys coriacea 
Chelonia my4fl,s 
Caretta ca.ret,(a 
Etetmochelys#nbricata 
Crocodylus.q,cutus· 

Mycterla· americ-a-na 
Pelecanus occilleiitalis ctr,·rolinensis 

Fregrala f!lag·nHicetJS rpths..cl#ldi _ 
Hallq..eetu.s le.f!.Cocephq.lzt.S l¢Jt,'CQC.{~{I~fl.l.tt~ 
Pa.Jicllon haUaetus · · · 
Hae_matoptts pal#atus 
Stern.a albilrons . 
Columbaleucocep}j.p.l,q. 
Dichroman.assa fu[esc~ns 
Ajaia aj(Lja -
Coccyiu.s minot 
Cliordeiles miilor uicinus 
Vireo altitoq uus 
Dendroica p~techia gundl,{tchi 
A rdea herodtas occid~(!ta,lis 
Florida caerulea 
Casmerodius alb us 
Egretta ihztla 
l:lyclranassa.tricolor 
Plega.di~ J'alciru~llus 
Eudocimus aUnts 
Charadrius meloclus 
Recuruirostris americana 
Sterna maxima - · 
Sterna satuluicensis 
Rynchops .niger 
Rallus longirostris scottii 
Rallu.s longirostris insulantm 
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metals in the shell and albuminMyolk mass and found a mean decrease in cadmium, 
no c~ange in m~an copper con?e.n~ratio,n, and mea11 .increa~es .i~1Iead and .mercury. 
No hterature exists on the sens1t1v1ty of crocodiles to heavy metal. 

The reductions in populations of the birds liste4 in this region are directly 
related to perturbations by humans, most significantly, developrn.ent pres~mres in 
nesting and foraging habitat. The Wood Stork is unique because the }f.uik of ne::;ting 
success in the Park can be directly related to a shift to lat.er~date~ ofGolol):y fonnaLion 
(colonies initiated after mid-February will run well futo rainy season and predictably 
fail). This closely coincides with completion of tJ;u~ water manage1llent systetn 
influencing water delivery to the Park. With L~6·7 and its extension in pJace and 
water releases to the Park portion of Shark River.Slough entirely throug·h the S-12 
gate~, large areas of former foraging habitat· became· relatively useles.s to. Wood 
Storks. Areas isolated from the natural syste111, such .as Conservation Are~ 3B .and 
the East Everglades, tended to be too dry too often to be forage ar~as for Wood StorkH. 
Former heavily-used foraging grounds in southerr:t .. CQp.~ervation Area 3A and Shark 
River Slough were often deeply inundated and \lnav:ailahle to storks forfeedi~g until 
.late in the dry season, if at all. Throughtlie 1960's;mqstnesting: fail(;l·resof Wood 
Storks occurred in dry years; since l970, u11der . both the "minimurn .delivery 
schedule" and the "rainfall~driven model," storks have seldotn managed to nest 
successfully except in dry years. Restoration of the Wood Stork breeding population 
in the Park req1,1ires reestablishment of th~ early-season foraging areas to. promote 
nesting early enough for the . young to fle(lge before the onset of rainy season and 
predictable later season foraging areas (Robertson, 198'9). 

Rothchild's Magnificent Frigate-bird nest only. on the Marquesas Ke,ys in 
Florida but forage hi Florida Bay. The popqla.tionjs stable but.susceptihleto.hl]tnan 
disturbance. Several of the larger birds of prey (Eastern Brown Pelican; Bal'd Eagle1 
and Osprey) became endangered due to chlorinated pesticide contamination from ~he 
late. 1940's through the 1960's. High levels ofthese. per§iatent chemicals resulted in 
tQ.inning of egg shells and caused drastic declines W. :Productivity. Since the b£tnning 
of those pesticides, the numbers of these birds; has increased (Robertson~ 1989~ 
Pritchard, 1978). More recently, there is concern that the nutnbers of these and other 
fish eating birds (Roseate Spoonbill, American Avocet, Black Ski1nn1er, egrets, and 
herons) niay be affected by general deterioration of estuarine productivity due to 
changes in the natural regimes of upland flow. Ogden (1975) reports territorial 
aggression between eagles and ospreys in western Florida Bay and Poole (1979) 
reports food stress cau$ing sibling aggression in nestling Osprey. 

