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ABSTRACT 

 

The more than 25,000 playas on the Southern High Plains (SHP) are essential to 

the maintenance of regional biodiversity. The SHP landscape has been highly fragmented 

by intensive cultivation since the 1930s. Cultivation has degraded the condition of playas 

through sedimentation, resulting in a loss of playa volume in cropland watersheds and 

shortened hydroperiod. These effects should influence the avian communities that depend 

on playas for breeding, overwintering, or migratory stopover sites. However, information 

about the influence of land-use change and other factors on avian community 

composition in SHP playas is limited.  

Previous studies have focused on the relationship between game species and local 

variables during winter; however, systematic documentation of playa variables that are 

important to birds throughout the year is lacking. To fully understand the importance of 

playas to different avian communities, information on avian use during the wet and dry 

phases of playas throughout the year is needed. Therefore, I examined influences of local 

and landscape factors on avian species richness, diversity, and density in playas and 

determined how avian community composition was influenced by water-level fluctuation 

as a disturbance. My objectives were to 1) determine how local variables within a playa 

(e.g., vegetation cover and playa area) influence richness, density, and diversity of avian 

communities; 2) evaluate the effect of landscape variables in the wetland complex (i.e., 

playas and the adjoining habitat patches in 3 defined diameters) on richness, density, and 

diversity of avian communities; 3) examine the effect of water-level fluctuations as a 

disturbance on avian community composition; and 4) examine relationships between 
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local variables and percent composition of different avian groups and dominant species 

during summer. 

After significant precipitation events in June 2003 and 2004, I selected 80 playas 

(40 playas each year) across the SHP containing water with watersheds ranging from 

100% native grassland to 100% cropland. Wet playas were surveyed biweekly by 

counting all birds present within the playa boundary for as long as playas retained water, 

from June 2003 to May 2004 and June 2004 to May 2005. When playas dried, I 

conducted surveys monthly using distance sampling techniques. Water depth was 

measured concurrently with each bird survey and percent vegetation cover, vegetation 

structure, and plant species richness were measured 3 times during each summer. Eight 

landscape variables (i.e., number of playas, percent cover of playas, interspersion and 

juxtaposition index, landscape shape index, Shannon evenness index, diversity index of 

land use, edge density, and mean edge density) were obtained using ESRI® ArcGIS and 

FRAGSTATS*ARC® for each study playa at 3 distance scales (i.e., 1, 5, and 10 km radii 

from the study playas, representing a gradient of local to landscape-level influences). 

I recorded 127 bird species during 1487 surveys over 2 years. Seventy-seven were 

wetland-dependent species and 50 were non-wetland species. In wet playas, area was a 

positive predictor for total species richness and diversity in all seasons. Water depth was 

a consistent predictor across different seasons for total species richness, and species 

richness was greatest at an intermediate level of water depth (ranging from 40 to 100 cm). 

Tilled index ([tilled landscape – untilled landscape]/[tilled landscape + untilled 

landscape]) positively influenced total species richness and native species richness, but I 

also found a positive relationship between percentage of exotic bird species in the avian 
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community and tilled index, indicating that more exotic bird species (fewer native species) 

were found in playas surrounded by a greater percentage of cultivated land. Models 

predicting avian species richness were variable among seasons, and diversity of land use 

within 1 km had a positive influence on total species composition. In general, variables in 

the best-fit models for wetland-dependent species richness, diversity, and density were 

similar to models predicting total species. Models predicting species richness, diversity, 

and bird density for wetland-dependent species explained more variation than predictive 

models for total species richness. This is likely because wetland-dependent species 

outnumbered non-wetland species and were important in driving avian community 

composition in wet playas.  

Playa area had a positive influence on waterfowl species richness and density, 

whereas water depth had a polynomial relationship with waterfowl species richness and 

density, showing a positive linear and a negative quadratic term. Waterfowl species 

richness and density peaked when water depth ranged from 40-100 cm. Percent 

vegetation cover had a polynomial relationship with waterfowl species richness, 

indicating that waterfowl most frequently occupied wetlands with intermediate levels of 

vegetation. Landscape variables were important in predicting waterfowl species richness 

and density, but the appearance of landscape variables in best-fit models varied among 

seasons, which suggests different habitat requirements for waterfowl in different portions 

of the annual cycle. Playa area was positively correlated with shorebird species richness 

but there was a negative relationship between shorebird density and playa area. There 

was a polynomial relationship, showing a positive linear and a negative quadratic term 

between water depth and shorebird species richness and density, which indicates that 
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shorebirds tended to occupy wetlands with intermediate levels of water depth (30-80 cm). 

Percent vegetation cover was negatively correlated with shorebird density. Playa area was 

a consistent positive variable for predicting wading bird species richness and density. 

Because of high evaporation rates in summer and unpredictable precipitation, 

playa hydroperiods are unpredictable and the number of playas that contain water varies 

among seasons and years. Therefore, the natural wet-dry cycle is ideal for studying the 

influences of disturbance on wetland biota. The intermediate disturbance hypothesis 

(IDH) states that the highest levels of species diversity will occur at intermediate levels of 

disturbance, whereas diversity will be lower at higher and lower levels of disturbance, 

owing to effects of abiotic limitations and competitive exclusion, respectively. I tested the 

predictions of the IDH by comparing species richness and similarity index (changes of 

avian composition; Sorenson’s similarity coefficient) among 3 disturbance regimes 

(considered different combinations of disturbance intensity and frequency and starting 

moisture condition). Results did not support the IDH, however, as the highest species 

richness did not occur at intermediate levels of disturbance. These results suggest that 

moisture condition itself may be more important in influencing species richness than a 

change in moisture condition (i.e., disturbance). Because wet playas have more species 

than dry playas in this semi arid landscape, playas associated with flooded conditions 

may have higher species richness regardless of the degree of disturbance. Playas with a 

higher degree of disturbance were associated with higher tilled indices in summer. The 

increased degree of disturbance due to sedimentation and lack of protection from the 

cultivated watershed had a negative impact on avian community composition. 
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I used canonical correspondence analysis to examine the influence of local 

environmental variables (i.e., playa area, tilled index, water depth, percent vegetation 

cover, vegetation structure, vegetation height) on percent composition of the avian 

assemblage. Waterfowl, shorebirds, and wading bird were analyzed as groups, along with 

individual analyses on blue-winged teal (Anas discors), mallard (Anas platyrhynchos), 

American avocet (Recurvirostra americana), killdeer (Charadrius vociferus), long-billed 

curlew (Numenius americana), upland sandpiper (Bartramia longicauda), mourning dove 

(Zenaida macroura), and red-winged blackbird (Agelaius phoeniceus). Water depth, 

vegetation structure, and percent vegetation cover were consistently the top 3 variables 

influencing percent composition of birds throughout the summer. In general, percent 

composition of waterfowl as a group peaked when water depth ranged from 40-70 cm. 

Percent composition of shorebirds as a group was negatively correlated to water depth 

and vegetation-related variables, indicating that shorebirds occupied playas with 

shallower water and sparse vegetation. Percent composition of long-billed curlew was 

negatively correlated with tilled index, suggesting that playas within grassland 

watersheds are important for this species. In contrast, percent composition of mourning 

dove and red-winged blackbirds were positively associated with vegetation structure and 

percent vegetation cover.  

Watershed management surrounding playas should be given a high priority 

depending on the goals in the conservation plans, as increasing cultivation in playa 

watersheds increases total species richness but also favors exotic avian species and 

increases the degree of disturbance (i.e., water level fluctuation). With shortened 

hydroperiod of sedimented playas, the value of playas for avian species is decreased. 
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Larger playas should also receive higher emphasis when other conditions (e.g., land use, 

vegetation, and landscape variables) are the same, since conserving larger playas is likely 

to maximize species richness. At a local scale, maintaining an intermediate level of water 

depth (40-100 cm) and 26-50% of vegetation is likely to meet the needs for the highest 

number of species and for most of the bird groups. Variables at a landscape level should 

be considered in conservation plans, as landscape-level variables appeared in many of the 

top models. Considering a group of playas as a complex instead of dealing with 

individual playas should provide diverse habitat for different groups of birds. 
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CHAPTER I 

INTRODUCTION AND JUSTIFICATION 

 

Introduction 

Decline of Wetlands Worldwide 

Wetlands are among the most productive ecosystems in the world (Mitsch and 

Gosselink 2000). They provide essential ecosystem services, including flood control, 

water purification, and habitat for wildlife (Mitsch and Gosselink 2000). However, more 

than 50% of wetlands across the contiguous United States have been lost in the past 2 

centuries (Dahl 1990). Agricultural activities are responsible for 87% of the wetlands lost, 

with urban and other development accounting for the remainder (Tiner 1984). The loss of 

wetlands has negatively affected regional biodiversity (Gibbs 2000) and isolated 

remaining wetlands, decreasing connectivity among their associated metapopulations 

(Gibbs 1993).  These effects have been particularly felt in arid and semi-arid regions, 

such as the western Great Plains of North America, where the main source of water for 

wildlife comes from wetlands known as playas.  

Current Status of Playas 

Greater than 25,000 playas exist in the Southern High Plains (SHP) of the United 

States (Bolen et al. 1989). These seasonal wetlands are the dominant hydrogeomorphic 

features in the region and provide essential services to society (Haukos and Smith 1994b, 

Smith 2003). Playas not only have been used as resources for various agricultural 

activities including irrigation and grazing but also provide recreational value (Bolen et al. 
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1989). Furthermore, playas are the main habitat for wetland-dependent species in this 

semi-arid region (Nelson et al. 1983, Haukos and Smith 1994b).  

Playas face numerous threats that reduce their values to wetland-dependent 

species. For example, cultivation in the playa watershed increases erosion. The 

subsequent sedimentation greatly decreases the volume of playas and decreases their 

hydroperiod (Luo et al. 1997, Tsai et al. 2007). Other causes of playa degradation include 

contamination and modification (Bolen et al. 1989, Irwin et al. 1996). Greater than 70% 

of playas > 4 ha have been tilled to grow crops or modified to gather irrigation return 

water in ditches and pits (Guthery and Bryant 1982). Excavations will increase the 

hydroperiod in a smaller portion of the playa and may alter the function of playa system. 

Because most playas are privately owned, management of playas and their watersheds by 

individuals has a critical effect on the quality of habitat used by wildlife. Moreover, 

global climate change also can influence wetland availability (Inkley et al. 2004) and 

metapopulation dynamics (Lemoine et al. 2007). For example, in the SHP, biodiversity 

may be influenced by the projected increase in temperature and decrease of precipitation 

(Covich et al. 1997), which should shorten playa hydroperiod and possibly eliminate the 

presence of some flooded playas altogether.  

Importance of Playas to Avian Communities 

Playas are essential to the maintenance of biodiversity in the SHP because they 

are the primary habitats available for aquatic species in this semi-arid region (Haukos and 

Smith 1994b). Birds often are the dominant vertebrates in playas, but this varies by 

season (Nelson et al. 1983). Avian richness and diversity generally peak during the 

migratory seasons (Fischer et al. 1982, Smith 2003). For example, 30 species of 
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shorebirds have been recorded using playas as migration stopover sites (Davis and Smith 

1998b). Migratory species consume food resources during their short stops in the playas 

to fuel their return to breeding sites and wintering grounds (Anderson and Smith 1998, 

Davis and Smith 1998a, Anderson and Smith 1999). Seyffert (2001:3) reported 151 bird 

species that have been recorded nesting in the Texas Panhandle, many of which use 

playas. For example, the American avocet (Recurvirostra americana) and killdeer 

(Charadrius vociferus) used playas and adjacent habitats as nesting sites (Conway et al. 

2005a). Avian species associated with playas during winter are more conspicuous in their 

abundance than in their richness. From November through March, the SHP is often the 

most northern open water habitat available in the Central Flyway (Smith 2003). Thus, 

playas are a critical habitat for wintering waterfowl populations (Bolen et al. 1989). In 

addition, 90% of the midcontinental population of sandhill cranes (Grus canadensis), 

more than 400,000 individuals, use playas for feeding and roosting during winter (Iverson 

et al. 1985). Despite their importance as wildlife habitat, none of the states with 

significant numbers of playas has regulations concerning playa degradation (Haukos and 

Smith 2003). Moreover, these habitats are seldom considered major wetlands from a 

continental view because they have received little study and occur in the less-populated 

Great Plains (Smith 2003). 

Prior Avian Research in the SHP 

Historically, wetland studies and management have largely focused on game 

species (Heitmeyer et al. 1996). A similar trend holds in playas in that most of the avian 

studies in the SHP have focused on game species (e.g., waterfowl and gallinaceous birds; 

but see Davis and Smith 1998b, Conway et al. 2005a). The studies that have been 
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conducted in the playas included the ecology, behavior, and management of waterfowl 

(Bergan and Smith 1993, Smith and Sheeley 1993, Anderson and Smith 1999, Anderson 

et al. 2000b, Moon and Haukos 2004) and ring-necked pheasant (Phasianus colchicus) 

(Whiteside and Guthery 1983). These foci were due to the economic value of hunting and 

the availability of research funding from agencies that manage hunting activities (Smith 

2003). Nongame birds, such as passerines, in playas have received little attention. 

However, this does not imply that use of playas by nongame bird species is unimportant 

(Smith et al. 2004). For example, more than 100 species of nonwaterfowl birds have been 

recorded in playas (Fischer et al. 1982). Therefore, more information is needed regarding 

the ecology of these species in order to propose conservation plans for the entire avian 

community associated with playas. 

Moreover, previous research has focused on the wet phase of the playas when 

numerous wetland-dependent species are present. Due to the unpredictable rainfall 

pattern and semi-arid climate (Bolen et al. 1989), however, playas may remain dry for 

months or years at a time. Dry playas may hold a lower abundance of avian species 

compared to when they are wet, but the dry phase of playas is still important, and dry 

playas are used by a wide variety of animals (Curtis and Beierman 1980, Whiteside and 

Guthery 1983, Smith 2003). To fully understand the role of playas for different avian 

communities, information on avian use during the wet and dry phases of playas 

throughout the year is needed.  
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Justification 

Local Factors Influencing Avian Communities 

In the past few decades, avian studies have focused on patterns of species 

distribution and community composition and how birds respond to changing 

environments (Wiens 1989). In wetland ecosystems, factors within the wetland (e.g., 

vegetation, water quantity and quality, area) and adjacent to the wetland (e.g., land use) 

have been considered important influences on avian abundance and distribution (Whited 

et al. 2000). Local factors are often used as criteria for management plans such as moist-

soil management (Haukos and Smith 1993, Anderson and Smith 2000) and evaluating 

wetland value (Snodgrass et al. 2000). The importance of landscape-level factors is less 

understood. 

