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EVERGLADES SWIM PLAN
Supporting Information Document

I. LEGAL BACKGROUND OF EVERGLADES SWIM PLAN
A. INSTITUTIONAL AUTHORIZATIONS

Many governmental entities exercise water management jurisdiction in the
Everglades SWIM planning area. These entities operate at federal, state, regional,
and local levels. This section of the SWIM plan focuses on the governmental entities
which have been identified as the principal participants in the SWIM planning and
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 identification of all
governmental units that have jurisdietion over the water body and its drainage basin
within the approved surface water improvement and management plan area,
including local, regional, state, and federal units;" (State of Florida, 1987; 1989a).
Governmental units within the Everglades SWIM plan area are listed in Table 1.

The governmental entities with water management authority of primary
importance to the Everglades SWIM planning process include, on a regional or state
level, the South Florida Water Management District, the Regional Planning
Councils, the Florida Department of Environmental Regulation, the Florida Game
and Fresh Water Fish Commission, the Department of Community Affairs, and the
Department of Natural Resources. On the federal level, the main participants
include the U.S. Army Corps of Engineers (USCOE), the U.S. Environmental
Protection Agency (EPA), and several agencies within the Department of the
Interior, including the National Park Service (NPS) and the United States Fish and

Wildlife Service (USFWS).

The 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 Distriet (CSFFCD).

Everglades Drainage District. The Florida Legislature established the
Evergiades Drainage District in 1313 and granted it authority over drainage and
reclamation of land for agricultural and sanitary purposes, public utility, and public
benefit (State of Florida, 1913).
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Table 1. Governmental Units.

A. Faderal
Army Corps of Engineers
Department of Agrieulture
Soil Congervation Service
Department of Interior
Fish and Wildlife Service
Natignal Park Service
U.S. Geological Survay
Marine Fisherieg Service
Bureau of Indian Affairs
Environmental Protection Agency
B, Indian '
Miccosukee Indian Nation
Seminole Indian Nation
C. State
Department of Agricultural and Congumer Services
Soil and Water Conservation Services
Dapartment of Community Affairs
Department of Envirunmental Reguiation
Department of Henlth and Rehabilitative Services
Department of Natural Resources
Department of Transportation -
Florida Game and Fresh Water Fish Commission
D. Regional
South Florida Water Mahagoment District
South Flerida Regional Planning Council
South West Florida Regional Planning Council
Trensure Coast Regional Planning Council
EAA Evergladoes Protection District
E. Local
1. County
Broward Couaty
Collier Comnty
Dade County
Gindes County
Hendry County
Monroe County
Martin Gounty
Palm Beach CounLy
2, Municipal
Broward Counly
Cooper City
Coral Springs
Lauderhill
Margate
Miramar
North Lauderdule
Parkland
Pembrolke Pines
Plantation
Sunrise
Tamarac
Dude Counly
Florida City
Homestead
Miami Springs
Bweetwaler
Hendry County
Clewiston

Section 373.453(2)(b), F.8., requires that the SWIM Plan contain an “identification of all
governmental units that have jurisdiction over the water body and its drainage basin within the
approved surface water improvement and management plan area, including local, regional, state,
and federal units.” This chart lists those governmental units with jurisdiction over Everglades -
National Park, the Water Conservation Areas, and their drainage basins, ' i}

E, Local (Continved}

2. MunicipildContinued)
Pulm Beach County
Belle Glade
Boca Ratun
Boynton Beach
Delregy Beach
Hypoluxo
Ltk Worth
‘Lantung
Royal Palm Beach
West Palm Beach
3. Dralimge Distiicts (Ch. 190 end 208 Districts)
Bruward County
Central Broward Drainage Distriet
Coral Springs Improvement Districl
Indian Trace Imptovement District
North Lauderdate Water Control District
North Springs Improvement District
Old Plantation Water Control District
‘Plantalion Acrésimprovement Digtrict
Seuth Broward Drainage Distyict
Sunshine Drairage District
West Luuderdale Watet Control District
West Parkland Water Control District
Glades County
Disston i5land Conservancy District
Flaghole Drainage District
Newhall Drainage District
Bugarland Drainage District
Hendry County :
Bolles Daifage District
‘Clewiston Drainage District
Hendry-1lilliard Drainage District
Ritia Drainage Digirict
Souh Blorida Conservancy Distriet
Sugurland Drainage Disirict
Palm Beach County
Acme Improvement District
Bolles Lund Water Conlrol Bistrict
East Beachr'Waler Contrel District
Hast Shore Water Conlrol District
Gladeview Drainage District
Highland Glades Drainage District
1slands Flood Control District
Indian Trail Water Control District
Lake Worth Drainage District
North Patm Beach Heights Water Control District
Northern Palm Beach County Waler Contral Distriet
Pahokee Water Cantrol District
Pa! Mar Water Control istriet
Pelican Lake Water Control District
Pinoe Tree Water Cunttol District
Ritta Drainage District
Seminule Water Control Districl
Shawano Deaingge District
South Flurida Conservancy District.
Sauth Shore Drainage Districl
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Okeechobee Flood Contro] District. The Florida Legislature established
the Okeechobee Fiood Control District in 1929 and authorized it to establish,
construct, operate, and maintain canals, levees, dams, locks, and reservoirs; and to
improve natural waterways to control and regulate Lake Okeechobee and the
Caloosahatchee River; in addition, the District had responsibilities to cooperate with
the federal government in flood control and navigation (State of Florida, 1929).

) Central and Southern Florida Flood Control District. The Florida
Legislature established the Central and Southern Florida Flood Control District in
1949 and authorized it to operate under 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 Health. The Legislature dissolved and
terminated the Everglades Drainage District and the Okeechobee Flood Control
District in 1949 with the creation of the 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 Regources Act, and authorized the
District to carry out water management responsibilities under Chapier 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 Florida Flood Control District was changed to the
South Florida Water Management District along with a corresponding boundary
change (State of Florida, 19786). '

As specified in Section 373.103 (2) Florida Statutes, the District also functions
as the local cooperator for the federally authorized Central and Southern Florida
Project for Flood Control and Other Purposes. Under Rule 40E[-]1.103 Florida
Administrative Code, the District's water management authority ineludes 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
jurisdiction within the Everglades SWIM planning area. They are the South Florida
Regional Planning Couneil, the Southwest Florida Regional Planning Counecil, 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 (CHpMHIll, 1989).

2. State

Department of Environmental Regulation. The Department of
Environmental Regulation (DER) is the lead environmental ageney in the state of
Florida, The DER's regulatory jurisdiction as defined under Chapter 403, Florida
Statutes, includes discharges to surface 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).



Everglades SWIM Plan - Supporting Information Document

The DER also has oversight responsibilities for the five regional water management
districts, and authority to develop and implement water use plans in cooperdtion
with the water management districts as defined in Section 378.026, Florida Statutes.

Florida Game and Fresh Water Fish Commission. Article IV, Section 9, of
the Florida Constitution created the Florida Game and Fresh Water Fish
Commission (FGFWFC). The FGFWFC exercises the regulatory and executive
powers of the state, and is charged with the management, protection, and
conservation of wild animal life and fresh water aquatic -lige. ‘The FGFWFC also has
Jjurisdiction over waters of the state whose quality or quantity will affect wild animal
life or freshwater aquatic life, regulates hunting and fishing and identifies and
manages state endangered and threatened speéies as specified in Seétion 372,072,
Florida Statutes. ' ' '

Department of Natural Resources. Thle Department of Natural Resources’
(DNR) is one of the state's conservation agencies and directs programs for land
conservation and reclamation, recreational land, animal and plant protection,
saltwater fishery protection, oil and gas (Chapters 253, 258, 370, 275 and 877 Florida
Statutes), The DNR, through the Board of Trustées of the Internal Inmiprovement
Trust Fund is authorized under Chapter 253, Florida Statutes to acquire and manage
state-owned lands. These lands include those which are environmentally endangered
or significant from a conservation standpoint. Thé DNR also acquirés and manages
state Ff)arks and recreation areas, and manages and administers marine resoufees,
including aguatic preserves (Chapters 253, 258, 370, and 375, Florida Statutes).

Department of Community Affairs. The Department of Community Affairs
(DCA) is the lead state agency responsible for growth management planning. The
DCA’s responsibilities include jurisdiction over developments of regional impact and
areas of critical state concern; and review and cormment on local government
comprehensive plans (Florida Bar Association, 1988). DCA supervises the
administration, rule promulgation, and énforcemenit of the Environmental Land axd
Water Management Act (Chapter 380, Florida Statutes) and also administers the
Local Government Comprehensive Planning and Land Development Regulation Act
under Chapter 163, Florida Statutes, plus responsibilities such as the Federal
Emergency Management Administration (FEMA), hurricane evacuation and others.

Department of Agriculture and Consumer Services. The Department of
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 agriculture except agriculture
education, demonstration, research and those regulatory functions which primarily
protect the public health. The Department of Agriculture and Consumer Services
may compile, publish and disseminate information and pertinent data on crops,
livestock, poultry and agricultural producis and may provide matching funds with
other agencies. The dairy interests of the State are protected by the Department of
Agriculture and Consumer Services. The Department of Agriculture and Consumer
Services regulates open burning in connection with rural land-clearing agricultural
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 systems, (Florida Statutes.
Chapter 381; Section 381.272). AR

3. Federal

Depariment of the Interior. The Department of Interior:(DOI) manages and
protects national natural land and water resources. Several agencies within the DOI
are involved with natural resource management. They include: 1) the Fish and
Wildlife Service; 2) the National Park Service; 3) the 17.5. Geological Survey; and 4)
the Bureau of Indian Affairs (Greenhorne and O’Mara; 1989). Some of these agencies
are discussed in more detail below. :

National Park Service and Everglades National Park. The National Park
Service manages and administers the operations of the National Park System,
including Everﬁlades National Park (ENP). Ii is responsible for conservation of
scenery, natural and historical objects, and wildlife (Greenhorrie and O'Mara, 1989;
United States Code, Title 16, Section 410).

The ENP was authorized in 1934 (State of Florida, 1934; United States Code,
Title 16 Section 410). Under this act, the National Park Service, under the direction
of the Secretary of the Interior, has the authority to administer, protect, and develop
ENP. In 1935 the Florida Legislature set aside lands for ENP for the purposes of
protecting and breeding native plant life and animal wild life (State of Florida, 1935).

The federal authorizations which apply to the ENP are summarized in Table
2. The authorizations of interest to the gWIM planning effort are those which
modified the water deliveries to the ENP, particularly the Supplemental
Appropriations Act of 1984 that authorized an experimental program of water
deliveries, In 1989, Congress authorized the expansion of ENP boundaries through
the adoption of the Everglades National Park Expansion and Protection Act (United

States Congress, 1989).

U.S. Fish and Wildlife Service. The U.S. Fish and Wildlife Service (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 development 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. The National 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



Table 2.

Everglades National Park (ENP) Authorizations.

ACTION

NOTES

Aclt of Aug, 25,1916, 16 USC
8 1.

_l DESCRIPTION '
5

National Park Service (NPS) crunted ug an agency
of the Department of the nterior (DO,

Secretary of the Intarior ig résponsikils Tor

Act March 1, 1929, 45 Stat,
1448 (1929) (not classified to
code;.

Directed Secreiary of the DOL w6 investigate the
desirability and practicability of establishing a
national park in the Bverglados of Florida.

meintaining our national purks.

Secrutary of Interior's report
to Congress [oe. 3,1930.

Reporl recommunded the desirabilily of a nalionai
park in the area of the Evergiades,

Ez, Qrd, No. 6166, 5 USCSs,
9011933y, -

Trunsfer of functivns to Lhe NPSin the Dor.

Julions, national park; hational nighaments,
tand-national cemateries, nowunderihe |
NPS. ’

Administration of public buildings, reserv-

Act March 2,1934, ch, 3Bs. [,
48 Stat. 389,

‘The Office of Nutional Parks, buildings, En&fTé’é' £
valions, was designated as NBS. - -

Everglades Nationa] Park

Act, ¢h. 371,48 Stat. 818

;ll%ahicodlﬁed at 16 USCS s,
).

Act authorizing Everglades Nutional Paik iENP
Authurization Lo acquire approximately 2,000
syuare miles in the region of the Evergf:ldes ol
Dade, Monroe, and Collier counties.

- [Purchisewl said lande shall nol-beby,

‘[which will inter
‘|flora.and fauna.

gy 410 10 41 0h were ool made public [y,

appropriation of public money, but shall be
secured by publicur private donytion.
Requires raservation of wildernessind
prohibits development, for park visitors

lare wilh Lhe presarvitivn of

Acﬁeptance of lands. ch.371 s,

Secretary of the Interior is autharized to aecept! .

[Fiorida to-cede Jurisdition v the Unlted

and Development ch, 732, 50
Stat. 742 (1937) (codified at 16
USC8e. 410h).

2,48 Stat. 816 (1934) (codified |Litle of sbove lands un hehalf of United Statds, Slates.
at 16 USCSs. 410 a). s T
Administration, Protection, |Under the direction of the Secretary of the Interiod

by the NP5,

Acceptance and protection;
publication of establishment
ardsr. ch. 508, 58 Stat, 794
fijl%%}f codified at 16.USCS s,

-|Purpose Lo protect scenety, wildlifa.-aﬁd-dthéi- 7

natural features, Upon exseution of the provisions
in thiis section the ENP shail be éstablishéd by
order of the Secratary which shall be published it
tha Pederal Repistar,

Exclugive jurisdiction over ENP wag
necepted by the:Secretdryof the Interior in
1952 (17 Fed. Reg. 169).

Comprehensive Report on
Central and Southern Florida
for Flood Control and other
Elirpnse.s. House Doc. #643
oh. 19, 1948,

Preliminacy examination and survey of, anda
review of reports on, tivers, lakes, and canals of
central and southern Florida for flood control and
other purpoges. .

{Recognizes ENP and acknowledges thal not

|features of Federal activity,

all aspests of Park were examined bacanse
Park was just recently established. Views
Projectand Park plansas complementary

Acquigition of additional
lands, ¢h, 659. 63 Stat. 733
{1949) (codified at 16 USCS s. |
410e-410h},

Secretary uf the Inierior is acthorized Within the
boandaries of ENPand withany funds made. ’
avatluble for that purpese; to procure lands or
interesis by purchase or ctherwise subject tothe
right of retention by owners of the lands, inleresis
in ail, gas, mineral rights, ete.

|6f the State of Plorida. ‘Accepted:by tha

Deed 719035 execated Dac, 28, 1944 by the |
Triglees of thi Intérnal Impravemeni Fukd

Secretary of Lhe Interior on Mareivid, 1947,

Landa included in the
boundaries of the Evergiades.
Pub. L, No. 85-482, 72 Stat.
280 (1958) {(codified at 16
UBCSss410i-410p).

Land and water within these houndariegshall
conlinue to be administered as ENP; hawever, the
land and water therein not in Federal awnership
shall be administered as part of the Park only
after being acquired.

| This section 15 alisting.of the boundaries of

the Park.

Drainage of lands; rights of
way. Pub. L. No. 85-482, 72
Stat. 280 {1958} (codified at 16
USCS s, 410u).

1Secretary of the Interior ehall permit drainage,

conatruetion; operation and maintenance of
arlificial works required by Florida for
roclamation,

|be detrimental to preservation and propa-

This warle to be done by drainage diatrict.
Must subuiit o tnpater plan and must be
approved by the State of Florida. Must not

gatian of the flora and fauna of the park.

Conveyance to the State of
Florida, Pub, L. Ne, 85-482,
72 Stat. 280 (1958} {eodified at
16 USCS s, 4100).

Autharization to transfar to the Stale of Flarida by
quitclaim deed, the land, water, and interosts
theroin, previously acquired by the U.S, for the
Pyrk but not included within the boundaries ns get)
in s, 410 in exchange for the conveyance by the
State of Florida, of ell land, water, and inlerests
therein, owned by the State and within the
bowundaries set in s, 4101,

Appropriationg authorized,
Pub. .. No, 85-482, 72 Stat.
280 (1958) (codified al 16
USCS s 410p).

Authorization to appropriate funds required
{not more than $22,000,000) for acquisition of
land, water, and interest, within the
boundaries of the Park. .
Authorized $700,200 for acguisition of pri-
vately owned lands within Perk boundaries,

2.

b,

4. Amendment Sept. 26, 1970 substituted
$22,000,000 for $2,000,000.

Additionyl Lands, Pub. L. No.
86-269, 73 Stat. 553 (1959
{codified a4 16 USCSs. 4104,

Authorization to accept.on bebalf of U.S. title of

Tracts involved are "R™ and 8" which lie
west of the right-of-way of State Rdl. #29 ste,

particular tracts in the Park, L exchange other
tracts outside of the Park to the owners.

to exchange Lract "L atc.




Everglades SWIM Plan - Supporting Information Document

Table 2.

Everglades National Park Au thoriz_ati;qﬁ_s.‘_(;@ontimiéd).

ACTION

DESCRIPTION

NOTES.

Rules and Regulations. Pub,
L. Nn, 8-269, 73 Stat, 553
III%SBJ {codified at 16 USCS s,
410r).

States all lands and submecged lands titfed to
U.8. under 410 shall be subject to all laws dpid, .
regulaiions pertaining to ENP, o

Additienal Lands. Pub, L. No,
86-681, 74 Stat. 577 (1960)
(codified at 16 USCS 5. 410r-
1)

Acquisition of land conveyed hy threé Collier
deeds in 1951, and 1952 to the Trustees of the
Internal Impryvement Trust Funds (TITE).

Déeds are dated Dec, 12, 1951, Dae, 26, 1951
and March 21, 1962; recorded in deed book
22,p 240, deed bpok 22, p 244, ar;n:_l_ dead book

39,p 25,in Collier County.

Rules and Regulations. Pub,
L. No. B6-681, 74 Stat. 577
{1960} {codified at 16 USCSs.
410r.2).

Alllands und submerged labdsg {ilie to which is
accepled by the Seeretary of DO pursuaril Lo Lhe
provisions of this Act shall hecome parts-of the
ENP and shall be subject. to all laws and

regulations applicable therelo.

Masters deed dated Dec. 21; 1962 in the

Additional lands. Pub. L, No.

£8-588, 78 Stut. 933 (1964}

g:adified at 16 USCSs. 410r-
)

Acce‘ptancu of a transfer from the Administratorof
the Farmers Home Adm., U.S. Dept, of .
Agriculture of approximately 4,420 ucres,

proceeding entitled “The Conneclicut
Mutuel Life Jhs. Ce., v, Toni lori...” Nu.61¢-
3823 i the Circuit, Court of the 11th
Judicial Cireuit of Fla., in and for Dade
Coonty.

Appropriation authorized for
reimbursement of revelvin
fund. Pub, L. No.88-684, 7
Stat. 833 (1964){codified at 16

Appropriation net in excess of $452,000,
authorized U reimburze the fuad for costs
incurred by the Farmers Home Adm. with the
previously mentioned property.

No. 91-428, 84 Stat, 885(1970
(codified at 16 USCS s, 410j).

USCS 5. 410r-4). , .
Amendment regarding Daieted u ;i:ruvisu that ne parcel within a descfibed
acquisition of lands, Pub, L. |area “shall be acquired without the congent of its

awner so long as it is used exelusively for
agricultural purposes. :

Floodl Control Actof 1965,
Puh. L. No. 85-298

Providas for pamping water fram east of L-67
extension into Park,

Flgad Contral Act ol 1588,
ff"?i L. No. 90-483, 62 Stal.

Further modifies the project for Cen Lr_ﬁl a:nd, \ i
Southern Florida in accordance with 5.0, 101'and
H.D. 369,

i|Pravides for-conservation and conveyance of

|and other purposes,

addilionzl water supplies for ENP, for
ajgricultural and urban needs, regreatian,

Approprialion amendment.
Pub, L. No. 91-428, 84 Stut.
885 (1970 {codified at 16
USCS s, 410p).

This amendment chan, eﬂ the _amount_hf
appropriation from $2,000,000 to $22,000,000.

River Basin Monetary
Anthorizations and
Miscetlaneous Civil Wurks
Amendments. Pub. L. No. 91-
282, B4 Stat. 310 (19700,
{uncodified).

. Clarifies whet the C&SF Project must deliver
to ENP to guarantee approximately one-sizth
of Lhe water made available by the project.

. Set up cosl.sharing.

Accelerate constructinn of specified works
needed to bring water into Lhe Tuirlor Slough
and eastern panhandle of the Park.

. Constructing borrow canz| L-T0W and

entarging 119-W,

Construct a5 soon a5 pnssible two canals and

pumping stations linking water supplies feorn

the WCA with the existing South Dado system,

oo

g

Senate Report 91-895, 9151 Congress to
accompany House Report 16166,

1

Endangered American
Wilderness Act of 1978, Pub,
L. No. 95.287 s. 1,92 Btat. 40
(1978Mcodified at 16 USCSs.
1132 et seq.).

Everglades Wilderness, Everglades National
Park, Floridu.

Designalion of ENP as a Wilderness Park.

Water Resources,
Congervation, Development
and Infrastructure
Impravemeni, and
Rehabilitation Act of 1983,
Supplemental Appropriations
Actof 1984, Pud. L. No. 98-
191, 97 Stat. 1292-1293
{1983).

. Authorizes the Secretary with concurrence of
SFWMD und Director of NPS Lo modify the
schedule for delivery of water from the C&SFP
to ENP and {0 conduct an experimental
program for delivery of waler to the Park.

. Authorizes Secretary to make maodilications in

Comprehensive Plun for flaed control as

needed to restore natural llow of water.

Sacretary is authovized to acquire such tands

as are nacessary to accomplish the above.

Seecretary is authorized to consiruct necessary

o

Huouse Report 3678; 98-616 part 1, 98th
Congress 2d session.

fland proteclion measures in the ahove area,
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Table 2. Everglades National Park Authorizations (Continued).

ACTION DESCRIPTION - NOTES

gx}gnsiolégﬁ l\sot}iﬁeg l‘:ﬁ?ter imends Lhte 'firsisenli_eitgeFFSﬂpplemerita'l S
eliver sdules, ENP, ppropriations Act of 1984 fram Jan. £, 1989.1¢:.
Pub, L. No. 100-67, 102 Stal. [ Jan. 1. 1992, A
4040 5. 40,
ENP Protection and Enlurges Park boundary to include
Expangion Act of 1989, Pub.  |approximately 107,600 acres,

Law 101-229, 103 Stat. 1946. |

~ and water resource investigations. The USGS also maintains a network of hydrologic
stations for the U.S, water resources data base (Greenhorne and ’Mara, 1989).

Soil Conservation Service. Congress directed the Secretary of Agriculture
to establish the Soil Conservation Service (SCS) in 1935 with authority to administer
Title 16, Chapter 3B, Soil Conservation (United States Code. Title 16, Section 590¢),
The Congressional policies administered by the SCS include the control and
prevention of soil erosion, preservation of natural resources, provision of flood
control, prevention of reservoir impairment, and maintenance of the navigability of
rivers and harbors (United States Code. Title 16, Section 590a),

_ Bureau of Indian Affairs. Congress established the Bureau of Indian Affairs
(BIA) within the Department of the Interior in 1832, Headed by an Assistant
Secretary for Indian Affairs, the BIA is the lead federal agency in discharging the
obligations of the United States to American Indian Tribes and their members., The
BIA aects for the federal government in the management of Indian lands and natural
resources which are held in federal trust status. The bureau has wide-ranging
responsibilities mandated by Congress to assist the Tribes in economic development
and in the development of tribal government. It algo has the direct responsibility for
the education of Indian children and the provision of a variety of social services for
tribal members. (Seminole Tribe of Florida, 1990; United States Code. Title 25,

Section 13,)

U.S. Army Corps of Engineers. The U.S. Army Corps of Engineers (Corps)
is the federal agency in charge of civil works, The Corps constructs and eperates
surface water related projects and regulates dredging and filling activities in waters
in the state (Florida Bar Association, 1988), The Corps cooperates with other federal
and state agencies to develop flow regimes to enhance environmental values within
the ENP while at the same time meeting flood control and water supply objectives

(CHpMHill, 1989).

Central and Southern Florida Project for Flood 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 amendmenis to the Flood Contrel
Act resulted in 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 of fish and wildlife, navigation (United States Congress, 1949),
Through a series of Governing Board resclutions, the District has assumed
responsibilities as the local cooperator for the Project. The federal authorizations 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 Figure 1. (Local cooperator responsibilities for
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new projects will be in accordance with the accompanying Congressional

authorization.)

Table 3. Local Cooperator Responsibilities, Central and Southern Florida Project
for Flood Control and Other Purposes. .

(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 estimated construction costs of the 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, 3-11 and 5-12).

The Corps designed and built, and Congress has financed, over eighty percent
of the cost of the C&SF Project. The District's operation of the C&SF Project as local
sponsor is subject to the final control and authority of the Corps pursuant to the Flood
Control Acts and Corps regulations. The Corps developed the general design
memoranda for C&SF Project structures; sets regulation schedules for Lake
Okeechobee, the WCAs, and canals; and supervises daily operation of structures.
Moreover, the Corps retains ownership of the S-10, S-11, and 5-12 structures, which
ccontrol movement of water among the WCAs and from the WCAs into the Park, The
District operates these structures under contract with the Corps and simply carries
out the Corps’ orders with respect to their operation.

Waters that contain elevated concentrations of nutrients, which are the
suhject of this SWIM Plan and of Section 373.4595(2)a)1 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 Aet. 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 Tribe 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 communities. The present total population of the
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Table 4.,

C&SF Project Authorizations.

| AcTiON

DESCRIPTION _ I

NOTES. .

Florida Legislature
creates Everglades
Drainage Disirict,
1905,1507, 1913,

Powers include: (1)taxation; 12 bond agthority; (3)
use of funds from land sales ty sarry on drainage
works, By 1928, constructed 6.mmajur uannls{(,:huns-
ahatches, Miami, North New Rivar, Hillgboro, West
Palm Beach, S, Lucie), and other facilities,

Flood Control
Distriet in 1829,

Florida Legislature
ereates Okéechobee

Responsibitities to include local copperation fi
Caloosahatchee River and Lake Okggzgnl:{o’ss Eil:ujuct.

