
 
HABITAT VALUE OF CREATED WETLANDS TO WATERBIRDS IN GOLF 

COURSE LANDSCAPES 
 
 
 
 
 
 
 
 
 
 
 
 
 

By 
 

C. LeANN WHITE 
 
 
 
 
 
 
 
 
 
 
 
 

A THESIS PRESENTED TO THE GRADUATE SCHOOL 
OF THE UNIVERSITY OF FLORIDA IN PARTIAL FULFILLMENT 

OF THE REQUIREMENTS FOR THE DEGREE OF 
MASTER OF SCIENCE 

 
UNIVERSITY OF FLORIDA 

 
2003 



 

 

 

Copyright 2003 
 

by 
 

C. LeAnn White 

 

 



 

 

 

This thesis is dedicated to Florida’s waterbirds. 

 
 



iv 

 
ACKNOWLEDGMENTS 

I am extremely grateful to my committee for their expertise and support throughout 

my thesis work.  Dr. Frederick’s and Dr. Percival’s knowledge of waterbird ecology was 

instrumental in the development and design of my project.  To my advisor, Dr. Main, I 

am particularly grateful for guidance in my development into an independent scientist. 

I thank the Wildlife Links Program (including the National Fish and Wildlife 

Federation and the US Golf Course Association) and the Bonita Bay Group for funding 

of this project.  I am indebted to those associated with Bonita Bay Group and Watermark 

Communities Incorporated for the use of their facilities and equipment and for their 

patience while I conducted field work on their golf courses.  I thank Maena Voigt and 

Kristin Miller for their assistance and patience with sometimes tedious field work.  I 

thank Dr. Ken Portier for his guidance and assistance with appropriate statistical 

procedures.  I also express my gratitude to Ginger Allen for her assistance, guidance, and 

patience during all of my stints in Immokalee. 

Finally, I thank my family and friends for their encouragement throughout this 

process; and for never ceasing to ask when I would be finished.  I am especially grateful 

to Matthew Reetz for constantly reminding me that I would finish; and of course, for the 

use of his expensive paper. 

 



v 

 

TABLE OF CONTENTS 
  

page 
 
ACKNOWLEDGMENTS ................................................................................................. iv 

ABSTRACT..................................................................................................................... viii 

CHAPTER 

1 INTRODUCTION ........................................................................................................1 

Wetland Losses and Waterbird Population Declines....................................................1 
Created Wetlands as Habitat for Waterbirds ................................................................3 
Project Need..................................................................................................................6 
Study Objectives...........................................................................................................6 

 
2 REVIEW OF HABITAT SELECTION BY WATERBIRDS......................................9 

Overview of Waterbird Habitat Selection ....................................................................9 
Foraging Site Selection...............................................................................................10 
Effect of Landscape Features on Foraging Site Selection ..........................................10 
Effect of Surface Area on Foraging Site Selection.....................................................12 
Food Availability ........................................................................................................13 
Effects of Water Depth on Foraging Site Selection....................................................14 
Effective Foraging Area: Effects of Littoral Zone Area on Foraging Site Selection .15 
Effects of Water Productivity on Foraging Site Selection..........................................16 
Effects of Shoreline Vegetation on Foraging Site Selection ......................................17 
Effects of Surrounding Habitat on Foraging Site Selection .......................................19 
Species Interactions ....................................................................................................19 

 
3 METHODS.................................................................................................................23 

Study Species..............................................................................................................23 
Study Area: Golf Course Selection.............................................................................24 
Waterbird Surveys ......................................................................................................25 
Foraging Guild Classification.....................................................................................26 
Surface Area ...............................................................................................................26 
Perimeter.....................................................................................................................27 
Effective Foraging Area .............................................................................................27 
Shoreline and Surrounding Vegetation.......................................................................28 
Productivity Measurements ........................................................................................31 



vi 

Water Depth................................................................................................................32 
Distance to Nearest Colony ........................................................................................33 
Analysis of Pond Similarity: Effective Foraging Area and Shoreline Vegetation .....34 
Analysis of Site Preference.........................................................................................35 
Interpretation of Regression Models ..........................................................................37 
Analysis of Golf Course Comparison.........................................................................37 

 
4 RESULTS...................................................................................................................46 

Waterbird Observations ..............................................................................................46 
Foraging Guilds ..........................................................................................................47 
Shoreline Vegetation Variables ..................................................................................47 
Analysis of Pond Similarity: Effective Foraging Area and Shoreline Vegetation .....47 
Productivity Measurements ........................................................................................48 
Foraging Guild Site Selection.....................................................................................49 

Probability of Observing Diving Birds................................................................52 
Probability of Observing Open Water Waders....................................................53 
Probability of Observing Dense Vegetation Waders...........................................54 
Probability of Observing Dipping and Dabbling Foragers..................................55 
Probability of Observing Moist-soil Foragers.....................................................56 
Probability of Observing Aerial Foragers ...........................................................57 

Analysis of Golf Course Selection .............................................................................58 
 
5 DISCUSSION.............................................................................................................86 

Effects of Pond Size on Waterbird Site Selection ......................................................87 
Effects of Effective Foraging Area on Waterbird Site Selection ...............................88 
Effects of Vegetation on Waterbird Site Selection.....................................................88 
Habitat Selection by Foraging Guilds: Pond Variables..............................................89 

Diving Birds ........................................................................................................89 
Open Water Waders ............................................................................................91 
Dense Vegetation Waders ...................................................................................93 
Dipping and Dabbling Foragers ..........................................................................94 
Moist-soil Foragers..............................................................................................97 
Aerial Foragers ....................................................................................................97 

Habitat Selection by Waterbirds: Comparison of Golf Courses.................................98 
Comparison with Natural Areas ...............................................................................100 
Potential Health Risks Associated with Eutrophic Conditions.................................102 
Conclusions and Suggestions for Future Research...................................................103 
Management Recommendations...............................................................................105 

Diving Birds ......................................................................................................106 
Open Water Waders ..........................................................................................107 
Dense Vegetation Waders .................................................................................108 
Dipping and Dabbling Foragers ........................................................................109 
Moist-soil Foragers............................................................................................110 
Aerial Foragers ..................................................................................................111 

 



vii 

LIST OF REFERENCES.................................................................................................112 

BIOGRAPHICAL SKETCH ...........................................................................................121 

 
 
 
 



viii 

 
Abstract of Thesis Presented to the Graduate School 

of the University of Florida in Partial Fulfillment of the 
Requirements for the Degree of Master of Science 

HABITAT VALUE OF CREATED WETLANDS TO WATERBIRDS IN GOLF 
COURSE LANDSCAPES 

By 

C. LeAnn White 

August 2003 

Chair:  Martin B. Main 
Major Department:  Wildlife Ecology and Conservation 

 As increasing human pressures continue to alter and degrade natural wetland 

habitats, alternative habitats such as created wetlands may become increasingly important 

to wetland-dependent species.  However, despite technological advances in wetlands 

creation, this area of wildlife ecology and management is still in its infancy and questions 

remain as to whether created wetlands are ecologically equivalent to natural areas as 

habitat for fish and wildlife.  Therefore, along with preserving and restoring the function 

of existing wetlands it is important to determine the habitat value of created wetlands 

such as those in urban landscapes. 

In Florida, wetland impoundments are often created as water supply reservoirs 

and/or as storm-water detention areas to cope with pronounced seasonal differences in 

rainfall.  Golf course ponds and impoundments in Florida are often used both to store 

water for irrigation as well as prevent extensive flooding during the rainy season 

(approximately May-October).  These semipermanent water bodies may also provide 
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habitat for waterbirds.  As natural wetland habitats continue to be altered by human 

development of the landscape, future populations of waterbirds may increasingly depend 

on their ability to find suitable habitat in urbanized settings such as golf courses.   

To determine the habitat value of constructed golf course ponds to waterbirds, I 

quantified the abundance and diversity of waterbirds using 183 golf course ponds in 

southwest Florida from January through April 2001 and 2002.  I also quantified habitat 

and hydrological features of the ponds to determine their influence on waterbird site 

selection.  The variables quantified during this study were chosen based on existing 

literature of habitat selection by waterbirds, particularly those considered important for 

foraging site selection.  Hydrological variables included trophic status (total phosphorus, 

total nitrogen, and chlorophyll a) and effective foraging area available in the littoral zone 

of the ponds.  Habitat features included shoreline and littoral zone vegetation type and 

cover, and adjacent land-use features (e.g., golf course, residential housing, construction).  

A total of 10,474 birds representing 42 species were recorded during the 2-year 

period.  The species were categorized into 6 foraging guilds, which were used both for 

analyses and management recommendations.  In general, the results from this study 

indicate that golf course ponds are capable of attracting many species of waterbirds.  

However, analysis of site preference resulted in a wide range of habitat variables selected 

by each foraging guild.  This finding coupled with the low densities of birds (<2 birds/ha 

for most species) suggests that the value of golf course ponds may be enhanced through 

habitat modifications designed to appeal to specific guilds.     
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CHAPTER 1 
INTRODUCTION 

Wetland Losses and Waterbird Population Declines 

Throughout history, wetlands have been modified for human development (Pineau 

2000; Tiner 1984) resulting in a loss of more than half of the wetlands in the coterminous 

United States between the 1700s and the mid-1980s (Tiner 1984).  It is estimated that a 

net loss of more than 3.7 million hectares (9.1 million acres or 8.5% loss) occurred from 

the 1950s to the 1970s alone (Frayer et al. 1983).  Most of this loss can be attributed to 

the conversion of wetlands to agriculture (87% of recent national wetland losses, Tiner 

1984), due to economic incentive to maximize earnings from all available land. In urban 

areas, wetlands losses are often the result of developments along rivers, lakes, and 

coastlines that often have associated wetlands.  As urban developments continue to 

expand, inland wetlands are also lost to commercial and industrial development, or filled 

for housing (Weller 1999).  Once wetlands are drained or filled to provide additional 

living space for humans, the need for flood control (i.e., further draining, filling, and 

channelization) and competition for water supplies is also increased (Kushlan 2000a). 

Although wetlands were once considered wastelands, their environmental (e.g., 

water quality maintenance), socio-economic (e.g., flood control), and fish and wildlife 

values are more widely recognized today (Tiner 1984).  For many species of wildlife, 

wetlands are essential habitat for all or part of their life functions (i.e., foraging, nesting, 

prey production, or drinking water).  Wetlands are particularly important for birds, as 

about one-third of North America’s avifauna uses wetlands (Kroodsma 1978).  However, 
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all wetlands vary in their suitability (i.e., habitat quality) for wetland avifauna (Weller 

1999) and many of the remaining wetlands have been altered functionally through human 

intervention (Kushlan 2000a).  One of the most important alterations to wetland function 

is changes in hydroperiod, which influence almost every aspect of a wetland from plant 

growth and germination, to prey production, and bird use (Kushlan 2000a).   

As the result of the Swamp Lands Acts during the 1800s, Florida and many other 

states drained much of their wetland acreage for agriculture by constructing levees and 

drainage ditches (Tiner 1984).  Further drainage took place in response to severe flooding 

in south Florida during the 1920s and 1940s, which led to a massive flood control project 

conducted by the United States Army Corps of Civil Engineers.  By reducing flooding, 

the south Florida project also accelerated filling of other wetlands for urban expansion of 

coastal cities in Dade, Broward, and Palm Beach counties (Tiner 1984).  By the mid-

1980s, more than 46% of Florida’s wetlands were lost (Mitsch & Gosselink 1993).  The 

function of many of the remaining wetlands in Florida has also been degraded through 

alterations of hydrological regimes intended to alter the flow of water or timing of 

inundation (Tiner 1984).  Such changes to the hydrological conditions may decrease the 

availability of prey particularly for wading birds, which has also been suggested as a 

limiting factor on nesting success for these species (Frederick & Collopy 1988a).  

Whether through loss of area or degradation of function, alterations to wetlands have 

negatively affected colonial wading bird populations, which declined from an estimated 

1.5 million birds in 1935, to about 0.25 million in the 1980s (Tiner 1984). 

The magnitude of decline in wading bird populations after anthropogenic 

alterations of freshwater wetlands in Florida illustrates the utility of these birds as 
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indicators of the quality and quantity of remaining wetland resources (Custer & Osborn 

1977; Maxwell & Kale 1977).  Furthermore, with almost all of the Atlantic coast 

wetlands altered to varying degrees (Tiner 1984), there are also conservation concerns for 

other wetland dependent species such as shorebirds (Brusati et al. 2001; Senner & Howe 

1984) and waterfowl (Rusch et al. 1989).  Therefore, conservation efforts for wetland 

dependent birds should be aimed at preserving remaining natural habitat as well as 

determining the ability of these species to use altered wetland habitats (Kushlan 2000a). 

Created Wetlands as Habitat for Waterbirds 

Historically, wetlands have been constructed for a variety of purposes such as water 

storage, flood control, sewage treatment, aquaculture, mosquito control, and waterfowl 

management (Rey et al. 1991; Roberts 1991).  However, it was not until the 1980s that 

man-made wetlands began to be extensively used to mitigate for losses of natural 

wetlands (Roberts 1991).  Presently, under Section 404 of the Clean Water Act, 

mitigation in the form of wetland creation or restoration is often required to replace 

wetlands degraded or destroyed by human activities (Brown 1991; Roberts 1991).  

Wetland restoration, enhancement, and creation are now common practices used to 

reverse, reduce, or compensate for wetland losses due to development or other human 

activities (Simenstad & Thom 1996).  However, it has been argued that the practice of 

creating a wetland to replace a natural wetland is appropriate only if the created wetland 

will be equivalent to, or of higher quality than, the natural wetland (Brown 1991).  The 

ability of a created wetland to support life functions (nesting, foraging, etc.) and not 

merely reproduce the structural characteristics of a wetland serves as a more adequate 

standard of the functional equivalency of a created wetland (Simenstad & Thom 1996). 
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As increasing human pressures continue to reduce the amount and alter the 

hydrological conditions of wetlands nationwide, alternative habitats such as created 

wetlands may become increasingly important to wetland-dependent species.  Birds are 

among the top species affected by the degradation of wetlands and a number of studies 

have been conducted in created wetlands to determine their value to wetland avifauna 

(e.g., wading birds and shorebirds,  Breininger & Smith 1990; Melvin & Webb 1998).  

Despite technological advances in wetlands creation, this area of wildlife ecology and 

management is still in its infancy and questions remain as to whether man-made wetlands 

are ecologically equivalent to natural areas as habitat for fish and wildlife.  Furthermore, 

little information is available as to the wildlife value of wetlands created for mitigation or 

other purposes, such as recreational, flood control, or aesthetic components of urbanized 

landscapes.  

Waterbird populations are directly influenced by the amount and quality of 

available foraging habitat (Bancroft 1989; Kushlan 1978).  Factors that influence the 

quality or suitability of foraging habitat vary among species because of differences in 

morphological and behavioral adaptations.  These adaptations influence preferences for 

different physical features such as water depth and, ultimately, reduce direct competition 

for food resources among species (Jenni 1969; Kushlan 1978).  Differences in habitat 

requirements make conserving foraging habitat more complex than protection of nesting 

habitat for some species of waterbirds (e.g., wading birds Kushlan 2000b).  Thus, as 

natural wetlands acreage continues to decline, waterbird use of alternative foraging sites 

must be considered.   
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Artificial foraging habitats such as ditches (Kushlan 2000a) and rice fields (Fasola 

& Ruiz 1996) have become increasingly important to wetland birds and may occasionally 

offer more prey than nearby natural habitats.  Artificial habitats may be particularly 

important to herons (Kushlan 2000a); which  are extremely mobile, ecologically flexible, 

and able to take advantage of various human-altered or created wetland habitats that offer 

sufficient prey (Kushlan 2000a).   

In Florida, wetland impoundments are often created as water supply reservoirs 

and/or as storm-water detention areas to cope with pronounced seasonal differences in 

rainfall.  Water supply reservoirs function as short-term sources of water for agriculture 

and other industries.  Detention areas are designed to regulate storm-water run-off by 

temporarily holding the water so that it can be released gradually, thereby reducing the 

impact on downstream systems (Adams et al. 1985; Boman et al. 2002). 

Golf course ponds and impoundments in Florida are often used both to store water 

for irrigation and to control (i.e., prevent extensive) flooding during the rainy season 

(approximately May to October).  These semipermanent water bodies may also provide 

habitat for waterbirds.  As natural wetland habitats continue to be altered by human 

development of the landscape, future populations of waterbirds may increasingly depend 

on the ability of urbanized settings such as golf courses to provide them with suitable 

habitat.  With the highest per capita density of golf courses in the United States  (866 

holes/100,000 people; Ft. Myers News Press, 5/8/99), southwest Florida provides an 

exceptional opportunity to quantify waterbird use and describe site selection (for foraging 

and other activities) of waterbird use of created water habitats on golf courses.  
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Project Need 

Wetland habitats are extremely variable in the quality of habitat they provide to 

waterbirds and are also one of the most heavily altered types of major bird habitats – only 

grasslands have suffered a greater loss in area or quality in North America (Weller 1999).  

The declining amount of this valuable habitat is of crucial importance for conservation of 

waterbirds and survival of these species may ultimately reside in their ability to use 

altered or created wetland habitats, such as those found on golf courses. 

Study Objectives 

I focused my study on waterbird site selection in created urban wetlands, 

specifically on golf course ponds.  An understanding of waterbird habitat requirements is 

key to interpreting waterbird use of these created wetlands.  Understanding the process of 

selection and, ultimately, the use of a habitat is essential for determining which factors 

contribute to habitat suitability for various waterbird species.  Therefore, the first 

objective of my study was to review existing literature on waterbird habitat selection to 

determine which habitat features have been shown to influence waterbird use and should 

be quantified during this study.  For example, prey suitability, abundance, and availability 

were not measured directly in this study, but because these variables are crucial for site 

selection by waterbirds, indirect measures (e.g., water depth, productivity, size of 

effective foraging area, and vegetation structure and density) were quantified to 

determine their influence on waterbird foraging site selection of golf course ponds. 

The second objective of the study was to quantify waterbird use of created golf 

course ponds and to quantify the influence of habitat features within golf courses on use 

of these ponds by different waterbird species.  Habitat features chosen for the study were 

based on existing literature of habitat selection by waterbirds (Chapter 2) particularly 
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those considered important for foraging site selection.  Foraging habitat requirements for 

waterbirds are often more complex and, therefore, harder to achieve in created habitats 

than nesting habitat requirements.  Furthermore, most golf course ponds provided little 

nesting substrate and experience low to moderate levels of human disturbance, which can 

be disruptive to nesting waterbirds (Rodgers & Smith 1995).  However, I considered the 

importance of nesting habitat and recorded nesting activities were recorded when 

observed. Based on these considerations, I tested the following hypothesis:  

Hypothesis:  Species diversity and abundance of waterbirds on golf courses is 

influenced by the amount and quality of foraging habitat available on the golf course.  

The available foraging area on golf courses is influenced by total water body surface area 

(of entire golf course), and individual pond surface area, perimeter, trophic status, 

effective foraging area, and shoreline and surrounding vegetation structure and density. 

Predictions:If the above stated hypothesis is true, I predict: 

• Waterbird abundance and diversity will be directly related to combined water body 
surface area for a golf course. 

• Waterbird abundance and diversity will be positively correlated with pond surface 
area, larger ponds will have greater bird use. 

• Golf course ponds with larger perimeters will have greater waterbird abundance 
and diversity.  

• Waterbird abundance and diversity will be greater in golf course ponds with higher 
productivity (eutrophic; high levels of chlorophyll a) than in ponds with low 
productivity (oligotrophic; low levels of chlorophyll a). 

• Wading bird and shorebird diversity and abundance will be positively correlated 
with size of the littoral zone.  Golf course ponds with larger littoral zones will have 
greater abundance of these species. 

• Waterbird abundance and diversity will be greater in wetlands with intermediate 
vegetation structure and density.  
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• Waterbird abundance and diversity will be greater in golf course ponds adjacent to 
vegetation of intermediate structure and density than ponds adjacent to dense stands 
of natural vegetation or heavily disturbed landscapes (i.e., housing or golf course 
landscapes). 

 



9 

CHAPTER 2 
REVIEW OF HABITAT SELECTION BY WATERBIRDS 

Overview of Waterbird Habitat Selection 

Collectively, wetlands are among the most variable habitats in terms of their 

number, size, and quality.  This variation results in differences in their attractiveness to 

feeding, nesting, and roosting waterbirds, which may be reflected both in the number of 

individuals and diversity of species using them.  The decision by a bird to use a habitat is 

based on innate and learned behaviors, and by trial-and-error testing of features and 

resources within a habitat.   

It has been suggested that birds may follow a hierarchically structured system of 

sequential decisions during habitat selection (Cody 1985; Weller 1999).  At the landscape 

or macrohabitat scale, birds may either reside in or migrate to a geographic region with 

climatic regimes and overall landscape or vegetation features because of instinctive 

preferences, prior experience, trial-and-error testing of habitat, or a combination of these 

factors.  Within a geographic region, birds may select among various landscape 

alternatives such as areas with certain types, spatial relationships, or sizes of wetlands.  

At a still more refined level, birds may focus their search on a single wetland or wetlands 

complex that provides suitable habitat for an annual life stage such as nesting, feeding, or 

roosting.  Lastly, birds select microhabitats such as specific foraging or nesting sites 

within the chosen wetland complex that will meet their immediate needs (Weller 1999).  

The relative importance of features at microhabitat (i.e., local) versus macrohabitat (i.e., 

landscape) scales may vary according to the proportion of suitable habitat in the 
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landscape (Donovan et al. 1997; Flather & Sauer 1996; Lichstein et al. 2002; McGarigal 

& McComb 1995; Schmiegelow et al. 1997).  Therefore, it is important to consider 

multiple scales when quantifying use of wetlands habitat by waterbirds. 

