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APPENDIX C 
ENVIRONMENTAL INFORMATION 

 
C.1 PERFORMANCE MEASURES 
 
Performance measures were developed to evaluate each alternative in the final array against one 
another.  Performance measures included both hydrological and ecological criteria to evaluate 
system responses in the Loxahatchee National Wildlife Refuge (LNWR), Water Conservation 
Area 2A, and the Hillsboro Canal and Intracoastal Waterway.  The following hydrological 
performance measures were developed: 
 

• Water Retained in the LNWR; 
• Extreme High and Low Water Levels in the LNWR; 
• Extreme High and Low Water Levels in WCA-2A; 
• Inundation Patterns in the LNWR and WCA-2A; 
• Stage Variability in the LNWR and WCA-2A; 
• Reduce TP Loads to LNWR; 
• Restoration of Stage Variability; 
• Minimize Frequency of Dry-out; 
• Natural Water Recession and Reversal Rates in WCA-2A;  
• Water Retained by the LNWR;  
• Average Annual Structural Hydraulic Load of TP to WCA-2A;  
• Impoundment Stage and Duration of Stage; and 
• Minimize Duration of Dry-0ut Events in the Impoundment. 

 
The hydrological performance measures were applied to certain ecological attributes in order to 
predict responses in the natural system.  In addition, certain ecological performance measures 
were developed for specific species of plants, animals, or communities of both: 
 

• Snail Kite – Foraging Habitat Vegetation Structure; 
• Apple Snail Reproduction; 
• Reduce Rate of Cattail Expansion; 
• Hillsboro Canal to Boca Raton Inlet Live Bottom Communities 
• Periphyton Habitat Suitability Index; and 
• Restore Number and Acres of Functional Tree Islands. 

 
Tables C.1-1 through C.1-18 are summary sheets of each performance measure. 
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TABLE C.1-1 HILLSBORO SITE 1 IMPOUNDMENT PM, EXTREME HIGH AND 
LOW WATER LEVELS IN WCA-2A. 

 
Evaluation Performance Measure Name and Number 

Hillsboro Site 1 Impoundment PM:  Extreme High and Low Water Levels in WCA-2A 

Justification  
The predrainage Everglades was a single, hydrologically integrated system, with water depth and 
distribution determined by the seasonal and annual interplay of fairly high-contrast weather patterns, 
vegetation and the underlying topography. The spatial extent of the shallow, flowing Ridge and Slough 
system allowed large quantities of water to be stored for extended periods of time, resulting in a system 
that was much wetter (but not necessarily deeper) than the current system. The depth, distribution, and 
duration of surface flooding in the three central Everglades landscape types (ridge and slough, the 
adjacent marl prairie and rocky glades, and Big Cypress wetlands) largely determined the vegetation 
patterns, as well as the distribution, abundance, seasonal movements and reproductive dynamics of all 
of the aquatic and many of the terrestrial animals in the Everglades.  
 
In the ridge and slough environment, the C&SF Project made it possible to stack water in the water 
conservation areas and provide it to urban and agriculture areas in the dry season. The result in this 
landscape type has been excessive depths during wet seasons and wet years whenever the spatial extent 
of remaining natural wetlands (and of man-made water storage areas) exceeds its water storage 
capacity. Tree islands are flooded, shallow feeding habitat for wading birds is lost, periphyton 
communities are stressed, alligator nests are flooded and feeding conditions reduced, and the species 
composition and size classes of fishes are altered.  Efficient drainage has caused stress in the receiving 
estuaries in wet seasons and wet years and a reduction of the total amount of water stored in the system. 
During the dry seasons and dry years that follow, the frequencies and durations of dryouts are 
exaggerated. The result is increased rates of organic soil loss, spread of woody vegetation, reduced 
survival of aquatic species, altered periphyton communities, reduced alligator nesting and sawgrass 
expansion into slough communities.  

CERP Evaluation Target 
The target is a range for the total duration of extreme high and low water events in weeks and the 
number of extreme high and low water events or an envelope of occurrences that meet the NSM 
version 3.5 output for cells included in the ridge and slough.  

Evaluation Protocol 
The NSM results will help determine appropriate targets or a range for the target number and duration 
of extreme high and low events, which can also be described as envelopes for each landscape type in 
the ridge and slough indicator region (IR 24-25). 
The average depth for a given week is calculated for each grid cell and these values are averaged over 
the cells within the indicator region to obtain an average depth for the indicator region for that week. 
The average weekly water depth is compared to the high and low water level criteria. The duration and 
number of extreme high or low events is then calculated for the period of record.  
1) Period of record (POR) = 1965-2000 simulation period  
   a) Non-Leap Years -> last eight days of calendar year used for weekly average  
   b) Leap Years -> last nine days of calendar year used for weekly average 
2) The average depth for a given week in a given year is calculated for each grid cell within an 
indicator region 
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3) Average duration of high or low event (weeks per event) is the average number of weeks that water 
levels rise above or fall below the extreme high or low criteria for the period of record: average 
duration of high or low event = sum[duration of each extreme event in weeks] / (number of extreme 
events)  
4) Total duration of extreme events as a percent of POR  = 100 x sum[duration of each extreme event 
in weeks] / (number of years in POR x 52) 

Extreme high and low water levels are defined using thresholds carried over from the Restudy (USACE 
and SFWMD, 1999). They are as follows:  

• Ridge and Slough types: high = +2.5 feet; low = -1.0 feet (below ground) 
• Sawgrass Plains: high = +2.0 feet; low = -1.0 feet (below ground) 
 

Model output will be an X-Y scatter graph titled “ Extreme High and Low Water Levels for each 
Landscape Type" with the X- axis indicating percent of time depths exceed low water criterion and the 
Y-axis indicating the percent of time depths exceed high water criterion for an indicator region. The 
target envelope for the percent of time for each type of event is indicated on the X-Y graphic for each 
landscape type.  
A table titled “Extreme High and Low Water Levels for Indicator Regions” will be produced. The table 
will include the number of extreme low and high events, the average duration (weeks/events) of events 
over the period of record, and the total duration of the each type of event as a percentage of the period 
of record for indicator regions listed. Results for each alternative compared and the NSM target 
envelope will be displayed. 

Source and History of Evaluation Protocol 
Everglades Ridge and Slough, Marl Prairie and Rocky Glades, and Big Cypress CEMs stressor 
Alternative Evaluation Team performance measure 
C&SF Restudy (USACE and SFWMD, 1999) 
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TABLE C.1-2  HILLSBORO SITE 1 IMPOUNDMENT PM, RESTORATION OF STAGE 
VARIABILITY 

 
Evaluation Performance Measure Name and Number 

Hillsboro Site 1 Impoundment PM:  Restoration of Stage Variability 

Justification  
The large spatial extent of the predrainage Everglades landscape was interconnected and internally 
unconstrained. Annual high and low surface water depths varied in response to seasonal and 
interannual weather patterns including, at times, dramatic storms. The effects of climatic variation on 
water depths were tempered by the large, unconstrained spatial extent of wetlands.  
 
In the postdrainage, compartmentalized system, floodwater can be stacked in wetlands, increasing 
depths. Excess water can be shunted to the coast by canals, impacting estuaries and reducing the water 
available to avoid future droughts. In today’s system, some parts of the greater Everglades exhibit a 
pattern of excessive depths, others exhibit more exaggerated drydowns and some areas experience 
both. Excessive amplitude is evident within and between years.  
 
This performance measure quantifies the seasonal amplitude and interannual variability of water levels 
in the Indicator Regions of the greater Everglades landscape and compares them to the pattern of 
variation found in the natural system. Replicating the historic range of seasonal peak high and low 
water levels as much as possible is needed to provide the pulses that organize productivity in this 
ecosystem without causing undue stress to native organisms. The effect of returning the annual 
amplitude and interannual variation in water depths to its classic predrainage pattern protects tree 
islands in the ridge and slough system from flooding and supports organic soil deposition in peat 
systems.  

CERP Evaluation Target 
The targets for Loxahatchee NWR and WCA-2A are the 95Base and NSM, respectively.  The goal is to 
have zero percent difference from target seasonal variation for each indicator region. Seasonal 
variation closest to target values are considered more likely to support native vegetation, aquatic fauna 
and to support the freshwater head driving flows toward Florida Bay. Indicators included are grouped 
by landscape type: ridge and slough and Arthur R. Marshall Loxahatchee National Wildlife Refuge 
ridge and slough. 

Evaluation Protocol 
This performance measure uses the difference between the maximum mean weekly stage and the 
minimum mean weekly stage to quantify seasonal variation in stage. For each indicator region listed 
below, mean stages for each week are calculated for the period of record for each alternative, base 
condition and NSM. The seasonal variation (the difference between highest maximum stage and lowest 
minimum stage for each mean model year) is calculated for each alternative and base condition and 
compared to the seasonal variation predicted by the NSM. 
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The SFWMM and the NSM are used to evaluate these measures in indicator regions within the 
following landscape types: Arthur R. Marshall Loxahatchee National Wildlife Refuge ridge and slough 
(IR 26-27) and ridge and slough (IR 24-25) This performance measure replaces the “Mean Depth 
During Flooding and “Average Maximum Depth Below Ground During Dry Events”. In addition, this 
is a measure of seasonal variability, so in the water conservation areas it will replace the Alternative 
Evaluation Team seasonal performance measure that used mean October maximum and May minimum 
water depths. This performance measure uses weekly average water depths above and below ground to 
compare seasonal fluctuations and year-to-year variation in water levels compared to NSM and base 
values. 
 