Although expansion and intensification of cultivation have enhanced human food 

production, cultivation activities have contributed to the loss of biodiversity (Matson et al. 

1997, Donald et al. 2001, Murphy 2003). Cultivation around a wetland generally has a 

negative impact on avian species richness by increasing disturbance and degrading 

adjacent habitat quality (Freemark and Boutin 1995, Rodenhouse et al. 1995, Jobin et al. 

1996). Wetlands can also have higher concentrations of chemicals transported from the 

surrounding cultivated watershed (Fleeger et al. 2003, Knoll et al. 2003). Past studies 

have focused on how these anthropogenic influences affect amphibian and plant 

communities. Gray and Smith (2005) found that amphibians have a larger body size in 

playas within native grassland watersheds than in playas within cultivated watersheds. 

Cultivation may also decrease species richness of amphibian larvae in playas (Ghioca 

2005). Moreover, Smith and Haukos (2002) found less perennial coverage and more 
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exotic plant species in playas within cultivated watersheds than within native grassland 

watersheds. Despite the potential influence of land use on wetland-dependent species in 

playas, information regarding how avian communities respond to land use is lacking.  

Naugle et al. (2000) found that glaciated wetlands (prairie potholes, the northern 

Great Plains equivalent to playas) surrounded by cultivation had fewer bird species than 

did wetlands within grassland watersheds. I therefore hypothesized that avian richness, 

diversity, and density in a playa would similarly be negatively correlated with the amount 

of cultivation within the watershed (i.e., tilled index). As a consequence of the amount of 

cultivation, sediment depth and playa volume loss are related to land use. Luo et al. (1997) 

found that playas surrounded by cultivated watersheds have lost greater than 100% of 

their original hydric-soil defined volume, which can shorten the hydroperiod and 

decrease the value of playas to wetland-dependent and other species. Therefore, I also 

hypothesized that avian richness and diversity would also be negatively correlated with 

sediment depth and percent volume loss. However, agricultural activities can favor some 

species (Jobin et al. 1996), especially exotics (Smallwood 1994). Therefore, I examined 

whether the number of exotic avian species were higher in playas within cropland 

watersheds. 

Most freshwater wetlands have a dynamic hydrology, so avian community 

composition can be expected to vary based on different water-level regimes (Fredrickson 

and Reid 1990). Water depth is a good predictor for most wetland-dependent species 

(Elphick and Oring 1998). However, different species may respond to water depth 

differently (Colwell and Taft 2000). Water depth is also critical in determining the 

abundance and distribution of invertebrates (Batzer and Resh 1992), which are important 
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food resources for many wetland-dependent species (e.g., Anderson and Smith 2000). 

Because birds have various foraging habitat requirements depending on the length of 

their legs and bills and their feeding behavior (Baker 1979, Pöysä 1983), water depth can 

directly limit use of playas by certain wetland-dependent taxa. For example, previous 

research suggested that abundance of waterfowl (Colwell and Dodd 1995) and wading 

species (Bancroft et al. 2002) generally were correlated positively with water depth 

within a certain range. I therefore hypothesized that as water depth increased, avian 

species richness, diversity, and density would increase initially before reaching a 

maximum point and then decreasing. 

Additionally, use of wetlands by birds is influenced by vegetation. Wetland birds 

depend on vegetation for various purposes in their life cycle such as nest sites, cover, and 

food (Mitsch and Gosselink 2000). This makes vegetation one of the most important 

criteria for managing wetlands for birds (Fredrickson and Taylor 1982). Previous studies 

have suggested that vegetation structure in wetlands is generally more important than is 

plant species composition in influencing use by breeding birds (Weller and Spatcher 

1965), although the presence of certain plant species (such as food species) may drive 

avian-vegetative relationships in wetlands. Others have found that vegetation cover, 

height, and dispersion patterns were additionally important predictors for richness, 

density, and diversity of wetland-dependent species (Hemesath and Dinsmore 1993, 

Murkin et al. 1997, Davis and Smith 1998b, Conway et al. 2005b). I therefore 

hypothesized that the abundance of terrestrial birds would be positively correlated with 

vegetation structure and plant species richness (Nudds 1977). By evaluating the 
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relationships between avian community structure and vegetation-related variables, I 

examined the occupancy of avian groups in different levels of vegetation cover.  

The species-area relationship states that species diversity is positively related to 

area because of increasing habitat diversity and/or individuals in the population pool 

(Williams 1964, Connor and McCoy 1979). Many studies have found a positive 

relationship between wetland size and species richness (Craig and Beal 1992, Froneman 

et al. 2001, Hoyer and Canfield 2004, Brennan 2006) because wetlands are well-bounded 

environments and can also be considered “islands” for wetland-dependent species. 

Additionally, wetland size may also determine species presence for area-sensitive species 

(Brown and Dinsmore 1986, Benoit and Askins 2002). However, not all research 

supports this species-area relationship (Oertli et al. 2002, Smith and Haukos 2002, 

Hernandez et al. 2006). Playas in the SHP are similar in many physical characteristics 

and are replicated throughout the landscape. This makes playas an ideal system to test the 

relationship between avian diversity and playa area.  

Landscape Factors Influencing Avian Communities 

Recent research has focused on habitat importance on a large scale to provide 

appropriate levels and means of conservation (Naugle et al. 2001, Sample et al. 2003). 

With the advancement of Geographic Information Systems (GIS), remote sensing, and 

related technologies, researchers are now able to consider factors influencing avian 

community and distribution beyond the local scale. Studies have found that incorporating 

landscape-level variables can increase the ability to explain the structure of the avian 

community (Pearson 1993, Cunningham and Johnson 2006). In wetland systems, wetland 

density and the degree of isolation of a wetland have been shown to be important factors 
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determining wetland-dependent species richness (Farmer and Parent 1997). These two 

factors can influence connectivity among individual wetlands, which can affect 

population distribution (Wiens et al. 1997, With et al. 1997). For example, more frequent 

movement of migratory shorebirds has been detected in wetlands near to each other 

(Farmer and Parent 1997). Kaminski and Prince (1984) found that water availability 

within a wetland complex can influence waterfowl density, especially in drought years. 

Therefore, I hypothesized that as the isolation of playas increases and playa density 

decreases, avian richness, diversity, and density should decrease.  

Finally, the pattern of land use adjacent to a wetland can affect avian distributions. 

For example, Naugle et al. (2000) found higher breeding bird richness in wetlands 

surrounded by grassland compared to cropland. Landscape complexity can increase 

species richness by increasing habitat diversity (Riffell et al. 2001). However, contrary 

results also exist, as landscape complexity can negatively affect avian movement 

(Fernandez-Juricic 2000). Therefore, I hypothesized that avian richness and diversity 

would increase with increasing landscape complexity. I also tested the hypotheses that 

avian species richness, diversity, and density are positively correlated with edge density, 

diversity of land use, and evenness of land use, because increasing landscape complexity 

may be indicative of more habitat types (Pino et al. 2000).  

Disturbance Regimes in Playas 

Disturbance is a natural occurrence in ecosystems (Miller 1982) and can be a 

major source of temporal and spatial heterogeneity in natural communities (Sousa 1984). 

After a disturbance, new habitats may be created and utilized by different species that 

prefer the new type of habitat created by the disturbance (Hemphill and Cooper 1983). 
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According to the intermediate disturbance hypothesis, the greatest species diversity can 

be expected at intermediate levels of disturbance, because lower levels of disturbance 

contribute to dominance by few or even a single species, and high levels of disturbance 

provide abiotic limitations to all species (Connell 1978). Water-level fluctuation in a 

wetland can be considered as a disturbance (Keddy 1983). Due to the high evaporation 

rates in summer and unpredictable amounts of precipitation (Bolen et al. 1989), playa 

hydroperiods are dynamic and the number of playas that contain water varies among 

seasons and years (Smith 2003). Given that vegetation structure and composition are 

largely influenced by water/moisture regime (Millar 1973), natural wet-dry cycles in 

playas are ideal for studying influences of disturbance regimes on avian communities, 

particularly because the combined influences of water depth and vegetation conditions on 

species richness, diversity, density, and specific avian groups in playas are not known. By 

comparing the avian species richness and similarity index (changes of avian composition; 

Sorenson’s similarity coefficient) between surveys, I hypothesized that avian richness 

would increase with the degree of disturbance to some level then should peak at an 

intermediate degree of disturbance and decrease at the highest degree of disturbance. I 

hypothesized that the similarity index would be lowest at an intermediate degree of 

disturbance and greatest at higher or lower levels of disturbance.  

 

Goals and Objectives 

Birds are good taxa to evaluate habitat quality, because they are conspicuous and 

easy to identify (Cable et al. 1989). Birds also have received more attention in previous 

studies than any other group. However, little research has focused on landscape questions 
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in playas, nor has any research considered wet and dry phases from a community 

perspective. With knowledge of the interactions of these local and landscape factors and 

avian community composition, conservation plans can be developed and provide specific 

objectives. In this study, I used species richness, diversity, and density to examine how 

the quality of habitat at local and landscape scales influence avian community 

composition. Moreover, cultivation and native grasslands are the main land use types 

around playas (Haukos and Smith 1994b). This land use setting is ideal with which to 

study the effect of anthropogenic influence (i.e., cultivation) from both local and 

landscape perspectives on avian communities. 

My goals were to determine how avian community composition was influenced 

by land use and local and landscape variables in different seasons and examine how avian 

community composition was influenced by water-level fluctuation as disturbance in 

summer. I achieved these goals by studying avian community composition in 80 playas 

over 2 years (2003-2005). My specific objectives are described as follows. Specific 

hypotheses associated with each objective as mentioned earlier and will be described in 

detail in each corresponding chapter. 

Objective 1: To determine how local variables within the playa (vegetation cover and 

playa area) influence richness, density, and diversity of avian communities 

(Chapter II). 

Objective 2: To evaluate the effect of landscape variables in the wetland complex (playas 

and the adjoining habitat patches in 3 defined diameters) on richness, density, 

and diversity of avian communities (Chapter II). 
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Objective 3: To examine the effect of water-level fluctuations as disturbance on avian 

community composition (Chapter III).  

Objective 4: To examine the relationship between local variables and percent 

composition of different avian groups and dominant species during summer 

(Chapter IV). 
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CHAPTER II 

INFLUENCE OF LOCAL AND LANDSCAPE FACTORS ON  

AVIAN SPECIES RICHNESS, DIVERSITY, AND DENSITY 

 IN PLAYAS OF THE SOUTHERN HIGH PLAINS 

 

Introduction 

The ability to predict and manage the composition of communities in space and 

time is a fundamental goal of community ecology and conservation (Wiens 1989). Each 

species has its own habitat preferences based on physiological needs and, in birds, their 

migratory requirements (Laubhan and Gammonley 2000). During the annual cycle, a bird 

species generally requires a variety of habitats to obtain necessary resources (Fredrickson 

and Laubhan 1994, Laubhan and Gammonley 2000). As a consequence of these 

differences, each species responds differently to environmental changes, such as 

agricultural land use (Mason and Macdonald 2000).  

Avian population declines have been documented throughout North America for 

various waterfowl (e.g., Bethke and Nudds 1995) and grassland species (e.g., Coppedge 

et al. 2001). It has been hypothesized that anthropogenic influences are the main cause, 

particularly the loss of habitat to agriculture (Rodenhouse et al. 1995). Additionally, 

climate change can cause changes in temperature, water level, availability of water, 

habitat availability, and the frequency for drought or flood (Tao et al. 2003, Inkley et al. 

2004), further impacting wetland and grassland species. Therefore, understanding how 

species respond to changes in their environment and being able to predict avian 

community composition are keys to providing useful conservation plans. The following is 
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a description of variables that may be useful for predicting avian community composition 

in wetlands. 

Land use surrounding a playa 

Generally, cultivation has a negative effect on terrestrial avian richness 

(Rodenhouse and Best 1983, Berthelsen and Smith 1995, Rodenhouse et al. 1995, Jobin 

et al. 1996). Agricultural expansion has been hypothesized as the main cause for the rapid 

decline of grassland avifauna (Herkert 1995). Cultivation activities can negatively 

influence breeding bird success by destroying nesting habitats (Rodenhouse and Best 

1983, Bollinger et al. 1990) or degrading nearby habitats that birds use (e.g., foraging 

habitat; Jobin et al. 1996).  

Land use adjacent to depressional wetlands has an impact on wetland-dependent 

birds, as these wetlands are isolated patches that are influenced by the surrounding 

landscape (Whited et al. 2000). Shutler et al. (2000) found higher avian abundance in 

wetlands with uncultivated watersheds as opposed to those surrounded by cultivation. 

Naugle et al. (2000) also suggested that wetlands within grassland watersheds provide 

habitat for more species than did wetlands within agricultural watersheds. However, 

different species may respond differently to cultivation activities (Wallace 1980, Mason 

and Macdonald 2000).  

Wetland water quality is influenced by runoff from the surrounding watershed. 

Wetlands within a developed (e.g., agricultural) watershed normally have higher levels of 

nitrate and phosphorus from fertilizers (Hanson et al. 1994, Bennett et al. 1999, Knoll et 

al. 2003) and a variety of herbicides and pesticides (Hanazato 1998, Donald et al. 2001, 

Fleeger et al. 2003). Additionally, higher levels of phosphates and organic matter have 
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been found in the sediment of wetlands surrounded by cultivated land (Freeland et al. 

1999). Pesticides and herbicides deposited in wetlands may influence the avian 

community indirectly by affecting their food resources, such as algae (Price et al. 1989), 

zooplankton (Hanazato 1998, Hoffmann and Dodson 2005), invertebrates (Freemark and 

Boutin 1995, Sotherton 1998), and tadpoles (Relyea and Mills 2001). Nagarajan and 

Thiyagesan (1996) found that avian density and richness were correlated with prey 

abundance, which is influenced by water quality.  

Moreover, cultivation may influence aquatic communities through sedimentation. 

The morphology and characteristics of soil in a wetland changes after mixing with eroded 

sediment from the upland (Freeland et al. 1999). High amounts of sedimentation in 

wetlands surrounded by cultivated watersheds caused a reduction in seedling and 

invertebrate emergence in prairie potholes, thus changing wetland function (Gleason et al. 