The principal features of habitats selected by foraging waterbirds are often the 

presence of surface water and supply of suitable prey organisms.  Heavily-used wetlands 

are generally larger in size, interconnected with other wetlands, have fluctuating water 

levels, include areas of prey refugia, and provide suitable areas for foraging and/or 

nesting (Kushlan 2000a).  The perceived predation-risks and the presence of other species 

may also either attract or deter birds from using a wetland. 

Foraging Site Selection 

Selection of foraging sites by a given species is influenced by a number of factors 

including species morphology (e.g., straight, elongated bills vs. slender, curved bills, 

Kushlan 1978), foraging behavior (e.g., visual vs. tactile foragers), and prey availability 

(i.e., prey density and vulnerability to capture, Gawlik 2002).  The quality and quantity of 

foraging habitat is extremely important and has been shown to influence reproductive 

success (Bancroft 1989; Frederick & Spalding 1994; Powell 1983), population size 

(Custer & Osborn 1977; Gibbs et al. 1987), and location of nesting wading bird colonies 

(Fasola & Barbieri 1978).  Understanding which features of wetlands are selected by 

foraging wading birds and other waterbirds will aid in water resource management 

decisions aimed at conservation of these species (Gawlik 2002; Jelks 1991).   

Effect of Landscape Features on Foraging Site Selection 

Spatial and temporal fluctuations in prey availability give rise to the geographic 

component of habitat selection in waterbirds because prey must be available within 

certain distances from breeding colonies or roosting sites and must vary temporally in 
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ways that the birds can adjust to them (Kushlan 2000b).  Wetlands are among the most 

variable habitats in terms of productivity because of their dynamic water regimes.  

Therefore, mobility is essential to waterbirds that must often track and exploit temporally 

and spatially changing resources in multiple wetlands or wetlands complexes to complete 

annual life cycle stages (Weller 1999).   

The spatial arrangement of available habitat such as the distance from one food 

patch to another and from nesting and roosting sites is an important component of 

foraging site selection for waterbirds.  For example, Western Sandpipers (Calidris mauri) 

move an average of 2.2 km between feeding and roosting areas (Warnock & Takekawa 

1995) and wading birds can move up to 30 km before nesting success is negatively 

affected (Bancroft et al. 1994; Frederick & Collopy 1988). Distance from natural 

wetlands also influences both benthos (Sacco et al. 1994) and avian recruitment in 

created wetlands (Brusati et al. 2001). Therefore, the location of created wetlands relative 

to other used wetlands may, in part, determine their ecological functionality. 

It is unlikely that a single wetland will provide suitable habitat for all species of 

waterbirds (Frederickson & Taylor 1982; Weller 1999), or for all the annual life cycle 

needs of a single species (i.e., nesting, migration, and molting or wintering habitat needs,  

Weller 1999). This may be especially true for created wetlands, which tend to be smaller 

in size, more uniform in habitat components, and hydrological regimes than are natural 

wetlands.  Artificial wetlands located within a matrix of natural or other created wetlands 

will increase the diversity of available habitats on a local scale and likely increase the 

attractiveness of created wetlands to waterbirds (Brusati et al. 2001; Frederick & 

McGehee 1994).   
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Effect of Surface Area on Foraging Site Selection 

Wetland size is an important factor in determining foraging site selection for many 

species of waterbirds.  Larger areas often provide more foraging habitat for an individual 

species of waterbirds and/or may also provide a wider variety of habitats for a greater 

number of species.  Increased species richness with size of wetland has been reported for 

birds in many types of wetlands and lakes (Celada & Bogliani 1993; Gibbs et al. 1991; 

Hoyer & Canfield 1990; Nudds 1992).  Proposed explanations for the positive species-

area relationship include: 1) a sampling effect whereby increased area increases sample 

size, thereby resulting in detection of more species; 2) increased area may correlate with 

increased habitat heterogeneity (Williamson 1988); and 3) island biogeography theory, 

which proposes that dispersing animals have a better chance of finding larger habitats 

than small ones (MacArthur & Wilson 1967; Skagen & Knopf 1994, but see Williamson 

1988).   

In temporally and spatially dynamic habitats such as wetlands, the ability to exploit 

resources opportunistically may be beneficial to waterbirds (Colwell & Oring 1988).  

Skagen and Knopf (1994) reported that shorebirds on the Great Plains were able to 

colonize habitat patches opportunistically as exposed and shallow wetland foraging sites 

became available.  A strong correlation was also found between the number of shorebirds 

and the area of available wet/mud shallow water habitats, which may be related to the 

birds’ ability to locate larger patches within a wetland complex (Skagen & Knopf 1994).   

In a study of waterbird use of Florida Lakes, species richness increased with 

surface area of the lake, however, the relationship was thought to be due to an increased 

sampling area or near-shore habitat heterogeneity (Hoyer & Canfield 1990).  Gibbs et al. 

(1991) found that piscivorous birds were particularly sensitive to wetland surface water 
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area and suggested that larger wetlands may provide more open water for diving species.  

Fish abundance and diversity on small lakes (<50 ha) may also be positively correlated 

with wetland area (Haines et al. 1986).   

Larger wetlands may not always have higher numbers of birds.  For example, 

Brown and Dinsmore (1986) found that species richness was influenced by area in small 

wetlands (<5.5 ha) but not in larger wetlands.  Similarly, Jelks (1991) found higher 

densities of foraging wading birds in wetlands smaller than 5 ha and suggested that small 

wetlands may provide more foraging opportunities for these birds than a few large ones 

covering the same area.  The best management practice with respect to size of created 

wetlands may be a wetland complex, which permits more management opportunities 

(e.g., variety in vegetation structure and water fluctuations) for providing suitable habitat 

for multiple species of waterbirds.   

Food Availability 

The availability of food is probably the single most crucial feature for determining 

waterbird habitat suitability.  The availability of prey can directly influence the 

reproductive success of wading birds (Hafner et al. 1986; Owen 1960; Powell 1983) and 

is likely the most crucial feature of a heron’s habitat (Kushlan 2000b).  Availability 

includes prey density and vulnerability to capture (determined by characteristics of the 

prey, environment, and predator (Gawlik 2002; Kushlan 2000b).  Availability of prey 

varies over time, changing seasonally, with water depth, availability of foraging perches, 

and water conditions such as water temperature, dissolved oxygen, turbidity.  Prey 

availability also varies spatially, with daily or seasonal fluctuations in water conditions 

that increase or decrease available habitat forcing waterbirds to move accordingly.  



14 

 

Effects of Water Depth on Foraging Site Selection 

Water depth and hydroperiod (the pattern of water depth over time, Mitsch & 

Gosselink 1993) influences almost every aspect of a wetland from the type and density of 

vegetation to density and availability of prey for foraging waterbirds.  Waterbirds are in 

continuous search of sites with high availabilities of food (Weller 1999).  Ideal water 

depths for foraging are based loosely on the type of prey and the morphology and 

foraging behaviors of the waterbird species.  For example, diving birds such as Pied-

billed Grebes (Podilymbus podiceps) and Double Crested Cormorants (Phalacrocorax 

auritus) that feed on fish or large invertebrates often favor deeper and relatively stable 

water levels, however, availability of prey is more important than specific water depth so 

long as long as prey are accessible and safety from predators is adequate (Weller 1999).  

Other species, such as wading birds and shorebirds, have a smaller range of suitable 

water depths as most of these species are limited to depths no greater than their leg length 

(Baker 1979; Powell 1987).  For dabbling ducks, depth at foraging sites positively 

corresponds with species’ neck length (Poysa 1983) and these species often prefer depths 

of around 5-25 cm and shallow pools (Frederickson & Taylor 1982). 

The correct terminology for natural and created wetland or “water” areas is 

arguable, but generally follows accepted conventions based on differences in size, 

permanence, and ratio of open water to vegetation.  Lakes are generally used to describe 

permanent wetlands that possess a high percentage of open water, little emergent 

vegetation, and well-defined shorelines.  The term pond is used for smaller permanent 

and semipermanent water bodies with abrupt shorelines, deep basins, and open water 

(Weller 1999).  Although water levels may fluctuate annually, lakes and ponds are 

generally more permanent bodies than other types of wetlands (Edelson & Collopy 
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1990).  Water levels in other types of wetlands such as swamps (i.e., forested.wetlands) 

or marshes (i.e., herbaceous wetlands) often vary seasonally or annually.  Decreasing 

water levels increases seedling germination and growth for a variety of plants and may 

also temporarily concentrate prey in these wetlands.  However, the prey base is often 

rapidly depleted in shallow wetlands by large aggregations of birds (Gawlik 2002).  

Despite their permanence, much of the open water habitat of lakes and ponds is 

unavailable to wading or probing species, which must rely on perches (e.g., dead limbs, 

stumps, floating or matted vegetation) to gain access to prey in deeper water (Edelson & 

Collopy 1990; Smith et al. 1995).  Another foraging tactic employed in lakes and ponds 

is aerial foraging, which is energetically expensive for wading birds, but may be used by 

some species during times of prey concentration at the water surface due to low water 

levels, dissolved oxygen, or water transparency (Edelson & Collopy 1990; Kushlan 1978; 

Meyerriecks 1962).  However, the open water in lakes and ponds is quite suitable as 

foraging sites for other waterbirds that forage by diving for prey (e.g., Double-crested 

Cormorants [Phalacrocorax auritus] and Pied-billed Grebes [Podilymbus podiceps]) or 

dabble for submerged vegetation (e.g., Mottled Ducks [Anas fulvigula], Wood Duck [Aix 

sponsa], etc.) as long as there are sufficient food resources to support these birds.  Open 

water habitats, which are often characterized by a deep central pool, may also benefit 

mobile aquatic prey of waterbirds such as fish, amphibians, and macroinvertebrates 

because they may be able to survive extreme droughts by seeking refuge along the edges 

of the deep water areas (Smith 1994).   

Effective Foraging Area: Effects of Littoral Zone Area on Foraging Site Selection 

Waterbirds that forage primarily in shallow water areas of depths not greater than 

their leg length, such as wading birds and shorebirds, are often confined to the littoral 
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zone (i.e., the area extending from the shore to the maximum extent of nonpersistent 

emergent plants) within wetlands systems (Mitsch & Gosselink 1993).  One method of 

measuring the amount of habitat available to birds that forage by wading in shallow water 

or probing in soft substrates is to measure the effective foraging area or the area around 

the perimeter of the water body that is no greater than the deepest utilized foraging depth.  

A shoreline index or the ratio of shoreline length to water area is also a useful 

measurement for determining the amount of marsh edge available to wading birds and 

shorebirds (Weller 1999, also see shoreline development index in Nilsson & Nilsson 

1978). 

Effects of Water Productivity on Foraging Site Selection 

The trophic status of lakes and wetlands is generally determined by four water 

chemistry parameters: chlorophyll a, phosphorus, nitrogen, and water clarity.  

Chlorophyll a, which is the dominant green pigment that enables algae to make food 

during photosynthesis (Raven et al. 1992), is often used as an estimator of the organic 

base (i.e., algae) upon which aquatic bird populations depend (Hoyer & Canfield 1990;  

but see Hoyer & Canfield 1994; Nilsson & Nilsson 1978).  More productive systems (as 

determined from nutrient concentrations, chlorophyll a, and/or other water chemistry 

parameters) may have a larger food base and may support more specialized species of 

wildlife, resulting in greater species richness (Hutchinson 1959; MacArthur 1970; Wright 

1983).  Excessive concentrations of nutrients in hypereutrophic systems may result in 

algal blooms leading to reduced water transparency and dissolved oxygen concentrations.  

These conditions may force fish closer to the surface to locate prey and/or obtain 

necessary levels of dissolved oxygen.  The concentration of prey at the surface may in 

turn make them more vulnerable to foraging waterbirds (Edelson & Collopy 1990).  
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However, oxygen deprivation from increased nutrient loads may also result in fish kills, 

whereby algae begins to dominate the food web, and in turn decreases prey availability 

for many species of waterbirds.  Prey availability may also be decreased in 

hypereutrophic systems due to increased turbidity, which may interfere with the visual 

foraging techniques of some waterbird species.   

In two studies of Florida lakes, abundance and species diversity of waterbirds were 

positively correlated with eutrophic conditions (Hoyer & Canfield 1990, 1994).  

Hypereutrophic lakes may also have greater abundances of foraging wading birds than 

less productive lakes (Edelson & Collopy 1990; but see Nilsson & Nilsson 1978).  

However, increased nutrients in lakes and marshes may also be of environmental concern 

because of related potential health risks to foraging birds (Frederick & McGehee 1994).  

The nematode parasite Eustrongylides ignotus has been found only in areas of elevated 

nutrient inputs and/or disturbed soil conditions (Spalding & Forrester 1993).  This 

nematode can negatively impact the health of adult wading birds and survival of their 

nestlings (Spalding et al. 1993).  Therefore, while human induced eutrophication may 

potentially increase bird use of created wetlands, potential health hazards, such as those 

posed by these parasitic nematodes, should be further studied (Frederick & McGehee 

1994; Smith 1995). 

Effects of Shoreline Vegetation on Foraging Site Selection 

The type and structure of vegetation creates microhabitats from which species can 

choose for various activities (Weller 1999).  For permanent bodies of water such as lakes 

or ponds, much of the vegetation is confined to near shore areas where appropriate water 

depths and the greatest amount of light penetration can be found.  Because the littoral 

zone is the primary area of foraging for many species of waterbirds, the structure, type, 
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and density of shoreline vegetation may strongly influence the suitability of potential 

foraging habitats.   

Vegetation structure influences diversity and abundance of prey such as small 

forage fish and invertebrates, which require sufficient vegetative cover to hide from 

predators (Chick & Mclvor 1994).  While prey densities may increase with plant density 

(Stoner 1983), the availability of prey to foraging waterbirds may decrease.  Dense 

vegetation may interfere with movement and foraging proficiency of waterbirds, thereby 

reducing the availability of prey.  Tall and/or dense emergent vegetation may also reduce 

a bird’s ability to remain vigilant against predators by hindering movement and visual 

detection abilities (Henderson 1981; Smith 1994; Surdick 1998).  Therefore, vegetation 

of moderate to low stature and structural diversity is believed to provide the best foraging 

opportunities for many species of wading birds such as Great Egrets (Ardea albus).  

However, suitable habitat varies with the species of waterbird.  For example, Green 

Herons (Butorides virescens) prefer more densely vegetated habitats for foraging, Belted 

Kingfishers (Ceryle alcyon) prefer sites with available perches, and Spotted Sandpipers 

(Actitis macularia) prefer bare mudflats (Ehrlich et al. 1988; Sibley 2000).   

Submersed plants are also an important component of littoral zone vegetation.  The 

type and structure of submerged plants influences prey density and distribution in the 

littoral zone (Chick & Mclvor 1994).  These plants can also form dense mats of 

vegetation that may inhibit diving birds but benefit other birds such as wading birds, 

which use them to access deeper water for foraging (Edelson & Collopy 1990; Weller 

1999).  Regardless of the specific type of habitat preference, large numbers of waterbirds 

using permanent water bodies, such as created ponds and lakes, depend on near-shore 
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areas with water depths suitable for foraging.  Therefore, the structure and density of 

vegetation in this zone is an important influence on use of these water bodies by 

waterbirds (Hoyer & Canfield 1994). 

Effects of Surrounding Habitat on Foraging Site Selection 

The vegetation adjacent to a lake or pond is also a potentially important factor for 

determining foraging site selection.  For example, nearby trees or shrubs may provide 

perches for aerial foragers such as Belted Kingfishers, or roosting sites for other species 

such as Double-crested Cormorants or Anhingas (Anhinga anhinga; personal 

observation).  The structure and density of surrounding vegetation may also influence a 

bird’s ability to detect approaching predators, thereby detracting birds from ponds 

surrounded by heavily forested vegetation.  Lastly, surrounding vegetation may also 

indicate the amount of human disturbance birds will experience at various ponds.  Ponds 

completely surrounded by human dominated features such as residential lawns and turf 

grass will likely experience more disturbance from humans (e.g. golfers, home owners, 

people fishing, lawn maintenance crews).  However, such open habitats may also be 

attractive to waterbirds since they may give excellent view of approaching mammalian or 

avian predators.  

Species Interactions 

When animals select habitats in which to live or reproduce their preferences can be 

affected by social as well as habitat components (Muller et al. 1997).  Intra- and 

interspecific interactions may affect foraging efficiency due to aggression, social 

interactions, and reduced prey availability.   

The same wetland or wetland complex may possess characteristics that are 

attractive to many species of waterbirds.  Differences in size, behavior and morphology 
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among different species enable resources within wetlands to be partitioned among 

waterbirds, resulting in reduced competition for food and/or increased feeding efficiency 

(Jenni 1969; Weller 1999).  Within a community of waterbirds, behavioral and 

morphological adaptations result in differences in time of feeding, type and size of prey 

selected, feeding behavior, or feeding site (e.g., specific water depth or substrate used), 

all of which contribute to resource partitioning and reduced interspecific competition 

(Kushlan 1978; Weller 1999).  Although morphological differences theoretically limit 

overlap in resource use among species, birds with similar morphology often exhibit 

competitively induced ecological segregation by adapting their behavior to prey 

availability and the competitive situation of the habitats they are using (Fasola 1986). 

Spacing among individuals is an important component of habitat selection because, 

as the total number of birds increases in preferred foraging areas, individuals may be 

forced to feed in less preferred sites (Goss-Custard 1977).  Spacing among individuals 

occurs during foraging in all wading birds and, minimally, is the length of the head and 

neck but may enlarge or contract depending on site-specific conditions (Kushlan 1978).  

Spacing is determined by defensibility, which is influenced by resource dispersion, prey 

availability, number of competitors and habitat availability (Kushlan 1978).  High 

densities of birds on a foraging site may reduce feeding rates through aggressive 

encounters over food items, which detract from the amount of time otherwise spent 

foraging (Goss-Custard 1977; Kushlan 1978).  Birds may also take part in social 

interactions that distract them from seeking prey (Goss-Custard 1976).  

The presence of other birds may also increase the number of birds using a particular 

habitat.  When foraging birds achieve sufficient net energy gain or frequency of capture 
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they will likely remain in the same wetland or wetland complex.  The presence of 

competitors in a wetland may indicate the presence of high quality or abundant prey 

resources to birds choosing from available wetland habitats. In this manner, aggregations 

of birds may form, and indeed commonly occur.  For example, Great Egrets, Little Blue 

Herons (Egretta caerulea), and Tricolored Herons (Egretta tricolor) were drawn to 

foraging sites by the presence of Snowy Egrets (Egretta thula) in Panama (Caldwell1981) 

possibly because these species select the highest quality food patches (Gawlik 2002). 

Foraging success as well as protection from predators may also be increased 

through commensal (i.e., mixed species) foraging which takes place in many species of 

waterbirds and shorebirds (Ehrlich et al. 1988).  Attendant species benefit from increased 

strike and feeding rates (Kushlan 1978) because the commensal species increases 

exposure to prey through its own foraging activities (e.g., stirring up prey from the 

substrate).  Commensal associations include the attendance of White Ibis (Eudocimus 

albus) by Little Blue Herons, and attendance of Double-crested Cormorants by White 

Ibis and Great and Snowy Egrets (Ehrlich et al. 1988; Kushlan 1978).  

Species interactions are an important component of waterbird foraging site 

selection.  For example, the presence of certain species such as Snowy Egrets in a 

wetland may be an indication of high prey resources (Caldwell 1981; Gawlik 2002), 

which may therefore, attract other species to a site.  However, with increased densities of 

birds there is a greater likelihood of rapid depletion of prey densities.  Therefore, 

although spacing among individuals and the formation of aggregations are an important 

influence on waterbird foraging site selection they are driven by the complexities of prey 

availability.  The complexity of this relationship made assessment of the influence of 
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these variables outside the scope of this study, but their importance to site selection was 

recognized, particularly through commensal associations, which did occur during the 

study and are discussed in a later chapter (Chapter 5). 
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CHAPTER 3 
METHODS 

The objective of this project was to identify habitat variables that significantly 

influence the use of golf course ponds by waterbirds in Southwest Florida.  At the scale 

of the individual ponds, surface area, effective foraging area, trophic state, water depth, 

as well as shoreline and surrounding vegetation structure and density were quantified at 

each pond within individual golf courses to determine whether these factors influenced 

use of individual ponds by waterbirds.  At the scale of the golf courses, total water 

surface area of ponds was combined to determine its influence on waterbird use of the 

individual golf courses.  Distance to the nearest active colony was also considered 

because of its potential influence on wading bird use of the golf courses, but was not 

analyzed for reasons discussed below. 

Study Species 

All species studied in this project were waterbirds and are defined, for the purposes 

of this study, as any water-dependent species of bird (Weller 1999).  These birds are 

highly mobile, and shift locally or regionally as new habitats become available.  I 

surveyed species from the orders: Ciconiiformes, Gruiformes, Pelecaniformes, 

Anseriformes, Podicipediformes, Coraciiformes, and Charadriiformes (Table 3-1).  Birds 

from these orders represent a variety of bird sizes, morphologies, foraging techniques, 

and substrates used for foraging (e.g., bare mudflat vs. open water).  Because the 

degradation of wetland habitat has affected nearly all species of wetland dependent birds, 

it is important to consider more than one species when determining the functionality of 
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created ponds on golf courses for waterbirds.  Therefore, all species of waterbirds 

observed in the ponds or within 5 m of pond edges were included during surveys. 

Study Area: Golf Course Selection 

A total of 12 golf courses were surveyed during this study, nine of which were 

owned by Bonita Bay Group and three by Watermark Communities Incorporated.  All 

golf courses were located in Lee or Collier County in southwest Florida (Table 3-2).  A 

total of 183 golf course ponds from these 12 courses were monitored during the study.  

Study ponds included only those water bodies that occurred primarily within golf course 

property boundaries.  Ponds that primarily occurred within residential communities were 

not investigated.   

