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Abstract 
Marl prairie, the graminoid-dominated and most diverse freshwater vegetation community in the 
Florida Everglades provides a specialized niche for the federally endangered Cape Sable seaside sparrow 
(CSSS).  Natural resource managers and land managers need modeling tools that simulate the 
anticipated response of marl prairie CSSS habitats to fluxing hydroperiods and hydropatterns resulting 
from anthropogenic effects such as restoration projects and water management operations as well as 
from climatic change.  The Cape Sable Seaside Sparrow Marl Prairie Indicator (CSSSMarlPrairie, version 
2.2) is a temporally and spatially explicit modeling tool that simulates hydrologic suitability of marl 
prairie habitats based on CSSS survey presence data.  CSSSMarlPrairie generates frequency return 
periods of hydrological conditions allowing users to model anticipated marl prairie CSSS responses over 
a range of fluxing climatic conditions from average rainfall conditions to more extreme drought and 
above average rainfall conditions.  The modeling tool integrates CSSS field survey data with marl prairie 
hydrologic targets at the resolution of the hydrologic simulation model (in this case the Regional 
Simulation Model) providing a novel approach for simulation of anticipated marl prairie responses in the 
southern Everglades.  The tool is intended to be used for decision support in association with other 
ecological modeling tools. It facilitates planning of ecosystem restoration projects such as those in the 
Comprehensive Everglades Restoration Plan and maintenance or recovery of the marl prairie habitats of 
the CSSS. 

Introduction 
Marl prairie is composed of a diverse, relatively short-hydroperiod, freshwater plant community mosaic 

dominated by species such as muhly grass (Muhlenbergia capillaris var. filipes), black sedge (Schoenus 
nigricans), south Florida bluestem (Schizachyrium rhizomatum), and short-stature sawgrass (Cladium 
jamaicense) (Ross et al. 2006). Hydropatterns are a characterization of water levels over a defined time 
period and include measures such as water depth and duration, quantity, timing and distribution of 
surface water to a specific area. Hydropatterns are key parameters driving vegetation community 
composition in freshwater marshes of the Florida Everglades including marl prairies (Stober et al. 2001; 
Ross et al. 2006; Sah et al. 2006).  The federally endangered Cape Sable seaside sparrow (CSSS, 
Ammodramus martimus mirabilis) is endemic to a restricted niche in marl prairie habitats located solely 
within the southern Everglades.  The CSSS was originally listed as federally endangered because of its 
restricted range and habitat loss (32 Federal Register 48 (11 March 1967), pg. 4001).  Critical habitat for 
the CSSS is currently designated within Everglades National Park and adjacent state lands (Figure 1, 72 
Federal Register 214 (6 November 2007), pp. 62736-62766). Currently designated critical habitats  do 
not include any part of subpopulation A, which extends into Big Cypress National Preserve, however, 
subpopulation A has often been a focus of hydrologic restoration concerns.  Direct and indirect 
consequences of anthropogenic water management operations including unnatural fire frequencies, 
nest flooding and increased predation, coupled with broad scale climatic changes have the potential to 
further impact the present CSSS population and its associated marl prairie habitat.  Because of its 
restricted range and sensitivity to fluxing hydropatterns, the CSSS is considered a key indicator species 
of the marl prairies.  In addition, Federal Agencies have a statutory obligation to prevent taking actions 
that will jeopardize the survival of species listed under the Endangered Species Act of 1973 or adversely 
modify designated critical habitat for those species. 
 

The CSSS Marl Prairie Indicator (CSSSMarlPrairie, version 1.0) is a temporally and spatially explicit 
modeling tool that simulates hydrologic suitability of marl prairie habitat based on CSSS survey presence 
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data.  CSSSMarlPrairie scores specifically target hydrologic indicators of suitable marl prairies inhabited 
by the CSSS.  CSSSMarlPrairie scores combine the habitat suitability for 4 metrics: (1) average wet 
season water depths (June – October), (2) dry season water depths (November – May), (3) hydroperiod 
(May – April of the next year), and (4) maximum continuous dry days during the nesting season (March 1 
– July 15).  

Purpose and Objective 
CSSSMarlPrairie models and compares existing and target hydrological conditions for marl prairie 

habitat to conditions under various hydrologic scenarios.   Specific objectives of the model are to: 

 

1. Devise metrics that relate marl prairie hydrologic suitability to a key indicator species in the marl 

prairie habitat, the CSSS. 

 

2. Better understand the temporal and spatial variability of model-based hydrologic metrics in 

relation to marl prairie habitats. 

 

3. Provide spatial time series recommendations of hydrologic suitability for marl prairie habitats to 

support Comprehensive Everglades Restoration Plan (CERP) modeling evaluations. 

Domain 
The default CSSSMarlPrairie’s spatial domain, depicted in Figure 1, is the freshwater marsh south of the 

Tamiami Trail (U.S. 41) and located predominantly within Everglades National Park but also 

encompassing Big Cypress National Preserve and lands owned by the State of Florida. The spatial 

domain of CSSSMarlPrairie is constrained by the bounds of the input depth file.  

CSSSMarlPrairie uses The South Florida Water Management District Regional Simulation Model (RSM) as 

the source of spatially-continuous daily water stage over the South Florida region (Figure 1). The RSM 

simulates groundwater flow and surface water flow using a finite volume method (SFWMD 2005). 

