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ABSTRACT 
The primary objective of this technical publication is to compile information from STA vege-

tation maps made from 1998 to 2006.  A secondary goal is to assess the comparability of vegeta-
tion areal coverage derived from field surveys conducted at a network of sites within each STA 
with areal coverages based on vegetation maps.   

 
Summary vegetation maps revealed changes in STA plant communities, but there are too few 

maps to elucidate any long-term temporal or spatial patterns.  Collectively, 123 plant taxa were 
identified in the STAs from 1995 to 2006.  Plant taxa richness was strongly correlated with the 
sampling effort in each STA.  Analysis indicated that field surveys are not adequate substitutes 
for mapping if the objective is to estimate vegetation areal coverage.  
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1.0 INTRODUCTION 
The South Florida Water Management District (District or SFWMD) and the U.S. Army 

Corps of Engineers have built six large treatment wetlands, referred to as Stormwater Treatment 
Wetlands (STAs), in the Everglades Agricultural Area (EAA) (Figure 1) as part of a State and 
Federal initiative to protect the Everglades (Chimney and Goforth, 2001; Sklar et al., 2005).  
These treatment wetlands are intended to reduce high phosphorus concentrations in surface ru-
noff coming from the EAA before this water reaches the northern portion of the present-day 
Everglades, i.e., the Water Conservations Areas.  Each STA is subdivided into a number of 
treatment cells by interior levees (Figure 2).  Detailed descriptions of the STAs can be found in 
past volumes of the District’s annual Everglades Consolidated Report and South Florida Envi-
ronmental Report1. 

 
Treatment wetlands reduce the concentration of water-borne pollutants through natural bio-

geochemical processes (Kadlec and Wallace, 2009).  Wetland biogeochemistry, in turn, is inti-
mately associated with the extent and condition of the wetland’s vegetation community (Reddy 
and DeLaune, 2009).  Because of the important relationship between wetland treatment perfor-
mance and vegetation, the vegetation communities in the STAs have been monitored throughout 
their operational histories.  This effort was mandated as a condition of STA operating permits 
and by the Process Development and Engineering section of the District’s Long Term Plan 
(Burns & McDonnell, 2003).   

 
The vegetation communities in the STAs have been monitored using two different approach-

es: (1) vegetation maps were prepared for each STA based on the spatial distribution of different 
vegetation types interpreted from aerial photographs and (2) field surveys were conducted at a 
network of sites within each wetland to catalog plant taxa and assess vegetation areal coverage of 
the dominant taxa.  The field-survey program was initiated as a cost-effective alternative to map-
ping for characterizing the plant community.  The primary objective of this technical publication 
is to compile information from STA vegetation maps made from 1998 to 2006 into a single doc-
ument.  A secondary goal is to assess the comparability of vegetation areal coverage derived 
from field surveys with areal coverages based on vegetation maps, i.e., can field surveys as they 
were implemented provide areal coverage information comparable to areal coverage estimates 
derived from vegetation maps.  An analysis of the potential relationship between changes in the 
plant community and STA treatment performance is beyond the scope of this report. 
 
2.0 METHODS 
2.1 Vegetation Maps 

A series of aerial photographs was taken of each STA at a scale of 1:6,000 on a number of 
overflights using high-contrast large-format infrared film.  The photographs from each overflight 
were digitized to generate electronic images.  These images were then rectified to surveyed 
Global Positioning System (GPS) control points and combined into a photo-mosaic suitable for 
use as a Geographic Information System (GIS) background image.  Vegetation was classified 
into distinct “vegetation types” through interpretation of the infrared signatures on the electronic 
image and verified by ground-truth field surveys as needed.  Some vegetation types represented a 
single plant taxa (e.g., sawgrass, cattail), while others included a mixture of taxa (e.g., misc. 
                                                 
1 https://my.sfwmd.gov/portal/page/portal/pg_grp_sfwmd_sfer/pg_sfwmd_sfer_prevreport 
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grasses, broadleaf emergents).  Vegetation maps were prepared using ArcView® or ArcGIS® 
software in which polygons for each vegetation type were coded with a unique color and pattern.  
The vegetation type assigned to a given polygon represented the dominant infrared signature (≥ 
50% areal coverage) for that area.  A minimum mapping unit of 400 to 625 m2 was employed for 
all maps.  The total areal coverage of each vegetation type was derived by summing the areas of 
like polygons.  Vegetation maps were prepared by several different consulting firms under con-
tract to the District.  No inter- or intra-contractor mapping calibrations were performed. 