Tables for each indicator region are generated include the following:  

1. Mean maximum stages for each indicator region for each alternative/base condition and NSM 
and the percent difference from target (NSM for WCA-2A and 95Base for LNWR),  

2. Mean minimum stages for each indicator region for each alternative/base condition and NSM 
and the percent difference from target 

3. Seasonal variation in stage (the difference between the 1and 2) and the percent difference from 
target for each indicator region for each condition.  

Graphics for each indicator region include the following: 
1. Temporal Variation in Mean Weekly stages 
2. Normalized Weekly Stage Duration Curve 
3. Seasonal Differences in Mean Stages and Percent of target (bar graph) 

Source and History of Evaluation Protocol 

Everglades Ridge and Slough, Marl Prairie and Rocky Glades, and Big Cypress CEMs stressor 
Alternative Evaluation Team performance measures 
USACE and SFWMD, 1999 

Contact 
This PM was based on:  DECOMP PM 1.3b Restoration of Stage: Variability & GE-E4 Seasonal 
Amplitude and Interannual Variability of Water Levels in the Greater Everglades Wetlands 
Yvette Alger (contact for Site 1 Impoundment Project) 
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TABLE C.1-3  HILLSBORO SITE 1 IMPOUNDMENT PM, INUNDATION PATTERN 
 

Performance Measure Name and Number 

Hillsboro Site 1 Impoundment PM:  Inundation Pattern 

Justification  
Water management practices that compartmentalized the Everglades to prevent flooding of and provide 
water supply to urban and agricultural areas also fragmented the landscape, exaggerated hydroperiods 
and depths, and reduced flows through natural sloughs. The result has been substantially altered plant 
community structures, reduced abundance and diversity of animals, and the spread of exotic 
vegetation. 
 
Altered inundation patterns are one of the most critical stressors on the ecology of the Everglades. In 
the predrainage system, the inundation pattern supported an expansive system of freshwater marshes 
including longer hydroperiod sawgrass “ridges” interspersed with open-water “sloughs”. Conceptual 
ecological models for the ridge and slough system (Ogden, 2003; Davis, 2003; Duever, 2003) detail the 
fundamental role inundation patterns play in the formation and maintenance of the soils, vegetation 
patterns, animal use, and water quality characteristics of these landscape types. The draft Total System 
Conceptual Ecological Model, Version 2.1 (Ogden et al., 2003) states that the ecological consequences 
of operationally altered hydropatterns are numerous and widespread, including flooding of alligator 
nests (Mazzotti and Brandt, 1994) and apple snail egg clusters (Bennetts et. al., 1994), the adverse 
effects of water depth reversals on wading bird nesting and foraging (Bancroft et al., 1994), and 
flooding of tree islands (Brandt et al., 2000). 
 

CERP Evaluation Target 

The target is the range of weeks of inundation and the number of inundation events or an envelope for 
the duration and number of inundation events that meet the NSM version 3.5 output for cells in the 
model categorized by landscape type. For the Arthur R. Marshall Loxahatchee National Wildlife 
Refuge (IR 26-27), the applicable target is the existing condition (1995 Base).  

Evaluation Protocol 
The NSM will be used to determine appropriate hydrologic ranges (“envelopes”) for the ridge and 
slough landscape type (IR 24-25). 
For the Arthur R. Marshall Loxahatchee National Wildlife Refuge (IR 26-27), the same methodology 
will be used, but the applicable target is the Existing Condition (1995 Base).  
The average depth for a given week in a given year is calculated for each grid cell and these values are 
averaged over the cells within the indicator region to obtain an average depth for the indicator region 
for that week. The duration of inundation is then calculated as the number of sequential weeks in the 
period of record during which water depths averaged above ground (>0). Dry events are calculated as 
the number of weeks water levels are below ground (<0). However, minor flood events where water 
rises above ground slightly, less than 0.2 feet, do not initiate an inundation event until it continues to 
rise above 0.2 feet. These minor flood events impair the establishment of populations of aquatic 
organisms. Specifically, these calculations are as follows: 
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1) Period of record (POR) = 1965-2000 simulation period 
a) Non-Leap Years -> last eight days of calendar year used for weekly average 
b) Leap Years -> last nine days of calendar year used for weekly average 
2) An inundation event (IE) is calculated as a discrete segment of time from the point at which water 
levels rise above ground surface, providing they exceed 0.2 feet, until the time they fall below ground. 
3) Average inundation duration (weeks per event) is the average number of sequential weeks in an IE 
for the period of record: average inundation duration = sum[duration of each IE in weeks] / (number of 
IE) 
4) Percent of period inundated = 100 x sum[duration of each IE in weeks] / (number of years in POR x 
52) 
Model output will be an X-Y scatter graph titled “Inundation Pattern for [landscape type]” with the 
number of inundation events on the X-axis and the average duration of inundation in weeks on the Y-
axis. Several alternatives and the target envelope should be represented on each graph with indicator 
regions grouped by landscape type. 
A table titled “Inundation Pattern Summary” will be produced. This table will include number of 
inundation events, average duration (weeks/event) of inundation, and percent of period of record 
inundated. Indicator regions should be grouped by landscape type on the table. Results for each 
alternative compared and the target envelope, which may be NSM or the existing condition, will be 
displayed. 

Source and History of Evaluation Protocol 
Everglades Ridge and Slough, Marl Prairie and Rocky Glades, and Big Cypress CEMs stressor 
Alternative Evaluation Team Performance Measure 
C&SF Restudy (USACE and SFWMD, 1999) 
Bancroft et al., 1994 
Bennetts et al., 1994 
Brandt et al., 2000. 
Davis, 2003 
Duever, 2003 
Mazzotti and Brandt, 1994 
Ogden, 2003 

Contact 
This PM was based on:  GE-E2 Inundation Pattern in the Greater Everglades Wetlands & DECOMP 
PM 1.4 a Discontinuous Hydroperiod 
Yvette Alger (contact for Site 1 Impoundment Project) 
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TABLE C.1-4  HILLSBORO SITE 1 IMPOUNDMENT PM, NATURAL WATER 
RECESSION AND REVERSAL RATES 

 
Performance Measure Name and Number 

Hillsboro Site 1 Impoundment PM:  Natural water recession and reversal rates  

Justification  
The WCAs typically support more nesting wading birds than any other region of the Everglades.  The 
number of nesting wading birds in the Everglades is closely linked to water levels and highly variable 
among years.  Hydrologic conditions that are good for wading bird nesting include high to moderate 
water levels at the start of the dry season (Gawlik 2002, Russell et al. 2002) and a rapid water level 
recession without reversals throughout the dry season (Kahl 1964, Frederick and Spalding 1994, Smith 
and Collopy 1995).  When water levels during the dry season drop at a rate less than 3.5 cm per week, or
particularly when the drying trend is reversed and water levels rise, wading birds may abandon their 
nests (Kushlan 1976b, Frederick and Collopy 1989a, Frederick and Collopy 1989b).   Habitat Suitability 
Indices have a long history of use with the U.S. Fish and Wildlife Service as a tool for evaluating 
ecological effects.  A Habitat Suitability Index for the entire Everglades was developed for wood storks, 
white ibises, and small herons based on water depths and recession rates (Tarboton et al 2003).  This 
same index applied to the smaller spatial domain of WCA2A will be a useful performance measure for 
water level recession rates and water depths.   

CERP Evaluation Target 
The target for wood storks (SIwost) should be improvement (higher values) over the 2050base for the 
average SIland from January to the end of March.  The target for white ibises and small herons (SIwish) 
should be improvement (lower values) over the 2050base for the number of weeks SIland ≤ 0.5.  
However, because this target was validated based on patterns observed throughout the Everglades 
system as a whole, the same target may not be applicable to WCA-2A.  Therefore, review of graphics 
described below will help describe project effects, and determine whether they are beneficial or 
adverse. 

Evaluation Protocol 
The suitability index is based solely on the physical processes that concentrate aquatic prey and make 
them vulnerable to capture by wading birds.  It is calculated for each 2-mile x 2-mile South Florida 
Water Management Model (SFWMD, 1999) grid cell in WCA2A and then aggregated up to the 
landscape scale for each weekly time step.  Two annual summary variables are used to characterize 
weekly patterns for a given year.  Summary variables were validated against 10 years of observed 
wading bird nesting data for the Everglades.  For each grid cell, the wading bird suitability index 
(SIWB) has one function for water depth (SIdepth) and one function for water recession rate (SIrecession).   
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SIdepth 
Based on both field studies and experiments (Kushlan, 1976a, Kushlan 1986, Hoffman et al. 1994, 
Bancroft et al. 2002, Russell et al. 2002) the number of wading birds at feeding sites is typically a 
quadratic function with water depth.  At either very low or very high water depths bird abundance is 
low.  The ideal water level differs among species.  For feeding sites of wood storks, white ibises, and 
snowy egrets, the index for a grid cell is highest when water depths are between 0 cm and 15 cm.  The 
index drops to 0 when water depths are greater than 25 cm or less than 10 cm below marsh surface.   
SIrecession 
A rapid rate of receding water seems to produce good nesting effort (Kahl 1964, Frederick and 
Spalding 1994).  Nest abandonment can occur when water level change is less than -0.11 ft per week or 
particularly when it is a positive value (Kushlan 1976b, Frederick and Collopy 1989a, Frederick and 
Collopy 1989b).  Some degree of uncertainty around the ideal recession rate was accounted for in the 
index by keeping the suitability of a grid cell at 1.0 when water level change is anywhere between -
0.16 and -0.05 ft per week (negative is receding water, positive is increasing).  There is strong evidence 
that reversals in water level recession cause abandonment, so the index drops sharply from 1.0 to 0 
when water level change is between -0.05 ft per week and 0.05 ft per week.  There is less evidence 