Hydrological processes as well as water management operations are simulated in the model (SFWMD 

2005). Water depths and hydrologic metrics derived from the daily water depths are computed in a 

regular orthogonal grid at a finer resolution that the original RSM variable triangular mesh as detailed in 

Methods section below. 

The modeled results provide the spatial relationship and distribution of marl prairie hydrologic 

suitability in the southern Everglades. Continuous spatially-explicit output ensures that expected shifts 

in hydrologic suitability for CSSS occupied marl prairies are readily apparent when alternative hydrologic 

scenarios are evaluated. 
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Figure 1. The default modeling domain of the CSSS Marl Prairie Indicator model.  Regional System Model 

(RSM) mesh (triangular) polygons selected for calculating the CSSS Marl Prairie Indicator scores are 

shown in blue. Also shown below the mesh in light green are the Cape Sable seaside sparrow critical 

habitat boundaries for subpopulations B-F and the formerly proposed critical habitat boundary for 

subpopulation A (72 Federal Register 214 (6 November 2007), pp. 62736-62766).  The RSM mesh of 

reference polygons is user selectable.  

Methods 
Methodology is generally consistent with the Lo Galbo et al. (2013) Slough Vegetation Performance 

Measure and adaptations by Gregg Reynolds (pers. comm., NPS) to use indicator scores in a 

quantification of potential impacts where scores from multiple performance measure metrics are 

aggregated.  CSSSMarlPrairie scores the hydrologic suitability of a location as marl prairie habitat for the 

CSSS (Figure 2). Hydrologic metrics (seasonal water depths, hydroperiods and dry down duration) are 

derived from modeled scenario (restoration alternative) daily water depths for the 500 m grid, and then 

aggregated by averaging to the resolution of the RSM polygons in the model domain. Hydrologic return 

period tables, comprised of annual metric values for the period of simulation of the hydrologic model 

runs, are compiled for each of the metrics at each RSM polygon. The scenario values at each return 
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period are contrasted at each polygon with a baseline set of target metric values for each return period 

from RSM polygons that are selected to characterize 1) the most suitable and 2) the upper and lower 

bounding hydrological conditions (or limits) for CSSS marl prairie habitat. The target conditions were 

established from empirical evaluations of CSSS field survey count data and their associated 

hydropatterns. For details of how RSM polygons were selected from CSSS field survey presence data to 

generate the indicator targets, refer to the Selection of Target and Bounding RSM Polygons section 

below.  Indicator scores ranging from 0 (unsuitable hydrological conditions) to 100 (most suitable 

hydrological conditions) are assigned based on the characterization.   

Justification 
Cape Sable seaside sparrow is dependent on the marl prairies of the southern Everglades located 

predominantly within Everglades National Park. These  marl-forming freshwater marshes support a 

higher diversity of plants than the adjacent, deeper water marshes (Ross et al. 2004, Sah et al. 2008).  

Sparrow numbers have declined as much as 60 percent range-wide since 1992 (Curnutt et al. 1998, Nott 

et al. 1998) and their distribution has increasingly been restricted to core subpopulations in areas B and 

E (Figure 1; Pimm et al.  2002). The CSSSMarlPrairie model focuses on hydrologic suitability of habitat as 

a key attribute of CSSS presence. The timing, distribution, and duration of water depths, are modeled as 

a primary driver of marl prairie CSSS habitat. These broad scale hydropatterns derived from regional 

hydrologic modeling drive landscape habitat suitability at regional scales (see Limitations and Future 

Developments section). We included hydroperiod and water depth metrics in the CSSSMarlPrairie model 

as they are key driving parameters affecting vegetation community composition and structure 

throughout the freshwater marshes of the Everglades including marl prairie habitats (Stober et al. 2001, 

Ross et al. 2004, Ross et al. 2006; Sah et al. 2006).   

A Conservation Committee of the American Ornithologists’ Union (Walters et al. 2000) concluded that 

all known threats to CSSS involve habitat alteration and reduced habitat suitability. These two factors 

are attributed as the primary reason for population declines. The Committee attributes declines in 

subpopulations A and D to extending hydroperiods that suppress reproduction and alter vegetation 

community composition as reported by Nott et al. (1998).  In subpopulations C and F, reduced 

hydroperiods (in concert with proximity to humans) have directly resulted in abnormally large fire 

frequencies which may have depressed habitat quality and, subsequently, CSSS subpopulations (Walters 

et al. 2000; Pimm et al. 2002). Further, the committee found no evidence that other biotic (e.g., unusual 

new predators, diseases, or competitors) or abiotic, including Hurricane Andrew  (Curnutt et al. 1998), 

factors are affecting sparrow subpopulations. This finding emphasizes that there is a small window of 

hydrologic variation beyond which CSSS are sensitive to the resulting changes in habitat quality. 

Supporting research for the Walters et al. (2000) report includes Kushlan et al. (1982), Nott et al. (1998), 

Lockwood et al. (2001) and Ross et al. (2004, 2006).  