Many of the species are becoming endangered and lilnited to area::; ~uch as the 
Park because development is encroaching upon and reducing, and humans are 
disturbing, their nesting and/or foraging grounds. The American Oystercatcher, 
Black skimmer, and terns depend upon the beach and salt barren habitat for nesting 
and/or foraging. 'l'he White-crowned pigeon, Mangrove Cuckoo, Black-Whiskered 
Vireo, Cuban Yellow Warbler, pelicans, Ospreys, ibis, herons, and egJ'ets reside in 
the mangrove forests. Both rail species are found in salt marsh and tnangrove 
habitats. The herons, egrets, avocets, and spoonbills depend upon nearshore, shallow 
water for foraging. Populations of these species will not increase without expansion 
of these habitats. 

Exotic Vegetation. Once established, exotic or non-native plant species have 
a number of detrimental effects on native plant and animal comrnunities. 'l'hey 1nay 
force out native plant species by overshadowing, changing the soil chemistry, or 
drying out the soil via transpiration. They may disrupt the nesting of such substrate-
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depen~ent anima}s as the Gopher Tortoise, se.a turtle~ of all types._, t}:le N or~~h 
Ame.rtcan Crocodile, and various ground n.estin·g b~r4·s. Th~y may · aJso ~tnpact the 
feedtng and food supply of wading birds and other ·wetland foraging animals. 

Currently, three exotic plant species are invading the 111angrove frin:ge and 
islaJ?.dS of E~erg!ad~s National Park: Casuar.it~a . e.quisetifolia---A ustralian PJn.e, 
Schtnus terebznthzfoltus--Brazilian Pepper, and Col~brina asiatica--lath~i le'af. Only 
Australian Pine and Brazilian Pepper are curre~t~y t~rg~t t:~P~Ci~s for direct 
eradication by the Everglades National Park•s exotic plant species control program. 

. Australian Pines are particularly detri-m,ental to the s~n4Y. o,e~.ches of' Qape 
~able and many of t~e small isl~nds in FlQrid~ B_ay .. 'l'Jieir grow~~ p;~t.t'ern p(o"tnp.tes 
Increased beach eros1on, and the1r roots choke off the h~ach as a nestnig. area for hJrds 
and such important endangered species as sea. t;UrtJes. and the' .No1~tb Atru,~t:ican 
Crocodile. The Australian Pine invasion of'Everglades National Park has had two 
major entrance points, Along the southe.astebt'h?.1l~~ary. o( the Pafl{, Austr.~li~1 
Pirie have moved in from the_ disturbed areas oUtside ;tl}.¢ Par~ ,b9l-tiHl~ry! I Pphbably 
beginning with railroad, then highway construction in the early 1900's., this :process 
~ontinu~s today. On the western side of the Park ~d ii). pa,;pe ~able1 .·AustraUan P,i~e 
1nfestat1ons first appeared after Hurrican~ Donn~_in: 19f)Oi Tpat ~tor111 transported 
seeds and branches across Florida Bay to the Everglades from the Florida Keys. 

. . Because of the. habitat and dispersal m~tilo~ of. the A~straH8:n Pine, the 
National Park Service has had some suc(!ess in cpti;troll~4g its $pre ad within the Park 
boundaries. Australian Pine stands have been elimin_ated hi the Cape Sable area and 
from some of the major islands in Florida Ba,y. Unfortu~ately, .the· re1noval of one 
stand or colony does not prevent an area from.l:)ecoming. r~ilifected, and .exotic species 
control is a continuing effort throughout EvergiadesNationalPat•k. 

Brazilian.Pepper is dispersed primarily by birds who eat the shrub's fruit a.ud 
then deposit its seeds . with their droppings. An . opportunistic species like the 
Au~tralian Pine, the Brazilian Pepper has become widespread in disturbed areaS. 
With\n the mangrove fringe of Everglades National Park~ it has becotne well 
established in mangrove stands damaged by frost or hQ.rricanes. Unfortun_ately, 
there exists a vast reservoir of Brazilian Pepper within Everglades National Park 
itself in the old "I-Iole in the Doughnut" area. ·Many species of birds, particularly 
robins, come to this area of the Park to feed during their overwintering stay, and 
consequ~ntly Brazilian Pepper seeds are spread over a wide area annually. 