 
2.2 Vegetation Field Surveys 

Field surveys were conducted from 2003 to 2006 to monitor the plant community at a net-
work of geo-referenced sites that had been established in the STAs for other District sampling 
programs.  These sites, referred to as the “original sites”, were arranged in a grid pattern with 
nominal 1,350-ft spacing between sites (Appendix 1).  Additional geo-referenced sites, referred 
to as “added sites”, were established specifically for vegetation sampling and complemented the 

Figure 1.  Location of the Everglades Agricultural Area Stormwater Treatment Areas 
(STA-1E, STA-1W, STA-2, STA-3/4, STA-5 and STA-6) in relation to other land-
scape features in south Florida.
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original sites in Cells 4N, 5 and 6 of STA-1E, Cells 2 and 4 of STA-1W and Cells 1 and 2 of 
STA-2.  All sites were situated within the marsh; the interior levees separating the treatment cells 
were not surveyed.  Sites were located in the field by their GPS coordinates. 

 
Three different census methods were used to conduct field surveys in the STAs.  The surveys 

in 2003 employed a 1-m2 quadrat constructed from ½ in PVC pipe (Figure 3, Panels A & B).  
The quadrat was haphazardly tossed out into marsh at each site.  The percent areal coverage of 
each plant taxa within the quadrat was estimated (usually in 5% increments) by a single observer.  
One quadrat was evaluated per site.  Total areal coverage for all plant taxa (including a category 
for “open water”) always summed to 100%.  In 2004 and 2005, a 5-m section of ½-inch PVC 
pipe fitted with 10 foam floats spaced at 0.5-m intervals along the length of the pipe, hereafter 
referred to as a “pole transect”, was used to assess areal coverage (Figure 3, Panels C & D).  
One field technician entered the water facing north at each site and positioned the pole transect 
immediately to his/her right oriented in an east-west direction.  A second field technician then 
moved along the length of the pole transect and estimated the areal coverage of all plant taxa (in-
cluding a category for “open water”) at each of the 10 floats.  In 2004, the dominant taxa (i.e., 

Figure 2.  Arrangement of treatment cells within the STAs.  The STAs are 
drawn to scale and shown as they were configured up through 2006. 
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the taxa with the greatest areal coverage) and three sub-dominant taxa (i.e., the taxa with the next 
three highest areal coverages) were recorded at each float location, while in 2005 only the domi-
nant and one sub-dominant taxa were recorded.  One pole transect was evaluated per site in both 
years.  In 2006, an observer positioned at the bow of the boat examined the plant community 
within an area defined by an arc with a radius of approximately 3-m that extended out from the 
bow; this survey method is hereafter referred to as a “boat-survey”.  The areal coverage of all 
plant taxa within each boat-survey were recorded using a simple three-point ordinal scale: “1” 
indicated taxa presence up to 33.3% areal coverage, “2” indicated taxa presence from 33.3% up 
to 66.6% areal coverage and “3” indicated taxa presence of 66.6% or greater areal coverage.  
One boat-survey was conducted per site.  Plant taxa not found at a particular site were assigned 
an areal coverage value of zero in the site × taxa data matrix prepared for each sampling date.  
Field surveys were conducted by two different consulting firms under contract to the District.  
No inter-contractor or inter-census method calibrations were performed. 

 
A separate program of field surveys was conducted to monitor SAV at a network of geo-

referenced sites in the PSTA Implementation Project cells located in Cell 2B of STA-3/4 (Ap-
pendix Figure 1-4; Burns & McDonnell, 2003; Pietro et al., 2008).  SAV areal coverage at these 
sites was evaluated using the boat-survey method. 

 
A supplemental list of plant taxa was compiled by a graduate-level botany class from Florida 

Atlantic University during a field survey of Cell 1 of the Everglades Nutrient Removal Project 

Figure 3.  Sampling equipment used to conduct vegetation field surveys in the STAs.  Pa-
nels A & B: 1-m2 quadrat; Panels C & D: 5-m pole transect. 
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(ENRP)2 in June 1995.  Vegetation areal coverage was not estimated at this time and access to 
the wetland was restricted to travel along the interior levees. 