2003). Wetland function also may be altered by shortening hydroperiod due to large 

amounts of deposited sediment (Luo et al. 1997). At a larger spatial scale, cultivation 

generally increases complexity of the landscape (Gray 2002), thereby influencing the 

distribution and persistence of terrestrial populations by affecting permeability for 

movement (Turner et al. 1989). However, Sotherton (1998) found that cultivation 

simplifies the landscape through mechanical disturbance and extensive use of fertilizers 

and pesticides. In addition, more exotic avian species generally are found in habitat 

surrounded by cultivation due to fragmentation (Smallwood 1994). Cultivation of playa 

watersheds has resulted in more annual and exotic plant species in playas within 

cultivated watersheds than in playas within native grassland watersheds (Smith and 

Haukos 2002).  
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Water depth 

Water depth strongly influences the species of birds present in a wetland (e.g., 

Elphick and Oring 1998). For example, waterfowl density is often positively associated 

water depth in a shallow wetland (Colwell and Taft 2000). For wading birds, abundance 

was also positively related with water depth up to a threshold after which water became 

too deep (Bancroft et al. 2002). However, waterbirds respond differently to changes in 

water depth depending on their size, foraging capability, and prey characteristics 

(Colwell and Taft 2000). Several studies have suggested that an average depth of 10-20 

cm is ideal in order to provide foraging habitat for a diverse community of waterbirds 

(Colwell and Dodd 1995, Elphick and Oring 1998, Colwell and Taft 2000). 

Deep water not only directly restricts wetland use by shorebirds because of leg 

length (Isola et al. 2000), but also influences accessibility to prey (Nagarajan and 

Thiyagesan 1996). When water-levels change, the diet of breeding blue-winged teals 

(Anas discors) also shift (Swanson and Meyer 1977). Water-level fluctuations within a 

season may create a variety of habitats, allowing a number of bird species to coexist; 

however, the same habitat may not support all the needs of all birds (Murkin et al. 1997). 

Data on avian community response to changing water levels within a season are needed 

to design appropriate conservation plans. From a conservation perspective, knowing how 

water depth influences playa use by waterbirds is critical to maximize species richness 

and diversity in the landscape. 

Vegetation 

Vegetation obviously is an important factor in determining how wetlands are used 

by birds (Riffell et al. 2001). Research has indicated that vegetation structure is more 
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important than plant species composition on influencing avian abundance (Weller and 

Fredrickson 1974, Hemesath and Dinsmore 1993). Therefore, vertical structure of 

vegetation is important in assessing habitat quality (Haukos et al. 1998) and affects 

habitat selection by wildlife (Nudds 1977). Increased complexity of vegetation structure 

provides more niches for different organisms and can increase species diversity (Nudds 

1977). However, relationships are season- and species-specific. Habitats with lower 

complexity of vertical vegetation structure provide uniformity that attracts certain guilds 

of birds (e.g., open water for waterfowl, or dense vegetation for blackbirds; Murkin et al. 

1997). This seems to particularly hold for wetland birds. For example, in coastal wetlands 

in northern California, waterbird diversity and density of 3 sandpiper species were 

negatively correlated with vegetation height (Colwell and Dodd 1995). Wading birds in 

general tend to avoid densely vegetated areas (Hoffman et al. 1994). 

In addition to vegetation structure, vegetation cover and interspersion patterns 

(i.e., horizontal habitat diversity) influence avian diversity and abundance (Murkin et al. 

1982, Bethke and Nudds 1993). Hemesath and Dinsmore (1993) found that the relative 

cover pattern of emergent plants, floating plants, open water, and bare ground may 

influence avian species richness. For example, bird species richness increased with 

relative cover of floating plants, such as duckweed (Lemna trisulca) and algae 

(Rhizoclonium hierglyphicum), which provide resources for a diversity of invertebrates. 

In playas, breeding and migratory shorebirds preferred mudflat habitat with less than 

25% vegetation cover (Davis and Smith 1998a). However, for species such as ring-

necked pheasants (Phasianus colchicus) that inhabit dry playa wetlands during the winter, 

dense vegetation is preferred (Whiteside and Guthery 1983). Moreover, patchy emergent 
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vegetation is associated with diversity and abundance of breeding bird species (Weller 

and Spatcher 1965, Murkin et al. 1997) and wintering waterfowl (Smith et al. 2004).  

Area 

Island biogeography theory (Arrhenius 1921, MacArthur and Wilson 1967, 

Rosenzweig 1995:8) predicts that larger areas generally have more species than do 

smaller areas. This can be extended from actual islands (Nilsson et al. 1988) to ecological 

“island” environments such as forest fragments (Martin 1980, Boecklen 1986), grassland 

patches (Johnson and Igl 2001), and wetlands (Craig and Beal 1992, Hemesath and 

Dinsmore 1993, Froneman et al. 2001, Smith and Haukos 2002, Hoyer and Canfield 

2004). Generally larger wetlands have more species (Craig and Beal 1992). However, 

studies such as the one by Oertli et al. (2002) does not support this wide-spread species-

area relationship. Brown and Dinsmore (1986) found that as the area increased, species 

diversity did not increase continuously but peaked at an intermediate wetland size in 

prairie potholes. Hernandez et al. (2006) uncovered a similar unimodal relationship for 

playa dragonflies and damselflies. In addition to species richness, wetland size may also 

determine species presence and density (Benoit and Askins 2002). For example, black 

terns (Chlidonias niger) only appear in prairie potholes > 5 ha (Brown and Dinsmore 

1986).  

Williams (1964) proposed the habitat diversity hypothesis to explain the species-

area relationship by noting that more habitat types and niches can be found in larger 

rather than smaller areas. The population hypothesis proposed by Connor and McCoy 

(1979) states that larger areas contain more species simply because they have more 

individuals in the sampling pool; thus, larger areas passively include more species than 
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smaller areas by decreasing extinction rates. These hypotheses are not mutually exclusive 

and may collectively have an important influence on the species-area relationship. Many 

attempts have been made to elucidate the mechanisms of increasing diversity with area 

(Nilsson et al. 1988), but uncertainty still abounds. Playas in the Southern High Plains 

(SHP) are similar in many physical characteristics. They are circular with flat basins, 

each one is within its own watershed and containing only 2 habitats: the edge and basin 

floor (Smith 2003). This allows for comparison of the habitat diversity versus population 

hypothesis for increasing diversity with increasing area.  

Landscape factors 

In addition to local (i.e., playa-specific) factors mentioned above, research has 

found that incorporating landscape factors can enhance the ability to explain the 

relationship between habitat and avian community composition (Pearson 1993, 

Cunningham and Johnson 2006). Landscape-scale factors may indicate habitat suitability 

for avian communities and allow prediction of avian density (Ribic and Sample 2001, 

Winter et al. 2006). Most research incorporating landscape-level factors has been 

conducted in forest habitats (but see Naugle et al. 2000, Fairbairn and Dinsmore 2001, 

Naugle et al. 2001) to help designate appropriate preserve areas or conservation plan 

priorities (Pearson 1993, Flather and Sauer 1996). However, landscape-scale variables 

can also be important in determining distribution of wetland species, as these species 

often use more than one type of habitat within their life cycle (Haig et al. 1998).  

Wetland density and degree of isolation of a wetland may play a role in species 

richness and diversity because wetland bird species tend to use multiple wetlands in a 

season (Farmer and Parent 1997). Island biogeography theory predicts that as island 
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isolation increases, species richness and diversity decrease because of the higher 

extinction rate and lack of immigration (Rosenzweig 1995:128). For example, Brennan 

(2006) found a positive relationship between dabbling duck abundance and wetland 

habitat (i.e., number of wetlands and wetland density) within 5 km. Fairbairn and 

Dinsmore (2001) also found that the amount of wetland habitat within a 3-km radius of a 

wetland may influence wetland species richness and density in prairie potholes. 

Because individuals may use multiple habitats across the landscape, landscape 

connectivity can be important in influencing population distribution (Wiens et al. 1997, 

With et al. 1997). For example, small wetlands near a large wetland in the same complex 

may play a critical role in the value of a large wetland (Naugle et al. 2001). In another 

example, Farmer and Parent (1997) found that a high number of wetlands within a short 

distance from each other enhances the frequency of movement of shorebirds among the 

wetlands in the complex. 

Both mobility and behavior should be considered when conducting landscape-

level studies (Wiens et al. 1986). For example, Farmer and Parent (1997) found that 

nearly 90% of the movements of migratory shorebirds were restricted to < 10 km at 

stopover sites. Breeding dabbling ducks normally fly < 4 km (Cox and Davis 2002), 

whereas wintering northern pintails (Anas acuta) fly an average of 25 km from feeding 

sites to roosting sites on a daily basis (Cox and Afton 1996). Breeding black terns 

typically fly up to 4 km to forage from the wetland in which they are nesting (Naugle et 

al. 1999). 

Finally, landscape complexity affects species distributions by potentially 

influencing avian movement and habitat occupancy (Wiens et al. 1997) because edge 
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characteristics of a patch (e.g., edge to area ratio) can influence movement between 

patches (Stamps et al. 1987). Higher landscape complexity may have a negative effect on 

species diversity by decreasing movement (Fernandez-Juricic 2000). However, Pino et al. 

(2000) and Riffell et al. (2003) found higher avian species richness with increasing 

landscape complexity. 

Migratory species may exploit wetlands opportunistically throughout the Great 

Plains (Skagen and Knopf 1993) because the quality and quantity of wetlands are 

unpredictable in space and time due to the unique climate pattern. Research on avian use 

of playas should focus on the landscape scale in addition to local variables in each playa 

to uncover patterns of habitat importance in the SHP. 

Hypotheses 

Knowledge of how environmental factors affect avian communities and the ability 

to predict avian community composition are critical to the success of conservation plans. 

Avian studies that have been conducted in the SHP have mainly focused on game species 

and shorebirds. However, it is unclear how avian community composition in playas is 

influenced by local and landscape factors in different seasons and wet/dry conditions. 

Therefore, I created predictive models of avian species richness, diversity, and density for 

different groups of birds (i.e., total, wetland-dependent, waterfowl, shorebirds, and 

wading birds). By creating predictive models, I tested multiple hypotheses to examine the 

relationship between avian community composition and local and landscape variables. 

Because cropland is the dominant land use in the SHP, little native grassland 

remains (Haukos and Smith 1994b). I hypothesized that avian richness and diversity will 

be negatively correlated with the amount of cultivation within watershed (tilled index). 
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Because sediment depth and playa volume loss are related to the land use surrounding 

playas (Luo et al. 1997), I hypothesized that avian richness and diversity will also be 

negatively correlated with sediment depth and percent volume loss. Due to intensive 

agriculture activities in this region, I tested the hypothesis that the number of exotic avian 

species will be higher in playas with more cropland within each watershed. I 

hypothesized that as water depth increases, avian species richness, diversity, and density 

will increase initially and reach an apex, and then finally will decrease.  

The species-area relationship has been demonstrated in different wetland systems 

(e.g., Brown and Dinsmore 1986, Craig and Beal 1992, Oertli et al. 2002). However, no 

studies have focused on the interaction between playa area and the avian community in 

the SHP. I hypothesized that avian richness and diversity in playas should increase with 

area.  

Vegetation is important in determining whether wetlands are used by different 

communities of birds. I examined the selection by different groups of birds (i.e., total, 

wetland-dependent, waterfowl, shorebirds, and wading birds) for playas with different 

amounts of vegetation cover. Avian groups that typically occupy areas with dense and 

sparse vegetation should have a positive and negative linear relationship with vegetation 

cover, respectively, whereas avian groups occurring at intermediated levels of vegetation 

should have a polynomial relationship with vegetation cover.  

Choosing proper scales for study is critical and depends on the study species’ 

biological characteristics such as social structure, behavior, and individual cruising range 

(Wiens et al. 1986). To examine the interaction between landscape factors and avian 

community in different seasons, I defined 3 spatial scales (i.e., 1, 5, and 10 km radii from 
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study playas) for all analyses of landscape variables. I hypothesized that as the isolation 

of playas increased and playa density decreased, avian richness and diversity would 

decrease. Also, I hypothesized that avian richness and diversity would increase with 

increasing landscape complexity. I further examined whether avian species richness, 

diversity, and density were positively correlated with edge density, diversity of land use, 

and evenness of land use because increasing landscape complexity is often indicative of 

an increase in habitat types (Pino et al. 2000).  

 

Study Area 

This study was conducted in the Texas portion of the SHP (31°37.9’ - 35°44.2’ N, 

100°2.1’ - 103°6.4’ W). The SHP is the largest plateau in the United States (Sabin and 

Holliday 1995). The SHP was originally dominated by short-grass prairie but greater than 

80% of the native short-grass has been converted to cultivation since the 1930s (Samson 

and Knopf 1994). Thus, the remnant grassland/playa ecosystem is one of the most 

threatened ecosystems in North America (Samson and Knopf 1994). The main crop types 

in this region are cotton, grain sorghum, winter wheat, and corn (Smith 2003).  

More than 25,000 playa wetlands exist in this region (Osterkamp and Wood 1987). 

Playas cover approximately 2% of the Texas SHP landscape (Haukos and Smith 1994b) 

with densities of approximately 1 per 2.6 km
2
 (Guthery et al. 1981). Playas are shallow, 

circular, depressional wetlands with an average size of 6.3 ha (Guthery and Bryant 1982). 

Playas were formed and maintained through the combined processes of wind, waves, and 

dissolution (Smith 2003). Playa basins are identified by hydric soil (i.e., Randall clay), 

which can be distinguished from upland clay loams to fine-sandy loams (Allen et al. 
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1972). Watersheds of individual playas generally are not interconnected (Guthery and 

Bryant 1982). Playas are focal points for groundwater recharge (Osterkamp and Wood 

1987, Bolen et al. 1989). Precipitation and irrigation runoff are the only two water 

sources for playas, and they lose water through evapotranspiration and recharge to the 

Ogallala Aquifer (Osterkamp and Wood 1987).  

The SHP climate is dry steppe (Smith 2003). From 1971-2000, the average high 

temperature was 32 
o
C in July, and the average low was -4 

o
C in January in Lubbock 

County (located approximately in the center of the study area; NOAA 2006a; Fig. 2.1). 

Mean annual precipitation from 1911-2005 was 47.2 cm (NOAA 2006b). Precipitation 

occurs irregularly in the form of thunderstorms in late spring/early summer and early 

autumn, and it follows an increasing gradient from the southwest to the northeast portion 

of the SHP (Bolen et al. 1989). Potential annual evaporation in this region is 200-250 

cm/year (Bolen et al. 1989). Because of the irregular rainfall pattern and high rates of 

evapotranspiration, playas generally have seasonal to annual hydroperiods (Smith 2003).  