The sensitivity of CSSS occurrence to hydropatterns (e.g, hydroperiod, Ross et al. 2004; consecutive dry 

days during the nesting period, Lockwood et al. 2001) is intricately linked to vegetation community 

composition and structure that influences CSSS nest selection; nesting success is also tightly linked to 

hydrology with nest predation and nest flooding being prime risks influencing population dynamics 

(Pimm et al. 2002). Cape Sable seaside sparrows build nests close to the ground, just above the bases of 
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clumps of marl prairie vegetation, making nests susceptible to flooding. Nott et al. (1998) uses a 10 cm 

nest height threshold for sparrow nesting. Lockwood et al. (2001) recorded a 17 cm average nest height 

early in the breeding season and a 21 cm average nest height late in the breeding season.  Pimm et al. 

(2002) documented an average 16 cm nest height.  Nest site selection and sparrow densities have been 

linked to sites with high muhly grass cover, litter, and high vegetation heights (e.g., the presence of tall 

sawgrass within the muhly grass habitat) (Pimm et al. 2002).  Nest success has also been shown to be 

linked to these habitat conditions (Pimm et al. 2002).  Predation is attributed as the main cause of loss 

of CSSS young and eggs and has been linked to rising water levels (Pimm et al. 2002).  We included 

number of dry days during the estimated peak CSSS nesting season (March 1 – July 15) in the 

CSSSMarlPrairie model as this is a key distinguishing hydrologic metric affecting CSSS nesting habitat 

suitability. 

Cape Sable seaside sparrow abundance decreases along transitions from short-hydroperiod, muhly 

grass-dominated marl prairie to longer-hydroperiod sawgrass-dominated marsh (Nott et al. 1998, Pimm 

et al. 2002, Ross et al. 2004, Ross et al. 2006).  Abundance also decreases as woody vegetation becomes 

prevalent (Werner 1975, Jenkins et al. 2003a; 2003b). Cape Sable seaside sparrow habitat is limited to a 

subset of the vegetated fresh water vegetation community generally lacking woody vegetation and 

which has a dry down period during the peak breading season from early March through May (La Puma 

2010).   

Hydropatterns do not have to remain constant every year to maintain suitable marl prairie habitat. Marl 

prairie can survive individual years with deeper inundation and long hydroperiods as long as there are 

also years interspersed with dry downs that allow for recovery (Kushlan et al. 1982). Plant community 

dominance can shift, however, within 3 or 4 years of hydrologic change (Armentano et al. 2006). The 

CSSS has high site fidelity and a short life-span (Walters et al. 2000), further restricting the limits of site 

variability. Recurrence intervals over longer time-periods of annual metrics such as hydroperiod and 

water depth provide a characterization of the frequency and variability of a metric’s values that provide 

suitable habitat. 

The methods documented for this model of marl prairie habitat for the CSSS builds on these concepts: 

1. Hydropattern metrics can be used to simulate hydrologic suitability of marl prairie habitat used 

by the CSSS.  Recurrence intervals (a.k.a. “return periods”) for selected hydrologic metrics help 

to characterize CSSS habitat because they account for distribution and variability of the metrics 

at each site rather than just an average value.  Return periods are useful to simulate the 

approximate range of suitable hydrological conditions for marl prairie habitat under a variety of 

climatic conditions. 

2. Presence and abundance of CSSS in Subpopulation B, the most stable core subpopulation, can 

be used to estimate the most suitable hydroperiod and hydropatterns for marl prairie habitat 

occupied by the CSSS. 

3. Habitat suitability is estimated across the entire landscape, not just at existing CSSS sites, 

because site conditions are shifting due to factors such as natural succession, anthropogenic 
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influences such as implementation of restoration projects and water management operations, 

and climatic change.  

Model Process Overview 

 

  

Daily Water Depth  

(NetCDF,  
RSM) 

NetCDF output 
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Combined Scores at each RSM polygon  
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Max Continuous Dry Days in Nesting Season 
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(text file) 
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 at Each RSM polygon 

Figure 2. Flow chart overview of the MarlPrairie indicator scoring procedures.  
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Generating Hydrologic Metrics for Indicator Scoring. 
Input for CSSSMarlPrairie can come from any continuous, daily iteration raster grid of water depths. 

CSSSMarlPrairie has been used with the RSM, South Florida Water Management Model (SFWMM), the 

Natural System Model (NSM), and the U.S. Geological Survey Tides and Inflows in the Mangrove Ecotone 

(TIME) model. Currently, however, the RSM is typically used for modeling hydrologic scenarios used for 

CERP planning purposes. Additionally, the RSM mesh (more specifically, the Regional System Model 

Glades LECSA mesh) is assumed as the output structure and resolution (although the user can specify a 

different structure).  To simplify the narrative, the remainder of this document will refer only to the RSM 

for the model’s input and structural mesh, however, whenever the term “RSM” is used, the reader can 

substitute the phase “RSM or other user-supplied modeling mesh of choice”.   

