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1.0 Executive Summary 

The main purpose of this report is to provide baseline conditions on Cape Sable seaside sparrow 

(CSSS or the “sparrow”) populations and habitat in small sparrow subpopulation D before 

implementation of the C-111 Spreader Canal Western Phase I Project (C-111 SC Project). The C-

111 SC Project was designed to restore the quantity, timing and distribution of water delivered 

to Florida Bay via Taylor Slough and to improve hydroperiod and hydropattern in the area south 

of the C-111 Canal known as the Southern Glades and Model Lands. The U.S. Fish and Wildlife 

Service (USFWS or the “Service”) issued a Biological Opinion dated August 25, 2009 addressing 

concerns over potential effects of the C-111 SC Project on CSSS populations and designated 

sparrow critical habitat, including subpopulation D which is located in the eastern portion of the 

Everglades just east of Taylor Slough and west of the C-111 Canal. As part of the USFWS 

Biological Opinion, the South Florida Water Management District (SFWMD or the “District”) is 

required to measure the impact of the C-111 SC Project on sparrows and habitat in 

subpopulation D. As a result, the District contracted Dr. Thomas Virzi of Rutgers University 

(Rutgers) to provide expert advice regarding the sparrow population, and Dr. Jay P. Sah and Dr. 

Michael S. Ross of Florida International University (FIU) to provide expert advice regarding 

sparrow habitat. 

This report is divided into three main sections. Section 2.0 is an introduction to this report, 

providing an overview of the C-111 SC Project and sparrow ecology. Section 3.0 provides a 

summary of historic data on the CSSS population in subpopulation D and reports the results of 

field research on sparrow distribution and demography conducted by Rutgers during the 2011 

sparrow breeding season. Section 4.0 provides a summary of historic data on CSSS habitat in 

subpopulation D and reports the results of field research on vegetation structure and 

composition conducted by FIU during the 2011 sparrow breeding season. An overview of these 

sections is provided below. The final two sections of this report provide tables and figures 

(Section 5.0) and appendices (Section 6.0). 
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Section 2.0 

In the USFWS Biological Opinion dated August 29, 2009, the Service concurred with the 

determination by the U.S. Army Corps of Engineers (USACE or the “Corps”) that the C-111 SC 

Project “may affect, and is likely to affect” the endangered CSSS, and that the project “will 

affect” designated CSSS critical habitat. Computer simulation modeling indicated that local 

conditions within CSSS subpopulation D critical habitat may be adversely affected by the C-111 

SC Project resulting in an increased hydroperiod in the area. Although CSSS numbers are 

extremely low in subpopulation D (<10 sparrows typically), there is concern over recent 

declines in all of the small, spatially isolated sparrow subpopulations. The recent declines across 

all small sparrow subpopulations (A, C, D and F) have been attributed to anthropogenic changes 

in water flows in the Everglades ecosystem. The federally endangered CSSS is restricted to 

short-hydroperiod marl prairies in the southern Everglades, and this habitat has been adversely 

affected by hydrologic changes ranging from too much water in some areas (e.g. 

subpopulations A and D) to too little water in other areas (e.g. subpopulations C and F). Further, 

high water levels have been associated with reduced occupancy of sites and reduced 

reproductive performance. Due to the restricted range of the CSSS and the limited number (and 

condition) of remaining subpopulations, the potential loss of any sparrow subpopulation 

increases the probability of extinction for the entire species. Thus, any potential anthropogenic 

changes to hydrologic conditions in subpopulation D that may adversely affect sparrow 

breeding habitat must be monitored closely. 

Section 3.0  

The first complete sparrow survey, conducted by Everglades National Park (ENP) in 1981, 

estimated the sparrow population at 400 birds in subpopulation D. A repeat survey in 1992 

reported a dramatic decline in sparrow numbers subpopulation D, similar to declines reported 

for other sparrow subpopulations, attributing the decline to an increased hydroperiod in the 

area. Since then, sparrow occupancy and abundance only recently began to show any sign of 

improvement (past 3 years) likely as the result of a recent drying trend; however, the 

population remains extremely small (7 sparrows in 2011). Intensive ground surveys conducted 
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since 2006 show that sparrows have generally used the same area for breeding each year with 

territories concentrated in a small patch of suitable habitat in the northwestern-central portion 

of the subpopulation. Breeding has occurred sporadically since 2006; however, no breeding 

occurred in 2011. A major concern in subpopulation D is the severely male-biased sex ratio 

reported in most years (e.g. 6 males and 1 female in 2011), which has led to very low overall 

annual productivity due to the lack of enough females in the population. Another concern is the 

low annual return rate of adult sparrows; in most years no banded individuals from previous 

years return to the subpopulation to breed. Thus, future research in subpopulation D should 

examine dispersal more closely, possibly by radio-tracking individuals, in order to gain a better 

understanding of the behavior of sparrows in this small subpopulation. Intensive ground 

surveys should also be continued in subpopulation D since they are the most effective way to 

monitor sparrow response to changes in hydrologic conditions likely to occur as the C-111 SC 

Project becomes operational. 

Section 4.0 

The CSSS relies on the marl prairie landscape which supports a diverse, biologically rich plant 

community that is sensitive to changes in hydrologic and fire regimes. Vegetation structure and 

composition in subpopulation D have changed over time (between 1981 and 2010) in response 

to both natural and anthropogenic alterations in these regimes. Notably, there was a trend 

towards longer hydroperiods resulting in increased marsh vegetation throughout the 

subpopulation which corresponded with sparrow population declines. More recently, short-

hydroperiod marl prairie vegetation has increased in spatial extent in response to a drying 

trend. Specifically, the northwestern-central portion of the habitat in subpopulation D, where 

sparrows occupied territories in 2011, is currently where wet prairie vegetation is most 

prevalent. This area is relatively dry and has lower mean water depth than areas further east 

and south in the subpopulation where marsh vegetation dominates. While a preliminary 

examination of a relationship between field hydrologic condition and resident vegetation types 

provides an insight into a general pattern, only a detailed analysis of vegetation in relation to 

temporal variation in hydrologic regimes characterized by several other hydrologic parameters, 

including hydroperiod, mean annual water depth, etc., will provide robust results that can 
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efficiently be used to compare and monitor the impact of hydrologic changes caused by C-111 

SC Project activities. If maximizing sparrow habitat were the sole management objective in 

subpopulation D, then  strategies that allow the current vegetation trend to continue and 

become more extensive are preferable. However, if maintenance of sparrow population at the 

current level is the more limited objective, then strategies that retain the existing vegetation 

condition are needed. 
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2.0 Introduction 

2.1 Purpose 

The Cape Sable seaside sparrow (Ammodramus maritimus mirabilis) is an endangered 

subspecies of the seaside sparrow that is restricted to short-hydroperiod marl prairies of the 

southern Everglades ecosystem. First listed under the Endangered Species Preservation Act in 

1967, the Cape Sable seaside sparrow (hereafter CSSS or just “sparrow”) has become an 

important indicator species for the Everglades and its restoration since the fate of the marl 

prairies, and thus the sparrow, is closely tied with the seasonal timing and spatial extent of 

water flows through the Everglades. Recent and past anthropogenic changes to water flows 

have negatively affected the entire Everglades ecosystem changing the vegetation in sparrow 

habitat dramatically. Over the past several decades the CSSS has experienced severe population 

declines due in large part to widespread degradation of the Everglades ecosystem (Pimm et al. 

2002; Cassey et al. 2007). However, the sparrow may benefit from unprecedented large-scale 

habitat restoration efforts currently underway. The Comprehensive Everglades Restoration Plan 

(CERP) was authorized by the United States Congress as part of the 2000 Water Resources 

Development Act with a primary goal of restoring natural water flows to the Everglades. CERP 

projects totaled an estimated $9.5 billion by October 2007 (CERP 2010), and approximately 

235,000 acres of land had been acquired by June 2010 as part of the restoration project 

(SFWMD 2010). The main purpose of this report is to examine the potential effects on the CSSS 

and its habitat by one of the first major CERP restoration projects to be implemented: the C-111 

Spreader Canal Western Phase I Project (C-111 SC Project). 

The C-111 SC Project was designed to restore the quantity, timing and distribution of water 

delivered to Florida Bay via Taylor Slough and to improve hydroperiod and hydropattern in the 

area south of the C-111 Canal known as the Southern Glades and Model Lands (Figure 2.1). The 

C-111 SC Project was designed to use a complex system of water detention areas, existing 

canals, canal plugs, levees, weirs and pump stations to reduce seepage losses from Taylor 

Slough, Southern Glades and Model Lands. The U.S. Army Corps of Engineers (USACE or the 

“Corps”) and the South Florida Water Management District (SFWMD or the “District”) are the 
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parties responsible for the design, construction and implementation of the C-111 SC Project. 

The U.S Fish and Wildlife Service (USFWS) issued a Biological Opinion dated August 25, 2009 

addressing concerns over potential effects of the C-111 SC Project on CSSS populations and 

designated sparrow critical habitat (USFWS 2009). In this opinion, USFWS concurred with the 

Corps’ determination that the proposed project “may affect, and is likely to affect” the 

endangered CSSS, and that the project “will affect” designated CSSS critical habitat. These 

affects are restricted to three of the six extent CSSS subpopulations (B, C and D; see Section 2.2 

below). This report focuses on the potential affects to CSSS subpopulation D only. 

Cape Sable seaside sparrow subpopulation D is located directly in the area predicted to be 

affected by the C-111 SC Project, with the current distribution of this subpopulation centered in 

the northwestern-central portion of designated critical sparrow habitat located east of Taylor 

Slough and west of the C-111 Canal. Although this CSSS subpopulation is extremely small (7 

sparrows in 2011; see Section 3.0 below), there is concern over recent declines in all of the 

small, spatially isolated subpopulations. Due to the restricted range of the CSSS and the limited 

number (and condition) of remaining subpopulations, the potential loss of any sparrow 

subpopulation increases the probability of extinction for the entire species. Thus, 

anthropogenic changes to hydrologic conditions that may adversely affect sparrow breeding 

habitat must be monitored closely. A major issue of concern over the implementation of the C-

111 SC Project is the potential for increased hydroperiod and hydropattern in this small CSSS 

subpopulation that is already experiencing trouble. Features of the C-111 SC Project are 

intended to create a 9-mile (approximate) hydraulic ridge adjacent to Everglades National Park 

(ENP) which will serve to block groundwater flows from moving into the existing C-111 Canal 

from ENP in an effort to retain water in Taylor Slough. Computer simulation modeling has 

indicated that local hydrology where sparrows in CSSS subpopulation D (and C) currently breed 

may be adversely affected by the C-111 SC Project’s structural and operational changes to the 

system (USFWS 2009). Wetter conditions are predicted in some modeling scenarios in CSSS 

subpopulation D habitat as a bubble of groundwater is created in the area, and due to potential 

seepage from several sources as a result of the C-111 SC Project (Figure 2.2). It is possible that 

direct impacts to sparrows breeding in this area could occur if water depths reach levels that do 
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not allow nesting; however, the greater risk is a longer-term change in vegetation from short-

hydroperiod marl prairie to marsh species resulting in reduced habitat suitability for sparrows. 

This has already occurred to some degree in subpopulation D due to past management of water 

flows and has adversely affected sparrow habitat in the area (Pimm et al. 2002; Sah et al. 2009). 

Increased water flows in subpopulation D would likely further reduce habitat suitability for 

sparrows.   

Although the USFWS Biological Opinion does not predict that hydrologic changes in 

subpopulation D will be extensive enough to render habitat unsuitable or unusable by 

sparrows, and that CSSS numbers, distribution and reproduction will not be appreciably 

affected, the USFWS Incidental Take Statement (ITS) set conditions for SFWMD to conduct 

surveys to document and track vegetation conditions and the sparrow population in 

subpopulation D (see below) over the initial 10 years of operation of the C-111 SC Project. 

Under the USFWS Incidental Take Statement’s Term and Condition #6 the District is required to 

define baseline conditions for these measures prior to operating the C-111 SC Project (USFWS 

2009).   

6. The applicant must ensure that monitoring is sufficient to track the nature, amount, 

and extent of take in subpopulation D resulting from implementation of the C-111 SC 

Phase 1 project. This monitoring will document baseline conditions, be implemented 

upon initiation of operations, and continued throughout phase 1 operations or until 

reconsultation is required by implementation of future projects. Monitoring should utilize 

existing ongoing studies and comparable methodologies when appropriate unless 

otherwise stated in the terms and conditions. This includes, at a minimum: 

a. Vegetation – (a.) Documentation of the baseline status of sparrow subpopulation 

D habitat; and (b.) After implementation of project operations, biannual (every 2 

years) documentation of the status of sparrow subpopulation D habitat and any 

vegetative shifts that may occur within those habitats. 

b. Sparrow Status – Annual determination of the number and locations of sparrows, 

nesting efforts, and the success rate of those nesting efforts in subpopulation D. 
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The South Florida Water Management District requested expert advice on the CSSS for aspects 

of the C-111 SC Project from Dr. Thomas Virzi of Rutgers University (Rutgers) regarding sparrow 

populations, and from Dr. Jay P. Sah and Dr. Michael S. Ross of Florida International University 

(FIU) regarding vegetation.  Support was provided in three main areas; (1) surveys of sparrow 

distribution, nesting, and breeding activities in subpopulation D during the 2011 breeding 

season (conducted by Rutgers), (2) surveys of vegetation structure and composition in 

subpopulation D during 2011 (conducted by FIU), and (3) preparation of a baseline report of 

vegetation (habitat) and sparrow populations in subpopulation D as required by ITS Term and 

Condition #6. The CSSS survey methods were consistent with previous surveys to promote the 

analysis of trends, and were coordinated with surveys of vegetation monitoring conducted by 

FIU.  This report summarizes baseline vegetation and sparrow conditions in subpopulation D 

based on the work of Rutgers and FIU.  