Lather leaf is an overstory, vine type shrub found growing over native 
vegetation in coastal habitats. Because of its growth form, it is very diflicult to 
control by the conventional methods of spraying or stem, cutting. A native . or 
southeast Asia, lather leaf is thought to have been introduced into the West In die~ by 
Indhin plantation workers. Its seeds are water dispersed and salt resi~Lant, 
suggesting a sea route for its colonization of the coastal and island habiLats in 
Everglades National Park. At present, the National Park Service is noting area~ 
where lather leaf is established and hopes to monitor its rate of spread or regression. 

Although not present in the mangrove fringe within the Everglad-es National 
Park, the Punk or Cajeput Tree (Melaleuca quinquenervia) is considered to be the 
greatest danger to the Park (Doren, R, 1988, personal communication, Everglades 
National Park, Exotic Plant Species Control). This species invades swan1ps and low
lying woodlands across south Florida and chokes out alJ other species onee 
established. It is present in certain parts of the Keys within this study area) but its 
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dis~rib~tion there has never be~n mapped, Bverglades Nat~onal Park personnel 
maintain a constant watch for this species within the boundar~es of the park, and to 
date their efforts have prevented the Punk Tree from becoming established to any 
great extent within the Park proper. · , 

The relatively undisturbed natural plant communities of ~ENP represent an 
island of native plant communities ringed in by the disturbed lands of south Florida. 
The National Park Service, SFWMD, Dade County Department of Environmental 
Resource Management, and Exotic Pest Plant Counsel are working to maintain East 
Everglades as a buffer zone to prevent further conta:mination of Everglades National 
Park with exotic plant species from urbanized areas to the east. 

Areas in Need of Special Protection or Preservation. Four areas within 
the study area have been shown to require special protection or preservation: 

1) Rookery and foraging areas used by wading birds in the freshwater and 
mangrove fringe areas ofEvergla.des National Park; 

2) The Florida Bay ·shoreline of the Florida Keys; 
3) L-31 W and upper Taylor Slough;· 
4) Manatee Bay and Barnes Sound and adjacent estuarine areas need 

protection from the effects· of large freshwat~r releases. 

Of particular note is the decline in nesting wading birds. Table 93 presents 
Table 93. Estimated numbers of nesting wading birds in the Everglades Region, 

Florida-193o•s-1980's (From: -odge~, 1988b). 
19.60 ts 1980's 

Species 193o•s (% Decl.i ne} (% Dec.l i ne) 

Great Egret 15·,000 8,000 
(47%) 

41000 
( 3%) 

Sina 11 Herons 4.0,000 l06000 6 000 
( 0%) (Sf>%) 

White Ibis 200,000 507000 
( 6%) 

8 000 
(96%) 

Wood Stork a.ooo. 6 000 500 
(l5%) (93%) 

Totals 263,000 84~000 189500 
( 8%) ( 3%) 

estimates by Ogden (unpublished) of the decline in nesting wading birds since 1930. 
Roseate Spoonbills have demonstrated a similar decline, particularly in the C-111 
basin (Ogden et al., 1989). The recovery of the nesting populations will require 
protection and preservation of the rookery and foraging areas. The rookery areas are 
within the mangrove fringe. The foraging areas are the freshwater Everglades, 
including East Everglades. 

The waters adjacent to the Florida Keys are in need of special protection frotn 
the assault of rapid growth and poor planning. This area is an Area of Critical State 
Concern by the Governor and Cabinet and has been classified as Outstanding Plorida 
Waters by the DER, but still no efforts exist to curtail the discharge of partially 
treated wastewater into ground and surface waters. rrhe Florida Keys National 
Marine Sanctuary and Protection Act was signed into law on November 16, 1990 and 
requires the EPA and the State of Florida to develop a Water Quality Protection 
Program for the Sanctuary, which consists of 2,600 square nautical miles of coastal 
waters. Lapointe and O'Connell (1988) have recommended that baseline studies be 
done to assess the current situation. Currently, little information is available to 
document the extent of eutrophication in the nearshore waters of the Florida Keys. 
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The study should address subtle increases in nutrients and chlorophyll in the 
near~hore wa~ers, including both temporal (seaaonal) and S.P.~Ual !hig:h and low 
density areas 1n the Keys) variability of water quality m..the gen·eraHy ol>it:{Otrc)f)hic 
wate~s ?f t~e Keys. The results of the study shQU.ld he. u.s~d for fu.ture .'Il>lann·iiig and 
perm1tt1ng In the Keys. Centralized wastewater coU~etiofi ~tuil:treat·n1ent is requJred 
to assure adequate nutrient removal. Alternative methods of disposal of wastewater 
should be considered. Education programs should . be_ airoed a:t lowerit1g· ·the per 
capita loading rates in wastewater and irom lawn ferUlizerS; ~road ruriofi, and 
marinas. 