to suggest negative effects of a recession rate that is too rapid so accordingly, the index drops to 0 only 
when water level change is greater than -0.6 ft per week. 
The suitability of each cell at each weekly time step is calculated as the min of either recession rate or 
water depth scores [SIWB = min(SIdepth, SIrecession)].  The scale of an individual cell, however, is not 
appropriate to assess habitat quality for wading birds because they follow suitable habitat as it moves 
across the landscape during the dry season.  To have a successful nesting year, wading birds must have 
access to suitable habitat throughout the dry season but the location of the suitable habitat can vary 
across the landscape.  Thus, at any one time, a highly suitable landscape will likely consist of 
individual cells that have not yet reached their peak suitability for the year, cells that have already 
passed their peak suitability, and cells that are at their highest suitability.  To capture the landscape 
level habitat suitability (SIland), the mean suitability score for the top 23% of cells is calculated each 
week.  Twenty three percent was chosen because approximately one-quarter of the cells are occupied at 
any one time by feeding wading birds during a good nesting year (Gawlik unpublished data).  
A validation of the HSI against nesting data from the Everglades system (Tarboton et al. 2003) showed 
that the parameter that best reflects good nesting for wood storks (SIwost) is the average SIland from 
January to the end of March.  The parameter that indicates poor hydrologic conditions for white ibises 
and small herons (SIwish) is the number of weeks SIland ≤ 0.5.  The validation was performed for the 
Everglades system as a whole, and may therefore not be appropriate for WCA-2A as a stand-alone 
system.  The graphics described below will help to evaluate project effects on recession rates and 
reversals. 
Three sets of graphs will be produced for WCA-2A:  1) average years, 2) wet years, 3) dry years.  Each 
graphic will plot the weekly average SIland over time, with weeks during the dry season along the X-
axis.  Error bars will provide an indication of the variability of the data among years. 
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Source and History of Evaluation Protocol 
Gawlik, D. E.  2002.  The effects of prey availability on the numerical response of wading birds.  

Ecological Monographs 72:329-346. 
Hoffman, W., G. T. Bancroft, and R. J. Sawicki.  1994.  Foraging habitat of wading birds in the Water 

Conservation Areas of the Everglades.  Pages 585- 614 in S. M. Davis and J. C. Ogden, editors. 
Everglades: the ecosystem and its restoration. St. Lucie Press, Delray Beach, Florida, USA. 

Kahl, M. P., Jr.  1964.  Food ecology of the wood stork (Mycteria americana) in Florida. Ecological 
Monographs 34:97-117.  

Kushlan, J. A.  1976a.  Wading bird predation in a seasonally fluctuating pond. Auk 93:464-476. 
Kushlan, J. A.  1976b.  Site selection for nesting colonies by the American White Ibis Eudocimus 

albus in Florida. Ibis 118:590-593. 
Kushlan, J. A.  1986.  Responses of wading birds to seasonally fluctuating water levels: strategies and 

their limits. Colonial Waterbirds 9:155-162. 
Russell, G. J., O. L. Bass Jr., and S. L. Pimm.  2002.  The effect of hydrological patterns and 

breeding-season flooding on the numbers and distribution of wading birds in Everglades National 
Park. Animal Conservation 5:185-199.  

Smith, J. P. and M. W. Collopy.  1995.  Colony turnover, nest success and productivity, and causes of 
nest failure among wading birds (Ciconiiformes) at Lake Okeechobee, Florida (1989-1992). Arch. 
Hydrobiol. Spec. Issues Advanc. Limnol. 45:287-316.  

Tarboton, K. C., M. M Irizarry-Ortiz, S. M. Davis, J. Obeysekera, and D. P. Loucks. 2003.  Habitat 
suitability indices of evaluating alternative water management strategies.  Technical Report, South 
Florida Water Management District. 

Contact 
This PM was based on:  DECOMP PM 3(a & b) Natural Water recession and reversal rates 
Yvette Alger (contact for Site 1 Impoundment Project) 
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TABLE C.1-5  HILLSBORO SITE 1 IMPOUNDMENT PM, SNAIL KITE – FORAGING 
HABITAT VEGETATION STRUCTURE JUSTIFICATION 

Evaluation Performance Measure Name and Number 
Hillsboro Site 1 Impoundment PM:  Snail Kite – Foraging habitat vegetation structure 

Justification 
The snail kite (Rostrhamus sociabilis) is an endangered raptor whose distribution in the United States is 
restricted to the South Florida Ecosystem, including watersheds of the Everglades, Lake Okeechobee, 
Caloosahatchee River, Kissimmee River, and Upper St. Johns River. Because snail kites feed almost 
exclusively on one species of aquatic snail (the apple snail, Pomacea paludosa), their survival depends 
directly on the hydrologic functioning of these watersheds (Bennetts et al. 1998). Apple snails are more 
common in wet prairies that include emergent vegetation such as Rhynchospora spp. and Eleocharis sp. 
than in adjacent sloughs with sparse, floating and submerged vegetation such as Utricularia spp. and 
Nymphaea sp. (Darby 2003). Emergent vegetation allows the snails to easily access the water surface 
for respiration, where they are visible and accessible to foraging snail kites. Based on Bennetts et al. 
(1998) and Bennetts pers. comm. (2003), optimal snail kite foraging habitat supporting emergent wet 
prairie vegetation is maintained in areas where water levels fall below ground surface between 1 in 3 
and 1 in 5 years (156-260 weeks average flood duration). Marginal habitat is maintained in slightly 
drier and slightly wetter areas with 1 in 2 to 1 in 3 year drydowns (104-156 weeks average flood 
duration) and 1 in 5 to 1 in 6 drydowns (260-312 weeks average flood duration). These hydroperiod 
classes correspond with the hydrologic requirements of emergent marsh vegetation reported in the 
scientific literature as reviewed in two recent publications (Wetzel 2001 and SFWMD 1995). C&SF 
project operations have disrupted natural hydrologic patterns, reducing hydroperiods in some areas, and 
increasing them in others (Weaver et al. 1993).  CERP implementation should help to reverse these 
trends and support increasing areas of snail kite foraging habitat. The Endangered Species Act requires 
the Corps to evaluate the effects of CERP on listed species. 

CERP Evaluation Target 
Proportionally, at least as much area providing suitable snail kite foraging habitat as NSM. Areas 
providing optimal habitat are most desirable. 

Evaluation Protocol 
This performance measure uses SFWMM 2x2 output to evaluate the average duration of flooding 
events over the 36 year period of record.  Evaluations will be based on the second column (Avg Flood 
Dur(Wks/Event) in the existing Inundation Duration Summary for Indicator Regions table. Indicator 
regions with average flood durations from 156 to 260 weeks will be considered optimal, indicators 
regions with average flood durations from 104 to 155 week or 261 to 312 weeks will be considered 
marginal. 
 
This performance measure is applied to the following Indicator Regions: 24-25, 26-27. 

Source and History of Evaluation Protocol 
This performance measure was used in evaluations of the Modified Water Deliveries Canals and 
Levees alternatives and in evaluation of the ISOP and IOP. 
 
Bennetts, R.E., W.M. Kitchens, and D.L. DeAngelis. 1998. Recovery of the Snail Kite in Florida: 
Beyond a reductionist paradigm. Transactions North American Wildlife and Natural Resources 
Conference. 
 
Darby, P.C. 2003.  Direct and Indirect Effects of Hydrology on Florida Apple Snails.  Presentation 
given to the South Florida Ecosystem Working Group’s Avian Ecology Workshop.  March 17-18, 
2003, Key Largo, FL.  
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South Florida Water Management District. 1995.  Technical Support for Development of Wetland 
Drawdown Criteria for Florda’s West Coast:  Part 1, Results of Literature Review, Modeling Studies 
and Expert Opinion.  Draft Technical Publication, West Palm Beach, FL. 
 
Weaver, J. And B. Brown (chairs). 1993. Federal Objectives for the South Florida Restoration. Report 
of the Science Sub-Group of the South Florida Management and Coordination Working Group. 87 pp. 
 
Wetzel, P.R. 2001.  Plant Community Parameter Estimates and Documentation for the Across Trophic 
Level System Simulation (ATLSS).  Data report prepared for the ATLSS project team.  Knoxville, TN. 

Contact 
This PM was based on:  GE-E18 Snail Kite – Foraging habitat vegetation structure (version 8/5/03) 
Yvette Alger (contact for Site 1 Impoundment Project) 
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TABLE C.1-6 HILLSBORO SITE 1 IMPOUNDMENT PM, APPLE SNAIL 
REPRODUCTION 

Evaluation Performance Measure Name and Number 
Hillsboro Site 1 Impoundment PM:  Apple snail reproduction 

Justification 
The snail kite (Rostrhamus sociabilis) is an endangered raptor whose distribution in the United States is 
restricted to the South Florida Ecosystem, including watersheds of the Everglades, Lake Okeechobee, 
Kissimmee River, and Upper St. Johns River. Because snail kites feed almost exclusively on one 
species of aquatic snail (the apple snail, Pomacea paludosa), their survival depends directly on the 
hydrologic functioning of these watersheds (Bennetts et al. 1998).  Apple snail populations, and 
therefore, snail kite habitat suitability, are particularly affected by severe and untimely drydowns 
(Darby et al. 1997). Apple snails require water levels above ground surface in order to produce egg 
clusters, and newly hatched snails are less able to survive dry periods that are adult-sized snails (Darby 
1997 and 2003).  Darby (1997 and 2003) has documented a peak in apple snail egg cluster production 
in March – April and has suggested that dryouts below ground level prior to or during this peak can 
substantially reduce apple snail populations through reduced egg cluster production and reduced 
hatchling survival. The Everglades watershed has experienced, and continues to experience, substantial 
degradation including increased number and severity of drydowns in many areas (Weaver et al. 1993). 
CERP implementation should help to reverse these trends and support increasing abundance of apple 
snails and snail kites. The Endangered Species Act requires the Corps to evaluate the effects of CERP 
on listed species. 