 
2.3 Data Analysis 

The vegetation classification scheme used to map each of the STAs varied from map to map 
(see Appendices 2 to 7).  For example, the 2005 vegetation map for STA-1E identified 37 dif-
ferent vegetation types, 11 of which represented cattail or cattail mixed with other plant taxa, 
while the 2006 map for this STA had only nine vegetation types with one type for cattail.  Over 
the years, 73 different vegetation types were defined for the STAs.  The symbology (pattern and 
color) used to represent each vegetation type also varied from map to map.  Because of these 
map-to-map differences and the large number of vegetation types, a simple higher-order classifi-
cation scheme was used to summarize the vegetation mapping data; each vegetation type was 
assigned to one of five groups: cattail, other emergent aquatic vegetation (EAV), floating aquatic 
vegetation (FAV), submersed aquatic vegetation–open water (SAV-OW) or “other”.  The “oth-
er” category included vegetation types such as “treated areas”, “upland”, “barren”, “spoil” and 
areas that experienced dry-out.  These groups are consistent with how the District traditionally 
has summarized STA vegetation coverage.  The areal coverages of vegetation groups in individ-
ual vegetation maps were compared to the areal coverages of vegetation groups derived from 
corresponding field surveys using chi-square analyses (SAS Proc Table; SAS v9.1, SAS Insti-
tute, Inc., Cary, NC).  Analyses were restricted to the nine cases where the STA was mapped and 
field surveys were conducted in all treatment cells: STA-2, STA-5 and STA-6 in 2003 and all the 
STAs in 2006. 
 
3.0 RESULTS AND DISCUSSION 
3.1 Vegetation Maps 

The operating permit for each STA required that a baseline vegetation map be generated after 
the facility became operational.  Baseline vegetation maps were prepared in 1998 for STA-6, 
2001 for STA-5, 2002 for STA-1W, 2003 for STA-2 and 2005 for STA-1E and STA-3/4.  The 
STAs were mapped at varying intervals in the years after the baseline map; all the STAs were 
mapped in 2005 and 2006 (Table 1)3.  The original vegetation maps produced by the contractors 
together with summary tables of areal coverage for all vegetation types are provided in Appen-
dices 2 through 7.  Summary vegetation maps based on the higher-order classification scheme 
described above together with the percent areal coverage of each vegetation group for the entire 
STA are shown in Figure 44.  The percent areal coverage for vegetation groups within individual 
treatment cells for each map is summarized in Appendix 8. 

 
The STAs were not mapped at the same frequency: STA-5 and STA-6 were mapped four 

times, STA-1W and STA-2 were mapped three times and STA-1E and STA-3/4 were mapped 
only twice (Table 1).  Because areal coverage data were not available for the 1998 STA-6 vege-
tation map, a corresponding summary vegetation map could not be made (see Figure 4).  The 
                                                 
2 The ENRP was the District’s demonstration treatment wetland that operated from 1993 through 1999 when it was 
incorporated into the footprint of STA-1W (Guardo et al., 1995; Chimney and Goforth, 2006). 
3 Vegetation in the ENRP was mapped 12 times, either quarterly or semi-annually, from 1993 through 1998.  These 
data have been summarized in Chimney et al. (2000) and are not included in this report. 
4 The areal coverage associated with the “shrub” group listed in Appendices 2 to 7 was combined with the EAV 
group areal coverage in the preparation of Figure 4. 
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baseline vegetation map for each STA was prepared only after the plant community had become 
well established.  As a result, the initial grow-in of cattail and EAV was not always documented, 
although expansion of cattail is apparent in STA-1E and STA-5 (Figure 4).  Examination of the 
summary vegetation maps revealed other changes in STA plant communities noted below, but 
there are too few maps to elucidate any long-term temporal or spatial patterns.  The reduction of 
FAV areal coverage in STA-1W, STA-3/4 and STA-5 was attributed to the District’s vegetation 
management program that has actively controlled these taxa in the STAs.  The increase in areal 
coverage of “other” in 2006 compared to previous years resulted from the purposeful lowering of 
water levels for STA enhancement or vegetation rehabilitation projects (i.e., in STA-1W Cell 5B 
and STA-3/4 Cell 3B; see Pietro et al., 2007 for a description of these projects) or unintentional 
dry-out resulting from a severe regional drought (i.e., in STA-5 Cells 1A, 2A and 2B and STA-
3/4 Cell 1B).   