 

Methods 

Playa selection 

In spring 2003 and 2004, 40 wet playas per year (80 total playas) in the SHP were 

selected using ground and aerial surveys and maps. Three criteria were used to select 

playas: they must be full, have minimal anthropogenic modification within the playa 

basin, and immediately surrounded by cropland or native grassland. In 2003, following 

the main precipitation events in early June, 40 wet playas (20 cropland and 20 grassland) 

were selected in Crosby, Deaf Smith, Floyd, Hale, Hockley, Lamb, Lubbock, and Randall 
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counties (Fig. 2.1). In 2004, 40 different wet playas (20 cropland and 20 grassland) were 

chosen in Bailey, Briscoe, Crosby, Dawson, Deaf Smith, Floyd, Hale, Hockley, Lamb, 

Lynn, Parmer, and Swisher counties. 

Avian surveys 

Avian surveys were conducted every 2 weeks for as long as playas retained water 

from June 2003 to May 2004 and from June 2004 until the end of the study in May 2005. 

Surveys were conducted by county to save travel time. Within a 2-week survey cycle, 

survey order among counties was randomly selected. Binoculars and spotting scopes 

were used to identify species. The edge of the playa basin was determined by vegetation 

and slope, noted hereafter as visual edge (Luo et al. 1997). When playas were wet, a 

vantage point was chosen from which to scan for birds in the open water. Then I 

proceeded around the playa to predetermined locations near the periphery of the playa 

and remained at each location for 6 minutes to record the number of each species in the 

playa. To balance sampling effort for playas of different sizes, I followed VanRees-

Siewert and Dinsmore (1996), Naugle et al. (1999), and Naugle et al. (2001), and set 2 

observation locations in playas < 5 ha, 3 locations in playas 5-10 ha, and 4 locations in 

playas > 10 ha. I also recorded species observed during travel between these locations. 

Species flying over playas were excluded from analyses, but birds constantly feeding 

over the playa (i.e., swallows, terns), were counted as species in the playa (Rivers and 

Cable 2003).  

When playas dried (i.e., no longer containing measurable water), distance 

sampling (Buckland et al. 2001) was conducted once per month to collect avian 

information because dry playas were normally obstructed by vegetation while total count 
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was not applicable as when playas were wet. The important assumptions of distance 

sampling are 1) birds are detected with certainty, 2) birds are detected at their initial 

location, and 3) distances between observer and birds and perpendicular distances to the 

transects are measured accurately. From July to September 2003, 4 points were equally 

distributed in each playa and were surveyed in random order. The distances between 

these points and the playa edge were greater than 50 m to avoid detecting birds from 2 

neighboring sampling points (Buckland et al. 2001). I waited for 2 minutes prior to 

initiation of the count after I arrived at each point to allow birds to settle (Buckland et al. 

2001, Rosenstock et al. 2002). The distance from the survey point to any birds detected 

by sight or hearing was measured by laser rangefinder (Buckland et al. 2001). Because 

these point counts resulted in few observations, line transect sampling was used for 

monthly bird surveys starting in October 2003 (Buckland 2006). Two equally spaced 

transects were surveyed from the southwest edge of each playa along a 45° angle to the 

northeast end of the playa and then back with another transect in the opposite direction. 

Distance between these 2 parallel transects was at least 50 m to avoid detecting birds 

from the 2 transects (double-counting). Ideally, birds observed were inside the playa 

boundary (i.e., visual edge); however, in smaller playas or at the ends of each transect, 

birds may have been detected outside the playa boundary. Therefore, I also recorded the 

birds observed beyond the playa boundary along each transect to reduce edge biases 

(Strindberg et al. 2004). I recorded the distance from the observer to the initial 

observation point of the bird and the angle between birds and the transect line to calculate 

perpendicular distances for estimation of avian density (Buckland et al. 2001). Flocks of 
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birds were counted as one observation and then the number of flocks was multiplied by 

the mean flock size to calculate density (Buckland et al. 2001). 

Vegetation 

I used 7 categories to visually estimate percent horizontal cover of vegetation 

within playas (Naugle et al. 2000): < 1%, 1-5%, 6-25%, 26-50%, 51-75%, 76-95%, and > 

95% during avian surveys. Because waterfowl species richness and density are often 

greater in wetlands with 50% emergent vegetation compared to wetlands with dense or 

sparse vegetation (Weller and Fredrickson 1974), I also classified vegetation into 4 

categories to represent a polynomial relationship. Wetlands with < 1% and > 95% 

emergent vegetation cover were given the lowest value (1) whereas wetlands with 26-

50% were ranked the highest (4). Wetlands with 1-5% and 76-95% were ranked as 2 and 

wetlands with 6-25% and 51-75% were ranked as 3. Thus, 2 vegetation measures were 

used to predict avian community composition. I used a linear measure to predict the bird 

groups such as shorebirds I expected to use wetlands with either dense or sparse 

vegetation and used a polynomial measure to predict the bird groups such as waterfowl 

that were expected to respond to wetlands with an intermediate levels of vegetation 

(Brennan 2006). Finally, I visually estimated the number of emergent plant species 

comprising more than 10% of the vegetated wetland area (i.e., number of plant species > 

10%) as an index of wetland vegetation heterogeneity (Weller and Spatcher 1965).  

Water depth 

I measured water depth biweekly, concurrently with avian surveys. Measurements 

were recorded at 3 evenly spaced polyvinyl chloride poles on a transect along the 

diameter of each playa from the southwest edge of the playa basin at a 45° angle to the 
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northeast edge of the playa. Three water depth measurements were averaged to represent 

the water depth of each survey. 

Sediment 

To calculate percent volume loss of playas, I measured sediment depth, basin 

elevation, and determined soil edge location similarly to the methods of Luo et al. (1997) 

after playas dried. I measured sediment depth using a soil auger. Sediment depth was 

directly measured from the top of the sediment to the point where the soil auger 

contained more than 50% hydric soil (i.e., Randall clay) based on soil color. I measured 1 

core at the center and 5-6 cores within the inner circle of the playa (approximately one-

third of the playa radius). I used a level set in the center of the playa to measure the 

elevation difference between the playa basin and each of 8 equidistant points on the 

visual edge of the playa using a one-station method. Using the visual edge on opposite 

sides of each playa, I identified the soil edge by taking a series of sediment cores along a 

transect perpendicular to the visual edge. Soil edge was determined when the soil texture 

and color changed from Randall clay to upland soil. I measured sediment depths at 2 soil 

edges in each playa.  

To calculate percent volume loss, I assumed the shape of playa is a truncated cone 

similar to the method used by Venne (2006) (Appendix 1). I used the following 

measurements to calculate original volume, playa volume (after sedimentation), and 

sediment volume: sediment depth, playa area (described below), location of soil edge, 

slope of playa edge (distance between visual edge or soil edge to playa basin), and 

difference in elevation between visual edge and playa basin. Original volume was defined 

as the sum of playa volume and sediment volume (Appendix 1). The playa volume was 
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defined as the differences between 2 truncated cones (i.e., truncated cones with playa 

basin surface [PB] and surface from above-ground location of soil edge [PSE]) whereas 

sediment volume was calculated using PSE multiplied by sediment depth. Finally, 

percent volume loss was calculated as playa volume divided by original volume. Because 

playas are in low-lying areas, they can lose more than 100% of their original volume 

(based on hydric soil) and still hold water. 

Playa area and landscape 

Playa area was determined using a Global Positioning System (Applied Field 

Data Systems, Inc., Houston, Texas) by walking along the visual edge of each playa. I 

used remote sensing from satellite images within a Geographical Information System 

(GIS) to calculate landscape structure for each study playa. I digitized a 31,416-ha 

circular plot (i.e., 10-km radius buffer) from the center of each playa using ESRI® 

ArcGIS. Digital Orthophoto Quarter Quadrangle (DOQQs) satellite images were obtained 

from the Texas Natural Resources Information System website (TNRIS 2006). Land uses 

were classified as grassland, cropland, Conservation Reserve Program (CRP), playa, 

urban area, and other (e.g., reservoir). I used farm folders from the Farm Service Agency 

of the U. S. Department of Agriculture in Deaf Smith and Floyd counties to verify and 

correct the created land use data layer. These 2 counties were used as representatives of 

northern and southern parts of the study area, respectively.  

I exported the digitized and corrected land use data layer into ESRI® ArcGIS 

coverage and quantified landscape structure using FRAGSTATS*ARC® 

(http://gis.sanborn.com/Products/FragstatsArc/tabid/59/Default.aspx). Development of 

FRAGSTATS*ARC
®
 was based on McGarigal and Marks (1995) but was built 



Texas Tech University, Jo-Szu Tsai, December 2007 

 30 

specifically for calculating variables using a vector data layer. Number of playas (NP), 

percent cover of playas (PP), and interspersion and juxtaposition index (IJI) were used to 

quantify isolation and density of playas (McGarigal and Marks 1995). For landscape 

complexity, I calculated the following indices: landscape shape index (LSI), Shannon 

diversity index (SHDI) of land use (hereafter, diversity of land use), Shannon evenness 

index of land use (SHEI), edge density (m edge/ha, ED), and mean edge contrast index 

(MECI). LSI represented the shape complexity of patches in the landscape whereas SHDI 

and SHEI considered patch size and number of land use types within a landscape. Edge 

density and MECI incorporated amount of edge within a landscape to describe overall 

landscape complexity. For a detailed description and calculations, refer to McGarigal and 

Marks (1995). All the indices mentioned above also were calculated within the 1 and 5 

km buffer layers. 

Land use  

I delineated the watershed of each study playa using a digitized USGS contour 

map (TNRIS 2006) and used the land-use classifications to calculate a tilled index. I used 

the amount of tilled and untilled landscape within each watershed to calculate a 

standardized tilled landscape index as follows: 

 
 landscapeUntilledlandscapeTilled

landscapeUntilledlandscapeTilled
IndexTilled

  

  
 




  

The tilled index describes the land use condition surrounding each study playa with a 

range from -1 to 1. A value of 1 indicates that 100% of the land use within the watershed 

was tilled (i.e., cropland and CRP) whereas -1 indicates that 100% of the land use within 

the watershed was untilled (i.e., native grass). A value of 0 means there are equal 

amounts of tilled and untilled landscape within each watershed. Although tilled index is a 
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standardized index, this continuous variable can be used in model selection to elucidate 

the influence of land use on avian community composition.  

Remote sensing  

To understand how changes in water availability through time influence avian 

distributions, Landsat TM satellite images were used to identify the wet/dry condition of 

playas. The images included early June to late August in 2003 and mid-April to early 

September in 2004. Images were taken every 2 weeks corresponding to the satellite’s 

revolution cycle, although some images were not available due to cloud cover (e.g., 

August 2003 and July 2004). I identified information for 65 of the 80 study playas 

because the other 15 were not included on the satellite images.  

I used ENVI
®

 ACORN to correct multispectral data atmospherically through 

radiative transfer calculations, and the radiance data were corrected to apparent surface 

reflectance. All images were geo-corrected using ERDAS
®
 IMAGINE. Image cells with 

various water regimes (i.e., wet playas with various water depths, and dry playas) and 

vegetation conditions (i.e., wetland plants, various crop species, short grass, CRP, and no 

vegetation) have different spectral characteristics. Fox example, playas with deeper water 

(e.g., > 60 cm) have different spectral characteristics compared to playas with shallow 

water (e.g., < 30 cm) based on matching the field measurements and satellite images. I 

identified 8-10 sample regions using different combinations of water regimes and 

vegetation conditions (e.g., wet without vegetation, wet with wetland plants, dry without 

vegetation, or dry with short grass). These sample regions were used as sample signatures 

to reclassify the entire image. The new images were verified using my study playas with 

known water and vegetation conditions to check reflectance data. I created a 10 km 
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buffer around each of the 65 study playas and categorized each playa within the buffer 

area as either wet or dry for each image. I considered a playa to be wet when more than 

30% of the cells within the boundary of the given playa were categorized as wet 

(regardless of vegetation condition). Due to the difference in dates when satellite images 

were taken and bird surveys conducted, I used data from the closest date of available 

satellite image to represent water availability of each bird survey.  

Statistical Analyses 

General dependent variables 

First, I categorized all playas as wet or dry. Then I separated avian survey data 

into 4 seasons: spring (March-May), summer (June-August), fall (September-November), 

and winter (December-February) for analyses. Birds were classified as wetland-

dependent or non-wetland species according to their association with wetlands in their 

life-cycle. The wetland-dependent list mainly followed Brown and Smith (1998) and 

Rivers and Cable (2003) with minor modifications based on personal experience in this 

area (Appendix 2). Wetland-dependent species were also divided into guilds (i.e., 

waterfowl, shorebirds, and wading birds) to further elucidate the different responses of 

bird groups to habitat variables. The total number of species observed during surveys 

within a season was represented as seasonal species richness. For wet playas, I calculated 

seasonal species richness for each group (i.e., total, wetland-dependent, waterfowl, 

shorebirds, and wading birds) but only calculated total species richness for dry playas 

because species richness of wetland-dependent and other guilds was low in dry playas. 

When playas were wet, I assumed the number of individuals of each species 

observed during each survey was the total count and hence the number of individuals was 
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used as absolute abundance to calculate diversity and density for each survey. For dry 

playas, I intended to use detection functions derived from distance sampling to estimate 

avian density of each species. However, none of the species had sufficient sample sizes 

(i.e., number of observations) necessary to calculate a density estimate for each playa in 

different seasons, as Buckland et al. (2001) suggested a minimum sample sizes of 60-80 

to obtain reliable estimation of the detection function. Instead, I assumed that the number 

of individuals I observed in these dry playas was the relative abundance of each species, 

which were compared among dry playas. These relative abundance data were then used 

to calculate total species diversity and density for dry playas for each survey.  