CERP Evaluation Target 
Reduced number of years in which water levels fall below ground surface prior to May 1, consistent 
with NSM patterns. 

Evaluation Protocol 
This performance measure uses SFWMM 2x2 output to evaluate the number of years in which water 
levels fall below ground surface prior to May 1. Predicted water levels for April 30 of each year of the 
36-year record will be averaged across each indicator region and compared to the average ground 
surface for each indicator region.  A table will list each indicator region and the number of years in 
which water levels were below ground surface on April 30 – prior to May 1 for NSM, the base cases, 
and the evaluated alternative(s). The goal is to reduce the number of drydowns before May 1 to match 
the NSM frequency. Fewer drydowns before May 1 than predicted by NSM are desirable when this 
does not conflict with other performance measures. 
 
This performance measure is applied to the following Indicator Regions: 24-25, 26-27. 

Source and History of Evaluation Protocol 
This performance measure was used in evaluations of the Modified Water Deliveries Canals and 
Levees alternatives and in evaluation of the ISOP and IOP. 
 
Bennetts, R.E., W.M. Kitchens, and D.L. DeAngelis. 1998. Recovery of the Snail Kite in Florida: 
Beyond a reductionist paradigm. Transactions North American Wildlife and Natural Resources 
Conference. 
 
Darby, P.C. 2003.  Direct and Indirect Effects of Hydrology on Florida Apple Snails.  Presentation 
given to the South Florida Ecosystem Working Group’s Avian Ecology Workshop.  March 17-18, 
2003, Key Largo, FL. 
 
Darby, P.C., PL. Valentine Darby, R.F. Bennetts, J.D. Croop, H.F. Percival, and W.M. Kitchens. 1997. 
Ecological studies of apple snails (Pomacea paludosa, Say). Final Report prepared for South Florida 
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Water Management District and St. Johns River Water Management District. Contract # E-6609, 
Florida Cooperative Fish and Wildlife Research Unit, Gainesville, Florida.  
 
Weaver, J. And B. Brown (chairs). 1993. Federal Objectives for the South Florida Restoration. Report 
of the Science Sub-Group of the South Florida Management and Coordination Working Group. 87 pp. 

Contact 
This PM was based on:  DECOMP PM 6.1(e) Snail Kite – Apple snail reproduction (DRAFT)  
Updated: 4/30/03 
Yvette Alger (contact for Site 1 Impoundment Project) 
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TABLE C.1-7   HILLSBORO SITE 1 IMPOUNDMENT PM, REDUCE RATE OF 
CATTAIL EXPANSION 

 
Performance Measure Name and Number 

Hillsboro Site 1 Impoundment PM:  Reduce Rate of Cattail Expansion 

Justification  
Changes in hydrology and phosphorus inflows over the last 30 years have resulted in a 
conversion of ridge and slough vegetation to cattail (Newman et al. 1996). Large areas of 
WCA-2A have been invaded by cattail (Rutchey and Vilchek, 1999). This conversion to cattail 
tends to fill in the deep water sloughs needed as refuge by aquatic organsims during the dry 
season. Conversion to cattail can also change the biodiversity, soil structure and the basic 
biogeochemical processes needed to sustain the oligotrophic nutrient regimes and the organic 
structure of both ridges and sloughs (Sklar et al. 2001, 2002, 2003).  

CERP Evaluation Target 
A series of 3 targets, phased from one into another is recommended. The first target is to 
decrease the current rate of conversion to cattail. The second target is to increase the rate of 
rehabilitation of the ridge & slough habitats. The final target is to completely replace all 0.5 
acre, monospecific stands of cattail with ridge and slough habitats. Target optimization would 
minimize the time required to maximize slough recovery. 

Evaluation Protocol 
Format: histogram of presence/absence of macrophyte community types for each basin and 
maps of macrophyte community distributions. 

Source and History of Evaluation Protocol 
Newman, S. Grace and Koebel. 1996. The effects of nutrients and hydroperiod on mixtures of 
Typha. Ecol. Apps 6:774. 
Rutchey, K. and L. Vilchek. 1999. Air photo interpretation and satellite imagery analysis 
techniques for mapping cattail. Photogr. Eng. And Remote Sensing.  
Sklar, F. et al.  2001, 2002, 2003. Everglades Consolidated Report 
Fitz, C. and Sklar. 1999. Ecosystem analysis of phosphorus and hydrology: a landscape 
modeling approach. In Reddy (ed), Lewis Publishers 

Contact 
H. Carl Fitz (cfitz@sfwmd.gov)  
DECOMP PM 7.1(a) Restore Wetland Extent and Function: Cattail (Decomp PM used ELM, 
but we are using different model) 
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TABLE C.1-8  HILLSBORO SITE 1 IMPOUNDMENT PM, PERIPHYDON HABITAT 
SUITABILITY INDEX 

 
Evaluation Performance Measure Name and Number 

Hillsboro Site 1 Impoundment PM:  Periphyton Habitat Suitability Index 

Justification  
Periphyton is a ubiquitous feature of Everglades marshes and responds strongly in structure 
and function to alterations in hydrologic conditions and water quality.  Browder et al. (1994) 
describes three periphyton types associated with hydrologically distinct regions of the 
Everglades: 1) benthic mats or “sweaters” associated with short hydroperiod marshes (flooded 
0-8 months); 2) metaphyton (floating mats) associated with longer hydroperiod marshes 
(flooded 8-30 months); 3) acid-loving epiphyton associated with very long hydroperiods 
(flooded > 30 months) that only occur within the Arthur R. Marshall Loxahatchee National 
Wildlife Refuge (LNWR).  The spatial distribution of the major periphyton types for the 
Everglades is shown in figure 1.  Through interactions with the physiochemical environment 
and other biota, periphyton influences many features of the Everglades ecosystem (e.g., soil 
quality, secondary production, and nutrient concentrations and dissolved gasses).  Therefore, it 
is not only a sensitive indicator of environmental change but can also be an early warning 
signal of impending change in other components of the ecosystem. 

CERP Target 
Increase the aerial coverage of habitats suitable for periphyton and that reflect NSM-based 
targets for Water Conservation Area 2A and LNWR. 

Evaluation Protocol 
The Periphyton Habitat Suitability Index (PHSI) is a time-averaged, spatially-variable index 
that is a function of the average hydroperiod for the simulation period and is partitioned into 
three models that represent the structurally different Everglades periphyton communities 
(Benthic, Floating [Metaphytic], and Epiphytic).  The suitability functions for floating and 
epiphytic periphyton are described below, where t equals the number of months of continuous 
inundation.  The Epiphyton Periphyton Suitability Index (EPSI) is not included because it is 
only applicable for the LNWR (we need to include Lox).  The suitability functions for each 
index are shown in figure 2. 
1) Epiphytic Periphyton Suitability Index (EPSI).... 
2) Floating Periphyton Suitability Index (FPSI) describes floating mats within ridge and slough habitats 

and is defined as: 
FPSI = 1-exp[-(t/8)9] for t ≤ 10.5 months 
FPSI = exp[-t/50)15] for t > 10.5 months 

A composite function (PHSI) for the Everglades can be made by combining each of these 
models.  HSI values range between 0 and 1, with 0 indicating regions not suitable and 1 
indicating regions suitable for periphyton.   
Model output includes spatial maps of mean annual PHSI values and summary tables; thereby, 
allowing for comparisons among hydrologic alternatives, indicator regions, and landscape 
types.  Figure 3 illustrates the PHSI spatial distribution for the natural system determined using 
the NSM.  Values that spatially reflect NSM are acceptable. 
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Source and History of Evaluation Protocol 
Browder, J.A. P.J. Gleason, and D.R. Swift. 1994. Periphyton in the Everglades: Spatial 
Variation, Environmental Correlates, and Ecological Implications. In: S.M. Davis and J.C. 
Ogden [eds.], Everglades: The Ecosystem and Its Restoration. St. Lucie Press Delray Beach, 
FL, pp. 379-418, 
Everglades Ridge and Slough, and Marl Prairie and Rocky Glades CEMs attribute 
Gaiser, E. D. Childers, J. Browder S. Newman, L. Blum, R. Sharitz, S. Davis, and K. Tarboton. 2003. 
Periphyton Habitat Suitability Index.  Chapter 5. In: K. Tarboton [ed] Habitat Suitability Indices. 

Contact 
RECOVER Regional Evaluation Team 
Matt Harwell, USFWS 
Brenda Mills, SFWMD 
Scot Hagerthey, SFWMD 
DECOMP PM 7.1(b)  Periphyton Habitat Suitability Index 
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FIGURE C.1-1: SPATIAL DISTRIBUTION OF THE THREE PERIPHYTON TYPES 
BASED ON HYDROLOGY (I.E., MONTHS OF INUNDATION).   

Modified from Gaiser et al. 2003. 
 