Actofduly 3

Rivers and Hairghors
(Public Law T1-520),

Congress authorizes Caloesahawhee and Lake
keechobae drainage areas improvement.project as
recommended in Senate Document No, 1 1{ -

IChunigedTives ovela 1 31 feet from 34 loal with ..

al Lo taise levée an additional 3.feet. U'S. to
bd%-no}; 3&&?&“81‘3‘]05&& to make cash c’nﬁtrihtugbﬁs. X

ENP Protection and
Ez ém ngion Act of
1889, Pub. Law 101
225, 103 Stat. 1946,

Enl Park houndary to inciude 4 i
lgfsrﬁggsac:ers' oundary to inciude approximately

June

Flood Col;trol Act ol
(Public Law 80-858).

Congress suthurizes Phase I of the comprehensiv
plan for ffood protection, water control, und allie
purposes conlained in House Doctument No, 643,

RNavi -151%1,[1;;‘0,:1-&_0" Teol, Bllied PRk paios o benahit,
T il 3 j

Madi alonsihatchee Riverand ke . .
Okeachobse dralndge ?;i% s o includs Phuse | of the

1949
Ch, 25270, Ch.
25420,

Tlorida Legistature creates Central and Soulhern
Florida Flood Control District (GSFFCD),

|plan recofmendedii Hoise
(E';- SFFCD-phsorks Okeéachobee Flogd

b Flpiod Contral
Diirion, Liauidation of Byatglatos Denmase
Disteiet (EDD). Transfor of BDD facilition (o

FCD,

August 1, 1949,

Resolution No. 12,

CSPFCD agsumes Tull rf’sponsibility for compliance
with the requirements for local cooperation got forth
in Iouse Document No. 643.

Local cabperator Fesponsibilitics 4s defimed in
gure 1. )

Flaod Control Act.of Congress expands the 1948 authorizatibn 1o incinde
September 3, 1954 [the entire eomprehensive improvement, glal'_i for
(Public Law 83-780).floed protection, water control, and allied purpases

contyined in House Document 643, -
Resolution Np. 224, [CSFFCD assumes full responsibility far complinnce
September 15, 1854, vLith requi mants'ﬂ)]r]rncgl c:np:s;a 'oi‘:' _scet n'ff{ﬁ"i%” :

the Flopd Control Act of 1954, ) .
Fload Conteol Act of | Congress adds project elements ag recommended in [Additional ir'i']di;&:t-_éle];_riént_a Tocited o the west gide
July 3, 1958 (Public |House Bocument 186 and Senate Doemineint 48, of the Evergladas ageisultural aren and
Law 85_-5002: ) eonaervatioh areain Héndry Counly.
Resolution No. 398, [CSFFCD assumes fall reSpunsiblﬁiy'for.oa_m?lia'qge
October 9, 1959, with requirements for local cooperation seiforthin |

the 195% Act as recommended in H.D. No: 188, . drd" o - , . n
Flood Gontrol Actof | Congress adds projact elements as recommended in | AddiGioNG rg' lécl;‘ élamants [ocated it Nicodemus
Jult 14, 1960 Sengl.e Ducumapul.{*lo. 53. Slﬂugﬁ'arh_;F,. ladés County.
(Public Law 86.645), . 3 A S
Flood Control Actof | ss-authorizes mgdifications of comprehen--  FAdds projects for West Palm ' Beach Canal; Boggy, |
O (b e Lty o | Bt g o O o | e e et Gl o ach Cenal, BoggY.
87-874). 138,123,125, 138 and 146. "| Dede Gounty, Heady Gresk Swarnp. -

April 5,1963,

Rezolulion Ne. 512,
514

CSFECD assumes full res]ponsibility'fm; complinnce
with 1he requirements of local cooperation seiforth
in the: 1962 Act as recommended in Senate
Documeni Nos, 138, 128 125,139 and 146,

QOctoher 27,

Fleod CEn'};rDi Actof
{Public Law 89-298),

Congrese puthorizes modifications of Lhe comnjire-
hﬁc_:swe plan for flacd proLecticn, waler vontrol and
allied purposes as recommended in Senate
Dotument No, 20.

TAdds p:"o'e.ct elemnénts in Hendry Gnuh‘l&; .
, 1958) and

{5uperss

ing Flaod Control Act of July
Soutliwest I§

ade County.

une 9, 1967,

tlliesnlu_tion No. 744,

CAFFCD assumes respensibility for compliance
withi Lhe requirements of local sooperation sel. forth
in the Flood Cantrol Act of 1965 as recommended in
Senate Document No. 20.

Fload Control Act of
1964 {Public Law
90-483),

Resolution No. 880, |CSFIFCD) assumes responsibility for eomplinnce

Octaber 17, 1969,

Congress authorizes modificalions of the
cumprehengive plan fur flcod protection, water
conlrol, and allied ur:fmsca as recommended in
House Document No. 368,

Adds Martin County and the Waler Resgurces Plas,
Pravidesfor ;:un_ser-_.vat]lpn snd conveyance of
additighal water supplies for ENP, for agricultural
atil urban heeds, recreation, and other purposes.

with th re((]; %‘lremsnts af loca! conperation set forth
in the Flood
House Documeni No, 368.

ontrol Act of 1968 as recommended in |

Lical eooperator responsibilities inclade; (1) casl
conlributions; (2) construction and maintenance; (3)
rovide pecessary lands;{4) costs of necessary local
wilraslroglure; (53 indemnification of U.S. for
congtraction, operalion, and maintendnce; (6}
prohibil encrodchmenls on careying capaeily of
impraved channels; (Troperale and maintain works
for fluod cuntrol, navigalion, back pimping and
delivery of water to KNP, agricultural g_rc_as. and
urbag areas {caveat; nyo guiranteas of delivery); (8)
caniribute loward recréational development.

(River Basins

A tution Aclof
Johe 18, 1970 "
(Publie [aw 91-282).

Congress nulharizes appropriations for prosecution

of the comprehensive plan apé)ruveni in the Flood

Control Act of 1548, as amended. Congre estl;ub-
0

Specifies works to which fanding will be allocated
including workste be specified by (thie ENP plan ol
Enﬂ:}govemant. for meeting water requirements of the

lishes minimum deI’ivery rate from CSFFCD
ENP,
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Table 4. C&SF Project Authorizations.

ACTION DESCRIPTION NOTES
(Water Hespurces, [u. Aulhorizes Lhe Setretury with canéu‘rrenca ol |House ReporL 36 18; 98-616 patt I, 98Lh Cunzress 2d
Conservation, SFWMD and Director of NPS 1o modify the 555100, F ' g ’ #
Development and schedule For delivery of water from the C&SFP Ly
Infrastructure ENP and Lo eonduct an experimental program
!mgrﬂggmem and for delivery of water 1o the Purk.
Rehnhbilitation Act b, Authorizes Seeratary to muke modificstions in
i 1983. Supple- Camprehonsive Plan for fload control as needed
mental AEpro ti- to restore natural llpw of water, '
ations Actof 1984, lc, Seerelary is authorized Lo zequire sucki lands as
Pub. 1. Ng. 98-181, are necessary to accomplish the ubove.
97 Stal. 1292-1293 | d. Secretary is authorized W construel necessary
(1983). fload protection measures in the ahove area, .
Public Law 89-190, [Joint resolution making further continuing Pranibits use of Funds in conpection with deer
99 5tat. 1185, Jappropriations for fiscal year 1986. hunting in the Loxahalchea Nationa] Wildlife
iurtber Continuing Reluge.
ropriations, ;
1985.

Water Resources Firsi major civil works authgrization since 1970
Development Act of |Omnibyus Waier Rasources Management and
ég%ﬁsiz )ubhc Law |Financing Act.

Water Resource Establishes Funding mechantsms for various aspects

Davelulgment. Actof |of wuler resource development.

1988, Pub, Law 100-

676, 102 Stat. 4012, |
Waler Resources | Provides additional project funding. Tncludes an
Develolgmenl; Actof |environemtnal protectiun mission, to net loss of
1990, Pub, Law 101-|wetlands interim goal.

64{), 104 Slagh 4604,
Lnergy and Water |Various apprapriations for energy and water
De\’éﬁpl:nept. dﬂvelnpmgrl:t‘ ? &

ﬁézgru %l:atm nsAct,
1992, Pub. Law No.

102-4, 105 Stat. 510,

Tribe is estimated at 1,800. The Tribe governs itself under a constitution and bylaws
approved by the Secretary of the Interior pursuant to Section 18 of the Indian
Reorganization Act, 25 Ul.g.C., ss. 476. In 1987, the Tribe entered into a settlement
agreement with the State of Florida and the SFWMD, resolving certain tribal land
claims against the state and the District and providing for the transfer into federal
trust of 15 sections of land which had been part of a state reservation established for
the Indians in 1931, The state and the Distriet retained 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 of Florida (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 of regulation 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
Distriet 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 RELATIONSHIP
1. Construction and Operation,

The District and the USCOE have joint responsibilities for the construction,
operation and maintenance of the C&SF Project.. As outlined above in the section
dealing with the C&SF Project, the USCOE designed and built and Congress has
financed over eighty percent of the cost and the District's operation of the facilities as
local sponsor is subject to the final control and authority of the USCOE pursuant to
the Flood Control Acts and USCOE regulations. '

2. Planning.

This section outlines the USCOE planning process (based on Schwartz, 1989,
personal communication; USCOE Pamphlet EP 1105-2-10, 1987). The discussion
reveals that this process is thorough, complex, and time consuming, An
understanding of the complexities of this process is important because of the SWIM
plan's potential to trigger a need for future District-USCOE planning efforts which
affect the C&SF Project. It is also important to remember that this %e'der'al process

ives the USCOE (and to some extent other federal agencies) a powerful influence,
including veto authority, ever some potential programs and projects recommended in
this plan if they are found to impact the federally mandated operational criteria of
the C&SF Project. '

There are several major steps in the planning, design, and implementation of 2
USCOE civil works project. The subsequent steps may vary based on the nature of
the proposal. Procedures for authorized, but never constructed elements of the C&SF
Project, are different than a proposed project feature that has not been previously
authorized. Additionally, a proposal to redesign a completed project feature may be
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 next step
involves a request for federal assistance. If obtaining federal assistance depends
upon a congressional authorization, the District will contact the Florida
congressional delegation. Through Public Works Committees, a member of Congress
requests study authorization, Asidentified in Table 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 Commitice, 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 feasibility study evaluates potential solutions and the costs and benefits of
the alternatives, If this phase resul%s in a determination that there is a federal
interest and viable solutions, a Feasibility Report and an Environmental Impact
Statement (KIS) 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 agéncies, and
state government. Public comments are considered at several review stages. The
proposed report of the Chief of Engineers and final EIS 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. Xfter 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 congressional authorization of the project. This process is known
as the Pre-construction Engineering and Design (PED) phase. As part of the PED
phase, E:i 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 House Committee on Public Works and Transportation
and the Senate Commitiee on Environment and Public Works, After committee
hearings are conducted the project is authorized by Congress, usually through the
enactment of an omnibus bill, the Water Resources Development Act. Federal
funding of the 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 stratégies 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 specifications, 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 responsible for 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 deseribed 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
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these responsibilities through a Board resolution and at the same time designates the
project elements as District works.

The District, as local sponsor for the C&SF Project, has normally accepted the
responsibilities of operation and maintenance. The UéGOE requires that the Distriet
operate and maintain the project works in accordance with USCOE criteria, which
are contained in the Operation and Maintenance Manual, Water Control Plans; and
Water Control Manuals. The USCOE has retained the responsibilities for the
operation and maintenance of C&SF Project facilities which consist of the St. Lucie
Canal, the Okeechobee Waterway, the Caloosahatchee River, C-111 Canal, and the S-
10, 5-11, and S-12 structures, which discharge directly into ENP. With regard to the
operation of the S-10, 5-11, and 8-12 structures, the District acts as an independént
contractor of the USCOE rather than as the local spongor. The USCOE is responsible
for the maintenance of these structures.

C. RESOURCE AUTHORIZATIONS AND JURISDICTIONS

The following sections identify federal and state laws that substantially
impact the Everglades SWIM planning effort. The discussion also includes coverage
of other legal commitments of the District, mainly contractual obligations.

The discussion focuses on the law which relates to the interests of water
supply, flood control, water guality, and {ish and wildlife. These interests often
conflict with one ancther and should be balanced in order to achieve a harmonized
and legally sound approach to the Everglades SWIM plan. However, the District
lacks final authority to reconcile conflicts among water supply, flood control, and
other purposes of the Project, including water quality., That can only be done by the
United States which has yet to provide any guidance on such a reconciliation.,

1. Water Supply

Federal. The legal requirements for water supply are governed primarily 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 establishes Lake Okeechobee and the Water
Congervation 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 grovided 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 suts:Fended 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 CP&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
Il provides for a consumptive water use permit program which hasbeen implemented
by th.e :'Dlstrict (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
873.086, Florida Statutes). Chapter 3783, Florida Statutes, authorizes the District to
issue water shorfage orders when water supplies are reduced due fo 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 of water
supply. A water rights compact is in effect between the Distri¢t and the Seminole
Indian Tribe (South Florida Water Management District, 1987b). The District and
the Miccosukee Indian Tribe are currently negotiating a revised water rights
compact,

2. Flood Control.

_ Federal. On the federal level, flood control is regulated through the
Congressional authorizations for the C&SF Project (see Table 3). Under these
authorizations, Lake Okeechobee provides flood control for the Everglades
Agricultural Area; the Water Conservation Areas provide flood protection for the
Everglades Agricultural Area and the Lower East Coast. Specific regulation
schedules have been established for both Lake Okeechobee and the Water
Conservation Areas to ensure that the system of levees remains intaet, to provide
hurricane protection, and to comply with the federal operation schedules,

State. On the state level, flood control and surface water management is
regulated through Part IV of Chapter 373, Florida Statutes. Part IV requires that
adequate flood protection be provided by all nonexempt construction or alteration of
dams, impoundments, reservoirs, 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 eriteria for
surface water management systems. '

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, 1387b). The District and
the Miccosukee Indian Tribe are currently negotiating a water rights compact {South
Florida Water Management 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 recornmendations for the C&SF Project,

adopted through a series of Congressional authorizations (see Table 3).
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House Document No. 843 establishes the major elements of the Project (United
States Congress, 1949). Congress authorized Phase I in 1948 and by 1958, had
completely authorized the C&SF Project. House Document No. 643 focuses
essentially upon flood control and water supply. It's covérage of water quality is
limited to providing relief from the effects of flooding upon septic and sewer systerns,

Congress authorized the recommendations contained in Houge Document No.
186 in 1958 (United States Congress, 1958). This authorization added C&SF Project
elements on the west side of the Everglades Agricultural Area and the WCAs in
Henlc.lfy County. House Document No. 186 provides very little coverage of water
quality.

In 1969, Congress authorized the recommendations contained in House
Document No. 369 for additional Project works and provided for the conservation and
conveyance of additional water supplies for agriculture, urban needs, and for
Everglades National Park (United gtates Congress, 1969). Although House
Docurment, No. 369 does not make specific recommendations on water gquality, if
recognized water quality as a prime objective of the operation of the Project. House
Document No. 369 states that, to the extent practicable, operation methods be
employed which evaluate and minimize concentrations of pesticides, herbicides, and
nutrients. This Document also provides for the incorporation of water quality control
into Project operations based upon the results of continuing studies, ' '

Federal Water Pollution Control Act (Clean Water Act). The Federal
Water Pollution Control Act was originally enacted by Congress in 1948 (United
States Congress, 1948). Since 1948, the Act has gone through substantial
amendments, The Act is commonly referred to as the Clean Water Act and has as its
abjective to restore and maintain the chemical, physical, and biological integrity of
the nation's waters (United States Code, Title 33 Section 1257a). The Act establishes
two major regulatory schemes which consist of water qualify standards and effluent
limitations. Prior to 1987, the Clean Water Act focused primarily upon the
regulation of effluent from sewage freatment facilities and other discharges,
commonly referred to as "point-source” pollution (American Jurisprudence, 1981). In
1987, Congress adopted significant amendments to the Act {(United States Congress,
1987). These amendments authorized a state-federal program to provide federal
support and cost-sharing for state efforts to control diffuse sources of pollutants,
commonly referred to as "non-point source" pollution. The 1987 amendments also
strengthened existing programs for the improvement of water quality in lakes

(Environmental Reporter, 1987).

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 National
Environmental Policy Act (NEPA) in 1969 (United States Code, Title 42, Section
4321). The objectives of NEPA are to declare a national environmental policy and to
establish a council to review national policies and environmental problems. The
purposes of NEPA are {0 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 thers 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 having significant effects on the quality of the environment
must be supported by a detalled Environmental Impact Statement (see also Florida
Bar Association, 1988). An EIS is required for "major Federal actions significantly
affecting the quality of the human environment . .. ." 42 USC 4332(2XC). An
“environmental assessment" must be prepared by federal agencies for proposals that
are not categorically exempt from the EIS requirement unless the agency has aiready
decided to prepare an EIS [40 CFR 1501.3(a) and 1501.4(a) (1389)]. 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 of no significant impact. 40 CFR
1501.4(b) and (¢) and 1508,9. NEPA imposes no obligations on state agencies.

Resource Conservation and Recovery Act. The Resource Conservation and
Recovery Act (RCRA) mandafes a comprehensive program for the management of
waste materials, placing its primary emphasis upon hazardous waste (United States
Code, Title 42, Section 6901), The hazardous waste coverage of RCRA includes: 1)
identification and listing of wastes: 2) establishment of standards that apply to
generators, transporters, owners, and operators of hazardous waste and hazardous
waste sites; 3) establishment of a permit system for the treatment, storage, or
disposal of hazardous waste; and 4) the establishment of state hazardous waste
programs, inspections, and federal enforcement (Florida Bar Association, 1988).

State Law.

Water Resources Act of 1972, The Water Resources Act of 1972 (Ch, 373,
F.8.), authorizes the water management districts to consider water quality as one of
the elements involved with the management of water and related resources. The Act
also establishes the Legislature's intent that the water management districts
promote water quality through environmental enhancement and fo promote the
water quality aspécts of the state water policy. In 1987 the Florida Legislature
enacted the Surface Water Improvement and Management (SWIM) Act (Ch. 87[-]97,
Fla, Laws), This law requires the water management districts to create and
imd[.:;llement plans for the protection and restoration of designated priority water
bodies. In 1989, stormwater regulation was incorporated into Part IV regulation of
surface water management by water management districts (Florida Legislature,

1989). .

Pollution Control. Chapter 408 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.

Qutstanding 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 gunality
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, according to the regulation,
"until the Florida legislature enacts legislation specifically authorizing protection
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and maintenance of Qutstanding National Resource Waters to the extent required by
the federal Environmental Protection Agency pursuant to 40 CFR 131.12.* (Fla.
Admin. Code 17-3.041(18)(b)). Proposed legislation to accomplish this designation is
pending (House Bill 947). The baseline for defining the existing ambient water
quality in the Park, if designated as an ONRW, will be the period from March 1, 1978
to March 1, 1981 (Fla. Admin, Code 17-3.041(18)(d). '

Executive Order No. 88-25. Executive Order No. 88-25 was issued by
Governor Bob Martinez m an effort to reaffirm the importance of the Everglades
system to the State of Florida (State of Florida, 1988). ‘_I‘Ii'ne Executive Order directs
governmental agencies, including the District, to prevent continuing threats to the
Everglades system. One element of the Executive Order's action plan is to require
strict scrutiny of proposed development in the Everglades. The Executive Order also
limits the purposes for which public lands located in the Everglades may be
developed to the purposes of water and other natural resource management. The text
of the Executive Order appears as an appendix, in Volume IV of this report.

_ Majory Stoneman Douglas Everglades Profection Act of 1991. The Marjory
Stoneman Douglas Everglades Protection Act (MSD) requires the Distriet to adopt a
SWIM Plan for the Protection of the Everglades Protection Area which would include
strategies in addition to those required under SWIM. This includes strategies for
meeting water quality standards and to restore the Everglades hydroperiod, The
District and the USCOE must apply for permits for their discharges into and within
the Everglades Protection Area. For the District, both programs require
development of ambient water quality concentration levels and interim levels to
meet applicable state water quality standards to the maximum extent possible.
Schedu &es, monitoring, research and funding and land acquisition programs are also
required.

Other

Senate Report No, 91-895. In 1970, the Committee on Public Works issued
this report, which concerned appropriations for several projects, including the C&SF
Project. The report includes provisions relating to water supply for the ENP and
points out that consideration of the quality of water to be delivered to the ENP is
important for ecosystem preservation. The report also advises the USCOE and the
National Park Service to agree on measures “to assure that the water delivered to the
park is of sufficient purity to prevent ecological damage or deterioration of the park’s

environment.

Everglades National Park Water Quality Monitoring Agreement. In 1984,
the District, the U.S. 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 agreement provides
for water quality monitoring for specified water quality parameters and provides that
the more stringent water quality criteria of federal, state, and local government shall
continue to apply to the water deliveries.

Holey Land/Rotenberger Tract Memorandum of Understanding. In 1983, a
Memorandum of Understanding 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 the Everglades values associated with the Holey Land/Rotenberger Tract.
The Agreement also provides for the establishment of water regulation schedules
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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. The agreement provides for hydroperiod improvements in Holeg Land
and WCA-3. Details of the agreement and the expected environmental benefits can

be found in the Holey Land discussions in Section VI of this volume,

S.N. Knight Tract Agreements.. In 1989, the Board of Trustees of the
Internal Improvement Trust Fund and the District entered into an agreement for the
use of the state-owned farm land previously 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 diversion of agricultural runoff from the Everglades
Agricultural Area (EAA) to the property for treatment by a biological filter (the
%vgiglades Nutrient Removal Project) prior to discharge of the waters into the

S.

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 programs. The Act also encourages
planning, development, maintenance and coordination of wildlife conservation and
rehabilitation through interagency 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 recommend

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)(1)). The Act also reguires 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, 843 and 369. Other coverage of fish and wildlife is
contained in the Congressional authorizations for the C&SF Project. House
Document No. 6483 provides that the comprehensive plan for flood control and water
supply also is intenged 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 of fish and wildlife resources,
consistent with operation of the overall project (United States Congress, 1968).
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State

Florida Endangered and Threatened: Species Act. This Act (Ch. 372.072
F.8.) adopted in 1977 establishes a state policy to conserve and manage Florida's
diverse fish and wildlife resources. The Act réquires more stringent measures fo
conserve and manage species which have been identified asendangered or thteatened
by the DNR, FGFWFC, and by the federal government, The Act provides for 4 public
education program and the transmission to the Legislature of an annual report
including a revised and updated plan for management and conservation of
endangered and threatened species and of statewide policies pertaining to protection
of endangered species (Section 372.072(4) and (5), Florida Statiites).

Other

U.8. Fish and Wildlife Service Agreement for WCA-1. In 1951, the District.
and the USFWS entered into a 50-year cooperative and liceise agreement for all of
the lands located within WCA-1. Under the terms of the cooperative and license
agreement, the Service manages WCA-1 as a wildlife management area to promote
the conservation of fish, game, and wildlife, and for recreational development, The
cooperative and license agreement provides that maintenance of wildlife habitat in
WCA-1 is subject to the primary purpose of use of the land for flood control and water
retention purposes (Central and é’outhern Florida Flood Control District, 1962),

Florida Game and Fresh Water Fish Conimission Agreements for WCA-2
and WCA-3. In 1952, the District granted a 25-year license to the FGFWFC for the
purposes of wildlife and fish preservation, protection, propagation, and for the
promotion of recreation. The license is renewable on an automatic basis. The
FGFWFC's activities are subject to, and must be consistent with, the flood ¢ontrol,
water retention, and other requirements of the USCOE (Central and 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 probilems that occur throughout the system, These topics are
also discussed, in detail, in subsequent séctions of this Plan as they apply to
individual basins within the planning area.

A. INTRODUCTION AND OVERVIEW.

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 is
the southern end of the Kissimmee Lake Okeechobee Everglades (KLOE) system that
includes most of south and central Florida below the City of Orlando (Figure 1). The
original Everglades were dense, seemingly impenetrable wetlands, extending over an
area approximately 40 miles (64 km) wide by 100 miles (160 km) long, from the south
shore of Lake Okeechobee to the mangrove estuaries of Florida Bay. Large segments
of original Everglades have been separated from the natural system by canals and
levees. Today, much of the Everglades supports a variety of land uses, ranging from
intensively managed agriculture in the north to rapidly spreading urban areas east
of the three Water Conservation Areas (WCAs). '

Everglades habitats are divided into two general regions: 1) the WCAs, which
represent northern Everglades habitat, include the majority of intact natural
Everglades and are located within the central portion of the study area; and 2) the
southern Everglades habitat, which occurs in Everglades National Park (ENP) and
in the southern third of WCA3. ENP, located at the southern terminus of the KLOE
system, has international ecological significance as a designated World Heritage
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 ecosystem,
important not only because of its direct effect on wetland biota, but also because of its
influence on ecosystem processes. 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 hydrologic processes
of the Everglades interact to affect water movement, quantity and quality. The
environmental health of the Everglades depends on frost, fire, the quantity, spatial
and temporal distribution, and quality of freshwater in the system. 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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Figure1.  The Everglades as Part of the Kissimimee-Tiake Okeécho bee-Eviplides

(KLOE) Watershed.
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_ . Section I reviews the physical features, hydrology,and water management,
biological resources and economics in the Everglades from a system-wide perspective,
Section 1 is divided into six subsections; (A) Introduction and Overview; (B)
Description of the Planning Area; (C) Physical Features; (D) Hydrology; (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 natural and man-made
features of the planning area. Subsection D summarizes the region’s physical
features and hydrelogy, including current water management practices, impacts of
development, and future climatic changes, Subsection E discusses the nature and
dlstrl.butlon of major plant communities within the region, including their ecology
and importance within the Everglades ecosystem and the dependence of these
communities on water management. Subsection F provides a discussion of
threatened and endangered plant and animal species within the planning area and
the dependence of these species on appropriate natural resource management
practices. Subsection G describes the importance of the Everglades system as a
component of the regicnal economy.

B. PLANNING AREA

The Everglades represent the largest freshwater system in Florida and is the
southernmost component of the KLOE ecosystem (Figure 1). The Everglades SWIM
planning area covers 5,778 square miles (14,965 km2) in Palm Beach, Broward, Dade,
Monroe, Collier, and Hendry counties (Figure 2). The water bodies primarily
addressed in this plan (Water Conservation Areas 1, 2 and 3 and Everglades National
Park), cover approximately 3,633 sq. mi, (9,151 km2) of native Everglades habitat
located in portions of Dade, Broward, Palm Beach, Collier, Hendry and Monroe
counties. Other areas are included in the planning area based on their hydrologic
relationships to the primary water bodies: These areas include the Everglades
Agricultural Area (EAA), eastern coastal drainage basins (i.e., the C-51 and C-13
basins and the Acme Improvement District), western drainage basins (i.e., the L-3
canal, Feeder Canal, and L-28 Gap 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 Immokalee 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.