These two proposals for protection seem to be in conflict when one cortside.rs·the 
recent study by Powell et al. (1989a). In that study, ~the ·a1,1·thors demonstt'a.ted that 
phosphorus is the limiting nutrient to seagtass growth on Cross Bank and that the 
input of bird excrement can provide phosphorus, causing n.itrogen to beGome Umi ting. 
The study showed that birds do provide a substantial amount of nutrients to Florida 
Bay. This fact is particularly significant .consid_eJ;iflg the populations .of most bird 
species have experienced dramatic declinea in recent.years; many species currently 
e~ist in numbers that represent less than 10% ofpast pop.ula tions rra;ble -93). Powell 
et al. (1989a) demonstrate significant posithre respp:ilses .of seagrasses to bird 
excrement. Rookery areas are found in the tallest and greenest trees In the ma.qgrove 
fringe (Ogden, J.C. 1 1989., personal communic!),tio~·, Ev:erglades. National Park). 
Certainly, some areas of Florida Bay may be showing signs of deprivation of this 
nutrient source and will ben~fit from increased bird usage. The shoreline of the 
Florida Keys, however, is showing. sig!}s of gradu~J ~utr?ph~cation from poor 
wastewater and surface water management pract!ces. It i$ important to understand 
that interior Florida Bay is a naturally low nutrient environment and areas along 
the Keys can have pro-blems related to increased nutrients or sewage contamination 

Areas Currently in Need of Restoration. The recovery of nesting 
populations ofwading birds in the headwaters and mangrove fringe regions of Shark 
River Slot.J.gh requires the reestablishment ofa larger; long hydro period in the slough 
south of the Tamian1i Trail. This area should dry less frequently tha1i the current 
unnatural pool that exists west of the L-67 extended. Reestablishment of earlier 
colony formation) especially by wood storks, requires more food, produced' in n1ore 
areas. Longer hydroperiods and more extensive rainy season flooding (and 
conversely reduced frequency of complete dry-outs) are required throughout th~ 
system, including, East Everglades (Ogden, 1988a). Information suggests that 
increased discharge of water into the estuarine system may increase recruitment of 
red drum (Tilmant et al., 1989), snook, and sea trout (Rutherford et al., 1989). 
Browder (1985) reported a positive relationship between pink shrimp landings on the 
Tortugas fishing grounds and increased freshwater· dischargeB during the rainy 
season. Re-establishing former hydrologic patterns in the Shark River Slough/ 
Whitewater Bay system ma'y aid the recovery of the populations of many specie~. 

The scientific evidence indicates that conditions within the EvergladeH/Florida 
Bay ecosystem are deteriorating. Wading bird populations are down at least 90% 
since the 1930's because drainage projects have removed the sheet flow which once 
seasonally allowed the development of food resources ~ithin the foraging grounds of 
these species (Kushlan et al., 1975; Kushlan and White, 1977a; Ogden et al., 1978; 
Powell and Powell, 1986; Powell, 1987; Ogden, 1988; Powell et al., 1989b; Ogden et 
al., 1989; Ogden, 1989a; Robertson, 1989). Sea bird and osprey populations are down 
because food supplies in Florida Bay are no longer adequate to supply original 
population levels (Ogden, 1975; Poole, 1979, 1982; Bass and Kushlan, 1982; Bowtnan 
and Powell, 1989; Fleming and Kline, 1989). The upper and central areas of Florida 
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Bay have become stressed environments because salinities there normal'ly reach 40 
to 65 ppt in the summer and experience extreme t~mperatutes. (Tab b. et ql., _1962; 
Tabb, 1967; Heald, 1970; Thomas, 1974; Schmidt ·and Davis, 1978; Robblee, 1989). 
Many marine organisms cannot survive in these conditions. 