Golf courses were selected to provide a diversity of study sites determined by a 

preliminary evaluation of habitat within and around the created ponds, age of the golf 

course, and geographic location within the two counties.  Geographic location is 

important because courses located near large wading bird roosting and nesting sites may 

experience increased use of ponds by waterbirds.  Location of golf courses relative to one 

another was also an important criterion for selection to allow surveys of multiple golf 

courses on the same day, by the same observer, and within the primary waterbird 

foraging hours (i.e., sunrise until noon).  Age of the golf course (Table 3-2) may also 

influence features within the course such as trophic status of the water bodies (see 

Productivity Measurements section) or the density of vegetation within and around the 

ponds, both of which influence bird use.  Although relative location and age were 

considered important for initial golf course selection, they were not included in the final 

analysis.  Instead, variables that directly influence use by waterbirds, such as trophic 
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status of ponds and shoreline vegetation, were measured for each course and used in 

analyses. 

Waterbird Surveys 

A total of sixteen surveys were conducted at each pond (12 sunrise and 4 sunset) 

during January through April in 2001 and 2002 (except for one course that was surveyed 

15 times due to a scheduling conflict). Surveys were conducted between sunrise and noon 

(0600-1200 EST) and as close to sunset as golf course closing schedules would allow 

(1600-1930 EST).  These periods were chosen because most active foraging by wading 

birds occurs near dawn and dusk (Kushlan 1978).  Golf courses were grouped by location 

to allow more than one course to be surveyed each day.  Each group of courses was 

randomly surveyed throughout the survey period, but the order of groups surveyed was 

alternated to reduce time-of-day bias.   

Surveys were conducted from a golf cart and birds were visually identified from a 

distance (to avoid disturbance) using 8 x 42 binoculars.  Ponds were surveyed 

sequentially in the order in which they appeared on the golf course because high human-

use precluded randomization of surveys. The order in which ponds were surveyed varied 

depending upon time of day, with ponds surveyed from holes 1 to 18 if the survey started 

before course play (i.e., at sunrise), or from hole 18 to 1 to allow golfers maximum 

visibility of the surveyor if surveys were conducted after play had begun.  At each golf 

course pond, all waterbirds in the ponds or within 5 m of the water’s edge were recorded.  

Habitat type (shore, water, human structures, etc.; Table 3-3) and first observed activity 

(Table 3-4) were also recorded for each bird.  When a bird was stationary it was observed 

for 30 s because birds sometimes ceased their activities as I approached the ponds.  

Observations of more than 30 s were usually not needed for birds to return to their 
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activity nor were longer observations feasible due to the high human-use factors 

associated with the courses.  Birds that flew over the ponds but were not obviously 

foraging or did not stop at the pond were not included in the analyses.   

Foraging Guild Classification 

Waterbirds recorded during this study were categorized into foraging guilds, which 

represent multiple species that use similar resources in similar ways. Foraging guilds are 

often defined by primary food preference, foraging substrate, and foraging techniques 

and provide a useful approach for evaluating the influence of habitat changes on 

community dynamics (De Graaf 1985). 

Foraging guilds were used to evaluate how changes in habitat variables and water 

characteristics associated with golf course ponds affected use of ponds by different 

groups of waterbirds.  This allows development of management recommendations to 

benefit groups of birds rather than individual species.  Foraging guilds were defined 

based on major foraging techniques, food types, and substrates listed for each species in 

Ehrlich et al. (1988) and Degraaf et al. (1985) as well as personal observations of 

foraging birds on golf course ponds (Table 3-5). 

Surface Area 

The surface area for each golf course pond was provided by golf course 

superintendents or was obtained from the engineering design blueprints for each course. 

Three of the ponds also contained vegetated islands in their center that were 

approximately circular in shape.  The island perimeters were calculated with a measuring 

wheel and used as the circumference of the island, which was then used to calculate the 

area of the island.  The surface area of the islands was then subtracted from the surface 

area of the ponds before being entered into the analysis. Surface area was also analyzed 
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separately to quantify its relationship with bird abundance and species richness, which 

have been shown to be significantly positively correlated with the area of lakes (Hoyer & 

Canfield 1990, 1994).   

Perimeter 

The perimeter of each pond was determined in the field with a 0.91-m (3-ft) 

diameter, measuring wheel guided along the waterline of each pond.  The extent of 

perimeter may be an important factor for birds that feed along the shore (e.g., shorebirds: 

Charadriiformes) or near the water’s edge (e.g., wading birds: Ciconiiformes).  This 

variable was also used to calculate the percent vegetation coverage at each pond (see 

below).   

Effective Foraging Area 

The effective foraging area, as defined by the area of the littoral or shallow water 

zone, was quantified to determine its influence on site selection of golf course ponds by 

waterbirds, particularly wading birds. Measurements for this habitat variable were taken 

along the same transects as those used for shoreline vegetation estimates (see below).    

The number of measurements per pond for this variable varied according to the size 

(perimeter) of the ponds.  Effective foraging area was determined by measuring the area 

around each pond where the water level was ≤40 cm, the deepest water level in which 

wading birds effectively forage (Powell 1987).   

The distance from the waterline to a water depth of 40 cm was measured with a 

pole calibrated in 10-cm intervals.  For purposes of calculating the area of the littoral 

zone available as foraging habitat for wading birds, the cross section of the littoral zone 

was viewed as a right triangle with the base (40 cm) and the height measurements (lateral 

surface distance from the waterline to 40 cm depth) taken at each transect used to 
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calculate available foraging area (i.e., 1/2bh).  These calculations were averaged to 

estimate the mean effective foraging area (m2) for each pond.  This variable was used 

during analyses to evaluate the influence of available foraging area on waterbird use of 

the golf course ponds.  

Shoreline and Surrounding Vegetation 

Shoreline vegetation is important for many foraging and nesting birds, as well as 

for birds seeking shelter and protective cover (Weller 1999).  During this study, shoreline 

vegetation was delineated by the pond’s waterline because the centers of the pond were 

generally too deep to allow growth of vegetation other than purely aquatic plants.  

Successive 5-m transects placed at the water’s edge were used to quantify shoreline 

vegetation at 30-m intervals around the perimeter of the pond (Figure 3-1).  The number 

of transects per pond varied with the size (perimeter) of the ponds.  The transect length 

(i.e., 5 m) was chosen to allow roughly simultaneous measurement of amply sized plots 

(5 x 10 m) of vegetation adjacent to the ponds (see below).  Percent cover of vegetation 

was visually estimated within 1-m2 quadrats perpendicular to the waterline (i.e., extended 

1 m outward) on both the water and terrestrial side of each transect at 1-, 3-, and 5-m 

intervals along the 5-m transect (Figure 3-2).  This method was chosen because 

estimation of vegetation coverage was considered to be more accurate in 1-m2 quadrats.  

These three measurements were then averaged to produce one final vegetation estimate 

for each transect.  The estimations for each transect were then averaged to produce an 

estimation of the total vegetative cover for each terrestrial and aquatic vegetation 

category at each pond. 

Six percent cover classes (Table 3-6; Daubenmire 1959) were used during visual 

estimates of vegetation that had been classified into 7 terrestrial and 4 aquatic categories 
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(Table 3-7).  Cover classes were converted to median percent cover values (Daubenmire 

1959) and were used in conjunction with perimeter calculations to determine the percent 

coverage of each of the terrestrial and aquatic vegetation categories at each pond.  These 

data were used to determine the influence of different types and densities of vegetation on 

site selection by waterbirds.  

 To determine the influence of natural habitat and human-use features adjacent to 

the ponds (i.e., percentage of the pond surrounded by turf, housing, or natural vegetation) 

on waterbird site selection, the 5-m transect used to quantify shoreline vegetation was 

moved 1 m away from the waterline (so as not to overlap with previous habitat 

measurements) and extended landward a distance of 10 m to form a 5- x 10-m plot.  

Measurements of habitat features adjacent to the ponds were taken simultaneously with 

the shoreline vegetation measurements (i.e., at the same 30-m intervals).  Six cover 

classes (Daubenmire 1959) were used during visual estimation of the percent cover of the  

6 surrounding landscape categories, which also included non-vegetation categories to 

more fully characterize the areas adjacent to ponds (Table 3-7). 

Visual Estimation Technique and Observer Bias 

A 1-m2 open-ended quadrat calibrated in 25-cm intervals was used to train the 

surveyor to estimate percent vegetation coverage.  Percent coverage was then estimated 

visually for each transect without the aid of a quadrat.  The visual estimation technique 

was deemed necessary primarily due to the large number of 5-m transects (total numbers 

ranged from 5-98 per pond) needed to quantify the vegetation for each pond, as well as 

the large number of study ponds (183) to be surveyed during the study period.  The 

surveyor also used a pacing off technique to pace off the 5-m transect used for vegetation 
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estimates.  This technique was initially refined by comparing steps with actual distance 

measurements before using this method in the field.  These techniques were selected 

because minimizing interference with golf play necessitated quick and efficient 

estimation techniques.  However, when percent vegetation coverage was questionable, 

the 1-m pole calibrated in 10-cm increments used for littoral zone estimations (see 

Effective Foraging Area) was used to make final decisions about cover classes. 

Measurements were also taken to determine whether observer estimations were 

within the range for each cover class (Table 3-6).  These measurements were performed 

by pacing off a 5-m transect and visually estimating vegetation in the 1st, 3rd, and 5th 

meters of the transect.  The vegetation was then re-evaluated with the 1-m2 open-ended 

quadrat (described above) which was used to both more accurately determine the distance 

between and the vegetation within the 1st, 3rd, and 5th meters of the transect.  A total of 15 

estimates were taken for each combination of the vegetation categories (6 terrestrial and 4 

aquatic) in each cover class.  These estimates were then analyzed to evaluate observer 

accuracy.  

Using these methods, observer bias (percentage of vegetation classified in incorrect 

coverage categories) associated with visual estimation of shoreline vegetative cover was 

estimated to range from 6.7 - 40.0% ( x  = 13.4%) for aquatic and 6.7%-33.3% ( x  = 

13.8%) for terrestrial vegetation categories, respectively (Tables 3-8, 3-9). However, 

because subjective quadrats were measured by pacing off distances whereas the distance 

between objective quadrats was measured more accurately with an open-ended quadrat 

there was a lack of overlap between some subjective and objective quadrats (personal 

observation).  These differences may have resulted in misclassification of vegetation 
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cover classes for some quadrats because the two measurement techniques did not 

measure the same respective areas.  Therefore, many of the misclassified values were 

likely due to the sampling methods and not the ability of the observer to estimate 

vegetative coverage. 

Productivity Measurements 

Trophic status is an indicator of biological productivity of a body of water and the 

ability to support plants, fish, and wildlife (LAKEWATCH 2001).  Four water chemistry 

parameters were measured to determine the trophic status of the golf course ponds: total 

chlorophyll a, total phosphorus, total nitrogen, and water clarity.  Due to time and cost 

constraints, total chlorophyll a, total phosphorus, and total nitrogen were measured at 

randomly selected ponds at each golf course. Four ponds were sampled at golf courses 

with <20 surveyed ponds, and five ponds were sampled at courses with >20 surveyed 

ponds. Water samples were gathered according to protocol developed by the Lakewatch 

Team at the University of Florida (LAKEWATCH 2001).  Samples were gathered from 

each pond during March and May 2001, frozen, and sent to the LAKEWATCH 

laboratory at the University of Florida for analysis. 

Water clarity was measured at all golf course ponds during May 2001 with a 20-cm 

(8-inch) diameter Secchi disk. A correlation between Secchi disk measurements and 

chlorophyll a measurements was established to estimate biological productivity from 

Secchi disk measurements alone, which provided at least one measurement of 

productivity in all of the golf course ponds surveyed.  When the presence of algae is the 

main factor that reduces water clarity (as was the case for golf course ponds in this 

study), a correlation between Secchi disk and chlorophyll a measurements provides a 

useful method for estimating biological productivity (LAKEWATCH 2001).  PROC 
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NLIN (SAS Institute 2001) was used to determine model parameters with natural 

logarithm transformed Secchi disk and chlorophyll a measurements.  The model was then 

used to predict productivity levels in all other ponds from their Secchi disk 

measurements. 

Two Secchi disk measurements were also taken in each of the ponds during March 

and May 2001.  The correlation model established in 2001 from water clarity and 

chlorophyll a estimates was then used to determine changes in pond productivity between 

the two sampling periods.  A single sampling period was used during the second study 

year (2002) because significant differences (T-test; t = -0.33; p = 0.74) did not exist 

between productivity measurements taken during the two sampling periods (March and 

May) in 2001.  To compare chlorophyll a levels between study years a paired t-test was 

performed with the MEANS procedure in SAS (SAS Institute 2001) on natural log 

transformed data. 

Water Depth 

Average water depth was calculated from three, non-randomly chosen points within 

the pond.  In general, one measurement was taken at each end and one measurement was 

taken in the center of the pond from a boat.  Measurements were taken in March 2002, 

during Florida’s dry season, when some of the ponds may dry to depths <1 m.  Although 

these measurements were not an indication of long-term water levels or seasonal 

fluctuation, they do provide a comparison of average depths between ponds during the 

study period.  Deeper waters are not suitable for bird species that primarily forage in the 

littoral zone or along the shore but may be important for the growth of submergent 

waterfowl food (Breininger & Smith 1990) as well as providing prey refugia for the 

production of fish.   
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Distance to Nearest Colony 

Because golf course ponds were primarily used as foraging sites by waterbirds, the 

distance to nesting and roosting sites may be an important influence on bird use of a 

particular golf course, particularly for colonial nesting wading birds.  However, wading 

bird colony locations often demonstrate inter-year variation due to changing water levels, 

food supply, and other environmental parameters (Frederick & Collopy 1988; Powell 

1983; Rodgers et al. 1987).  This suggests that to determine the location of a golf course 

site to the nearest active colony I would have needed data on colony locations for 2001 

and 2002, which were unavailable at the time of this study.  Therefore, without same year 

data of colony locations, an analysis to determine the distance from the golf courses to 

the nearest colony could not be performed.  However, based on historic colony locations 

(e.g., Florida Fish and Wildlife Conservation Commission 1999 surveys), there was 

probably no dearth of wading birds in the southwest Florida region.  Nevertheless, the 

question of whether the distance to the nearest active colony influences bird use of golf 

courses is an important one and should be considered for future studies. 

Although the results could not be used during this study, the methodology used to 

calculate the distances from each of the golf courses to the nearest colonies are described 

because of its potential usefulness to future studies.  This example used the most current 

colony locations, which were obtained from the Florida Fish and Wildlife Commission’s 

(FWC) 1999 wading bird survey in the form of an ARC/VIEW (ESRI 1999b) point 

coverage shapefile. Only those colonies classified as active during recent (1990’s) 

surveys were considered for this example. 

Golf course GIS (Geographic Information System) location data was obtained from 

the County Property Appraiser offices in Lee and Collier counties, within which all golf 
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courses were located.  Information from these offices is updated regularly for tax 

appraisal purposes and was more current than available aerial photography (e.g., aerial 

photography for Lee County was taken in February and March 1998 and January 2000 

for Collier County, which also would have required digitizing).  Files were in the form of 

ARC/INFO (ESRI 1999a) workspace format or ARC/VIEW (ESRI 1999b) shapefiles as 

parcel polygon and line coverages current as of April 2002.  All parcel data files were re-

projected to Albers Equal-Area Conic projection to correspond with the FWC rookery 

coverage.  

The parcel data files were used to locate each golf course and a rectangle was 

drawn around each course in ARC/VIEW (ESRI 1999b) that attempted to include all 

ponds within the course.  Because the parcel data files did not include all of the golf 

course study ponds, location of ponds was often approximated based on other features 

such as buildings, roads, or section boundaries contained in separate shapefiles.  The 

distance to the nearest active rookery was then determined for each golf course with the 

SPATIAL ANALYST extension in ARC/VIEW (ESRI 1999b).  The “Find Distance” 

command was set to a cell size of 1 m.  Each corner of the golf course rectangle was 

viewed at a 1:0 map scale and the ARC/VIEW (ESRI 1999b) identifying tool was used to 

calculate the distance to the nearest active rookery at an accuracy of 1 m.  The distances 

from each of the four corners of the rectangle were averaged to determine the mean 

distance from the golf course to the nearest active rookery.  

Analysis of Pond Similarity: Effective Foraging Area and Shoreline Vegetation 

Due to similarities inherent in pond construction caused by permitting requirements 

(that often define the pond dimensions and amount of vegetation planted around the 

shorelines), as well as course maintenance policies (which often involve removal of 
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vegetation that seems unkempt or interferes with the ability of golfers and residents to 

view the ponds), there was concern about low variability of habitat variables among 

ponds.  To determine whether the mean area of effective foraging habitat (littoral zone) 

varied significantly among ponds, the NPAR1WAY procedure in SAS (2001) was used 

to conduct a Kruskal Wallis test.  To assess the similarity of vegetative cover among 

ponds, a cluster analysis was performed with PROC CLUSTER (SAS Institute 2001).  

This procedure was used to group ponds that possessed similar coverage of terrestrial and 

aquatic vegetation (Table 3-7) for both 2001 and 2002 surveys. 

Analysis of Site Preference 

Bird abundance data was extremely skewed due to the high number of zero counts 

during waterbird surveys, making it difficult to successfully transform the data into an 

approximate normally shaped distribution.  Exploratory analyses such as Principal 

Components Analysis also indicated that the habitat data for the golf course ponds could 

not easily be defined in one dimension (i.e., they were not correlated enough to group 

them into information categories).   

A generalized linear model with logistic regression was, therefore, determined to be 

the most appropriate analysis and was used to model the probability of a foraging guild 

(Table 3-5) being present at a pond given a particular set of pond characteristics 

(vegetation characteristics, surface area, etc.).  Foraging guild presence was used as the 

response variable because there were generally not enough observations for each of the 

42 species to perform separate analyses for each species.  

PROC GENMOD (SAS Institute 2001) was used to fit a generalized linear model 

to the data.  This method was preferred over other procedures because the data 

represented a non-linear combination of both categorical (i.e., golf course and year) and 
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continuous (vegetative cover, surface area, etc.) predictor variables appropriate for 

analysis by stepwise logistic regression.  SAS (2001) software does not currently 

implement a stepwise selection for logistic regressions.  However, PROC GENMOD 

allowed for a manual selection of predictor variables comparable to a stepwise or forward 

selection of predictor variables. 

A logistic regression was used to model the likelihood (log odds ratio) of observing 

a waterbird (from a particular foraging guild) as a linear function of the habitat 

characteristics of a pond (shoreline and surrounding vegetation, surface area, perimeter, 

etc.). The presence or absence of a guild member was used as the binomial (logit) 

response variable.  The response variable was also redefined as the presence of 

waterbirds ≥5 birds from a foraging guild and was used in a second set of models to 

determine the influence of the predictor variables on ‘groups’ waterbirds.  The predictor 

variables included: survey year, pond surface area, pond perimeter, effective foraging 

area in the littoral zone, percent cover of aquatic and terrestrial shoreline vegetation 

(Table 3-7), surrounding habitat (Table 3-7), and pond trophic status (i.e., estimated 

amount of chlorophyll a). 

Each predictor variable was run separately in PROC GENMOD with the 

binomially distributed foraging guild response variable (i.e., presence/absence).  

Predictor variables were manually selected based on the model’s Goodness of Fit Values 

(i.e., small deviance values) and the predictor variables’ Type III Sums of Squares values 

(p < 0.05).  Combinations of variables were then manually combined in PROC 

GENMOD to identify the model for each foraging guild consisting of a subset of 

predictor variables with the smallest deviance and p-values < 0.05. 
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Individual golf courses (n = 12; Table 3-2) were added as variables to final models 

for each foraging guild to determine if other predictor variables were still able to explain 

a significant (p < 0.05) amount of the differences in bird abundance once variability due 

to the differences among golf courses were added to the model.  The analysis was 

performed in this manner because the golf course variable was confounded with many of 

the other predictor variables.  

Interpretation of Regression Models 

Scenario tables were developed for each of the 6 foraging guilds to illustrate the 

ability of the logistic regression models to predict the presence of birds from each 

foraging guild on golf course ponds given different amounts of vegetative coverage and 

other significant predictor variables (see Results). The variables included in these tables 

were selected by the logistic regression analyses as important variables for explaining the 

presence of birds from each foraging guild on golf course ponds. The probability of 

observing a bird from each of the six foraging guilds is predicted from the intercept 

estimate and estimates for each of the significant predictor variables with the formula: 

P(observing bird)= e (Intercept Est + Var
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 Est (Var
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Measurement) +Var

2
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Analysis of Golf Course Comparison 

To calculate a site-by-site comparison of golf courses for each foraging guild a 

Means Separation within a generalized linear model was performed with the PROC 

GENMOD procedure.  The model was run 12 times for each of the 6 foraging guilds to 

allow each of the golf courses to be used as the reference site.  The intercepts and p-

values (< 0.05) from each of the 12 models were used to produce a Ranked Order of the 
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Log of the Odds Ratio of seeing a species from each of the foraging guilds on each golf 

course compared to the other 11 courses. 

The surface area of the study ponds was combined to determine the total area (ha) 

of the water bodies on each golf course.  A generalized linear model (PROC GLM, SAS 

Institute 2001) was then used to determine whether total water surface area for each 

course was able to explain a significant amount of variability in the average abundance 

and density of birds for each golf course.  PROC GLM was also used to conduct a lack of 

fit analysis on the means of pairs of abundance data and to determine the most 

appropriate equation for the model.  
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Table 3-1. Categories of waterbirds, with representative species, documented during 
surveys of golf course ponds. 

Waterbird 
category Order Examples 
Wading birds Ciconiiformes Herons, egrets, ibises, and storks 

Short-legged 
and other 
wading birds 

Gruiformes Coots, moorhens, and cranes 

Diving birds Pelecaniformes Cormorants, anhingas, and pelicans 
Waterfowl Anseriformes Ducks 
Grebes Podicipediformes Grebes 
Kingfishers Coraciiformes Kingfishers 

Shorebirds Charadriiformes Sandpipers, snipes, willets, yellowlegs, killdeer, 
gulls, and terns 
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Table 3-2. Property owners, county location, approximate latitude and longitude (in 
degrees and minutes) and date of completed construction for each of the 12 
southwest Florida golf courses surveyed during 2001 and 2002. 