 
FIGURE C.1-2:  HABITAT SUITABILITY INDEX FOR THE THREE EVERGLADES 

PERIPHYTON TYPES (BENTHIC, FLOATING, AND EPIPHYTON) AS A FUNCTION 
OF HYDROPERIOD 

From Gaiser et al. 2003. 
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FIGURE C.1-3:  SIMULATION OF THE MEAN ANNUAL PERIPHYTON 

SUITABILITY INDEX FOR THE NATURAL SYSTEM 
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TABLE C.1-9  HILLSBORO SITE 1 IMPOUNDMENT PM, RESTORE NUMBER AND 
ACRES OF FUCTIONAL TREE ISLANDS 

 
Performance Measure Name and Number 

Hillsboro Site 1 Impoundment PM: Restore number & acres of functional tree islands 

Justification  
Tree islands are a unique and important component of the Everglades landscape. They are 
biodiversity hotspots where numerous birds, mammals and reptiles forage, mate and nest. 
Large numbers of tree islands north of Tamiami Trail have been replaced by marsh vegetation 
due to both fire and prolonged ponding. WRDA 2000 calls for no further destruction of tree 
islands, and the Everglades Forever Act of 1994 calls for hydrologic restoration and no further 
“imbalance.”  Tree islands in certain regions of the Everglades have experienced altered 
hydroperiod due to water management and as a result, are within the jurisdiction of Florida 
Statutes on the establishment of Minimum Flows and Levels. Everglades restoration efforts 
will result in dramatic changes in the depth patterns in ridge and slough landscapes that 
encompass a large number of tree islands.  

DECOMP Evaluation Target 
Restore the acres and number of trees islands within the envelope of expected results from 
NSM. 

Evaluation Protocol 
The Everglades Landscape Vegetation Model (ELVM) has been used to investigate whether an 
observed trend in tree island loss is reversible and if tree islands can be used as performance 
measures or ecological indicators for CERP (Wu et al. 2002).  The ELVM is a tool to 
understand the spatial and temporal interactions among vegetation, water depth, hydroperiod, 
fire, and nutrients. Simulations of the ELVM indicated that tree island water depths greater 
than 30 cm and hydroperiods longer than 150 days have decreased tree island survival rates in 
WCA-2A. According to the model, about 60% of tree islands lost in WCA-2A in the last few 
decades can be recovered by restoring the NSM hydrological regimes.   
 
The ELVM uses SFWMM outputs to simulate the responses of tree islands both temporally 
and spatially. When combined with NSM the ELVM will evaluate the following:  
(1) Acres of lost tree islands that can be restored; 
(2) Acres of tree islands that will continue to be lost; 
(3) The location of tree islands that can be restored;  
 
Future ELVM developments will evaluate the following: 
(4) The overall biomass and health of tree islands; 
(5) The species composition of tree islands; 
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Newly completed historical tree island mapping of 1940, 50, 70, 80, and 95 by SFWMD will 
be the benchmark information for model calibration and sensitivity analysis. Required input 
data sets also include revisions of topography based on USGS/USACE Lidar data, and 2x2 
water depth output from NSM and SFWMM.  
 
 

Source and History of Evaluation Protocol 
Yegang Wu, Ken Rutchey, Weihe Guan, Les Vilchek and Fred H. Sklar. 2003. “Spatial 
Simulations of Tree Islands for Everglades Restoration”. In. Tree Islands of the Everglades”. 
Edited by Fred H. Sklar and Arnold van der Valk. P469-498. 
Yegang Wu, Weihe Guan, Fred H. Sklar, Frank Chang. 2001. “Modeling spatial and temporal 
dynamics of the Everglades with GIS: Development of a GIS interface for the Everglades 
Landscape Vegetation Model”. In. Integrating GIS and Environmental Modeling (GIS/EM4): 
Problems, Prospects and Research Needs. 
Lorraine Heisler, Yegang Wu, Fred Sklar, Christopher McVoy, Tim Towles, Michelle Irizarry, 
Ken Tarboton. 2002. “Hydrologic Suitability Indices for Everglades Tree Islands”. 

Contact 
Yegang Wu (SFWMD) 
Ywu@sfwmd.gov  561-682-6686 
DECOMP PM 9b: Restoration of Tree Islands: Restore number and acres of functional islands 
to pre-drainage conditions 
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TABLE C.1-10  HILLSBORO SITE 1 IMPOUNDMENT PM, MINIMIZE FREQUENCY 
OF DRY OUT 

 
Evaluation Performance Measure Name and Number 

Hillsboro Site 1 Impoundment PM:  Minimize Frequency of Dry-out 
Justification  

The frequency of impoundment dry out events should be minimized through impoundment design and 
operation.  Impoundment dryout may, in some cases, deteriorate water quality for some parameters in 
the impoundment outflow. For example, dryout followed by reflooding may result in the release of 
minimally sequestered compounds such as organic P, soluble reactive P (SRP), organic and ammonium 
nitrogen, cations and anions such as calcium, iron, sodium, and sulfate, methylated mercury 
compounds, and trace organics such as pesticides and herbicides into the reflooded water column. 
Upon discharge, some of these resuspended and dissolved constituents may be released to downstream 
waters. 
 
The frequency of impoundment dryout can be altered through impoundment siting and design. For 
some water quality parameters it is currently suspected that dryout will potentially result in degradation 
of water quality and the possible release of degraded water compared to the inflow water quality. The 
extent and actual importance of this potential water quality degradation is not well understood at this 
time but can be suspected to be highly dependent upon the actual circumstances of the dryout, 
including its duration and frequency, the season when it occurs, the pre-existing ecological status of the 
impoundment prior to the dryout (plant community, water depth, populations of fish or other wildlife, 
etc.), management of the impoundment during the dryout by fire, tilling, or other plant control 
activities, and by stochastic variation. 
 
When an impoundment dries out, the P-enriched soil in the impoundment may release phosphorus.  
When the impoundment is re-wetted, there is a potential flush of phosphorus into the water column that 
can cause increased phosphorus levels in discharge water. In addition, the production of 
methylmercury is increased with frequent drying and re-wetting events. Drydowns of the impoundment 
may produce pulses of methylmercury production; stimulate corresponding bioaccumulation in 
wildlife, increase exposure, and risks of toxic effects.  
 
Dryout is intentionally used in many lakes and manmade impoundments for sediment consolidation 
(increasing water storage volume) and for control of aquatic weeds.  The effects of dryout, may be 
mitigated by impoundment design and by operation. For example, inclusion of perennially wet “deep 
zones” within the footprint of the impoundment that extend below the lowest surface elevation of the 
local water table may mitigate some water quality changes in drier areas.  Holding water after 
impoundment dryout before eventual release downstream may allow re-adsorption of some dissolved 
contaminants such as phosphorus, nitrogen, and methylated mercury. 
 
For the reasons described above, it is important to evaluate dry-out with consideration of subsequent 
residence time in mind.  However, as a general rule, it would be prudent to minimize the frequency and 
duration of dry-outs. 
 

CERP Evaluation Target 
The target is to minimize the frequency and duration of dry-out events in the impoundment, with the 
target of zero dry-out events. A dry-out event is defined as an event where water level within the 
impoundment is equal to or less than the average ground surface elevation for one day (50% of the 
ground surface is not covered by water but may be saturated while 50% is covered by surface water).   
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Evaluation Protocol 
Use the SFWMM results to calculate the total number of dry-out events (lasting one day or more) 
occurring during the 36-year period of record.   
Calculate the average duration of dry-out events (days/event) for each year during the 36-year period of 
record.  This will allow reviewers to focus on impoundment performance during select years, 
especially dry years. 

Contact 
This PM was based on two EAA SR PMs:  Frequency of Dry-out and Duration of Dry-out 
Yvette Alger (contact for Site 1 Impoundment Project) 
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TABLE C.1-11  HILLSBORO SITE IMPOUNDMENT PM, MINIMIZE DURATION OF 
DRY OUT 

 
Evaluation Performance Measure Name and Number 

Hillsboro Site 1 Impoundment PM:  Minimize Duration of Dry-out 

Justification  
The duration of impoundment dry out events should be minimized through impoundment 
design and operation. 
Impoundment dryout may, in some cases, deteriorate water quality for some parameters in the 
impoundment outflow. For example, dryout followed by reflooding may result in the release of 
minimally sequestered compounds such as organic P, soluble reactive P (SRP), organic and 
ammonium nitrogen, cations and anions such as calcium, iron, sodium, and sulfate, methylated 
mercury compounds, and trace organics such as pesticides and herbicides into the reflooded 
water column. Upon discharge, some of these resuspended and dissolved constituents may be 
released to downstream waters. 

CERP Evaluation Target 
Minimize the duration of dry-out events in impoundments, with the target of minimizing the 
number of consecutive days of unplanned dry-out events. A dry-out event is defined as an 
event where water level within an impoundment is equal to or less than the average ground 
surface elevation for one day (50% of the ground surface is not covered by water but may be 
saturated while 50% is covered by surface water).  Consecutive day events could be defined as 
“greater than or equal to two consecutive days”. 

Evaluation Protocol 
Use the SFWMM results to calculate the average duration of dry-out events for each year 
during the 36 year period of record.  This will allow reviewers to focus on impoundment 
performance during select years, especially dry years. 
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TABLE C-1-12  HILLSBORO SITE 1 IMPOUNDMENT  GE-EX HIGH AND LOW 
WATER LEVELS IN THE WCA-1, A.R.M. LOXAHATCHEE NATIONAL WILDLIFE 

REFUGE 
 

Draft Evaluation Performance Measure 
GE-EX High and Low Water Levels in the WCA-1, A.R.M. Loxahatchee National 
Wildlife Refuge  

Justification  
  
Water levels in the interior marsh of the A.R.M. Loxahatchee National Wildlife Refuge are 
regulated to produce maximum benefits among the various interests-flood control, water 
supply, fish and wildlife, and preservation of salt water intrusion. To produce these benefits, 
the water level in the refuge is adjusted as the year progresses, either by a release of water 
from Water Conservation Area 1, an intake of water from Lake Okeechobee, or by a 
combination of water releases and intake (USFWS 2000). The particular action taken to 
release, intake, or retain water is dependent upon the water elevation in a given month.  
 