Baseline hydrologic conditions in subpopulation D prior to implementation of the C-111 SC 

Project are addressed in the FIU vegetation section (see Section 4.0 below). Hydrologic 

monitoring is an important component of the C-111 SC Project that will be conducted by 

SFWMD. As part of the USFWS Biological Opinion, the District is required to monitor water 

depths in subpopulation D, provide web access to daily water stages, set operational triggers 

relating canal stage to marsh water depth and develop topographic enhancement surveys. 

These efforts are ongoing and will be used in the future to assess impacts to the sparrow 

population and habitat in subpopulation D. Presently, the District is developing a Water Depth 

Analysis Tool (WDAT) for the entire C-111 Canal basin that will provide useful data regarding 

hydrologic conditions. We have not included such data herein since the WDAT was not 

complete at the writing of this report.  

Finally, habitat improvements were another component of the USFWS Biological Opinion 

designed to offset any potential impacts that may occur in existing CSSS habitat. A Habitat 

Improvement Plan (HIP) was developed to outline potential areas and measures to provide 

alternate suitable locations for expansion and movement of sparrows (Burzycki et al. 2010). We 

do not present specifics regarding the HIP in this report; however, our current research on 
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sparrows and vegetation considered aspects of the HIP in our study design to enable 

assessment of restoration projects in future years. 

2.2 Sparrow Ecology 

In order to set the stage for our research and findings regarding Cape Sable seaside sparrow 

habitat and population status in subpopulation D it would be helpful to provide a brief overview 

of the sparrows’ history, status, distribution and habitat requirements. Restricted to the short-

hydroperiod marl prairies found in the southern Everglades ecosystem, the federally 

endangered CSSS is distributed across six distinct subpopulations (A through F; Figure 2.3). 

Subpopulation A is the only subpopulation located west of Shark River Slough, with sparrows 

historically occurring within the boundaries of Everglades National Park and Big Cypress 

National Preserve.  All of the remaining subpopulations (B through F) are located in the 

southeastern portion of the Everglades, most within ENP. Subpopulation D is the only sparrow 

subpopulation located east of Taylor Slough, and in recent years sparrows occupied habitat 

exclusively outside the boundary of ENP in the Southern Glades Wildlife and Environmental 

Area (predominantly east of Aerojet Road). 

The deterioration of the Everglades ecosystem has been well-documented, and in response 

major habitat restoration activities under CERP are currently being implemented. The most 

significant changes to the ecosystem that have detrimentally affected the CSSS and its habitat 

are the alteration of historic water flows and changes in the natural fire regime. These changes 

have led to a recent, rapid population decline in the CSSS population (Pimm et al. 2002). Most 

notably, comparison of rangewide sparrow surveys conducted by ENP since 1981 has revealed 

that some small CSSS subpopulations (A, C, D and F) have experienced declines of 70% or 

greater (Pimm et al. 2002). The decline in subpopulation A has been attributed to a period of 

severe and prolonged flooding that occurred from 1993-1995 causing dramatic changes to 

sparrow habitat in this area (Nott et al. 1998; Pimm et al. 2002). In the more eastern 

subpopulations (notably C and F), drier conditions caused by reduced water flows have led to 

an increase in fire frequency, mostly anthropogenic fires that burn more intensely and often 
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over larger areas, which has been identified as the probable cause of population declines (Pimm 

et al. 2002). In subpopulation D, increased hydroperiod due to prolonged flooding, similar to 

conditions in subpopulation A (with different causes), has likely led to population declines there 

(Nott et al. 1998; Pimm et al. 2002). Occupancy modeling using the rangewide sparrow survey 

data revealed that since two major periods of decline in sparrow occupancy (1981-1992 and 

1992-1996), only one CSSS subpopulation (C) has shown any recent indication of recovery 

(Cassey et al. 2007). Further, while the remaining core CSSS subpopulations (B and E) appear to 

have stabilized, subpopulations A and D continued to decline. Our research has shown that 

subpopulation D only recently has experienced a more positive trend (see Section 3.0 below).  

At the heart of the problem is that the fact that the CSSS requires large, contiguous patches of 

suitable habitat for breeding, avoiding areas near trees and roads (Pimm et al. 2002). The 

interplay between fire and water in the Everglades has helped to shape the marl prairie habitat 

that the sparrow depends on for breeding, and anthropogenic changes to both the fire regime 

and water flows have been significant. The vegetation that forms the marl prairie community 

requires a hydroperiod typically ranging from 60-180 days. If hydroperiods are significantly 

longer than this, marsh communities prevail. Fire helps shape the landscape, limiting the 

encroachment of woody vegetation into prairie communities, which sparrows avoid, creating a 

mosaic of prairie habitat with varying fire histories (i.e. time since fire). Sparrows typically re-

colonize habitat that was burned after approximately three years; however, sparrow density 

and nest success were recently shown not to be enhanced by fire which goes against the 

prevailing paradigm (La Puma et al. 2007). The interplay between fire and flooding has recently 

been studied in great detail, and research shows that the timing of flooding after fires can have 

a significant effect on recovery of prairie habitat (Lockwood et al. 2003; Sah et al. 2009). Thus, 

anthropogenic changes to hydrologic conditions in the Everglades can affect sparrow habitat in 

varying ways over large spatial scales. The lack of enough large patches of suitable habitat is 

likely a limiting factor for the CSSS population at present (Pimm et al. 2002). Maintaining proper 

hydroperiods and fire regimes over large spatial scales would aid in large-scale recovery of 

suitable sparrow habitat. 
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Sparrows occupy the Everglades marl prairies year-round. Dispersal post-breeding has been 

shown to be limited with most sparrows staying within approximately 2 km of their breeding 

sites during the rainy season (Dean and Morrison 2001). Site fidelity in subsequent breeding 

seasons is high with adults typically returning the same areas to breed (Pimm et al. 2002; Virzi 

et al. 2009). While the CSSS may appear to be rather sedentary recent research has shown that 

sparrow dispersal is “heavy-tailed”, that is adult and juvenile sparrows will disperse over great 

distances (>30 km) (Van Houtan et al. 2010). Thus, sparrows are capable of dispersing between 

all extant subpopulations. However, subpopulation A is relatively more isolated from other 

subpopulations due to its proximity west of Shark River Slough.  The more eastern 

subpopulations likely have greater opportunity for recruitment from neighboring 

subpopulations. Still, the small population size of many of the eastern subpopulations may be 

limiting recovery of these subpopulations due to the influence of conspecific attraction in 

affecting settlement decisions of sparrows that disperse into these areas (Virzi et al. In 

Revision). Dispersing sparrows may not settle in new areas if there is a lack of conspecific cues 

due to very small population sizes (or complete absence of conspecifics) which may be 

perceived as an indication that habitat is less suitable. 

The CSSS breeding season generally occurs between early-March and August, with peak nesting 

activity occurring in April and May (Lockwood et al. 1997; Boulton et al. 2011). This timing 

coincides with the dry season when most areas within marl prairies are typically dry or at least 

lack standing water. Nests are cups built in low vegetation, typically placed <20 cm above the 

ground (Lockwood et al. 1997). Preferred vegetation for placement of CSSS nests within the 

marl prairie community includes a diverse group of prairie grasses, most importantly muhly 

grass (Muhlenbergia capillaris ssp. filipes), black top sedge (Schoenus nigricans) and Florida 

little bluestem (Schizachyrium rhizomatum) (Sah et al. 2010). Sawgrass (Cladium mariscus ssp. 

jamaincense) is typically not used for nesting; however, sawgrass clumps are often found on 

sparrow territories and may act as refugia from predators or provide foraging opportunities 

especially during dry periods. The sparrow nesting cycle lasts from 30-50 days, and sparrows 

often renest following both successful and failed nesting attempts (Lockwood et al. 1997). 

Clutches average 3.4 eggs per clutch (Boulton et al. 2011), and sparrows may be capable of 
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successfully fledging 2-4 broods in a single breeding season, although most sparrows probably 

do not achieve this level of productivity in any given year (Curnutt et al. 1998). The opportunity 

for multiple-brooding is considered extremely important for CSSS population viability (Curnutt 

et al. 1998). Nesting success is tied closely with hydrologic conditions in a variety of ways. 

Baiser et al. (2008) show that early-season nests (i.e. nests initiated before 01-June, or the 

onset of rainy season) have higher survival probability than late-season nests, and suggest that 

higher water levels as the breeding season progresses may change predator abundances. Gilroy 

et al. (In Revision-b) also show that seasonal flooding negatively affects annual nest success. 

The timing of sparrow nest initiation in any year may also be affected by hydrologic conditions 

with nesting occurring later in extremely dry years (Boulton et al. 2011).  

The CSSS has a fast life history (i.e. low annual survival and high fecundity), thus the species can 

be affected very quickly by anthropogenic changes that adversely affect sparrow breeding 

habitat. The CSSS is short-lived with annual adult survival estimates averaging around 0.60, 

which equates to an average lifespan of 2-3 years (Boulton et al. 2009b). Juvenile survival 

estimates are much lower, averaging around 0.34 based on recent survival modeling (Gilroy et 

al. In Revision-a). Both of these survival estimates are within the range reported for other small 

passerines. Given such short life span, the species could experience rapid population declines 

over a short period of time if conditions do not permit, or severely limit, annual reproduction 

over several consecutive breeding seasons. Since water levels are known to be intimately tied 

with annual CSSS nesting success, whether due to potential flooding of nests or increased 

predation rates (Baiser et al. 2008; Gilroy et al. In Revision-b) management actions have 

focused on minimizing risks to breeding sparrows by limiting water flows into critical habitat 

during the sparrow breeding season. Specifically, it has been determined that sparrows would 

benefit most by allowing a dry period of at least 50-60 days to ensure reasonable productivity  

and at least 80 days to allow the potential for multiple broods to be raised (Walters et al. 2000).  
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2.3 Figures 

 

 

Figure 2.1: Map of C-111 Spreader Canal Western Project design (courtesy of South Florida 

Water Management District). Approximate location of Cape Sable seaside sparrow (CSSS) 

subpopulation D indicted by red circle (added to map). 

  

Model Lands 
Southern Glades 

CSSS 
PopD 
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(a) 

 

(b) 

Figure 2.2: Computer simulations showing predicted water depths (a) before and (b) after 

implementation of the C-111 Spreader Canal Western Project based on 1978 average data 

(taken from U.S. Fish and Wildlife Service Biological Opinion dated August 25, 2009). Color-

shading goes from red (dryer conditions) to blue (wetter conditions). Location of Cape Sable 

seaside sparrow (CSSS) designated critical habitat indicated by dashed lines. 
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Figure 2.3: Cape Sable seaside sparrow (CSSS) distribution in the Florida Everglades. Green-

shaded areas represent historic extent of CSSS habitat (2000 data) by sparrow subpopulation (A 

through F). Red line indicates current (2007) CSSS critical habitat boundary in sparrow 

subpopulation D. Dashed line indicates boundary of Everglades National Park.     
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3.0 Cape Sable Seaside Sparrow Distribution and Demography in 
Subpopulation D 

Thomas Virzi1,2 and Michelle Davis1 

1Department of Ecology, Evolution and Natural Resources, Rutgers, The State University of New 
Jersey, New Brunswick, NJ 08901 

2Grant F. Walton Center for Remote Sensing and Spatial Analysis, Rutgers, The State University of 
New Jersey, New Brunswick, NJ 08901 

 

3.1 Background 

Early field research on Cape Sable seaside sparrows (CSSS) breeding in subpopulation D began 

in 1981 when Everglades National Park (ENP) conducted the first rangewide surveys for 

sparrows in all suitable habitat found in all sparrow subpopulations identified (A through F; see 

Figure 2.3 above). These surveys, conducted annually since 1992, have provided valuable 

information about trends in the status and distribution of sparrows in subpopulation D over the 

past three decades. More intensive field research was started by Rutgers University in 2006, 

providing the first information on the breeding success and dispersal of sparrows in 

subpopulation D. This research, funded by ENP and the U.S. Fish and Wildlife Service (USFWS), 

was conducted annually until 2010 providing a wealth of demographic data about the sparrows 

recently attempting to breed in subpopulation D. The hydrologic changes that are anticipated 

to occur in sparrow subpopulation D as a result of the C-111 Spreader Canal Project (C-111 SC 

Project) may have detrimental effects on sparrow habitat in the area recently occupied by 

sparrows (USFWS 2009). Therefore, there is a need for continued field research in 

subpopulation D in order to track potential negative effects on sparrows. As such, we were 

contracted by the South Florida Water Management District (SFWMD) to conduct field research 

during the 2011 sparrow breeding season. Our main objectives of the current study were, i) to 

summarize the historical data collected on sparrows breeding in subpopulation D; and ii) to 

document the baseline status of the current sparrow population in subpopulation D. 
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3.2 Methods 

3.2.1 Helicopter Surveys 

Aerial helicopter surveys for breeding Cape Sable seaside sparrows have been conducted by 

ENP since 1981. Complete surveys of all suitable habitat found in each sparrow subpopulation 

(A through F) were conducted roughly every decade (more often in recent years), and reduced 

areas have been surveyed annually. During 2011, ENP conducted helicopter surveys at a limited 

number of survey sites in subpopulation D. In order to increase the overall spatial extent of 

surveys in subpopulation D, we conducted additional helicopter surveys during the 2011 

breeding season (Figure 3.1 and Appendix 1) following the protocols established previously by 

ENP (Kushlan and Bass 1983). 