Golf course Property 
Florida 
county 

Approx. 
longitude 

Approx. 
latitude 

Year of 
completion 

Bay Island at 
Bonita Bay Bonita Bay Group Lee 81°49’ 26°22’ 1995 

Burnt Store Marina 
and Country 
Club 

Watermark 
Communites 
Inc. 

Lee 82°02’ 26 45’ 1979 

Copperleaf at the 
Brooks Bonita Bay Group Lee 81°47’ 26°24’ 2000 

Creekside at Bonita 
Bay Club West  Bonita Bay Group Lee 81°49’ 26°22’ 1991 

Cypress at Bonita 
Bay Club East Bonita Bay Group Collier 81°39’ 26°17’ 1997 

Gateway Golf and 
Country Club 

Watermark 
Communites 
Inc. 

Lee 81°47’ 26°36’ 1989 

Marsh at Bonita 
Bay Club West Bonita Bay Group Lee 81°49’ 26°22’ 1985 

Mediterra Bonita Bay Group Collier 81°46’ 26°20’ 2000 

Sabal at Bonita Bay 
Club East Bonita Bay Group Collier 81°39’ 26°17’ 1998 

Spring Run at the 
Brooks  

Bonita Bay Group 
2001; Member 
owned 2002  

Lee 81°48’ 26°24’ 1998 

Twin Eagles Bonita Bay Group Collier 81°38’ 26°17’ 1998 

Wildcat Run 
Watermark 

Communites 
Inc. 

Lee 81°45’ 26°26’ 1986 
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Table 3-3. Bird habitats categories used during 2001 and 2002 surveys. 

Code Habitat 

1 Water 

2 Shore (i.e., sloped area around the pond with no water, including sandbars 
where specified) 

3 Rocks, stumps, logs 

4 Vegetation 

5 Man-made structures (rock ledges, wood duck boxes, staff gauges, etc.) 

6 Rough/yard (manicured grass within 5 m of water’s edge) 

 
Table 3-4. Behaviors used to categorize bird activities during 2001 and 2002 surveys. 

Code Behavior 

1 Foraging or associated movements (e.g., walking, running, wading water) 

2 Moving but not obviously foraging (e.g., swimming, walking on shore, etc.) 

3 Stationary or resting activities (e.g., standing, resting, roosting) 

4 Drying wings 

5 Flyover 

6 Flushed from pond 

7 Preening 

8 Nesting activities (e.g., sitting on nest, feeding chicks) 
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Table 3-5. Foraging guilds used for analyses, which were determined by the species’ size, 
major foraging habitat, technique, and food type. 

Foraging guild Species 

Aerial Foragers Terns, kingfishers, eagles, osprey, brown pelicans 

Dense Vegetation 
Waders Night and green herons, bitterns 

Diving Birds Grebes, cormorants, anhingas, mergansers, scaup, ruddy 
and ring-necked ducks

Dipping and Dabbling 
Foragers Mottled ducks, blue-wing teal, moorhens, coots 

Moist-soil Foragers Sandpipers, yellowlegs, stilts, willets, killdeer, snipes, gulls

Open Water Waders Herons, egrets, ibises, storks, cranes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3-1. Example of 5-m transects used for vegetation sampling taken at 30-m 

intervals around the perimeter of a golf course pond. 

 

5-m transect

30-m interval 

5-m transect Golf course pond
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Figure 3-2. Example of 1-m2 vegetation sampling q
of each 5-m transect. 

Table 3-6. Cover classes, range, and median percen
estimation of percent coverage of shorel
golf course ponds. 

Cover class Range (% cover) Median (
1 0-5 2.5 
2 5-25 15 
3 25-50 37.5 
4 50-75 62.5 
5 75-95 85 
6 95-100 97.5 

 

Terrestrial 
vegetation estimates1 m

1 m

Meter 3Meter 1

5-m transect

Shoreline5
Meter
uadrat taken at 1st, 3rd, and 5th meters 

t cover (Daubenmire 1959) used for 
ine vegetation and areas surrounding 

% cover) 

Aquatic vegetation 
estimates 
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Table 3-7. Vegetation and landscape categories used to characterize aquatic and 
terrestrial vegetation along shorelines of golf course ponds and the areas 
immediately surrounding the ponds.  

Terrestrial categories Aquatic categories 
Surrounding landscape 

categories 
1= Herbaceous (<1 m 

high) 
1= Submerged/floating 

aquatics 
1= Herbaceous (unmanicured 
vegetation) 

2= Herbaceous (>1 m 
high) 2= Herbaceous (<1 m high) 2= Shrub/tree 

3= Shrub 3= Herbaceous  (>1 m high) 3= Housing/residential lawn 

4= Tree 
4= Man-made structures 

(e.g., walls, ledges, drains, 
etc.) 

4= Golf course/turf grass 

5= Mixed shrub/tree  5= Construction activity 

6= Man-made structures 
(e.g., walls, ledges, 
drains, etc.) 

 6= Bulldozed/cleared area  

7= Manicured grass   
 
Table 3-8. Percentage subjective measurements that differed from objective 

measurements (= (1-Correct/15) × 100) for Aquatic Vegetation Categories 1-4. 
Aquatic category 

Cover class 1 2 3 4 
0-5% 6.7 0.0 13.3 0.0 
6-25% 20.0 26.7 26.7 6.7 
26-50% 20.0 40.0 26.7 0.0 
51-75% 33.3 13.3 20.0 0.0 
76-95% 6.7 6.7 6.7 6.7 
95-100% 0.0 0.0 33.3 6.7 
Mean (%) 14.5 14.5 21.1 3.4 
1= Submerged and Floating Aquatics; 2 = Herbaceous Vegetation < 1 m high; 3 = 
Herbaceous Vegetation >1 m high; 4 = Man-made Structures 
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Table 3-9. Percentage of subjective measurements that differed from objective 
measurements (= (1-Correct/15) × 100) for Terrestrial Vegetation Categories 1-7. 

Terrestrial category Cover 
class 1 2 2 4 5 6 7 
0-5% 26.7 13.3 13.3 13.3 26.7 0.0 6.7 
6-25% 20.0 26.7 26.7 13.3 20.0 13.3 26.7 
26-50% 26.7 26.7 33.3 0.0 26.7 0.0 33.3 
51-75% 26.7 13.3 20.0 13.3 6.7 0.0 20.0 
76-95% 0.0 26.7 13.3 26.7 13.3 0.0 0.0 
95-100% 0.0 0.0 0.0 0.0 6.7 0.0 0.0 
Mean (%) 16.7 17.8 17.8 11.1 16.7 2.2 14.5 
1 = Herbaceous Vegetation < 1 m high; 2 = Herbaceous Vegetation > 1 m high; 3 = 
Shrubs; 4 = Trees; 5 = Mixed Trees and Shrubs; 6 = Man-made Structures; 7 = 
Manicured Grass. 
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CHAPTER 4 
RESULTS 

Waterbird Observations 

During January- April 2001 and 2002, I recorded a total of 4,808 and 5,666 

waterbird observations (n = 10,474, x  = 3.59, SD = 5.60) during surveys of 183 man-

made ponds on 12 golf courses in southwest Florida.  My observations included 30 

species of waterbirds in 2001 and 40 species in 2002 (Table 4-1), which yielded a grand 

total of 42 species over both years.  

Diving birds were the most commonly observed waterbirds recorded during the 2-

year study period.  Specifically, the two most abundant species were Double-crested 

Cormorants and Anhingas.  Anhingas (in 2001) and Double-crested Cormorants (in 2002) 

were also observed on more study lakes than any other species (Table 4-1).  The most 

abundant species of wading bird during 2001 was the Great Egret and in 2002 was the 

Little Blue Heron.  Killdeer (Charadrius vociferous) were the most abundant shorebird 

identified in 2001 and 2002 (Table 4-1).  Killdeer were also observed on more lakes than 

any other shorebird.  The most abundant species of waterfowl in 2001 was the Hooded 

Merganser (Lophodytes cucllatus), despite being observed on only one of the 12 golf 

courses. During 2002 the most abundant species of waterfowl recorded was the Mottled 

Duck (Anas fulvigula), which was observed on more study lakes than any other 

waterfowl species during both years. 
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 Foraging Guilds 

The most common behaviors of all birds observed during both years were those 

associated with foraging and the least common were those associated with nesting 

activities (Table 4-2).  This indicated that golf course lakes were being used primarily as 

foraging sites.  The Diving Birds guild contained the highest number of bird observations 

during both 2001 and 2002 surveys, followed by Open Water Waders (Table 4-3).  The 

percentage of total birds from the latter guild remained the same in both study years, but 

the total number of observations increased by 244 birds (17%) in 2002.  The percentage 

of total observations increased significantly for both the Aerial Foragers and Dense 

Vegetation Waders guild (Table 4-3).  The Moist-soil Foragers guild was the only guild 

to decrease in total number of birds and percentage of observations between study years 

(Table 4-3).   

Shoreline Vegetation Variables 

Cover of shoreline vegetation was <50% for most vegetative categories at each 

pond during both study years (Figures 4-1 and 4-2).  However, percent cover of 

vegetation increased slightly in year 2 of the study for most of the vegetation categories, 

with significant increases in submerged and floating aquatic vegetation and aquatic 

herbaceous vegetation <1 m high during 2002 (Table 4-4).  Significant increases were 

also observed in terrestrial shoreline vegetation for herbaceous vegetation <1 m high, 

shrubs, trees, man-made structures, and manicured grass (Table 4-4). 

Analysis of Pond Similarity: Effective Foraging Area and Shoreline Vegetation 

There was significant variability in the mean effective foraging area (i.e., littoral 

zone; m2) among ponds (χ2 = 6.71, p = 0.0096; 2001: Median = 0.33m2, Range = 0.08 – 

0.57m2; 2002: Median = 0.30 m2, Range = 0.16 – 0.60 m2). There was less variability 
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among shoreline vegetation as indicated by cluster analysis, which produced five groups 

(clusters) of ponds as having similar levels of aquatic and terrestrial shoreline vegetation 

during 2001 and 2002.  In each case, cluster analysis identified a major group of ponds 

that possessed similar coverage of aquatic (Table 4-5) and terrestrial (Table 4-6) 

shoreline vegetation. Analysis of terrestrial shoreline vegetation during 2002 appeared to 

be more strongly influenced by percent cover of manicured grass.  Manicured grass was 

more along prevalent shorelines during 2002 probably due to the higher water levels 

observed that year. The other 4 pond groups contained various levels of shoreline 

vegetation and were generally dominated by either very high or very low amounts of a 

single vegetation category (Tables 4-5 and 4-6).  The large numbers of ponds in a single 

cluster indicate that most of the golf course ponds provided similar vegetative cover 

(according to the vegetative measurements of this study).  Furthermore, the mean percent 

cover of vegetation within the main cluster was <10% for all vegetation categories. 

Productivity Measurements 

A hyperbolic relationship exists between Secchi depth (i.e., water clarity) and 

chlorophyll a concentrations for Florida lakes (LAKEWATCH 2001).  Analysis of golf 

course productivity data resulted in the parameter estimates β1=2.0135 and β2= 0.4134 for 

the hyperbolic model: Chlorophyll a = e((β1-log(secchi depth))/ β2) (LAKEWATCH 2001).  This 

model was then used to predict productivity (i.e., chlorophyll a) levels from Secchi depth 

measurements in all of the golf course ponds, which revealed that golf course ponds in 

this study ranged from eutrophic to hypereutrophic (Figure 4-3).  Results from the t-test 

analysis also indicated that there was a significant (t = 2.31, p = 0.02) decrease in 
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chlorophyll a levels from 2001 to 2002, however, all ponds remained either eutrophic or 

hypereutrophic. 

Foraging Guild Site Selection 

Logistic regression models for ponds with ≥1 waterbird identified different 

variables for each waterbird guild as important predictors of waterbird presence on golf 

course ponds in southwest Florida  (Table 4-7).  In every model, either total perimeter or 

surface area was identified as a positive significant predictor of bird presence.  As the 

perimeter or surface area of ponds increased, the chances of observing >1 waterbirds also 

increased.  Other predictor variables selected in the models varied with foraging guilds 

and included year, aquatic vegetation categories 1-3 (submerged and floating aquatics, 

herbaceous vegetation <1 m high, herbaceous vegetation >1 m high), terrestrial 

vegetation categories 1, 2, 4-7 (herbaceous vegetation <1 m high, herbaceous vegetation 

>1 m high, tree, trees and shrubs, man-made structures, manicured grass), and 

surrounding vegetation categories 1-6 (herbaceous vegetation, trees and shrubs, 

residential lawns, golf course turf, areas under construction, areas cleared for 

construction). 

Results from the logistic regression analyses with the dependent variable ‘waterbird 

presence’ redefined as the presence of ≥5 birds as the dependent variable, are provided in 

Table 4-7.  Either perimeter length or surface area was again chosen as a significant 

predictor for all foraging guilds with a positive effect on bird presence.  As the perimeter 

or surface area of the ponds increased, the chances of observing a large number of 

waterbirds (≥5) increased.  Many of the other predictor variables selected in the model 

changed when presence of birds was redefined as ≥5 birds.  No combination of variables 
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would converge in a model for the Dense Vegetation Waders guild, likely due to the 

small number of observations for this guild (Table 4-3).  Variables selected in models for 

the other five guilds included year, aquatic vegetation categories 2, 3 and terrestrial 

vegetation categories 1, 2, 4, 5, 7. 

Scenario tables were also developed for each foraging guild (for both ≥1 bird and 

≥5 birds models) to illustrate the ability of the regression models to predict the presence 

of birds from each foraging guild on golf course ponds given different amounts of 

vegetation and other significant predictor variables (Tables 4-24 to 4-35).  Pond size, 

defined either by its perimeter or surface area, was positively correlated with bird 

presence for all foraging guilds.  In general, as the surface area or perimeter of the pond 

increased, the probability of observing a bird from all of the foraging guilds also 

increased.  For the purpose of making predictions about the influence of pond size on bird 

presence, pond size (i.e., surface area and perimeter) was divided into 4 size classes: 

small (<0.4 ha; <500 m), medium (0.4-2 ha; 500-1000 m), large (2-4 ha; 1001-2000 m) 

and very large (4-10 ha; 2001-3000 m).  Pond size most often fell into one of the first 3 

categories; hence the median values from these classes were used in the scenario tables to 

make predictions.  More specifically, the majority of the ponds were classified as having 

a small perimeter (<500 m) or medium surface area  (0.4-2 ha [1-5 ac]).  Therefore, to 

make predictions about bird presence, these classes were used more often in the scenario 

tables than the other two.  

All vegetation categories except aquatic category 4 (man-made structures in liitoal 

zone) and terrestrial category 3 (shrubs) were chosen by at least one of the models as a 

significant predictor for the presence of birds within each foraging guild.  To determine a 
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more realistic influence of predictor variables, only percent coverage classes that were 

most commonly observed on the majority of golf courses were used in the scenario 

tables.  For example, due to the small amounts of vegetation present in the golf course 

ponds (the majority of each shoreline vegetation category remained below 50% 

coverage), the percent coverage categories used in the scenario tables were from the two 

lowest cover classes (i.e., 2.5% and 15%).  Regression model results can also be used to 

make predictions about the influence of vegetative cover categories higher than those 

observed in this study (e.g., >50% vegetative cover), but the validity of these predictions 

needs to be tested with empirical data. 

Due to the overriding influence of the ‘golf course’ variable many of the other 

predictor variables were no longer significant once this variable was added to the logistic 

regression models.  This result suggests that the golf course, as a unit, may have an 

overall effect on waterbird use of the golf course ponds. The differences among golf 

courses may be due to variables that were not easily captured by analyses but may have 

included differences in human use, management practices, or location of the courses in 

relation to other resources for the birds that were not quantified during this study.  The 

influence of the individual golf courses on foraging presence was analyzed separately 

because the primary objective of this study was to make comparisons of bird use among 

golf course ponds rather than among golf courses.  However, the predictor variables that 

continued to be significant once the ‘golf course’ variable was added to the models are 

also reported below for each of the foraging guilds. 
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Probability of Observing Diving Birds 

The presence of ≥1 Diving Birds was positively correlated with pond surface area 

as well as ponds with aquatic herbaceous vegetation <1 m high (A2) and trees and shrubs 

around the shoreline (T5; Table 4-8).  Diving Bird presence was negatively correlated 

with ponds surrounded by herbaceous vegetation (S1; Table 4-8).  Once the ‘golf course’ 

variable was added to the model (Intercept Estimate = -1.5421) only surface area (χ2 = 

52.26, p < 0.0001) remained significant (p <0.5 level). 

Similar to the model for >1 Diving Bird, the probability of observing ≥5 birds from 

this guild was positively correlated with surface area and ponds whose shorelines 

possessed trees and shrubs (T5; Table 4-8).  However, unlike the first model for this 

guild, groups of Diving Birds were also positively influenced by herbaceous vegetation 

<1 m high around the shoreline of the ponds (T1; Table 4-8).  When the ‘golf course’ 

variable was added to this model only surface area (χ2 = 59.19, p <0.0001) and shoreline 

trees and shrubs (χ2 = 6.01, p = 0.01) continued to be significant predictors of bird 

presence. 

Diving Birds were the most commonly observed foraging guild during this study 

and the probability of observing a Diving Bird was very high (0.68-1.0) even with low 

vegetative coverage (Table 4-9). This table also illustrates that, for ponds >3 ha, 

increasing the vegetative coverage around the ponds to more than 2.5% coverage will 

have only minimal influences on Diving Birds because the probability is already 1.0.  

Observations of groups of Diving Birds were somewhat less frequent but were still 

commonly observed in large ponds (>3 ha; Probability = 0.80; Table 4-10).   
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Probability of Observing Open Water Waders 

Two competing models existed for the presence of ≥1 bird from the Open Water 

Waders guild.  These models had almost identical Goodness of Fit deviances (Model 1 = 

229.78, Model 2 = 229.61) and differed only in the tradeoffs between the two predictor 

variables: aquatic herbaceous vegetation >1 m high (A3; Model 1) and shoreline trees 

(T4; Model 2; Table 4-11).  These predictor variables were most likely correlated with 

one another as indicated by their non-significant Chi-square values when both variables 

were included in the model and, therefore, both models are discussed. 

In the first model the presence of ≥1Open Water Waders was positively correlated 

with pond surface area and with ponds surrounded by residential lawns (S3) and golf 

course turf grass (S4; Table 4-11).  Open Water Waders were also positively influenced 

by ponds with aquatic herbaceous vegetation >1 m high (A3; Table 4-11).  Once the ‘golf 

course’ variable was added to the model (Intercept Estimate = 1.0513) surface area (χ2 

=19.56, p < 0.0001), surrounding golf course turf grass (χ2 =4.16, p = 0.04) and aquatic 

herbaceous vegetation >1 m high (χ2 = 4.60, p = 0.03) continued to be significant 

predictors of birds from this guild.   

The variables selected as significant positive predictors of the presence of Open 

Water Waders in Model 2 were the same as Model 1 with the exception of a positive 

correlation with trees around the shoreline (T4) rather than tall aquatic vegetation (A3; 

Table 4-11).  When the ‘golf course’ variable was added to this model (Intercept Estimate 

= 0.9113) only surface area (χ2 =18.36, p < 0.0001) and surrounding golf course turf 

grass (χ2 =2.19, p = 0.02) continued to be significant predictors of presence of birds from 

this guild. 
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The variables that influenced the presence of a group of Open Water Waders were 

similar to the models for ≥1 birds with positive correlations with both aquatic herbaceous 

vegetation >1 m high (A3) and ponds adjacent to residential lawns (S3; Table 4-11).  

However, unlike the models for ≥1 bird from this guild, the probability of observing 

groups of birds increased with increasing pond perimeter (rather than surface area) and 

percent coverage of trees and shrubs along the shorelines (T5; Table 4-11).   

The probability of observing ≥1 Open Water Waders with any combination of the 

second model’s predictor variables (Table 4-13) was greater than the probabilities 

predicted by the first model (Table 4-12).  However, the probability of observing an Open 

Water Wader was high (0.50-1.0) compared to other guilds, regardless of which model 

was used to formulate predictions.  These models also illustrate that vegetative coverage 

>2.5% will only slightly increase the likelihood of observing these birds in ponds >3ha.  

In comparison, the chances of observing a group of Open Water Waders were somewhat 

less and only reached >90% (Table 4-14) for the ponds with perimeters ≥1500 m and at 

least 2.5% coverage of other significant predictor variables (S3, T5, A3).   

Probability of Observing Dense Vegetation Waders 

The presence of ≥1 Dense Vegetation Waders was positively correlated with 

increasing pond perimeter.  These species were also positively influenced by the 

coverage of pond-edge trees and shrubs (T5) and the coverage of submerged and floating 

aquatic vegetation (A1; Table 4-15).  The presence of Dense Vegetation Waders was 

negatively correlated with ponds adjacent to areas cleared for construction (S6) and areas 

currently under construction (S5; Table 4-15).  Once the ‘golf course’ variable was added 

to the model (Intercept Estimate = -0.6190) only perimeter (χ2 =10.00, p = 0.002) and 
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shoreline trees and shrubs (χ2 = 4.13, p = 0.04) remained significant predictors of 

presence of birds from this guild.   

Due to the small absolute number of observations of Dense Vegetation Waders 

during this study, the probability of observing a bird from this guild remained low with 

all combinations of predictor variables (Table 4-16).  Additionally, the logistic regression 

model would not converge with any combination of variables when the response variable 

was ≥5 birds and, therefore, a second regression model or scenario table could not be 

produced for this guild.   