Construction of the levees has had significant effects on the hydrology, vegetation, and 
wildlife in the refuge. The shallow shorter hydroperiod marshes that once surrounded the 
refuge have been replaced by deepwater habitats along the canals. Lost is the mosaic of 
habitats that provided, in the same year, the availability of deeper water slough habitats for 
foraging snail kites and shallower marshes for foraging wading birds (e.g., wood storks). 
Changes in the natural timing of water levels affect wading bird feeding patterns, apple snail 
reproductive output, and alligator nesting. In addition, changes in the patterns of water depth 
have resulted in changes in aquatic vegetation and tree islands. In areas that have become 
wetter, particularly along the rim canal, tree islands have decreased in size and number 
(Brandt 2000), and more aquatic communities have developed (Hagenbuck et al., 1974). In 
drier areas, particularly the northern portion of the refuge, woody vegetation has become more 
abundant (Hagenbuck et al., 1974). Lower water levels, particularly during the dry season, 
increase the potential for fire and for fires to burn hotter, resulting in more damage to 
vegetation and soils. Another consequence of impoundment has been the reduction of water 
flow through the refuge. A reduction in flow rates has changed the patterns of nutrient 
transport, seed dispersal, soil accretion, or loss. Brandt (2000) provided some evidence that 
changes in flow as well as hydroperiods and depths have contributed to the changes in the 
patterns of tree islands in the refuge. The importance of flow as a structuring process, as well 
as hydroperiods, should be considered for the maintenance of the ecological integrity of the 
refuge and the Everglades. 
 

CERP Evaluation Target 
The target is for water levels to be maintained within Zones A2 and B of the water regulation 
schedule for Water Conservation Area 1, A.R. M. Loxahatchee National Wildlife Refuge. The 
target is to minimize the number, duration, and magnitude of the events where water levels 
reach Zone A1 and Zone C of the regulation schedule. Flood conditions occur in the refuge 
when water levels reach Zone A1 and drought conditions occur when water levels reach Zone 
C. The current water regulation schedule for Loxahatchee NWR does not fully represent 
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restoration goals and targets, but is based on available science. Conditions under the current 
regulation schedule remain too dry in the northern regions of the refuge and too wet in the 
southern regions. As additional information becomes available, more appropriate restoration 
targets may be developed. 
 

Evaluation Protocol 
The average depth for a given day is calculated for each grid cell and these values are 
averaged over the cells within the indicator region to obtain an average depth for the indicator 
region for that day. The average daily water depths are compared to the Zones of the 
regulation schedule. The number of days, the duration, and the magnitude of events is then 
calculated for the period of record. 
1) Period of record (POR) = 1965-1995 simulation period. 
2) Duration of high (Zone A1) or low events (Zone C)  is the number of days that water levels 
rise or fall  into Zones A1 and C of the regulations schedule for the period of record: duration 
of high or low 
event = sum[duration of each extreme event in days] / event 
3) Magnitude of events is the number of feet above or below Zone B or Zone A2 for each 
event. 
High and low water levels are defined using thresholds defined by the water regulation 
schedule for Water Conservation Area 1, A.R.M. Loxahatchee National Wildlife Refuge 
(USFWS 2000). 
 
Model output will be an X-Y scatter graph titled “High and Low Water Levels for WCA-1 " 
with the X- axis indicating the duration days, the Y-axis indicating the magnitude (number of 
feet above or below) depths exceed Zones A2 and B of the regulation schedule for an 
indicator region. The target envelope is that there are zero events where water levels enter 
Zone A1 and Zone C of the regulation schedule. Each event is indicated on the X-Y graphic 
for each indicator region. 
 
A table titled “High and Low Water Levels for WCA-1 Indicator Regions” will be produced. 
The table will include the number of low and high events, the duration (days/events) of events 
over the period of record, and the magnitude of the each type of event of the period of record 
for the 3 indicator regions in WCA-1. Results for each alternative are compared. 

Source and History of Evaluation Protocol 
Brandt 2000 
Hagenbuck et al. 1974 
USFWS 2000 

References 

USFWS. 2000. Arthur R. Marshall Loxahatchee National Wildlife Refuge Comprehensive 
Conservation Plan. A.R.M. Loxahatchee National Wildlife Refuge. Boynton Beach, 
Fl. (http://loxahatchee.fws.gov/CCP/index.asp) 

Contact 
Susan Teel  susan_teel@fws.gov 
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WCA 1 WATER REGULATION SCHEDULE
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FIGURE C.1-4 WCA-1 WATER REGULATION SCHEDULE 
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TABLE C.1-13  WATER RETAINED BY A.R.M LOXAHATCHEE NATIONAL 
WILDLIFE REFUGE 

Evaluation Performance Measure Name and Number 
Water Retained by A.R.M. Loxahatchee National Wildlife Refuge 

Justification  
Water levels in the interior marsh of the A.R.M. Loxahatchee National Wildlife Refuge are 
regulated to produce maximum benefits among the various interests-flood control, water 
supply, fish and wildlife, and preservation of salt water intrusion. To produce these benefits, 
the water level in the refuge is adjusted as the year progresses, either by a release of water 
from Water Conservation Area 1, an intake of water from Lake Okeechobee, or by a 
combination of water releases and intake (USFWS 2000). The particular action taken to 
release, intake, or retain water is dependent upon the water elevation in a given month.  
 
Water retained in the marsh and not drawn away for water supply purposes help to meet 
hydrologic targets in the Refuge.  
 

CERP Evaluation Target 
Reduced volume of water withdrawn from the Refuge to meet water supply needs. 

Evaluation Protocol 
A water budget graphic will be produced for the Period of record (POR) = 1965-1995 
simulation which details the volume of water entering and leaving WCA1 from all structures. 
The volume of water representing reduced water supply demands on the Refuge will be 
calculated by comparing the 2050 without project water supply volumes to the 2010 with 
project volumes for structures S-39, G300, G301, G94A, G94B, G-94C, and G-94D. The 
summary of reduced water supply draw through these structures represents the quantity of 
water retained by the Refuge.  

Source and History of Evaluation Protocol 
 

References 
 
Richardson, John R.; W.L. Bryant; W.M. Kitchens; J.E. Mattson; K.R. Pope. 1990. An 

Evaluation of Refuge Habitats and Relationships to Water Quality, Quantity and 
Hydroperiod. Florida Cooperative Fish and Wildlife Research Unit, University of 
Florida. Gainesville, Florida. 

 
U.S. Fish and Wildlife Service. 1996. Annual Narrative Report for A.R.M. Loxahatchee 

NWR, Boynton Beach, Florida. 

USFWS. 2000. Arthur R. Marshall Loxahatchee National Wildlife Refuge Comprehensive 
Conservation Plan. A.R.M. Loxahatchee National Wildlife Refuge. Boynton Beach, 
Fl. (http://loxahatchee.fws.gov/CCP/index.asp) 

Contact 
Susan Teel  susan_teel@fws.gov 
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TABLE C.1-14  REDUCE TP LOADS TO A.R.M. LOXAHATCHEE NATIONAL 
WILDLIFE REFUGE 

Evaluation Performance Measure Name and Number 
Reduce TP loads to A.R.M. Loxahatchee National Wildlife Refuge 

Justification  
Historic phosphorous loading in the northern Everglades is believed to have averaged about 10 
parts per billion over time. Water quality is an important variable necessary to support the 
oligotrophic soft water marsh system of the A.R.M. LNWR, an Outstanding Florida Water 
body.  Historically, the Refuge received water primarily from rainfall and from Lake 
Okeechobee. Currently, approximately 91 percent of the water pumped into the refuge is 
drained from agricultural lands and developed lands east of the refuge. High nutrient runoff 
(specifically phosphorus) from agricultural lands is one of the most serious issues facing the 
refuge; this runoff causes proliferation of cattails and other undesirable plant species that 
negatively affect the ecosystem’s balance. Areas in the western, southwestern, southern, and 
southeastern portions of the refuge continue to be eutrophied by the influx of nutrients (Fish 
and Wildlife Service 1996). 
 
Rain fall typically has lower TP concentrations (30-50 ppb) and conductivity (<100 micro-
mhos)) levels than water pumped into the Refuge, therefore, it is beneficial to conduct water 
management activities that minimize the nutrient loads entering the Refuge (Richardson 
1990).The concentration of TP is lower at outflow site than at inflow site indication 
phosphorus uptake by the marsh. When water containing low TP levels is removed from the 
southern end of the Refuge to meet water supply needs, the water regulation schedule requires 
that an equal volume of replacement water be pumped into the northern reach of the Refuge 
preceding the withdraw. The makeup water typically has higher TP concentrations then the 
water removed for water supply. This replacement water also has an associated TP load. The 
volume of reduced water supply draws from the Refuge translates to reduced need for Lake 
Okeechobee “make up” water and a reduced TP load associated with the “make up” water. 
 