The capacity of Florida Bay to serve as ali important nursery ground species 
such as pink shrimp, Florida lobster, seatrout, snook, redfish, grouper, and snapper 
has been greatly reduced. The Tortugas shrimp fishery that was once dependent 
upon pink shrimp from Florida Bay, has declined drastically during the 1980's 
(Browder, 1985; Rockland, 1988; South Florida Business Journal, 1989). Sports and 
com,mercial fish catches both within Florida Bay and along the southwestern Florida 
coast have decreased as habitat has deteriorated in Florida Bay (Browder, 1985; 
Rockland, 1988; Tilmant et al., 1989; Rutherford .et al., 1989_). These habitat losses 
represent real dollar losses to the south Florida economy; More importantly, they 
:show the deteriorated state of an extremely valuable natural resource. Commercial 
fishery losses alone run in to the millions of dollars (Rockland, 1988) and these losses 
can ·or will eventually be extrl:\polated into losses for the sport fishing indust1~y, the 
})Qating industry, and eventually the tourist industry itself. 

The bulk of wastewater effi.uent in the Keys UAdergoes secondary treatment, 
and is non-:point source domestic waste, generated frqm package_ treatm·ent plants 
and septic tanks that serve residential and commercial land uses. With the exception 
of two facilities, listed irt Table 88, package .treatment. plants. discharge to boreholes 
and injection wells (FDER~ 1989). There is currently no information on the migration 
patterns, concentration, constituents, or impacts of wastewater effluent from package 
treatme!lt plants with borehole or injectio~ well dispoaal desig·ns. The Monroe 
County Comprehensive Plan cites a series of technical memoranda originating from 
the .Matathon office of the DER which evaluate sewage flows and effects from point 
source surface· discharges in the vicinity of Key West. Stated results were that no 
significant contamination occurred, There is currently only one· study. on the 
migration of septic tank effluent in the Keys (Lapointe and O'Connell, 1988). The 
determination of the surface water quality impactsofthis migration requires further 
study. The establishment of a regional wastewater treatment facility should be 
evaluated from an economic and capital facilities perspective. 

Stormwater runoff results from an increase in impervious surface area 
associated with development of land. The presence of a high water table~ thin soli 
layers, and permeable substrate promotes extensive surface-groundwater interaction 
and exchange. The effects of this exchange on the quality of Florida Bay waters have 
not been quantified. Impacts of storm water runoff will only increase as the rapid 
population growth and development in the Keys continues (Monroe County Planning· 
Department, 1986). Known land use activities within the Keys that are potential 
sources of toxic wastes are solid waste landfills and marinas. Marinas contribute 
pollutants from fuel spills, solvents used in boat construction and repairs, and heavy 
metals from botton1 paints (Nixon et al., 1973; Maloney et a.l., 1980; U.S. 
Environmental Protection Agency 7 1981, 1985; Olsen and Burd, 1982; BeU and 
Leeworthy, 1984). In addition, as indicated in Table 82, many marinas in the Keys 
have live-aboards, but no pump-out or sewage disposal facilities. 

There is only one solid waste landfill operating in the study areal as indicateil 
in Table 86. This facility is currently operating under a pern1it from the DER. 'rhe1·e 
are no data as to the effects on the groundwater and surface water in the study area. 
Many studies have documented the typical constituents in, and impacts of Jeachate 
plumes in the groundwater (Russell, 1986). The location and composition of hi~toric 
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trash and solid waste disposal sit.es also i~ cQrre:q.t_ly u.~Q.~t~rmine<l. Tl~.~ pr~~epc~ a.n..d 
status of~azardous m.at~rial us.ers a;Qd~~!};~:r~~-9-:r~.~~ ~Y.~f;~J!f~¥·YH99~1Jm..~.t}ii~~~ A,s_I~ 
the case 1n most ?f Florid~, the. pe:r:m~~"Q.l,~ sgr\fj~l~l ~.Q.ll~ ~;q4_ .ljH{P w.~t,y~ t~iRJtr are 
extremely susc.ept1ble to contan:nnatiop hy Itn.p:r-qper d..',I~p.Q~~l Q,fh~~.~!i4.Rl!$ n.)flt~~:·~~s. 
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