The Shannon Index (Magurran 1988) was used as the diversity index:  

H' = -∑ pi ln pi 

where pi is the proportion of individuals in the sample found in the ith species. Although 

the Shannon Index is sensitive to rare species in the community (Peet 1974), it has been 

widely used in other studies. Consequently, I also used this index for comparison with 

other studies (Magurran 1988). To account for variation among surveys, I did not 

combine data for surveys within a season/year combination but calculated the Shannon 

Index for each survey separately. If only 1 species was observed in a particular survey, 

the value of the Shannon Index was 0 (Magurran 1988). However, when there were no 

species observed in a particular survey, the calculation of Shannon Index has no meaning 

(denominator can not be 0). Therefore, for calculation purposes, I assigned a Shannon 

Index value to these surveys of 0. I can not distinguish surveys with no species from 

surveys with 1 species in the analyses as they both had Shannon Index of 0, but this can 

indicate the lack of species in these surveys compared to other surveys with more than 1 
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species. To examine diversity from a community perspective, I calculated total species 

diversity and wetland-dependent species diversity for wet playas for each survey and total 

species diversity for dry playas.  

For wet playas, I used number of individuals of each species observed during each 

survey to calculate density. I calculated the density for each group (i.e., total, wetland-

dependent, waterfowl, shorebirds, and wading birds) in each survey for wet playas. When 

playas were dry, I used relative abundance data of each species to calculate total species 

density for dry playas for each survey. 

Model selection 

I developed generalized linear models that described avian species richness, 

diversity, and density using the GENMOD procedure in SAS
®
 (SAS Institute 2002). 

GENMOD was used because it can incorporate different link functions to model non-

normal data (e.g., Poisson and binomial distributions) without transformation (Littell et al. 

2002). I first chose the 32 variables for building the model set according to biologically 

relevant knowledge (Table 2.1). However, I also tested variance inflation factors (VIF) to 

avoid multicollinearity caused by highly correlated variables (Belsley et al. 1980, Kutner 

et al. 2004). I used the highest VIF ≤ 2 as suggested by Graham (2003) rather than using 

the highest VIF ≤ 10 as a criterion (Belsley et al. 1980, Kutner et al. 2004) to exclude 

highly correlated variables. This approach reduces the risk of decreasing statistical power 

and inaccurate model parameterization. After testing for multicollinearity, I excluded 

sediment depth (SD); percentage of playas (PP) within 1, 5, and 10 km; landscape shape 

index (LSI) within 1, 5, and 10 km; Shannon evenness index of land use (SHEI) within 1, 

5, and 10 km; edge density within 1 km (ED_01); and mean edge contrast index within 1 
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km (MECI_01) because each was highly correlated with other variables. In addition, all 

of the landscape variables within 5 km were excluded because they were highly 

correlated with variables in the 10 km buffer. Therefore, I chose a 10 km buffer to 

represent a landscape scale. 

Fourteen independent variables were used to build the final model sets including 

playa area (AR), water depth (WD), tilled index (TI), percent volume loss (VL), linear 

response of percent vegetation cover (VEC_C), polynomial response of percent 

vegetation cover (VEC_P), number of plant species > 10% (NS), number of playas within 

1 and 10 km (NP_01, NP_10), interspersion and juxtaposition index of playas within 1 

and 10 km (IJI_01, IJI_10), Shannon diversity index of land use within 1 and 10 km  

(SHDI_01, SHDI_10), mean edge contrast index within 10 km (MECI_10), and edge 

density within 10 km (ED_10). To test the polynomial relationship between birds and 

water depth, I included a quadratic term as well as a linear term of water depth in the 

models. If a quadratic term of water depth was included in the model, a linear form of 

water depth was required for inclusion in the model (Freund and Littell 1991, Freund and 

Wilson 1993). Models including linear and quadratic terms are likely to encounter 

problems of multicollinearity. However, I did not consider VIF of the quadratic term 

because implications of quadratic terms are different from linear terms (Freund and 

Wilson 1993).  

I constructed 70 a priori models to describe species richness, diversity, and 

density of different groups (i.e., total, wetland-dependent, waterfowl, shorebirds, and 

wading birds) within season using the GENMOD procedure in SAS® (SAS Institute 

2002). I selected models using Akaike’s Information Criterion (AIC), which is based on 
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information theory as AIC is a measure of information loss. This approach avoids judging 

hypotheses using an arbitrary α level and provides an effective and objective means to 

compare multiple models (Burnham and Anderson 2002). I used AICc to adjust for small 

sample sizes compared to the large number of variables incorporated in the models 

(Anderson et al. 2000a). In addition to determining the best fit of the data for the models 

evaluated, AICc also incorporates the principle of parsimony in the process of model 

selection (Burnham and Anderson 2002). The model with the lowest AICc value in a 

given set of models indicates the best model supported by the data. I rescaled models by 

setting the model with the smallest AICc equal to 0 and calculated ∆AICc values for each 

candidate model (Burnham and Anderson 2002). In addition, I followed Burnham and 

Anderson (2002) to calculate Akaike’s weighted values (wi) of each candidate model to 

indicate the weight of evidence compared to the other models in the same model set. I 

selected the model with ∆AICc value equal to 0 as the best-fit model, but I also 

considered models with ∆AICc < 2 as these models were also supported by the data 

(Burnham and Anderson 2002).  

The surveys within a season in each experimental unit (i.e., playa) were treated as 

repeated measures for the analyses, and an autocorrelation covariance structure was 

assumed (Littell et al. 2002). Specifically, I used the GENMOD procedure (SAS Institute 

2002) assuming a Poisson distribution with a log-link function to model species richness 

data because species richness can be considered count data. I created predictive models of 

species richness for all groups (i.e., total, wetland-dependent, waterfowl, shorebirds, and 

wading birds) in wet playas and total species richness in dry playas. Second, species 

diversity data were modeled using the GENMOD procedure. I created predictive models 
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of diversity for total and wetland-dependent species in wet playas and total species 

diversity in dry playas. Third, I used the GENMOD procedure assuming a Poisson 

distribution with a log-link function to model species density. A Poisson distribution was 

used because density is a linear transformation of abundance data and, therefore can be 

considered count data. I created predictive models of species density for all groups (i.e., 

total, wetland-dependent, waterfowl, shorebirds, and wading birds) in wet playas and 

total species density in dry playas.  

Moreover, for all dependent variables mentioned above, I created predictive 

models for each season separately because bird species have different habitat 

requirements as seasons change. However, I did not create predictive models for 

shorebirds in winter and wading birds in winter and spring because the number of 

observations of shorebirds and wading birds in these seasons was less than 5% of the 

overall observations.  

Predictive models present relationships between avian community composition 

and environmental variables but do not provide specific management recommendations. 

To further elucidate the relationship between water depth and avian community 

composition, I plotted the relationships between water depth and species richness, 

diversity, and density for each group (i.e., total, wetland-dependent, waterfowl, 

shorebirds, and wading birds) when water depth appeared in the best-fit model. A fit line 

with predictive value based on either a linear or polynomial relationship was also plotted 

for better visualization. 

Incorporating number of playas within 1 and 10 km (NP_01 and NP_10) in the 

model required the assumption that all of the playas within these buffers were wet. To 
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test whether treating all the playas as wet was a proper assumption, I created predictive 

models of total species richness by replacing the variables NP_01 and NP_10 in the 

original model set with the number of wet playas within 1 and 10 km (NWP_01 and 

NWP_10), respectively. I used the GENMOD procedure (SAS Institute 2002) assuming a 

Poisson distribution with a log-link function to model species richness. As noted earlier, 

because of the availability of satellite images, only 65 playas were used to model species 

richness incorporating variables NWP_01 and NWP_10. Models were only developed for 

summer, fall, and spring because satellite images were not available for winter.  

Finally, because the GENMOD procedure does not provide an R
2
 value, I used 

multiple least-squares regression analysis to obtain adjusted R
2 

value for all the models 

with ∆AICc > 2. Dependent variables were log (N+1) transformed if they did not meet the 

normality and homogeneous variance assumptions.  

Exotic species 

To determine whether exotic (introduced) species (following the American 

Ornithologists' Union 1998) played an important role in influencing avian community 

composition, I excluded the exotic species from total species and used the GENMOD 

procedure (SAS Institute 2002) assuming a Poisson distribution with a log-link function 

to model native species richness. Moreover, to further clarify the relationship between 

exotic species and land use, I calculated the percentage of exotic species by using the 

number of exotic species divided by the number of all species observed within a year 

(combining data from wet and dry playas). I then related the percentage of exotic species 

to the tilled index. I used the GENMOD procedure assuming a binomial distribution in 

SAS
®
 (SAS Institute 2002). I also incorporated a logit-link function to account for the 
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non-normal nature of binomial data. The percentage of exotic species was the dependent 

variable and tilled index was the independent variable.  

 

Results 

 I conducted 651 avian surveys (347 in wet playas and 304 in dry playas) from 

June 2003 through May 2004. I observed 74,965 individuals comprising 111 species 

(individuals observed among sampling periods may not be unique). From May 2004 

through May 2005, I conducted 836 surveys in 40 newly selected playas (698 in wet 

playas and 138 in dry playas), and 151,700 individuals were observed representing 104 

species (individuals observed among sampling periods may not be unique; Appendix 2). 

Combining the 2 years, I observed 127 species in playas, of which 77 were wetland-

dependent species and 50 were non-wetland species. The total number of individuals of 

wetland-dependent species observed was 203,402, which was 8.7 times higher than the 

number of non-wetland species of 23,263. Of 77 wetland-dependent species, waterfowl, 

shorebirds, and wading birds were the 3 largest groups with 20, 28, and 10 species, 

respectively (Appendix 2).  

The mean area of playas sampled was 11.4 ha (Table 2.1). The playas I selected 

included those with 100% grassland in the watershed as well as 100% cropland. However, 

the mean tilled index was close to 0.5, indicating a dominance of cropland in the 

watersheds of these playas studied. Mean water depth was 26.3 cm with some extremes 

close to 250 cm.  
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Total species 

Species richness models 

In wet playas, area had a positive influence on total species richness in the best-fit 

models for all seasons (Table 2.2). Water depth was an important predictor appearing in 

the best-fit models for all seasons with a polynomial relationship, showing a positive 

linear and a negative quadratic term. The polynomial relationship indicated that as water 

depth increased, total species richness initially increased, reached a peak, and then 

decreased. Total species richness peaked when water depth ranged from 90-100 cm in fall, 

60-80 cm in winter, and 40-60 cm in spring (Fig. 2.2). However, there was no obvious 

peak of species richness within the water depth ranges observed in summer. Tilled index, 

which represented land use, had a positive influence on total species richness in the best-

fit models for summer and winter (Table 2.2). Percent vegetation cover had a positive 

polynomial relationship with total species richness in the best-fit models in fall, 

indicating that species richness peaked when playas had intermediate levels of vegetation 

cover (50%). Percent vegetation cover had a negative linear influence on total species 

richness in the best-fit models in spring. Number of plant species > 10% had an 

inconsistent influence on richness, being positive in spring but negative in fall. The 

species richness model was most predictive in spring (R
2
 = 0.66) and least predictive in 

summer (R
2
 = 0.30) (Table 2.2).  

 Incorporating variables in models using actual water availability (i.e., NWP_01 

and NWP_10) had similar results to predictive models assuming all playas were wet (i.e., 

NP_01 and NP_10) (Tables 2.2 and 2.3). Playa area had a positive influence on total 

species richness in the best-fit models using limited playas and dates for summer, fall, 
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and spring (Table 2.3). Similarly, water depth had a polynomial influence on species 

richness, with a positive linear and a negative quadratic term in the best-fit models for 

summer and fall, indicating that species richness peaked when water depth was at an 

intermediate level. Tilled index was positively correlated with total species richness in 

the best-fit model for summer. None of the landscape variables related to water 

availability (i.e., NWP_01, NWP_10, NP_01, and NP_10) appeared in the top models. 

Therefore, I was unable to evaluate whether variables with only actual water availability 

(i.e., NWP_01 and NWP_10) can explain more variance of total species richness than 

variables assuming all playas were wet. Because landscape variables were not included in 

the top models, local variables (e.g., playa area, percent vegetation cover) were more 

important in influencing species richness than landscape variables. Models had the best 

fit in spring (R
2
 = 0.57) and had a lower predictive ability in summer (R

2
 = 0.27 to 0.33) 

(Table 2.3).  

 In dry playas, area had a positive influence on total species richness in the best-fit 

models for summer and winter (Table 2.4). Land-use factors, tilled index, and percent 

volume loss were negatively correlated with total species richness in summer, indicating 

that total species richness in dry playas was higher in playas surrounded by a less-

cultivated landscape. However, tilled index had a positive influence on total species 

richness in the best-fit models for winter and spring. Number of plant species > 10% was 

positively correlated with total bird species richness in the best-fit model for spring 

(Table 2.4). The interspersion and juxtaposition index of playas within 1 km had a 

positive influence on total species richness in the best-fit models for fall. Diversity of 

land use within 10 km had a negative influence on total species richness in the best-fit 
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models for fall, but diversity of land use within 1 km had a positive influence on the best-

fit models for summer and fall. In general, models predicting total species richness in dry 

playas accounted for a relatively small portion of variation (R
2
 = 0.02 to 0.29). Models 

had a slightly higher predictive ability in summer (R
2
 = 0.16 to 0.29) than in other 

seasons (R
2
 = 0.02 to 0.12) (Table 2.4).  

Species diversity models 

In wet playas, area had a positive influence on total species diversity in the best-

fit models for all seasons (Table 2.5). There was a polynomial relationship between 

species diversity and water depth with positive linear and negative quadratic terms in the 

best-fit models for summer, winter, and spring. The polynomial response indicated that 

species diversity peaks when water depth was at an intermediate level. Species diversity 

peaked when water depth ranged from 60-90 cm in winter and 40-50 cm in spring 

whereas there was no obvious peak of species diversity within the water depth ranges 

observed in summer (Fig. 2.3). Tilled index had a positive influence on total species 

diversity in the best-fit models for summer and winter (Table 2.5). There was a 

polynomial relationship between species diversity and percent vegetation cover in the 

best-fit models for fall and spring, showing that playas had greater species diversity at 

intermediate (50%) levels of vegetation. Number of plant species > 10% was a positive 

predictor in the best-fit models for spring. Diversity of land use within 1 km had a 

positive influence on total species diversity in the best-fit models for winter. Models were 

most predictive in spring (R
2
 = 0.44 to 0.48) and least in winter (R

2
 = 0.11 to 0.17) (Table 

2.5).  
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Tilled index had a positive influence on diversity in the best-fit models only for 

spring in dry playas, indicating that higher species diversity in spring can be found in dry 

playas surrounded by cultivated landscape than grassland in spring (Table 2.6). Percent 

vegetation cover had both linear and polynomial influences on species diversity in the 

best-fit model for spring. However, Akaike’s weights for the model with linear 

relationship between percent vegetation cover and species diversity was relatively low (< 

0.2). Number of plant species > 10% was positively correlated with total species diversity 

in the best-fit models for spring. The interspersion and juxtaposition index within 1 km 

had a positive influence on species diversity in the best-fit models for summer, fall, and 

winter. Diversity index of land use within 1 and 10 km appeared in fall, summer, and 

winter. Diversity of land use within 1 km had a positive influence on total species 

richness while diversity of land use within 10 km had a negative influence. All models 

predicting species diversity had relatively low predictive ability (R
2
 = 0.02 to 0.25), with 

the best predictive ability for the summer model (R
2
 = 0.25) (Table 2.6).  