CERP Evaluation Target 
Reduce TP load entering the A.R.M. Loxahatchee NWR  through structures 

Evaluation Protocol 
A water budget graphic will be produced for the Period of record (POR) = 1965-1995 
simulation which details the volume of water entering and leaving WCA1 from all structures. 
The volume of water representing reduced water supply demands on the Refuge will be 
calculated by comparing the 2050 without project volumes to the 2010 with project for 
structures S-39, G300, G301, G94A, G94B, G-94C, and G-94D. The summary of reduced 
water supply draw through these structures represents the quantity of water retained by the 
Refuge. This volume is equal to the amount of water that would have to be made up with Lake 
Okeechobee without the project if these demands were not met by the Hillsboro Site 1 
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Impoundment. Lake Okeechobee make up water will be assumed to have a TP concentration 
of 50ppb (2010 as required by EFA) for the purpose of calculating the load. The volume of 
water equal to the reduced demand at a TP concentration of 50ppb TP will be used to calculate 
reduce load to the Refuge. For the 2050 simulation water entering the Refuge is assumed to 
meet the default EFA requirements of 10ppb TP. 

Source and History of Evaluation Protocol 
 

References 
 
Richardson, John R.; W.L. Bryant; W.M. Kitchens; J.E. Mattson; K.R. Pope. 1990. An 

Evaluation of Refuge Habitats and Relationships to Water Quality, Quantity and 
Hydroperiod. Florida Cooperative Fish and Wildlife Research Unit, University of 
Florida. Gainesville, Florida. 

 
U.S. Fish and Wildlife Service. 1996. Annual Narrative Report for A.R.M. Loxahatchee NWR, 

Boynton Beach, Florida. 

USFWS. 2000. Arthur R. Marshall Loxahatchee National Wildlife Refuge Comprehensive 
Conservation Plan. A.R.M. Loxahatchee National Wildlife Refuge. Boynton Beach, Fl. 
(http://loxahatchee.fws.gov/CCP/index.asp) 

Contact 
Susan Teel  susan_teel@fws.gov 
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TABLE C.1-15 HILLSBORO SITE 1 IMPOUNDMENT PM, AVERAGE ANNUAL 
STRUCTURAL HYDRAULIC LOAD OF TP TO WCA-2A 

 
Evaluation Criteria Name and Number 

Hillsboro Site 1 Impoundment PM:  Average Annual Structural Hydraulic Load of TP to WCA-
2A 

Justification  
Elevated mass loading of organic and inorganic forms of TP (in excess of atmospheric 
deposition), in surface waters in the greater Everglades wetlands is a critical short-/medium-
term measure of water quality, and is significantly correlated to soil eutrophication and 
community successional changes in vegetative habitat and periphyton. 
TP loading is variable in space depending on the size of the receiving basin, but the WCA-2A 
hydrologic basin has had annual loads on the order of 70 metric tons per year, via inflow water 
control structures in recent decades (unpublished data, Walker, 1999) 

CERP Evaluation Target 
Project alternatives should be compared with the base and future conditions to determine which 
results in the lowest TP loading. 

Evaluation Protocol 
Use average annual water budgets to calculate the total annual volume of structural inflows to 
WCA-2A.  Convert volumes to TP loads based on expected TP concentrations of individual 
inflow sources. 

Source and History of Evaluation Protocol 

Everglades Ridge and Slough, Marl Prairie and Rocky Glades, Mangrove Estuarine Transition, and Big 
Cypress CEMs stressor 

Contact 
Yvette Alger, FWC 
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TABLE C.1-16 SITE 1 IMPOUNDMENT, IMPOUNDMENT STAGE AND DURATION 
OF STAGE 

 
Evaluation Criterion Name 

Site 1 Impoundment:  Impoundment stage and duration of stage 

Justification  
Impoundments of varying depths are a major component of many CERP projects.  Typically, 
impoundments are located on lands that currently provide minimal fish and wildlife habitat function 
due to degradation associated with previous on-site activities, adjacent development, and encroachment 
by nuisance species.  Impoundments that have a primary function of water storage may also be 
designed and function to provide habitat for fish and wildlife without adversely affecting the primary 
purpose of the project. To provide fish and wildlife habitat functions, impoundments may be designed 
to include littoral zones typically vegetated with emergent species, and deep-water zones (refugia) 
where aquatic animal species may congregate as water levels in adjacent areas recede.   Depending on 
the operational regime, impoundments may be functionally similar to small, shallow lakes common in 
Florida.  The impoundments of the Upper St. Johns project are an example.  Impoundments that 
include such design and operational features would result in the creation of littoral and limetic 
lacustrine wetland habitats.   The beneficial effects of creating such habitat types may be incidental to a 
project or may result in stand-alone benefits that contribute to the justification of the project.   

CERP Evaluation Criteria 
The evaluation criteria are the number of times that impoundment water levels drop to the average 
bottom elevation of the impoundment and the duration in weeks of those events.  An uninterrupted  
duration of greater than 2 weeks (?) would adversely affect animal populations in the impoundment.  
An uninterrupted duration of greater than 24 weeks (?) would adversely affect impoundment 
vegetation.  A target is not established for this performance measure, since the primary purpose of the 
impoundment is to provide an alternate source of water supply to adjacent developed areas of Palm 
Beach and Broward Counties in lieu of withdrawals from Loxahatchee National Wildlife Refuge and 
WCA-2A.   

Evaluation Protocol 
Using data from the SFWMM, the appropriate section (Palm Beach County) of the Lower East Coast 
sub-regional model will be utilized to simulate impoundment water levels.  Three indicators are 
evaluated.   
 
A table consisting of five columns should be prepared.  The first column will identify the alternative 
plan being evaluated.  The second column will be the number of times water levels drop to xx during 
the period of record.  The third column will be the number of times in the POR that the duration of 
water levels at or below xx exceeds 14 days.  The fourth column will be the number of times in the 
POR that the duration of water levels at or below xx exceeds 24 weeks.  The fifth column will be the 
sum across the rows for columns 2-4.  The lowest sum is the best plan, in terms of providing on-site 
wetland habitat.   
   
 Source and History of Evaluation Protocol 
This evaluation criterion is adapted from the C&SF Restudy, Water Quality Team reservoir 
performance indicators (1999). 
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Contact 
Eric Bush (USACE) 
Eric.L.Bush@usace.army.mil 
904-232-1517 
Yvette Alger (FFWCC) 
Yvette.Alger@fwc.state.fl.us 
772-778-5094 

 



Appendix C  Environmental Information 

Final Site 1 Impoundment PIR and EA  April 2006 
Appendix C-35 

TABLE C.1-17  HILLSBORO SITE 1 IMPOUNDMENT PM, HILLSBORO CANAL TO 
BOCA RATON INLET LIVE BOTTOM COMMUNITIES 

 
Assessment Performance Measure Name and Number 

Hillsboro Site 1 Impoundment PM:  Hillsboro Canal to Boca Raton Inlet Live Bottom 
Communities  

Justification and Current Condition 
Water bodies in the Lower East Coast Planning Area are seriously degraded in the heavily 
urbanized areas, including the numerous man-made canals.  The drainage area of the Hillsboro 
Canal has been degraded by urban runoff and historic wastewater discharges, and by 
agricultural runoff in western and northern portion of the basin.  Problems associated with 
these pollutants vary, but may include high nutrient concentrations, high bacteria counts, dense 
growth of undesirable aquatic vegetation, low biological diversity, low dissolved oxygen 
concentrations, and the occurrence of exotic plants and animals.   
Seagrasses are a highly productive, faunally rich, and ecologically important habitat within the 
coastal lagoons and estuaries of South Florida.  In terms of primary productivity, a seagrass 
bed can produce four to ten times the weight of organic matter as that produced by a cultivated 
corn field of the same size.  Hundreds to thousands of species of flora and fauna may inhabit 
seagrass beds, utilizing the food, substrate, and shelter provided by these submerged plants.  
Rapidly growing seagrass leaves provide food for trophically higher organisms via direct 
herbivory or from the detrital food web; the canopy structure formed by these leaves offers 
shelter and protection.  This combination of shelter and food availability results in seagrass 
beds being the richest nursery grounds in South Florida’s shallow coastal waters.  As such, 
many commercial and recreational fisheries (e.g., clams, shrimp, lobster, fish) are associated 
with seagrass beds (FWS 1999). 
Seagrasses have experienced declines in abundance and distribution due to water quality 
degradation and through the direct loss of habitat related to dredge/fill activities (e.g., 
navigation channels, marinas) and boating impacts (e.g., propeller scars and groundings).  The 
degradation of water quality is largely the result of point source pollution (e.g., wastewater 
discharge, agricultural runoff, excessive fresh water discharge), nonpoint source pollution 
(e.g., stormwater runoff, leaching from septic tanks), and the alteration of adjacent watersheds 
(FWS 1999). 
Corals and sponges contribute to the heterogeneity of the Atlantic Intracoastal Waterway 
(AICW) near the Hillsboro Inlet, enabling attachment of other organisms (Myers and Ewel 
1990).  Live bottom communities are populated by sponges, small (ahermatypic) hard corals, 
tunicates, bryozoans, algae, and sabellariid worms.  The structure of this community provides 
habitat for an array of plants and animals found in this area . 
Historically a fresh water system, the AICW between the Boca Raton and Hillsboro Inlets has 
become an estuarine environment as a result of inlet construction.  This area of the AICW is 
narrow and a large portion of the shoreline is bulkheaded, however, corals and sponges are 
located near the Boca Raton Inlet and near some seawalls in Lake Boca Raton (PBCERM 
1992). Seagrasses are found in the estuarine portions of the Hillsboro Canal  and in the AICW 
near the Hillboro Inlet (Figure 1).  Large freshwater discharges alter the salinity of this area, 
affecting the distribution and abundance of corals and seagrasses.  Improvements in water 
quality, including increases in salinity and reduced nutrient loads should improve the health of 
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this community and potentially expand the distribution of all live bottom communities.   
CERP Restoration Expectation 