 
Table 1.  Schedule of vegetation mapping and field surveys in the STAs 
from 1998 to 2006.  Shaded table cells indicate years when vegetation 
maps were prepared, while annotations within table cells indicate the year 
and location (treatment cells) of field surveys. 

 STA-1E STA-1W STA-2 STA-3/4 STA-5 STA-6 
1998             
1999             
2000             
2001             
2002             
2003   1,2,3,4 all cells   all cells all cells 
2004   all cells all cells   all cells all cells 
2005 all cells all cells all cells all cells all cells all cells 
2006 4N,5,6 2B,4,5B   PSTA  2A,2B   

 
Not all differences between summary vegetation maps necessarily correspond to changes in 

the plant community.  For example, the 2005 map of STA-6 shows areas of cattail at the east end 
of Cell 5, while the 2006 map indicates that all the cattail had been replaced by EAV (see red 
ovals on STA-6 maps in Figure 4).  A more reasonable explanation for this difference is that the 
photo-interpreter of each map differed in how they classified the polygons in question rather than 
a complete replacement of cattail by other taxa.  Undoubtedly, some of the differences between 
summary vegetation maps for the other STAs can be ascribed to variability in photo interpreta-
tion of what was actually the same vegetation type, while other differences reflect real taxa 
shifts.  An analysis of such mapping inconsistencies is beyond the scope of this report.  

 
Because water absorbs virtually all of the infrared portion of incident sunlight (Wetzel, 

2001), the water column was usually opaque to the infrared film used to photograph the STAs.  
This made it impossible for the photo-interpreters to discriminate areas with SAV from open wa-
ter areas with any consistency (hence the use of the SAV-OW vegetation type).  A feasibility 
study that assessed using hyperspectral imaging to map the STAs (SAIC, 2002) suggested that 
SAV could be detected beneath the water surface by this technology (see Figure 6-6 in Appen-
dix 9).  However, the District has not pursued hyperspectral imaging for use in the STAs.   

 
3.2 Vegetation Field Surveys 
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The spatial density of the original-site network varied among STAs; the lowest site density 
was in STA-2 (45 ac/site or 0.022 sites/ac), while the highest site density was in STA-6 (28 
ac/site or 0.036 sites/ac; Table 2).  All the original and added sites in STA-1W (discounting the 
one original site that was located on the levee between Cells 1 and 2), STA-5 and STA-6 were 
surveyed at least once (Appendix Figures 1-1 to 1-6).  Fifteen original sites in STA-2 Cell 2 
were not surveyed because this cell was being used by the U.S. Army Corps of Engineers for a 
nutrient-removal demonstration project.  Fifty-six original sites in STA-2 were inaccessible due 
to the presence of standing timber that prevented boat travel and were not surveyed.  The majori-
ty of original sites in STA-3/4 (316 of 399) were not surveyed.  The number of sites in the net-
work that were surveyed during a given year ranged from a low of 21% of sites in STA-3/4 to a 
high of 100% of sites in STA-5 and 6 (Table 2).  The number of inaccessible sites increased in 
2006 due to low water levels in the STAs caused by the regional drought, which impeded boat 
travel. 

 
Collectively, 123 plant taxa were identified in the STAs from 1995 to 2006 (Appendix 10).  

Eighty percent of these taxa (98 taxa) are classified as being obligate wetland, facultative wet-
land or facultative taxa, 27% (33 taxa) are non-native to Florida and 80% (99 taxa) can grow as 
perennials.  Taxa richness ranged from 22 taxa in STA-6, 26 taxa in STA-1E, 27 taxa in STA-2, 
41 taxa in STA-3/4 and STA-5 and 104 taxa in STA-1W.  The high number of taxa found in 
STA-1W compared to the other STAs included the plants identified along the interior levees in 
the ENRP in 1995 (interior levees were not surveyed in the other STAs).  When only the 2003 to 
2006 field survey data were considered, 55 taxa were identified in STA-1W.  Taxa richness was 
strongly correlated with the total number of field sites that were surveyed in each STA (r2 = 
0.8951; Figure 5 – Panel B).  The taxa discovery curve for the STAs appeared to be approaching 
an asymptote, suggesting that most of the taxa present in the plant communities have been identi-
fied (Figure 5 – Panel A). 