RSM daily water stage output has a variable triangular resolution (Figure 1). To compute water depths 

and hydrologic metrics derived from water depths, however we are able to construct a finer resolution 

orthogonal grid. Water depths are computed by spatially continuous interpolation of the RSM water 

stage (Delauney  triangularization) subtracted from the EDEN Digital Elevation Model (DEM; Jones and 

Price 2007; http://sofia.usgs.gov/eden/index.php). The EDEN DEM has a grid resolution of 400 x 400 

m, however the final resolution of interpolated water depths has been established at 500 x 500 m to be 

consistent with other ecological models and legacy ecological models in use by agencies in south Florida 

for restoration evaluations. Additional details of the water depth interpolation methods are available at 

http://www.cloudacus.com/simglades/docs/WaDER_UserGuide_15Dec2011.pdf and 

http://www.cloudacus.com/simglades/docs/Improved_resolution_from%20coarse_hydrology_models_

3-22-10.pdf. The WaDER application has been replaced by a USGS version of the program, but the 

principals are the same. Documentation for the USGS application is pending. 

Four hydrologic metrics are created in CSSSMarlPrairie: 

1. Annual Discontinuous Hydroperiod (May 1 - April 30 climatic year; water depth > 0 cm above 

ground surface). A five year averaged hydroperiod has been used in past marl prairie 

evaluations (e.g., Sah et al. 2009) because of potentially better representation of vegetation 

response. Because our end product is hydrologic return periods, however, there is explicit 

recognition of multiple year events making 5 year hydroperiod computation redundant. 

2. Maximum Continuous Dry Days in CSSS Nesting Season (March 1 – July 15; water depth < 0 cm). 

3. Average Wet Season Water Depth (June 1 – October 31). 

4. Average Dry Season Water Depth (November 1 – May 31). 

As illustrated in Figure 3, when the 4 metrics are taken together: 

1. The simulation cycle is 15 months long :  March of the current calendar year through May of the next 

calendar year. 

2. There is a 3 month overlap between the cycles. When one cycle of the set of 4 metrics completes, the 

program back steps to start the next cycle. 

 

http://sofia.usgs.gov/eden/index.php
http://www.cloudacus.com/simglades/docs/WaDER_UserGuide_15Dec2011.pdf
http://www.cloudacus.com/simglades/docs/Improved_resolution_from%20coarse_hydrology_models_3-22-10.pdf
http://www.cloudacus.com/simglades/docs/Improved_resolution_from%20coarse_hydrology_models_3-22-10.pdf
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        Figure 3. Metric measurement periods in relation to calendar months.  

Input is daily water depths in Network Common Data Form (NetCDF) raster grid format UTM, NAD83. 

NetCDF is a binary data format for array-oriented, large time-series data. It has become an international 

standard that is widely accepted by GIS and statistical packages. NetCDF is “self-describing”, which 

means that metadata describing the file’s layout and projection is contained within the header. Typical 

input is Regional System Model output interpolated to a 500 m grid and reprojected to the UTM, NAD83 

input requirement. 

Output is saved as NetCDF at the spatial resolution of the input water depths file. Time step is the 

simulation cycle (15 month)  with each time step labeled by the start calendar year of the cycle. 

 

Hydrologic Metrics and Return Period by RSM Polygons. 
 

To illustrate the size relationship between the input hydrologic metrics at 500 m resolution and the 

RSM, Figure 4 was cropped from an upper-left portion of subpopulation B. The square grids in this 

illustration are 500 m on a side. The unstructured triangular mesh overlaid on the grids is the RSM.  

The blue RSM mesh in Figure 1 illustrates the RSM mesh polygons (cells) selected for scoring in the 

CSSSMarlPrairie application. All the fresh water wetland RSM polygons below Tamiami Trail are 

obtained to examine spatial distributions and shifts in habitat among modeling scenarios. It would 

obviously not be an appropriate goal for conditions in all the polygons to shift toward marl prairie, 

however. RSM polygons can be subset from the results by CSSS subpopulation boundaries or by sub-
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basin or by other criteria. The user also has control of which RSM polygons the application operates on. 

The RSM polygons used by CSSSMarlPrairie are listed in a text file that can be edited before running the 

application. 

Values for each of the input hydrologic metrics are accumulated and averaged by RSM polygon for each 

time interval (hereafter, “cycle”).  The respective metrics are each used to create 

empirical frequency curves of the recurrence interval of an event (Figure 5).  The curves 

are referred to as return periods and are generally computed from an exceedance 

probability. These represent the average length of time in years for an event (e.g. water 

stage) of a given magnitude to be equaled or exceeded as illustrated by Figure 5. Return 

periods can also be based on a non-exceedance probability. The remaining figures in this 

document show the return period based on an exceedance probability for wetter than 

average conditions, and a return period based on a non-exceedance probability for drier 

than average conditions (e.g., Figure 10). The CSSSMarlPrairie scores are derived from 

an exceedance probability. Return periods account for temporal variability associated 

with multiple years with varying climatic conditions.  

 

To compute return periods, the resulting vector for 

each RSM polygon of averaged values for each cycle 

is sorted in descending order.  

The return period (or the recurrence interval), Tr, is: 

Tr = (N+1)/M 

N = total number of annual events 

M = rank where largest annual event has rank M = 1. The smallest event has rank M = N 

Baseline return periods for each RSM polygon are computed from RSM Existing Conditions Baseline 

(ECB). The program creates these tables for any RSM alternatives runs and then scores the alternative’s 

conditions relative to baseline conditions. 

There are 2 RSM configurations that could have been used for measuring hydrologic baseline conditions. 