Bird density models 

In wet playas, all seasons had only one best-fit model for total bird density (Table 

2.7). Playa area did not have a consistent influence on total bird density in the best-fit 

models, being negative in summer and positive in winter. Water depth appeared in the 

best-fit model for summer and winter, with polynomial responses. A positive linear and a 

negative quadratic term indicated that bird density was greatest at intermediate water 

depths and lowest at higher and lower water depths (Fig. 2.4). Bird density peaked when 

water depth ranged from 60-80 cm in summer and 50-70 cm in winter (Fig. 2.4). Tilled 

index had a negative influence on total bird density only for winter, indicating that bird 
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density was higher in playas surrounded by a less cultivated landscape. Diversity of land 

use within 1 km was positively correlated with total bird density for spring. Mean edge 

contrast index within 10 km had a negative influence in best-fit models for spring. The 

number of playas within 1 km and 10 km had negative influences on total bird density in 

the best-fit models for fall and summer, respectively. This indicated that total bird density 

per playa decreased as number of playas in the landscape increased. Models had the best 

fit in summer (R
2
 = 0.25) and the poorest fit in spring (R

2
 = 0.09) (Table 2.7). 

In dry playas, all seasons had only one best-fit model for total bird density (Table 

2.8). Playa area and tilled index were positively correlated with total bird density in the 

best-fit models for fall and winter, respectively. Percent vegetation cover had a positive 

influence on total bird density for fall whereas there was a polynomial relationship 

between percent vegetation cover and total bird density in the best-fit model for winter 

(Table 2.8). Number of plant species > 10% had a positive influence on total bird density 

in the best-fit model for winter. The interspersion and juxtaposition index within 1 km 

and 10 km were positive predictors of total bird density for summer and spring, 

respectively. Diversity of land use within 1 km and edge density within 1 km appeared in 

the best-fit models for summer. The number of playas within 1 km and 10 km were 

predictors of total bird density for summer and fall, respectively, but did not predict total 

density consistently. All models predicting species density in dry playas had very low 

predictive ability (R
2
 = 0.04 to 0.07) (Table 2.8).  
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Wetland-dependent species 

Species richness models 

The best-fit models of wetland-dependent species for all 4 seasons were the same 

as for total species richness (Tables 2.2 and 2.9). For the best-fit models in all seasons, 

playa area positively influenced wetland-dependent species richness (Table 2.9). Water 

depth was an important predictor appearing in the best-fit models for all seasons, with a 

polynomial relationship. A positive linear and a negative quadratic term indicated that as 

water depth increased, wetland-dependent species richness increased initially and reached 

a high point before then decreasing. Wetland-dependent species richness peaked when 

water depth ranged from 110-130 cm in fall, 60-80 cm in winter, and 40-60 cm in spring, 

while there was no obvious peak of wetland species richness within the water depth 

ranges that I observed in summer (Fig. 2.5). Tilled index was a positive predictor of 

wetland bird species richness in the best-fit models for summer and winter. Percent 

vegetation cover had a polynomial relationship with wetland species richness for fall 

whereas percent vegetation cover had negative influence on wetland species richness in 

the best-fit model for spring. Number of plant species > 10% appeared in the best-fit 

models for fall and spring but did not have consistent influences. Models accounted for 

the greatest variation in spring (R
2
 = 0.66) and the least in summer (R

2
 = 0.33) (Table 

2.9).  

Species diversity models 

 Playa area had a positive influence on wetland-dependent species diversity in the 

best-fit models for all seasons (Table 2.10). There was a polynomial relationship between 

water depth and wetland-dependent species diversity in the best-fit models for all seasons, 
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showing a positive linear and a negative quadratic component. Wetland species diversity 

peaked when water depth ranged from 70-90 cm in winter and 40-50 cm in spring, but 

there were no obvious peaks in summer and fall (Fig. 2.6). Tilled index had a positive 

influence on diversity in the best-fit models for summer and winter, indicating that 

species diversity was greater in playas surrounded by cultivation than native grassland. 

There was a polynomial relationship between percent vegetation cover and wetland-

dependent species diversity in the best-fit models for fall and spring, indicating species 

diversity peaked when playas had intermediate vegetation cover (50%). Percent 

vegetation cover was also negatively correlated with species diversity for spring. Number 

of plant species > 10% had a positive influence on species diversity in the best-fit models 

for fall and spring. Models had the best fit in spring (R
2
 = 0.60 to 0.62) and lower 

predictive ability in summer, fall, and winter (R
2
 = 0.26 to 0.34) (Table 2.10).  

Bird density models 

 Playa area did not have a consistent influence on wetland bird density in the best-

fit models, being negative in summer and positive in fall and winter (Table 2.11). Water 

depth appeared in the best-fit models for summer, fall, and winter, with a polynomial 

relationship. Wetland-dependent bird density peaked when water depth ranged from 60-

90 cm in summer and 50-70 cm in winter, but there was no obvious peak of wetland bird 

density within the water depth ranges that I observed in fall (Fig. 2.7). Tilled index 

positively influenced wetland bird density in the best-fit models for winter, indicating 

that wetland bird density was lower in playas surrounded by less cultivated landscape. 

Vegetation variables appeared only in the best-fit models for fall, as percent vegetation 

cover hand polynomial influence and number of plant species > 10% had positive 



Texas Tech University, Jo-Szu Tsai, December 2007 

 47 

influences on bird density. Diversity of land use within 1 km had a negative influence on 

wetland bird density in the best-fit model for spring. Number of playas within 10 km and 

edge density within 10 km were negatively correlated with wetland bird density in the 

best-fit models for summer and spring, respectively. Models had the highest predictive 

ability in winter (R
2
 = 0.34) and the lowest in spring (R

2
 = 0.15) (Table 2.11).  

Waterfowl 

Species richness models 

Playa area had a positive influence on waterfowl species richness in the best-fit 

models for all seasons (Table 2.12). Water depth also appeared in the best-fit models of 

waterfowl species richness for all seasons, with a polynomial relationship. A positive 

linear and a negative quadratic term indicated that as water depth increased, waterfowl 

species richness increased initially and peaked at a high point, then decreased. Waterfowl 

species richness peaked when water depth ranged from 70-100 cm in summer, 60-90 cm 

in winter, and 40-70 cm in spring, but there was no obvious peak of waterfowl species 

richness within the water depth ranges that I observed in fall (Fig. 2.8). Tilled index 

positively influenced waterfowl species richness in the best-fit model for winter. Percent 

vegetation cover had a polynomial relationship with waterfowl species richness in the 

best-fit model for summer, fall, and spring, which indicated that the highest waterfowl 

species richness can be found in playas with intermediate vegetation cover (26-50%). 

Number of plant species > 10% appeared in the best-fit models for all seasons except 

winter, but it did not have a consistent influence, being negative in fall and spring and 

positive in summer. Models accounted for the greatest variation in spring (R
2
 = 0.62 to 

0.66) and the least in summer (R
2
 = 0.36) (Table 2.12). 
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Bird density models 

 All seasons had only one best-fit model for waterfowl density in wet playas 

(Table 2.13). Playa area was positively correlated with waterfowl density in the best-fit 

models for fall and winter. Water depth appeared in the best-fit models of waterfowl 

density for fall and winter with a polynomial relationship, showing a positive linear and a 

negative quadratic term. Waterfowl density peaked when water depth ranged from 70-90 

cm in summer and 50-70 cm in winter whereas there was no obvious peak in fall (Fig. 

2.9). There was a polynomial relationship between percent vegetation cover and 

waterfowl density in the best-fit models for fall and winter whereas number of plant 

species > 10% did not have a consistent influence on waterfowl density for fall and 

winter. The interspersion and juxtaposition index of playas and number of playas within 1 

km had negative influences on waterfowl density in the best-fit model for summer. 

Diversity of land use within 1 km was negatively correlated with waterfowl density in the 

best-fit models for summer and spring. Edge density within 1 km and 10 km were 

negatively correlated with waterfowl density in the best-fit models for summer and spring, 

respectively. Models had the highest predictive ability in winter (R
2
 = 0.44) and the least 

in summer (R
2
 = 0.05) (Table 2.13). 

Shorebirds 

Species richness models 

 Predictive models of shorebird species richness and density were not available for 

winter because the numbers of observations of shorebirds in these seasons were smaller 

than 5% of the overall observations. Playa area had a positive influence on shorebird 

richness for all best-fit models (Table 2.14). Water depth also appeared in the best-fit 
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models for all 3 seasons, with a polynomial influence. A positive linear and a negative 

quadratic term indicated that shorebird species richness was greatest in playas with 

intermediate water depths. Shorebird species richness peaked when water depth ranged 

from 50-80 cm in fall and 30-60 cm in spring but there was no obvious peak of shorebird 

species richness within the water depth ranges that I observed in summer (Fig. 2.10). 

Tilled index was positively correlated with shorebird species richness in spring. Number 

of playas within 1 km and 10 km were negatively correlated with shorebird species 

richness in the best-fit models for fall and summer, respectively. Models had the best fit 

in spring (R
2
 = 0.46) whereas models in summer and fall had lower fit (R

2
 = 0.10 to 0.18) 

(Table 2.14).  

Shorebird density models 

 Playa area had a negative influence on shorebird density in the best-fit models for 

summer and fall (Table 2.15) as larger playas had lower shorebird density. Water depth 

appeared in the best-fit models of shorebird density for summer and fall as a polynomial 

relationship, showing a positive linear and a negative quadratic term. Shorebird density 

peaked when water depth ranged from 40-70 cm in summer although there was no 

obvious peak of shorebird density within the water depth ranges that I observed in fall 

(Fig. 2.11). Percent vegetation cover was a negatively correlated with shorebird density 

in the best-fit model for fall, indicating that shorebird density was greater in playas with 

sparse vegetation. Number of plant species > 10% also had a positive influence on 

shorebird density in the best-fit model for fall. Number of playas within 1 km and 10 km 

were both negatively correlated with shorebird density in the best-fit models for fall and 

summer, respectively. The best-fit model for shorebird density for spring was a one-
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variable model with mean edge contrast index within 10 km having a negative influence 

on shorebird density. Models were most predictive in summer (R
2
 = 0.25) and lower in 

fall and spring (R
2
 = 0.01 to 0.06) (Table 2.15).  

Wading birds 

Species richness models 

Predictive models of wading birds were available only for summer and fall 

because the number of observations of wading birds in winter and spring was less than 

5% of the overall observations (Table 2.16). Playa area had a positive influence on 

wading bird species richness in the best-fit models for summer and fall. Water depth had 

a polynomial relationship with wading bird species richness, showing a positive linear 

and a negative quadratic term in the best-fit model for summer. However, there was no 

obvious peak of wading bird species richness at the water depth ranges that I observed in 

summer (Fig. 2.12). Tilled index was positively correlated with wading bird species 

richness in the best-fit models for summer and fall. Edge density within 10 km was 

positively correlated with wading bird species richness in the best-fit models for fall. The 

interspersion and juxtaposition index within 10 km appeared in the best-fit model for fall. 

However, Akaike’s weight for this model was relatively low. Models predicting wading 

bird species richness accounted for about 18% to 26% of variation in summer and fall 

(Table 2.16).  

Wading bird density models 

All the variables that appeared in the best-fit models for predicting wading bird 

density were local variables (Table 2.17). Playa area positively influenced wading bird 

density in the best-fit model for fall. Tilled index also had a positive influence on wading 
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bird density in the best-fit model for summer. Water depth appeared in the best-fit model 

for fall as a polynomial influence, showing a negative linear and a positive quadratic term. 

This relationship showed that as water depth increased, wading bird density decreased 

(Fig. 2.13). Percent vegetation cover had a polynomial relationship with wading bird 

density in the best-fit models for summer and fall, indicating that playas with 

intermediate vegetation cover had higher density than playas with either dense or sparse 

vegetation cover. Number of plant species > 10% was positively correlated with wading 

bird density for summer and fall. Models had low predictive ability in summer and fall 

(R
2
 = 0.06 to 0.11) (Table 2.17).  

Exotic species 

The best-fit models of native species richness for all seasons were the same for 

total species richness (Tables 2.2 and 2.18), indicating tilled index had a positive 

influence on native species richness. Playa area had a positive influence on native species 

richness in the best-fit models for all seasons. There was a polynomial relationship 

between water depth and native species richness in the best-fit models for all seasons. 

The polynomial relationship indicated that as water depth increased, total species richness 

initially increased, reached a peak, and then decreased. Total species peaked when water 

depth ranged from 90-100 cm in fall, 60-80 cm in winter, and 40-60 cm in spring (Fig. 

2.14). However, there was no obvious peak of species richness within the water depth 

ranges observed in summer. Tilled index had a positive influence on total species 

richness in the best-fit models for summer and winter (Table 2.18). Percent vegetation 

cover had a positive polynomial relationship with total species richness in the best-fit 

models in fall, indicating that species richness peaked when playas had intermediate 
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levels of vegetation cover (50%). Percent vegetation cover had a negative linear influence 

on total species richness in the best-fit models in fall. Number of plant species > 10% had 

an inconsistent influence on richness, being positive in spring but negative in fall. The 

native species richness model was most predictive in spring (R
2
 = 0.67) and least 

predictive in summer (R
2
 = 0.30) (Table 2.18).  

The percentage of exotic species compared to the total number of species in 

playas within a year was positively correlated with tilled index (χ
2
= 4.23, df = 78, P = 

0.04; Fig. 2.15). Playas surrounded by cultivated landscape had a higher percentage of 

exotic species than did playas surrounded by native grassland. 

 

Discussion 

Playas in the SHP are critical for maintaining biodiversity (Haukos and Smith 

1994b), but systematic documentation of playa variables important to birds has been 

absent for playas in both wet and dry phases. Because playas exist in a semi-arid region, 

playas support more species than does the surrounding landscape. Playas provide 

essential habitats for different groups of birds throughout the year, especially wet playas, 

which hold twice as many species and 6 times as many individuals as do dry playas (after 

correcting for survey effort). However, dry playas also play important roles as they 

provide habitats for non-wetland species.  