Our additional helicopter survey sites were selected based on the following protocols. We 

began with a map of all survey sites visited by ENP in subpopulation D since 1981. Our objective 

was to survey as many sites as possible in subpopulation D given the resources available, with a 

primary focus on getting adequate coverage in areas where Florida International University 

(FIU) was conducting simultaneous vegetation sampling (see Section 4.0 below). Thus, we first 

selected helicopter survey sites in any areas where FIU established vegetation sampling sites 

that were not being included in the ENP helicopter surveys. Next, we selected all ENP survey 

sites where sparrows had ever been detected (since 1981). Several of these sites were not 

being surveyed by ENP in 2011 because there had not been recent observations of sparrows at 

the sites.  Finally, we selected several additional sites based on recommendations of the USFWS 

and SFWMD, mostly in the northeastern portion of subpopulation D where habitat 

improvements were planned (Burzycki et al. 2010). All helicopter survey sites were located at 

least 1 km apart to avoid double-counting of sparrows, and we did not duplicate any sites 

included in the ENP helicopter surveys. 

The helicopter survey protocols called for researchers to conduct 7-minute point counts for 

singing male sparrows after being dropped off at survey sites by helicopter. Researchers waited 

at least one minute after the helicopter departed the area and moved out of ear shot so that 



20 
 

sparrows would resume normal behavior. Researchers recorded all sparrows heard or seen (at 

any distance). Singing male sparrows were expected to be heard well at distances up to 200 m; 

however, sparrows can be heard up to 500 m away under optimal conditions. All of our 

helicopter surveys were conducted from 06:30-08:30, which is slightly different from the ENP 

protocol (06:30-09:30). We ended our surveys earlier based on our observations of the 

behavior of male sparrows in subpopulation D during the 2011 breeding season; our data 

showed that males stopped singing between 08:30-09:00 on most mornings. Surveys were not 

conducted when adverse weather conditions might substantially reduce detection probability 

(e.g. windy conditions).  

3.2.2 Ground Surveys and Nest Monitoring 

In addition to aerial helicopter surveys, we conducted intensive ground surveys in 

subpopulation D throughout the 2011 breeding season. Ground surveys began on 12-Apr and 

continued until 25-Jun. Surveys were conducted two days per week on average (one day per 

week later in the season), typically by two researchers (range 1-3 researchers per day). 

Researchers walked into the core area of the sparrow population in subpopulation D east of 

Aerojet Road, intensely surveying the area between the following helicopter survey sites: 22-24 

and 31-33 (Figure 3.1). Our ground surveys were focused on this area since this is where 

sparrows were known to have nested in subpopulation D habitat in recent years (2006-2010). 

Other surrounding areas were surveyed less frequently (since sparrows were not detected 

there). Additionally, we surveyed any areas near helicopter surveys sites where sparrows were 

detected at least once.   

During ground surveys researchers recorded the location of any sparrows observed and 

documented behavior. Locations were recorded with a handheld GPS device (Garmin GPSmap 

76CSx) for later analysis in a geographic information system including territory mapping. During 

surveys, singing male sparrows typically are observed first since they are more conspicuous. 

Females are more difficult to locate. As such, any time a male sparrow was encountered 

additional time was spent in that area in an attempt to document the presence of a female on 

the territory (typically 1-2 hrs, often over several occasions). If a female was observed on a 
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particular territory additional time was spent in an attempt to document breeding. Often, an 

entire morning may be spent trying to locate a single nest if breeding behavior is observed. 

3.3 Results and Discussion 

Cape Sable seaside sparrows have occupied habitat in subpopulation D since 1981; however, 

abundance has declined dramatically since then and occupancy has been intermittent in recent 

years. Vegetation structure and composition in sparrow habitat, including that of subpopulation 

D, have changed over time (between 1981 and 2010) in response to both natural and 

anthropogenic alterations in hydrologic and fire regimes (see Section 4.0 below). It seems likely 

that the changes in sparrow habitat have adversely affected the sparrow population breeding in 

subpopulation D.  

3.3.1 Historical Data (1981-2010) 

Historical data related to the distribution and demography of Cape Sable seaside sparrows 

breeding in subpopulation D was provided by two main sources: (1) data collected by ENP 

during rangewide helicopter surveys conducted since 1981 and (2) data collected by the 

research lab of Dr. Julie L. Lockwood (Rutgers University) during intensive nest monitoring 

conducted in subpopulation D from 2006-2010. In this section, we begin with a summary of the 

ENP rangewide helicopter survey data for subpopulation D using these data to examine trends 

in sparrow abundance, occupancy and distribution. Next, we summarize the Rutgers University 

demographic data which provides pertinent information on breeding activity in subpopulation 

D (e.g. territory/nest locations, nest success rates, overall productivity) and allows us to 

examine mark-recapture data collected from banded sparrows in the subpopulation (e.g. 

dispersal, return rates, site fidelity). 

The first rangewide helicopter survey for breeding sparrows was conducted by ENP in 1981. The 

helicopter survey protocols called for researchers to conduct 7-minute point counts for singing 

male sparrows after being dropped off at survey sites by helicopter (Kushlan and Bass 1983). 

Researchers recorded the number sparrows heard or seen at each site, and these data were 
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later used to estimate population size based on a 16x multiplier (Pimm et al. 2002). The 

population estimate for subpopulation D in 1982 was 400 sparrows based on the survey. The 

complete survey was repeated a decade later in 1992, and since then complete surveys in all 

subpopulations (A through F) have been conducted roughly every decade (more often in recent 

years) with reduced areas surveyed annually. Table 3.1 provides the results of all ENP 

helicopter surveys conducted in subpopulation D (1981-2010). We provide the actual count 

data collected for sites in CSSS subpopulation D only since population estimates based on the 

16x multiplier may be biased in small subpopulations (Lockwood et al. 2007); also see Section 

3.3.2.1 below).  

Sparrow abundance and occupancy rates declined sharply in all small subpopulations between 

1981 and 1992 (Pimm et al. 2002; Cassey et al. 2007), including in subpopulation D where the 

actual count declined from 25 sparrows to 7 sparrows, respectively (Figure 3.2). The decline in 

subpopulation D was attributed to vegetation changes caused by anthropogenic actions 

affecting water flows which resulted in increased hydroperiods in the subpopulation (Pimm et 

al. 2002). Since 1992, the number of sparrows detected in subpopulation D has remained very 

low with counts typically below 5 sparrows. Occupancy rates (i.e. % sites occupied annually) 

have also remained well below the high of 25% reported in 1981, and the temporal trend has 

not indicated any substantial recovery of the subpopulation (Cassey et al. 2007). However, 

since 2007 when no sparrows were detected during helicopter surveys, there has been a 

generally improving trend in occupancy despite the continued low abundance of sparrows in 

subpopulation D (Figure 3.2). This may be attributed to improving habitat conditions in recent 

years resulting from a recent drying trend, and due to the recovery of habitat since two fires 

that burned in subpopulation D in 2003 and 2005 (see Section 4.0 below). 

In order to present trends in the spatial extent of sparrows occupying subpopulation D we used 

the ENP helicopter survey data to derive distributional maps to be compared over time.  We 

used data from the original 1981 and 1992 surveys, and data from two later complete surveys 

conducted roughly 10 years apart in 2001 and 2010 to prepare our maps.  The distributional 

maps were derived using the kernel density function tool in in ESRI® ArcMapTM 10.0 (ESRI, Inc. 
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2010) based on the actual count data reported in annual survey results (Figure 3.3). In 1981, 

the spatial extent of sparrows in subpopulation D roughly corresponded to the CSSS critical 

habitat boundary for the subpopulation. By 1992, the spatial extent was reduced considerably 

due to the sharp decline in overall abundance in subpopulation D with sparrows occurring 

largely in the northwestern portion of the subpopulation. Since 2001, the spatial extent of 

sparrows has been substantially reduced with sparrows occurring mainly in a small patch of 

suitable habitat in the northwestern-central region of subpopulation D habitat. The abundance 

and spatial extent of sparrows in subpopulation D have been relatively consistent since 2001, 

with a moderate upward trend since 2008. 

Since 2006, Rutgers University has conducted intensive ground surveys and nest monitoring in 

subpopulation D. Research effort was for the most part focused on the area in the 

northwestern-central region of subpopulation D habitat described above (red-shaded area in 

Figure 3.4). Data summarized in Table 2 was taken from annual reports prepared for ENP and 

USFWS from 2006-2010 (Lockwood et al. 2006; Lockwood et al. 2007; Boulton et al. 2009a; Virzi 

et al. 2009; Lockwood et al. 2010). Cape Sable seaside sparrows occupied habitat in 

subpopulation D each year from 2006-2010, and breeding occurred every year except 2008. 

Territories for male sparrows were generally located in the same area each year, centered near 

a small area of suitable habitat in the area east of Aerojet Road that recently recovered from a 

fire in 2003 (Figure 3.5). Territory sizes were much larger than in other CSSS subpopulations, 

ranging from 30-40 ha (Lockwood et al. 2006). The abundance of sparrows in subpopulation D 

remained low through 2010 (9 birds); however, the total population size increased over the 

period from three birds reported in 2005-2006, and five birds reported in 2008-2009. Despite 

the positive trend in abundance in subpopulation D, there has been an extremely male-biased 

sex ratio in the subpopulation every year (0.60 – 1.00). This is a phenomena that has be 

observed previously in other small sparrow subpopulations (Virzi et al. 2009; Boulton et al. In 

Press), but appears to be exacerbated in subpopulation D perhaps due to the extremely small 

size of the population.  
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While breeding has occurred in four of the past five years in subpopulation D, overall 

productivity has been quite low with only five chicks fledging from the subpopulation over the 

period (3 chicks from 2 nests in 2009; 2 chicks from 1 nest in 2010). Clutch sizes and nest 

success rates appear to be in line with those reported in other subpopulations (Boulton et al. 

2011), but the very small population combined with the highly male-biased sex ratio has 

resulted in little productivity over the past five years. Since recruitment into the local 

population is likely not influenced much by local productivity, most recruitment likely comes 

from immigration from other sparrow subpopulations. Juvenile sparrows have recently been 

shown to disperse at great distances (Van Houtan et al. 2010), therefore, recruitment into 

subpopulation D could come from sources in any of the other sparrow subpopulations located 

east of Shark River Slough. 

Analysis of mark-recapture data showed that very few banded sparrows returned to breed in 

subpopulation D in subsequent years. In fact, until 2010 no banded sparrows had ever been 

resighted in subpopulation D. One male sparrow banded originally in 2009 and one banded 

originally in 2008, but not present in 2009, returned to the subpopulation in 2010. The ultimate 

cause of the low return rates observed in subpopulation D remains unknown.  It is possible that 

annual survival is very low for sparrows in this subpopulation; however, it is not possible to 

compare survival rates between subpopulations due to the severely small sample size. It is also 

possible that adult sparrows (especially males) may be dispersing out of the subpopulation in 

an attempt to locate other areas where more sparrows are attempting to breed, a hypothesis 

made very plausible since conspecific attraction has been shown to influence settlement 

decisions in the CSSS (Virzi et al. In Revision). Supporting this hypothesis is the observation of a 

male sparrow originally banded in subpopulation D in 2006 that was seen 13 days later in the 

same breeding season in subpopulation C some 11.9 km away (Lockwood et al. 2006). 
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3.3.2 Current Status and Distribution (2011) 

3.3.2.1   Helicopter Survey Results 

The results of helicopter surveys are presented in Figure 3.5.  We conducted our helicopter 

surveys over three days (13-May, 16-May and 20-May).  ENP conducted their helicopter surveys 

in early-May.  Two sparrows were detected during helicopter surveys (one by Rutgers and one 

by ENP).  We conducted additional ground surveys in the areas where male sparrows were 

detected during the helicopter surveys (Figure 3.5, site-30 and site-43) to confirm their 

presence and to document any breeding activity.  Our helicopter surveys detected a singing 

male sparrow at site-43, which is located in the southeastern portion of the known sparrow 

population in subpopulation D near the C-111 Canal.  Later ground surveys of this area did not 

locate any sparrows.  The ENP surveys detected a singing male sparrow at site-30, which is 

located west of Aerojet Road away from the known sparrow population.  Later ground surveys 

confirmed a single male sparrow in this area; this sparrow was subsequently color-marked 

(BKBL-ORAL) and was later observed in the area east of Aerojet Road where most of the 

sparrows in subpopulation D were located. 

The results of the helicopter surveys reveal potential sources of bias in any attempt to use the 

survey data to estimate population size in subpopulation D, and potentially in any small CSSS 

subpopulation.  First, the ENP surveys did not detect sparrows in the core area of breeding 

activity in subpopulation D despite the location of several survey sites in this immediate area 

(Figure 3.5).  There were at least three survey sites (site-23, site-32 and site-33) where sparrows 

were known to be located based on our intensive ground surveys.  Thus, the helicopter surveys 

conducted by ENP would seem to under-estimate the size of the sparrow population in 

subpopulation D.  Two potential causes for this error are (1) that birds were not detected by 

chance at survey sites since male sparrows in subpopulation D tend to move over large areas in 

this low-density sparrow subpopulation or (2) the surveys may have been conducted after 

08:30 and male sparrows may have stopped singing by then, which is what we typically 

observed in subpopulation D during the 2011 breeding season.     
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The second potential source of bias results from the way in which the survey data has 

historically been used to estimate population size.  Historically, a multiplier of 16x the number 

of sparrow detections has been used to estimate population size; however, this multiplier is 

known to potentially over-estimate numbers in small sparrow subpopulations (Lockwood et al. 

2007).  The multiplier is based on the estimated territory size of sparrows (2 ha), the distance 

between survey sites (1 km), and the prediction that for every male sparrow there is a female 

sparrow.  Using this multiplier, the population estimate would be 32 sparrows for 

Subpopulation D based on the detection of two sparrows during the helicopter surveys.  

However, our ground surveys indicated that there were only seven sparrows (six males and one 

female) in subpopulation D in 2011 (see below).  Thus, the helicopter surveys would seriously 

over-estimate population size using this methodology.   