 
Chi-square analysis of the vegetation group data revealed that there were significant differ-

ences between areal coverages based on vegetation maps and areal coverages derived from the 
field surveys for each of the nine maps analyzed (Appendix 11).  A sufficient number of field 
sites may not have been surveyed in STA-2, STA-3/4 and STA-6 in 2005 to characterize the en-
tire plant community adequately (Appendix 12).  However, the lack of agreement between field 
surveys and vegetation maps for the other cases where there appeared to be sufficient sites distri-
buted over the STA indicated that field surveys are not adequate substitutes for mapping if the 
objective is to estimate vegetation areal coverage. 
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Microsoft Office Outlook.lnk

Figure 4.  Summary vegetation maps for the STAs based on the following vegetation groups: 
cattail, emergent aquatic vegetation (EAV), floating aquatic vegetation (FAV), submersed aq-
uatic vegetation-open water (SAV-OW) and other.  Stacked bar charts indicate the percent 
coverage by vegetation group for each map.  Note that vegetation maps are not shown at the 
same scale.  Because areal coverage data were not available for the 1998 STA-6 vegetation 
map, a summary vegetation map could not be generated.  See Section 3.1 for an explanation 
of the red ovals shown on STA-6 maps. 
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Appendix Figure 1-4.  Location of vegetation field-survey sites in STA-3/4. 
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Appendix Figure 1-5.  Location of vegetation field-survey sites in STA-5. 
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Appendix Figure 1-6.  Location of vegetation field-survey sites in STA-6. 
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 Appendix 2: STA-1E Vegetation Maps and Summaries of Areal 
Coverage by Vegetation Type 
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Appendix Figure 2-1.  2005 vegetation map of STA-1E.  Map compiled by Nick Miller, Inc. 
and Scheda Ecological Associates, Inc.  Date of aerial photography: February 11, 2005. 
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Appendix Figure 2-1.  (Continued). 
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Appendix Figure 2-2.  2006 vegetation map of STA-1E.  Map compiled by Pickett & Asso-
ciates, Inc. and Scheda Ecological Associates, Inc.  Date of aerial photography: March 25, 
2006. 
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Appendix Figure 2-2.  (Continued). 
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Appendix 3: STA-1W Vegetation Maps and Summaries of Areal 
Coverage by Vegetation Type 
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Appendix Figure 3-1.  2002 vegetation map of STA-1W.  Map compiled by Agra Baymont, 
Inc.  Date of aerial photography: January 8, 2002. 
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Appendix Figure 3-2.  2005 vegetation map of STA-1W.  Map compiled by Nick Miller, Inc. 
and Scheda Ecological Associates, Inc.  Date of aerial photography: February 11, 2005. 
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Appendix Figure 3-2.  (Continued). 
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 37

Appendix Figure 3-3.  2006 vegetation map of STA-1W.  Map compiled by Pickett & Asso-
ciates, Inc. and Scheda Ecological Associates, Inc.  Date of aerial photography: March 25, 
2006. 
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Appendix Figure 3-3.  (Continued). 
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Appendix 4: STA-2 Vegetation Maps and Summaries of Areal 
Coverage by Vegetation Type 
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Appendix Figure 4-1.  2003 vegetation map of STA-2.  Map compiled by Nick Miller, Inc. 
and Scheda Ecological Associates, Inc.  Date of aerial photography: December 12 & 18, 
2003.
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Appendix Figure 4-1.  (Continued). 
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 44

Appendix Figure 4-2.  2005 vegetation map of STA-2.  Map compiled by Nick Miller, Inc. 
and Scheda Ecological Associates, Inc. Date of aerial photography: February 11, 2005. 
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Appendix Figure 4-2.  (Continued). 
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Appendix Figure 4-3.  2006 vegetation map of STA-2.  Map compiled by Pickett & Asso-
ciates, Inc. and Scheda Ecological Associates, Inc.  Date of aerial photography: March 25, 
2006. 
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Appendix Figure 4-3.  (Continued). 
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Appendix 5: STA-3/4 Vegetation Maps and Summaries of Areal 
Coverage by Vegetation Type 