27



Everglades SWIM Plan - Supporting Information Document

Figure 2.

Everglades SWIM Planning Area.
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C. PHYSICAL FEATURES OF THE EVERGLADES BASIN
1. Topography.

The Everglades area is topographically flat 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 average gradient of 0.15 feet /mile (2.8
cm/km)(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 "stage."

2. Geology and Soils.

Structure and Geologic Setting, The Floridan 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 underlies the Everglades, Florida Bay,
and the Florida Keys, including the present Florida land mass, and all of the
submerged area surrounding the state to the edge of the continental shelf at
approximately the 300 ft (90 m) depth contour. In the Gulf, the plateau slopes gently
to the west and extends up to 150 mi (240 km) offshore. On the south and east, 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 carbonate
sediments underlie South Florida. These sediments range in age from Jurassic to
Holocene, and have accumulated over a period of 136 million years above a
Triassic-Jurassic basement of voleanic 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 or or younger in age and include the upper portion of the
Hawthorn Group, Tamiami Formation, Fort Thompson Formation, Anastasia
Formation and Miami Limestone, 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 Hawthorn into two
major lithologic units in South Florida: an upper unit of predominantly clastic
material and a lower unit composed principally of carbonates. These two units are
separated by a major unconformity. The Hawthorn may vary in thickness from 550
to 800 feet (170 to 240 m) within the Everglades basin. It is composed of a
heterogeneous mixture of green clay (calcareous and dolomitic), silt, phosphate,
carbonates (limestone to dolomite), and fine quartz sand (Fish, 1988; Knapp ef al.,
1986), Although a few zones within this sequence may qualify as minor aquifers,
Hawthorn sediments are relatively impermeable. The Hawthorn is important to the
Everglades because it forms a barrier to vertical migration of water into or out of the

Surficial Aquifer System (Figure 3).
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Figure 3.

Generalized Stratigraphic Units and Hydrogeologic Properties, South

Florida (modified from Schiroeder et al., 1968 and Glédson etal.; 1984.)
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' Tamiami Formation. The Tamiami Formation consists of a number of
different lithologies, all Miocene to Pliocene in age. The top of the Tamiami is
characterized by low permeability, poorly hardened limestones, dolosilts, and
calcareous sands. Below this semi-confining unit is a sandy, fossiliferous limestone
which is the primary water producer of the Lower Tamiami Aquifer. This limestone
%ades downward into the coarse Miocene clastics of the Upper Hawthorn Group
(Knapp ¢t al., 1986). _

Surficial Sequence. During the Pleistocene and Holocene (most recent)
epochs, a series of glacial periods, or ice ages, brought about drastic changes in sea
level. As a result of these sea level fluctuations, the Florida peninsula was
alternately covered and uncovered by a shallow sea. Prior to the initial Pleistocene
glacial melt, approximately 60,000 years before the present, sea level was nearly
270 ft (83 m) above its present level. Dry land on the Florida peninsula was then
restricted to a few small islands along the central Florida 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 glacial period, sea level was bout 400 feet (135 m)
below its present level.

The last glacial melt began about 17,000 years before present (Fairbridge,
1974). Subsequent sea level fluctuations, ac¢companied 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, connecting the shallow sea covering what is now
the Everglades with the Atlantic Ocean. These channels form the parallel cut and
grooves known today as the Transverse Glades (Hoffmeister, 1974).

The three limestone formations that comprise the surficial sequence of the
Everglades Basin were deposited in one of these shallow Pleistocene seas, during
what is known as the Sangamon Interglacial (Parker and Cooke, 1944). These
formations are the Fort Thompson, the Anastasia, 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, limestone and
sandstone at a depth of approximately 165 ft (50.3 m) (Parker and Hoy, 1943;

Hoffmeister, 1974). |

The Anastasia Formation is the main surficial sequence beneath the southern
Everglades. It varies in composition from calcareous sandstone to biogenic limestone
and coguina rock. Where exposed in the west, the Anastasia Formation is marked by
facies containing bryczoan fossil assemblages. This bryozoan facies dips Lo 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 Qolite formation extends from north of Miami southwestward to
Homestead and westward into the ENP. Maximum elevation (or this 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. The
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)
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Holocene Sediments and Soils. The primary soils of the Everglades region
are Holocene sediments. The organic sediments have been classified according to the
principal identifiable plant species components by Allison and Dachnowski-Stokes
(1932), Davis (1943a), Gallatin and Henderson (1948), and Craighead (1971), and
include the specific names of Okeechobee muck, Okéelanta peaty-muck, Everglades
peat, Loxahatchee peat (Soil Conservation Service, 1958).

The organic soils (peats and mucks) have accumulated in a layer of up to 18
feet (5.5 m) thick in the northern Everglades (Stephens and Johnsen, 1951} where
bedrock elevations are the lowest, thinning to about 3 feet (1 m) or less in the
southern Everglades. Gleason et al. (1984) dated the oldest peats in the Everglades to
approximately 5,000 years before the present. The other dominant svil type in the
Everglades is calcitic mud. Sites that contain this surficial sediment in the shallow,
peripheral marshes of the southern Everglades have shorter periods of inundation
than sites underlain by peats (Gunderson and Loftus, 1989, in press). These calcilic
muds have been given various names, including the Lake Flirt Marl, Perrine Marl
(8CS, 1958) and Helisoma marl (Craighead, 1971).

Pure marl is white to cream colored, becoming darker gray and brown with
increasing organic content. The mud is biogenically produced by blue green algae
that precipitate calcium carbonate originally diS.sof;red from the parent limestone
be(}?f-k (Gleason, 1972). It may also contain remains of freshwater gnail shells such
as Helisoma.

3. Aquifer Systems.

Introduction. Unlike geologic formations, which are defined on the basis of
similar lithology or fossil assemblages, hydrogeologic formations (aquifers) are
defined by their ability to store and transmit water. The hydrogeology of South
Florida is extremely cfiverse. It includes aquifers which are confined (in which
groundwater is under greater than atmospheric pressure, and isolated from vertical
recharge), semi-confined (having some vertical recharge), and unconfined
(gll;cl)u;ld-water is at atmospheric pressure and water levels correspond to the water
table).

Three major aquifer systems have been recognized in the Everglades SWIM
lanning area; the Floridan, the Intermediate (Hawthorn), and the Surficial. The
loridan, a confined (artesian) aquifer, though regionally very important is

unpotable within the planning area. Overlying the Floridan is the [ntermediate
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 of the 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

32



Everglades SWIM Plan - Supporting Information Document

Aquifer Sirstem. 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 from
Miocene to Holocene (Causaras, 1985). Jarosewich and Wagner (1985) divided these
lithologies into two distinct zonmes: an upper zone of permeable limestones and
clastics, and a more heterogeneous lower zone of low permeability sands interbedded
with permeable sands, limestones, and shelly maris. Due to large differences in
permeability between adjacent materials, some areas may exhibit semi-confined
aquifer characteristics when stressed by drought or large 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 comprise one single Surficial Aquifer System.

Sediments within the Surficial Aquifer System exhibit a wide range of
permeability, and may be divided locally into one or more aguifers separated by
seml-flonﬁning layers (Fish, 1988). Of these aquifers, only the Biscayne is formally
namedq. )

Klein and Hull (1978) describe the Biscayne as a hiﬁhly' 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 of the Biscayne Aqiiifer have been extensively
described by Parker et al. (1955}, Schroeder et al. (1958), and Klein and Hull (1978). It
is composed of limestone, sandstone and sand. These lithologies comprise all or part
of the following geologic formations: 1) the Tamiami Formation, 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
of Dade 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 of the aquifer.

The Biscayne Aquifer is the primary source of drinking water for all municipal
water systems south of Palm Beach County. Because the Biscayne is highly
permeable and allows rapid infiltration of rainfall, it is highly vulnerable to
contamination from surface sources. Since this aquifer is the only source 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 FEATURES
1. Introduetion.

' The first five parts of this section consider the relationships and relative
importance of the component processes of Everglades hydrology as part of the
"h'_drolotgic cycle”, including the effects of climate, gealogy and topography. The
effects of agricultural, residential, and urban development are addressed under part
6 entitled, Current Water Management and its Impacts on Hydrology.

The description of hydrologic and related features within the Everglades
system encompasses the hydrologic cycle, surface and groundwater. interactions,
natural hydrology and the ¢urrent regional water management system, Historic
hydrology has been altered to a great degree and the Everglades have in turn been
affected by compartmentalization, altered hydroperiods, overdrainage of some areas,
increased fire frequency and water quality changes. Conversely, inclusion of large
areas of the remaining Everglades within the boundaries of the C&SF Praject has o a
large extent, protected the ecosystem from further development and encroachment.
The current regional water management system is now required to provide flood
control and water supply for the developed areas of south Florida as well as meet the
needs of the natural systems of the remaining Everglades.

Prior to development, the study area was characterized by low:lying, flooded
lands that were not suited for agricultural, industrial, or residential uses. Water
management activities in this region have oceurred primarily to provide drainage,
flood protection and water supply for agriculture and urban land development. The
current implementation of these activities, the Central and Southern Florida Project
for Flood Control and other Purposes (C&SF Project) is one of the largest and most
extensive water management projects in the world (see also Planning Document).

Two key concepts are important when considering the interaction between ihe
hydrological and the biological systems of the Everglades:

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

B. The variability and diversity of the bioclogical systems are tied to the
natural variability of the hydrologic system.

2. The Hydrologic Cycle.

Components of the Hydrologic Cycle. The interaction of climate, geologic
cycle, and topography with surface water is known as the hydrologic cycle (Figure 4).
The f'lydrologic 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 ¢ycle 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 ¢ycle on a global scale is a closed system. The total amount of
water available to the world is essentially constant and water is simply stored in
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Figure 4. The Hydrologic Cycle
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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 oceans. 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 formed the Everglades.
In addition, future global warming may cause sea level changes that will result in
significant changes to the south Florida coastal zone.

eventual discharge
tosea...

The Everglades Hydrologic Cycle. The main processes in the Everglades
hydrologic c¢ycle are rainfail, 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 storages, 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,

3k



Everglades SWIM Plan - Supporting Inférmation Document

Water is stored by soils for periods as groundwater.—The relationships between
precipitation and available water within a drainage basin are determined by the
hysiography, vegetation, surficial geology, and topography of the drainage %‘asin
?Fetter, 1980). For any given period of time, the difference between the amount of
rainfall and inflows and the amount of evapotranspiration and outflows is equal to
the change in the amounts of surface and groundwater storages. In general, the
changes in surface and groundwater storages on an annual basis are small, although
they can be large between the dry season and the wet season.

The Everglades system evolved under hydrelogic ¢conditions where availability
of water (i.e. water in storage) varied from season: to season and year to year. Rainfall
over South Florida exhibits considerable variability between seasonal and arnual
amount, and in areal distribution. Since rainfall is the only contributor to surface
and groundwater storage, the variability in amount and distribution of rainfall
contributes to differences in the amount and distribution of storage. Although the
evapotranspiration loss from storage is a large part of annual Fainfall, it is much less
variable than rainfall. The evapotranspiration rate is strongly atfected by vegetation
type, but it exhibits similar seasonal trends from year to year (Shih, 1988).

Everglades ecosystems depend on a certain degree of vatiasion inr rainfall and
the amouint of surface water for their continued existénce. For example, thé rainfall
for Everglades National Park averaged 53 inches (185 cm) a year for the period from
1941 through 1985. Annual rainfall was greater than 67 inches (170 cm) about 10
percent of the time and greater than 80 inches (203 cm) only one percent of the time.

Water Management. The amount of stored water is of ¢ritical importance to
natural and developed areas of South Florida. Awvailable water storage capacity
determines how runoff from rainfall is managed. Excessive rainfall events can result
in a) flow into the regional canal system and eventual discharge fo tidewater, b)
retention of water locally by soils, or natural wetland areas or ¢) movement into
groundwater. If it is not possible for water to move into these storage areas it
remains above ground level. Except in marshes and wetlands, this surface retention
of excess water is considered flooding. For example, when surface storage is already
at capacity, flooding may occur because there is no available room for more water to
be stored. When groundwater and surface water storages are less than capacity,
water can move in to fill the available space, 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 groundwater, 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 surface
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
from the highest to the lowest water level and in general the rate increases as the
difference in levels increases. Water surface potential is a numerical value that is
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 basin of a stream is all the land that
contributes runoff to the stream or its tributaries upstream of a given point, such as
the mouth of the stream. If rain falls over a large enough area, some of the runoff
from that storm will likely enter one stream and some of it will enter ancther stream.
It is said that these streams "drain" different basins, that they are in different
"drainage basins"”. The boundary between the basinsis termed a "drainage divide” 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 roads, 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 of water control structures. Because
existing drainage patterns may be altered by the construction or removal of man-
made divides, their use in sensitive areas. must be carefully planned and controlled

Hydroperiod, Hydroperiod refers to the duration and depth of surface water
that covers an area. There are two ways to extend hydroperiod in any given location,
(1) Induce and extend sheet flow by adding water from upstream for nger periods of
time, and (2) increase the water depth sufficiently so that the forces of evaporation,
transpiration, and overland flow require a longer period of time to remove all of the
surface water from the marsh.

Everglades marshes are essentially aquatic systems. 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 marshes are
especially productive for insects, small fishes, crayfish, freshwater shrimp, snails and
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 of 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 same time, or
repeating the same hydroperiod year after year. Fluctuations in hydroperiods from
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. Groundwater, 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 ¢anals 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 phreatic surface, forms the upper surface
of an unconfined aquifer, The water table is defined as the surface of atmospheric
pressure and is the level at which water stands in a well that penetrates inio the
aquifer. The shape of the water table determines the distribution of flow within the
aquifer. Undulations in the water table correspond to changes in storage within the
aquifer. Any factor that affects the shape of .the water table and therefore the
direction and magnitude of flow in the aquifer (i.e. recharge and discharge areas,
pumpage from wells, and permeability) also affects storage.

Groundwater, like surface water, runs down hill from highest to lowest
elevation (potential). The shape of the water table will tend to mimic the shape of the
land surface above it. In most areas, a general picture of the flow patterns in an
unconfined aquifer can be approximated from a topographic map. In the flat
topography of the Everglades, this is not always possible. Ground water surface
elevations must be directly measured to determine flow direction.

4. Climate and Weather Patterns.

The hydrology of South Florida is strongly affected by its climate, rainfall and
weather patterns. This subsection discusses the relative importance of these
components of the hydrologic cycle, as they relate to water management of the region.
The climate of South Florida has been classified as humid subtropical by Bradley
(1972) and tropical savanna by Hela (1962). The Everglades have been classified as
tropical rainy using the Koppen clagsifications and as a subtropical moist forest and a
transition between tropical and temperate forest types (Rose and Rosendahl, 1978:
Dohrenwend, 1977). These classifications have been applied due to the relatively
high rainfall and warm temperatures (Dohrenwend, 1977).

The Everglades has a generally subtropical climate, characterized by long, hot,
humid and wet summers followed by mild, dry winters. The wet season, extends from
May to October, while the dry season, occurs from November to April (Thomas, 1974).
The wet season is characterized by high humidity, intense solar radiation, and
unstable atmospheric conditions that result in frequent local thunderstorms, often
accompanied by intense rainfall of short duration. Severe tropical storms can also
occur during the wet season. Large amounts of rain can fall over localized areas 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, sometimes freezing
temperatures, and rainfall of moderate amount and low intensity. Severe weather
can accompany some fronts, bringing thunderstorms, tornadoes, and large amounts
of rainfall. Thunderstorms that are not associated with fronts are possible in the dry
season, but are relatively infrequent compared to the wet season.

Temperature. The region's temperature regime is determined primarily 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 ranges from 72 F
(22 C) in the northern Everglades to 76 F (24 C) in the south (Thomas, 1974). Mean
monthly air temperatures range from a low of 63 F (17 C} in January to 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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Evapotranspiration, Evapotranspiration (ET), the combined water loss due
to transx:ratlon and evaporation, is a major element of South Florida's hydrologic
cycle. Average evapotranspiration within the Everglades ranges from 70 to 95
percent of rainfall and in dry years can exceed rainfall in volume (Klein et al., 1975).
Evapotranspiration is affected by temperature, solar radiation, wind speed, relative
humidity, and transpiration during plant growth. Temperature is generally
regarded as the most important factor, Minimum ET rates occur 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 rates during plant growth, saturated ground
conditions and high water levels in wetlands. During dry periods potential
evapotranspiration may be greater than actual evapotranspiration. Typical actual
average annual evapotranspiration ranges from 40 to 45 inches (100 to 115 c¢m) with
a maximum amount of 60 inches (152c¢m} (Parker et al., 1955).

_ Rainfall. On the average, south Florida receives about 53 inches (135 c¢m) of
rain annually, 75 percent of which falls in the wet season (Shih, 1983). During the
dry season, precipitation is governed by large-scale (?noptic) winter weather fronts
which pass through the region roughly every seven 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, from Homestead to Pompano Beach,
generall_{ receives the greatest amount of rainfall,while the Florida Keys and areas
south of Lake Okeechobee, southwest Collier County and an area east of Fort Meyers
generally receive the least annual rainfall (Klein et el., 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 from a
low of 37 inches (94 cm) in 1961 to a high of 106 inches (269 cm) in 1947, Typically
annual values vary from 40 to 65 inches (102 to 165 cm) with a mean annual rainfall
over the Everglades of 51 inches (130 ¢m) (MacVicar and Lin, 1984). Within the
Everglades Planning Area the greatest average annual rainfalls occurs in the EAA
and in Everglades National Park. The lowest average annual rainfall occurs in
WCA-3A (MacVicar, 1983; Sculley, 1986). ;

In the wet season, convective showers (thunderstorms) occur aimost 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 afterncon shower
activity, Convective storms exhibit larger differences in precipitation {rom 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, Evapotranspiralion rates
increase with wind speed and therefore wind has an effect on regional hydrology.
Wind movement is greatest during the winter when rainfall is usually lowest (Parker
et al., 1955). Wind action during the winter exacerbates the drying of marshes 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 Everglades and Florida Bay. High
winds and associated wave action can redistribute such physical features as barrier
islands, inlets, channels and sand shoals and disrupt éstablished plant and animal
communities such as coral reefs, seagrass beds and mangroves.

Extreme Storm Events. Hurricanes, tropical cyclones which generate winds
in excess of 74 miles per hour, are recurrent evenis in south Florida and are
important physical processes in the regional ecology (Craighead and Gilbert, 1962).
South Florida and the Everglades region have been struck by more hurricanes and
tropical storms than any other equally sized area in the United States (Gentrvy, 1974).
The Everglades region is exposed to Atlantic, Gulf, and Caribbean generated
hurricanes. Hurricanes strike most frequently during August, September and
October with a return frequency of about every three years (Gentry, 1984).
Destruction occurs from storm surges, wind, tornadoes, and rainfall (flooding). The
hurricanes of 1926, 1928, 1935, 1947, 1960, 1962, and 1965 caused loss of life and/or
major damage to the region that led to additional water management and drainage
efforts in the Everglades basin.

5. Historic Hydrologic Conditions.

Pre-Drainage Hydrology. Everglades wetlands began their formation on
bare limestone bedrock approximately 5,600 years ago and by the end of the late 19th
century extended over an area of approximatel 7 3,900 sq. mi, (10,000 km2) covering
the majority of south Florida (Figure 5). %he’ pre-drainage Everglades region
extended south from Lake Okeechobee approximately 20 miles (145 km) to the
southern coast at Florida Bay and the Ten Thousand lsland region (Davis, 1943a).
The Everglades is best described as a depression in the limestone of this region that
has filled with organic matter and sedimentary deposits (Parker and Hoy, 1943;
Parker, 1974). This system is bordered 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 freshwater to
tidewater. The southern outlets of the system were Biscayne Bay, Florida Bay, and

the Gulf of Mexico (Figure 6).

Prior to drainage, large portions of the KLOE system were 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) ms!
(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) msl
(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 ef al., 1955; Wagner and Rosendahl, 1987). Water
from the Everglades discharged into tidewater (coastal estuarine mangrove) 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 Original Everglades, Including Adjacent Freshwater
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behind the coastal ridge (Harper, 1927). Water was transported to tidewater through
a series of breaches in the coastal ridge (Figure 7), once a sufficient height was
reached to pass this barrier, and as groundwater discharge to coastal lagoons
(Harlem, 1979; Parker, 1974). During high water periods, water from the

Figure 7.  Atlantic Coastal Ridge of Southeast Florida (shaded). Gaps
indicate areas where water naturally discharged to tidewater
during wet periods prior to construction of the canal system.
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northeastern Everglades moved across the coastal ridge through the Loxahaichee
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 ef 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 el, 1962). In addition, due to
direct connections through the coastal ridge, groundwater seeped through the porous
limestone aquifer and emerged as freshwater springs in Biscayne Bay and the north
Key Largo reef tract (Parker et. al., 1955; Harlem, 1979). As late as the flood of 1947,
water in the glades immediately west of Miami were reported o be 6 to 8 feet (1.8 to
2.4 m) deep over vast areas of the central portion of this region (Parker, 1974).

Various estimates have been made of the voliime of flow within the Everglades
system. An early estimate of 2,315,000 acre-feet (2.85 x 109 m3)was provided by the
entral and Southern Florida Flood Control Distriet for a 4000 square mile (10,000
km2) area bounded on the north by the southern rim of Lake Okeechobee, on the east
by the Atlantic Ocean, on the south by Tamiami Trail, and on the west by the
Everglades-Big Cypress drainage divide (CSFFCD, 1950; Wagner and Rosendahl,
1987). Parker et al. (1955) provided an estimate of 2,051,800 acre-feet (2.53 x 109 m3)
for a slightly smaller area without evaluation of percolation and surface runoff to the
coast (Wagner and Rosendahl], 1987).

Alteration of Natural Drainage. Drainage of the Everglades region began
in the early 1880s when Philadelphia industrialist, Hamilton Disston, under contract
with the State of Florida (Trustees of the Internal Improvement Fund) and the
Everglades Drainage District cut the first connection from Lake Okeechobee to the
main body of the Caloosahatchee River. Prior to the channelization of the
Caloosahatchee, a relict portion of the Fort Thompson Formation formed a natural
dam, allowing water to flow through this area only after reaching a sufficient height
(USCOE, 1892, 1895; Davis, 1943a). Drainage operations under the Disston contract
ceased about 1889, after a substantial amount of canal construction had been
completed, principally in the upper waters of the Kissimmee River. These works
included the provision for the construction of the first canal connection between Lake
Okeechobee and the upper end of the Caloosahatchee River. The Miami River was
channelized beginning in 1903 and the falls were remaved in 1908 (Harlem, 1979).
The falls in the Miami River, as part of the Atlantic coastal ridge, acted in the same
manner as the Fort Thompson Formation in the Caloosahatchee River. Several other
canals were opened through the Atlantic coastal ridge to facilitate drainage of the
Everglades. These canals included the Snapper Creek Canal, the Cutler Canal and
the Coral Gables Waterway, which were finished between 1912 and 1913 (Harlem,
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 Caloosahalchee River
beginning in 1926 (USCOE, 1927; 1928). Early uncontrolled drainage of South
Florida lowered water tables b to 6 feet below 1900 levels, stressing natural wetland
systems. Uncontrolled fires modified, damaged or eliminated much ol 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 as
loss of water storage capacity (Davis, 1946; Jones, 1948). Parker ef ¢l. (1955) reported
that the water table in Dade County had dropped 6 feet by 1855, Although droughts
were common in the Everglades prior to drainage of the region, historical accounts
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. Development 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 current water management basins of
southeastern Florida are remnants of the original 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 Palm Beach, Broward, and
Dade counties. Over 100 years of drainage, flood ¢ontrol, and water management
activitﬁr in south Florida have greatly altered the historic basin. 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 allied purposes.

The current hydrologic regime of today’s Everglades varies both spatially and
temporally from that of the natural system. The Everglades basin is filled during the
summer by rainfall, and by surface and ground water conhections throughout the
system. Maximum water depths usually are reached in the late summer. Water
levels decline slowly during the dry winter months. As water levels decline, the areal
extent and depth of inundation also diminish. By spring, with increasing losses from
evapotranspiration, water levels reach annual minima. Surface waters often
disappear from the wetlands following extremely dry periods. In years with high
rainfall and flow, inundation is year round (Parker, 1984),

The historic surface and ground water hydrology of southern Florida,
including areas within what is now the ENP and the Big Cypress Preserve, have been
altered by regional water management practices. The Everglades is now subdivided
by hundreds of miles of canals and levees. Completion of a canal connecting Lake
Okeechobee with the Caloosahatchee River in 1882 marked the beginning of
significant alteration in the Everglades basin. Table 5 shows the year of completion
of some of the major levees, canals, pump stations, and control structures that have
been constructed within the Everglades.

Leach et al. (1972) decumented some of the effects that south Florida water
management practices have had on Everglades hydrology. Surface waters may be
retained by levees and released to downstream waters aceording 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 et al., 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
uncentrolled drainage and land reclamation activities in Scuth Florida had
significantly lowered surface water and ground water levels in the lower east coast
region compared to pre-development levels. Beginning in 1945, contro! structures
were ingtalled 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 Hillshoro, 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.

AR



Everglades SWIM Plan - Supporting Information Document

Table 5. Completion Dates of Major South Florida Water Management

Facilities.
Levee/Canal Year.of Completion
1. Miami Tanal 1912
2. North New River Canal 1912
3. Hillsboro Canal 1915
4. West Patm Beach Canal 1915
5. St. Lucie Canal 1924
6. Caloosahatchee Canal 1884,1918
7. Lake Okeechobee Dike:
Low Muck Levee 1926
Hoover Dike 1938
8. Tamiami-Canal 1928
9. Levee 30 and Borrow Canal 1952

10. Everglades Agricultural Area Levees completed 1959
1 1..Lak.e502keechobee Pump Stations: '

1957

5-3 1958

5.4 ‘ 1975
12. EAA Pump Stations:

S-5A 1955

5-6 186

5-7 1962

58 1975
13. Conservation Area No. 1 1961 *
14. Conservation Area No. 2 1961 *
15. Conservation AreaNg. 3 1962 *
16. Levee 67A, L-67C, and Borrow Canals 1967
17. Levee 28 and Borrow Canal 1963
18. L-28 Interceptor and Feeder Canals 1867
19. £-38 Canal 1970
20. C-111 Canal, L31N 1967
21, Structure 197 1967
22. Levee 67 Extension and-Borrow Canal 1968
23, Levee 31W and Borrow Canal 1571
24. Structures $-333 and 5-334 1978
25. Pump Station $-332 1980
26. Pump Station $-321 1983
¥ = Surrounding levees largely completed and spillways functional.