Probability of Observing Dipping and Dabbling Foragers 

The presence of ≥1 Dipping and Dabbling Foragers was positively correlated with 

pond perimeter (Table 4-17) and ponds whose shorelines were covered with manicured 

grasses (T7) and other short herbaceous vegetation (T1).  The presence of birds from this 

guild was negatively correlated with herbaceous vegetation surrounding the ponds (S1) 

and man-made structures along the shorelines (T6; Table 4-17).  When the ‘golf course’ 

variable was added to the model, the model would not converge with perimeter as a 

variable.  When perimeter was excluded, significant variables that remained when the 

golf course variable was added (Intercept Estimate = -26.3809) included shoreline 

herbaceous vegetation <1 m (χ2 =3.94, p = 0.05) and shoreline manicured grass (χ2 = 

7.65, p = 0.006).  

Similar to the model above for ≥1 birds, when the presence of Dipping and 

Dabbling Foragers was redefined to ≥5 birds, there was a positive correlation for bird 

presence with pond perimeter, shorelines covered with manicured grasses (T7), and 

herbaceous vegetation <1 m high (T1; Table 4-17).  Groups of Dipping and Dabbling 
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Foragers were also positively associated with ponds with aquatic herbaceous vegetation 

<1 m high (A2), trees along the shoreline (T4), and those that were surrounded by 

manicured lawns (S3; Table 4-17).  All of the significant predictor variables other than 

trees represent short vegetative cover either around the pond’s perimeter or in the area 

surrounding the ponds.  The model would not converge with any combination of 

predictor variables once the ‘golf course’ variable was added to the model. 

Due to the strong negative correlation with man-made structures (intercept =           

-1.2519), even small cover of man-made structures resulted in a low probability for these 

birds to be observed on a golf course pond, regardless of the size of the pond. On ponds 

without this variable, the probability of observing a Dipping and Dabbling Forager was 

greatly increased (Probability = 0.49; Table 4-18).  Although the probabilities listed in 

the scenario table for groups of Dipping and Dabbling Foragers are higher (Table 4-19) 

than those listed in the scenario table for ≥1 bird (Table 4-18), the probabilities of 

observing groups of these birds are somewhat inflated in the tables by the lack of a strong 

negative correlation with man-made structures (T6) as observed for the ≥1 bird model. 

Probability of Observing Moist-soil Foragers 

The presence of ≥1 Moist-soil Forager increased with pond perimeter (Table 4-20, 

4-21).  The probability of observing birds from this guild decreased on ponds surrounded 

by shrubs and trees (S2), or those with shorelines covered with manicured grass (T7), and 

tall (>1 m high) vegetation (T2; Table 4-20, 4-21).  Study year was also able to explain a 

significant amount of the variability in presence of Moist-soil Foragers on golf course 

ponds with fewer birds seen in year 2 (2002) of the study (Table 4-20, 4-21).  When the 

‘golf course’ variable was added to this model (Intercept Estimate = -1.2849) three of the 
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five variables remained significant predictors of bird presence including perimeter (χ2 = 

35.44, p <0.0001), surrounding shrubs and trees (χ2 = 7.39, p = 0.007) and year (χ2 = 

15.80, p <0.0001). 

When the ‘presence of Moist-soil Foragers’ (i.e., dependent variable) was 

redefined as ≥5 birds from this guild, the size of the pond –defined by its surface area 

rather than perimeter – still played a positive role in determining the presence of birds 

from this guild (Tables 4-20, 4-22).  Similar to the model for ≥1 birds, the probability of 

observing groups (≥5) of Moist- soil Foragers decreased on ponds adjacent to shrubs and 

trees (S2), or those with shorelines covered with manicured grass (T7), or tall (>1 m 

high) vegetation (T2; Tables 4-20, 4-22).  However, unlike the first model, groups of 

Moist-soil Foragers were also positively associated with ponds surrounded by areas 

cleared for construction (S6; Tables 4-20, 4-22).  Once the ‘golf course’ variable was 

added to this model (Intercept Estimate = -2.7923) only perimeter (χ2 = 26.82, p 

<0.0001) continued to be a significant predictor of groups of birds from this guild.   

Probability of Observing Aerial Foragers 

The presence of Aerial Foragers on golf course ponds was positively correlated 

with the perimeter of the pond and study year.  Aerial Foragers were negatively 

influenced by aquatic herbaceous vegetation < 1 m high (A2; Table 4-23).  The 

probability of observing ≥1 Aerial Foragers was greatest on larger ponds (1500 m 

perimeter) with  <2.5% short aquatic vegetation (Table 4-24).  The number of Aerial 

Foragers also differed significantly between years, which is illustrated by the increased 

probabilities predicted for year 2 (Table 4-24). When the ‘golf course’ variable was 

added to this model (Intercept Estimate = -1.1868) only perimeter (χ2 = 28.40, p 
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<0.0001) and year (χ2 = 19.02, p <0.0001) remained significant predictors of Aerial 

Forager presence.   

When the dependent variable in the logistic regression model was the probability of 

observing ≥5 Aerial Foragers, the percent cover of aquatic herbaceous cover < 1 m high 

was no longer correlated with presence of Aerial Foragers (Table 4-23).  However, 

similar to the ≥1 bird model, presence of ≥5 aerial foragers was correlated with size of 

the ponds, although for this model surface area of the ponds was a significant positive 

predictor rather than perimeter (Table 4-23). Additionally, although the probability of 

observing groups (≥5) of Aerial Foragers was also greater in year 2 of the study, the 

probability was very low for both year 1 (<0.0001) and year 2 (<0.05), regardless of the 

size of the pond (Table 4-25).  Once the ‘golf course’ variable was added, the model 

would no longer converge with any combination of predictor variables.  

Analysis of Golf Course Selection 

A means separation within a generalized linear model was used to perform a site-

by-site comparison of observing a bird from each of the foraging guilds on each of the 

golf courses.  These models were used to produce a ranked order based on the log of the 

odds ratio of observing a species from each of the foraging guilds on each of the courses 

when compared to the 11 other courses.  The odds ratios (i.e., the chances of seeing a bird 

vs. not seeing a bird) and the probabilities of seeing a bird from a foraging guild on each 

of the courses are presented in Tables 4-26 to 4-31. 

Total surface area of ponds on each course was found to be a significant predictor 

of the average abundance birds observed on each golf course.  The lack of fit analysis 

determined that a quadratic equation (p = 0.1493) was the most appropriate model for the 
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surface area data.  The generalized linear model resulted in a significant (F = 4.76; p = 

0.0197) relationship, indicating that the collective pond surface area may explain some of 

the variation in average bird abundance among golf courses (R2=0.3131).  Total surface 

area of ponds on each course was not, however, a significant (F = 1.93; p = 0.1706) 

predictor of the average density of birds observed on each golf course.  
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Table 4-1. Waterbirds recorded during surveys of 183 golf course ponds in southwest Florida during 2001 and 2002.  Total 
abundance, density (birds/total ha for all golf course ponds), and number of lakes where species were observed are listed 
for each year. 

 2001 2002 

Species (scientific name) Observed Density  Number  Observed Density  Number  

Diving Birds       

Anhinga (Anhinga anhinga) 462 1.971 111 481 2.052 107 

Double-crested Cormorant (Phalacrocorax auritus) 1262 5.383 105 1816 7.746 119 

Hooded Merganser (Lophodytes cucllatus) 220 0.938 9 20 0.085 7 

Lesser Scaup (Aythya affinis) 0   78 0.333 3 

Pied-billed Grebe (Podilymbus podiceps) 136 0.580 38 111 0.473 25 

Ring-necked Duck (Aythya collaris) 0   1 0.004 1 

Ruddy Duck (Oxyura jamaicensis) 0   1 0.004 1 

GUILD SUMMARY 2080 8.872 152 2508 10.697 150 

Open Water Waders       

Glossy Ibis (Plegadis falcinellus) 84 0.358 24 165 0.704 21 

Great Egret (Ardea albus) 312 1.331 107 221 0.943 79 

Great Blue Heron (Ardea herodias) 167 0.712 85 173 0.738 79 

Little Blue Heron (Egretta caerulea) 280 1.194 100 397 1.693 108 

Sandhill Crane (Grus canadensis) 3 0.013 2 4 0.017 2 

Snowy Egret (Egretta thula) 241 1.028 74 289 1.233 68 

Tricolored Heron (Egretta tricolor) 176 0.751 73 244 1.041 78 
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Table 4-1. Continued 
 2001 2002 

Species (scientific name) Observed Density  Number  Observed Density  Number  

Open Water Waders (continued)       

White Ibis (Eudocimus albus) 94 0.401 31 114 0.486 29 

Open Water Waders (continued)       

Wood Stork (Mycteria americana) 41 0.175 18 35 0.149 14 

GUILD SUMMARY 1398 5.963 162 1642 7.004 155 

Dense Vegetation Waders       

American Bittern (Botaurus lentiginosus) 0   1 0.004 1 

Green Heron (Butorides virescens ) 27 0.115 21 69 0.294 35 

Black-crowned Night-Heron (Nycticorax nycticorax) 8 0.034 4 14 0.060 4 

GUILD SUMMARY 35 0.149 24 84 0.358 38 

Dipping and Dabbling Foragers       

American Coot (Fulica americana) 24 0.102 2 24 0.102 2 

Blue-winged Teal (Anas discors) 65 0.277 16 65 0.277 8 

Common Moorhen (Gallinula chloropus) 251 1.071 17 260 1.109 28 

Hybrid (Mottled Duck and Mallard) 0   1 0.004 1 

Mottled Duck (Anas fulvigula) 189 0.806 58 286 1.220 70 

Wood Duck (Aix sponsa) 0   2 0.009 1 

GUILD SUMMARY 529 2.256 68 638 2.721 80 
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Table 4-1. Continued 
 2001 2002 

Species (scientific name) Observed Density  Number  Observed Density  Number  

Moist-soil Foragers       

Black-bellied Plover (Pluvialis squatarola) 0   3 0.013 2 

Black-necked Stilt (Himantopus mexicanus) 0   4 0.017 2 

Bonaparte’s Gull (Larus philadelphia) 1 0.004 1 0  0 

Common Snipe (Gallinago gallinago) 16 0.068 12 19 0.081 10 

Killdeer (Charadrius vociferous) 297 1.267 99 200 0.853 60 

Laughing Gull (Larus atricilla) 0   8 0.034 3 

Ring-billed Gull (Larus delawarensis) 130 0.554 19 32 0.136 9 

Unidentified Shorebird 118 0.503 22 244 1.041 36 

Willet (Catoptrophorus semipalmatus) 4 0.017 4 3 0.013 1 

Greater or Lesser Yellowlegs (Tringa 
melanoleuca/flavipes) 153 0.653 58 135 0.576 45 

GUILD SUMMARY 719 3.067 119 648 2.764 91 

Aerial Foragers       

Bald Eagle (Haliaeetus leucocephalus) 0   4 0.017 4 

Belted Kingfisher (Ceryle alcyon) 38 0.162 33 119 0.508 67 

Brown Pelican (Pelecanus occidentalis) 2 0.009 2 0  0 

Forster’s Tern (Sterna forsteri) 4 0.017 2 3 0.013 2 
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Table 4-1. Continued 
 2001 2002 

Species (scientific name) Observed Density  Number  Observed Density  Number  

Aerial Foragers (continued)       

Least Tern (Sterna antillarum) 0   2 0.009 1 

Osprey (Pandion haliaetus) 0   16 0.068 10 

Royal Tern (Sterna maxima) 3 0.013 2 2 0.009 1 

GUILD SUMMARY 47 0.200 38 146 0.623 72 

ANNUAL SUMMARY  4808 20.508  5666 24.167  
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Table 4-2. Percentage of birds engaged in each recorded behavior for 2001 and 2002 
surveys.  

Behavior 2001 2002 
Foraging or associated movements 46.2 45.7 

Moving but not obviously foraging 9.6 5.6 
Stationary/Resting activities 33.4 36.2 

Drying Wings 4.5 3.3 
Flushed 2.1 2.0 
Preening 4.1 6.8 

Nesting Activities 0.2 0.4 
 

Table 4-3. Percentage of total bird observations for each foraging guild recorded during 
2001 and 2002 surveys. P-values were calculated with Chi-Square tests used 
to determine whether changes in the proportion of total birds from each 
foraging guild were significant between years. 

 2001 2002   
Foraging Guild Total % Total % χ2 p 
Diving Birds 2,080 43.3 2,508 44.2 1.019 0.313 
Open Water Waders 1,398 29.1 1,642 29.1 0.007 0.932 
Dense Vegetation Waders 35 0.73 84 1.5 13.184 0.0003 
Dipping/Dabbling Foragers 529 11.0 638 11.3 0.174 0.676 
Moist-soil Foragers 719 15.0 648 11.4 25.360 <0.0001 
Aerial Foragers 47 0.94 146 2.6 36.778 <0.0001 
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Figure 4-1. Number of ponds in 2001 and 2002 in each cover class for aquatic cover categories 1 through 4.   
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Figure 4-2. Number of ponds in 2001 and 2002 in each cover class for terrestrial cover categories 1 through 7.   
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Figure 4-2. Continued   
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Table 4-4. Comparison of percent cover (median, mean, and range) for shoreline 
vegetation measured on golf course ponds in southwest Florida during 2001 
and 2002.  Chi-Square statistic and P-values were calculated for comparisons 
of median % cover between 2001 and 2002 with the Kruskal-Wallis test. 

Vegetation 
category Median (%) Mean (%) Range (%) 

Aquatic 2001 2002 2001 2002 2001 2002 χ2 p 
Submerged/ 

floating 
aquatic  

0.8 12.3 7.9 20.0 0 - 82.4 0 - 77.3 74.38 <0.0001 

Herbaceous  
(<1 m high) 0 1.1 2.4 3.8 0 - 32.9 0 - 53.8 43.21 <0.0001 

Herbaceous  
(>1 m high) 0 0 1.4 1.0 0 - 59.2 0 - 48.0 1.29 0.26 

Man-made 
structures 0 0 0.3 0.1 0 - 9.7 0 - 3.0 0.42 0.52 

Terrestrial         
Herbaceous  

(<1 m high) 0 43.4 5.3 8.9 0 - 77.0 0 - 66.6 36.76 <0.0001 

Herbaceous  
(>1 m high) 0 0 2.2 1.6 0 - 32.5 0 - 47.7 0.50 0.50 

Shrub 0 0 0.3 1.1 0 - 21.7 0 - 28.5 14.21 0.0002 

Tree 0 0 0.2 0.5 0 - 7.5 0 - 29.9 4.35 0.04 

Mixed shrub/ 
tree 0 0 2.0 0.5 0 - 56.9 0 - 43.3 1.04 0.31 

Man-made 
structures 0 0 0.1 0.3 0 - 9.8 0 - 6.7 26.63 <0.0001 

Manicured 
grass 0 16.4 16.4 31.3 0 - 97.5 0 - 97.5 48.25 <0.0001 

 



 

 

69

Table 4-5. Results of cluster analysis of mean percent cover of aquatic shoreline 
vegetation measured for golf course ponds in southwest Florida during 2001 
and 2002.  

Cluster 1 2001 (n = 117) 2002 (n = 103) 
Aquatic vegetation category x  SD x  SD 
Submerged/floating aquatic  2.20 3.85 5.87 4.95 
Herbaceous (<1 m high) 0.13 0.47 2.14 3.48 
Herbaceous (>1 m high) 0.04 0.38 0.24 0.93 
Man-made structures 0.29 0.98 0.17 0.47 

Cluster 2 2001(n = 36) 2002 (n = 52) 
Aquatic vegetation category x  SD x  SD 
Submerged/floating aquatic  3.86 5.10 32.32 8.28 
Herbaceous (<1 m high) 10.43 6.92 4.29 6.53 
Herbaceous (>1 m high) 4.47 5.85 0.59 1.60 
Man-made structures 0.10 0.32 0.11 0.33 

Cluster 3 2001 (n = 24) 2002 (n = 22) 
Aquatic vegetation category x  SD x  SD 
Submerged/floating aquatic  28.15 8.57 58.83 8.41 
Herbaceous (<1 m high) 1.92 6.18 4.02 5.36 
Herbaceous (>1 m high) 1.35 3.31 0.85 2.77 
Man-made structures 0.57 2.00 0.01 0.01 

Cluster 4 2001 (n = 5) 2002 (n = 3) 
Aquatic vegetation category x  SD x  SD 
Submerged/floating aquatic  73.32 5.62 15.52 13.05 
Herbaceous (<1 m high) 0.05 0.12 46.17 6.69 
Herbaceous (>1 m high) 0.83 1.86 1.96 0.80 
Man-made structures 0.05 0.10 0.03 0.05 

Cluster 5 2001 (n = 1) 2002 (n = 3) 
Aquatic vegetation category x  SD x  SD 
Submerged/floating aquatic  0.32 . 15.76 17.62 
Herbaceous (<1 m high) 7.32 . 12.80 18.56 
Herbaceous (>1 m high) 59.23 . 33.22 12.88 
Man-made structures 0 . 0 0 
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Table 4-6. Results of cluster analysis of mean percent cover of terrestrial shoreline 
vegetation measured on golf course ponds in southwest Florida during 2001 
and 2002.  

Cluster 1 2001 (n = 137) 2002 (n = 87) 
Terrestrial vegetation category x  SD x  SD 
Herbaceous (<1 m high) 3.64 6.27 6.98 7.53 
Herbaceous (>1 m high) 1.92 5.20 1.27 6.13 
Shrub 0.24 1.92 0.44 2.23 
Tree 0.04 0.26 0.42 3.23 
Mixed shrub/tree 0.26 3.01 0.09 0.84 
Man-made structures 0.02 0.11 0.29 0.92 
Manicured grass 1.37 5.13 4.17 5.86 
Cluster 2 2001 (n = 21) 2002 (n = 31) 
Terrestrial vegetation category x  SD x  SD 
Herbaceous (<1 m high) 5.64 7.58 5.37 5.22 
Herbaceous (>1 m high) 4.90 9.90 3.19 6.33 
Shrub 1.01 2.25 1.72 .356 
Tree 0.45 1.10 0.77 4.01 
Mixed shrub/tree 0.97 3.68 2.58 8.84 
Man-made structures 0.96 2.33 0.32 1.22 
Manicured grass 58.17 12.43 64.09 10.41 
Cluster 3 2001 (n = 13) 2002 (n = 30) 
Terrestrial vegetation category x  SD x  SD 
Herbaceous (<1 m high) 2.32 4.67 11.16 9.50 
Herbaceous (>1 m high) 0.09 0.32 1.52 2.80 
Shrub 0.17 0.62 3.16 7.37 
Tree 0.01 0.02 0.66 2.36 
Mixed shrub/tree 0 0 0.26 1.13 
Man-made structures 0 0 0.15 0.47 
Manicured grass 92.70 5.39 36.09 10.17 
Cluster 4 2001 (n = 7) 2002 (n = 24) 
Terrestrial vegetation category x  SD x  SD 
Herbaceous (<1 m high) 4.58 8.47 0.70 1.75 
Herbaceous (>1 m high) 1.56 2.68 0.34 1.23 
Shrub 0 0 0.07 0.23 
Tree 1.07 2.83 0.01 0.04 
Mixed shrub/tree 41.81 10.16 0 0 
Man-made structures 0 0 0.33 0.83 
Manicured grass 45.10 10.17 93.34 4.78 
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Table 4-6. Continued 
Cluster 5 2001 (n = 5) 2002 (n = 11) 
Terrestrial vegetation category x  SD x  SD 
Herbaceous (<1 m high) 57.37 16.33 45.25 11.88 
Herbaceous (>1 m high) 6.27 8.17 2.62 5.74 
Shrub 0.76 1.71 1.34 3.56 
Tree 0.76 1.71 0.32 0.84 
Mixed shrub/tree 1.53 3.42 0 0 
Man-made structures 0.15 0.34 0.11 0.31 
Manicured grass 0 0 2.91 5.51 
 

Figure 4-3. Estimated chlorophyll a levels (µg/L) concentrations for each golf course 
pond grouped by trophic state. Trophic level descriptions (oligotrophic-
hypereutrophic) follow those of Forsberg and Ryding (1980). 
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Table 4-7. Summary of the Logistic Regression models predicting presence of waterbird foraging guilds at surveyed golf course ponds 
in Southwest Florida in 2001 and 2002.   

 
Diving Birds 

Open 
Water 

Waders 

Dense 
Vegetation 

Waders 

Dipping and 
Dabbling 
Foragers 

Moist-Soil 
Foragers 

Aerial 
Foragers 

Predictor Variable 1A 5B 1A 5B 1A 5D 1A 5B 1A 5B 1A 5B 
Perimeter    + +  + + +  +  
Surface area + + +       +  + 
Year         -  + + 
Submerged and floating aquatics (A1)     +        
Aquatic herbaceous vegetation < 1 m high (A2) +       +   -  
Aquatic herbaceous vegetation > 1 m high  (A3)   +C +         
Shoreline herbaceous vegetation <1 m high (T1)  +     + +     
Shoreline herbaceous vegetation > 1 m high (T2)         - -   
Shoreline trees (T4)   +C     +     
Shoreline trees and shrubs (T5) + +  + +        
Shoreline man-made structures (T6)       -      
Shoreline manicured grass (T7)       + + - -   
Surrounding herbaceous vegetation (S1) -      -      
Surrounding trees and shrubs (S2)         - -   
Surrounding residential lawns (S3)   + +    +     
Surrounding golf course turf  (S4)   +          
Surrounding areas under construction  (S5)     -        
Surrounding areas cleared for construction (S6)     -     +   
Predictor variables included perimeter, surface area, year, aquatic vegetation categories 1-4, terrestrial vegetation categories 1-4, 
surrounding categories 1-6, average effective foraging area, and estimated chlorophyll a.  A ‘+’ sign indicates a positive correlation 
and the ‘-‘ indicates a negative relationship.   
A = Model 1 results were correlated with the presence of ≥1 bird from specified foraging guild.  B = Model 5 results were correlated 
with the presence of ≥5 birds from specified foraging guild.  C = Variables selected by 2 competing models.  D = Model would not 
converge with any combination of variables. 
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Table 4-8. Results of logistic regression models identifying significant predictor variables 
correlated with the presence of Diving Birds on golf course ponds in 
Southwest Florida surveyed during 2001 and 2002.   