I observed a similar number of species in the 2 years despite of the varying 

amount of precipitation (39.8 cm vs. 75.0 cm) (NOAA 2006b). However, the numbers of 

individuals I recorded were twice as high in the second year as in the first year. In a study 

of migratory birds in spring in Nebraska, Brennan (2006) also found twice as many birds 
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in years with higher annual precipitation compared with a year with lower precipitation. 

Water availability in the region obviously played an important role in the differences of 

number of individuals I observed. For example, there were only 6 wet playas out of 40 

playas sampled in winter 2003, but in the wetter year, 38 of 40 playas held water in 

winter 2004. Therefore, anything that influences water availability in playas, such as 

sedimentation and climate change, has vast implications as many species migrate 

throughout the hemisphere.  

Both local and landscape variables were important in predicting species richness, 

diversity, and density for different bird groups (i.e., total, wetland-dependent, waterfowl, 

shorebirds, and wading birds). In general, local variables were more important in 

predicting avian community composition than landscape variables. Local variables such 

as playa area, water depth, and percent vegetation cover appeared consistently in the best-

fit models predicting different bird groups across seasons whereas fewer landscape 

variables appeared in the best-fit models predicting different bird groups and were 

inconsistent among seasons.  

Total species models 

Predictive models for total species richness contained both local and landscape 

variables, indicating that playa conservation should consider variables at different spatial 

scales. Species-area relationships have been well-documented in wetland systems in 

different regions (Brown and Dinsmore 1986, Hemesath and Dinsmore 1993), with some 

exceptions (e.g., Fairbairn and Dinsmore 2001, Brennan 2006). Area had a positive 

influence on total species richness in the best-fit models for all seasons in playas. Species 

richness in playas is likely affected by population size rather than habitat diversity 
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because as playa area increases, there are still 2 types of habitats, edge and basin (Smith 

and Haukos 2002). The number of habitat types does not increase as playa area increases. 

The species-area relationship was also supported by the model predicting total bird 

density, which showed that playa area had a positive influence on total bird density in 

winter. Therefore, as playa area increased, population size increased, which contributed 

to species diversity. Smith and Haukos (2002) found a weak species-area relationship for 

plant species (upland and wetland plants) in this region and suggested that the habitat 

diversity may play an important role in influencing species-area relationship. The 

different species-area relationships between plants and birds in playas may be the result 

of different characteristics of organisms, as birds have the ability to move between playas 

when environmental conditions change.  

Playa area was also a significant predictor for total species richness in dry playas 

but not as important as in wet playas, where playa area only appeared in the best-fit 

models for summer and winter. When playas were dry, non-wetland species were not 

restricted to dry playas and could use playas or upland environments nearby. When 

playas were wet, they provided a unique habitat compared to upland environments, 

serving as habitat islands (Whited et al. 2000), particularly for wetland-dependent species. 

Smith and Haukos (2002) only found weak species-area relationship for playa flora, but 

the relationship became stronger when they only considered wetland plants. 

Water depth had a consistent polynomial influence on total species richness 

across seasons. During the study, water depths ranged from 0-250 cm with a mean of 26 

cm. In fall, winter, and spring, species richness was greatest at an intermediate level of 

water depth (range from 40-100 cm), and extreme water depths (dry or deep water) had a 
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negative impact on species richness. Numerous studies of waterbird species such as 

waterfowl and shorebirds also suggested that creating an optimal water depth can 

maximize species richness and abundance (e.g., Elphick and Oring 1998, Colwell and 

Taft 2000). Wetland-dependent species comprised about 60% of total species (77 out of 

127 species) and 90% of total abundance (203,402 out of 226,665 individuals). These 

wetland-dependent species were likely the sources driving this result for total species 

richness. Therefore, the influence of water depth on waterfowl and shorebirds will be 

discussed in a later section. 

Originally, I hypothesized that total species richness should be negatively 

correlated with tilled index. Although only appearing in the best-fit models for summer 

and winter, tilled index had a positive influence on total species richness in wet playas; as 

the amount of tilled land around a playa increased, total species richness increased. 

Brennan (2006) found similar results in Nebraska for spring-migrating species, as 

richness was positively correlated with agriculture within 5 km of the study wetland. 

However, a study of breeding bird species in Canada showed contrasting results in that 

species richness was lower in wetlands surrounded by cropland than in wetlands 

surrounded by grassland because some species preferred wetlands with fewer 

disturbances (Shutler et al. 2000).  

I found a positive relationship between percentage of exotic species in the avian 

community and tilled index, indicating that more exotic species (fewer native species) 

were found in playas surrounded by more cultivated land. However, I also found a 

positive relationship between native species richness and tilled index. Therefore, exotic 

species cannot be treated as the only cause that why higher total species richness was 
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found in playas with crop-dominated landscapes. Different crop types (e.g., corn and 

sorghum) around the playas may contribute to this relationship by providing diverse food 

resources, especially during winter. However, the direct effect of land use on avian 

communities is not easy to measure and knowledge about how land use influences avian 

communities will require more research focused on fitness. Additionally, it is critical to 

monitor the influence of exotic species on avian community composition in the long term.  

Landscape variables were important in predicting species community composition 

in this area. In studies of grassland birds, neither local variables nor landscape variables 

alone explained the distribution and composition of bird assemblages (Cunningham and 

Johnson 2006, Winter et al. 2006). Diversity of land use within 1 km and 10 km were 

significant variables in the best-fit models, especially for total bird density and diversity 

in dry playas. On a smaller scale (1 km), diversity of land use was positively correlated 

with total species diversity. Jobin et al. (1996) also found that higher total species 

richness and abundance in farmland surrounded by a diverse rather than a homogeneous 

landscape. Interestingly, at the larger scale (10 km), diversity of land use negatively 

influenced species richness and diversity. The inconsistent relationship of diversity of 

land use between smaller and larger scales (1 km vs. 10 km) indicated that the avian 

community does not respond to variables of different scales in the same way. Moreover, 

landscape variables generally did not appear in the best-fit models for all seasons. This 

may be the result of different requirements of species in different seasons. Therefore, the 

magnitude and direction of the response of avian communities to landscape variables can 

vary among seasons (Winter et al. 2006).  
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Previous studies indicated that the number of wetlands was an important influence 

on species richness and density (Fairbairn and Dinsmore 2001). I intended to clarify the 

influence of water availability by satellite data showing when playas were wet or dry (i.e., 

NWP_01 and NWP_10). However, even with this adjustment, the number of wet playas 

and number of playas within 1 km and 10 km were not important variables in any of the 

models predicting total species richness. Therefore, I was unable to identify whether it 

was realistic to assume all the playa are wet or not. Because none of the water availability 

variables (i.e., NP_01, NP_10, NWP_01, and NWP_10) were in the predicting models for 

species richness, local variables such as playa area and water depth appear more 

important in influencing species richness.  

The Shannon diversity index incorporates richness and evenness of species in a 

community in diversity estimation. In general, diversity increases as species richness 

increases unless dominant species appear in the community. Models predicting total 

species diversity were similar to models predicting species richness, and the relationships 

generally had the same trajectory. However, models predicting species diversity generally 

explained less variation than did models predicting species richness. Brennan (2006) also 

found that for migrating birds in spring, models had lower predictive ability for diversity 

than for richness. Moreover, because diversity indices involve richness and evenness of 

species in a community, interpretation of diversity index relate to environmental variables 

(i.e., local and landscape factors) is generally more complex compared to species richness. 

Compared to models predicting total species richness and diversity, the best-fit 

models predicting species density were variable and inconsistent. Explanations include: 1) 

multiple species require a wide range of resources across the environmental gradient, 2) 
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species have different requirements through time, meaning that the factors influencing 

species distributions will vary (Wiens 2001), and 3) the dominant species using playas in 

terms of abundance changed through seasons, hence the response of density was driven 

by different groups of species in different seasons.  

In general, the best-fit models predicting total species richness, diversity, and 

density in wet playas explained more variance with higher adjust R
2
 than in dry playas. 

When playas are wet, playas serve as unique habitats in this semi-arid region and species 

are more dependent on playas than in dry playas. The lower ability to explain the 

variance for best-fit models in dry playas may also due to the presence of some wetland-

dependent species in tail water pit in dry playas. Further analyses excluding these 

wetland-dependent species in dry playas may increase the ability to predict avian 

communities for dry playas.  

Wetland-dependent species models 

In general, variables in the best-fit models for wetland-dependent species richness, 

diversity, and density were similar to total species results. For example, models 

predicting wetland-dependent species richness and density for all 4 seasons contained the 

same variables as models predicting total species richness, suggesting that wetland-

dependent species were important in driving overall avian community composition 

results because wetland-dependent species were more numerous (77 vs. 50) than non-

wetland species. Moreover, models predicting species richness, diversity, and bird 

density for wetland-dependent species explained more variation than did predictive 

models for total species richness. Wetland-dependent species depend on aquatic 

conditions whereas non-wetland species also use upland environments. 
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Water depth also was a consistent variable, influencing wetland-dependent 

species richness in all seasons. Previous studies showed that water depth is not only an 

indicator of waterbird species richness, but can also explain the relationship between 

water depth and species abundance (Boshoff et al. 1991, Colwell and Taft 2000). Water 

depth appeared in models for 3 seasons, predicting wetland-dependent bird density. 

Wetland-dependent species richness, diversity, and density peaked in an intermediate 

level of water depth for most of the year. Wetland species richness, diversity, and density 

were generally the highest when water depth ranged from 40-110 cm, similar to results 

for total species. This further supports the contention that wetland-dependent species 

drive total species composition in wet playas. Waterfowl, shorebirds, and wading birds 

comprised 75% of wetland-dependent species (i.e., 55 out of 77 species). Therefore, the 3 

largest groups of wetland-dependent species will be discussed in the following section in 

detail. 

Waterfowl models  

Waterfowl have been a research focus in this region (e.g., Haukos and Smith 1993, 

Anderson and Smith 1999, Smith et al. 2004). However, the influence of landscape 

factors on waterfowl were not well-known. Landscape variables appeared in the best-fit 

models predicting waterfowl richness and density in summer and spring. This confirmed 

the importance of landscape variables in influencing waterfowl distributions (Fairbairn 

and Dinsmore 2001, Naugle et al. 2001). However, most of these models only explained 

small portions of the variation (R
2
 < 0.2). The number of playas within 10 km in spring 

was the only landscape variable that appeared in models with higher R
2
 values. Unlike 

the negative influence of the number of playas within 10 km on waterfowl richness in this 
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study, Brown and Dinsmore (1986) and Brennan (2006) found that waterfowl were 

positively influenced by the number of wetlands within 5 km. The negative relationship 

can be explained that when there are more playas within a landscape, there is a diversity 

of habitat (e.g., water depth and vegetation cover) available for different waterfowl 

species. Therefore, waterfowl species with different habitat requirements may spread out 

to different playas, which causes a decrease of species richness in any given playa. 

However, future studies are needed for confirmation of these suppositions.  

Local factors such as playa area, water depth, and percent vegetation cover were 

more important influences on waterfowl species richness and density. Playa area was one 

of the most important local variables, as it appeared in the best-fit models for most 

seasons. This supports studies on breeding waterfowl in the Prairie Pothole Region 

(Naugle et al. 2001) and Rainwater Basin for migratory waterfowl (Brennan 2006). 

Similar to the relationship between playa area and total species richness, this positive 

species-area relationship was likely supported by population hypothesis that larger 

population sizes can be found in the larger playas. Models predicting waterfowl density 

further supported the population hypothesis, as playa area had a positive influence on 

waterfowl density in fall and winter.  

Water depth was an important variable, appearing in the best-fit models of 

waterfowl species richness and density for most seasons. As water depth increased, 

waterfowl species richness increased initially, peaked at an intermediate level, and then 

decreased. In this study, waterfowl species richness and density peaked when water depth 

ranged from 40-90 cm, varying among seasons. This was similar to another study in 

California that showed that when water depth in wetlands was < 30 cm, waterfowl 
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densities were positively correlated with water depth (Colwell and Taft 2000). After 

water depths are deeper than a certain depth, wetlands could mainly be used by diving 

duck species such as redhead (Aythya ameircana) and lesser scaup (Aythya affinis) for 

feeding, because deeper water did not provide suitable foraging habitat for dabbling 

ducks. However, the water depth ranges that had the highest waterfowl species richness 

and density in my study were deeper than water depth ranges suggested by others (e.g., 

Fredrickson 1982, Elphick and Oring 1998, Colwell and Taft 2000), which indicates that 

a shallow water habitat (< 20 cm) would maximize waterfowl species richness in 

wetlands. This may due to the different species composition of waterfowl in previous 

studies and this study. Previous studies were mainly comprised of dabbling ducks 

whereas in my study, goose and diving ducks species were also included as waterfowl in 

addition to dabbling ducks. Moreover, the water depths suggested from previous studies 

were mainly focused on foraging waterfowl in winter (Isola et al. 2000), which may not 

be the case in my study. Although I did not determine activity budgets of waterfowl in 

playas, previous studies have shown differences of time spent on different behaviors 

between day and night. Studies in playas have observed intensive nocturnal feeding of 

waterfowl (Anderson 1997) and they spent > 50% of the time on activities other than 

feeding during daytime (Quinlan and Baldassarre 1984, Anderson 1997). Because my 

study was conducted during the day, the differences of suggested water depths for 

waterfowl species may be explained by activity budgets and water depth preferences 

between feeding and other behaviors. Additionally, because I used seasonal waterfowl 

species richness in this study in instead of waterfowl species richness for each survey, 
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some surveys with deeper water depths may increase the average water depth. Therefore, 

further analyses are needed for comparing suggested water depths among studies.  

Percent vegetation cover was also an important influence on waterfowl species 

richness and density. Waterfowl preferred wetlands with intermediate levels of vegetation 

cover, which has also been found in other studies on breeding (Weller and Spatcher 1965, 

Murkin et al. 1982), migrating (Brennan 2006), and wintering waterfowl (Smith et al. 

2004). The intermediate level of vegetation cover can provide more food resources, 

increase visual isolation between breeding pairs, and increase habitat diversity (Kaminski 

and Prince 1981, Murkin et al. 1982, Smith et al. 2004).  

Shorebird models 

Shorebirds were the largest group of wetland-dependent species (28 species). 