MNote: [nsome casés, substantlal thanges occurred after the indicated completion date,

The C&SK Project. The structural tools necessary for achieving the
objectives of water management in the District are provided by the Central and
Southern Florida Project for Flood Control and other Purposes (C&SF Project).
Operation of the C&SF Project is governed by water management plans developed
through .cooperation of the U.S. Army Corps of Engineers (USCOE), the District,
ENP, and a multitude of local interests. This section presents a broad overview of the
CSFFC Project and describes the general gperation of the system.

The C&SF Project, approved by Congress in 1948, was largely designed and
built by the USCOE. The Project covers an area of more than 16,000 square miles
(41, 000 km?2), extending from the Kissimmee River Basin, just south of Orlands, to
the southern tip of Florida within ENP. Today the C&SF Project consists of 1,500
miles (2,400 km) of canals and levees, 125 major water control structures, 18 major
pumping stations, 13 boat locks, and several hundred minor structures.

Figure 8 shows the major components of the C&SF Project while Figure 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-3B. The system
is generally operated to provide flood protection during the wet season by placing
water into storage and discharging excess water to the ocean (Figure 10) and to
supply water from storage in the dry season for irrigation and municipal water
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Figure 8.  Major Features of the Central and Southern Florida Project for Flood
Control and other Purposes. N
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Figure9.  Schematic Diagram of Water Movement in the SFWMD,
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supply (Figure 11). Regulation schedules for the WCAs and for Lake Okeechcbee
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 {o 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 of SFWMD 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. Some water
may be detained and will evaporate, but a high percentage of rainfall may 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 rainfall 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 Supply.
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water runoff than for a comparable urban area. As a result, streamm flows are
moderated compared to urban areas (Figure 12).

Wetlands and poorly drained uplands subject to flooding typically store water
from rain storms and then slowly release it. This has the effect of reducing the
amount of the flood peak and of extending the recession of the hydrograph,
Superposition of the water management network on the natural Everglades
hydrologic system has decreased the hydrologic head, altered the way water flows
-through the system and subsequently lowered the water table (Figure 18). Wetlands
and other flood-prone lands provide natural flood protection to downstream areas.
When wetlands are drained and filled or diked, that storage is removed from the
hydrologic system. Flood peaks are increased and stream flows during dry periods
are reduced. The District’s current regulatory policy restricts the amount ‘of
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Figure 12. Stream Flows from Varicus Land Uses.
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Figure 13. Direction of flow and water levels in a typical 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-development discharge, _prohibits draining of wetlands, and requires that
compensating storage be provided if any area ordinarily providing surface storage is
filled or diked (see Chapter 40E-4140 Fla, Admin. Code).

Impacts Due to Changes in Hydroperiod. The Everglades system has
evolved as a result of many years of climatic fluctuations, including extreme events
such as hurricanes, floods, and droughts. Natural stochastic variations within this
system are necessary for its continued health and survival, but are difficult to mimic
within the limits of the man-made C&SF project. Implementation of the rainfall
dehvery schedule for ENP has been a successful attempt to refine the operational
strategies of artificial control structures to simulate a more natural response to
randomly changing conditions within the Everglades Additional ~physical
modifications to improve water deliveries to ENP are being developed by the USCOE.

Construction of the three WCAs, with attendant internal canal systems, has
hadbtl;wo pronounced impacts on hydroperiods, All three WCAg share these common
problems:

(1) Water tends to pond in the southern portions of each WCA, sometimes at
depths that have adverse effects on some Everglades plant communities
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 damage to tree islands and wet prairie
communities. '

Some attempts to correct hydroperiod impacts in the past include the
construction of S-339 and S-340 in WCA-3A to disperse canal flow from the Miami
Canal (C-123) into the northern marsh in wet periods (during pumping at S-8), and to
stop overdrainage of these northern marshes in dry seasons by preventing the Miami
Canal from continually moving water southward (Zaffke, 1983). These alterations
tend to slightly reduce the depth of water in the southern, ponded area, Another
structure, S-10E, was constructed in Levee 39 in the northern apex of WCA-2A. This
vast marsh area received water only from direct rainfall after completion of WCA-2.
S-10E provides a method to convey water from WCA-1 to the northern portion of
WCA-2A for a better distribution and extension of the hydroperiod. The S-333 water
control structure has been used to deliver water to Northeast Shark River Slough
(NESRS), reflooding the head waters and attempting to reconnect the historic slough.
These water dispersal mechanisms have been beneficial, but are not the ultimate

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 maximuin 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, 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
prevents mass movement of water. Loss of emergent vegetation in the WCAs would
require costly levee redesign and reconstruction. Regulation schedules for all three
areas have been modified over the years in an effort to balance water supply and flood
control needs with environmental considerations. '

Hydraulic Connections, An important factor in flood control and water
management in southeast Florida is the hydraulic connection between the Biscayne
Aquifer and tidewater and between the Biscayne Aquifer and the canals that intrude
into the aquifer. These hydraulic interconnections have many effects (Klein and
Hull, 1978) including the movement of ground water from the interior to coastal
areas where it can maintain adequate levels to retard saliwater intrusion.
Historically, groundwater also provided freshwater discharge to estuaries.

The effectiveness of hydraulic connections between the aquifer and the canal
system is indicated by the rate at which canal water can infiltrate downward and
laterally into the aquifer during dry periods, if water levels in the canals are higher

‘than adjacent groundwater levels. Water quality impacts on the aquifer from poor
quality canal water are most likely to occur in canal reaches that are located near
wellfields. Large groundwater withdrawals can lower the local groundwater stages
in the vicinity of the wellfields, resulting in the transfer of water from the canals to
adjacent underground storage, Other water quality impacts from hydrologic
interconnections may occur where contaminated groundwater upwells in an estuary.
This type of contamination may be occurring near the South Dade Landfill where
subsurface contamination is suspected of moving laterally through groundwater into
Biscayne Bay (Shinn and Corcoran, 1988).

Flood Protection. One of the primary objectives of the C&SF Project was to
provide flood protection for South Florida. The water management system consists of
multiple pump stations, control structures and canals in the Everglades planning
area. The three WCAs provide temporary storage 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 stormwater formerly pumped
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
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regardless of the frequency assigned to it. For example, two storms of an intensity
expected to occur once in every one-hundred years (1-in-100 year storm) occurred in
northern Palm Beach County within three months in the early 1980s (Lin, 1982; Lin
and Lane, 1982; SFWMD, 1982). L .

The USCOE specifies a Standard Project Storm (SPS) for South Florida. The
amount of runoff generated from a SPS is termed a Standard Project Flood or SPF.
The rainfall generated by a SPS are 25 percent greater than the amounts that would
oceur during a 1-in-100 year storm. The SPS storm is assumed to occur during the
wet season when water tables are high and soils are wet. These conditions wiil
maximize the amount of runoff. The flood protection for a basin may be given as the
return interval of the most severe storm that can océur without flooding the basin
(e.g., 1-in-10 year) or by the percent of the SPF that can be passed from the basin
without flooding (e.g., 30 percent of the SPF). o

Saltwater Intrusion. In coastal areas of South Florida, fresh and salt
groundwaters meet. The fresh groundwater is less dense than the salt groundwater
so that the fresh water floats on, but does not mix with, the saltwater. The Geiben-
Herzberg Principle (Fernald and Patton, 1984) is a general rule which states that the
boundary between fresh and saltwater occurs abeut 40 feét (12 m) below sea level for
each foot (0.3 m) that the fresh groundwater table éxtends above sea level. For this
reason, the water table in coastal areas should be maintained high enough te prevent
salt water from entering the local surficial aquifer and contaminating nearby well
fields. This is accomplished by maintaining canal levels high enough so that the
hydraulic interconnection of the canals and the aguifer maintains a freshwater
grac'.l}‘ent that is adequate to prevent intrusion of saltwater into the fresh surficial
aquifer. :

7. Future Hydrologic Threats to the Everglades System.

Continued Encroachment of Land Development, Loss of Secasonal and
Short Hydroperiod Wetlands, and Overdrainage. Continued expansion of urban
and agricultural development in and adjacent to the planning area is a major
continuing threat to Everglades aquatic resources. Measures need to be taken by
Federal and state agencies and local entities to recognize the importance of
remaining seasonal wetlands, and protect these critical resources from urban and

agricultural development. |

Direct loss of Everglades wetlands and important peripheral wellands began
at the turn of the century and continues to the present day. Historical accounts
suggest that the Everglades may have only dried out during the most 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 of this 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 Everglades 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- hydroperiod
wetlands, which served as early dry-season feeding habitats for wading birds, are
now lost because of wetland conversion for development. Loss of wetlands and
associated aquatic habitats is a continuing threat to these natural systems.

_ The relationships among natural (seasonally fluctuating) hydroperiod
conditions, wetland diversity and productivity and bird populations have been well
documented in South Florida. Since drainage and development have altered most of
South Florida‘s natural systems, the best and most extensive areas of natural
wetlands are found within Everglades National Park and the Water Conservation
Areas, Davis et al., (1987) in their studies of wading bird communities within
Bverglades National Park and concluded that “restoration of natural water
digtribution . , . into the southern Everglades would create the conditions necessary
for optimum primary production.” The keys fo protection of the remaining viable
wetlands outside of the ENP and WCAs include maintenance of natural
hydroperiods, natural water distribution patterns and appropriate water depths.
These conditions are largely incompatible with drainage urban or agricultuaral land
development. ' '

_ Climatic Changes. Three possible climatic changes appear as most likely to
impact the Everglades as follows: (1) a decrease in rainfall and a change in its
distribution; (2) global warming; and (3) a rise in sea level.

Gannon (1978) has suggested that extensive urbanization and wetlands
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 changed in recent years. In his
analysis the most significant breakpoint was shown to be 1970. Shih concluded thal
the reduction in rainfall was due to shorter and drier wet seasons and to fewer
tropical cyclones passing over South Florida. Shih alse showed dry seasen 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 (at 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 of WCA-3 showed
a significant decrease in high intensity rainfall events (greater than three inches per

day).

55



Everglades SWIM Plan - Supporting Information Document

E, MAJOREVERGLADES PLANT COMMUNITIES.
1. Imtroduction.

Descriptions of historical Everglades vegetation communities circa 1934 are
provided by Davis (1943a). The historic Everglades was comprised of roughly 2.5
million acres (1 million ha) of freshwater marsh. As a result of drainage of these
wetlands for agricultural and urban development, only 50 percent of Lhe original
ecosystem remains today (Schortemeyer, 1980). This drainage and urban
development has impacted many areas of the remaining marsh and caused changes
in species composition, spatial distribution and ecosystem processes due Lo altered
hydrological regimes and degraded water quality (Alexander and Crook, 1984).

The Everglades are made up of a series of habitats formed around various
physical features, dominated by a few select speciés of plants, or composed primarily
of one species. The primary components of this system are the periphyton (algae)
community, the sawgrass community, the wet prairie, aquatic sloughs, bayheads or
tree islands, willow heads, tropical hardwood hammocks, cypress forest, and coastal
mangrove forest communities (Davis, 1940; Davis, 1943a); Loveless, 1959;
VanMeter, 1965; Gleason, 1974; Tabb et ol., 1967; Steward, 1974; Goodrick, 1984;
Craighead, 1971). These native plant communities are interspersed throughout the
Everglades system, effectively creating a mosaic of distinct and valuable habitat
types. The historic border of this system was composed of seasonal or sghort
hydroperiod wetlands and upland pine habitat (Davis, 1943a). These are the
communities that have fallen under the heaviest pressure for urban and agricultural
development. In the southern part of the system, freshwater wetland communities
give way to muhly grass (Muhlenbergia filzpes) prairies, upland pine and tropical
hardwood forests, as well as tidally influenced mangrove forests more characteristic
of the southern reaches of ENP and Florida Bay. Important vegetation communities,
which lie outside the current Everglades marsh but are considered tributary inflows
to the system, include; cypress forests (located east of WCA-1, and west of the WCA-3
in the Big Cypress National Preserve) and the pine flatwoods (found in eastern
Hendry, and in western Palm Beach, Broward, and Dade counties).

The relationship between plant communities and hydrologic regimes has been
investigated by numerous scientists for moré than four decades (Davis, 1943a,b;
Egler, 1952; Craighead, 1971; McPherson, 1978; Pesnell and Brown, 1973; Olmstead
et al., 1980; Zaffke, 1983; and Gunderson, 1987). A gradient of water depths and
associated hydroperiods (length of inundation) exists between each of the above
described wetland communities. Upland hammocks and pinelands are the driest
communities, followed in order by tree islands, sawgrass 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 af., 1967;

o6



Everglades SWIM Plan - Supporting Information Document

Craighead, 1971; Carter et al., 1973, Wood and Maynard, 1974; Browder et al., 1982).
Wood and Maynard (1974) indicate that a large portion. of the southern Everglades
primary production appears to be derived from periphyton algal mats. Laboratory
studies suggest that periphyton may be an important food source for Everglades
craﬂfish (Pope et al., 1981),and forage fish (Hunt, 1953, Kolpinsky and Higer, 1969),
both important components of the Kverglades food web. Periphyton photosynthesis
and respiration play an important role in controlling diurnal dissolved oxygen,
carbon dioxide and calcium concentrations within marsh surface waters (Hunt, 1961;
Gleason, 1972; Gleason and Spackman, 1974; Wilson, 1974; Belanger and Platko,
1986). Algal photosynthesis accounts for a large. pertion of calcium precipitation
within the marsh and is responsible for the formation of marl soils within the
southern Everglades (Gleason, 1972; Gleason and Spackman, 1974). Periphyton
provide feeding habitat and cover for Everglades invertebrates and fish and provide
an important microhabitat for the survival of the eggs and larvae of insects and fish
during dry periods (Harrington, 1959).

Water quality (phosphorus, major ion concentrations and pH) and hydroperiod
are the major factors which appear to influence the species composition and growth
rates of Everglades periphyton communities (Swift, 1981, 1984; Swift and Nicholas,
1987; Browder, et al., 1981; Flora et al., 1987). Calcarecus (calcium carbonate
precipitating), filamentous blue-green algae (Scytonema hoffmani and Schizothrix
calcicola) and a group of hard water diatoms (e.g. Mastogloia smithii v. lacustris) are
the dominant algal species present, both in species numbers and areal extent,
throughout the %reshwater marshes of the WCAs and ENP (VanMeter, 1965;
Gleason, 1972, 1974b; Gleason and Spackman, 1974; Browder et al., 1981; Swilft,
1981, 1984; Swift and Nicholas, 1987) and are representative of calcium rich, low
nutrient, alkaline, hard water conditions. In contrast, filamentous green algae
(Mougeotie sp and Spirogyre sp.) accompanied by a rich desmid (green algae) flora
are reliable indicators of acid, soft water conditions characteristic of the interior of
WCA-1 (Swift, 1981, Swift, 1984; Swift and Nicholas, 1987).

Periphyton communities of both the WCAs and ENP probably evolved within a
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 limiting
nutrient for interior marsh periphyton and that rainfall is probably the primary
nutrient source for these algae. Due to its low availability, inorganic nitrogen
(NO3+NOy+NH,4) may also seasonally function as a co-limiting nutrient (Davis ef
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 species
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 (biomass) of pollution-tolerant
species such as Microcoleus sp. (Swift and Nicholas, 1987), Water quality impacts 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 jomaicense) is one of seyeral
dominant vegetation community types found throughout the freshwater Everglades
marsh. Estimates of the extent of sawgrass range from 65 to 70 percent of the
remaining Everglades marsh (Dineen, 1972; Kushlan, 1987; Loveless, 1959; Schomer
and Drew, 1982; Steward and Ornes, 1975a). Sawgrass is a perennial sedge and not
actually a grass as the common name implies. - Sawgrass typically occurs on land
elevations slightly higher than aquatic sloughs but lower than bayhead tree islands.
In the northern Everglades, sawgrass that grows in deep peat soils tends to be tall
and dense, reaching heights up to 10 feet (3 m), whereas sawgrdss which develops
over marl soils is typically shorter, averaging 2.5 to 5.0 feet (0.8 to 1.5 m). Southern
sawgrass communities also tend to be less dense, possibly as a responsé to the low
nutrient content of marl soils. Sawgrass communities range from almost pure stands
to mixed vegetation including maidencane (Panicum hemitomon), arrowhead
(Sagittaria loncifolia), water hyssop (Bacopa carolinidna), and s ikerush (Eleocharis
cellulosa). Areas which experience shorter hydroperiods allow for invasion by small
irees and brush such as willow (Salix spp.), wax myrtle (Myrica cerifera), dahoon
holly (flex cassine} and salt bush (Baccheris halmifolia). '

Sawgrass is well adapted to survive stress from either flooding or burning,
which accounts for the success of this species’ survival under flood and drought
conditions characteristic of the Everglades. Although capable of surviving variable
water depths from dry soil to flooding, sawgrass loses its viability when exposed to
prolonged high water conditions (Hofstetter and Parsons, 1979; Davis, 1989).
Sawgrass has a very low requirement for phosphorus and other minerals (Steward,
1974; Steward and Ornes, 1975a, 1975b; Volk et al., 1975), a trait which allows
survival in the oligotrophic waters of the interior Everglades marsh.

Sawgrass adaptations to fire have been well studied (Davis, 1943b; Loveless,
1959; Craighead, 1971; Forthman, 1973; Yates, 1974; 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 (Forthman, 1973; Tilmant,
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 ecosystem

(Wade et al., 1980). r

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 of undecayed
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 cellulose), beak rush
(Rhynchospora tracyi), maidencane (Panicum hemitomon), arrowhead (Sagittarie
latifolia) and pickerel weed (Pontederia lanceolata). The wet prairie community is
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found over both peat and marl soils, with each soil type supporting distinct plant
associations. Loveless (1959) described the characteristic wet prairie communities
which develop over peat as Eleocharis, Rhynchospora, and Panicum flats although at
least 25 different species typically occur in these associations. Important submerged
aquatics include bladderwort (Utricularia spp.) and Ludwigia spp. as well as the
periphyton association, Wet prairies require seasonal inundation with standing
water present for six to ten months of the year (Schomer and Drew, 1982). Seasonal
drying of these marshes with moist soil conditions are required for seed germination
and establishment of new seedlings (Dineen, 1972). -

During the rainy season, wet prairies and aquatic slough communities provide
habitat for the development of a wide variety of aquatic invertebrates (freshwater
shrimp, amphipods, snails, crayfish and insect larvae), and numerous forage fish
species. As water levels recede in the fall and winter months, organisms from the wet
prairies migrate to the remaining ponds and sloughs. As a result, wet prairie and
aquatic sloughs represent an important link in the Ever.glades- food chain,

Wet prairies are a conspicuous feature of WCA-1 and WCA-3, the Big Cypress
National Preserve and the east and west margins of Shark River and Taylor sloughs
(ENP), and the East Everglades Area. This community is also found in the sandy
flatlands of WCA-3A’s western tributary basins (C-139, L-28 Interceptor, Feeder
gasnlall) and L-28 Gap subbasins) as well immediately east of WCA-1 in the western

-51 basin. .

In the mid-1950s wet prairies were common in WCA-2A, as well as in the
western and southern sections of WCA-3A (Loveless, 1359b). Much of this habitat
was lost as a result of stabilized water levels during the late 1960s and 1970s due to
water storage activities within WCA-2A and the ponding of water in the south end of
WCA-3A (Dineen, 1972). Several experimental diawdowns 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 suecessful (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. mi. (3885 km2) have been drained 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. Small ponds may
occur in sloughs as solution holes in the limestone bedrock or may be formed 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 ef 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. biflora) 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 serve as important feeding areas and
habitat for Everglades wildlife. As the higher elevation wet prairies dry out, sloughs
and ponds provide refuge for aquatic invertebrates and fish. The high concentration
of aquatic life, in turn, makes ponds and sloughs important feeding areas for
Everglades wading bird populations. When the marsh is reflooded, these areas serve
to repopulate the marsh as water levels rise (Loveless, 1959). Small ponds created by
alligators may often represent the only sources of food or water in the marsh during a
major drought. ' ' '

Tree Islands. (Bayhead, Swamp Forests) The freshwater, broadleaf,
hydrophytic hardwood associations of the Everglades are commonly known as tree
islands. Tree islands communities occur on the highest elevations encountered
within the Everglades marsh. The name is descriptive of the isolated, emergent trees
surrounded by lower stature marshes and are primarily comprised of swamp forest
vegetation, although some small areas of relativeély h-i"g'{xer elevation support mesic,
fropical hardwood vegetation. Many of the larger tree islands form an elongated tear
drop shape, and are generally oriented with their madin axes parallel to the direction
of historical water flow. The bayhead or swamp forest is the most common forested
wetland type in the Everglades marsh.

Typical trees which are co-dominant on tree islands are red bay (Persa
borbonia), swamp Bay (Magnolia virginiana), dahoon holly (Ilex cassine), pond apple
(Annona glabra), and wax myrtle (Myrica cerifera). Other, less common species
include willow (Salix caroliniana), Florida maple (Acer floridinm) and strangler fig
(Ficus saurea). A dense shrub layer is found beneath the canopy, comprised of
cocoplum (Chrysobelanus icacao), buttonbush (Cephalenthus occidentalis), leather
leaf fern (Acrostichum danaeifolium), royal fern (Osmunda regalis) cinnamon fern
(O. cinnamonea), chain fern (Anchistea virginice), bracken fern, (Pteridium
aquilinum) and lizards tail, (Saururus cernuus),

Tree islands are importani nesting and roosting sites for colonial birds
(Givens, 1956) and are important habitat for Everglades deer and other terrestrial
animals, especially during periods of high-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 many tree islands in
the central portion of WCA-3A. Invasion of exotic vegetation (principally melaleuca
and Schinus terebinthifolius) is a major problem in WCA-1 and ENP (see Exolic 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 excavalion as a resuli
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 thickels. 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 bayheads during the 1970s
(Gunderson, 1987). Craighead (1971) reports that willow is more widespread now
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Ehﬁg in previous times due to changes in hydrology and impacts of dry season fires in

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 Gap subbasin) and 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 strands, monospecific strands and dwarf or
scrub cypress forests (Duever ef al,, 1979). Understory vegetation includes button
bush (Cephalenthus occidentalis), cocoplum (Chrysobalanus icaco), willow (Selix
spp.), wax myrtle (Myrica cerifera), plus various species of swamp fern (family
Polypodiaceae), marsh fleabane (Pluchea foetide), bromeliads (Tillandsia spp.) and
orchids (family Orchidaceae) (Duever et al, 1979). Submerged vegetation includes
bladderworts and the periphyton community .

Cypress domes occur in bedrock depressions in the northern Taylor Slough
area of ENP (Rintz and Loope, 1979) and are characterized by tall, dense stands of
pond cypress with diameters up to 1.8 ft. (50 cmn) and heights up to 80 £, (25 m).

Cypress prairies of the Everglades were first described by Small (1932). These
forests have also been described as dwarf, scrub or hatrack cypress (Craighead, 1971).
Dwarf cypress trees attain heights of less than 16 ft. (5 m) and diameters of less than
8 inches (20 cm), 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 community that is maintained by fire. Fire
reduces litter and peat accumulation and kills most invading hardwood species. In
the absence of fire, peat accumulation raises ground elevations creating mesic
conditions that are more favorable for invasion by hardwood species (Duever et al.,

1979).

4. Upland Vegetation.

Tropical Hardwood Forests. 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 bammocks are found in
conjunction with the upland pine forest of Long Pine Key (Johnson ¢t al., 1983;
Qlmsted et al., 1983). One of the largest tropical hardwood forests is Royal Palm
Hammock, located at the edge of Taylor Slough and Long Pine Key. Royal Palm
Hammock is noted for the emergent Royal Palm trees (Roystonea elate) (Small,
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 outerops 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 &r al.,

1980).

The dominant overstory trees are live oak (Quercus virginiana), wild tamarind
(Lysiloma latisiliguum), and gumbo limbo (Bursera simaruba). These trees attain
heights of over 60 ft. (18 m) and diameters of over 6.6 ft. (2 m) (Olmsted et al., 1981).
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Other less common, tree species include sugar berry (Celtis loevigata), mastic
(Mastichodendron foetidissimum), and, in the southern Everplades hammocks,
mahogany (Swietenia mahoganiy.

A number of trees reach sub-overstory status and account for the tremendous
stem density found in the hammocks, Included among these commonly found trees
are: willow bustic (Bumelia salicifolie), lancewcod (Nectandra coriacea), many
species of stoppers (Eugenia spp.), pigeon plum (Coccoloba diversifolia), marlberry
(Ardisia escallonoides) Few plants are found on the ground 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 successional, often scrubby phase. Hammocks with recurrent or severe fire
damage are often colonized by Florida trema (Trema floridane) and bracken fern
(Pteridium aquilinum). Some hammocks in the East Everglades that were subject to
frequent and severe fires now support forests of Australian pine, an introduced
species (Hilsenbeck ef al., 1979).

Upland Pine Forests. These upland plant communities occur primarily on
rock out crops and sandy flatlands that are seldom flooded for more than a few weeks
each year. Pine forests once covered about. 2,000 sq. mi. (5,180 km2) of south Florida,
but have been reduced to less than half of their original extent (Birnhak and
Crowder, 1974). Pine forests are found along the Atlantic Coastal Ridge, north of the
Bﬁg Cypress National Pregerve, and the sandy flatlands northeast of the WCAs
(McPherson et al.,, 1976). Characteristic plants of this upland habitat include slash
pine (Pinus elliotti var. densa) and a variety of hardwood trees, shrubs, palms, grasses
and other plants. Cabbage palms (Sabal palmetto) and saw palmetto (Serenca repens)
are also widely distributed in pine forest habitat. Grasses are often the dominant
ground cover and include such species as beard grass (Andropogon spp.), wire grass
(Aristida stricta) and panic grass (Panicuin spp.) (McPherson ef al., 1976).