Variable Model* df 
Log 
odds χ2 p 

1 1 1.9669 46.52 <0.0001 Surface area 5 1 0.8446 55.84 <0.0001 
1 1 0.0640 5.15 0.0232 Aquatic herbaceous vegetation <1 m  

high (A2) -- -- -- -- -- 
1 1 0.0981 4.69 0.0303 Shoreline shrubs and trees (T5) 5 1 0.0529 9.23 0.0024 
-- -- -- -- -- Shoreline herbaceous vegetation <1 m 

high (T1) 5 1 0.0205 4.04 0.0444 
1 1 0.0148 3.96 0.0466 Surrounding herbaceous vegetation (S1) -- -- -- -- -- 

The limit for selection in the model was set at   p = 0.05.  Chi-Square and P-values were 
taken from LR Statistics for Type III Analysis.   
*Model 1 results predict the presence of ≥1 bird (Intercept Estimate = -0.0234), Model 5 
results predict the presence of ≥ 5 birds (Intercept Estimate = -1.4164). 
 
Table 4-9. Probability of observing a Diving Bird at a golf course under different 

scenarios using significant predictor variables that were previously identified 
through logistic regression. 

P(observing Diving bird)= e (–0.0234 + 1.9669 (Surface Area) + 0.0640(A2) + 0.0981(T5)  - 0.0148 (S1)) 

                               
                                        1 + e (–0.0234 + 1.9669 (Surface Area) + 0.0640(A2) + 0.0981(T5)  - 0.0148 (S1)) 

Surface area (ha) 

Aquatic 
herbaceous 
vegetation 
<1 m high  

(A2) 
(% cover) 

Shoreline 
trees and 
shrubs  
(T5) 

(% cover) 

Surrounding 
herbaceous 
vegetation  

(S1) 
(% cover) Probability 

.20 (~1ac) 2.5 2.5 2.5 0.68 
1.01(~2.5ac) 2.5 2.5 2.5 0.91 
1.01 15 2.5 2.5 0.96 
1.01 2.5 15 2.5 0.97 
1.01 2.5 2.5 15 0.90 
3.04 (~7.5ac) 2.5 2.5 2.5 1.0 
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Table 4-10. Probability of observing ≥5 Diving Birds at a golf course under different 
scenarios using significant predictor variables that were previously identified 
through logistic regression. 

P(observing ≥5 Diving birds) = e (–1.4164 + 0.8446(Surface Area) + 0.0529(T5) + 0.0205(T1)) 

         1 + e (–1.4164 + 0.8446(Surface Area) + 0.0529(T5) + 0.0205(T1)) 

Surface area (ha) 

Shoreline herbaceous 
vegetation 
<1 m high  

(T1) 
(% cover) 

Shoreline trees 
and shrubs 

(T5) 
(% cover) Probability 

.20 (~1ac) 2.5 2.5 0.26 
1.01(~2.5ac) 2.5 2.5 0.41 
1.01 2.5 15 0.57 
1.01 15 2.5 0.47 
3.04 (~7.5ac) 2.5 2.5 0.79 
 
Table 4-11. Results of logistic regression models identifying significant predictor 

variables correlated with the presence of Open Water Waders on golf course 
ponds in Southwest Florida surveyed during 2001 and 2002.   

Variable Model* df 
Log 
odds χ2 p 

1A 1 1.2999 20.79 <0.0001 
1B 1 1.2352 18.39 <0.0001 Surface area 
-- -- -- -- -- 
-- -- -- -- -- 
-- -- -- -- -- Perimeter 
5 1    

1A 1 0.2705 5.31 0.0212 
-- -- -- -- -- Aquatic herbaceous vegetation >1 m high 

(A3) 5 1 0.0745 6.32 0.0119 
-- -- -- -- -- 
-- -- -- -- -- Shoreline trees (T4) 
5 1 0.0479 7.53 0.0061 

1A 1 0.0445 19.51 <0.0001 
1B 1 0.0460 21.19 <0.0001 Surrounding residential lawns (S3) 
5 1 0.0181 8.40 0.0037 

1A 1 0.0250 14.50 0.0001 
1B 1 0.0271 17.15 <0.0001 Surrounding golf course turf (S4) 
-- -- -- -- -- 

The limit for selection in the model was set at p = 0.05.  Chi-Square and P-values were 
taken from LR Statistics for Type III Analysis.   
*Model 1A results predict the presence of ≥1 bird (Intercept Estimate = -1.1074) for the 
first of 2 competing models for this guild; Model 1B results predict the presence of ≥1 
bird (Intercept Estimate = -1.1446) for the second of 2 competing models for this guild; 
Model 5 results predict the presence of ≥ 5 birds (Intercept Estimate = -2.4484). 
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Table 4-12. Model 1: Probability of observing an Open Water Wader at a golf course 
under different scenarios using significant predictor variables that were 
previously identified through logistic regression.  

P(observing Open Water Wader) = e(–1.1074 + 1.2999(Surface Area) + 0.0445(S3) + 0.0250(S4) + 0.2705 (A3)) 
                                      
                                                  1 + e (–1.1074 + 1.2999(Surface Area) + 0.0445(S3) + 0.0250(S4) + 0.2705 (A3)) 

Surface area (ha) 

Aquatic herbaceous 
vegetation  
>1 m high  

(A3) 
(% cover) 

Surrounding 
residential 

lawns 
(S3) 

(% cover) 

Surrounding 
golf course 

turf 
(S4) 

(% cover) Probability 
.20 (~1ac) 2.5 2.5 2.5 0.50 
1.01(~2.5ac) 2.5 2.5 2.5 0.74 
1.01 2.5 15 2.5 0.83 
1.01 2.5 2.5 15 0.80 
1.01 15 2.5 2.5 0.99 
3.04 (~7.5ac) 2.5 2.5 2.5 0.98 
 
 
Table 4-13. Model 2: Probability of observing an Open Water Wader at a golf course 

under different scenarios using significant predictor variables that were 
previously identified through logistic regression.  

P(observing Open bird) = e (–1.1446 + 1.2352(Surface Area) + 0.0460(S3) + 0.0271(S4) + 5.0516(T4)) 
 
                                     1 + e (–1.1446 + 1.2352(Surface Area) + 0.0460(S3) + 0.0271(S4) + 5.0516(T4)) 

Surface area (ha) 

Shoreline 
trees 
(T4) 

(% cover) 

Surrounding 
residential 

lawns 
(S3) 

(% cover) 

Surrounding golf 
course turf 

(S4) 
(% cover) Probability 

.20 (~1ac) 2.5 2.5 2.5 1.0 
1.01(~2.5ac) 2.5 2.5 2.5 1.0 
1.01 2.5 15 2.5 1.0 
1.01 2.5 2.5 15 1.0 
1.01 15 2.5 2.5 1.0 
3.04 (~7.5ac) 2.5 2.5 2.5 1.0 
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Table 4-14: Probability of observing ≥5 Open Vegetation Waders presence in different 
scenarios using significant predictor variables that were previously identified 
through logistic regression. 

P(observing ≥5 Open birds) = e (-2.4484 + 0.0032(Perimeter) + 0.0181(S3) + 0.0479(T5) + 0.0745(A3)) 
                                          
                                           1 + e (-2.4484 + 0.0032(Perimeter) + 0.0181(S3) + 0.0479(T5) + 0.0745(A3)) 

Perimeter (m) 

Aquatic herbaceous 
vegetation 
>1 m high  

(A3) 
(% cover) 

Shoreline 
trees and 
shrubs  
(T5) 

(% cover) 

Surrounding 
residential 

lawns  
(S3) 

(% cover) Probability 
300 2.5 2.5 2.5 0.24 
300 2.5 2.5 15 0.29 
300 2.5 15 2.5 0.37 
300 15 2.5 2.5 0.45 
700 2.5 2.5 2.5 0.54 
1500 2.5 2.5 2.5 0.94 

 
Table 4-15. Results of logistic regression model (Intercept Estimate = -2.5421) 

identifying significant predictor variables correlated with the presence of 
Dense Vegetation Waders on golf course ponds in Southwest Florida surveyed 
during 2001 and 2002.   

Variable df Log odds χ2 p 
Perimeter 1 0.0012 22.54 <0.0001 
Submerged/floating aquatics (A1) 1 0.0152 4.27 0.0387 
Shoreline trees and shrubs (T5) 1 0.0360 4.27 0.0388 
Surrounding area under construction (S5) 1 -0.1049 4.31 0.0379 
Surrounding area cleared for construction (S6)  1 -0.1051 7.42 0.0064 
The limit for selection in the model was set at p = 0.05.  Chi-Square and P-values were 
taken from LR Statistics for Type III Analysis. 
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Table 4-16. Probability of observing a Dense Vegetation Wader at a golf course under 

different scenarios using significant predictor variables that were previously 
identified through logistic regression. 

P(observing Dense bird)= e ( –2.5421+ 0.0012 (Perimeter) - 0.1051 (S6) - 0.1049 (S5) + 0.0360 (T5) + 0.0152 (A1)) 

           
                                     1 + e (–2.5421+ 0.0012 (Perimeter) - 0.1051 (S6) - 0.1049 (S5) + 0.0360 (T5) + 0.0152 (A1)) 

Perimeter (m) 

Submerged 
and floating 

aquatics 
(A1) 

(% cover) 

Shoreline 
trees and 
shrubs 
(T5) 

(% cover) 

Surrounding 
areas under 
construction 

(S5) 
(% cover) 

Surrounding 
areas 

cleared for 
construction 

(S6) 
(% cover) Probability 

300 2.5 2.5 2.5 2.5 0.07 
300 2.5 2.5 2.5 15 0.02 
300 2.5 2.5 15 2.5 0.02 
300 2.5 15 2.5 2.5 0.11 
300 15 2.5 2.5 2.5 0.08 
700 2.5 2.5 2.5 2.5 0.11 
1500 2.5 2.5 2.5 2.5 0.24 
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Table 4-17. Results of logistic regression model identifying significant predictor 
variables correlated with the presence of Dipping and Dabbling Foragers on 
golf course ponds in Southwest Florida surveyed during 2001 and 2002.   

Variable Model* df 
Log 
Odds χ2 p 

1 1 0.0008 11.00 0.0009 Perimeter 5 1 0.0012 21.10 <0.0001 
-- -- -- -- -- Aquatic herbaceous vegetation  <1 m 

high (A2) 5 1 0.0639 10.07 0.0015 
1 1 0.0445 19.24 <0.0001 Shoreline herbaceous vegetation <1 m 

high (T1) 5 1 0.0411 10.26 0.0014 
-- -- -- -- -- Shoreline trees (T4) 5 1 0.1743 8.96 0.0028 
1 1 -1.2519 19.33 <0.0001 Shoreline man-made structures (T6) -- -- -- -- -- 
1 1 0.0209 29.35 <0.0001 Shoreline manicured grass (T7) 5 1 0.0241 25.03 <0.0001 
1 1 -0.0185 5.72 0.0167 Surrounding herbaceous vegetation (S1) 
-- -- -- -- -- 
-- -- -- -- -- Surrounding residential lawns (S3) 5 1 0.0177 4.93 0.0265 

The limit for selection in the model was set at p = 0.05.  Chi-Square and P-values were 
taken from LR Statistics for Type III Analysis. 
*Model 1 results predict the presence of ≥1 bird (Intercept Estimate = -1.3645), Model 5 
results predict the presence of ≥ 5 birds (Intercept Estimate = -4.1977). 
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Table 4-18. Probability of observing a Dipping or Dabbling Forager at a golf course 
under different scenarios using significant predictor variables that were 
previously identified through logistic regression.  

P(observing Aquatic Vegetation Forager)=  
    e (-1.3645 +.0008 (Perimeter) + .0209(T7) + .0445(T1) – 1.2519 (T6) -0.0185 (S1)) 
 
                                                1 + e (-1.3645 + .0209(T7) + .0445(T1) – 1.2519 (T6) + .0008 (Perimeter) -0.0185 (S1)) 

Perimeter (m) 

Shoreline 
manicured 

grass 
(T7) 

(% cover) 

Shoreline 
herbaceous 
vegetation 
<1 m high 

(T1) 
(% cover) 

Man-made 
structures on 

shoreline 
(T6) 

(% cover) 

Surrounding 
herbaceous 
vegetation 

(S1) 
(% cover) Probability 

300 2.5 2.5 2.5 2.5 0.02 
300 15 2.5 2.5 2.5 0.02 
300 2.5 15 2.5 2.5 0.03 
300 2.5 2.5 15 2.5 <0.0001 
300 2.5 2.5 2.5 15 0.01 
300 2.5 2.5 0 2.5 0.27 
700 2.5 2.5 2.5 2.5 0.02 
700 2.5 2.5 0 2.5 0.33 
1500 2.5 2.5 2.5 2.5 0.04 
1500 2.5 2.5 0 2.5 0.49 
 
 
Table 4-19: Probability of observing ≥5 Dipping and Dabbling Foragers at a golf course 

under different scenarios using significant predictor variables that were 
previously identified through logistic regression.  

P(observing ≥5 Dipping and Dabbling Foragers) = 
                                               e (-4.1977 + 0.0012(Perimeter) + 0.0241(T7) + 0.0411(T1) + 0.0639(A2) + 0.1743(T4) + 0.0177(S3)) 
 
                                         1 + e (-4.1977 + 0.0012(Perimeter) + 0.0241(T7) + 0.0411(T1) + 0.0639(A2) + 0.1743(T4) + 0.0177(S3)) 

Perimeter (m) 

Shoreline 
manicured 

grass 
(T7) 

(% cover) 

Shoreline 
herbaceous 
vegetation 
<1 m high 

(T1) 
(% cover) 

Aquatic 
herbaceous 
vegetation 
<1 m high 

(A2) 
(% cover) 

Shoreline 
trees 
(T4) 

(% cover) 

Surrounding 
manicured 

lawns 
(S3) 

(% cover) Probability 
300 2.5 2.5 2.5 2.5 2.5 0.05 
300 15 2.5 2.5 2.5 2.5 0.06 
300 2.5 15 2.5 2.5 2.5 0.07 
300 2.5 2.5 15 2.5 2.5 0.10 
300 2.5 2.5 2.5 15 2.5 0.30 
300 2.5 2.5 2.5 2.5 15 0.06 
700 2.5 2.5 2.5 2.5 2.5 0.07 
1500 2.5 2.5 2.5 2.5 2.5 0.17 
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Table 4-20. Results of logistic regression model identifying significant predictor 
variables correlated with the presence of Moist-soil Foragers on golf course 
ponds in Southwest Florida surveyed during 2001 and 2002. 

Variable Model* df 
Log 
Odds χ2 p 

1 1 0.0017 34.11 <0.0001 Perimeter -- -- -- -- -- 
-- -- -- -- -- Surface area 5 1 0.4749 28.99 <0.0001 
 1 -0.7823 9.86 0.0017 Year -- -- -- -- -- 
1 1 -0.0564 6.37 0.0116 Shoreline herbaceous vegetation >1 m 

high (T2) 5 1 -0.0801 3.88 0.0488 
1 1 -0.0112 9.57 0.0020 Shoreline manicured grass (T7) 5 1 -0.0128 6.94 0.0085 
1 1 -0.0420 16.24 <0.0001 Surrounding trees and shrubs (S2) 5 1 -0.0353 6.03 0.0140 
-- -- -- -- -- Surrounding areas cleared for 

construction (S6) 5 1 0.0283 5.28 0.0215 
The limit for selection in the model was set at p = 0.05.  Chi-Square and P-values were 
taken from LR Statistics for Type III Analysis. 
* Model 1 results predict the presence of ≥1 bird (Intercept Estimate = 0.3834), Model 5 
results predict the presence of ≥ 5 birds (Intercept Estimate = -1.5027). 
 
Table 4-21. Probability of observing a Moist-soil Forager at a golf course under different 

scenarios using significant predictor variables that were previously identified 
through logistic regression.  

P(observing Moist-soil bird) = e (0.3834 + 0.0017(Perimeter) – 0.0420(S2) – 0.0112(T7) – 0.0564(T2) –0.7823(Year Indicator)) 

 
                                            1 + e (0.3834 + 0.0017(Perimeter) – 0.0420(S2) – 0.0112(T7) – 0.0564(T2) –0.7823(Year Indicator)) 

Perimeter (m) 

Shoreline 
herbaceous 
vegetation 
>1 m high 

(T2) 
(% cover) 

Shoreline 
manicured 

grass 
(T7) 

(% cover) 

Surrounding 
shrubs and 

trees 
(S2) 

(% cover) 

Probability 
Year 1 
(2001) 

Probability 
Year 2 
(2002) 

300 2.5 2.5 2.5 0.65 0.46 
300 2.5 2.5 15 0.52 0.33 
300 2.5 15 2.5 0.43 0.26 
300 15 2.5 2.5 0.48 0.30 
700 2.5 2.5 2.5 0.79 0.63 
1500 2.5 2.5 2.5 0.93 0.87 
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Table 4-22. Probability of observing ≥5 Moist-soil Foragers at a golf course under 
different scenarios using significant predictor variables that were previously 
identified through logistic regression.  

P(observing ≥5 Moist-soil birds) =  
                                              e (-1.5027 + 0.4749(Surface Area) – 0.0128(T7) – 0.0353(S2) + 0.0283(S6) – 0.0801(T2)) 

 
                                        1 + e (-1.5027 + 0.4749(Surface Area) – 0.0128(T7) – 0.0353(S2) + 0.0283(S6) – 0.0801(T2)) 

Surface area (ha) 

Shoreline 
manicured 

grasses 
(T7) 

(% cover) 

Surrounding 
herbaceous 
vegetation 

(S2) 
(% cover) 

Surrounding 
areas 

cleared for 
construction 

(S6) 
(% cover) 

Shoreline 
herbaceous 
vegetation 
>1 m high 

(T2) 
(% cover) Probability 

.20 (~1ac) 2.5 2.5 2.5 2.5 0.16 
1.01 (~2.5ac) 2.5 2.5 2.5 2.5 0.22 
1.01 15 2.5 2.5 2.5 0.20 
1.01 2.5 15 2.5 2.5 0.15 
1.01 2.5 2.5 15 2.5 0.29 
1.01 2.5 2.5 2.5 15 0.09 
3.04 (~7.5ac) 2.5 2.5 2.5 2.5 0.42 
 
 
Table 4-23. Results of logistic regression model identifying significant predictor 

variables correlated with the presence of Aerial Foragers on golf course ponds 
in Southwest Florida surveyed during 2001 and 2002.   

Variable Model* df 
Log 
Odds χ2 p 

1 1 0.0014 34.24 <0.0001 Perimeter -- -- -- -- -- 
-- -- -- -- -- Surface area 5 1 0.6078 13.01 0.0003 
1 1 1.0676 18.36 <0.0001 Year 5 1 26.9727 7.82 0.0052 
1 1 -0.0651 7.55 0.0060 Aquatic herbaceous vegetation <1 m 

high (A2) -- -- -- -- -- 
The limit for selection in the model was set at p = 0.05.  Chi-Square and P-values were 
taken from LR Statistics for Type III Analysis. 
* Model 1 results predict the presence of ≥1 bird (Intercept Estimate = -2.1827), Model 5 
results predict the presence of ≥ 5 birds (Intercept Estimate =  -32.0366). 
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Table 4-24. Probability of observing an Aerial Forager at a golf course under different 
scenarios using significant predictor variables that were previously identified 
through logistic regression. 

P(observing Aerial bird) =  e (-2.1827 + 0.0014(Perimeter) – 0.0651(A2) + 1.0676(Year Indicator)) 

 

                                                          1+ e (-2.1827 + 0.0014(Perimeter) – 0.01651(A2) + 1.0676(Year Indicator)) 

Perimeter (m) 

Aquatic herbaceous 
vegetation 

<1 m high (A2) 
(% cover) 

Probability Year 1 
(2001) 

Probability Year 2 
(2002) 

300 2.5 0.13 0.30 
300 15 0.06 0.16 
750 2.5 0.21 0.44 
750 15 0.11 0.26 
1500 2.5 0.43 0.69 
1500 15 0.26 0.50 
 
Table 4-25.  Probability of observing ≥5 Aerial Foragers at a golf course under different 

scenarios using significant predictor variables that were previously 
identified through logistic regression. 

P(observing ≥ 5 Aerial birds)  =  e (–32.0366 + 0.6078(Surface Area) + 26.9727(Year Indicator)) 
 
                                               1 + e (–32.0366 + 0.6078(Surface Area) + 26.9727(Year Indicator)) 

Surface area (ha) Probability Year 1 (2001) Probability Year 2 (2002) 
.20 (~1ac) <0.0001 0.01 
1.01(~2.5ac) <0.0001 0.01 
3.04 (~7.5ac) <0.0001 0.04 
 
Table 4-26. Ranked order of the odds ratio and probability of observing a Diving Bird on 

each golf course compared to other courses.  . 
Course Odds ratio Probability Rank 
Bay Island 1.0377E

11 1.0 A 
Gateway 18.9993 0.95 B 
Spring Run 10.0001 0.9091 B 
Sabal 6.9999 0.875 B 
Copper Leaf 6.6665 0.8696 B 
Mediterra 6.3331 0.8636 BC 
Creekside 5.5146 0.8465 BC 
Marsh 4.9998 0.8333 BCD 
Twin Eagles 3.8000 0.7917 BCDE 
Burnt Store 2.1111 0.6786 CDE 
Wildcat Run 2.0769 0.675 DE 
Cypress 1.2223 0.55 E 
Sites with the same letter are not significantly different from one another at p = 0.05 
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Table 4-27. Ranked order of the odds ratio and probability of observing an Open Water 
Wader on each golf course compared to other courses.   