We identify two potential explanations as to why the 16x multiplier does not perform well for 

estimating sparrow population size in subpopulation D.  First, territory sizes in this 

subpopulation are substantially larger than 2 ha.  Second, there was obviously not a female for 

every male sparrow in this subpopulation.  Previous research by Rutgers University has shown 

that both of these factors are typical in small sparrow subpopulations (Virzi et al. 2009; Boulton 

et al. In Press).  Therefore, data from helicopter surveys alone is not the best way to estimate 

population size in small subpopulations.  Helicopter surveys will also not provide data on the 

annual breeding status (and success) of male sparrows; only intensive ground surveys can 

provide the latter data. 

3.3.2.2   Ground Surveys and Nest Monitoring Results 

Periodic intensive ground surveys were conducted in subpopulation D over a 12-week period 

during the 2011 sparrow breeding season. During the latter part of the breeding season (week 

9 and later), surveys were reduced to one day per week since no female sparrows were being 

observed on territories and thus no nest searching/monitoring was necessary. All sparrows 

detected in subpopulation D during 2011 were located between the ENP boundary and the C-

111 Canal, all on SFWMD land (Figure 3.6 and Appendix 2). Most sparrow activity was observed 
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east of the Aerojet Road, with the exception of a single male sparrow observed during the early 

part of the breeding season west of Aerojet Road. This male was banded in 2011 at its original 

location west of Aerojet Road on 05-May (BKBL-ORAL); however, this male was later observed 

on several occasions east of Aerojet Road near the core population of sparrows in 

subpopulation D (Figure 3.6). The core population was located in the same area where 

sparrows occurred in subpopulation D in 2010. 

In total, six male sparrows were observed in subpopulation D in 2011. None of these birds were 

returning males from previous years. All six males were captured and color-banded in 2011. 

Territory mapping showed that four of these males had well-established territories while two 

males wandered over large areas of the subpopulation during the course of the breeding 

season (Figure 3.6). Only one female sparrow was observed in subpopulation D during the 2011 

breeding season. This female was observed on the territory of the male sparrow banded DPWK-

ORAL on a single day in 2011 (15-Apr). Intensive monitoring of this male’s territory indicated 

that nesting did not occur. Thus, no nesting activity was observed in subpopulation D during 

2011.   

By the time we completed our ground surveys in 2011 (25-Jun), only three male sparrows 

remained on territories in subpopulation D (DPWK-ORAL, YLBK-ORAL and BLOR-ORAL). The 

other three males had likely emigrated from the subpopulation, perhaps since there were no 

females. No additional recruitment of males into the subpopulation was observed. While it is 

difficult to speculate as to why the only female sparrow observed in subpopulation D during 

2011 did not settle there, it is possible that the low density of males in the subpopulation 

contributed to this decision. It is likely that male Cape Sable seaside sparrows establish 

territories first, based on habitat suitability and the presence of conspecifics (i.e. other singing 

males). Females likely base their settlement decisions on the quality of males and their 

territories. However, females may also base their settlement decisions on the abundance of 

males in an area in an attempt to increase opportunities for extra-pair copulations. Thus, a 

female that wandered into subpopulation D by chance may have decided to move on looking 

for an area with a higher density of males. 
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Given the lack of nesting and the lack of any returning males to subpopulation D in 2011, a 

condition that has occurred there in past years, it appears that this subpopulation may be an 

ephemeral subpopulation sustained by immigration from other subpopulations rather than 

local recruitment. While somewhat isolated in the eastern Everglades, subpopulation D could 

still receive recruitment from other sparrow subpopulations. As an example, we provide an 

illustration of potential dispersal events for juvenile sparrows (the most likely long-distance 

dispersers) from other nearby sparrow subpopulations (Figure 3.7). The dispersal kernel 

projections in Figure 3.7 were adapted from Gilroy, et al. (Gilroy et al. In Revision-a). Basically, 

the projections show the dispersal probability of a juvenile sparrow from subpopulation E 

(Figure 3.7a, core sparrow subpopulation) and subpopulation C (Figure 3.7b, nearest small 

sparrow subpopulation) into subpopulation D. While the dispersal probability into 

subpopulation D is low in both cases, this subpopulation does fall well within the range of 

dispersal of juvenile sparrows expected from these other subpopulations, and to a lesser 

degree from all sparrow subpopulations east of Shark River Slough. Further, note that the 

dispersal probability of a juvenile sparrow from subpopulation C is much higher than from other 

subpopulations due to the proximity of this subpopulation to subpopulation D. Thus, future 

recruitment into subpopulation D will likely be influenced most strongly by breeding conditions 

in subpopulation C in any given year. 

3.3.3 Conclusions 

Since the substantial decline in numbers first documented between the 1981 and 1992 

rangewide helicopter surveys conducted by ENP, the sparrow population has remained very 

small in subpopulation D.  Recent trends show a modest increase in numbers, but the 

subpopulation remains one of the smallest CSSS subpopulations. Sparrows have generally used 

the same area for breeding over the past six years with territories concentrated in a small patch 

of suitable habitat in the northwestern-central portion of the subpopulation. Breeding occurred 

sporadically since 2006; however, no breeding occurred in 2011. The biggest issue of concern is 

the severely male-biased sex ratio that has persisted in the subpopulation in recent years, 

which has led to very low overall annual productivity due to the lack of enough females. 
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Whether this is the result of low female survival or dispersal limitations is presently unknown. 

Regardless, a high proportion of unmated males raises concern that subpopulation D may be in 

trouble and at high risk of local extinction. Another issue of concern is the low return rate of 

adults to the subpopulation between years, with no returning adults in most years, which is a 

condition only reported in this subpopulation. This observation is quite unusual for the CSSS; 

recent research shows that there is a 53% probability that a surviving individual will remain in a 

study plot between years (Gilroy et al. In Revision-a), thus we would expect to see some male 

sparrows return each year. Future CSSS research in subpopulation D should examine dispersal 

more closely, possibly by radio-tracking individuals, in order to gain a better understanding of 

the behavior of sparrows in this small, peripheral subpopulation. We also suggest the 

continuation of helicopter surveys to document dispersal of sparrows into any newly restored 

habitat in the subpopulation D area. Importantly, we suggest that intensive ground surveys and 

nest monitoring also be continued due to the potential bias of helicopter survey data to 

estimate numbers in small subpopulations, and since this is the only way that breeding activity 

can be closely monitored and analyzed in response to changes in hydrologic conditions in that 

are likely to occur in subpopulation D as the C-111 Spreader Canal Project becomes operational. 
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3.4 Tables and Figures 

Table 3.1:  Results of rangewide Cape Sable seaside 

sparrow helicopter surveys conducted by Everglades 

National Park from 1981 - 2010. First survey 

conducted in 1981; annual surveys conducted since 

1992. Two surveys were conducted in 2000; results of 

both surveys included in table. "Actual Count" 

column indicates total number of male sparrows 

detected during annual survey. NS = no survey. 

Year 

# Sites 

Surveyed 

# Sites 

Occupied 

% Sites 

Occupied 

Actual 

Count 

1981 71 18 25% 25 

1992 80 4 5% 7 

1993 55 4 7% 6 

1994 NS NS NS NS 

1995 21 0 0% 0 

1996 57 4 7% 5 

1997 47 2 4% 3 

1998 53 3 6% 3 

1999 50 8 16% 11 

2000a 50 3 6% 4 

2000b 48 1 2% 1 

2001 48 2 4% 2 

2002 68 0 0% 0 

2003 37 0 0% 0 

2004 36 0 0% 0 

2005 40 2 5% 3 

2006 28 0 0% 0 

2007 16 0 0% 0 

2008 16 1 6% 1 

2009 17 2 12% 2 

2010 23 4 17% 4 
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Table 3.2: Demographic data collected by Rutgers University for Cape Sable 

seaside sparrows breeding in subpopulation D (2006 - 2010). Sex Ratio = male 

bias in subpopulation; SE Mean Clutch Size = 0 for all years; Chicks 

Fledged/Pair = Chicks Fledged / Breeding Pairs; Banded Adults = total number 

of banded adults in subpopulation at year end (birds banded current year + 

resights); Return Rate = Resights / Banded Adults (from prior year). 

Data 2006 2007 2008 2009 2010 

Total Population 3 3 5 5 9 

Breeding Pairs 1 1 0 2 2 

Males 2 2 5 3 7 

Females 1 1 0 2 2 

Sex Ratio 0.67 0.67 1.00 0.60 0.78 

      Nests 2 2 0 2 2 

Nests Hatched 1 1 na 2 2 

Nests Fledged 0 0 na 2 1 

Chicks Fledged 0 0 0 3 2 

Mean Clutch Size 3.0 4.0 na na 3.0 

Chicks Fledged/Pair 0.0 0.0 0.0 1.5 1.0 

      Date Fieldwork Began 13-Apr 02-May 18-Apr 01-Jun 09-Apr 

Date First Nest Found 5-May 02-May na 01-Jun 19-Apr 

Date Last Nest Found 27-May 31-May na 01-Jun 18-May 

      Banded Adults 4 4 5 2 6 

Males 3 3 5 2 6 

Females 1 1 0 0 0 

Nestlings 0 1 0 0 0 

      Resights na 0 0 0 2 

Return Rate na 0.00 0.00 0.00 0.50 
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Figure 3.1:  Helicopter survey sites for Cape Sable seaside sparrow (CSSS) surveys conducted 

during 2011. Numbered circles represent survey sites considered in study design. Red circles 

are sites surveyed by Rutgers University, orange circles are sites surveyed during rangewide 

helicopter surveys conducted by Everglades National Park (ENP), and grey circles are sites 

surveyed in previous years by ENP which were excluded from 2011 surveys. Red line indicates 

current CSSS critical habitat boundary. Green-shaded polygons represent location of CSSS 

territories in 2010. Hatched areas represent boundaries of recent fires that burned in sparrow 

habitat in subpopulation D. 
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Figure 3.2:  Results of rangewide Cape Sable seaside sparrow helicopter surveys conducted by 

Everglades National Park from 1981 - 2010. First survey conducted in 1981; annual surveys 

conducted since 1992. Bars indicate total number of male sparrows detected during annual 

survey (left axis = count). Dashed line indicates trend in sparrow occupancy at survey sites over 

the period (right axis = % sites occupied). 
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Figure 3.3:  Historical trend in distribution of Cape Sable seaside sparrows (CSSS) in 

subpopulation D based on rangewide helicopter surveys conducted by Everglades National Park 

from 1981 – 2010. Colored circles represent survey sites visited during years presented in figure 

(annual surveys conducted since 1992); circles color-coded to indicate number of birds counted 

at each survey point (green=0, yellow=1, red=2, pink=3). Red line indicates current CSSS critical 

habitat boundary. Color-shaded areas depict CSSS range estimates within subpopulation D each 

year derived using the kernel density function tool in ESRI® ArcMapTM 10.0 (ESRI, Inc. 2010) 

based on annual survey results; density estimates depicted by color ramp ranging from high 

density (red) to low density (green).  
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Figure 3.4:  Historic locations of Cape Sable seaside sparrow (CSSS) territories based on 

intensive ground surveys and nest monitoring conducted by Rutgers University in 

subpopulation D from 2006 – 2010. Red line indicates current CSSS critical habitat boundary. 

Color-shaded area depicts 2010 CSSS range estimate within subpopulation D derived using a 

kernel density function in ArcMap based on Everglades National Park rangewide helicopter 

survey results. Hatched areas represent boundaries of recent fires that burned in sparrow 

habitat in subpopulation D.   
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Figure 3.5:  Results of Cape Sable seaside sparrow (CSSS) surveys conducted in subpopulation D 

during 2011. Helicopter surveys were conducted by Rutgers University and Everglades National 

Park (ENP). Red circles are helicopter sites surveyed by Rutgers University, orange circles are 

sites surveyed by ENP, and grey circles are sites surveyed in previous years by ENP which were 

excluded from 2011 surveys. Helicopter survey sites where sparrows were detected depicted by 

white ‘X’ (site-30 and site-43). Intensive ground surveys were also conducted by Rutgers 

University in the areas sparrow territories were located during 2010, and at sites where 

sparrows were detected during 2011 helicopter surveys. The location of sparrows detected 

during ground surveys indicated by black ‘X’. Red line indicates current CSSS critical habitat 

boundary. Hatched areas represent boundaries of recent fires that burned in sparrow habitat in 

subpopulation D. 
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Figure 3.6:  Territorial boundaries for Cape Sable seaside sparrows (CSSS) monitored in 

subpopulation D during the 2011 breeding season. Numbered circles correspond to helicopter 

survey sites (see Fig. 5); inset shows location of CSSS territories in relation to complete 

helicopter surveys in subpopulation D. Territories are color-coded, and referenced by unique 

color-band combinations for each male sparrow. Two of the males (BKBL-ORAL and BLOR-

ORAL) wandered widely across the subpopulation over the course of the breeding season. Only 

one female was observed, on a single day, during the 2011 breeding season (with male DPWK-

ORAL). Hatched area represents the boundary of a fire that burned sparrow habitat in 

subpopulation D during 2003. 
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            (a)                                                    (b) 

 

Figure 3.7:  Figure depicting example dispersal kernel projections for juvenile Cape Sable 

seaside sparrows (CSSS) created using ESRI® ArcMapTM 10.0 (ESRI, Inc. 2010).  Figure 3.8a shows 

a hypothetical dispersal kernel projection for a juvenile sparrow fledged from a nest in one of 

the core CSSS subpopulations (Subpopulation E).  Figure 3.8b shows a hypothetical dispersal 

kernel projection for a juvenile sparrow fledged from a nest in Subpopulation C, which is the 

nearest CSSS subpopulation to Subpopulation D.  Annuli for dispersal kernel projections created 

at distances ranging from 100m to 30km depicted with a color-ramp based on kernel values, 

with red colors indicating high dispersal probability values and blue colors indicating low 

dispersal probability values.  Suitable sparrow habitat (by subpopulation) indicated by solid 

lines. 
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4.1 Background 

Marl prairie vegetation, the habitat of the Cape Sable seaside sparrow (CSSS), is present at both 

flanks of the Shark River and Taylor Slough, in the rocky glades along the eastern boundary of 

Everglades National Park (ENP), and within the Southern Glades Wildlife and Environmental Area 

(SGWEA). The vegetation within the habitat of sparrow subpopulations (A-F) is sensitive to changes 

in both hydrologic and fire regimes. A comprehensive study, conducted for eight years (2003-2010) 

with a broad goal of assessing the response of marl prairie ecosystems to water management 

efforts under Comprehensive Everglades Restoration Plan (CERP), has shown that the vegetation 

within the habitat is not only in coherence with the existing hydrologic regime, but it also tracks the 

hydrologic changes over time (Ross et al. 2006; Sah et al. 2011). At the burned sites, however, the 

vegetation changes in conjunction with both the time since last fire and post fire hydrologic 

conditions (Sah et al. 2011). 