Fire is an important factor in controlling the species composition 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 Johunson et al. (1983). Whether a
pine forest has a low-stature understory or well-developed understory depends on an
area’s fire history. The most significant floristic feature of ENP rockland forests is
the species richness of the low stature understory stratum. Loope et al. (1979) found
186 species in this association, making it the most diverse community in ENP.

5. Mangroves.

Approximately two thirds of the existing population of mangroves in the state
are located within the boundaries of ENP, particularly in the White Water
Bay/Shark River Slough areas and along the Gulf of Mexico. Within ENP, there are
three species of mangrove: black mangrove (Avicennio germinans), white mangrove
(Laguncularia racemosa) and red mangrove (Rhizophora mangle). These species are
arranged in six community types: overwash, riverine, basin, hammock 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 of mangroves in zones defined by
tidal inundation. Riverine mangrove 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 and 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. Hammack forests occur in slightly higher
elevations with all three species present. Scrub or dwarf forests are found on
limestone and marl substrates within the eastern portion of ENP. This community
type may be nutrient limited and contains all three species of mangrove.

Mangroves are important as a food source and habitat for fish and wildlife as
well as to estuarine nutrient-cycling processes. Mangrove 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, shrimp and
juvenile fish, Many bird species nest in the canopies of mangrove tress and feed in
surrounding waters.

Mangrove leaf litter is the principal component of the detritus-based food web
of these coastal estuaries. Riverine red mangrove leaf litter has been estimated to
produce 2.4 gm (dry weight) of organic matter/m2/day (Odum, 1970; Heald, 1969,
1971). As mangrove leaves are decomposed by microorganisms, they increase their
nitrogen, protein, and caloric content (Heald, 1969). Tidal flow exports this material
out of the mangrove forests into the estuary where it becomes utilized by a wide
variety of juvenile fish and invertebrates. The detritus-based food chain supports an
estimated 75-90 percent of the marine commercial and sports fish species found
within south Florida estuaries (McPherson et al., 1976). The juvenile phases of
commercially 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 altributed
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 mangrove foresi
distribution in south Florida. Heald (1969), Heald ef al. (1974) and Odum 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
1_]::‘)a\lr(iles (1989). Olmsted and Loope (1984) discussed their relative importance as land

uilders.

6. Exotic and Nuisance Plant Species.

Numerous exotic species have been brought into Florida for various 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 climate 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 pest, potential pest, or
innocuous for management purposes. The pest plants have large populations and
pose the greatest threats of invasion. The woody plants that are well established in
the Everglades and are invading the native habitats include Brazilian pepper
(Schinus terebinthifolius), Australian pine (Casuarine spp.), melaleuca (Melaleuca
quinquenervia), and shoebutton Ardisia (Ardisia solanecea) (La Rosa and Gunderson,
in press). Problem non-woody plants include water hyacinth (Eichhornia crassipes),
Colubrina asiatica, para grass (Brachiaria mutica) and Reynaudia reynaudiana.

_ Brazilian Pepper. Brazilian pepper (Schinus terebinthifolius), a native of
Brazil, was introduced into Florida for ornamental planting (as Florida holly). 1L
produces a large number of bright red berries which ripen between December and
Yebruary (Ewel et al. 1982). Its fruit is edible to wildlife, and birds and small
mammals are effective seed-dispersal agents. Brazilian pepper also can reproduce by
shoots from its roots and runners (Duever et al., 1979).

Brazilian pepper strangles and out-competes native vegetation, It produces
dense stands of low-hanging, dead vegetation, and is fire-resistant, Brazilian pepper
is an effective colonizer of disturbed areas, (Alexander and Crook, 1984), and prefers
dry sites with a disturbed s0il horizon. In the WCA planning area, it occurs primarily
along canal banks, roadsides, and in abandoned farm fields.

__ Brauzilian pepper, also poses one of the largest management problems in the
ENP planning area because of its large populations and proven ability to invade a
number of habitats, Until 1975, approximately 5,000 acres (2024 ha) in the southern
part of Long Pine Key was farmed. This area, referred to as the “Hole-in-the-Donut”,
now supports woodlands that are dominated by Brazilian pepper, although
shoebutton ardisia and para grass (Brachiaria. mutica), have become dominant in
pockets within the Brazilian pepper areas. The Hole-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 source for
dispersal to other ENP communities. Brazilian pepper will establish in pinelands,
and will dominate the understory if the stand is not burned, (Wade e 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 equisetifolia) 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. Itis not considered to be fire-
resistant (Alexander and Crook, 1984); however, it is reported to re-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 Casuering equisetifolia developed on
Highland Beach in ENP, but was successfully removed through cutting and burning
(LaRosa and Gunderson, in press). Other stands of Australian pine are established in
the southeastern panhandle of ENP (Klukas, 1969), replacing the bayhead species
(Craighead, 1971). This process also occurred in the East Everglades in an area north
and east of ENP, an area which may soon be incorporated into ENP.

Melaleuca. The melalenca, or cajeput tree (Meleleuca quinguenervia), is
native to Australia and was introduced to Florida in the early 1900’s as an
ornamental tree and possibly also as a commercial seurce 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 secils (Schomer and Drew, 1982).
Prolific seed production, high growth rates, resistance to fire, lack of insect parasites,
disease and competition from native plant species, further enhances melaleuca’s
ability to compete with native vegetation (Diamond, 1989).

Griven the rapid growth of this species, melaleuca has the ability to invade 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 species diversity (Austin, 1978;
Schortemeyer et al., 1980; Mazzotti et al., 1981; Sowder and Woodall, 1986). It
should also be noted that, because of its prolific flowering, melaleuca is considered to
be important to beekeeping (Robinson, 1980).

Melaleuca has been identified as a potential threat to South Florida’s future water
supply. Evapotranspiration (E.T.) rates for melaleuca have been estimated to range
from 3-8 times that of sawgrass (Hofstetter, R., personal communication, February
27, 1990, University of Miami, Miami, FL.). Woodall (1983) reports that melaleuca
has a greater potential to trap rainfall in its paper-like bark, thereby reducing
through-fall precipitation. Given these data, future spread of melaleuca throughout
the Everglades has the potential to impact regional surface waler supplies b
replacing open sawgrass prairies with dense melaleuca forests, thus increasing E
rates. As of this writing, no direct field scale studies have 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 pese a serious threat
to adjacent forests as well as urban areas and utility structures.

Melaleuca oceurs throughout the WCAs, It is most prevalent in Lhe Lree island
communities of WCA-1,WCA-2B and the East Everglades area, occurring to a lesser
extent in WCA-2A , WCA-3A and WCA-3B (Melalueca Task Force, 1990). There isa
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 areus
where the native vegetation has been disturbed or destroyed (e.g., afler a severe fire)
(Schomer and Drew, 1982),

Currently, no large stands of melaleuca are found in ENP. Isolated
individuals are widely scattered throughout these wetland sites. Heavy 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
ig referred to Volume IV, Appendix G. Draft Melaleuca Management Plan for Seuth
Florida (Melalueca Task Force, 1990).

Other Introduced Exotics., Other, less common, non-native plants in ENP
are water hyacinth, shoebutton ardisia, and colubrina. 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. Shoebutton ardisia occurs 1n and around the “Hole-in-the-Donut” and
Royal Palm Hammock, where it was introduced as a landscape ornamental.
Colubrina occurs in the mangrove areas of the ENP where it grows as a vine in
mangrove tree tops (Olmsted ef al., 1981).

Control Programs for Terrestrial Exotic Species. Melaleuea invasionisa
growing problem in the Loxahatchee National Wildlife Refuge, 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 evapotranspiration rates and adversely altering native
wildlife habitats (Hofstetter, 1976; Wade et al., 1980). Exotic species control eftorts
within the study area occur primarily within the WCAs. Meluleuca is the main
problem species. In WCA-1, the Loxaﬁatchee National Wildlife Refuge, the USFWS
has implemented a melaleuca control program (Loxahatchee National Wildlife
Refuge, 1988). This program specifies an integrated approach to melaleuca control,
using a variety of chemical control agents, application techniques, and non-chemical
control methods, The goal of this program is to minimize the spread of melaleuca,
while slowly eliminating adult trees.

The USFWS with assistance by the SFWMD ig administering an experimental
melaleuca control program in WCA-1 in cooperation with the USFWS (Thayer,
1989). This program involves chemical treatment with Garlon 3A. As part of its
levee maintenance program, the District removes Brazilian pepper and Australian
pine from levee areas where they threaten bank stability (Baker, 1988). The
FGFWFC does not 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 inlerfere with flood
control and navigation in canals. Accumulations of aquatic weeds in canals c¢an
decrease flood control capacity and flow rates. Floating and uprooted aquatic plants
interfere with the operation of pump structures. Aquatic weeds can also have
adverse effects on ecological conditions, Exotic species can out compete native plants
for biological resources, eventually replacing native vegetation. Aquatic weed
infestations adversely affect fisheries by altering habitats and degrading water
quality (e.g., lowering dissolved oxygen levels) (USDOI, 1972), The primary floating
aquatic weed species found in south Florida canal systems are water hyacinth
(Eichhornia crassipes), and water lettuce (Pistia stretioles). Hydrilla (Hydrilla
verticillata) 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 remove
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 plani
manaﬁement 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. Bioclegical control research is executed by the USDA.
Permitting of the exotic grass carp (Ctenopheryngodon idella) is the responsibility of
the FGFWFC. The DNR also reviews grass carp permif applications. The FGFWFC
reviews all DNR aquatic weed control permit applications for non-tidal areas,
according to Section 369.22(9), F. S. and an inter-agency agreement between DNR
and FGFWFC (Fleming, 1987). The FGFWFC participates in development of the
District’s annual aquatic weed control work plan for DNR.

The SFWMD is responsible for maintaining operation and flow capacity of the
south Florida canal system and for aquatic weed control in District-maintained
canals within its 16-county jurisdiction (Fleming, 1987) The District is not
responsible for canals of secondary drainage districts, and performs maintenance of
federal navigable waterways under contract with USCOE. The SFWMD performs its
weed-contro] program under an annual permit from the DNR (Thayer, 1989). The
DER reviews all aquatic weed control permit applications for potential water quality
impacts (DNR, 1989).

The USDA is responsible for aquatic plant control activities involving
non-native biological agents (DNR, 1989). The USDA identifies and studies potential
biological control agents, and performs the release of these biological controls. The
USDA coordinates with the University of Florida (IFAS) en much 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).

| |
F. WATER QUALITY CHARACTERISTICS OF EVERGLADES.

This discussion of Everglades water quality focuses on three primary 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 shallow
Everglades, through more than 90 miles of sawgrass, wet prairies und open water
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sloughs, from Lake Okeechcbee to the coastal estuaries of Florida Bay. Water moved
as sheet flow, southward often at an almost imperceptible pace over this flat wetland
terrain. Prior to 1950, relatively little information exists concerning historical water
quality conditions within the Everglades. As a result, most of what we know today is
derived from data on the soil nutrient content and species composition of the present
day Everglades seils 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, ag 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 lasiw,gg’lgd to be representative of historic or natural background conditions (Davis
etal., .

Low Nutrient Levels. Scientists have inferred that nutrient levels,
primarily Ephosphorus and other micronutrients, in the water column of the pre-
drainage Everglades were very low (Davis e al. 1987). The main source of nutrients
was rainfall and infrequent flooding of Lake Okeechobee in the northern Everglades
(Davis, 1943a; Parker et al,, 1955; Waller, 1975). The best data available indicate
that today uncontaminated rainfall over south Florida has a total phosphorus
concentration of 0.03 mg/l (Waller and Earl, 1975). Rainfall data collected elsewhere
within southern Florida can, however, have a higher average concentration.
Phosphorus levels in south Florida rainfall vary widely as a result of agricultural and
1\%3? ”s)ttmOSpheric contamination (See Part IV, “Rainfall Water Quality in the
' 87).

A Nutrient Limited System, Aside from fire 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
interior of the Everglades marsh, far removed from the influences of water control
structures, and roads, provide the best 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 limited input and rapid uptake and
recycling by microorganisms. Spluble reactive phosphorus concentralions at these
locations are typically at or below 0,004 mg/l, while averuge total phosphorus
concentrations average near 0.01 mg/L. (During the wet season, inorganic nitrogen
concentrations 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 periods,
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 %verglades organic peat soils, Thus,
although localized recycling of stored nutrients, particularly phosphorus, and
localized phosphorus inputs were pregent in the historical Everglades system 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 probably received
limited amounts of dissclved nutrients from upland flow because these malerials
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 u
general overview of the EAA and other tributary basin water quality characteristics
as they relate to historic and present conditions in the Everglades. Under current
conditions a la?e portion of surface water flow that enters the Water Conservalion
Areas is derived from the EAA (approximately 23% or 1.0 million acre feet, see Part
IV, “WCA Hydrologic Budget”). More comprehensive discussions of EAA canal water
quality are presented in a later section of this document that deals with the EAA.
Additionally water of poorer quality than that found within WCA interior marshes is
discharged from tributary basins to the east and west. Water quality conditions and
flows from these basins generally are not well documented. Descriptions of land use
and water management of the eastern and western tributary basins are provided in
the seetion of this report that deals with tributary basins. Inflow water volumes,
flow-weighted nutrient concentrations, and nutrient loadings at pump stations S-54,
_%-ﬁé S-7 ,and 3-8, are presented in Part IV of this plan entitled “WCA Nutrient

udget.’

- 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 EAA contains higher
concentrations of nitrogen and phosphorus and other constituents than is generally
found in local rainfall.

Sources of Water Quality Degradation. The EAA includes about 700,000
acres of rich organic soils that has largely been converted to intensively managed
agriculture. Helease of nutrients from the EAA soils occurs as the the result of
periodic drying and oxidation of these organic soils by aercbic bacteria (soil
subsidence). Once the soil is oxidized, large guantities 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 Quality in the EAA. Water draining the EAA farmlands contains
low dissolved oxygen concentrations, high concentrations of nitrogen, phosphorus,
chloride, sodium, trace metals, high color, high specific conductivity and occasional
pesticide contamination (see Part I, section A.B “Water Quality in EAA canals” and
section B.5 “Previous Water Quality Studies Conducted in the WCAs™),

Water Management Practices--Pumping FEvents. Water quality is
generally worse during pumping events than during periods of no discharge. Highest
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concentrations of inerganic nitrogen were observed at pump station S-5A located
within the eastern portion of the EAA. Nitrogen concentrations tended o 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 during 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/l during discharge and 5.2 mg/l 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 and altered as a result of drainage and development in the
northern Everglades. With the exception of rainfall and flows into the system from
the eastern Big Cypress Basin, all inflows and outflows to the Everglades are
regulated by manmade water control systems. Today, water is routed quickly
through a complex network of canals and impoundments, and flow is regulated by
pumps and water control structures. Construction of the WCA impoundments has
created a network of peripheral and transecting carals that act to shunt much of the
water past the marshes and reduce or eliminate averland flow. Northern ends of
WCAL and 3A are over-drained while their southern ends have become inundated
vFvitl; stanc)ling water for much of the year (see Part 1, section D “Hydrological

eatures”,

Water Quality Changes in the WCA’s. Present water quality condifions 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 WCA1
through pump stations S-5A and S-6, contains nutrient levels that are causing
imbalances in the natural populations of aquatic flora and fauna in violation of Class
III water quality standards. Surface waters entering Everglades National Park from
WCA3A also contains excessive nutrients that are potentially harmful to its flora
and fauna. Occasional exceedence of water criferia with respect to iron, chlorides,
total dissolved solids and dissclved oxygen occur, primarily when water is being
pumped into the WCA’s. The primary water quality problem within the WCA’s is the
influx of nutrients--nitrogen and phosphorus. (see Part II, section B.5.,“Water
Quality Characteristics of the WCAs).

Sourees of Water Quality Degradation. Disruption of historical flow patterns
due to regional 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 phosphorus),
dissolved solids (chloride, sodium and calcium carbonate), trace metals (copper, zine,
lead and iron) as well as occasional trace amounts of pesticides/herbicides all of which
are in concentrations that are atypical of normal Everglades marsh water. Well over
a dozen studies have indicated that water quality conditions have changed in the
WCASs 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 metals and pesticide
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 single 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 measured at
interior WCA marsh sites, Eserage 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, section B.5,“Water Quality Characteristics of the 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 of nitrogen 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 of nutrient-enrichment. Data collected over the past decade indicate that
nutrient-enrichment of the northern Everglades marsh has caused a number of
ecological impacts to native Everglades plant communities, These changes are
discussed briefly below and appear to be due to the combined effects of nutrient-
enrichment, hydroperiod change, and fire. There is toncern that if left unchecked,
nutrient enrichment will spread to other areas of the WCAgs (see Parl II, section
B.6,“Water Quality Degradation within the WCAs).

Iinpacts of Nutrient Enrichment on WCA Biota. Studies have correlated high
nutrient concentrations with significant shifts in periphyton (algae) species
composition, increased growth rates and other phenomena such as depleted oxygen
concentrations and donminance of anaerobic bacteria. These studies indicate Lhat the
Everglades system is sensitive to relatively small increases in nutrient
concéentrations measuring in the hundreds of parts per million. The occurrence of
high nutrient concentrations in waters passing through pump stations S-5A and S-6
and entering WCAL1 is a cause for concern because these nutrient levels are causing
imbalances in the natural populations of aquatic flora and fauna in violation of Clags
Il water quality standards.

Periphyton. Periphyton is an important component of the Everglades food web
and may play an important role in controlling surface water dissclved oxygen
concentration, the formation of marls soils, and in the uptake of nutrients within the
Everglades. In the Everglades, native periphyton communities appear to be
extremely sensitive to even low levels of phosphorus added to the environmeni.
Steward and Ornes (1975b) were first to document loss of the native periphyton mat
as a result of phosphorus addition. This was later confirmed by Flora ef al. (1987) in
controlled nutrient dosing studies performed in ENP where the periphyton
community was eliminated at orthophosphorus concentrations of 0.033 mg/l.

Results of experiments within WCA-2A by Swift and Nicholas (1987) indicated
that increased phosphorus concentrations in marsh waters were associaled 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/l 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 have increased. Early stadies
indicated that the nutrient requirements of sawgrass are low compared to other
wetland species (Steward and Ornes, 1975a,b). Sawgrass is considered a low hutrient
status species which is competitive in low nutrient situations typical of the interior
WCA marsh (Toth, 1988; Davis, 1991). Cattails are considered a high nutrient stztus
species, relative to sawgrass, that are highly competitive in nutrient-enrictied
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 possibility 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 aerobie and
facultative 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 microflora tend to create prolonged, low or anoxic (zero dissolved
oxygen) conditions within nutrieni:—enrichedp areas of the marsh (Reeder and Davis,

1983).

Water Quality In ENP.  Average flow-weighted total phosphorus
concentrations discharged into ENP from 1979-1988 were 0.011 mg/] for the four 5-12
structures (see Part II, section B.5, “WCA Nutrient Budget”). Long-term water
quality data has shown an increase in specific conductivity and major ien
concentrations within Shark River Slough. These increases are due to changes from
the natural sheet flow regime to one dominateéd by canal delivery (Flora and
Rosendahl, 1981). No changes in metal concentrations have been observed while
trace levels of pesticides have been occasionally detected in waters entering ENP.
Current concerns focus on the possibility that water quality conditions upstream
within the EAA and S-9 Basin will eventually impact the quality of water delivered
to ENP via the L-67A 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. The presence of these excessive nutrients is potentially harmful or
injurious to animal antfI plant life in the Park, Accordingly, such nutrient-poliuted
water is, or is reasonably expected to be, a source of pollution in the Park.
Considering the unique eco%,ogy of ENP, the nutrient 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 drouggt 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
averaged 0.007 mg/l from 1985-1987 and 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 lands leading to the C-111 Canal bad
detectable levels of pesticides {e.g. atrazine and chlordane).

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 upstream flooding. This event released large amounis of freshwater into
Manatee Bay, Barnes Sound and other surrotinding estuarine areas causing severe
impacts to marine biota.

Water Quality in Coastal Estuaries and Florida Bay. Changes that have
occurred in coastal estuaries are due, in part, to such factors 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 protection and the
maintenance of lower groundwater levels along the southeast coast. Although the
amount of flow is disputed, the effects of this action are observed in the encroachment
of mangroves north into the ENP in recent years; the replacement of freshwater
marshes with saline marshes; and decline of coastal mangroves in areas that have
been deprived of averland flow from uplands. Today many of these coastal estuaries,
especialli along the southeast coast and the central portion of Florida Bay,
frequently experience hypersaline conditions during the dry season.

Continued residential development along North 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 aboard vessels
within Florida Bay and Barnes Sound.

3. Water Quality Standards and Criteria.

EAA. During periods when water is, being pumped from the fields, and
subsequently discharged in to the WCAs, dissolved oxygen concentrations were below
the DER standard (5 mg/l) at S-5A, S5-6, 8-7 and S-8. Analyses by the FDER (1988)
indicated that water quality was quite variable throughout the EAA. The L-8, West
Palm Beach, Hilisboro, North New River and Miami canals, from Lake Okeechobee
south to L.-4 and across to L-8, exhibited generally poor water quality with extremely
high nutrient concentrations and low dissolved oxygen (DQ). Other problems in
these waterways included abnormal biological oxygen demand, (BOD), bacleria,
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 ig classified by the state as a Class II] water body and has
been designated under Florida regulations as an Outstanding Florida Water (OFW).
Class IIl 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 exceptions (Florida
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Adm'iniétrative Code 17-3.041(9)). The baseline for defining existing ambient water
gltl]ilit lié;r WCA-lis March 1, 1978 - March 1, 1979 (Florida Administrative Code 17-

WCA-2 and WCA-3 are also classified by the state as Class I1I waters, but do
not have OFW status. Maintenance of state water quality staiidards for Class 111
waters for dissolved oxygen, nutrient concentrations, biological oxygen deniand
(BOD), pH, bacteria, pesticides and macroinvertebrate diversity indices and other
water quality parameters (chloride, specific conductance, iron, total dissolved solids)
is recognized as a concern within the canals and perimeier marshes of the three

WCAs.

Everglades National Park, Because of its status as a national park and its
unique, water-dependent flora and fauna, ENP has been designated under Florida
regulations as an Qutstanding Florida Water (OFW) and has been proposed as an
Outstanding National Resource Water (ONRW). Fla. Admin. Code 17-
3.041(10),(17)(a),{18). The ONRW designation implements ihe federal
antidegradation policy found in 40CFR Part 181.12. The ONRW represents the
highest federal level of protection and is reserved for high quality waters of
exceptional recreational or ecological significance:. The proposed designation of ENP
as an ONRW, however, does not become effective until the Florida Legislature enacty
legislation that authorizes the protection and maintenance of ONRWs. Fla. Admin.
Code 17-3.041(18)b). State regulations establish for ONRWs a non-dégradation
standard with several narrow exceptions. Fla. Admin. Code 17-3.041(9).

This same non-degradation standard applies to QFWs; however, the exéeptions
to the OFW non-degradation standard differ. The OFW non-degradation standard
presently applies in the ENP and those requirements that are not inconsistent with
ONRW regulations will continue to apply after the enactment of appropriate ONRW
legislation. Fla, Admin, Code 17-4.242(3)(c)7. ONRW regulations prohibit all
discharges 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(8). The baseline for defining the existing
ambient water quality in the Park, if designated as an ONRW, 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).

i
1

Existing Limitations and 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. The
criteria now in place were established in a memorandum of agreement by the ENP,
the T.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 determine
compliance with the agreement. The parameters and standards of the current
agreement include seven nutrients (nitrite, nitrate, organic nitrogen, inorganic
nitrogen, total nitrogen, ortho-phosphorus and. total phosphorus), six major ions
(sodium, potassium, calcium, magnesium, chloride and ammonia), six physical and
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field parameters (dissolved oxygen, pH, specific conductivity, turbidity, color and
alkalinity), seven metals (iron, mercury, cadmium, 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. :

Adequacy of Existing Limitations. As stated in other sections of this
document and in the Planning Document, the District has, in general, successfully
delivered to ENP water of significantly higher quality than that defined in the MOA.
A goal of the Everglades SWIM Plan is to ensure that the District continues to
provide water of adequate and eventually improved quality to protect the biological
integrity of ENP,

For man% of the selected compounds, insufficient scientific data are available
to determine the threshold levels above which Everglades communities could be
damaged. Beveral of the current numerical criteria are considered to be
inappropriate, failing to recognize normal background levels of dissolved 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 occur east of the ENP.

At the same time, other standards, especially for nutrients, are too high.
Research by the District, ENP and others in the late 1970s and throughout the 1980s
suggests that the nutrient levels that are allowable under the existing park criteria
are potentially harmful and could cause extensive changes to bacteria, periphyton
and macrophyte communities. Phosphorus is a major concern among the nutrients
recognized by the current agreement.