Course Odds ratio Probability Rank 
Bay Island 2.8204E

11 1.0 A 
Gateway 2.8204 E

11 1.0 A 
Wildcat Run 39.0015 0.975 B 
Burnt Store 26.9990 0.9643 B 
Creekside 25.0006 0.9615 B 
Marsh 11.0001 0.9167 B 
Copper Leaf 10.5003 0.913 B 
Spring Run 7.7998 0.8864 BC 
Sabal 4.9998 0.8333 BCD 
Cypress 2.3333 0.7 CD 
Mediterra 1.7500 0.6364 D 
Twin Eagles 1.6666 0.625 D 
Sites with the same letter are not significantly different from one another at p = 0.05. 
 
Table 4-28. Ranked order of the odds ratio and probability of observing a Dense 

Vegetation Wader on each golf course compared to other courses.   
Course Odds ratio Probability Rank 
Gateway 0.8182 0.45 A 
Twin Eagles 0.6000 0.375 A 
Wildcat Run 0.5385 0.35 AB 
Burnt Store 0.4000 0.2857 ABC 
Bay Island 0.3684 0.2692 ABC 
Marsh 0.2000 0.1667 BCD 
Creekside 0.1304 0.1154 CD 
Cypress 0.1111 0.1 CD 
Mediterra 0.0732 0.0682 D 
Spring Run 0.0476 0.0454 D 
Sabal 0.0435 0.0418 D 
Copper Leaf 3.5432 E-12 0.0 E 
Sites with the same letter are not significantly different from one another at the p = 0.05. 
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Table 4-29. Ranked order of the odds ratio and probability of observing a Dipping and 
Dabbling Forager on each golf course compared to other courses. Sites with 
the same letter are not significantly different from one another at p = 0.05.  

Course Odds ratio Probability Rank 
Marsh 4.9998 0.8333 A 
Gateway 4.0004 0.8 A 
Creekside 2.7142 0.7308 A 
Spring Run 2.3845 0.7045 A 
Bay Island 2.2499 0.6923 AB 
Copper Leaf 0.8400 0.4565 BC 
Mediterra 0.7600 0.4318 C 
Burnt Store 0.1200 0.1071 D 
Cypress 0.0526 0.05 D 
Wildcat Run 3.5428E

-12 0.0 E 
Sabal 3.5361 E

-12 0.0 E 
Twin Eagles 3.5379 E

-12 0.0 E 
 
 
Table 4-30. Ranked order of odds ratio and probability of observing a Moist-soil Forager 

on each course compared to other courses.   
Course Odds ratio Probability Rank 
Copper Leaf 14.3335 0.9348 A 
Gateway 8.9998 0.9 AB 
Cypress 5.6667 0.85 AB 
Sabal 3.0000 0.75 BC 
Mediterra 2.1428 0.6818 BC 
Twin Eagles 1.1819 0.5417 CD 
Spring Run 1.0952 0.5227 CD 
Burnt Store 0.7500 0.4286 DE 
Wildcat Run 0.7391 0.425 DE 
Bay Island 0.5294 0.3461 DE 
Creekside 0.3684 0.2692 EF 
Marsh 0.0909 0.0833 F 
Sites with the same letter are not significantly different from one another at p = 0.05. 
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Table 4-31. Ranked order of the odds ratio and Probability of seeing an Aerial Forager on 
each course compared to other courses.   

Course Odds ratio Probability Rank 
Wildcat Run 1.6666 0.625 A 
Sabal 1.1819 0.5417 AB 
Twin Eagles 0.7143 0.4167 ABC 
Gateway 0.6666 0.4 ABC 
Cypress 0.6666 0.4 BC 
Burnt Store 0.5555 0.3571 BC 
Mediterra 0.3750 0.2727 C 
Marsh 0.3333 0.25 CD 
Creekside 0.2381 0.1923 CDE 
Bay Island 0.2381 0.1923 CDE 
Copper Leaf 0.0952 0.0869 DE 
Spring Run 0.0732 0.0682 E 
Sites with the same letter are not significantly different from one another at p = 0.05. 
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CHAPTER 5 
DISCUSSION 

In this study, I evaluated the effects of numerous habitat variables on waterbird use 

of constructed golf course ponds in southwest Florida.  Forty-two recorded species of 

waterbirds used the golf course ponds from January through April 2001 and 2002.  My 

analysis of recorded bird activities indicated that 46% of all waterbirds observed used 

golf course ponds as foraging habitat.  I regard this as a conservative estimate of foraging 

use because the remaining 54% may have used the golf courses as foraging habitat as 

well, but were engaged in other activities during surveys.  These, results, therefore, 

indicated, that man-made ponds on golf courses provide food resources capable of 

attracting many species of waterbirds. The low densities of birds, however, (<2 birds/ha 

for most species; Table 4-1), suggests the value of golf course ponds to waterbirds can be 

enhanced through habitat modifications designed to appeal to specific guilds.  

There was year-to-year variation in both the number and species of waterbirds 

observed in golf course ponds, with an increase in both abundance and species richness 

during 2002 (Table 4-1).  Waterbirds are highly mobile species capable of moving large 

distances to track suitable resources (Weller 1999).  Therefore, this increase may have 

been due to greater amounts of rainfall in the region before the second study season, 

perhaps because increased rain prolongs suitable foraging conditions in wetlands 

throughout the region (see Pineau 2000; Weller 1999).  Increased rainfall also raised 

water levels in the ponds, which may have improved the suitability of golf course ponds 

as waterbird foraging habitat.  For example, water levels fluctuate annually and often 
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substantially in smaller ponds, which may become nearly dry during drought years, but 

may form shallow pools during wet years (personal observation).  Increased rainfall may 

also have enhanced the attractiveness of golf courses by flooding other low-lying areas 

on the courses.  Many of these areas were covered with natural vegetation and may have 

created ideal conditions for concentration of prey as water receded.  Wading birds, in 

particular, seemed to be attracted to these flooded areas (personal observation).  

Alternatively, the large annual differences for some species may also have been an effect 

of forces operating at regional or continental scales. 

Effects of Pond Size on Waterbird Site Selection 

Pond size, defined either by its perimeter or surface area, was positively correlated 

with bird presence for all foraging guilds (Table 4-17).  In general, as the surface area or 

perimeter of the pond increased, the probability of observing a bird from all of the 

foraging guilds also increased.   Larger ponds may provide more foraging habitat for 

individual species of waterbirds, as well as provide a wider variety of habitats to support 

a diversity of species.  Similar relationships have been reported for birds in many types of 

freshwater habitats (Celada & Bogliani 1993; Gibbs et al. 1991; Hoyer & Canfield 1990; 

Nudds 1992). 

Total combined surface area for all water bodies on each golf course also had a 

positive correlation with average bird abundance on individual golf courses.  Golf 

courses with more water had more birds on average. This suggests that waterbirds may 

key in on landscape-level influences and choose courses with more water because of the 

increased likelihood of finding suitable sites.  However, although pond size may 

influence bird use of golf courses and golf course ponds, this variable may not be as 

important as other predictor variables such as the amount of shallow water (water depth 
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<40 cm) and suitability of vegetation in and around the ponds.  Without other suitable 

habitat features, such as shallow water areas, many species (e.g., wading birds) may be 

limited in their ability to use ponds for foraging, regardless of pond size. 

Effects of Effective Foraging Area on Waterbird Site Selection 

The availability of food is the most crucial feature for determining habitat 

suitability for waterbirds.  Availability includes not only the density of suitable prey  (i.e., 

species, size, and capture susceptibility of the prey) but also the accessibility of the prey 

items to the birds (Gawlik 2002; Kushlan 2000b). This is particularly important for 

wading birds and shorebirds, which are often confined to water depths no greater than 

their leg length during foraging, indicating that the amount of shallow water in the ponds 

may be important to waterbird site selection.  However, the size of the effective foraging 

area in golf course ponds was not selected as a significant predictor for any of the 

foraging guilds even though there was significant variability of this variable among 

ponds.  A possible explanation for this finding is that while there was variation among 

ponds in the size of the effective foraging areas, an unknown critical size threshold, 

which influences wading bird use of the ponds, was not reached. 

Effects of Vegetation on Waterbird Site Selection 

All vegetation categories quantified during this study, except shrubs along the 

shoreline and man-made structures in the littoral zone, were chosen by at least one of the 

logistic regression models as a significant predictor of the presence of birds from each 

foraging guild (Table 4-7).  The predictor variables that were selected by the logistic 

regression models influenced waterbird site selection even within the small range of 

vegetative cover (<50% coverage at most ponds) among ponds.  Therefore, these 

variables should be considered important determinants of waterbird site selection of golf 
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course ponds and may be used to develop management recommendations to enhance the 

value of golf course ponds to waterbirds.  I defined ‘presence of birds’ is defined as one 

or more birds and ‘groups of birds’ is defined as five or more birds from a foraging guild. 

Habitat Selection by Foraging Guilds: Pond Variables 

Diving Birds 

Golf course ponds seemed particularly attractive as foraging habitat for Diving 

Birds.  Diving Birds were the most abundant species recorded during both years of the 

study, making up 42% of total waterbird observations and occurring on 168 (91%) golf 

course ponds.  The highly productive nature of these ponds may yield increased prey 

densities, which may favor diving birds because they are able to use a large range of 

water depths for foraging (ponds ranged in average depth from 1 to 15 m).      

Presence of Diving Birds was positively correlated with pond surface area, perhaps 

due to an increase in available foraging habitat and prey populations in larger ponds.  For 

example, Double-crested Cormorants (the most commonly observed Diving Bird) are 

piscivorous and have been found to be particularly sensitive to wetland surface water area 

(Gibbs et al. 1991), perhaps because fish abundance and diversity on small lakes (<50 ha) 

is positively correlated with wetland area (Haines et al. 1986).  

Diving Bird presence was also positively correlated with short (<1 m high) aquatic 

herbaceous vegetation.  This type of short, emergent vegetation may provide cover for 

small forage fish and invertebrates (Chick & Mclvor 1994) that constitute the principle 

diets of these piscivorous birds.  Although these prey species are attracted to the cover 

from this vegetation (i.e., aquatic vegetation <1 m high) it may be less effective 

protection against Diving Birds such as Anhingas and Pied-billed Grebes, which appear 
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able to move easily through and capture prey within dense vegetation (Esler 1992; 

Frederick & Siegel-Causey 2000). 

Trees and shrubs also positively affected bird abundance in this guild.  Large 

numbers of Double-crested Cormorants and Anhingas were often observed resting in 

trees and shrubs when they were not foraging.  More specifically, Double-crested 

Cormorants were commonly observed resting in large numbers (>10) in the trees along 

the shore and on vegetated islands located in the center of the ponds (Chapter 3).  

Anhingas were generally observed resting alone or in small groups of 2-5 birds in trees or 

shrubs around the pond’s shoreline (personal observation).  It is worth noting that 

Anhingas require snags, rocks or trees growing in or near the edge of the water as perches 

while drying their wings and plumage.  Since Anhingas have completely wettable 

plumage, drying is a critical for thermoregulation for this species, therefore, perches near 

or over the water are said to be a critical component of habitat suitability (Frederick & 

Siegel-Causey 2000). 

Groups of Diving Birds were often observed on ponds with short herbaceous 

vegetation around the ponds’ shoreline (within 1 m of the water’s edge).  Large groups of 

birds may prefer shorelines covered with natural vegetation so long as the vegetation is 

not excessively tall (>1 m high), which may impede movement to and from the water or 

conceal mammalian predators (Gosser et al. 1997; New York State Department of 

Environmental Conservation 1999; Williams-Whitmer et al. 1996).  Ponds whose 

shorelines are vegetated with natural herbaceous vegetation may also be able to buffer 

birds foraging near the shore or resting on the shore from human disturbances. 
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Diving Birds were negatively influenced by herbaceous vegetation in areas adjacent 

to the ponds perhaps because much of the herbaceous vegetation in these areas (e.g., cord 

grasses [Spartina spp.] and bulrushes [Scirpus spp.]) was planted by course 

groundskeepers and tended to be taller than manicured areas.  Therefore, Diving Birds 

may have responded negatively to herbaceous vegetation in areas adjacent to the ponds 

because of reduced detection of potential ground predators (e.g., raccoons [Procyon 

lotor] and house/feral cats [Felis silvestris catus]) while engaged in activities such as 

resting, preening, or wing-drying on the shore.  Indeed, a reduced ability to detect 

predators may affect avoidance of tall or dense vegetation in a number of waterbird 

species (Henderson 1981; Smith 1994; Surdick 1998).   

The predictor variables discussed above primarily concern those factors that likely 

influence site selection by foraging or resting Diving Birds.  The Anhinga was the only 

waterbird species observed nesting on any golf course pond.  The most conspicuous 

difference of the lone pond with nesting Anhingas was the presence of an island 

composed of willow trees (Salix sp.), which were partially submerged in the water.  

Many species of waterbirds, including species such as colonial nesting wading birds, 

require vegetation over or surrounded by water to protect their nests from predators 

(Hafner 2000).  Therefore, increasing the number of vegetated islands within golf course 

ponds, particularly those with partially or occasionally submerged vegetation, may 

increase the number of birds that are able to find suitable nesting habitat. 

Open Water Waders 

Wading birds are attracted to food resources similar to those preferred by Diving 

Birds, but occurred at lower densities in this study (Table 4-1).  This may be an artifact of 

their different foraging requirements.  Open Water Waders require suitable shallow water 
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areas that allow access to prey (Baker 1979; Powell 1987).  The effective foraging area 

for wading birds was typically less than 2 m away from the shoreline (average area <0.4 

m2) due to the 4:1 slope ratio (horizontal to vertical) used to construct golf course ponds 

(ratio obtained from golf course blueprints).  Nevertheless, Open Water Waders were the 

second most commonly observed guild of birds on golf course ponds.  Birds from this 

guild constituted 29% of total waterbird observations and were observed on more ponds 

than any other guild (174 ponds or 95% of all ponds).   

Pond surface area and perimeter was positively correlated with presence of Open 

Water Waders.  This may be because larger ponds provided more total littoral zone and 

greater amounts of foraging habitat for these species.  There was also a positive 

relationship between presence of Open Water Waders and two surrounding vegetation 

categories, both of which represented types of short manicured grasses.  Ponds that are 

adjacent to areas with short vegetation may allow increased predator detection compared 

to other types of surrounding vegetation (e.g., wooded areas).   

Open water waders were attracted to ponds with tall (> 1 m high) herbaceous 

vegetation in the littoral zone, perhaps because this vegetation provides a screen for the 

birds from human disturbance.  However, increased vegetation density and height may 

also reduce a bird’s ability to remain vigilant against predators by limiting mobility and 

visual detection abilities (Henderson 1981; Smith 1994; Surdick 1998).   As a result, 

wading birds may prefer tall (>1 m high) vegetation so long as it is of moderate density 

(Gibbs et al. 1991; Smith 1994; Surdick 1998).   

The positive correlation with ponds that possessed a thin row of trees around the 

shoreline perhaps reflects the need for resting and roosting sites.  Trees may also provide 
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escape from terrestrial predators or human disturbances as many birds flushed to the trees 

when disturbed (personal observation).  Stands of trees and shrubs in areas adjacent to the 

ponds were not positively correlated with open water waders, suggesting that these birds 

may be attracted to ponds with trees around the water’s edge, but not necessarily ponds 

that are adjacent to large areas of woody vegetation. 

Open Water Wader site selection may also have been influenced by the presence of 

other species in the golf course ponds.  For example, although Diving Birds were often 

seen foraging in the deeper, central areas of the ponds, they also were observed moving 

from the center of the ponds toward the shore, presumably forcing prey to shallower 

areas to make them more accessible.  This type of foraging activity by groups of diving 

birds often attracted large groups of foraging wading birds such as Great Egrets, Snowy 

Egrets, and Great Blue Herons along the shoreline (personal observation).    Commensal 

associations have been documented for a number of species and, presumably, the 

foraging activity of diving birds increases prey exposure to wading birds (Ehrlich et al. 

1988; Kushlan 1978).  In this study, wading birds appeared to attend cormorants, which 

may have concentrated or ‘herded’ prey through group foraging activities.  However, data 

was not collected during this study to determine foraging rates of wading birds in the 

presence of other species and alone, therefore, the influence of cormorants on foraging 

success rates could not be analyzed. 

Dense Vegetation Waders 

Dense vegetation waders were the least commonly observed foraging guild during 

both years of surveys, making up only 1% of the total bird observations and occurring on 

only 26% of golf course ponds.  The presence of dense vegetation waders was positively 

correlated with the presence of trees and shrubs around the shoreline of the ponds (Table 
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4-15), which provide protective cover as well as resting and/or roosting sites for these 

species (Kushlan 2000a; Sibley 2000). These habitat components, however, were not 

common as indicated by the mean percent coverage for this type of vegetation, which 

was less than 3% for all ponds surveyed (Table 4-4).  It is also worth noting that this 

guild is also the most cryptic of all guilds recorded and, therefore, also the least likely to 

be recorded if present. 

Dense Vegetation Waders were also positively correlated with the presence of 

submerged and floating aquatic vegetation (Table 4-15).  Algae and submerged plants in 

the golf course ponds often formed rings around shoreline (Zinn & Redles 2002), 

possibly because near-shore areas were shallower and provided greater light penetration 

for plant growth (Weller 1999).  Aquatic vegetation may attract Dense Vegetation (and 

other shallow water waders) by facilitating the concentration of prey items near the shore, 

because small forage fish often use these areas as feeding grounds and refuge from 

predators (Chick & Mclvor 1994). 

The presence of Dense Vegetation Waders was negatively correlated with ponds 

adjacent to areas cleared for construction and areas currently under construction (Table 4-

15).  Therefore, the small numbers of observations of birds from this guild relative to 

other guilds may be due, in part, to the small amount of dense vegetation around the 

ponds (>170 ponds had 5% coverage or less; Figure 4-9) as well as construction activities 

associated with residential development around some of the ponds.   

Dipping and Dabbling Foragers 

Dipping and Dabbling Foragers made up 11% of total waterbird observations and 

were observed on 94 (51%) of the golf course ponds.  Dipping and Dabbling Foragers 

most often forage by surface dipping and dabbling in shallow water.  Therefore, birds 



95 

 

from this guild may not have been as prevalent as other guilds because of the depth of 

ponds and lack of shallow littoral zone habitat that eliminated much of the guild-specific 

foraging habitat. 

Although the presence of Dipping and Dabbling Foragers was positively correlated 

with pond perimeter, birds from this foraging guild were less likely than most other 

guilds to be observed on golf course ponds, regardless of the size of the pond, when man-

made structures were present along the shoreline (Table 4-18).  Conversely, the 

probability of observing these birds increased significantly for ponds without these 

structures (Table 4-18).  Many of the man-made structures observed along the shoreline 

of the ponds were the visible, upper portions of drains and culverts used to connect the 

flow of water among ponds, which often formed walls and ledges at the water’s edge, 

particularly when water levels were low.  Other structures recorded during habitat 

mapping included wood and cement walls that were often planted with flowers and other 

vegetation for aesthetic purposes, but were functionally used to increase the elevation of 

the course near the ponds.  The ledges formed by these structures were usually ≥0.5 m 

above the water and may have formed physical barriers that restricted the movements of 

Dipping and Dabbling Foragers between the water and shore (Gosser et al. 1997; 

Williams-Whitmer et al. 1996). 

The presence of Dipping and Dabbling Foragers was positively correlated with 

ponds whose shorelines were covered with very short vegetation (Table 4-17).  Mottled 

Ducks and Blue-winged Teal (Anas discors) often rested on the shores of the ponds to 

perform daily activities such as preening.  Short vegetation along the shore of the ponds 

may allow increased detection of potential predators, such as alligators (Alligator 
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mississippiensis) at least by comparison with tall (>1 m high) herbaceous along 

shorelines.    

The positive influence of residential lawns adjacent to golf course ponds on groups 

of Dipping and Dabbling Foragers may also be related to the height of this vegetation.  

These areas were usually relatively free from predators and offered more open areas for 

vigilance compared to ponds surrounded by wooded areas or tall herbaceous vegetation 

(which negatively influenced presence of these birds).  Furthermore, ponds surrounded at 

least partially by residential areas may experience less human disturbances (because these 

areas do not usually experience daily maintenance) than when completely surrounded by 

the golf courses. 

The finding that groups of Dipping and Dabbling Foragers often used ponds with 

short littoral zone vegetation and trees along the shoreline may be a result of the 

protective cover (at least from human disturbances) that these areas provide.  Therefore, 

even a thin row of trees along the shoreline or herbaceous vegetation in the littoral zone 

of the ponds may provide a buffer from human disturbances such as maintenance crews 

and golfers.  Short, robust emergent herbaceous vegetation (e.g., spikerush [Eleocharis 

spp.]) in littoral zone may also provide perches for these birds, allowing them to stay near 

the water and remain inconspicuous when not foraging.  This was particularly common 

for Common Moorhens (Gallinula chloropus), which were often seen standing on short 

or fallen vegetation (e.g., bulrush or fire flag [Thalia geniculata]) in the water.  Some of 

the herbaceous vegetation, such as bulrush seeds, may also have been eaten by species in 

this guild, which often feed on the seeds of such plants (Bent 1926; Greij 1994). 
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  Moist-soil Foragers  

Moist-soil Foragers made up a small percentage (13%) of the total waterbirds 

observations but were observed on 74% (135 ponds) of the golf course ponds.  I 

hypothesize that the positive influence of pond size on Moist-soil Forager presence was 

due to the increased foraging habitat provided by ponds with larger perimeters (Gibbs et 

al. 1991).  Although analyses determined surface area to be a better predictor for groups 

of Moist-soil Foragers than pond perimeter, ponds with larger surface areas generally had 

larger perimeters and thereby increased foraging habitat as well.  There was a negative 

correlation of this guilds’ presence with ponds with shorelines covered with manicured 

grass or tall herbaceous vegetation.  Shorebirds feed in muddy areas and other soft 

sediments and manicured turf grasses or tall vegetation probably interfered with their 

ability to forage.   