In Cape Sable seaside sparrow subpopulation D, vegetation structure and composition had been 

monitored at a composite set of census and transect sites, located at the corners of 1 km x 1 km 

grid cells and at every 100 m on a 2.5 km long transect, respectively. The combination of transect 

and census sites were suited to characterize and monitor the small scale vegetation response to 

hydrologic changes, and a large scale vegetation change within the subpopulation, respectively. In 

the last several years, however, a small number of sparrows with adjoining territories were found 

as the sole surviving individuals within subpopulation D. While the transect did not include any part 

of those territories, and therefore did not allow accurate characterization of habitat conditions 

relevant to those birds over time, the census sites were too sparse to efficiently monitor system-

wide vegetation changes and their impact on sparrow population dynamics in response to 
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anticipated changes in hydrologic regime associated with C-111 project operations. Therefore, a 

modified scheme was needed to document the structure and composition at the finer scale to 

precisely assess an impact of project operations on vegetation within subpopulation D. Our main 

objectives of this vegetation study were, i) to summarize the historical vegetation data collected in 

the CSSS subpopulation D habitat; and ii) to document the baseline status of vegetation structure 

and composition in the sparrow subpopulation D habitat. 

4.2 Methods 

4.2.1 Study Design 

The primary goal of the current study design was to enhance the spatial and temporal resolution of 

vegetation monitoring so that an impact of project operations on vegetation structure and 

composition in coming years could be precisely assessed. The sampling pattern included two 

groups of sites, (1) sparse sites (SS sites), and (2) concentrated sites (CS sites) (Figure 4.1; Appendix 

3). The SS sites included 17 of the existing vegetation census sites located at the corners of 1 km x 1 

km grid cells and an additional 27 sites that were either at the corners of additional grid cells 

confined within the critical habitat boundary of Unit-3 (subpopulation D) or in the centers of the 

grid cells. Eleven census sites located south of the Aerojet access road and sampled during 2003-

2010 monitoring period, were not included in the present sampling scheme. The CS sites 

established in an area of 1.25 km x 1.25 km encompass the occupied sparrow territories closely 

monitored by Dr. Thomas Virzi (Rutgers University) and group, as well as the unoccupied area 

immediately adjacent to those territories. Among 36 CS sites, two were the existing vegetation 

census sites. In addition, eight sites were established in an area, northeast of subpopulation D, 

which had been modified by past agricultural practices and has now been identified as a potential 

area for habitat enhancement by removal of woody vegetation followed by a prescribed fire 

(Burzycki et al. 2010).   
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4.2.2 Field Sampling  

At each site, a PVC tube was driven in the ground to mark the SE corner of both a 10 x 10 m tree 

plot and a 5 x 5 m shrub/herb plot (Figure 4.2). In the 10 x 10 m tree plots, we measured the DBH 

and crown length and width of any woody individuals ≥ 5 cm DBH, then calculated species cover 

assuming elliptical crown form. Within each 5 x 5 m plot, we estimated the cover % of each 

vascular plant species in five 1-m2 subplots, using the following categories: < 1%, 1-4%, 4-16%, 16-

33%, 33-66%, and > 66%.  Species present in the 5 x 5 m plot but not found in any of the 1 m2 

subplots was assigned a mean cover of 0.01%.  In addition, a suite of structural parameters was 

recorded in a 0.25 m2 quadrat in the SW corner of each of the 5 subplots.  Structural 

measurements included the following attributes:  1) Canopy height, i.e., the tallest vegetation 

present within a cylinder of ~5 cm width, measured at 4 points in each 0.25 m2 quadrat; 2) The 

height and species of the tallest plant in the plot; 3) Total vegetative cover, in %; and 4) live 

vegetation, expressed as a % of total cover.  Figure 4.3 shows photos of research team members 

taking vegetation structural and compositional measurements in the field. Later, mean canopy 

height and total vegetative cover were used to estimate above ground plant biomass, using the 

allometric equation developed by Sah et al. (2007) for marl prairie vegetation within CSSS habitat.  

Water depth and hydroperiod estimates were made on 31-Aug and 09-Sep 2011.  At each site we 

measured water depths at three locations within the 5 x 5 m plot. The mean water depth was to be 

compared with water surface elevations and water depths provided by available empirical models 

(e.g., District’s Water Depth Estimation Tool) for the specific date, and mean ground elevation for 

the plot to be calculated.   

4.2.3 Analytical Method 

The hierarchical agglomerative cluster analysis was used to define the vegetation types at the 

sites surveyed in subpopulation D in 2011. However, to keep the vegetation identified at those 

sites in coherence with the classification adapted for the marl prairie vegetation encompassing 

all the subpopulations, the analysis also included vegetation data collected at 608 census sites 

sampled in 2003-2005 within both historical (Cape Sable) and recent range (six subpopulations) 
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of CSSS habitat. We used the same procedure, described in Ross et al. (2006), i.e. we eliminated 

the species that were present in less than 12 sites, and relativized the species data by plot total. 

We then used the Bray-Curtis dissimilarity as our distance measure, and the flexible beta 

method to calculate relatedness among groups and/or individual sites (McCune and Grace 

2002). Dendrograms were cut to arrive at the same ten vegetation groups that had been 

initially recognized based on data only from the 608 census sites (Ross et al. 2006). The SIMPER 

(Similarity Percentage) analysis included in the PRIMER Software was used to identify which 

species primarily contribute most of the within group similarity, and to calculate mean 

dissimilarity between all pairs of groups identified in cluster analysis. 

Vegetation structural measurements were summarized for each plot. One-way analysis of 

variance (One-way ANOVA) was used to test the differences in vegetation structural variables, 

biomass, and species richness between vegetation types. 

4.3 Results and Discussion 

The marl prairie landscape supports a diverse, biologically rich plant community that includes a 

suite of vegetation assemblages that differ in species composition and represent a gradient of 

hydrologic regime. Within the landscape, however, vegetation structure and composition in 

some part of the sparrow habitat, including subpopulation D, have changed over time (between 

1981 and 2010) in response to both natural and anthropogenic alterations in hydrologic and fire 

regimes.  

4.3.1 Historical Vegetation (1981-2010) 

During the sparrow census, first conducted in 1981 and then annually since 1991, researchers 

qualitatively recorded vegetation type at the census sites. After calibration of the qualitative 

observations against the quantitative data gathered at the common sites between 2003 and 

2005, the qualitative observations of species and/or community types were broadly classified 

into two categories: short hydroperiod wet prairies and relatively long hydroperiod marsh 

vegetation. In 1981, wet prairies were widespread in most part of the recent range of the 
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sparrow habitat (Figure 4.4). However, beginning in the early 1990’s, several sub-regions 

showed an increase in marsh vegetation at the expense of wet prairies (Ross et al. 2004). The 

most prominent of these were the habitat in subpopulation A and D. The data shows that 

habitat was mostly prairie in 1981, but is now marsh in most of the area.  

Between 2003 and 2005, a detailed survey of vegetation in all subpopulations also showed that 

wet-prairie vegetation was concentrated in the eastern half of the sparrow habitat where most 

birds were found in recent years, while marsh communities were prevalent in the western and 

southeastern areas (subpopulations A and D) (Figure 4.5). Particularly, in subpopulation D, 80% 

of surveyed census sites had marsh vegetation. Marsh communities were also present in the 

southern and southwestern portions of subpopulation B, which are close to Florida Bay and to 

Shark Slough, respectively. Since there has been a close relationship between vegetation types 

arranged along hydrologic gradients and sparrow occupancy (Figure 4.6), a change in 

vegetation from wet prairie to marsh types might have adversely impacted sparrow 

populations. In subpopulation A, where sparrow populations are currently very low, wet 

prairies were present only on the higher ground along a central ridge that runs from the 

northeast to the southwest corner of the area. While wet prairie vegetation was prevalent in 

subpopulations B and E, which together support >85% of current sparrow population, the same 

was not true in subpopulations C and F. In these two subpopulations, the proportion of wet 

prairie vegetation remained almost the same, but these areas currently support much lower 

sparrow populations than three decades ago, a change that has been attributed by some 

observers to increased fire frequency and woody components caused by over dryness (Pimm et 

al. 2002). In contrast, the decline in sparrows in subpopulation D is most often attributed to a 

change in habitat condition from wet prairies to tall-sawgrass dominated marsh vegetation, 

primarily in response to increased hydroperiod within the area (Pimm et al. 2002; Ross et al. 

2004). 

In subpopulation D, vegetation at all census sites were re-surveyed between 2006 and 2009, 

and at transect sites in 2010. The results revealed that between first and second surveys, there 

was an increase in proportion of wet prairie vegetation (Figure 4.7). Between those two 
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surveys, the mean cover of sawgrass (Cladium mariscus ssp. jamaicense) at the census sites 

significantly decreased (Pairwise t-test; df = 29, p = 0.001). The mean (±SE) cover of sawgrass 

during the first and second surveys was 38.7 (±4.65) and 24.1 (±3.44), respectively. In contrast, 

the differences in mean cover of the other three major species (Schoenus nigricans, 

Muhlenbergia capillaris ssp. filipes, and Rhynchospora tracyi) between two surveys were not 

significant (One-way ANOVA; p>0.05). The decrease in sawgrass cover could be due to the 

combined effects of the decreasing trend in water level, especially during the dry season, as 

indicated by the water level at the stage recorder EVER4 (Figure 4.8), and two fires that burned 

a portion of subpopulation D in 2003 and 2005 (Figure 4.1).  However, the effect of the 2005 

fire was also influenced by post-fire hydrologic conditions.  In the southwestern portion of 

subpopulation D, where water was impounded due to an extreme event of rainfall caused by 

hurricane Katrina in 2005, vegetation in 2010 (five years after fire) was indicative of wetter 

conditions than before fire. Out of seven transect sites that were burned in 2005, vegetation at 

five sites had changed from wet prairies or Cladium marsh to Cladium-Rhynchospora marsh 

(Figure 4.9). 

4.3.2 Vegetation Structure and Composition (2011) 

The cluster analysis, based on the composite set of 608 census sites surveyed during 2003-2005 

and 88 sites located in subpopulation D within the C-111 Spreader Canal Western Project area 

surveyed in 2011, resulted in the same ten vegetation assemblages, that had been formerly 

recognized based on data only from the 608 sites. The ten vegetation assemblages were 

grouped into two broad categories, ‘wet prairie’ and ‘marsh’, represented by four and six 

assemblages, respectively. Wet prairie characterized the sites with shorter hydroperiod, ranging 

from as low as 60 to slightly above 210 days, while marsh sites had hydroperiod generally 

greater than 210 days (Ross et al. 2006). In the CSSS subpopulation D habitat, however, not all 

ten vegetation types were present. In 2011, basically seven vegetation types, roughly arranged 

along a hydrologic gradient, were identified in the region. Two of them were Eleocharis-

Rhynchospora and Rhynchospora-Cladium marshes, each of which was represented by a single 

site. They generally characterized the wettest end of the hydrologic gradient. Two other marsh 
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vegetation types were the Cladium-Rhynchospora and Cladium marshes, represented by 6 and 

22 sites, respectively. Wet prairie included three vegetation assemblages, namely Cladium, 

Schoenus, and Muhlenbergia wet prairies, arranged along the gradient of decreasing both 

wetness and abundance (number of sites). These three vegetation types were represented by 

33, 21 and 4 sites, respectively. The fourth wet prairie type, Schizachyrium wet prairie, whose 

hydroperiod resembles that of Muhlenbergia wet prairie and is commonly present in the other 

four eastern subpopulations, B, C, E and F (Ross et al. 2006), was not present in subpopulation 

D in 2011.  

The seven vegetation types identified in subpopulation D are quite distinct. SIMPER (Similarity 

percentages) analysis results revealed that mean Bray-Curtis dissimilarity between any two 

clusters was >50% in all pairs of clusters, except between Cladium marsh and Cladium wet 

prairie (41%). The weak distinction between these two closely related vegetation types in 2011 

could probably be the result of recent trend in vegetation change within the region. Owing to 

the relatively dry conditions in recent years (Figure 4.8), vegetation at several sites is probably 

in a transition state. Many of the sites which had predominantly Cladium marsh vegetation 

during 2003-2005 survey are still dominated by Cladium, but consist of several other species, 

though in low abundance, that are indicators of relatively dry conditions and abundant in 

Cladium wet prairie. Table 4.1 summarizes, by vegetation type, the mean cover of the 15 most 

dominant species in the region. Both Cladium marsh and wet prairie have all 15 species in 

common. However, the abundance of several species, including sawgrass (Cladium mariscus 

ssp. jamaincense), significantly differed between two assemblages. Sawgrass was also the 

second most abundant species in Schoenus and Muhlenbergia wet prairies, which were 

dominated by black top sedge (Schoenus nigricans) and muhly grass (Muhlenbergia capillaris 

ssp. filipes), respectively. 