G. THREATENED AND OR ENDANGERED SPECIES AND SPECIES
'OF CONCERN OR SPECIAL INTEREST.

Populations of many animal species have 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 affi;:ted various aspects of their
their life histories. Additional information concerning the 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 USFWS and 12 more are under review to determine their status (Table 6).
The Florida Game and Fresh Water Fish Commission (FGFWFC) has identilied 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 avicennia), black bear (Ursus americanus floridanus), Everglades
mink (Mustela vison evergladensis) and manatee (Trichechus manatus latirostris).
Only the panther and manatee are federally listed. 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 (Rostrhamus sociabilis
plumbeus), red-cockaded woodpecker (Picoides borealis), Cape Sable seaside sparrow
(Ammospiza maritima mirabilis) Kirtland’s warbler (Dendroica kirtlandii)
Bachman’s warbler (Vermivora bachmanii), peregrine falcon (Falco peregrinus), and
southern bald eagle (Haliaeetus leucocephalus leucocephalus),
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Table 6. Endangered, Threatened, and Species of Special Concern in the
Everglades Planning Area.*
- eile Fadoial
Species . Dis,i g‘r‘l_. Di":s;:'gii.
Amphibians  American alligator Alligator mississippiensis S5SC T
and Reptiles  Loggerhead sea turlle Caretla carelin T T
Atlantic green Lurtle Chelonia miydas mydas E E
American crocodile Crocodylisacutus E E
Leatherhack turile Dermochelys coriacea B E
Indigo snake Drymarchon corais T T
Atlantic hawkshill turtle Eretmochelys imbricata B O
imbricata '
Gopher tortoise Gopheris polyphemus 88C T
Atlantic ridiey turtle Lepidochelys hempii E E
Florida pine snuke Pituophismelanoleucus 8SC UR
megitus .
Gopher frog Rana areolnta 55C UR
Birds Rogeate spoonbill Ajaia ajaja 85C
Limpkin Ardamus guaraunae 88C
Burrowing owl Athéne cunicularia S5C
Piping plover Charadrius melodus T T
White-crowned pigeon Columba leucocephala T UR
Kirtland’s warbler Dendroica kirtlandii E E
Little blue heron Egretta caerulea 58C
Snowy egret Egretia thula 88C B
Reddish egret Egretle rufescens 8sC UR
Tricolored heron Egretta tricolor 85C.
Swallow-Luiled kite Elanoides forficatus _ UR
White ibis Eudocimus albus S88C
Peregrine falcon Falvo peregrinus B T
Southeastern kestrol Faleo sparvering paglus T UR
Florida sandhill crane Grus canadensis pratensis T
American oystercatcher Haematopus palliatus S5C
Bald eagle Haliaeelus leucocephalus T E
Wood stork Myeteria americana E E
Osprey Pandion haliaetus S8C
Brown pelican Pelecanus occidentalis S8C
Red-cockaded woodpecker Picoides borealis T E
Crested caracara Polyborus plancus T T
SBnail kile Rostrhamus sociabilis E E
plumbeus
Least tern Sterna albifrons T
Bachman’s warbler Vermivora bachmanii E E
Mammals Florida panther Felis concolor B E
Everglades mink Mustela vison evergladensis T UR
Florida mouse Peromyscus floridans 88C UR
Mangrove fox squirrel Sciurus niger avicennia T UR
West Indian manatee Trichechus manatus E E
latirostris
Florida black hear Ursies americanus floridonues T UR
Invertebrates Florida tree snail Liguus fascialus S8C
Bartram®s hairstreak Strymon acis barirami UR

butterfly

B=endangered, T = threatened, BSC = species of special convern, UR = species presently under review,
*= PGFWFC, 1889 (List updaled by M. Robson, FGEFWPC, 1989
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The FGFWFC list includes the sandhill crane (Grus canadensis), crested
caracara (Po!yboru§ plancus), white-crowned pigeon (Columba leucocephala), and
southeastern American kestrel (Falco sparverius paulus). 'The reptiles that occur on
both lists are the eastern indigo snake (Drymarchon corais couperi), the loggerhead
sea turtle (Caretta caretta), the Atlantic green sea turtle (Chelonia mydas mydas), the
leatherback sea turtle (Dermochelys coriacea), the hawksbill sea turtle (Eretmochelys
imbricata imbricata), the Kemps ridley (Lepidochelys kempi), and American crocodile
(Crocodylus acutus). The American alligator (Alligator mississippiensis) is still
listed as threatened by the federal government, but due to the increasing number of
alligators in the state of Florida, the state has listed this species as one of special
concern and resumed a limited hunting season beginning in 1988. The Florida
Committee on Rare and Endangered Plants and Animals (FCREPA) lists additional
animals not on official state or federal lists. Selected key species 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 until the late 1800's. The Carclina Parakeet
(now extinct) was present within the study area at the turn of the century.

1. Agency Responsibility.

In Florida, rare species of animals and plants may be protected by the federal
endangered species program as well as by the state's endangered species program.
Overall authority for the federal program rests with the USFWS. The federal
program may be implemented by individizal states after entering into an agreement
with the USFWS. Florida is an agreement state and authority is shared within the
state by the FGFWFC, DNR, and DACS. The FGFWFC is the state agency with
constitutional responsibility for freshwater and upland wildlife species. The DNR is
responsgible 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 of the 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).

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

2, Birds.

Wading Birds. Robertson and Kushlan (1984) presented dala 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 atiributed 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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provided by the natural Everglades system (Kushlan et ¢l., 1975). This species is
generally considered to be a indicator organism for hydrelogic regimes that sustain
many wading bird populations and indicate a healthy food chain strycture (Kushlan
et al., 1975; Ogden et al., 1978; Loftus et al., 1986). Populations of the stork in the
both the WCAs and ENP have experienced a steady dg’,cﬁne' stnce the 1980's. A shift
in the timing of nesting occurred in the 1960’s followed by an accelerated declipg in
numbers during the 1970’s and 1980's (Ogden, 1978; Ogden and Patty, 1982).
Portions of this decline, particularly the steafy early decline, have been attributed to
the loss of wetlands in the southern Evergladés region (Browder, 1976). - More
recently it has been recognized that the timing, rates of rise and recession; and tofal
volume of water delivered to Everglades wetlands determine the success and Jucation
of wood stork nesting (Kushlan et ol., 1975; Ogden, 1978; Ogden and Patty, 1982).

Roseate Spoonbill. Spoonbills (Ajaia-ajaja) are lisied by the state as a
species of special concern. Juveniles feed ini the freshwater marshes of Like
Okeechobee and some parts of the Everglades. This species nests in coastal estuarine
areas, primarily in Florida Bay (Powell e al., 1989b). During the breeding season it
feeds almost exclusively in the mangrove zone of the estuary (Powell and Bjork,
1989), This species serves as an indicator organism-of the quality of the mangrove
fringe habitat because the importance of this area to successful nesting (Powell é¢ al.,
1989b; Powell and Bjork, 1989). |

Reddish Egret. The reddish egret (Egretta rufescens) is listed on the state
endangered species list as a species of special cencern and is undeér review for
inclusion on the federal list. This species feeds in coastal areas and has shown a
decline that may be due to altered hydrologic conditions (Powell et al., 1989b).

Small Herons. The tricolored heron (Egretta tricolor), little blue heron
(Egretta caerulea), and snowy egret (Egrette thula) are listed on the state list of
en

langered species as species of special concern, ' They all' utilize wetland habitat
throughout Florida. These herons often nest together on islands or in woody
vegetation over standing water, and feed primarily on small fish, and to a lesser
extent on crustaceans and aquatic insects. These species are all affected by loss of
wetland habitat (Robertson and Kushlan, 1974). M%ed colonies of these hirds may
have declined in the southern areas of the Everglades system (ENP) (Robertson and
Kushlan, 1974; Kushlan and White, 1977a). ' ' '

Limpkin. The limpkin (Aramus guarauna) is listed by the state as a species
of special concern and occurs in freshwater wetlands throughout Florida. Because it
feeds principally on aquatic invertebrates (snails) and is wholly dependent on
wetland habitats and the quality of water and food available, the limpkin serves as
an indicator organism for wetland quality. Limpkins are threatened by alteration
and loss of wetlands.

Florida Sandhill Crane. The sandhill crane (Grus canadensis pratensis) is
is long-legged wading and foraging bird that occurs in a variety of wetland and
upland habitats. This species has a very low reproductive potential, and has been
adversely affected by hunting, loss of habitat, and wetland drainage. Sandhili
Cranes are often observed feeding in agricultural fields adjacent to WCA-1.

Raptors.

Snail [Everglade] Kite. The snail kite (Rostrhamus sociabilis plumbeus)is
currently listed as endangered throughout its range on both state and federal
endangered species lists. Populations of this raptor have fluctuated greatly since the
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species was first discovered in Florida (Bennetts et:al., 1988). ‘During the wet period
from 1981 to 1985, snail kite numbers in northern-ENP- increased markedly, only to
decline after the 1985 drought, Rodgers et al. (1988) reported .it, is not accurately
known whether the decreases in total snail kite numbeérs observed in the droughts of
1981 and 1985 was the result of kites dispersinig from their normal range, increased
mortality, decreased productivity, or a combination of factors. Forage requirements
of this bird are severely restricted to the range of its principal prey, the apple snail.
Kites forage in open ponded water and nest in-wooded areas that are located over
water to limit predation (Bennetts et al., 1988). Success of ithe kite population is
directly dependent on water management practices-that provide for restricted drying
rates, and availability of suitable nesting sites (Beissinger and Takekawa, 1983;
Bennetts et al.;1988) T o

Southern Bald Eagle. The bald eagle (Haliaeetus leucocephalus
leucocephalus), is listed as threatened Florida  and -endangered by the federal
government. Once common throughout Florida, the bald eagle is now absent or rare
as a breeder along well-settled areas of the Florida coast. The bald eagle is primarily
riparian (requiring water) and nests near water bodies in tall, living or dead trees. It
15 an opportunistic feeder, feeding primarily on fish, water birds, and turtles,
Persistent pesticides and habitat destruction are major causes of population decline.

Swallow-Tailed Kite. The swallow-tailed kite (Elanoides forficatus) is
listed as under review by the federal government. Itis a winter migrant from South
America but breeding pairs are found during the summer in Everglades National
Park. It feeds by snatching lizards and snakes from the tops of trees, and consuming
them in flight (George, 1972). This species is affécted by loss of forage habitat.

Burrowing Owl. The burrowing owl {Athene cunicularia) is listed by the
state as a species of special concern. Tt requires high. sandy ground with little
vegetation and occurs throughout South Florida in spotty distributions. This species
is primarily threatened because its preferred habitat is often under heavy pressure
for development,

Audubon's Crested Caracara. Audubon’s crested caracara (Polyborus
plancus audubonii) is listed as threatened on both the Florida and federal list. It is
restricted to dry prairie areas of south central Florida and is primarily limited to the
extreme northwestern portions of the study area. Necessary habitat includes dry
prairies with wet areas and scattered cabbage palms (Sabal palmetto). 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) 1s listed by both the state and federal government as endangered
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 peregrine falcons
have been drastically reduced by the use of chlorinated pesticides. Habitat for
migration and overwintering in Florida is necessary for this species.

Other Specties of Birds.

Cape Sable Seaside Sparrow. The Cape Sable Seaside Sparrow (Ammospiza
maritima mirabilis) a subspecies of the seaside sparrow, was first discovered in the
coastal prairies near QOchopee, Florida, and near Cape Sable (Werner, 1976). The
habitat and biclogy of the bird were studied by Werner (1976}, Taylor (1983), and
Werner and Woolfenden (1983). Currently it inhabits the peripheral wetland
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prairies which border Shark River Slough, Taylor Slough, and the rocky glade lands
(Bass and Kushlan, 1982a). These populations appear stablé, and are- estimated at
6,600 birds (Bass and Kushlan, 1982a). '

~__ White-crowned Pigeon. The white-crowned pigeon (Calul lgii___lgdfqgibe':’!i@ld)
is listed by the state as threatened and is under review for inclision on the federal
list. It breeds and fOI'*a%es.i,n mangrove forests and is threatened by habitat 1088 and a
décréase in habitat viability. | |
P - . - - | F n fl 3 o ' [ .
Red-Cockaded Woodpecker, The red-cockaded wobdpecker is listed as
threatened by the state of Florida and endangered by thé faderal fdvernment.
Historically, this woodpecker, (Picoides barealis ) oceutred thto Qdﬁ;’;ﬁhe state; Itis
the only woodpecker that nests in live trees, using mature o over-matiire pines with
advanced decay due to-the fungus, Fomes pini. This woodpecker ha§ been adversely
affected by forestry practices such as short rotation and harvesting of mature timber.
~ Warblers. Kirtland's warbler (Déendroica kirilapidii) and Bachman's
warbler (Vermivora bachmanii) are listed by both the state and federal govérnments
as'endangered throughout their range. ‘

s

3. Mammals.

_Florida Panther. The histori¢ range and habitat of the Florida panther (Felis
concolor coryi) reflects that of its primary food spurces, the white tail deer and the
Florida Key deer. The panther’s habitat has deécreased significantly with only a
small population numbering 30 to 50, primarily living oft public lands (e.g., ,%ig_
Cypress National Preserve and ENP) and at?at';ent agricultural lands, Logs of
habitat is reported to be the major factor in the décline of this species (Belden, 1988),
Additionally; road kills are a significant concern, including 13 panthers killed by
traffic along Alligator Alley (U.S. 84) duying the last decade. Due to low population
numbers, inbreeding may be a cause of low birth rates in this species,.. The cu¥rent
range of the Florida panther includes’ ENP, thé* westerd areas of WCA-3A, and
portions of the western borders of range land within the L-28 Gap, L-28 Interceptor,
Feeder Canal and L-3 basins. Recént concerns have focused on the high levels of
mercury found in Everglades raccoons, one of several prey items of the Florida
Panther. Laboratory analysis of mercury levels in liver tissue of raccoons captured
from nine different South Florida sites have beern found to be as high ds 24 parts per
million (phone conversation 8/28/90 with Melody Roélke, Panther Recovery Project,
FGFWFC). In 1989, the HRS and FGFWFC issued a public health advigory
indicating that fish harvested from Everglades canals contained high levéls of
mercury (HRS, 1989). The diet of the Everglades raccoon (an omnivore) alsp contains
fish (as well as a large number of other prey items including erayfish, molluscs, bird
eggs, etc.) and exhibits high levels of mercury in both muscleé and liver tigsue
comparison to Everglades deer (a herbivore) who feed mainly on'gragses and shrubs.
These observations suggest the possibility that raccoons may be bicaccumulating
mercury as the result of eating mercury-contaminated fish and that a portion of the
panther population may bé consuming raccoon flesh containing high mercury
concentrations. Moreover, the reported low birth rate of the Florida Panther may
algo be related to the chronic effects of long-term mercury contamination as noted in_
other feline populations (phone conversation 8/28/90 with Melody Roelke, Panther
Recovery Project, FGFWFC). This link in the food chain has, as yet, not béen
confirmed. However in 1989, scientists detected 110 parts per million of mercury 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 the main part of a
panther’s diet in only a few areas of the Everglades. -

Manatee. The total number of manatees, (Trichechus manatus latirostris)in
Florida is estimated to be around 1,200, with 350 to 400 found on the Gulf Coast.
Populations on the Atlantic and Gulf coasts appear to be isolated. This mammal is
found in saltwater bays and estuaries: Reduictions in the manatee populations are
primarily due to power boat propellers, and habitat destruction (Pritchard 1978).
Manatees have also been crushed in locks or water control structures, primarily the
coastal structures in Dade and Broward counties, In response to this problem the
SFWMD has made operational changes to these coastal structires to reduce the
likelihood of manatees becoming trapped of ddmaged. In a survey of manatee
populations on the west coast of Florida, Irvine et al, (1981) determined that ENP was
the southern limit of the population’s range. Manatees have been noted entering
Whitewater Bay during winter months,

Everglades Mink, The Everglades mink (Mustela vison evergladensis) is
restricted to fresh water wetlands. Mink has been observed in Big Cypress National
Preserve, the Everglades, and around Lake Okeechobee (Layne, 1976; Smith and
Cary, 1982). It is indicated that this species has a fairly clustered distribution, being
found primarily in the southern portions of WCA~3A. The mink isaffected by loss of
wetland habitat, highway mortality, and changes in water quality and quantity.

Florida Mouse. The Florida mouse (Peromyscus floridanus) occurs in
relatively xeric conditions, in close association with the gopher tortoise (Gopherus
polyphemus}and is threatened primarily by land development (e.g.. citrus preduction
and pine plantations). Additionally, habitat is lost in areas where fire protection has
caused conditions that are too dense and shady for optimal mouse habitat.

- Mangrove Fox Squirrel . The preferred habitat of the mangrove fox squirrel
(Sciurus niger avicennia) is hammocks,and pine and cypress forests. Squirrel
populations are being reduced due to loss of habitat.

Florida Black Bear. The range of the black bear (Ursus americanus
floridanus) 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 beckeepers appear to be the
principal reasons for the species’ decline (Schemnitz, 1974; Brady and Maehr, 1985).

4. Amphibians and Reptiles.

American 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 erocodiles. 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 1972. Further protection was provided under the Endangered Species Act of 1973
(Hines and Percival, 1986). The alligator is apparently a very adaptive and resilient
species. Since receiving protected status, its numbers have increased throughout the
state. The alligator’s continued recovery led the FGFWFC to ipitiate an’ annual
alligator harvest in 1988 (Woodward et al,, 1987). L

Water management impacts on the Anierican.alligator have been identified by
Kushlan (1987), who correlated dry season flood releases with alligator nest. floodin
and resultant e%%mm-tality. Drainage of marghés, such asthose in Northéast Shark
Slough and East Everglades, a;ﬂ:-ears to result in reduced carrying capacity (Fleming,
in prep.). Lower densities of alligators in degraded marshes ¥1as an impact on other
aquatic species because the dry season shelter that the alligators create In the form of
gator holes are less available. ' ' N ' R

Sea Turtles. Marine turtles were once common along the coast of Florida.
Due to development of beaches, degradation of estuaries, nest poaching, and
mortality due to capture in fish and shrimp nets, four of the five species are classified
as endangered, The loggerhead turtle, (Carette careffa caretta) is classified as
threatened. Any of the sea turtle species may use Florida Bay as foraging habitat.
Kemp's Ridley sea turtle (Lepidochelys kempii) has been reported as migrating
through the area (Robertson, 1989; McVey an_dp Wibbels, 1984). liﬂhafs.i;_i_n'g‘; loggerheads
have been documented in' ENP (Helden, 1964, 1965; Klukas, 1967; Davis and
Whiting, 1977). Davis and Whiting (1977) reported between 600 and 1,200 nests on
Cape Sable beaches in 1972 and 1973. Nesting has also oceurred on Sandy Key,
Shark Point, Highland Point, Lostmans Beach, Hog Key, Plover Key, North Plover
Key, Turkey Key, New Turkey Key, Pavilion Key and Rabbit Key. Juvenile green
turtles are know to regularly utilize Florida Bay (South Florida Research Center
unpublished data). ' o

Eastern Indigo Snake. This snake (Drymarchon corais couperi) is widely
distributed throughout the American tropics. It ocoursin association with the gopher
tortoise, and has been impacted by loss of habitat and by over collection.

Gopher Tortoise. - Scattered populations of gopher tortoises (Gopherus
polyphemus), occur in xeric habitats in Florida. This tortoise digs burrows up to 30 ft
(9 m) in length that can be co-inhabited by perhaps three dozen other species. Gopher
tortoise populations have declined due to loss of habitat and ¢ollection for food.

Florida Pine Snake. This snake (Pituophis melanoleucus mugitus), occurs in
xeric habitats in Florida. It is found in association with the gopher tortoise, and is
adversely affected by loss of habitat (Ashton and Ashton, 1981; Carr, 1940).

5. Invertebrates.

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 unigue color pattern,
occur in the tree islands and hammocks throughout the Everglades, with some
varieties present in only one or two hammocks. Because of the beauty of their shell,
this species of snail has been a prime target for collectors. For thisreason, Liguusisa
protected species within ENP.

Bartram's Hairstreak Butterfly. This species of butterfly, (Strymon 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 endangered 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 adapted to fuil
sunlight, Fire, loss of habitat, and poaching by amateur and commercial collectors
has reduced the number of species in the wild. Table 7 lists threatened and or
endangered plant species that may occur in 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 economy is based on
services, agricuiture, and tourism. The service industry is associated with the over
65 population which constitutes nearly one-fourth of the residents of Broward and
Palm Beach Counties and sixteen percent of Dade's population. These individuals
have incomes independent of employment and require additional medical, financial,
and household services. ' '

~ Tourism is also an important component of the regional economy. There are
93,479 hotel and motel rooms in the region, and 762,000 restaurant seats, Annual
payroll for the hotel and motel, and amusement categories is approximately
$70,661,000 dollars, Total regional earnings from employment is $35 billion. Retail
trade and services account for nearly half of the employment of the region, and $14.5
billion of earnings per year (Shoemaker ef al., 1988).

~ Related to tourism are the [.fjolf courses in the region which use a great deal of
irrigation water, There are 207 golf courses in the region, 113 in Palm Beach County
alone. No data are available on the amount of water used to irrigate all of these
courses because many are on individual wells.-Studies are underway to accurately
measure this withdrawal. According to the National Golf Foundation, a course open
to the public generates between $1.5 to 2 million a year and a private club generates
about the same. Applying this factor to the courses in the region shows about $362
million a year is generated in gross income by golf courses.

Agricultural production in the r‘e)gion, excluding the Everglades Agricultural
Area, totaled $450 million in 1987/88. Virtually all the production is crops including
winter vegetables, tropical fruits and vegetables, citrus and nursery crops.
Agriculture generates a great deal of financial value, yet this sector does not account
for a significant proportion of employment or earnings.

Census data indicate that Labor force participation rates in Dade and Broward
counties increasing sl%ht;ly between 1970 and 1980. Palm Beach County was
virtually unchanged. Despite 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 participation rate; 61% for Dade, the region's highest; and 53% for Palm
Beach. Unemployment for the region has been fairly low in the 1980's. The 1985
figure for Broward was 4.8%, 7.1% in Dade, and 6.2% in Palm Beach. The State's
unemployment rate for this period was 6%, nationally it was 7.1%. Per capita income
in all three counties as of 1985 was greater than the state average 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 population 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
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Table 7.

Endangered, Threatened, and Commerciall
Under Review in the Everglades Plannlng K

Exploited Plant Species

rea(FGFWFC 1989)

Common Name Scientific Namt. DS:;:;] D
Paurotis palm Acoelorrhaphe wnghm S i
Golden leather fern Acrostichum auream o
Giant leather fern Acrostichum danaeifolizm T .
Fragrant maidenhair fern Adiantum melanoleiccum “E
Maidenhair fern (unnamed) Adiantum teperam . T .
Pine fern Anemio adiantifolic T
Blodgett’s wild-mercury Argythamnia blodgettii ) UR
Ebony spleenwort, Asplenium platynéuron T .
Plumose aster Aster plumosus i ' ' TR
Mosgquilo fern Azolla caroliniand T T
Pine pink | Bletia purpurea -~ T -
Long-tailed spider orchid Brassia candata T 1 UR
Rattail orchid Bulbophyllum pachyrrhiachis E N
|Many-flowered grass pink Calopagon multiflorus T.
Pale grass pink Calopogon pallidus T
(rass pink {unnamed) Calopogon tuberosus T
|Strap fern (unnamed) Campyloneiriim phiyllitidus T
Powdery catopsis Calopsis berteraniona - " E
[Air plant (unnamed) | Catopsis ﬂon.bunda S E ]
‘West Coast prick] ¥ apple |Cereus gracilis =~ B 3 TR
|Dildoe cactus Cereus pentagonus | ST T
Southern lip fern Cheilinthes microphylla 1T
Satinleaf Chrysophyllum olivoeforme ' B
Silver palm Coccothrinax argentale ﬁ C
Coconut palm LCocos nucifera | T
Geiger tree Codia sehesteng LB
[Okeechobee gourd | Cucurbita okeechobeensis LB :U.'R
Cowhorn orchid | .Cyrtopadium prnctatum ¥t
Two-apike finger grass Digitaria pauciflord ' UR
Narrow-leaved Carolina sealystera | Elytraria carolinensis var. angustifolia UR
Dollar orchid Encyclia boothiong i B UR
|Shell orchid Encyclia.cochleata T )
Butterfly orchid Encyclia tampensis T
Dingy-flowered epipendrum 1 Epidendrum gnceps T
Unbelled epidendrum Epidendrum difforme AT
[Night-scent orchid Epidendrum nocturnum T
[Rigid epidendrum (=girobiliferum) | Epidendrum rigidum T
Longleaf cup grass Erivchioa michauxii UR
Beach creeper Ernodia litloralis T '
Low erythrodes Erythrodes querceticola T
Redberry ironwood Eugenia confusa T
Wild coco Kulophia alla T
False coco Eulophic ecristala T
Garber's spurge Eupharbia garberi E T
Porter’s hairy-podded spurge Fuphorbia porteriana var. porieriana UR
Parter’s broom spurge Euphorbia porteriana var. scoperia UR
Narrow-leaf milkpea Galactin pinetorunt -UR
Orchid (unnamed) Galeandra beyrichii T
Polypody fern funnamed) Goniophlebium triseriale T
1Wild cotton Gossypium hirsulum E
Orchid (unnamed) Govenia uiriciloto T

E-endangered, T-threatened, UR-under review, C-commercially exploited.
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Table 7. Endangered, Threatened, and Commercially Exploited Plant Species
Under Review in the Everglades Planning Area*(Continued)..