In the Boca Raton Inlet and Lake Boca Raton area, the restoration expectation is to improve 
the spatial extent of seagrasses, corals and sponges, downstream of the G-56 structure. Current 
salinity readings at estuarine stations range from 0.25 ppt to 34.5 ppt.  Since seagrass 
communities decline at salinity readings between 11 and 14 ppt  the reduction in flows at the 
G56 should result in salinity readings at stations 1 and 33 of between 11 and 28 ppt over the 
course of the rainfall year.  
Total Phosphorous and total Nitrogen have been associated with algal blooms, which affect 
live bottom communities by decreasing clarity and PAR readings among other variables.  
Since seagrasses and other live bottom communities require light to flourish, excess nutrients 
have a detrimental effect on these communities.  Historic data at Broward County stations 1 
and 33 indicate median Total Phosphorus levels of 125 ppb and 80 ppb, respectively.  These 
numbers are significantly higher than the countywide estuarine median of 48 ppb.  Median 
total nitrogen at these sites has been recorded at 100 and 81 ppm, respectively.  Median 
estuarine total nitrogen is 89 ppm.  Thus, we anticipate that the reduction in flows at the G56 
will result in lower median levels and annual average levels closer to countywide conditions, 
but expect the most improvements to be realized with Total Phosphorus.  In addition, the 
reduction of flows should reduce the high end (e.g., 75th percentile) concentrations that are 
seen as far downstream as the Hillsboro Inlet. 
Seagrasses currently cover approximately 442 acres in the estuarine portion of the Hillsboro 
Canal and AICW in northern Broward County. After implementation of the project, we expect 
to improve the spatial extent of seagrass coverage in this area.  
Broward County water quality monitoring stations are sampled quarterly for salinity, temperature, pH, 
specific conductance, total nitrogen, total phosphorous, chlorophyll a, pheophytin, fecal and total 
coliform. These data will provide a baseline for measuring improvements in the estuarine environment 
for water quality parameters. 

Using available research on optimal depths, turbidity, salinity, and water quality parameters, 
the spatial extent of suitable habitat for the FWO and alternatives will be calculated.  The 
reduction in turbidity and sedimentation will be a key factor since seagrasses can occur at 
depths of 12 feet or more with good water clarity. 
Broward County seagrass and live bottom surveys will be used to monitor the extent of 
coverage of these communities. 

Source 
Myers, R.L. & JJ Ewel, J.J., eds.  1990.  Ecosystems of Florida. University of Central Florida Press 
Orlando. 
 
PBCERM. 1992.  Palm Beach County, Florida, Estuarine Natural Resources Inventory and Resource 
Enhancement Study.  Palm Beach County Department of Environmental Resources Management. 
March 31, 1992. 
 
SFWMD. 2000. Lower East Coast Regional Water Supply Plan, Water Supply Planning and 
Development Department, SFWMD, Waste Palm Beach, FL 
 
U.S. Fish & Wildlife Service.  1999.  Multi-Species Recovery Plan for the Threatened and Endangered 
Species in South Florida. 
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Contact 

Jane Tutton, USFWS, Jane_Tutton@fws.gov 
Dianne Crigger, FDEP, Dianne.Crigger@dep.state.fl.us 
Kevin Carter, Broward County, KCARTER@broward.org 
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TABLE C.1-18 RESTORATION OF STAGE VARIABILITY 

 
Evaluation Performance Measure Name and Number 

Hillsboro Site 1 Impoundment PM:  Restoration of Stage Variability 

Justification  
The large spatial extent of the pre-drainage Everglades landscape was interconnected and internally 
unconstrained. Annual high and low surface water depths varied in response to seasonal and 
interannual weather patterns including, at times, dramatic storms. The effects of climatic variation on 
water depths were tempered by the large, unconstrained spatial extent of wetlands.  
 
In the postdrainage, compartmentalized system, floodwater can be stacked in wetlands, increasing 
depths. Excess water can be shunted to the coast by canals, impacting estuaries and reducing the water 
available to avoid future droughts. In today’s system, some parts of the greater Everglades exhibit a 
pattern of excessive depths, others exhibit more exaggerated drydowns and some areas experience 
both. Excessive amplitude is evident within and between years.  
 
This performance measure quantifies the seasonal amplitude and interannual variability of water levels 
in the Indicator Regions of the greater Everglades landscape and compares them to the pattern of 
variation found in the natural system. Replicating the historic range of seasonal peak high and low 
water levels as much as possible is needed to provide the pulses that organize productivity in this 
ecosystem without causing undue stress to native organisms. The effect of returning the annual 
amplitude and interannual variation in water depths to its classic predrainage pattern protects tree 
islands in the ridge and slough system from flooding and supports organic soil deposition in peat 
systems.  

CERP Evaluation Target 
The targets for Loxahatchee NWR and WCA-2A are the 95Base and NSM, respectively.  The goal is to 
have zero percent difference from target seasonal variation for each indicator region. Seasonal variation 
closest to target values are considered more likely to support native vegetation, aquatic fauna and to 
support the freshwater head driving flows toward Florida Bay. Indicators included are grouped by 
landscape type: ridge and slough and Arthur R. Marshall Loxahatchee National Wildlife Refuge ridge 
and slough. 

Evaluation Protocol 
This performance measure uses the difference between the maximum mean weekly stage and the 
minimum mean weekly stage to quantify seasonal variation in stage. For each indicator region listed 
below, mean stages for each week are calculated for the period of record for each alternative, base 
condition and NSM. The seasonal variation (the difference between highest maximum stage and lowest 
minimum stage for each mean model year) is calculated for each alternative and base condition and 
compared to the seasonal variation predicted by the NSM. 



Appendix C  Environmental Information 

Final Site 1 Impoundment PIR and EA  April 2006 
Appendix C-39 

The SFWMM and the NSM are used to evaluate these measures in indicator regions within the 
following landscape types: Arthur R. Marshall Loxahatchee National Wildlife Refuge ridge and slough 
(IR 26-27) and ridge and slough (IR 24-25) This performance measure replaces the “Mean Depth 
During Flooding and “Average Maximum Depth Below Ground During Dry Events”. In addition, this 
is a measure of seasonal variability, so in the water conservation areas it will replace the Alternative 
Evaluation Team seasonal performance measure that used mean October maximum and May minimum 
water depths. This performance measure uses weekly average water depths above and below ground to 
compare seasonal fluctuations and year-to-year variation in water levels compared to NSM and base 
values. 
Tables for each indicator region are generated include the following:  

4. Mean maximum stages for each indicator region for each alternative/base condition and NSM 
and the percent difference from target (NSM for WCA-2A and 95Base for LNWR),  

5. Mean minimum stages for each indicator region for each alternative/base condition and NSM 
and the percent difference from target 

6. Seasonal variation in stage (the difference between the 1and 2) and the percent difference from 
target for each indicator region for each condition.  

Graphics for each indicator region include the following: 
4. Temporal Variation in Mean Weekly stages 
5. Normalized Weekly Stage Duration Curve 
6. Seasonal Differences in Mean Stages and Percent of target (bar graph) 

Source and History of Evaluation Protocol 

Everglades Ridge and Slough, Marl Prairie and Rocky Glades, and Big Cypress CEMs stressor 
Alternative Evaluation Team performance measures 
USACE and SFWMD, 1999 

Contact 
This PM was based on:  DECOMP PM 1.3b Restoration of Stage: Variability & GE-E4 Seasonal 
Amplitude and Interannual Variability of Water Levels in the Greater Everglades Wetlands 
Yvette Alger (contact for Site 1 Impoundment Project) 
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C.2 ENVIRONMENTAL EFFECTS AND ECOSYSTEM RESPONSE EVALUATION 
 
C.2.1 Conceptual Ecological Models 
 
The bases for the ecological response evaluations of CERP project alternatives are the 
conceptual ecological models (CEMs) developed for south Florida ecosystem restoration.  The 
CEMs provide a scientifically and ecologically-based framework illustrating the relationships 
between societal drivers (like water management practices), stressors, key ecosystem attributes 
(e.g., periphyton community type), environmental effects of the stressors on the attributes (such 
as a change in the spatial extent of non-desirable aquatic vegetation), and performance measures 
or evaluation criteria which are indicators of environmental effects on ecosystem attributes.  
CEMs have been developed for the following ecological communities in South Florida:  Lake 
Okeechobee, the Caloosahatchee and St. Lucie estuaries, ridge and slough Everglades, Big 
Cypress basin, southern marl prairies, southern mangrove estuary, Biscayne Bay, Lake Worth 
Lagoon, and Florida Bay. 
 
The CEMs that are applicable for use in the evaluation of the environmental effects of the Site 1 
Impoundment are the Everglades Ridge and Slough CEM (ERSCEM) and Lake Worth Lagoon 
CEM (LWLCEM).  The ERSCEM addresses the oligotrophic marsh system of the historic 
Everglades and incorporates such communities as sawgrass praries, tree islands, and deep-water 
sloughs.  The LNWR and WCA-2A, the portion of the historic Everglades that would primarily 
be affected by the Site 1 Impoundment, is included in the geographic boundary of the ERSCEM.  
The LWLCEM addresses the estuarine habitat and although the affected areas of the Site 1 
Impoundment are not in the geographic boundary of the LWLCEM, the model is still applicable 
to the estuarine portions of the Hillsboro Canal and AIWW.  Figures C.2-1 and C.2-2 
respectively illustrate the ERSCEM and LWLCEM. 
 
 