ECB represents the Interim Operational Plan (IOP) implemented in 2002 and which expired in November 

2010. IOP was replaced by the Everglades Restoration Transition Plan (ERTP) and is modeled in RSM with 

the 2012EC alternative. ECB was chosen as the default baseline for CSSSMarlPrairie because the CSSS 

survey data used in this report was collected during IOP, prior to ERTP. Within subpopulation B, 

however, there is no discernable hydrologic difference between ECB and 2012EC. From a practical 

standpoint, either alternative could have been selected as the baseline since target hydrologic 

conditions were selected from subpopulation B (described below).  

Figure 4. 500 m interpolated Regional 

Simulation Model (RSM) water depths in 

relation to the original RSM mesh. This 

example is from the RSM existing conditions 

baseline (ECB) scenario for August 6, 2003. 
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Figure 5. A small example illustrating the calculation of return period curves at two locations. Notice the 

two locations have their values sorted in descending order. The two locations have very different metric 

values associated with the same return period intervals. This type of plot is the basis for comparing 

alternative conditions as described in the Scoring section below.  

Scoring: 
Indicator scores for marl prairie habitat are generated at each RSM polygon. Two approaches are used 

to score alternative hydrologic scenarios: 

1. Score the magnitude of hydrologic change an alternative scenario provides relative to a baseline 

condition at each RSM polygon. 

2. Score the habitat suitability of a scenario at each RSM polygon. 

To compute either score, a target hydrological condition for most suitable habitat must be provided. 

Four RSM polygons are selected within the baseline modeling domain to represent: 

1. The upper and lower bounds of potential marl prairie habitat for CSSS based on their hydrologic 

conditions. RSM polygons with hydrologic conditions that fall within the range prescribed by 

these 2 polygons are modeled as having some level of habitat potential for which a score can be 

computed. RSM polygons with conditions beyond the hydrologic bounds prescribed by these 2 

polygons have a modeled habitat suitability score of 0. 

2. The upper and lower targets for most suitable CSSS marl prairie habitat. RSM polygons with 

hydrologic conditions that fall within the range prescribed by these 2 polygons have a modeled 

habitat score of 100. 

Selection of Target and Bounding RSM Polygons. 

Target and bounding RSM polygons for CSSS marl prairie habitat were selected based on the presence 

and relative abundance of singing male CSSSs in point count surveys conducted in 1981 and 1992-2012 

(Pimm et al. 2002).  During the survey, observers counted the number of singing male CSSSs during the 

breeding season during a seven minute timeframe at set survey point locations located across a 1 km 

grid in Everglades National Park, Big Cypress National Preserve, and adjacent state lands (Figure 6).   
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Model parameterization selected targets from CSSS subpopulation B because this subpopulation has the 

most stable abundance year to year since 1981 (Kushlan and Bass 1983, Curnutt et al. 1998, Lockwood 

and Fenn 2000, Pimm et al. 2002) and has the largest spatial extent of high sparrow abundances.  

Cape Sable seaside sparrow Percent Presence was estimated as the total number of survey points (for 

years when the point was surveyed) with CSSS presence / the total number of survey points (for years 

when the point was surveyed)  * 100. 

and 

Cape Sable seaside sparrow Percent Relative Abundance = sumBC / maxBC * 100 

where:  

sumBC = the sum of abundance counts at all survey points within the RSM polygon (for years when the 

point was surveyed). 

maxBC = maximum potential count = the number of survey points (for years when the point was 

surveyed) in the RSM polygon multiplied by 7. For the purpose of estimating a maximum potential 

count, 7 is used as a multiplier to estimate the maximum potential count at a survey point and was 

based on the maximum bird counts recorded in the 1981 and 1992-2012 CSSS survey data. 

Because percent relative abundance and percent presence are highly correlated (0.98 Pearson’s 

correlation coefficient) and percent presence has a wider data spread (Figure 7), only percent presence 

is discussed further.  Also, percent presence is a more direct metric as it is does not require maximum 

potential count to be estimated. 
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Figure 6. Cumulative Cape Sable seaside sparrow counts, 1981, 1992-2012. Not all survey locations are 

sampled in all years. 
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Figure 7. Percent relative abundance and percent presence by Regional Simulation Model polygon. 

Values are sorted by percent presence. 

 

The criteria for selecting target habitat was to find RSM polygons that bound hydrologic conditions on 

the wet and dry ends of CSSS habitat and that were found to have a sparrow presence that exceeded 

50%.  The habitat was also bounded on the high (drier) and low (wetter) ends of the hydrologic gradient 

by RSM polygons that contained CSSS presence greater than 10%.  

Figure 8 illustrates the selected RSM polygons in relation to CSSS presence as well as how those 

polygons lay in relation to the elevation gradient. The selected polygons are: 

 

 RSM 
Identifier 

Lower Bounds (drier)   2712 
Lower Target 2703 
Upper Target 2909 
Upper Bounds (wetter) 2908 
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Figure 8.  Cape Sable seaside sparrow subpopulation B percent presence (Left) and elevation (Right). 

Target and bounding polygons are highlighted in light blue. 

 

Because CSSSMarlPrairie is designed for operation with RSM scenarios, it uses the RSM existing 

conditions, ECB, as the baseline for identifying target hydrologic metrics. It is informative, however, to 

compare ECB to EDEN water depths since EDEN is a direct interpolation of water stage gauge data. EDEN 

water depths were less variable, but within the same range as RSM existing conditions (ECB) water 

depths (Figure 9).   