Cominon Name __ Séie;i_l.i"ﬁellg\‘famu DS(::';n E‘::f;.;::l
Fuch’s bromeliad Guzmitnio monostachia E
Rein orchid (unnamed) Habenaria adontopetils T
Michaux’s orehid Habenuria guingnesta T
Water spider orchid Hahenintia repens T
Orchid (unnamed) Harrigella porrecta T
'[Manchineel Hippomane mancinella _T _
Broad-leaved spider lily Hymenacallis latifolia. UR
Inkwoud Hypelaié trifoliate - T
Krug’s Holly Dlex krugiana T
Delicate jonopsis Isnopsis utriculirioides E,
Florida quillwort Isoetés flaccida T UR
Pineland clustervine Jocquemontia curtissii E | R
Joewood Jacquinio keyensis T .
Catesby lily Lilium-cotesbaei ' P _
Carter’s small-flowered flax Linumcarieri vir. carieri ] UR
Holly fern Lomariopsis kinzedana T
Trinidad macradenia Macradenia lutéscens T
Florida malaxis Maloxis spicate .. . T
Polypedy fern (unnamed) Microgranima fieterophylla T .
Simpson’s stopper Myrcianthes fragans var. simpsonii UR
Boston fern (unnamed) Nephrolepis Bisérrata. T
Burrowing four-¢’clock Okenia hypogaed: E_
Coot Bay dancing lady Oncidium carthagenese T _UR
Florida oncidium Oncidium floridanum_ T
Mule-ear orchid Oncidiiem Luridunm T
Hand adder’s tonrue fern Ophioglossim palmatum . E UR
Twistspine prickly pear- Opunticcompresso T
Prickly pear (unnamed) Opicritia stricln T
Roval fern Osmunda regolis C
| Everglades peperomia Peperomia floridana E UR
| Pepper (unnamed) Peperomia humilis E
Florida peperomia Pegeromin obtusifolia B
Everglades knolweed Persicaria paludicola UR
Golden polypodn Phlebodium aurenm T .
Florida five-pataled leaf flower Phyllanthus pentaphylius floridanus UR
Elliot’s sticky ground cherry Physalis viscosa var. elliptis UR
Snowy orchid Platanthera nivea T
Orchid (unnamed) Plenrothallis pelida T
Boykin’s few-leaved milkwort Polygala boykinii var. sparsifolia UR
Big yellow milkworl Polygala rugelti T
Tiny milkwort Polygala smallil I E
Polypody fern (unnamed) Polypodium plumula T
(Ghost orchid Potyrrhiza lindenii E
Pale-Hewered polystachya Polystachya flavescens T
(=concrela; =extincloria) i )
Shadow witch Ponthieva racemosa T
Orchid {unnamed) Pregcotiia oliganiha T
Whisk fern Psilolum nedum T
Ladder brake fern Pieris longifolia T
Giant brake fern Pierig tripartila T
Brake fern (unnamed) Pleris vittala T
Mistletoe cactus Rhipsalis baceifera E UR
Brown-haired snouthean Rhynchosia cineren UR
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i

Table 7. Endangered, Threatened, and Commercially Exploited Plant Species

Under Review in the EVQrglades Planping Area (€ ontmued)

Common Name Scientilic Name . I.)Slj:ll:.:l %:‘_Et;::l
[Tlorida royal palm Roystonea elata TE 1 WUR__
Bahamia sachsia Sachsia bahamensis A
Water spangles Salvinia’ rfiimtifrfﬂiia kR
| Inkberry Scaevola plemieri Y .
| Florida autumngrass Schizachyrium r Lzomatum Ltee o4 UR
Tropical curly-grass fern Schizaea germanii - BT TR
Armored spikemoss Selaginetla armgla, R
| Red-margined mallow Sida rubrom rgumta L uR
Parsley fern Sphenomeris.elo T i
Florida ladiey’ Lregses Spiranthes breu;labns var floridane |~ T ]
Fragant ladies’ tresses Spiranthes cernua var. odorale T -
Ladies' tresses (unnamed) Spirasnthes coslaricensis T, L
Ladies’ tresses (unnamed) Spiranthes cranichoides T .
Lace-lip ladies’ trésses Spiranthes laginiola T i
Leafless beaked orchid Spiranthes laficeolnla var. fameufuta T |
| Long-lip ladies’ tregses Spiranthes longilabris - T L
Florida Keys ladiey’ tresses Spiranthes palyangha B { UR
Giant ladies’ tresses Spiranthies pracox’ A
Spring ladies’ tresses Spiranthes vernalis Y VR
Slender queen’y delight | Stillingia sylvetica tenuis . Fr UR
Bay cedar Suriana maritima’._ B
West. Indian mahogany Swietenia mohogani i N
Halberd fern (unnamed) Tectaria heraeleifolic S
Halberd fern (unnamed) Tectaric lobata. T 1
Tetrazygia Tetrazypin bicolor T —
Downy shield fern Thelypteris dentata. T
Aspidium fern {unnamed) Thelypteris inlerruptn T
Aspidium fern (unnamed) Thelypteris kunihit T
Creeping fern Thelypteris reptans” T
Aspidium fern (unnamed} Thelypteris reticulata T
Aspidium fern (unitamed} Thelypteris sclerophylla T
Wild pine (unnamed) Titlandsia balbisidra T
Wild pine (unnamed) Tillancdsia circinale. i T
Wild pine (unnamed) Titlandsia fasciculala C
Twisted air plant Tillandsia flexnosa, T
Wild pine (unnamed) Tillandsia polystachia T
1 Wild pine (unnamed) Titlandsia setaceq T
Giant wild pine Tillandsia utriculate C
| Wild pine {(unnamed) Tillandsia valenzuclana T
Filmy fern (unnamed) Trichomanes punclatim -7
Florida gramagrass Tripsacum floridanum _ UR
Worm-vine orchid Vanilla borbellata E
Sventless vanitla Vanillg inodora T
Leafy vanilla Vanilla phaeantha T
Coastal vervain Verbena maritima R
| Shoestring fern Vittaria lineala T
Bast Coast coonlie Zamia umbrosa C
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accounts for 175,468 jobs and is nearly twice the percentage share of construction
(98,416 jobs), which once considered onz of the majopr South Florida industries. This
econemic diversity has insulated South Flarida from ¢ne recession in the early 1980's.
As the area becomes home to many kinds of businegses, it will become increasingly
able to withstand national economic upheavals that may affect the rest of the Nation.

Water availability and quality are critical to support new residents, which
fuels the burgeoning service, retail trade, and financial industries, and to the tourist
industries, on which so many jobs depend, Agricultural glyroduetio.n depends on water
availability and land use restrictions for agricultural protection as land prices
become ever more lucrative to the farmer, particularly in these coastal sections,
Residential water use from public supply in 1985 for the three counties was 674
MGD. Per capita usage in the counties was 170-in. Broward, 194 in Dade, and 212 in
Palm Beach. An estimated, 22 MGD was withdrawn by domestic self-supplied users.

Housigf and Land Use, These counties have seen the development of a
number of bedroom communities, particularly in Broward county, that have no
intringic economic activity except to provide 'housirﬁ in hpleasant surroundings away
from the congestion of Ft. Lauderdale, West Palm Beach or Miami, In addition, the
retired population wants to be near services but has no need to be close fo
employment centers, In 1986, the proportion of land uses in the southern counties b%
value was overwhelmingly residential and had a total valuation of $94,087.2
million, The value of agricultural land was $2,078.84 million. Part of this lower
valuation is baged on the way agriculture land is assessed--at a lower rate than
residential--rather than to lower actnal land value. Of the 3.3 million acres in the
three county area, about 25% is in farms. Residential areas in 1988 had
approximately 1.8 million dwelling units of which 50% were multifamily, 46% were
single family and 4% were mobile homes.
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1. BASIN MANAGEMENT UNITS
A.EVERGLADES AGRICULTURAL AREA (EAA),
1. Description of the EAA and houndaries.

The historical Everglades area contains the largest known contiguous body of
organic soils in the world (Jones, 1948; Stephens, 1974). The area 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 mi.) of highly productive agricultural land
comprised of rich organic peat or muck soils (Table 8). A small portion of EA
mucklands are also found in western Martin county. Approximately 77 percent of the
EAA (653,00 acres} is in agricultural production. The area is considered one of
Florida’s most important agricultural regions extending south from Lake
Okeechobee to the northern levee of WCA-3A while its eastern boundary extends to
the the L.-8 Canal, while the L-1, L-2 and L-8 levees represent its westernmost limits
(Figure 14). Nitrogen-rich organic (peat) soils and a warm subtropical climate
permit the year round farming of sugar cane, winter vegetables and rice with a 1988
total economic impact estimated near $1.8 billion dollars (gross sales, Mulkey and
Clouser, 1988).

The primary drainage and irrigation system consists of an extensive network of
canals, levees, pumps and water control structures constructed by the USCOE as part
of the Central and Southeirn Florida Project for Flood Confrol and Other Purposes
(C&SF Project) and is currently operated and maintained by the SFWMD. Drainage
of the EAA is achieved through six primary canals (Hillsboro, Nerth New River,
Miami, West Palm Beach, Cross and Bolles canals) and an extensive network of
secondary canals. Seven major pump stations (S-2, §-3, S-4, S-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 runoff 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 management systems within the Everglades Drainage
District boundaries (DeGrove, 1984; Izuno and Bottcher, 1987). In addition,
individual farms operate numerous private pumps, some 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), nuirients 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 ireat farm water runoff.
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Figure 14. Boundaries of the Everglades Agricultural Area (EAA) Portion of the
Everglades SWIM Planning Area.
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Prior to 1979, surface waters draining the northern one-third of the EAA wére
“backpumped” north into Lake Okeechobee through pump stations 5-2, 83 and S-4.
The eastern and southern two-thirds of the KAA were drained by pumyp stations S-
5A, S-6, 8-7 and S-8 which pumped excess EAA water into the WCAs. Concerns ovér
the ecological health of the lake resulted in the decision to divert the 5-2 and S:3
basins waters southward to the WCAs under the Interim Action: Plan (TAP)- approved
in 1979 and initiated in 1981 as part of the Temporary Operating Permit issued to'the
SFWMD by the DER (SFWMD- 1989c, pg. 29). Under the IAP, EAA drainage waters
can only be discharged into the lake under declared emergency conditions for water
supply or flood control purposes. It is estimated that phosphorus loadings discharged
to tﬁe- WCAs through pump stations S-6, S-7 and S-8 have increased approxiniately
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10 percent on an annual average basis since implementation of the IAP in 1979 (see
Impacts of IAP on Water Quality section of this report).

EAA water quality and quantity issues appear to be intimately linked with two
factors; the large volume of water that is pumped off EAA farmland to protect 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 Management in the EAA.

Florida gained statehood in 1848 at which time Buckingham Smith was
appointed to assess south Florida’s potential for development. Smith was the first to
propose that the Everglades could be reclaimed for agriculture by digging canals and
draining these vast wetlands, In 1850, the Federal government passed the Swamp
and Overflowed Lands Act which gave the State approximately 20 million acres of
land, including the 7,500 sq. mi. of wetlands known today as the Everglades Region
(DeGrove, 1984),

In 1855, the Florida Legisiature created the Internal Improvement Fund. The
Fund’s board of trustees was given the responsibility of managing lands given to
Florida under the Federal Swamp and Overflowed Lands Act. Their charge was to
sell and improve these swamp lands to generate revenues through drainage
improvements (Jones et al., 1948; Knecht, 1986). The Internal Improvement Fund
emerged from the Civil War bankrupt. To solve this problem, the trustees contracted
Hamilton Disston, a Philadelphia industrialist, to drain large areas of central and
southern Florida in exchange for land deeded to Disston’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 Caloosahatches River, providing an outlet
to the Gulf of Mexico. Attempts were also made to dig a canal from Lake Okeechobee
to the Shark River but f_aillsat:{J 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 4s
the genesis of today’s billion dollar per year EAA farming industry (Izuno, 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 drainsge 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 eliminated the lake’s
overflow south to the Everglades. The great 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 at both Federal and State levels
to provide more adequate flood protection for agriculture and urban interests south of
Lake Okeechobee. The Lake Okeechobee Floog Control District was created in 1929.
From 1930 to 1945, the federal government, through the USCOE, initiated flood
control measures in responge to regional flooding problems. Levees were constructed
around the south shore of the Lake Okeechobee, and the St. Lucie and
Caloosahatchee canals were enlarged. In the late 1940’s, a new approach to water
management in south Florida began. The drought of 1943-1944, followed by flooding
in 1947, set the stage for development of a comprehensive water management plan
that would address south Florida’s flood and drought problems (fzuno, 1987).

Research conducted by the Florida Agricultural Experiment Station
Experiment station in cooperation with the USGS, EDD and SCS demonstrated the
need to replace the current inefficient water management system with a more
complete system. In 1948, Bulletin 442, published by the Florida Agricultural
Experiment Station, contained the results of almost a decade of extensive data
collection by cooperating agencies (Jones, 1948). ., This publication. represented the
first attempt to develop a comprehensive water management system utilizing up-to-
date geologic and soils data. In the past, construction of regional water management
systems had taken place without the advantage of adequate scientific data. Bulletin
442, identified 700,000 acres of land in the upper Everglades as suitable for future
agricultural development based on soil thickness and relatively impermeable
geologic formations. Bulletin 442 also established the boundaries of the three
Everglades WCAs based on areas of thinner peat s0ils and highly permeable geologic
formations. The report discussed the need to develop the WCAs to gerve multi-
purpose water control benefits; prevention of muck fires and soil subsidence by
raising water tables, protection of east coast well fields against salt water intrusion,
and providing irrigation water for agriculture (DeGrove, 1984),

Probably the most significant legislative action concerning water
management and the development of agriculture within the Everglades region was
the passage of Flood Control Act of June 30, 1948 (Public Law 80-858), as
recommended in House Document 643 (see Planning Document of this plan). In that
year, USCOE (Jacksonville District), acting on request of state and local ageneies,
developed a corprehensive plan known today as the Central and Southern Florida
Project for Flood Control and Other Purposes (C&SF project) that would address all
phases of the region’s water management problems. The proposed goals and projects
of the C&SF project were similar to those listed in Bulletin 442, The result of the
legislation and the plan was that Lake Okeechobee was recognized as the major focus
of South Florida's water management system -- the primary flood control and water
storage facility for agriculture within the EAA, providing backup water supplies for
east coast municipalities and other allied purposes. The plan also designated 800,000
acres of land south of Lake Okeechobee to be developed as agricultural, and 200,000
acres to be retained as WCAs, never to be drained or reclaimed (DeGrove, 1984). This
ambitious plan called for construction of a levee parallel to the Atlantic coastal ridge
and enclosure of the three WCAs by a system of levees to protect east coast urban
areas from flooding by hurricanes, to recharge regional aquifers and protect against
salt water intrusion. Agricultural development was of secondary importance (Carter,
1974). The plan was to expand and upgrade the water management system to include
more than 1,400 miles of canals. levees and spillways (Light ez 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) to
act as the local sponsor of the massive C&SF Project. Subsequent legislation in 1972
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expanded the agency’s authority, The original plan ¢alled for the three WCAs to
serve as flood control and water storage areas. During the FCD early years, the
entire EAA and the three WCAs, encompassing 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 (%Illlme 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 winter dry season (Copper 1990, in
press). Creation of the FCD is recognized as the beginning of the modern era of water
management in the Everglades region (Izuno, 1987). The purpose of the 1949 agency
was to provide flood protection, ensure adequate water supply, prevent salt water
intrusion and enhance the environmental resources of the region including the newly
created ENP. The FCD was subsequently renamed as the South Florida Water
Management District (District) and given additional duties in 1972,

Actual construction of the WCAs began in 1953 with the construction of the
eastern boundary of the Everglades WCAs (Klein, 1972) with WCA-1 and WCA-2
being enclosed by levees in 1960 and 1962, respectivegf. WCA-1 was designated as
the Loxahatchee National Wildlife Refuge in 1951 under the 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 system. WCA-3 was enclogsed by levess in
1967 with the exception of a 7.1 mile strip along the border of the Big Cypress. WCA-
3 was divided into WCA-3A and WCA-3B by levees L-67A in 1962 in an effort to
reduce seepage losses from the system.

3. Recent Management Activities.

During the 1960s, 2 number of actions were taken at the national level in
response to public concern over environmental protection and water quality. Federal
legislation that was enacted included the Water Quality Act of 1965, the Clean Water
Restoration Act of 1966, the National Environmental Policy Act of 1969 and the
Federal Water Pollution Conirol Act of 1972. At the state level, the Florida
Legislature in 1972 enacted the state Water Resources Act, the Environmental Land
and Water Management Act and the Florida Comprehensive Planning Act .

In 1971, the Governor's Conference on Water Management in South Florida
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 wasin 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.

¢) Publicly owned lands should be reflooded. -
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d) Improved farming and ranching techniques should be applied throughout
the basin as a means to improve quality of runoff to the lake. .
e} Backpumping of nutrient-enriched waters from agricultural lands south of
the lake should be terminated.
D gllet}lglgdﬁ should be investigated for the recycling of drainage waters from
e . .

In response to the Special Project report, the Governor’s Office in 1978, created
the Kissimmee River Valley Coordinating Council (KRCC) as a means. to encourage
improved water management practices in that system., . '

Interim Action Plan (IAP). The DER and the SFWMD instituted the IAP in
1979 as a means of reducing hackpumping of nutrient-enriched water into the lake
from the EAA. TUnder this plan, pump stations S-2 and 8-3 are no longer routinely
operated to move water north into Lake Okeechobee, but aonly operate under
emergency conditions for flood control or water supply purposes. Runoff from the
EAA produced by normal rainfall is discharged to the WCAs. Based on the
operational premises of the IAP, implementation of Level I Best Management
Practices (BMPs) in the Taylor Creek/Nubbin Slough basins and establishment of
nutrient loading criteria for the lake and its tributaries, the DER issued a Temporary
Operating Permit (TOP) to the District in 1980 and a Lake Okeechobee Operating
Permit (LOOP) in 1983 for the water control structures around Lake Okeechobee. It
is estimated that phosphorus loadings discharged to the WCAs through pump
stations S-6, S-7 and S-8 have increased approximately 10 percent on an annual
average basis since implementation of the IAP in 1979 (see Impacts of IAP on Water
Quality section of this report). Operation of the IAP has increased the amount of
water that is discharged to the WCAs and decreased the amount of water entering
the lake from the EAA.

Water Shortage Impacts. The SFWMD experienced two severe droughts in
1981 and 1985. In response to these events, a water supply management plan for
Lake Okeechobee was developed that presented guidelines for water supply
management of the lake during water shortage conditions. The District
subsequently developed and adopted a Water Shortage Manual in 1986 that
presented guidelines 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. Bob Graham, DER Secretary Victoria Tschinkel
created the Lake Okeechobee Technical Advisory Committee (LOTAC) in 1985 and
charged this committee with the task of developing management strategies to control
nutrient inputs into Lake Okeechobee. The state 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 O]{eechabee. 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 [l to
continue studying Everglades and Lake Okeechobee issues through Spring, 1990.

Present Management. Today’s drainage/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 Lake Okeechobee to the north and the
Everglades WCAs to the south as a means of removing excess drainage water from
the EAA. Prior to adoption of the IAP in 1979, thenorthern one-third of the EAA was
routinely backpumped directly into Lake Okeechabee 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-54, 5-6,
8-7 and 8-8 Under the current Interim Action Plan, the §-2 and 8-3 basins are now
also routed south to the WCAs. Approximately 82 percent of the EAA land area (i.e.
S-2, 8-3, 8-5A, S-6, S-7 and S-8 basins) now pump excess drainage waters into the
three WCAs via pump stations S-5A, §-6, S-7 and S5:8. Nine much smaller Chapter
%118 Dll;a!ijnage Districts also currently discharge surface water runoff into Lake
keechooee, - '

In the dry season, irrigation water is released from the lake into primary canals
and is utilized by agricultural concerns as needed. The water is gravity fed through
the primary canal network and then diverted or pumped inte seécondary canal
systems for irrigation.

4. Land Use.

Land use and land cover types in the northern portion of the Everglades SWIM
planning area were mapped by the South Florida Water Management District
(SFWMD). These data are summarized in Table 8. This information was compiled

during 1987 and 1988, and therefore may not be completely current.

Table 8. Generalized 1987/1988 Land Use/Land Cover ’Iers and Acreages by
Watershed for Major Sub-basins within the EAA.
Land Use Type
Basin Agrieulture,| Drban, Rangeland, | Forested, | Wetlands, Wealer, [Barren Land, Tatils,
acres acres dcrey ALTES acrea acres L ras DTS
(% basin) | (% basin) | (%bbasin) | (%% basin) | (% baain) | % basin) | 1% basial 1%
5.2 101,242 | 4,053 43 134 - 505 67 106,044
{95.5) (3.8) (.04) 3] (.6) (.06} {100.00
3.3 64,071 260 93 B 161 45 64,630
(99.1) (.4) (.1) 2) .00 (69.9)
5.4 36,807 3,660 283 67 1,465 261 340 42,913
- (85.8) (8.5} 7 (.2} (3.4) .6 {.9) (10,1}
S.5A 121,657 1,042 34 126 4 1,298 206 124,367
(97.8) (.8) (.08) (R {.003) (1.00 (.2) (89.9)
3.8 80,583 941 179 2,763 336 1 #4,803
) (95.0) (1.1) (.2} (3.3} (4) {.001) {10040
8.7 72,996 10,173 ) 9,459 452 144 94,224
- (78.3) 109 (11.2) (.h) (.2) (L.
S-8 53,981 566 18 58,5617 539 113,621
i (47.5) {.5) (.02) (61.5) {.5) (100
L8 91,787 | 7,194 172 1276 | 58,041 | 395 B8 795
i (24.5) (8.1) {.2} (1.4) (65.4) {.4) {100
TOTALS 553,124 | 27,889 729 1,696 130,249 3,867 B43 718,397
(77.0) (3.9) {0.1) (0.2) (18.1} {0.5) (0.1) (100}

Source: SFWMD Land Use/Land Cover Data Base, unpublised data.
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In addition, the District has determined that although this data base may
accurately represent the total amount of land in agricitltural production (Level I); _i,jhe
amounts assigned to individual crop types (Levels I atid III) do not adcuritely réflect
the actual, current distribution of crop lands in the EAA. There afe hinety Level 11T
categories, which are grouped into seven Level I land uses: vrbdn, agricultural,
rangeland, forested uplands, wetlands, open. water, and barren.

Agricultural areas occupy the majority of the northérh fiortion of the study
area (553,124 acres, or 77 percent). some areas of other ¢rop land sueh as ricé and
citrus pasture, groves, nurseries, sod farms and confined féed lots. The major, crops in
the planning area include sugar cane, vegetables, and sod dnd smaller amounts. of
other crops such as rice, and citrus. In 1987, sugar cane production aloné acéounted
for 405,000 acres of land use within the EAA (Coaleé, 1987). Dairy farms; improved
and unimproved pastures, and horse training areas also comprise a significant land
use in the study area. The S-5A basin i§ the largest basin in the study area,
comprising about 124,000 acres of which. ‘97.8: percent, {or 122;000: acres); ig in
agricultural production primarily for sugar cané arnd vegetable crops. The S-8 basin
is the second largest basin comprising about 114,000 acrés, of which 47.5 percent
(54,000 acres) is cultivated for sugarcane and sod production, while wetlands (Holey
Land and Rotenberger tracts) account for 51 percent (58,000 acres) of the basin’s land
use. '

Wetlands represent 18 percent (130,000 acres) of the EAA planhing area,
primarily in the $-8 and L-8 basins. Specific habitat types includes cypress and wet
prairie, cypress alone, mixed, pine and wet prairie; melaleuca, ¢atiails, sawgrass, and
wet scrub and brush land. Most of the wetlandsin the EAA are in public ownership
and include the Holey Land, Rotenberger and. Brown’s Farm tracts. OPen._wai_t___er
(canals, lakes and ponds) represents about 0,656 pércent, (3,867 acres), of the total
EAA planning area, - '

Urban areas account for 19,000 acres; (2.7 piercent), of the total land use in the
study area and less than 10 percent of the land use in any individual basin, Urban
uses can include residential, commercial, industiial, institutional, recreation, and
transportation designations. The L-8 basin is the most high'li: urbanized of the basins
in the study area (7,194 acres or 8.1 percent of thé entire basin), although the 5-4
Basin has a higher percentage of urban land use (3,660 acres or 8.5 percent). The
other basin with significant acreage in urban is the S-2 Basin (4,053 acres).

Forested uplands include coniferous and non-coniferous vegetation and mixed
forested areas. The non-coniferous designation includes nuisance species such as
Australian pine (Casuarina sp.) and Brazilian pépper (Schinus sp.). Melaleuca is
included in the above wetlands category. The study area contains 1,696 acres of
forested lands, most of which (1,276 acres) are located in the L-8 Basin. 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, grayish-white calcareous mud containing bleached
freshwater gastropod shells, Lake Flirt mart is of late Wisconsin and Recent age and
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is largely impermeable forming a tight water seal to groundwater percolation in
many places. Underlying Lake Flirt marl is the Ft. Thompson rock formation
consisting of alternating %eds of marine, brackish and freshwater limestone, marl
and shells. These materials were deposited in very low energy environments ranging
from shallow inland seas to fresh-water marshes in response to changing sea levels
conditions experienced during the Pleistocene Epoch. 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 Features.

Prior to drainage of the EAA, the majority of the basin was a vast wetland area
comprised of custard apple forests and sawgrass marshes located south of Lake
Okeechobee, During flood stages, Lake Okeechobee overflowed its southern rim
discharging large volumes of water across the upper Glades. Under these water
Iogged conditions, peat and muck soils, up to 11 feet deep, formed within the basin
over a period of 5,000 years.

The surface water management basing 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 designed and constructed a complex
system of canals, levees, and water control structures to provide flood protection for
southérn and central Florida (Cooper, 1989). Six major canals, the West Palm Beach,
Hillsboro, Miami, North New River, Cross and Bolles canals represent the primary
drainage canals for the EAA (Figure 15). These canals have four functions; (a) to
provide flood protection and drainage, (b) to supply irrigation water to the EAA and
for municipal water supply for the city of West Palm Beach, (¢) to make regulatory
releases from Lake Okeechobee, and (d) to transfer water from storage in 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 the 5-2, S-3, S-5A, 5-6, 5-7 ,5-8
and [.-8 basins (Figure 14). The S-4,and S-236 basins are not considered in this plan
but are addressed within the Lake Okeechobee SWIM plan (SFWMD, 1989c¢).
Detailed description of each basin are provided in Cooper (1989),

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 (IAP) 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, §8-6, S-7 and S-8 (Figures 14 and 16). Under the current Interim Action Plan,
the S5-2 and S-3 basins are now also routed south to the WCAs. Approximately 82% of
the EAA land area (i.e. S-2, 58-3, S-5A, S-6, S-7 and S-8 basins) now pump excess
drainage waters into the three WCAs via pump stations S-54, S-6, S-7 and S5-8. Asa
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 from

the basin.
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Figure 15, Major Water Management Features of the Everglades Agricultu ral
Area and the Adjacent Water Conservation Areas. S
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_ The growers remove runoff water from their lands by pumping to the six C&SF
Project canals serving the EAA. Growers in general are allowed a maximum removal
rate that is determined by a runoff formula and is almost always in excess of the
basin wide design rate of three-quarters of an inch of runoff per Xay {Cooper, 1989).
This amount was based on three considerations: (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 in the basin have some storage
capacity. Although the capacity of the canal system was not designed large enough fo
handle all the water discharged into from the EAA at one time, it was assumed that
not all of the growers pump stations would be pumping or pumping to capacity at any
given time (Cooper, 1989), ,

7. Soils.

Organic soils represent the dominant soil type found throughout the EAA. The
accumulation of organic soils began in the upper Everglades about 4,400 years ago
{McDowell et al. 1969). Organic soils, or histosols are formed primarily in shallow
freshwater lakes or marshes which are inundated for much of the year. The growth,
death and decay of marsh vegetation over thousands 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 principal vegetation that accounts for histosol
formation in the Everglades is a tall grass-like sedge, commonly referred to as
sawgrass (Cladium jamaicense). Historically, peat accumulation in the Everglades
proceeded at the rate of about 3.3 inches (8.4 cm) every 100 years. By 1914, organic
s0il accumulations in the Everglades reached their maximum average thickness of
134 inches (3.65 M). Two other plants, the Custard apple tree (Annona glabre L.),
and elderberry (Sembucus intermedio) were two other marsh plants that also
contributed to peat formation in the Everglades, principally near the southeast
corner of Lake Okeechobee. (McDowell ef al., 1969). '

Several soil classification systems have been devised for describing Everglades
histosols (Baldwin and Hawker, 1915; Davis and Bennett, 1927; Jones, 1948). In
1975, the Soil Conservation Service (McCollum et al., 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 muck
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 dee?est 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 schemes (Synder, 1987),

Soils in the Okeelanta series contain low-ash muck 16-40 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 numercus solution holes due to chemical weathering of the
limestone bed rock, In scattered areas, thin layers of impermeable, gray-colored mar|
exist between organic soils and the limestone caprock (Cox et ¢l., 1988).
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__ Subsidence. Although histesols are considered highly fertile soils, they
require intensive management for maximum erop yields. These soils were formed
primarily under water logged, anaerobic conditions. Drainage and aeration cause
shrinkage, consolidation and biological oxidation, of these soils to a point where soil
losses result in measurable changes ground level over time. This process iscalled soil
subsidence. Studies have shown that subsidence caused by drainage of the EAA has
reduced the thickness of these organic soils above the water table by about one half of
their original depth (Stephens, 1969). Although anumber of other factors contribute
to soil subsidence, biological oxidation by fungi, aercbic bacteria arnd actinomycetes
accounts for the majority of soil loss in the Everglades (Volk, 1973). The warm
climate and,wet/ dry season cycles and high biological activity of soil erganisms all
contribute to the high rates of soil subsidence experienced in the EAA.