The spatial distribution of vegetation types in subpopulation D revealed that wet prairie 

vegetation is now more widespread than during the 2003-2005 vegetation survey. While the 

marsh vegetation is mostly concentrated in eastern and southern portions of the region, the 

vegetation in the western portion is pre-dominantly the wet-prairie type (Figure 4.10). Most 
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noticeable is the area in northwestern and central portions of the region between Aerojet road 

and the C-111 canal where a small population of sparrows was found nesting in 2010. Wet 

prairie vegetation was recorded at about 90% of sites located in this portion of the region, with 

both Cladium and Schoenus wet prairies present. During the earlier vegetation surveys (2003-

2005 and 2006-2010), in which census sites were separated by at least 1 km, this finer-scale 

pattern with a predominance of wet prairie vegetation was not nearly as evident.   

In general, wet prairies had higher species richness and lower vegetation height and biomass 

than the marsh sites (Table 4.2). The mean (± SD) number of species per plot was 11.6 (± 3.1) 

and 6.9 (± 4.6) in wet prairie and marsh, respectively. Wet prairie sites in subpopulation D 

generally tended to be more open, though the differences in both aboveground vegetation 

cover between two vegetation categories were not statistically significant. Mean (± SD) 

vegetation cover was 41.31 (±18.1) and 45.0 (± 23.1) in wet prairie and marsh, respectively. 

Green vegetation constituted about 60% of the total cover, and it did not differ between two 

vegetation groups. However, the difference in above ground biomass between wet prairie (540 

±189 g m-2) and marsh (641±349) vegetation was marginally insignificant (ANOVA, p-value = 

0.081). Appendices 5-7 show the spatial distribution of vegetation structural characteristics and 

species richness. 

4.3.3 Vegetation-Hydrology Relationship 

The spatial distribution of resident plant communities within the CSSS subpopulation D habitat 

was somewhat in tandem with hydrologic condition in the area. However, a detailed 

characterization of hydrologic regimes based on modeled water elevations derived from the 

District’s Water Depth Estimation Tool is yet to be worked out. A spatial illustration of water 

depths, measured in the field, suggests that the central northwestern portion of the habitat, 

where wet prairie vegetation is prevalent, is relatively dry and has lower mean water depth 

than the area in the east and south (Figure 4.11). In general, mean field water depth was 

significantly (One-way ANOVA; F1,76 = 77.8; p < 0.001) different between wet prairie and marsh 

sites. Almost all sites identified as having relatively long-hydroperiod marsh vegetation had field 
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water depth >10 cm. While a preliminary examination of a relationship between field 

hydrologic condition and resident vegetation types provides an insight into a general pattern, 

only a detailed analysis of vegetation in relation to temporal variation in hydrologic regimes 

characterized by several other hydrologic parameters, including hydroperiod, mean annual 

water depth, etc., will provide robust results that can efficiently be used to compare and 

monitor the impact of hydrologic changes caused by the C-111 SC Project activities.  

In summary, vegetation pattern in CSSS subpopulation D habitat is the result of the interactions 

of several environmental factors, including hydrology and fire. Within the habitat, the 

vegetation which was once predominantly wet prairie type had changed to relatively long 

hydroperiod marsh in response to the alterations in hydrology from dry to wetter conditions. In 

recent years, however, an increase in number of sites with wet prairie vegetation has signaled 

an improvement in sparrow habitat condition, enough to support a small sparrow population. If 

maximizing sparrow habitat were the sole management objective, then  strategies that allow 

the trend to continue and become more extensive are preferable. However, if maintenance of 

sparrow population at the current level is the more limited objective, then strategies that retain 

the existing vegetation condition are needed.  
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4.4 Tables and Figures 

Table 4.1: Mean species cover (%) in herb stratum of 7 vegetation types, as defined in Figure 

4.10. Means are based on 88 plots sampled in 2011. Species listed are the 15 most abundant 

across all sites. ERM = Eleocharis-Rhynchospora Marsh; RCM = Rhynchospora-Cladium Marsh; 

CRM = Cladium-Rhynchospora Marsh; CM = Cladium Marsh’ CWP = Cladium Wet Prairie; SOWP 

= Schoenus Wet Prairie; MWP = Muhlenbergia Wet Prairie. 

 

Species 
ERM 
(1) 

RCM 
(1) 

CRM 
(6) 

CM 
(22) 

CWP 
(33) 

SOWP 
(21) 

MWP 
(4) 

Mean 
cover 

Cladium mariscus ssp. 
 jamaincense 

12.96 3.50 23.78 55.45 42.94 14.92 17.48 36.4 

Schoenus nigricans 
 

16.60 0.33 0.08 3.93 34.20 7.27 10.1 

Rhynchospora tracyi 2.00 30.56 17.78 1.22 2.50 5.17 2.52 4.1 

Rhynchospora microcarpa 
 

4.10 7.58 1.12 7.39 1.65 0.43 3.9 

Muhlenbergia capillaris 
  

0.03 0.13 4.08 2.34 23.80 3.1 

Eleocharis cellulosa 53.06 0.60 4.31 6.26 0.77 0.02 
 

2.9 

Centella asiatica 
  

0.77 0.28 3.37 5.48 1.03 2.7 

Panicum tenerum 
 

10.56 3.40 0.03 2.40 1.64 0.93 1.6 

Symphyotrichum  
tenuifolius   

0.12 0.03 1.51 1.23 0.15 0.9 

Rhynchospora divergens 
 

4.98 0.08 0.11 0.57 1.96 0.30 0.8 

Cassytha filiformis 
  

1.75 0.55 0.15 0.06 5.02 0.6 

Pluchea rosea 
 

0.10 0.20 0.67 0.69 0.15 0.00 0.5 

Ilex cassine 
   

1.29 0.18 
  

0.4 

Agalinis linifolia 
  

0.02 0.00 0.91 0.29 
 

0.4 

Crinum americanum 10.96 
 

0.02 0.35 0.25 0.03 
 

0.3 
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Table 4.2: Mean (± 1 S.D.) value of vegetation structural measurements and species richness for 

the wet prairie (n=56) and marsh (n=32) vegetation types within the CSSSS sub-population D 

habitat region.  

 
Vegetation Structural  

Variables 
 

Vegetation Group ANOVA-test 

Wet Prairie Marsh F1,86 p-value 

Species richness 11.6±3.1 6.9±4.6 29.60 <0.001 

Maximum height (cm) 90.0±16.9 97.3±31.4 2.01 0.160 

Mean vegetation height (cm) 53.4±14.5 63.4±27.1 5.07 0.027 

Total vegetation cover (%) 41.3±18.1 45.0±23.1 0.67 0.413 

Green vegetation cover (%) 25.5±13.6 26.0±11.9 0.03 0.869 

Aboveground plant biomass (g m-1) 540±189 641±349 3.11 0.081 
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Figure 4.1: Vegetation survey sites within C-111 Spreader Canal Western Project – Cape Sable 

seaside sparrow (CSSS) subpopulation D area. CSSS Vegetation Transect sites (blue diamonds) 

were monitored only up to 2010 as a part of CSSS habitat monitoring project. 
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Figure 4.2: Vegetation sampling design at each of 88 sites sampled in 2011 to document 

baseline vegetation condition in the habitat of Cape Sable seaside sparrow subpopulation D 

within C-111 Spreader Canal Project Area. 
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Figure 4.3: Field crews taking vegetation measurements in the field. 
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Figure 4.4: Distribution of four different vegetation types in 1981 within recent range of Cape 

Sable seaside sparrow (CSSS). Vegetation types are based on qualitative vegetation 

observations recorded during CSSS population survey. 
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Figure 4.5: Distribution of vegetation types within recent range of Cape Sable seaside sparrow, 

based on census plots sampled in three years (2003-05). 
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Figure 4.6: Percentage of census locations, subdivided into 30-day increments of vegetation-

inferred hydroperiod, in which Cape Sable seaside sparrows were observed at least once during 

three years prior to vegetation sampling. Data are based on 608 sites sampled in three years 

(2003-05). Mean (± 1 SD) inferred hydroperiod for nine vegetation types among 2003-05 

vegetation census plots are superimposed. 
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Figure 4.7: Vegetation types at 30 Cape Sable seaside sparrow census sites sampled twice, once 

between 2003 and 2005, and then between 2006 and 2010. Vegetation type at each site was 

identified through cluster analysis of species cover values at 608 census sites sampled in three 

years (2003-05). 
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Figure 4.8: 30-day moving average water level at EVER4 stage recorder located in Cape Sable 

seaside sparrow subpopulation D habitat. 
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Figure 4.9: Elevation, mean hydroperiod (days), vegetation type, and total herb stratum 

vegetation cover (%) along transect D transects. Hydroperiods were averaged over five years 

prior to 2004 sampling. SOWP = Schoenus Wet Prairie; CWP = Cladium Wet Prairie; CM = 

Cladium Marsh; CRM = Cladium-Rhynchospora Marsh. 
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Figure 4.10: Vegetation types at 88 sites sampled in 2011 to document baseline vegetation 

condition in the habitat of Cape Sable seaside sparrow (CSSS) subpopulation D within C-111 

Spreader Canal Project Area. Vegetation type at each site was identified through cluster 

analysis of species cover values at 696 sites, including 608 census sites sampled in three years 

(2003-05). Vegetation types represent from the wet (dark blue) to the dry (red) community 

types. 
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Figure 4.11: Mean water depth (cm) measured at 80 sites on 31-Aug and 09-Sept 2011. Water 

depth was averaged over three measurements taken within 5 x 5 m plot at each site. The color 

of symbols represents the vegetation types identified through cluster analysis and presented in 

Figure 4.10. 
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6.0 Appendices 

6.1 Appendix 1 

Appendix 1: List of CSSS helicopter sites surveyed in 2011 and their coordinates. The 

coordinates are in both NAD 1983 UTM Zone 17 and WGS 1984. 

Site 

Number 

 

X_UTM83 

 

Y_UTM83 

 

LAT_WGS84 

 

LONG_WGS84 

 

Surveyed By 

 

Count 

1 542342 2806526 25.374886 -80.579114 No Survey na 

2 538359 2805515 25.365864 -80.618733 No Survey na 

3 541347 2805522 25.365847 -80.589034 No Survey na 

4 542346 2805529 25.365882 -80.579105 No Survey na 

5 545336 2805541 25.365903 -80.549386 Rutgers 0 

6 546336 2805542 25.365881 -80.539447 ENP 0 

7 548323 2805549 25.365881 -80.519698 ENP 0 

8 549315 2805551 25.365867 -80.509838 Rutgers 0 

9 538360 2804524 25.356915 -80.618751 No Survey na 

10 541353 2804537 25.356952 -80.589005 No Survey na 

11 542351 2804540 25.356951 -80.579086 No Survey na 

12 543352 2804545 25.356967 -80.569138 Rutgers 0 

13 544340 2804550 25.356983 -80.559318 ENP 0 

14 545338 2804555 25.356999 -80.549399 ENP 0 

15 546337 2804559 25.357004 -80.539471 ENP 0 

16 547337 2804558 25.356964 -80.529532 ENP 0 

17 548326 2804562 25.356968 -80.519703 ENP 0 

18 549319 2804565 25.356963 -80.509834 ENP 0 

19 541355 2803540 25.347949 -80.589015 No Survey na 

20 542351 2803545 25.347966 -80.579117 Rutgers 0 

21 543354 2803550 25.347982 -80.569150 ENP 0 

22 544338 2803553 25.347980 -80.559371 ENP 0 

23 545343 2803553 25.347950 -80.549383 ENP 0 

24 546344 2803558 25.347964 -80.539436 ENP 0 

25 547337 2803562 25.347969 -80.529567 ENP 0 

26 548332 2803563 25.347946 -80.519679 ENP 0 

27 549326 2803567 25.347950 -80.509801 ENP 0 

28 541358 2802544 25.338954 -80.589016 No Survey na 

29 542359 2802548 25.338962 -80.579069 Rutgers 0 

30 543357 2802555 25.338997 -80.569152 ENP 1 

31 544345 2802559 25.339004 -80.559334 ENP 0 
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Site 

Number 

 

X_UTM83 

 

Y_UTM83 

 

LAT_WGS84 

 

LONG_WGS84 

 

Surveyed By 

 