 

 

Figure 9.  Marl prairie daily hydrographs contrasting Regional System Model (RSM) Existing Conditions 

Baseline water depths with the Everglades Depth Estimation Network. The top chart is for lower target 
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suitability at RSM polygon (cell ID) 2703 and the bottom chart is for upper target suitability at RSM 

polygon 2909. 

Suitability Index Score.  

The Suitability Index scores the habitat suitability of a scenario at each RSM polygon. Suitability index 

scores increase in value from zero at unsuitable conditions to 100 within the most suitable range of 

conditions (Figure 10). 

In addition to selecting RSM polygons that represent an upper and lower target (i.e., “most suitable”) 

site, RSM polygons are selected that represent the habitat bounds. Conditions below the lower bounds 

and above the upper bounds are considered unsuitable CSSS habitat and receive a score of 0.  

Alternative values that fall within the target (most suitable region), between the upper and lower 

targets, receive a score of 100.  

Alternatives that fall between the bounds and most suitable region have a score that is the proportion 

of its position in the range, such that: 

 

         

∑
 (|                  |)
(|             |)

             
     

(           )
 

 

Combined Score is then the arithmetic average of the scores for maximum dry days, hydroperiod, wet 

season water depth, and dry season water depth. Each of the hydrologic scores contributes equally to 

the suitability index, however, the scores could be weighted in the future if a rational for weighting is 

developed.  
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.

 

Figure 10. Illustration of computing the habitat suitability index. In this example, the wet season water 

depth return period for example Regional Simulation Model polygon 2362 from the existing conditions 

baseline (ECB) scenario falls between habitat bounds and the most suitable region. The linear proportion 

of the range from habitat bounds to the most suitable region that is the distance from the bounds to the 

alternative is the suitability score.  

 

Model Requirements 

Hardware Requirements 

Operating System: Platform-independent (tested on Windows 7) 

CPU: 1GHz or faster 

System Memory (RAM): 1 GB or greater 

Hard Disk: 400 MB free space 
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Software Requirements 

Java JRE 1.7 or greater 

Installation 

There is no installer for the Marl Prairie Model. Simply unzip to the desired location. 

Running Marl Prairie Application 

Open the folder that was unzipped in the Installation step, and double click on MarlPrairie.exe. 

Inputs 

 

Figure 11. MarlPrarie user interface shown with the Files tab open. 

When MarlPrairie.exe is run, the dialog box in Figure 11 is opened.  

All of the inputs and parameters supplied by the user can be saved to an .xml file for retrieval later. File/ 

Save  and File/Open in the menu bar are used for that purpose.  The model proceeds by clicking on the 

Run button at the bottom right of the interface. 

NetCDF files inputs are expected to follow the CERP, CF-compliant standard. In addition to promoting 

data interoperability, the CERP NetCDF standard will also allow leveraging of the widely available suites 
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of software tools for viewing, charting and analysis. See http://www.jem.gov/Standards for more 

information on the CERP NetCDF standard. 

Files Tab 

Depth File (NetCDF):  The path and filename of the input netCDF water depths file. 

Depth Layer: The name of the water depth layer to use from the water depths file. This is 

usually “depth” or “Depth”. Note that capitalization matters. 

RSM Grid Mapping File (Net CDF):  The path and filename of a netCDF file at the resolution of 

the water depths file that contains the polygon IDs of the RSM polygons. 

RSM Grid Mapping Layer:  The name of the layer to use in the in_RSM file. 

RSM Target List (CSV):  An input list of RSM polygon IDs to use in the evaluations. The text file 

should have a header followed by a list of the RSM polygon IDs. Each ID should be on a separate 

line.  

Subpopulation List (CSV):  An input list of RSM polygon IDs and the subpopulation or other 

designated area that the RSM polygon is associated with. Any IDs of target RSM polygons (RSM 

Target List) that are not listed in this file will get a label of “Outside”. The text file has a header 

followed by the IDs and their labels. Each ID and label pair should be on a separate line; e.g.: 

RSM, Population 

866,A-west 

867,A-west 

941,A-west 

1027,A-west 

1028,A-west 

1029,A-west 

1037,A 

1038,A 

1039,A 

. 

. 

. 

Output Folder: the path and filename for the output file. Do not include the filename extension. 

A set of output files will be created from this file string. 

Output File Prefix (optional):  The program automatically generates output filenames. The user 

can optionally include additional text as a prefix to the filename. 

 

http://www.jem.gov/Standards
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Figure 12. MarlPrarie user interface shown with the Parameters tab open and target return periods 

specified in an external file. 

Parameters Tab 

Start Date:  The year to start the model. Select from the pull-down list of dates in the water 

depth files. 

End Date:  The year to end the model. Select from the pull-down list of dates in the water depth 

files. 

There are two options for specifying target and bounding return periods.  