Soil subsidence rates have been carefully documented in the Everglades since
1920’s with rates averaging near one inch per year in many locations
(Snyder,1987;Cox et al. 1988). Re-wetting these soils by flooding or by maintaining a
high water tables significantly reduces soil subsidence rates, The rate of subsidence
appears to be directly correlated to the average depth at which the water table is
maintained (Jones, 1948; Synder et. al. 1978). Fields maintained at a depth of 11 in.
(30 ¢cm), 23.6 in. (60 cm) and 35.4 in. (90 cm) experienced subsidence rates of 0.6 in,
(1.6 cm), 1.4 in.(2.6 cm) and 2.2 in.(3.7 ¢m), respectively (Jones ef al,, 1948; Snyder et
al., 1978). It is estimated that only 13 percent of the EAA will have soils thicker than
36in. (91 cm) by the year 2000. Loss of these organic soils threatens.the continuation
of agriculture in the EAA in its present form (Snyder, 1987).

Soil subsidence is a major contributor of nitrogen and phosphorus into EAA
drainage canals due to the high percentage of organi¢ matter decomposition (95 %)
associated with these soils (Morris, 1975). Studies conducted in the early 1970’
estimated that EAA soil subsidence accounts for 24,480 metric tons phosphorus /yr
(Morris, 1975). Although most of the nitrogen and phosphorus mineralized during
oxidation remain in the soils (Fiskell and and Nicholson, 1985) some nutrients are
discharged off-site to down stream water bodies where they become available as
nutrients for plant growth.

Fertility. Although it could be argued today that the EAA contains some
of the most fertile soils in Florida, this was not always the case. Early farming efforts
found virgin Everglades soils low in phosphorus, potassium (Hammer, 1929), and the
trace elements copper and manganese (Allison et al.,, 1927). Early attempts 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 recognize copper as the most imporiant
micronutrient required for maximum yields of most EAA crops. Three other trace
elements; manganese, zinc and boron, were also identified as important
micronutrients lacking in Everglades peat soils. Today, rice crops grown in the
eastern EA A still experience seedling chlorosis due to the low iron content of its soils.
Silicon is also reported to be low in most EAA soils for maximum yields of sugarcane.
Today’s high production rates are the result of intensive fertilizer management
programs in force over many years by EAA growers (Sanchez, 1987),

Background 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, Al,
CaCOj content, and other properties which influence the retention of phosphorus in
EAA soils. Seils low in Fe, Al and/or CaCOs retain phosphorus poorly, while soils
high in these constituents, leach relatively little phosphorus from the soil. Analysis
of 20 different histosols indicated that the phosphorus buffering capacity of these
soils varied by two orders of magnitude acress the EAA (Sanchez and Porter,
unpublished). Inorganic constituents appear to have a major influence on the uptake
or release of phosphorus in organic soils. Information of how these soil properties
affect phosphorus retention as well as information upon their distribution across the
EAA is essential information required to form a basis for development of BMP
alternatives for the EAA. : '

Farm Water Management Practices. The typical EAA farm is very large in
comparison to coastal farming operations, ericoipassing many sections of land. Their
large size is due in ﬂart, to the high cost of maintaining adequate drainage and
irrigation systems which require both a surface water management permit and a
consumptive use permit from the SFWMD and FDER (Izuno, 1987). The average
farm water management system is a network of open ditches excavated to the
limestone bedrock which are connected to a pump station located on one of the major
canals operated by the SFWMD. The main ditch branches off at right angles into
numerous lateral ditches approximately 6 ft. wide, spaced every 1/2 mile or so, on the
boundaries of a section or half section of the farm, Lateral ditches are generally 6 ft
wide and branch off again at right angles to equally spaced field ditches about 3 ft.
wide. These ditches are parallgel a-nf subdivide the farm into rectangular units
approximately 660 ft. by 2,640 ft. These 40-acre blocks represent the basic water
management unit for a typical EAA farm (Izuno, 1987) and are cited as the smallest,
most economical unit for practical water control in the EAA (Casselman and Green,

1971).

Due to the flat terrain, most water drains through the soil profile before
reaching the field ditches, although some surface water runoff is experienced during
a major storm event. [rrigation/drainage pumps generally are designed 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 26,000 gpm with lifts of up to 3-5 ft.
(Jones, 1948). For irrigation, growers have historically drawn from water from these
canals at rates of 0.25 in/ac per day up te 7.5 in/ac per month (Mireau, 1974).
Portable pumps are also commonly used on 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 canpal
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 beds) 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 Table 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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lgsgt);ing the demand on regional water supplies.for supplémental water use {Iziino,

~ Optimum water table levels recommended for sugarcane. is betm&@h.}ﬂ@«;
inches below ground level, sod requires 12 inches, while vegetables reduile greater
depths (about 2 feet). Maintaining optimim water table is recomtiended for
reducing soil losses due to subsidence and:.sustaiming maximum cérop yields

(discussion April 11, 1989 with Steve Cox, SCS, ‘West Palm Beach; FL. ).

. Water table control practices vary widely. throtighout the' EAA. Other thén
“land forming®, there are no widely accepted methods of water table tandgenient
currently utilized by growers to to conserve water or reduce the volume of water
discharged off their land, Desired water tables are maintained priniarily by judging
water levels on field ditch markers according to:thé. grower’s past experience (Izuno,
1987). If rain threatens, growers commionly pump, thesé canals down to very low
levels. in anticipation of a major rainfall event, Often this proceduie resiilts in
pumping larger volumes of water off the land than nécessary resulting in a lower
than optimum water table. Few growers utilize observatiendl water table wells
keyed to automatic pumping systems to determine the correét aniotint of itrigation or
drainage required. BRI '

EAA Soil Water Chemistry. EAA muck $oils represent an important
reservoir of rich organic material that can be intensively managed. Morris (1375)
estimated the total storage of Phonsphoru's in BAA muck soils to be about 15 million
tons of phosphorus and 210 million tons nitrogen, Of this total, approximately 88,600
tons of nitrogen (N) and 2,000 tons of phosphorus (P) are eéstimated to bé found in
unibound forms (Hortenstein and Forbes, 1972) and have the potefitial to b utilized
by crops or exported from the EAA. These organic soils generally contdin more than
2.5 percent nitrogen and 1.0 percent sulfur (Snyder, 1987). Background phosphorus
levels in virgin (uncultivated) organic muck range from 0.02 to 0.04 percent
phosphorus (Sanchez, 1987)., Hammar (1929) reported the phosphorus content of
Everglades soils to range from 0.08 to 0.35 percent. In virgin soils Nicholson (1983)
found that inorganic phosphorus was only 24 percent of the fotal phosphorus centent,
By comparison, inorﬁanic phosphorus in cultivated fields ranges from 50 to 72
percent of total phosphorus content.

organic soils can be substantial if implemented properly and cai serve as a means of
re ‘

In comparison to organic soils world wide, uncultivated Everglades histosols
contain low concentrations of phosphorus, potassium, silicon and ash with a
generally higher pH. Although the mineral content of muck soils along the south
shore of Lake Okeechobee may range as high 3s:560 percent, the soil§ of the interior
EAA have a much lower Iow ash content (10-20 percent), Hammar (1929) reported
Organic soils within the extreme northern portion of the EAA were formed from
extensive custard apple forests which once lined the south shore of the Lake
Okeechobee. Today these soils are known today as "eustard apple muck", or Torry
muck (Hammar, 1929), Torry muck is much higher in ash content, silica, iron,
aluminum and lower in calcium and nitrogen content than other EAA muck soils.
Other muck soils; Terra Ceia, Pahckee, Lauderhill and Dania have low ash conténts
(Snyder, 1987). The moderately high pH exhibited by EAA muck soils in comparison
to other organic soils is due to the contact with underlying limestone (calcium
carbonate) bedrock which tends to buffer soil pH.

EAA muck soils vary spatially with respect to ash content content with highest
values recorded in soils closest to Lake Okeechobee. Muck soil depths gradually

102



Everglades SWIM Plan - Supporting Information Document

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 assai\;s were to determine the potential for maximum crop yield. The
objeciive has been to identify limiting nutritional conditions and determine the
appropriate soil amendment to correct deficiencies. Researchers at the Florida
Agricultural Experiment Station at Belle Glade (IFAS) have found crop production to
be limited by copper and manganese deficiencies. ‘Many vegetable crops also have
requirements for zinc and boron. Iron has been identified as a common deficiency in
rice, Sugar cane and rice both show a positive response to the application of silicon
soil amendments. Generally there is some advantage to applying small doses of
nitrogen to many crops which provides an initial boost in soil fertility. Potassium
has been found to be deficient for several crops and is routinely applied.

Although there is substantial storage of phosphorus within EAA muck soils, in
many cases these levels are deficient for optimal growth of vegetable crops.
Relatively little phosphorus is applied to sugar cane, based on soil test results
(Sanchez 1989, in press). A common application rate for phosphorus deficient soils is
22 kg P ha-1.. For vegetable crops, considerably more phosphorus is required with
recommended rates ranging from 0 to 400 kg ha-l, An average application for all
crops types is 150 kg ha-l. These high application rates are necessary because the
unbound soil phosphorus is not sufficient to sustain maximum growth. There is an
indication that soil phosphorus content increases with time under cultivation and
that the surface water runoff from fields that have been cultivated for long periods of
time contain considerably more phosphorus than newly cultivated muck soils
(CHaM-Hill, 1978) The mineral phosphorus fraction increases considerably more
than the organic phosphorus fraction in response to fertilization and cultivation.
These soils generally have high phosphorus retention capacities and can retain much

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
retention 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 18 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 with 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 3.6 kg P ha-l (CHyM 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 concentrations. Horteristein and Forbes
(1972) concluded that the underlying marl was effective in removing phogphorus
from percolating water, Only a small fraction of the phosphorids thai, is app ied 4s
fertilizer or is released from the soil by oxidation (subsidence) is trarnsported to
surface drainage ditches.

Effects of Soil Subsidence on Phosphoius Reledse, Approximately 7,000
kg ha-l of organic carbon becomes mineralized annually within EAA soils (Tate,
1979; Volk, 1973), Terry (1980) reported that 7 g/m?2 of nitrogen is mihéréliiéd for
each millimeter depth of muck lost due to microbial oxidation. Combinitig the
amount of soil oxidized each year with the known soil phiosphiorus content, rough
estimates of the potential mineralization of phosphorus fiom BAA sdils tangé from 20
to 150 kg P ha-1 (Sanchez, 1988). Morris (1975). estiméted that 24,480 metric tons of
phosphorus is annually generated by subsidence within the EAA. '

Phosphorus released during soil oxidation is most likély to be rétained in. the
soil profile. Analysis of the phosphorus content of the muck soil profile indicates there
is a substantial increase in phosphorus content at the surface but littlé increase in
deeper layers (Fiskell and Nicholson, 1986). Most of the phosphorus released during
oxidation is resorbed within the soil in a different form. This indicates that a
majority of the fertilizer and oxidative-origin' phosphorus is retained in the soil
profile, Sanchez (1988) reported high phosphorus rétention capacities fo¥ many EAA
muck samples. Investigations of the fate of phosphorus in flooded organic soils (Lake
Apc:fka) found that 47 percent of the mineralized phosphorus was retained in the soil
(Reddy and Rao, 1983). Phosphorus released under aérobic conditions are more likely
to be retained in aerobic tham within anaerobic soils. Soils that have a high
phosphorus retention capacity may effectively sorb (retaifi) phosphorus when
drained, but release a pulse of phosphorus when'initially flooded (Sanchez, 1988). A
study of the flooding of organic soils adjacent to Lake Apopka were shown to ificrease
the phosphorus release in drainage effluent 4 to 8 times (Reddy, 1983).

Crop Type and Fertilizer Use. The phosphorus dynamics of EAA soils js
largely dependent on agricultural practices such as crop type, fertilization rates and
timing, and water management practices. 'The options for, varying water
management and fertilization practices are determined to a large extent by crop and
soil type and location. Sugar cane requires relatively little phosphorus while
vegetables crops require high rates of ?ertilization. These recommeridations are
based on 80il test data (Sanchez, 1989). As a result, the typé of crop planted has the |
greatest impact on soil water phosphorus content dué to the nutriént requirements of
the species planted. Overall, vegetables crops cover approximately 10 percent of the
EAA and are responsible for approximately one third of the phosphorug fertilizer
applied (IFAS; 1989). Fertilization of sugar cane is congiderably less and no
phosphorus is applied in some areas. The efficiency of phosphorus use on vegetable
crops could be improved substantially by the direct placement and timing of fertilizer
applications. By applying a band of phosphorus directly below the root zone
(i.e.“band- application”) improvements in fertilizer use can be realized without
affecting crop yields or product quality (Sanchez, unpublished data). Phosphorus
application rates for vegetable crops could be reduced by as much as 40 percent by the
band application technique as compared to conventional broadcast application
methods, therefore reducing grower costs and the amount of phosphorus that 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).

104



Everglades SWIM Plan - Supporting Information Document

.. Most of the phosphorus applied as fertilizer remains at shallow soil depths
(Nicholson and Fiskell, 1985). Intensively tilled fields receiving years of fertilizer
applications may accumulate sufficient phosphorus to exceed the phosphorus
retention capacity at shallower depths allowing deeper penetration (Fiskell and
Nicholson, 1986). It was speculated that fertilizer phosphorus was converted to an
organic form and was not mobile under current land use, In soils used for vegetables
and pasture there has been a considerable increase in soil phosphorus content,

The effect of different cropping practices. is evident from an evaluyation of
phosphorus fate (Table 9). A comparison of sugar cane and vegetable crops indicates
that five times more phosphorus is lost in drainage waters. Although a substantial
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
Vegetables (CHyM-Hill, 1978)
A L of P i P h i Phuwsphorus
Crop Lype Phlg:;?h%ras Upt]ﬁt? l}::; r(l}‘l?ap Asgﬁﬁgggn Dﬂg%ghgr#:tégs Snlil[“?’ltl:rg fo ll.gr L:unu:\nhl.!;a:?i::;:% in
applied (1) {1 Soil Matrix &) A Groundwater (2}
Sugar Cane 20 7.3 9.7 0.71 0.29 0.09
Vegetables 106 8.2 _ 85 3.58 7.51 1.03
(17 Kg phosphorus/ heclare (2] mg /7 {iter Phosphorus

Effects of Water Management Practices on EAA Soils. Water
management practices within the EAA have had a considerable influence on the
retention and transport of phosphorus into area drainage canals. Drainage of the soil
profile influences the release of phosphorus through oxidation and soil
mineralization, Although high water tables greatly reduce soil subsidence and the
loss of phosphorus from EAA soils, they also have the tendency to induce nitrogen
and magnesium deficiencies in some crops (Shih and Rosen, 1985). Hortenstein 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
orianic muck soils for irrigation or storm water drainage has the poteniial 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 optimum
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 ofy 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 summer 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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replanting 1/10th to 1/4 of a given farm area may be fallow. Phosphorug in the
discharge water may be hydraulically loaded on the fallow field resulting in
m'(;:re%a_aed percolation through underlying limestone and increased phiosphorus
retention, ' '

Production of winter vegetables is an important activity during the winter
growing season. These crops are very sensitive to water table manipulation. A high
water tables reduces rooting depth and sensitizes the crop to flood damage. Low
water tables result in drought stress. Most vegetables are very inlolerant of even
brief flooding periods and require immediate drainage. Sugar cane is also impacted
by flooding during the winter months and requires immediate drainage. '

8. Water Quality in EAA Canals.

A more comprehensive discussion of inflow water volumes, flow-weighted
nutrient concentrations, and nutrient loadings at pumip stations S:5A, 5-6, S-7 and S-
8, is presented in section B.5 “WCA Water Quality Chardcteristics: Sources of
Phosphorus.” ' '

The quality of canal water draining the EAA was evaluated using the period of
record 1979-1988 under pumping and “no flow” conditions. Data from puinp stations
S-5A, 8-6, S-7, and S-8 were examined statistically for seven water quality
parameters including turbidity, chloride, color, total nitrogen, nitrate, nitrite and
total phosphorus concentrations (Table 10). These data were subdivided into two
groups, (1) parameters measured when the pump station was in operation and (2)
water quality parameters measured when the pumps were not in operatiop, i.e. “no
_fllgw” conditions. Results of these analyze indicate several trends as shown in Table

-
Table 10,  Statistical characteristics of selected physical and chemical water
uality parameters obtained from discrete water samples collected
rom EAA pump stations. Sample means obtained represent periods
of time when pumps where in operation versus “no flow” cond-ki)tgi_ons.
Period of record, 1979- 1988. i

Parameter S-5A _ 5-6 ] 8-7 ] 58
Turbidity (ntu) 10.2 (4.5 427 | 4434 15,2 (5.01%
Chloride (mg/L) 204 (197) 192 (182) | 159(143) 89 (81)
Color (p.u.) 178 (159) 145 (139) 12701065 | 126(109)*
Total N (mg/L) 6.66(4.95% | 4.50(4.38)* | 4.06(3.38) | 3.85(3.00)*
NOg (mg/L) 2,806 (1.063)* | 1.241 (0.791)* | 1.255(0.772)* | 1.071 (0.700)*
NOg (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 parametors measured when pump station was in uperation; valuwsin
parentheses ( ) represeut purumelers measured when pumps were not in operativn, i.e. "o flew” condlitions; ©
asteriak = statistically significant differenca between sample means; Source: SFWMD, unpublished dada.

(a) 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 water
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quality data collected from the primary water conveyance canals of the EAA
(Lutz, 1977, CHgM-Hill, 1978). ,

(b) Highest concentrations of total phosphorus, total and inorganic forms of
nitrogen as well as chlorides were observed at pump station S-5A located
within the eastern portion of the EAA. Nitrogen concentrations were
significantly higher at all stations during pumping events.

(c) Sampling station mean concentrations for the majority of parameters sampled
were higher in the eastern portion of the EAA (8-5A, S-7 and S-7) with
generally lower station means observed to the west (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 5-5A, 5-6, 8-7 and 8-8 pump from the EAA into the WCAs,

As discussed earlier, concerns over the accelerated rate of eutrophication in
Lake Okeechobee led to a decision to change the relative distribution of floed or
drainage water pumped from the EAA north to Lake Okeechobee on an average
annual basis. This redistribution was called the Interim Action Plan (IAP). Under
this plan, 35% of all flood waters and water released from Lake Okeechobee for water
supply purposes are pumped from the EAA into the Water Conservation Areas. Only
an estimated 5% is pumped north to Lake Okeechobee during flood or drought
emergency conditions. The IAP did not alter operation of the S-5A pump station.

The flood protection level of service for the EAA is currently as designed in the
original project documents. The infrequent use of the northern pump stations is an
indicator of the design level, but also is an 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, esl.{:ecially since the implementation
of the IAP to protect Lake Okeechobee. The WCAs 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 foree, 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 southern 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 agricultural employers in the EAA.
These workers are housed in special labor camps provided by their employers.

.. Agriculture in the EAA relies on the 526,000 acres of rich muck s6ils now
irrigated, drained and under cultivation. On these acres are produced sugarcane,
vegetables, sod and rice. The estimated acreage snd sales value of these erops, as
provided by IFAS and the Palm Beach County Extension agent, are provided in
Table 11. Due to the different sources and _ﬁﬁe‘,, different time periods that were
observed, the land use data in this table differ slightly from the SFWMD data basé as
shown in Table 9. ] '

Table11.  Acreage and Values of Agricultural Produétion in the

Everglades Agricultural Area

Crop Acreage (X1000) | Farm Sales (SMILLIONS)
SUGAR CANE 438 L gss0
VEGETABLES 23 T 110

SOD 29 | 30

RICE 3 - 3
LIVESTOCK | 32 9

OTHER 6 |

TOTAL 526 o $500

Data Sourees: Sale value per acre from IFAS , Palm Beach County Bxtonsion; estimated sereages from
SPWMD; sugar cane value from Mulkey and Clouser, 1988

Farm employment in the EAA is very seasonal bécause of the seasonal nature of
the sugarcane harvest and the seasonal nature of vegetable produdtion. Year rotnd
farm employment is about 4,100 full time employees. Thisrises'to about 17,600
individuals during the peak season which includés about: 10,441 foréign workérs
(FSCL, 1988). In 1988, the employment payroll was over $226 million for the
sugarcane industry. Farm processing and supply employment are not included in
these figures and are discussed below. : ‘

While the vegetables are packed and shipped fresh and are not subject to
extensive processing, sugar cane is locally processed which adds considerably to its
value and the output of the industry. Six sugar mills i the BAA process all the ¢ane
produced in south Florida, both inside and outside the EAA. All sugar cane is grown
under contract for processing at one of these mills. Location (proximity) is a major
factor in determining the mill which will be contractually linked to each cane field.
The mills produce raw sugar, molasses and other by-products, the total value of
which is about $577 million or an increment of $225 million over the value of the cane
on the farm, A portion of the raw sugar receives further processing at the sugar
refineries located in the EAA. This adds to the value of the industry output but
statistics on these establishments are not published because of disclosure limitations.
A large portion of the raw sugar is processed outside of Florida.

11, Recreation, Navigation and Public Access.

Recreational Activities. As mentioned above, the EAA is also the base for the
recreational use of the southern portion of Lake Okeechobee. Additionally, outdoor
recreation activity within the EAA is concentrated in the primary drainage canal
system and on four state-owned tracts of land - Lake Harbor Waterfow! Management
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Area and Rotenberger, Holey Land and Brown’s Farm Wildlife Management Areas.
Mapagement of wildlife resources and public use in these four areas is the
responsibility of the Florida Game and Fresh Water Fish Commission (FGFWFC).

Deer and wild hog hunting are the principal activities conducted within the
three wildlife management areas, and access is generally off of project levees.
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
fact that they are seasonally inundated. The amount of water present often
influences the mode of transportation selected and can have an impact on harvest
rates. Access to the waterfowl management area is by foot.only. Bank fishing is the
principal activity conducted in the EAA canal systeni. There has been little demand
for boating access to these canalg in the past, and as a result there are few improved
access sites. Many fishermen generally do not view these canals as prime fish
producers because of the abseénce of adjacent marsh gystems and concerns over runoff
and pumped discharges from adjacent agricultural fields,

Holey Land Wildlife Management Area. The Holey Land Wildlife
Management Area is a 35,026 acre tract lying in the S-8 and S-7 sub-basins. It is
wholly state owned and managed by the Florida Game and Freshwater Fish
Commission (FGFWFC). The area is hieavily used for white-tailed deer and also hog
hunting, A small amount of waterfowl hunting oceurs, and wintering water birds
such as white ibis, great egrets, and snowy egrets can be spoited between September
and February. The 3,000 acres of shrub habitat is most important for the deer who
also forage among tree island, sawgrass and mixed sawgrass/shrub vegetation. A
1983 survey indicated a population of 600-700 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 substantial habitat and forced deer onto
adjoining tracts. FGFWFC estimates that the Holey 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 of Understanding (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 operatienal
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 state-owned and leased private land
(roughly 40% of total acreage) managed by the FGFWFC for deer and hog hunting. It
is located within the S-8 sub-basin and is separated from the Holey 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 alsec 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 man-dafys 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. Brown's Farm Wildlife
Management Area is a 4,460-acre, state-owned tract managed by the FGFWFC and
commonly used for white-tailed deer and hog hunting. Hunter access to the tract is
off canal levees on an walk-in basis. The difficult terrain and seasonal inundation
make the interior generally reachable only by special outdoor recreational vehicles.
Between July 1, 1988, and June 30, 1'989,'—*G‘FyC.'estimatea that Rotenberger received
2, 864 man-days of deer hunting use. o

Lake Harbor Waterfow! Management Area, The Lake Harbor Wildlife
Management Area is located on the Miami Canal, south of Lake Qkeechobee and
north of Holey Land and Rotenberger, The area is publi¢ly owned by the state and
leased to the FGFWFC which allows a private leagé to cultivate rice for both harvest
and wildlife habitat. No recreational vehicles are allowed. )

Other EAA Water-Related Recreation. An egisting component of the
corridor-designated but uncertified Florida National Scenic Trail skirts the eastern
perimeter of Lake Okeechobee and follows a southwestérly direction through the
EAA. With other segments still under development, the'trail will be available for
public use on national park land and national forest land segments. Most
privately-owned segments of the trail will be open only to the Florida -Trail
Association, an established public interest organization which has been instruinental
in trail designation and development. Water-enhanced and water-dependent
recreational uses include hiking, bird watching, and nature observation,
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B. WATER CONSERVATION AREAS (WCAs).
1. Descriptions of WCA Boundaries and Hydrolegic 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 km?2) of Everglades wetland habitat. WCA-1 lies west of
U.S. 441 and south of State Road 80 in Palm Beach County, Florida, 16 miles from
the Atlantic Ocean. The LNWR boundaries are generally defined by the outer
boundary of the levee right-of-ways surrounding WCA-1. However, there are several
places where the current refuge boundary does not quite close and at least one other
place, around S-39 where the LNWR extends beyond the surrounding levee right-of-

Ways.

The essential water management features of the WCA systein and the adjacent
Everglades Agricultural Area (EAA) are shown in Figurc 1