Count 

32 545348 2802564 25.339019 -80.549367 ENP 0 

33 546349 2802567 25.339015 -80.539420 ENP 0 

34 547342 2802569 25.339002 -80.529552 Rutgers 0 

35 548335 2802574 25.339015 -80.519685 ENP 0 

36 549320 2802572 25.338965 -80.509897 ENP 0 

37 541361 2801549 25.329969 -80.589017 No Survey na 

38 542366 2801556 25.330004 -80.579030 Rutgers 0 

39 543360 2801559 25.330002 -80.569154 ENP 0 

40 544352 2801564 25.330018 -80.559297 ENP 0 

41 545355 2801569 25.330033 -80.549330 ENP 0 

42 546354 2801571 25.330021 -80.539404 ENP 0 

43 547351 2801574 25.330017 -80.529498 Rutgers 1 

44 548340 2801578 25.330021 -80.519671 ENP 0 

45 549327 2801574 25.329953 -80.509864 ENP 0 

46 541364 2800556 25.321001 -80.589017 No Survey na 

47 542371 2800561 25.321018 -80.579012 No Survey na 

48 543367 2800562 25.320999 -80.569116 Rutgers 0 

49 544355 2800565 25.320997 -80.559300 Rutgers 0 

50 545360 2800567 25.320985 -80.549314 Rutgers 0 

51 546360 2800570 25.320981 -80.539379 Rutgers 0 

52 547353 2800574 25.320986 -80.529513 Rutgers 0 

53 548342 2800574 25.320954 -80.519686 No Survey na 

54 549330 2800572 25.320904 -80.509870 No Survey na 

55 541367 2799559 25.311998 -80.589018 No Survey na 

56 542374 2799562 25.311997 -80.579013 No Survey na 

57 543370 2799566 25.312004 -80.569118 No Survey na 

58 544360 2799569 25.312002 -80.559282 Rutgers 0 

59 545366 2799570 25.311981 -80.549288 Rutgers 0 

60 546363 2799570 25.311951 -80.539383 No Survey na 

61 547354 2799572 25.311938 -80.529538 No Survey na 

62 548348 2799577 25.311951 -80.519662 Rutgers 0 

63 541372 2798563 25.303003 -80.588998 No Survey na 

64 542378 2798566 25.303002 -80.579004 No Survey na 

65 543372 2798569 25.303001 -80.569130 No Survey na 

66 544363 2798570 25.302981 -80.559285 Rutgers 0 

67 545368 2798574 25.302987 -80.549301 No Survey na 

68 541372 2797568 25.294018 -80.589029 No Survey na 

69 542380 2797569 25.293999 -80.579016 No Survey na 

70 543377 2797576 25.294034 -80.569112 No Survey na 

71 544366 2797577 25.294014 -80.559288 No Survey na 



68 
 

Site 

Number 

 

X_UTM83 

 

Y_UTM83 

 

LAT_WGS84 

 

LONG_WGS84 

 

Surveyed By 

 

Count 

72 539341 2804542 25.357052 -80.609001 No Survey na 

73 550334 2799586 25.311967 -80.499932 No Survey na 

74 548341 2797595 25.294053 -80.519802 No Survey na 

75 539366 2796576 25.285114 -80.608984 No Survey na 

76 541363 2796577 25.285069 -80.589148 No Survey na 

77 550312 2803982 25.351665 -80.499987 ENP 0 

78 550475 2804906 25.360003 -80.498333 Rutgers 0 

79 551479 2805463 25.364999 -80.488333 Rutgers 0 

80 552299 2805584 25.366063 -80.480179 Rutgers 0 

81 552296 2803580 25.347966 -80.480286 Rutgers 0 

82 552316 2801576 25.329869 -80.480164 Rutgers 0 

83 552329 2798573 25.302750 -80.480151 No Survey na 

100 548123 2807349 25.382142 -80.521622 Rutgers 0 

101 549123 2807349 25.382109 -80.511681 Rutgers 0 

102 548323 2806349 25.373105 -80.519669 Rutgers 0 

103 549223 2806349 25.373076 -80.510724 Rutgers 0 

104 550323 2806349 25.373039 -80.499790 Rutgers 0 

105 551323 2806349 25.373005 -80.489850 Rutgers 0 

106 551296 2804580 25.357031 -80.490186 Rutgers 0 

107 551296 2803580 25.348001 -80.490223 Rutgers 0 

108 550320 2802572 25.338932 -80.499960 Rutgers 0 

109 551320 2802572 25.338898 -80.490023 Rutgers 0 

110 550327 2801574 25.329919 -80.499927 Rutgers 0 

111 551327 2801574 25.329885 -80.489991 Rutgers 0 
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6.2 Appendix 2 

Appendix 2: Location of all CSSS detections in subpopulation D in 2011 and their coordinates. 

The coordinates are in both NAD 1983 UTM Zone 17 and WGS 1984. 

ID Month Day Year Color_Combo X_UTM83 Y_UTM83 LAT_WGS84 LONG_WGS84 

037 4 15 2011 DPWK ORAL 545013 2803109 25.343950 -80.552676 

038 4 15 2011 DPWK ORAL 545056 2803130 25.344136 -80.552246 

039 4 15 2011 DPWK ORAL 545094 2803143 25.344254 -80.551874 

040 4 15 2011 DPWK ORAL 545112 2803114 25.343991 -80.551690 

041 4 15 2011 DPWK ORAL 545127 2803029 25.343226 -80.551552 

042 4 15 2011 DPWK ORAL 545134 2802986 25.342836 -80.551479 

043 4 15 2011 DPWK ORAL 545109 2802988 25.342852 -80.551728 

044 4 15 2011 DPWK ORAL 545054 2803032 25.343256 -80.552274 

045 4 15 2011 DPWK ORAL 544992 2803086 25.343739 -80.552891 

046 4 15 2011 DPWK ORAL 544979 2803069 25.343591 -80.553014 

046 4 28 2011 YLBK ORAL 544554 2802902 25.342092 -80.557242 

047 4 15 2011 DPWK ORAL 544989 2803000 25.342966 -80.552917 

047 4 28 2011 DPWK ORAL 545055 2802913 25.342176 -80.552265 

048 4 15 2011 DPWK ORAL 545032 2802916 25.342204 -80.552494 

048 4 28 2011 DPWK ORAL 544994 2802979 25.342777 -80.552874 

049 4 15 2011 UNB F 545116 2802929 25.342321 -80.551657 

049 4 29 2011 DPWK ORAL 544916 2803261 25.345328 -80.553633 

050 4 19 2011 RWWH ORAL 544872 2803561 25.348039 -80.554067 

050 4 29 2011 RWWH ORAL 544688 2803453 25.347069 -80.555893 

051 4 19 2011 RWWH ORAL 544871 2803582 25.348229 -80.554073 

051 4 29 2011 RWWH ORAL 544892 2803618 25.348549 -80.553860 

052 4 19 2011 RWWH ORAL 544908 2803462 25.347137 -80.553712 

052 4 29 2011 RWWH ORAL 544956 2803479 25.347291 -80.553235 

053 4 19 2011 RWWH ORAL 544934 2803583 25.348230 -80.553444 

053 4 29 2011 DPWK ORAL 545074 2803020 25.343141 -80.552073 

054 4 19 2011 RWWH ORAL 544985 2803525 25.347706 -80.552945 

055 5 2 2011 BKBL ORAL 543162 2802214 25.335925 -80.571096 

068 5 5 2011 DPWK ORAL 545025 2803047 25.343394 -80.552557 

069 5 5 2011 DPWK ORAL 544972 2802909 25.342146 -80.553095 

070 5 5 2011 DPWK ORAL 544938 2803123 25.344078 -80.553418 

074 4 28 2011 DPWK ORAL 544895 2803171 25.344517 -80.553852 

075 4 28 2011 DPWK ORAL 544992 2803042 25.343349 -80.552886 

076 4 28 2011 DPWK ORAL 544928 2803109 25.343950 -80.553523 

077 4 28 2011 DPWK ORAL 545109 2803104 25.343904 -80.551719 



70 
 

ID Month Day Year Color_Combo X_UTM83 Y_UTM83 LAT_WGS84 LONG_WGS84 

078 4 28 2011 DPWK ORAL 545081 2803070 25.343595 -80.552002 

079 4 28 2011 DPWK ORAL 545115 2803073 25.343620 -80.551668 

080 4 28 2011 DPWK ORAL 545180 2803120 25.344041 -80.551016 

081 4 28 2011 DPWK ORAL 545107 2803096 25.343831 -80.551744 

082 4 28 2011 DPWK ORAL 545076 2803067 25.343569 -80.552053 

083 4 28 2011 DPWK ORAL 545028 2803041 25.343337 -80.552532 

084 4 29 2011 YLBK ORAL 544534 2802956 25.342587 -80.557443 

084 5 12 2011 YLBK ORAL 545285 2803272 25.345412 -80.549966 

085 4 29 2011 YLBK ORAL 544598 2802942 25.342453 -80.556808 

085 5 12 2011 BKBL ORAL 545443 2803476 25.347250 -80.548396 

086 4 29 2011 YLBK ORAL 544639 2802910 25.342163 -80.556399 

086 5 12 2011 BKBL ORAL 545492 2803470 25.347198 -80.547908 

087 5 12 2011 YLBK ORAL 545326 2803214 25.344892 -80.549568 

088 5 12 2011 2 CSSS 544971 2803292 25.345606 -80.553091 

089 5 12 2011 BKBL ORAL 544905 2803629 25.348646 -80.553732 

090 5 17 2011 DPWK ORAL 545023 2803024 25.343184 -80.552577 

091 5 17 2011 YLBK ORAL 545388 2803101 25.343866 -80.548949 

094 5 5 2011 BKBL ORAL 543255 2802101 25.334903 -80.570185 

095 5 5 2011 BKBL ORAL 543208 2802103 25.334920 -80.570648 

096 5 5 2011 BKBL ORAL 543223 2802081 25.334720 -80.570500 

097 5 5 2011 BKBL ORAL 543237 2802065 25.334573 -80.570358 

113 5 26 2011 BKBL ORAL 546252 2802929 25.342286 -80.540375 

114 5 26 2011 RWYL ORAL 546079 2802302 25.336629 -80.542108 

115 5 27 2011 RWYL ORAL 546105 2802171 25.335444 -80.541854 

116 5 26 2011 BLOR ORAL 546583 2802507 25.338468 -80.537092 

116 5 27 2011 DPWK ORAL 545010 2802810 25.341249 -80.552714 

117 5 26 2011 BLOR ORAL 546574 2802474 25.338167 -80.537184 

117 5 27 2011 YLBK ORAL 545259 2802925 25.342283 -80.550235 

118 5 26 2011 BLOR ORAL 546562 2802521 25.338597 -80.537304 

119 5 27 2011 BKBL ORAL 546274 2802958 25.342544 -80.540148 

120 5 27 2011 BKBL ORAL 546201 2802909 25.342104 -80.540878 

121 5 27 2011 BKBL ORAL 546233 2802977 25.342719 -80.540561 

122 5 27 2011 BKBL ORAL 546164 2802953 25.342506 -80.541250 

122 6 3 2011 RWYL ORAL 546133 2802281 25.336437 -80.541572 

123 5 31 2011 RWYL ORAL 546272 2802335 25.336924 -80.540190 

123 6 3 2011 BLOR ORAL 545943 2802791 25.341052 -80.543445 

124 5 31 2011 RWYL ORAL 546228 2802335 25.336923 -80.540632 

125 5 31 2011 RWYL ORAL 546267 2802299 25.336601 -80.540246 

125 6 8 2011 RWYL ORAL 546152 2802253 25.336186 -80.541390 

126 5 31 2011 RWYL ORAL 546294 2802381 25.337341 -80.539969 
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ID Month Day Year Color_Combo X_UTM83 Y_UTM83 LAT_WGS84 LONG_WGS84 

127 5 31 2011 BLOR ORAL 546500 2802479 25.338215 -80.537922 

128 5 31 2011 BLOR ORAL 546521 2802519 25.338579 -80.537714 

130 6 16 2011 BLOR ORAL 544914 2803220 25.344954 -80.553656 

131 6 16 2011 BLOR ORAL 544935 2803722 25.349486 -80.553430 

132 6 16 2011 DPWK ORAL 544999 2802942 25.342445 -80.552818 

135 6 25 2011 DPWK ORAL 544983 2803024 25.343183 -80.552983 

136 6 25 2011 BLOR ORAL 545328 2802986 25.342830 -80.549554 

137 6 25 2011 YLBK ORAL 545241 2802922 25.342254 -80.550417 

138 6 8 2011 YLBK ORAL 545240 2802916 25.342198 -80.550429 

139 6 8 2011 YLBK ORAL 545241 2802903 25.342081 -80.550418 

140 6 8 2011 YLBK ORAL 545273 2802907 25.342119 -80.550102 

141 6 8 2011 YLBK ORAL 545263 2802863 25.341721 -80.550202 

142 6 8 2011 DPWK ORAL 545124 2802618 25.339517 -80.551594 

143 6 8 2011 DPWK ORAL 545158 2802643 25.339739 -80.551256 

144 6 8 2011 DPWK ORAL 545037 2802889 25.341967 -80.552445 

146 6 16 2011 YLBK ORAL 545307 2802939 25.342411 -80.549759 

147 6 21 2011 BLOR ORAL 545274 2803038 25.343305 -80.550085 

148 6 21 2011 YLBK ORAL 545271 2803024 25.343175 -80.550117 

149 6 21 2011 BLOR ORAL 545252 2803023 25.343165 -80.550309 

149 6 21 2011 YLBK ORAL 545252 2803023 25.343165 -80.550309 

150 6 21 2011 YLBK ORAL 545254 2802909 25.342134 -80.550288 

151 6 21 2011 YLBK ORAL 545240 2802847 25.341582 -80.550429 
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6.3 Appendix 3 

Appendix 3: List of vegetation sites surveyed in 2011 and their coordinates. The coordinates are 

in both NAD 1983 UTM Zone 17 and WGS 1984. 