 “By File” is the default selection (figure 12). With this option,, the user specifies target and 

bounding return periods directly in an external file. The file entered in this option contains the 

return periods for the target and bounding habitat conditions. This is particularly useful if: 

a. Default target and bounding return periods are used (see Methods section above) so 

the model doesn’t need to compute new return periods. 

b. The target or bounding conditions are only found outside of the modeled region. 

c. The user wants to model conditions for which the target and bounding polygons would 

be unknown such as historic conditions and it is desirable to maintain consistent target 

and bounding limits with the present runs. 
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The input file for target and bounding return periods must be saved as a comma-delimited .CSV 

file following the layout example in Figure 14. The first 2 rows are headers. The first column 

contains the return period. Four columns each follow for wet season, dry season, discontinuous 

hydroperiod, and maximum nesting dry days in that order. The four columns for each metric are 

the return period values for that metric for the lower bound, lower target, upper target, and 

upper bound in that order. 

 

 

Figure 13. Example of the file layout for specifying the habitat targets and bounds. The file is illustrated 

in spaced columns for clarity, however, it must be saved as a comma-delimited .CSV file. 
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Figure 14. MarlPrarie user interface shown with the Parameters tab open and target return periods 

specified by cell number. 

When “By Cell Numbers” is selected (Figure 14), the user is asked to enter the baseline 

condition RSM file path and filename  and the RSM cell ID of the polygons that the model will 

use to generate return periods for the target and bounding habitat conditions. The baseline 

conditions file is typically RSM ECB (see Methods section). The target and bounding RSM 

polygons published in this document are presented as the default values. 

Upper Optimal Target Cell: The RSM ID of the polygon used as the reference upper target. 

Lower Optimal Target Cell: The RSM ID of the polygon used as the reference bottom target. 

Upper Bounding Cell: The RSM ID of the polygon used as the reference upper bounds. 

Lower Bounding Cell: The RSM ID of the polygon used as the reference lower bounds. 

 

 

Outputs 

Spatial Time Series of Hydrologic Metrics 

CSSSMarlPrairie generates time series netCDF files for six metrics (Figure 15), however only four of the 

metrics (in bold) are used for CSSSMarlPrairie scoring, the other 2 metrics, Continuous Hydroperiod and 
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Max Continuous Annual Dry Days, are available from the model output for viewing, but they are not 

used by CSSSMarlPrairie: 

1. Discontinuous Hydroperiod (May-April climatic year, water depth > 0 mm). 

2. Continuous Hydroperiod (May-April climatic year, water depth > 213 mm). 

3. Max Continuous Nesting Dry Days -March 1 – July 15 (water depth < 0 mm). 

4. Max Continuous Annual Dry Days (May-April climatic year, water depth < 213 mm). 

5. Average Wet Season Water Depth (Jun-Oct). 

6. Average Dry Season Water Depth (Nov-May). 

(Notice that the 2 metrics not being used are not comparable to the other metrics because they use 

a different measurement origin: measured from 213 mm water depth versus 0 mm water depth.) 
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Figure 15. Example Hydrologic metrics netCDF outputs from the CSSSMarlPrairie model.  This 

example is for the 2000 cycle from Regional Simulation Model input for an Alt4R2 Central Everglades 

Planning Project alternative run. 

Return Periods 

Text files (.csv) of the return periods at each RSM polygon for each metric computed over the number of 

years in the hydrologic input file are created (Figure 16).   
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Figure 16. Example text output of hydroperiod return periods. Return periods are in the first row, RSM 

polygons are listed in the first column.  

Habitat Scores 

The program scores the alternative’s conditions relative to target conditions and produces text files 

(.csv) of the results (Figure 17). 

 

Figure 17. Example text output of scores for all metrics.  Both percent improvement from baseline 

conditions and habitat suitability index (HSI) scores are shown in the output because the current version 

of the model generates both scores. However, percent improvement scores are not documented in the 
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Methods because those scores will not be included in future versions. This figure will be updated along 

with updates to the model inputs and GUI sections with the release of the next version of 

CSSSMarlPrairie. 

ESRI Shapefiles 

Final scores data joined to target RSM cells in an ESRI shapefile. 

Post-processing Outputs 

Mapped Graphics.  
Hydrologic metrics, scores, and combined scores can be depicted as mapped products presenting the 

values at each RSM polygon. The maps illustrated in Figure 18were created in ArcGIS 10.1 with the ESRI 

shapefile output of the model.  
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Figure 18. Example mapped habitat suitability scores. 

Charts 
Figures 19 – 22 illustrate some typical charting of the CSSSMarlPrairie results.  Sample model output 

from the Central Everglades Planning Project (CEPP), a Comprehensive Everglades Restoration Plan 

project, is provided below. 
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Figure 19.  Average Marl Prairie Habitat Suitability Index scores (1965-2005) for existing conditions 

(2012EC), future conditions (FWO) without Central Everglades Planning Project (CEPP), and CEPP 

scenarios (Alt4R and Alt4R2) within Cape Sable seaside sparrow critical habitat and formerly proposed 

critical habitat for subpopulations (A-F). 

 

 
Figure 20. Suitable marl prairie habitat (1965-2005) lift from existing conditions baseline (2012EC) for 

Central Everglades Planning Project scenarios (Alt4R and Alt4R2) within respective Cape Sable seaside 

sparrow critical habitat and formerly proposed critical habitat for subpopulations (A-F).  A maximum lift 

of 100 is possible if 2012EC has an averaged suitability score of 0.0 and the alternative has an averaged 

suitability score of 100.  
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Figure 21. Average Marl Prairie Habitat Suitability Index scores (1965-2005) for existing conditions 
baseline (2012EC), future conditions (FWO) without Central Everglades Planning Project (CEPP), and 
CEPP scenarios (Alt4R and Alt4R2) for all RSM polygons in the model domain. This chart may be useful 
because habitat shifts do not only occur within critical habitat or subpopulation boundaries. 
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Figure 22. Return periods for discontinuous hydroperiods for existing conditions baseline (ECB) at the 
target and bounding RSM polygons and for Central Everglades Planning Project scenario Alt4R2 at RSM 
polygon 3121 on the southern boundary of Subpopulation B. 