Moist-soil Foragers avoided ponds adjacent to areas with trees and shrubs, possibly 

because these areas conceal potential predators (e.g., hawks and falcons) of these 

typically small shorebirds.  The positive correlation of groups of Moist-soil Foragers with 

ponds adjacent to areas cleared for construction also indicates that these birds are 

sensitive to areas with heavy vegetative cover adjacent to the ponds. 

Aerial Foragers  

Aerial Foragers made up only 2% of the total bird observations, but were observed 

on almost half (48%) of the ponds surveyed.  Birds from this guild were most often 

observed on large ponds, which was probably an artifact of large ponds being more likely 

to possess a suitable perching site.  Solitary aerial foragers were negatively correlated 

with short (<1 m high) aquatic herbaceous vegetation (Table 4-23).  However, the 

absence of a negative correlation between solitary aerial foragers and tall aquatic 
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vegetation or the presence of groups (>5) of aerial foragers, suggests the negative 

correlation with short aquatic vegetation may have been an artifact of small sample size.  

Habitat Selection by Waterbirds: Comparison of Golf Courses 

The ‘golf course variable’ was a significant predictor variable for all 6 foraging 

guilds.  Additionally, when this variable was added to the logistic regression models, 

many of the other predictor variables were no longer significant predictors of bird 

presence (Tables 4-11 to 4-16).  This is an interesting finding because the overall 

variability within the predictor variable categories was low for all golf courses (Figures 

4-1 to 4-10).  Furthermore, the cluster analysis suggested that the majority of the ponds 

could be placed in the same group based on vegetative cover (Tables 4-5 to 4-8).  This 

implies that each of the golf courses provided similar habitats.  However, one important 

difference among golf courses was the total combined surface area of the water bodies.  

This variable was found to have a significant relationship with average bird abundance 

and was able to explain some of the variation in average bird abundance among golf 

courses.  However, total combined surface area was unable to explain differences in 

average bird density among golf courses.  Therefore, increases surface area leads to 

increased abundance but not higher densities. 

Distance from one habitat to another also influences environmental heterogeneity, 

and spatially closer habitats are generally more similar to each other than distant ones 

(see Williamson 1988).  Therefore, artificial wetlands within the same golf course were 

probably more similar to one another than to those located in other golf courses.  This 

may result in a ‘golf course effect’ whereby the golf course as a whole (i.e., spatial 

location, golf play, management practices, etc.) provides different or unique habitat 

characteristics for waterbirds.  Furthermore, the probability of observing birds from the 6 
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foraging guilds was significantly different among golf courses (Tables 4-26 to 4-31), 

indicating that there were differences in waterbird habitat selection among the golf 

courses.   

One potential explanation for the differences in bird presence among golf courses is 

that the variables measured during this study were not discriminatory at the spatial scale 

at which they were measured (i.e., individual pond scale).  The ‘golf course’ variable was 

a significant predictor of bird presence for all foraging guilds implying that this variable 

served as a gross classification of habitat types present at each golf course.  It has been 

suggested that birds follow a hierarchically structured system during habitat selection 

(Cody 1985; Weller 1999).  Therefore, the birds observed on golf courses may either 

reside in or migrate to Southwest Florida for a variety of reasons, including the region’s 

landscape or vegetation features, instinctive preferences, and prior experience.  Once the 

birds reach Southwest Florida they may then select suitable habitat sites at the golf course 

scale or larger.  It seems likely that the high mobility of waterbirds allows them to select 

an area with many potential habitat sites such as a golf course with many ponds.  The 

birds may then select from available ponds based on more specific habitat characteristics 

such as pond size or vegetation structure and/or density.   

Birds may also select golf courses based on other landscape-scale features such as 

the total combined surface area of water bodies.  However, other landscape scale features 

should be explored in future studies to improve understanding of bird use of golf courses.  

For example, distance from each of the courses to Florida’s coast and other natural 

foraging sites may have influenced use of golf course ponds by Moist-soil Foraging 

species.  Because shorebirds often leave preferred habitats such as beaches and mudflats 
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during high or low tides (Burger et al. 1997; Erwin et al. 1994), surrounding habitats, 

particularly those located in close proximity to natural foraging habitats, may be 

important alternative habitats to species from the this guild (Brusati et al. 2001).  

Therefore, the influence of distance from other foraging sites on waterbird use of golf 

courses should be further investigated. 

Comparison with Natural Areas 

A common question asked of studies in urban landscapes is how the densities of 

wildlife documented in urbanized or man-made habitats compares with that found in 

natural areas.  This comparison is difficult and perhaps unfair for both the urban 

landscape and the natural one for many reasons, which can be grouped into two primary 

categories, spatial and temporal.  Spatially, the comparison is complex because of the 

difficulty in determining from which natural setting bird density should be compared.  

For example, if one were to compare bird densities from golf course ponds with those 

from a large natural setting such as the Florida Everglades, the densities may be higher or 

lower simply due to the manner in which comparisons are made.  Wildlife is not normally 

evenly distributed in nature, and the vastness of the Everglades would provide very low 

overall densities that might poorly reflect the importance of this ecosystem.  Similarly, if 

waterbird densities in the Everglades were measured only in areas of concentrated 

feeding activity or at roosting sites, the comparisons would provide equally poor 

comparisons with overall densities of birds using golf course ponds.  Another example 

may be a comparison between golf course ponds and a lake, such as Florida’s Lake 

Okeechobee.  As with the Everglades, the large size of Lake Okeechobee makes direct 

comparisons of little practical use.  This is because the ratio of deep water to shallow 

littoral zone habitat on Lake Okeechobee far exceeds that of the much smaller lakes on 
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golf courses.  What this particular comparison does point out, however, is that the 

extensive shoreline provided by multiple golf course ponds provides excellent 

opportunities to provide habitat for multiple species of waterbirds. 

Temporally, the comparison with natural systems is also complicated because of 

the difficultly in determining the time of year or season from which to make a 

comparison with other studies.  Since movement of waterbirds is often related to rainfall 

patterns (Pineau 2000; Weller 1999), comparisons should be made during years with 

similar rainfall levels and at similar times during the year or across a range of years, 

particularly in regions that experience distinct dry and wet seasons.  Many naturally 

fluctuating wetlands may provide suitable habitat for a large number of species but for a 

shorter period of time than the more permanent golf course ponds.  As the water levels 

recede, the prey in shallow, natural wetlands may be depleted because there is reduced 

prey refugia compared to permanent water bodies (Edelson & Collopy 1990), such as 

golf course ponds.  Many natural areas often experience a boom and bust type of bird use 

as waterbirds deplete the prey resources and are forced to use other habitats until these 

sites are re-flooded and the prey base has recovered (Hafner & Britton 1983; Kushlan 

1978, 2000a).  These temporal fluctuations further increase the difficulty of comparisons 

with natural wetlands.  Another temporal concern is that comparisons would have to be 

made during similar times of the year based on migratory patterns in each region.  Many 

waterbird species are migratory, which may inflate or decrease the number of birds in a 

region during different times of the year.  The tendency for waterbirds to search for 

suitable foraging areas in response to changing water levels also begs the question as to 
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whether golf course ponds, with their semipermanent wetlands status, may provide 

important foraging locations in times of severe drought. 

A more appropriate comparison of the waterbird densities observed during this 

study would be with densities observed on other golf course ponds.  Temporal concerns 

other than regional migration may be less of a problem when comparing golf courses 

because they are more permanent than natural wetlands and less likely to be depleted of 

all prey resources.  These comparisons may yield information about regional differences 

in waterbird diversity and abundance on golf course ponds.  Likewise, comparisons 

between densities of waterbirds on the same courses over time would provide opportunity 

to monitor the success of habitat modifications designed to increase use of ponds by 

waterbirds. 

Potential Health Risks Associated with Eutrophic Conditions 

I was unable to investigate the potential health risks to birds foraging in golf course 

ponds during this study.  However, one concern is that eutrophic conditions, which were 

characteristic of golf course ponds, have been associated with parasites such as 

Eustrongylides ignotus (Spalding & Forrester 1993).  This nematode parasite can have 

major impacts on the health of nestling and adult birds (Spalding et al. 1993).  Eutrophic 

conditions may also attract elevated numbers of birds due to their increased biological 

productivity.  By increasing the number of foraging birds in a small area the transmission 

rates of diseases such as avian chlolera and botulism may also be magnified through 

increased contact among birds (Enright 1971; Samuel et al. 1999).  The finding that golf 

course ponds attract waterbirds emphasizes the need for research to evaluate the potential 

health risk factors associated with these sites. 
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Conclusions and Suggestions for Future Research 

Waterbird habitat selection of golf courses probably takes place at many spatial 

scales beginning with the selection of a geographic region in which to search for suitable 

habitats (Cody 1985; Weller 1999).  It is likely that birds then search for areas that 

provide multiple foraging opportunities such as a wetland complex or a golf course with 

large water body surface area.  Other factors such as the distance from other foraging 

habitats (e.g., such as the coast for shorebirds) or from roosting and nesting sites may also 

influence waterbird use of a particular golf course. 

At a more refined spatial scale, waterbirds may then select which pond from the 

golf course/wetland complex will meet their immediate needs (e.g., foraging, resting, 

nesting).  The principle features of golf course ponds selected by waterbirds during this 

study were size (i.e., surface area or perimeter) and cover of shoreline and surrounding 

vegetation.   Wetland size is an important factor for foraging site selection for many 

species of waterbirds.  Larger areas often provide more foraging habitat for a single 

species of waterbirds and/or may also provide a wider variety of habitats for a greater 

number of species.  On the other hand, smaller wetlands have the potential to be managed 

individually for suitable habitat features not found in larger wetlands, such as particular 

type or density of vegetation.   

The type and structure of vegetation on golf course ponds is also important because 

it creates microhabitats that can be chosen for various activities (Weller 1999).    For 

permanent bodies of water such as golf course ponds, much of the vegetation is confined 

to near shore areas that are also the primary foraging area for many species of waterbirds 

(e.g., waders).  Not surprisingly, different species of waterbirds have different habitat 

needs when using golf course ponds.  Some species habitat needs (e.g., Diving Birds, 
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Open Water Waders and Dense Vegetation Waders) overlap, such as the need for 

roosting and resting sites that provide protection from predators and human disturbances, 

but which are located at a minimal distance from foraging sites.  Others species (e.g., 

Moist-soil Foragers) seem to prefer ponds with minimal amounts of vegetation both in 

and around the ponds.   

The vegetation surrounding golf course ponds is also important because nearby 

trees or shrubs may provide roosting or resting sites  (e.g., for groups of Diving Birds and 

Open Water Waders).  The structure and density of surrounding vegetation may also 

influence a bird’s ability to detect approaching predators, thereby deterring birds from 

using ponds surrounded by forested areas (e.g., Moist-soil Foragers).  However, 

waterbirds preference for vegetation in areas adjacent to the ponds is somewhat more 

complicated due to the different preferences for each of the 6 foraging guilds.  One 

commonality seems to be the preference for very short herbaceous vegetation.  However, 

the negative relationship with these natural areas should be treated very cautiously, 

because they do not indicate natural vegetation surrounding golf course ponds 

discourages use of the ponds by all species of waterbirds.  What they do imply is that 

experimental evidence is needed to determine their relationship with other foraging 

guilds for which no relationship could be established.  In any case, managing ponds or 

sections of ponds to provide a diversity of habitats will benefit the most species while 

also providing greater management options for golf courses. 

One of the weaknesses of this analysis was that there was relatively little variability 

in measured variables on golf course ponds.  For this reason, the effects of some variables 

may have been masked or diminished by the relatively monomorphic habitat studied, yet 
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would be of importance in areas with a broader range of habitat types and densities.  

Although the probability of observing a bird from each guild varied for each golf course, 

the probability of observing a diving bird and an open water wader was >50% on all of 

the courses surveyed.  These results illustrate that golf course ponds are widely used and 

provide potentially important habitat in increasingly urbanized areas.  The large number 

of waterbird species (42 species total) also indicates that golf course ponds are 

biologically productive and have the potential to provide habitat for a diversity of 

waterbirds.  The extent to which waterbirds used golf course ponds is primarily related to 

the availability of suitable habitat features influencing security and foraging success. The 

low densities of birds, <2 birds/ha for most species (Table 4-1), suggest there is excellent 

opportunity to increase the value of golf course ponds to waterbirds through relatively 

simple habitat modifications.   

As a corollary, one area for future study includes experimentally testing the 

management recommendations from this study (i.e., increasing the littoral zone and 

creating vegetated islands for nesting; see below) to better understand their influence on 

waterbird site selection on golf courses.  However, it is important to note that this study 

quantified variables known to influence waterbird habitat selection in natural wetlands.  

Therefore, habitat variables other than those measured during this study and/or measured 

at other scales (e.g., regional scale) should be also included in future studies. 

Management Recommendations 

The range of predictor variables selected for each foraging guild suggests that 

diversity in design and management of golf course ponds can provide a local wetland 

complex that provides suitable habitat for multiple species of waterbirds.  Providing a 

diversity of habitats (including size, water depth, and vegetative cover), whether among 
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individual ponds or within the same pond, would provide the greatest benefits to the 

largest number of species.  Management options designed to improve waterbird habitat 

may in some instances provide financial savings for golf courses through reduction of 

costs associated with turf maintenance in low-lying wet areas and other problem areas.  

Recommendations for improving foraging and resting/roosting habitat on golf course 

ponds in south Florida are provided for each of the six waterbird guilds evaluated.  

Diving Birds 

Diving Birds were the most commonly observed waterbirds, indicating that golf 

course ponds possess many of the habitat features attractive to these species.  Diving 

birds primarily forage on fish.  Consequently, stocking newly constructed ponds with 

fish, or ensuring connections with water bodies that support fish, will provide suitable 

forage resources for these species.    

Roosting and resting sites that provide protection from predators and are located at 

a minimal distance from foraging sites are also essential waterbird habitat (Weller 1999).  

Planting trees and shrubs along the shoreline of golf course ponds could benefit roosting 

and resting Diving Birds by allowing them to be off of the ground and away from 

predators and human disturbances.  Planting shorelines with native, short herbaceous 

vegetation may benefit resting Diving Birds by reducing the amount of human 

disturbances (through routine maintenance) compared to shorelines with manicured 

vegetation.  Removing tall vegetation from areas adjacent to the ponds may also benefit 

resting Diving Birds by increasing their ability to detect approaching predators. 

A final consideration involves increasing the amount of nesting habitat available on 

golf courses.  Most waterbirds require nesting sites that afford protection against 

predators (including humans), which is generally provided by water surrounding the nest 
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site (Hafner 2000).  Although Anhingas were the only species observed nesting during 

this study, the construction of vegetated islands with partially or occasionally submerged 

vegetation may benefit many species of nesting waterbirds on golf courses.  Nest trees 

should be tolerant of flooding, but may include a variety of species such as cypress 

(Taxodium spp.), red maple (Acer rubrum), live oak (Quercus virginiana), and southern 

willow (Salix spp).   

Many nesting waterbird species are sensitive to human disturbances (Rodgers & 

Smith 1995; Weller 1999), therefore, to reduce the perceived threat from humans, nesting 

islands should probably be constructed in larger ponds so that the distance from the shore 

is maximized.  It is also important to consider the adverse effects of attracting nesting 

waterbirds such as the noise associated with large numbers of breeding birds.  The large 

amounts of guano associated with dense aggregations of waterbirds may also cause 

problems such as foul odors destruction of nest trees through increased acidification of 

the soil.  

Open Water Waders 

The greatest limitation to Open Water Waders was available foraging habitat, 

specifically suitable shallow water areas, which allow access to (Baker 1979; Powell 

1987) and concentrate prey.  Based on blueprints of the golf courses surveyed, the pond 

sides were constructed with 4:1 slope (horizontal to vertical distance).  In order to 

increase the amount of shallow-littoral zone surrounding the golf course ponds, the 

overall ratio could be increased (i.e., increased horizontal relative to vertical distance).  

This would likely increase the area suitable for foraging by making prey more accessible 

to birds such as Open Water Waders that require shallow (e.g., <40 cm) water depths for 

foraging.  The effective foraging area for these birds could also be increased through the 
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construction of berms to create shelved or stair-stepped areas of different elevation.  The 

general premise of this type of structure is, that as water levels recede in the ponds, water 

and prey items become trapped in these shallow areas.   

Increased shallow water zones around the pond’s perimeter may also help eliminate 

easy escape opportunities for fish.  However, it may also be beneficial to place such 

modifications on portions of the shoreline not heavily used by golfers (e.g., those near 

residential areas or natural areas) to reduce the amount of human disturbance on these 

birds.  Increasing the littoral zone in maintenance problem areas (e.g., sections that are 

often too wet to mow) may also provide financial savings to the golf course because they 

would no longer have to routinely maintain these areas. 

Planting trees and shrubs along the shoreline of the ponds could benefit resting and 

roosting sites Open Water Waders by providing them escape cover from predators or 

human disturbances.  Planting short vegetation in areas adjacent to ponds managed for 

Open Water Waders could also benefit resting as well as foraging birds through increased 

predator detection. 

Dense Vegetation Waders 

Dense Vegetation Waders were the least commonly observed foraging guild on 

golf courses.  A primary limiting factor for these species may have been the amount of 

dense vegetation present in the ponds, which could be increased by increasing the amount 

of trees and shrubs on the shoreline of ponds or sections of ponds.  Dense Vegetation 

Waders are sensitive to human disturbance and were negatively impacted by construction 

activities and areas adjacent to the ponds that were devoid of vegetation.  A suggestion 

for these birds may be the construction of islands with dense vegetation in the center of 

the ponds to reduce the impact of human activities adjacent to the ponds.   
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Due to concerns about excess primary productivity caused by leaching and run-off 

from pesticides, herbicides, and fertilizers applied to the turf grass, chemicals are often 

applied to the ponds on a regular basis to control algae and other aquatic plants (Zinn & 

Redles 2002).  However, moderate amounts of algae and submerged aquatic plants may 

attract Dense Vegetation by facilitating the concentration of prey items near the shore, 

because small forage fish often use the littoral zone as feeding grounds and refuge from 

predators (Chick & Mclvor 1994).  Therefore, reduction in the quantity and/or extent of 

chemical treatments in ponds managed to provide habitat for Dense Vegetation Waders 

may prevent beneficial algae and submerged aquatic vegetation growing in the littoral 

zone from being harmed.  Another possible solution to reduce nutrient concentrations in 

the ponds without the use of chemicals may be to grow large amounts of macrophytic 

vegetation to absorb the nutrients and then remove it regularly.  This type of treatment 

may be beneficial to several of the guilds if were done in a staggered manner across all 

ponds in the golf course.  For example, when the macrophytes were initially removed, the 

conditions may favor Open Water Waders and when the macrophytes were at peak 

densities climax, the conditions would probably favor Dense Vegetation Foragers.  

Dipping and Dabbling Foragers 

Dipping and Dabbling Foragers most often forage by surface dipping and dabbling 

in shallow water for the foliage and tubers of submerged plant beds (Weller 1999).  

Therefore, foraging birds could benefit from increased submerged, aquatic vegetation in 

the littoral zone.  Foraging Dipping and Dabbling Foragers may also benefit from short, 

emergent vegetation in the littoral zone because the seeds produced from plants such as 

bulrushes are often eaten by species from this guild (Bent 1926; Greij 1994). 
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Minimizing the number of man-made structures, such as cement ledges and 

drainage structures, around the shoreline of golf course ponds could benefit Dipping and 

Dabbling Foragers because these structures impede movement to and from the shore 

(Williams-Whitmer et al. 1996).  Keeping vegetation short along the shorelines and in 

areas adjacent to the ponds may also benefit resting Dipping and Dabbling Foragers by 

increasing visibility of nearby predators.  Planting short, robust herbaceous vegetation 

(e.g., spikerushes) in the ponds’ littoral zones may provide perches for Dipping and 

Dabbling Foragers (e.g., American Coots [Fulica Americana]), allowing these birds to 

stay near the water and remain inconspicuous when not foraging.   Planting a thin row of 

trees and shrubs along the shoreline of the ponds may also benefit Dipping and Dabbling 

Foragers by reducing human disturbances (e.g., maintenance and golf play) to resting 

birds.  However, the density of trees near the shoreline should be considered carefully 

because dense cover of this type of vegetation may reduce attractiveness for some species 

by decreasing predator visibility or obstructing flight paths (Gosser et al. 1997).  

Moist-soil Foragers 

Species from the Moist-soil Foragers guild forage along the shoreline of the golf 

course ponds by either ground gleaning or probing for food beneath the surface of the 

substrate either in or near shallow water (from Ehrlich et al. 1988).  Therefore, one of the 

most important management suggestions for Moist-soil Foragers is the management of 

ponds or sections of ponds with minimal shoreline vegetation.  To increase use of certain 

golf course ponds or sections of ponds by foraging Moist-soil Foragers, herbaceous 

vegetation could be planted farther away (>1 m) from the water’s edge to maximize the 

available moist-soil foraging habitat for these species.  Foraging and resting Moist-soil 
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Foragers may also benefit from reduced vegetation in areas adjacent to the ponds because 

these species most often used ponds that were adjacent to areas devoid of vegetation.   

Aerial Foragers 

Aerial Foragers were most often observed using a ‘high diving’ technique to 

forage, whereby the bird drops from a height into the water to catch prey (from Ehrlich et 

al. 1988).  When not actively foraging, these birds usually require some type of perch to 

consume prey or rest.  Aerial Foragers were observed using both man-made structures 

(e.g., out-of-bounds markers) and natural vegetation (e.g., shrubs and trees) along the 

shorelines as perches. One suggestion for these birds would be to increase the number of 

perches along the shoreline of ponds managed for these species.  These birds also seem to 

prefer larger ponds, indicating that perches (either constructed or natural) may benefit 

more Aerial Foragers when placed around ponds with either larger perimeters or surface 

area.  
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