Site type PLOT X_UTM83 Y_UTM83 LAT_WGS84 LONG_WGS84 

CSSS_Veg D-01-02 544353 2801406 25.3286 -80.5593 

CSSS_Veg D-01-03 545411 2804404 25.3556 -80.5487 

CSSS_Veg D-01-05 546405 2803430 25.3468 -80.5388 

CSSS_Veg D-01-06 546354 2802406 25.3376 -80.5394 

CSSS_Veg D-01-07 547357 2802410 25.3376 -80.5294 

CSSS_Veg D-01-08 547475 2801337 25.3279 -80.5283 

CSSS_Veg D-01-10 548377 2801401 25.3284 -80.5193 

CSSS_Veg D-02-01 545335 2805354 25.3642 -80.5494 

CSSS_Veg D-02-02 546327 2805342 25.3641 -80.5395 

CSSS_Veg D-02-03 546334 2804375 25.3553 -80.5395 

CSSS_Veg D-02-04 543345 2803363 25.3463 -80.5692 

CSSS_Veg D-02-06 547321 2803391 25.3464 -80.5297 

CSSS_Veg D-02-07 548307 2802395 25.3374 -80.5200 

CSSS_Veg D-03-01 547329 2804365 25.3552 -80.5296 

CSSS_Veg D-03-02 544322 2804348 25.3552 -80.5595 

CSSS_Veg D-03-03 546337 2801375 25.3283 -80.5396 

CSSS_Veg D-03-04 545343 2801363 25.3282 -80.5495 

C111_New D-04-01 542834 2802855 25.3417 -80.5743 

C111_New D-04-02 542831 2801856 25.3327 -80.5744 

C111_New D-04-03 543326 2802353 25.3372 -80.5695 

C111_New D-04-04 543338 2801354 25.3282 -80.5694 

C111_New D-04-05 543835 2803855 25.3507 -80.5644 

C111_New D-04-06 543835 2802853 25.3417 -80.5644 

C111_New D-04-07 543832 2801857 25.3327 -80.5645 

C111_New D-04-08 543832 2800854 25.3236 -80.5645 

C111_New D-04-09 544836 2803855 25.3507 -80.5544 

C111_New D-04-10 544832 2801855 25.3326 -80.5545 

C111_New D-05-01 544836 2800854 25.3236 -80.5545 

C111_New D-05-02 545835 2803854 25.3507 -80.5445 

C111_New D-05-03 545835 2802849 25.3416 -80.5445 

C111_New D-05-04 545831 2801855 25.3326 -80.5446 

C111_New D-05-05 545833 2800854 25.3236 -80.5446 

C111_New D-05-06 546832 2803854 25.3506 -80.5346 

C111_New D-05-07 546833 2802854 25.3416 -80.5346 
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Site type PLOT X_UTM83 Y_UTM83 LAT_WGS84 LONG_WGS84 

C111_New D-05-08 546830 2801851 25.3325 -80.5347 

C111_New D-05-09 546834 2800850 25.3235 -80.5347 

C111_New D-06-01 548330 2804355 25.3551 -80.5197 

C111_New D-06-02 548333 2803356 25.3461 -80.5197 

C111_New D-06-03 548832 2803849 25.3505 -80.5147 

C111_New D-06-04 548834 2802850 25.3415 -80.5147 

C111_New D-06-05 548834 2801851 25.3325 -80.5148 

C111_New D-06-06 549331 2804349 25.3550 -80.5097 

C111_New D-06-07 549336 2803354 25.3460 -80.5097 

C111_New D-06-08 549334 2802353 25.3370 -80.5098 

C111_New TD-01-01 544337 2803605 25.3485 -80.5594 

C111_New TD-01-02 544583 2803606 25.3485 -80.5569 

C111_New TD-01-03 544835 2803604 25.3484 -80.5544 

C111_New TD-01-04 545084 2803606 25.3484 -80.5520 

C111_New TD-01-05 545333 2803606 25.3484 -80.5495 

C111_New TD-01-06 545582 2803607 25.3484 -80.5470 

CSSS_Veg TD-02-01 544339 2803363 25.3463 -80.5594 

C111_New TD-02-02 544585 2803351 25.3461 -80.5569 

C111_New TD-02-03 544837 2803353 25.3462 -80.5544 

C111_New TD-02-04 545086 2803354 25.3462 -80.5519 

C111_New TD-02-05 545337 2803351 25.3461 -80.5495 

C111_New TD-02-06 545583 2803353 25.3461 -80.5470 

C111_New TD-03-01 544337 2803104 25.3439 -80.5594 

C111_New TD-03-02 544584 2803105 25.3439 -80.5569 

C111_New TD-03-03 544834 2803107 25.3439 -80.5545 

C111_New TD-03-04 545084 2803104 25.3439 -80.5520 

C111_New TD-03-05 545332 2803104 25.3439 -80.5495 

C111_New TD-03-06 545584 2803105 25.3439 -80.5470 

C111_New TD-04-01 544335 2802852 25.3417 -80.5594 

C111_New TD-04-02 544585 2802853 25.3417 -80.5569 

C111_New TD-04-03 544835 2802853 25.3416 -80.5545 

C111_New TD-04-04 545085 2802853 25.3416 -80.5520 

C111_New TD-04-05 545334 2802854 25.3416 -80.5495 

C111_New TD-04-06 545584 2802856 25.3416 -80.5470 

C111_New TD-05-01 544334 2802604 25.3394 -80.5594 

C111_New TD-05-02 544587 2802607 25.3394 -80.5569 

C111_New TD-05-03 544833 2802608 25.3394 -80.5545 

C111_New TD-05-04 545085 2802605 25.3394 -80.5520 

C111_New TD-05-05 545332 2802603 25.3394 -80.5495 

C111_New TD-05-06 545584 2802603 25.3394 -80.5470 
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Site type PLOT X_UTM83 Y_UTM83 LAT_WGS84 LONG_WGS84 

CSSS_Veg TD-06-01 544330 2802349 25.3371 -80.5595 

C111_New TD-06-02 544585 2802352 25.3371 -80.5570 

C111_New TD-06-03 544839 2802354 25.3371 -80.5544 

C111_New TD-06-04 545084 2802353 25.3371 -80.5520 

C111_New TD-06-05 545335 2802356 25.3371 -80.5495 

C111_New TD-06-06 545585 2802355 25.3371 -80.5470 

C111_Woody C111-01_T 547890 2804864 25.3597 -80.5240 

C111_Woody C111-02_N 547890 2805114 25.3620 -80.5240 

C111_Woody C111-03_T 547891 2805363 25.3642 -80.5240 

C111_Woody C111-04_T 547889 2805614 25.3665 -80.5240 

C111_Woody C111-05_N 548140 2805614 25.3665 -80.5215 

C111_Woody C111-06_N 548144 2805365 25.3642 -80.5215 

C111_Woody C111-07_T 548140 2805114 25.3620 -80.5215 

C111_Woody C111-08_N 548140 2804864 25.3597 -80.5215 
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6.4 Appendix 4 

Appendix 4: Water depth (cm) measured in the field within C111 CSSS subpopulation D. 
 

PLOT DATE WD 1 (cm) WD 2 (cm) WD 3 (cm) Mean Comments 

D-01-02 8/31/2011 6.7 4.5 6.2 5.8 Dry areas within the plot 

D-01-03 8/31/2011 10.2 10.3 9.5 10.0 

 D-01-05 8/31/2011 13.4 12.0 11.4 12.3 

 D-01-06 8/31/2011 7.1 7.1 7.4 7.2 

 D-01-07 9/9/2011 4.0 6.5 6.8 5.8 Dry areas within the plot 

D-01-08 8/31/2011 16.5 15.4 17.1 16.3 

 D-01-10 9/9/2011 23.0 26.0 20.0 23.0 

 D-02-01 8/31/2011 5.3 4.2 -999.0 

 
Dry areas within the plot 

D-02-02 8/31/2011 3.5 3.5 7.2 4.7 Dry areas within the plot 

D-02-03 8/31/2011 14.7 11.7 6.2 10.9 

 D-02-04 8/31/2011 10.1 13.1 11.8 11.7 Dry areas within the plot 

D-02-06 9/9/2011 13.5 18.0 16.8 16.1 Dry areas within the plot 

D-02-07 9/9/2011 26.0 26.5 26.7 26.4 

 D-03-01 9/9/2011 4.0 6.5 8.0 6.2 Dry areas within the plot 

D-03-02 8/31/2011 27.5 21.0 22.8 23.8 

 D-03-03 8/31/2011 10.6 12.1 12.5 11.7 

 D-03-04 8/31/2011 12.0 13.5 15.1 13.5 

 D-04-01 8/31/2011 21.6 15.5 14.8 17.3 

 D-04-02 8/31/2011 13.8 7.8 9.9 10.5 

 D-04-03 8/31/2011 -999.0 -999.0 -999.0 

 
No water 

D-04-04 8/31/2011 14.4 13.6 19.0 15.7 

 D-04-05 8/31/2011 6.5 7.4 10.5 8.1 Dry areas within the plot 

D-04-06 8/31/2011 5.6 6.7 8.3 6.9 Dry areas within the plot 

D-04-07 8/31/2011 5.1 6.1 5.2 5.5 Dry areas within the plot 

D-04-08 8/31/2011 17.1 16.7 7.9 13.9 

 D-04-09 9/9/2011 3.5 3.0 3.2 3.2 Dry areas within the plot 

D-04-10 8/31/2011 12.1 14.1 13.5 13.2 

 D-05-01 8/31/2011 5.7 10.1 7.0 7.6 

 D-05-02 8/31/2011 5.6 7.1 11.2 8.0 

 D-05-03 9/9/2011 4.5 8.2 5.5 6.1 Dry areas within the plot 

D-05-04 8/31/2011 13.0 5.7 10.0 9.6 

 D-05-05 8/31/2011 16.8 17.7 16.1 16.9 

 D-05-06 9/9/2011 20.0 20.5 24.0 21.5 

 D-05-07 9/9/2011 21.5 20.5 20.5 20.8 

 D-05-08 9/9/2011 9.5 11.5 10.0 10.3 
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PLOT DATE WD 1 (cm) WD 2 (cm) WD 3 (cm) Mean Comments 

D-05-09 8/31/2011 15.3 14.6 15.8 15.2 

 D-06-01 9/9/2011 23.0 23.5 20.0 22.2 

 D-06-02 9/9/2011 12.0 10.0 8.5 10.2 

 D-06-03 9/9/2011 15.5 18.2 17.5 17.1 

 D-06-04 9/9/2011 12.0 10.2 9.8 10.7 

 D-06-05 9/9/2011 18.2 19.5 23.0 20.2 

 D-06-06 9/9/2011 27.4 27.6 26.5 27.2 

 D-06-07 9/9/2011 24.0 25.5 23.5 24.3 

 D-06-08 9/9/2011 21.5 25.2 20.6 22.4 

 TD-01-01 8/31/2011 8.4 5.0 4.8 6.1 Dry areas within the plot 

TD-01-02 9/9/2011 4.7 2.5 2.8 3.3 Dry areas within the plot 

TD-01-03 8/31/2011 7.9 13.2 7.1 9.4 Dry areas within the plot 

TD-01-04 9/9/2011 5.5 10.8 9.3 8.5 

 TD-01-05 8/31/2011 8.4 11.4 7.3 9.0 

 TD-01-06 9/9/2011 9.8 15.5 3.6 9.6 

 TD-02-01 9/9/2011 1.0 2.8 2.8 2.2 Dry areas within the plot 

TD-02-02 8/31/2011 12.5 5.2 5.8 7.8 Dry areas within the plot 

TD-02-03 9/9/2011 14.0 16.2 9.6 13.3 

 TD-02-04 8/31/2011 9.8 16.1 11.5 12.5 

 TD-02-05 9/9/2011 3.5 6.0 9.5 6.3 Dry areas within the plot 

TD-02-06 8/31/2011 10.4 8.2 16.5 11.7 

 TD-03-01 8/31/2011 9.5 9.5 8.0 9.0 

 TD-03-02 9/9/2011 12.0 8.2 5.0 8.4 

 TD-03-03 8/31/2011 6.3 10.7 10.2 9.1 Dry areas within the plot 

TD-03-04 9/9/2011 0.8 1.0 1.8 1.2 Dry areas within the plot 

TD-03-05 8/31/2011 9.4 5.8 9.1 8.1 

 TD-03-06 9/9/2011 4.8 3.2 7.0 5.0 Dry areas within the plot 

TD-04-01 9/9/2011 7.0 6.1 4.8 6.0 Dry areas within the plot 

TD-04-02 8/31/2011 12.7 6.8 6.4 8.6 

 TD-04-03 9/9/2011 3.2 3.5 5.9 4.2 Dry areas within the plot 

TD-04-04 8/31/2011 8.1 10.8 7.9 8.9 

 TD-04-05 9/9/2011 5.5 3.0 4.0 4.2 Dry areas within the plot 

TD-04-06 8/31/2011 14.0 8.7 13.4 12.0 

 TD-05-01 8/31/2011 11.5 5.8 8.1 8.5 Dry areas within the plot 

TD-05-02 9/9/2011 1.0 3.7 0.5 1.7 Dry areas within the plot 

TD-05-03 8/31/2011 15.2 7.4 10.3 11.0 

 TD-05-04 9/9/2011 19.6 13.8 10.0 14.5 

 TD-05-05 8/31/2011 17.3 14.9 14.8 15.7 

 TD-05-06 9/9/2011 7.2 5.3 5.5 6.0 
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PLOT DATE WD 1 (cm) WD 2 (cm) WD 3 (cm) Mean Comments 

TD-06-01 9/9/2011 2.0 7.8 4.0 4.6 Dry areas within the plot 

TD-06-02 8/31/2011 3.3 6.5 6.7 5.5 Dry areas within the plot 

TD-06-03 9/9/2011 3.4 3.2 5.2 3.9 Dry areas within the plot 

TD-06-04 8/31/2011 5.3 5.9 7.3 6.2 

 TD-06-05 9/9/2011 9.0 14.0 16.5 13.2 

 TD-06-06 8/31/2011 9.1 9.7 11.3 10.0 
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6.5 Appendix 5 

Appendix 5: Mean maximum and vegetation crown height at 88 sites sampled in CSSS 

subpopulation D habitat within C-111 SC Western Project area. 
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6.6 Appendix 6 

Appendix 6: Mean total vegetation and green cover at 88 sites sampled in CSSS subpopulation 

D habitat within C-111 SC Western Project area. 
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6.7 Appendix 7 

Appendix 7: Mean above ground biomass and species richness at 88 sites sampled in CSSS 

subpopulation D habitat within C-111 SC Western Project area. 

 