Limitations and Future Model Development 
The CSSS Marl Prairie Indicator model is designed with flexibility to allow modifications as new 
information becomes available. This section addresses some of the foreseeable changes that 
should be explored for future versions.  

 
Model scale – The marl prairie community and CSSS are responding to the environment at a 
much finer spatial resolution than even our finest topographic data provided by EDEN. 
Increased understanding of spatial hydrologic relations at these fine scales would be valuable 
for CSSS and marl prairie conservation. It is important to recognize, however, that relations 
observed at fine scales do not necessarily translate to the coarser scales of regional hydrologic 



33 
 

modeling used as the input data. The CSSS Marl Prairie Indicator is a novel approach in that we 
have scaled our hydrological targets to the scale of the hydrological simulation model providing 
a substantial advantage versus developing a model without taking into account the resolution 
of the hydrologic input data.  For the purposes of CERP restoration planning, our approach is 
recommended as we have scaled our targets to the resolution of the hydrologic input that is 
provided by the hydrologic simulation models. 

 
Other physical variables – The metric application is limited by exclusion of additional covariates 
influencing the marl prairie habitats. Fire dynamics (and interaction of fire with flooding), 
nutrient effects, effects of invasive species, and vegetation succession are of primary concern. 
Fire’s contribution to maintaining marl prairie structure and composition is not well understood 
(Hanan et al. 2010).  Hanan et al. (2010), specifically, found that woody plant recruitment in 
marl prairies is a complex response to seed source, hydrologic effects and fire. La Puma et al. 
(2007) found that sparrows tolerate fire, however, habitat suitability, as measured by sparrow 
densities and nest success, are not enhanced by fire. Effects of water quality, nutrient flux, and 
other disturbance effects may also warrant investigation.  
 
The CSSSMarlPrairie hydrologic metrics (average dry season water depth, maximum continuous 
dry days or discontinuous hydroperiods) may be inadequate for capturing short duration nest 
flooding event that impact a breeding subpopulation (Pimm et al. 2002). A nesting cycle takes 
approximately 34 to 44 days to complete and the number of nesting attempts depends on the 
length of favorable conditions (Pimm et al. 2002). A scoring metric that flags water depths in 
excess of nesting heights, such as was implemented by Donalson et al (2006), may be 
considered as a potential improvement to the model.  

 
Data issues – Understanding the sequence of CSSS temporal variability in relation to vegetation 
response is challenging. Time series prior to 1992 have data gaps that create further challenges 
to analysis of environmental response.  

 
Modeling Uncertainty -- CSSSMarlPrairie is a deterministic model in its current form. A greater 
understanding of the confidence bounds of the model outcomes would be helpful to provide in 
future model versions. 

Summary and Conclusions 
The CSSS Marl Prairie Indicator model allows users to evaluate the potential response of CSSS 
marl prairie habitat to changes in hydrology within and adjacent to the unique marl prairie 
community. Spatially-continuous habitat scoring provides information to the user on habitat 
distributions and potential shifts in habitat distributions beyond the extent of current 
population habitat. Patterns of habitat shifts could be missed by reliance on site specific 
analyses alone. The derived spatially and temporally explicit hydrologic metrics allow the user 
to more closely examine the specific hydrologic influences on the final habitat scores and give 
the user a greater understanding of the spatial and temporal variability of hydrology in the marl 
prairie habitats and across the region. The CSSS Marl Prairie Indicator model produces 
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hydrologic metrics at 500 m spatial resolution and aggregates the results to produce habitat 
scores at the resolution of an RSM polygon.  Because it is unclear that CSSS relocate in 

response to changes in hydrology, the user should be aware that changes in habitat/hydrology 
do not necessarily translate into changes in distribution. 

 
This model provides a coarse filter, regional methodology that is at an appropriate temporal 
and spatial scale for CERP evaluations. It can and should be effectively combined with site-
specific field study and more localized gradient-response analyses to provide the best available 
information for natural resource, land, and conservation management.  
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Appendix   

ECB Return Periods at Target and Bounding RSM polygons 
The charts in Figures A.1 – A.4 present the return period distributions for each of the four 

hydrologic metrics from Existing Condition Baseline (RSM ECB) water depths at the default 

target and bounding RSM polygons. 

 

Figure A.1. Regional Simulation model existing conditions baseline (ECB) return periods for 

discontinuous hydroperiod. 
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Figure A.2. Regional Simulation Model existing conditions baseline (ECB) return periods for maximum 

continuous nesting dry days. 
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Figure A.3. Regional Simulation Model existing conditions baseline (ECB) return periods for dry season 

water depths. 
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Figure A.4. Regional Simulation Model existing conditions baseline (ECB) return periods for wet season 

water depths. 

 
 