Although previous studies have found that shorebirds used playas intensively during 

migration and the breeding season (Davis and Smith 1998b, Conway et al. 2005b), 

relationships between shorebird species richness and density with habitat characteristics 

were not clear, especially for landscape-level variables. Local variables such as playa 

area, water depth, and percent vegetation cover were important in determining shorebird 

species richness and density. I also found a positive relationship between shorebird 

species richness and playa area. Unlike total species density and waterfowl species 

density having positive relationship with playa area, however, there was a negative 

relationship between shorebird density and playa area. This may be because shorebirds 

normally do not aggregate in large flocks in a particular wetland like waterfowl do. The 

negative relationship between shorebird density and playa area showed that there may 

have alternative explanations other than population size to support the positive species-
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area relationship, so more studies are needed to elucidate this species-area relationship 

for shorebirds. 

As suggested by other studies (e.g., Colwell and Taft 2000), water depth was an 

important predictor for shorebird abundance. Shorebird species richness and density 

generally peaked when water depth ranged from 30-90 cm in different seasons. Optimal 

foraging depths for shorebird species are often correlated with culmen and tarsus lengths 

(Baker 1979). With increasing water depth, wetlands can not be utilized by short-legged 

species. Deeper water can only be utilized by long-legged species (Weber and Haig 1996) 

or species like Wilson’s phalarope (Phalaropus tricolor) that use different foraging 

techniques. Some previous studies have suggested that wetlands with shallow water (e.g., 

15-20 cm) can support the needs of many species (Helmers 1992, Elphick and Oring 

1998). The deeper optimal water depth ranges that I found (30-90 cm) compared to 

previous studies may be due to wetland topography. Although playas have little elevation 

change (Haukos and Smith 1994a), the elevation gradient near the edge or the 

modifications in playa may still provide suitable habitat for short-legged species when 

playas had deeper water. The differences of suggested water depths may also due to the 

way data were analyzed. In this study, I combined data within 3 months into one season. 

Therefore, some surveys with deeper water depths may increase the average water depth. 

Additionally, percent vegetation cover had a negative influence on shorebird density, 

which has also been found in other studies (e.g., Conway et al. 2005b). This negative 

relationship between density and vegetation cover supports the idea that dense vegetation 

may restrict feeding or increase predation (Metcalfe 1984). 
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Previous studies have found that landscape factors such as number of wetlands 

within 10 km can be important for migratory shorebirds (Farmer and Parent 1997, 

Brennan 2006). In Nebraska, Brennan (2006) found a positive relationship between 

migrating shorebird abundance and agricultural land within 10 km during spring. I also 

found that tilled index was a positive predictor of shorebird species richness in spring. 

This relationship between shorebirds and agriculture may be explained by increased 

foraging opportunities in agricultural lands (Brennan 2006). Unlike the positive 

relationship found by Brennan (2006) in the Rainwater Basin, however, I found a 

negative relationship between the number of playas within 1 km and 10 km and shorebird 

density, indicating when there are more playas surrounded the study playa, shorebird 

density decreases within each playa. This may be because shorebirds tend to spread out to 

the vicinity of playas when more wet playas with diverse habitats were available. These 

playas with various water depths and vegetation cover may provide habitats for 

shorebirds with different niches. In another scenario, if most of the playas with the 

complex were dry, shorebirds may move to other regions with wet playas. However, 

without knowing the exact water availability and shorebird abundance in the wetland 

complex, more research is needed to prove these suppositions. The best-fit models for 

shorebird species richness and density had relatively low predictive ability (low R
2
 values) 

compared to models for total species, wetland-dependent species, and waterfowl. This is 

likely due to a wide range of morphologies among these 28 species, many of whom have 

different ranges along environmental gradients (e.g., water depth; Davis and Smith 2001). 

Additionally, given the ephemeral nature of playas (unpredictable water and food 

resources), shorebirds migrating through this area may use playas opportunistically to 
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obtain energy needed during short stopover periods (Davis et al. 2005), leading to the low 

predictability of shorebird models.  

Wading bird models 

Previous studies found that factors influencing wading bird distribution were 

mostly local variables such as playa area, water depth, and percent vegetation cover but 

not landscape variables (Smith et al. 1995, Bancroft et al. 2002). Playa area was a 

consistent, positive variable in the best-fit models predicting wading bird species richness 

and density. Similar to total species, wetland-dependent species, and waterfowl, playa 

area had a positive influenced on wading bird density, which implied that population size 

was contributing to the positive species-area relationship. For example, one study on 

great blue herons (Ardea herodias) found that they preferred larger wetlands (> 350 ha) 

for feeding (Custer and Galli 2002).  

Water depth had a polynomial influence with wading bird species but with 

inconsistent results, having a positive linear and a negative quadratic term for species 

richness in summer but a negative linear and a positive quadratic term for density in fall. 

Although water depth appeared in the best-fit models for wading birds, there were no 

peaks within the water depth ranges that I observed. One study in Florida noted that 

wading bird abundance increased as water depth increased but decreased as water became 

deeper than a certain threshold (20-80 cm, depending on species) (Bancroft et al. 2002). 

Bancroft et al. (2002) also found that when water depth was shallower than the threshold 

in a dry year, the relationship between wading bird abundance and water depth became 

positive and linear. I also found a polynomial relationship between wading bird density 

and percent vegetation cover in fall, indicating that wading birds tended to occupy 
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wetlands with intermediate levels of vegetation cover. This concurred with other studies 

that wading birds generally avoid habitats with dense vegetation (Hoffman et al. 1994, 

Smith et al. 1995).  

However, the predictive abilities of models for wading bird species richness and 

density were low, and the variables important in the models varied among seasons. Low 

influence may be due to a low number of observations. For example, only 4 wading bird 

species were observed in more than 5 playas: great blue heron, cattle egret (Bubulcus 

ibis), black-crowned night-heron (Nycticorax nycticorax), and sandhill crane (Grus 

canadensis). 

 

Conservation Implications 

Little attention has been focused on the conservation of playas in the SHP because 

of a lack of legal responsibility by conservation agencies (Haukos and Smith 2003). 

Nevertheless, playas are critical in maintaining regional diversity (Haukos and Smith 

1994b). A successful conservation plan needs region-specific information of birds in 

different seasons (Davis and Smith 1998b). My study showed that both local and 

landscape variables were important in predicting species richness, diversity, and density 

for different bird groups (i.e., total, wetland-dependent, waterfowl, shorebirds, and 

wading birds). When implementing conservation plans, not only playas and their 

characteristics are important, but also their associated environment at the landscape level. 

Land use within the playa watershed has been identified as a key factor influencing the 

function of playas (Smith 2003). Serious erosion of cultivated watersheds and subsequent 

sedimentation has reduced playa volume and hydroperiod (Luo et al. 1997, Tsai et al. 
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2007). With a shortened hydroperiod, the value of playas for avian species will be lower, 

as wet playas support many more species and individuals than do dry playas. However, 

dry playas are still important in overall diversity. Higher tilled index was associated with 

increasing total species richness and native species richness, but the percentage of exotic 

avian species also increased, which is not desired. However, exotic species were not the 

only cause, as native species richness was positively correlated with tilled index. 

Therefore, land use surrounding playas should be considered as one of the main criteria 

for identifying playas of conservation priority depending on the goal of conservation 

plans. Additionally, playa area is one of the most consistent variables positively 

influencing the avian community, indicating that conserving larger playas will maximize 

species richness given other conditions are the same.  

 When managing playas individually, local variables such as percent vegetation 

cover and water depth are obviously the critical factors for the avian community and 

specific bird groups because these variables appeared in most of the top models. Total 

species, wetland-dependent species, waterfowl, and shorebirds all had a polynomial 

relationship with water depth. Therefore, an intermediate level of water depth ranging 

from 30-120 cm should be maintained to boost seasonal richness and the densities of 

most bird groups. Given morphological differences among different group of birds and 

variation among seasons, adjustments of optimal water depth should be made accordingly. 

Maintaining percent vegetation cover with an intermediate level (26-50 %) in playas 

should maximize species richness and density of total species, wetland-dependent species, 

waterfowl, and wading birds, while maintaining playas with spare vegetation should 

attract more shorebird species. This indicates that avian conservation will be a large-scale 



Texas Tech University, Jo-Szu Tsai, December 2007 

 68 

effort requiring coordination of multiple landowners, since a single playa cannot be 

managed differently for both waterfowl and shorebirds. 

Considering variables beyond individual playas is certainly critical in managing 

avian communities in playas, as landscape-level variables appeared in many of the top 

models. Specifically, multiple playas can be managed as a complex to represent diverse 

habitat conditions (e.g., water depth and percent vegetation cover) that would likely 

benefit waterfowl and shorebird species as well as overall diversity. Also, because water 

availability of playas in space and time is unpredictable, considering a group of playas 

near each other rather than individual playas should increase flexibility of conservation 

plans. Finally, additional studies are necessary to gain a comprehensive understanding of 

the relationship between avian community composition and larger-scaled environmental 

variables.  
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Table 2.1. Mean, standard error, minimum, and maximum of variables measured for playas (n = 80) in the Southern High Plains, USA, 

in June 2003 to May 2004, and June 2004 to May 2005.  

 

Variables Mean SE Minimum Maximum 

Playa area (ha) (AR)   11.1   0.9   1.4   47.2 

Tilled Index 
a
 (TI)       0.51     0.07    -1.00       1.00 

Sediment depth (cm) (SD)   27.1   2.9   0.9 104.9 

Percent volume loss (%) (VL) 109.7 17.8   1.4 951.3 

Water depth (cm) (WD)   26.3   0.8   0.0 249.0 

Linear response of percent vegetation cover (%) (VEC_C)        3.91    0.05     1.00       7.00 

Polynomial response of percent vegetation cover (%) (VEC_P)        2.41    0.02     1.00       4.00 

Number of plant species > 10% (NS)        1.16     0.03     0.00       5.00 

Number of playas within 1 km (NP_01)      2.7   0.3   1.0   16.0 

Number of playas within 5 km (NP_05)   45.3   3.2   4.0 143.0 

Number of playas within 10 km (NP_10) 155.2   9.9 28.0 380.0 

Percentage of playas within 1 km (%) (PP_01)     6.2   0.5   1.0   25.5 

Percentage of playas within 5 km (%) (PP_05)     4.5   0.3   0.8   11.0 

Percentage of playas within 10 km (%) (PP_10)     4.1   0.3   0.9     9.4 

Interspersion and juxtaposition of playas within 1 km (%) (IJI_01)   34.7   3.6   0.0 100.0 

Interspersion and juxtaposition of playas within 5 km (%) (IJI_05)   60.5   1.9   7.8   97.3 

Interspersion and juxtaposition of playas within 10 km (%) (IJI_10)   60.6   1.7   1.0   85.2 
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Table 2.1. Continued. 

Variables Mean SE Minimum Maximum 

Landscape shape index within 1 km (LSI_01)   1.4 0.1   0.3     2.6 

Landscape shape index within 5 km (LSI_05)   5.9 0.2   2.8   11.1 

Landscape shape index within 10 km (LSI_10) 11.2 0.3   6.3   17.9 

Shannon diversity index of land use within 1 km (SHDI_01)     0.76   0.04     0.12       1.39 

Shannon diversity index of land use within 5 km (SHDI_05)     0.99   0.03     0.22       1.42 

Shannon diversity index of land use within 10 km (SHDI_10)     1.08   0.02     0.61       1.36 

Shannon evenness index of land use within 1 km (SHEI_01)     0.53   0.02     0.16       0.94 

Shannon evenness index of land use within 5 km (SHEI_05)     0.60   0.02     0.14       0.88 

Shannon evenness index of land use within 10 km (SHEI_10)     0.62   0.01     0.34       0.82 

Edge density within 1 km (m/ha) (ED_01) 27.3 1.1   6.4   52.1 

Edge density within 5 km (m/ha) (ED_05) 23.5 0.7 11.3   44.3 

Edge density within 10 km (m/ha) (ED_10) 22.4 0.6 12.7   35.9 

Mean edge contrast index within 1 km (MECI_01) 32.9 0.6 14.6   46.7 

Mean edge contrast index within 5 km (MECI_05) 42.2 0.3 35.4   49.3 

Mean edge contrast index within 10 km (MECI_10) 43.7 0.3 36.2   49.2 
a 
Tilled Index = (Tilled landscape – Untilled landscape) / (Tilled landscape + Untilled landscape). 
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Table 2.2. Multiple regression models predicting total species richness in wet playas in the Southern High Plains, USA, from June 

2003 to May 2004 and June 2004 to May 2005 (seasons between years pooled) with number of parameters (k), corrected Akaike’s 

Information Criterion (AICc), ∆ AICc, Akaike’s weight (wi), and adjusted R
2 

(Adj R
2
). Adjusted R

2
 of top models were calculated 

using a multiple least-squares regression analysis.  
 

Season Mean SE n Model
a
 k

b
 AICc ∆ AICc wi Adj R

2
 

Summer 18.80 0.37 80 AR + WD - WD*WD + TI 5 -27193.57 0.00 1.00 0.30  

          

Fall 16.98 0.44 58 AR + WD - WD*WD + VEC_P - NS 6 -16652.70 0.00 1.00 0.49  

          

Winter   7.41 0.50 44 AR + WD - WD*WD + TI 5   -3191.35 0.00 1.00 0.36  

          

Spring 18.58 0.49 57 AR + WD - WD*WD - VEC_C + NS 6 -15308.24 0.00 1.00 0.66  
 

a
 Explanation of abbreviated variables are presented in Table 2.1. 

b
 Number of parameters including the intercept. 
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Table 2.3. Multiple regression models predicting total species richness in wet playas in the Southern High Plains, USA, incorporating 

variables with actual water availability (i.e., number of wet playas within 1 km and 10 km). Predictive models were only available for 

summer, fall, and spring in playas because of the availability of satellite images. Each model was presented with number of 

parameters (k), corrected Akaike’s Information Criterion (AICc), ∆ AICc, and Akaike’s weight (wi), and adjusted R
2 

(Adj R
2
). 

Adjusted R
2
 of top models were calculated using a multiple least-squares regression analysis.  

 

Season Mean SE n Model
a
 k

b
 AICc ∆ AICc wi Adj R

2
 

Summer 17.82 0.63 65 AR + WD - WD*WD + TI 5 -11772.42  0.00  0.73  0.27  

    AR + WD - WD*WD + VEC_P - NS 6 -11771.34  1.08  0.25  0.33  

          

Fall 13.70 1.25 32 AR + WD - WD*WD + VEC_P - NS 6   -2172.87  0.00  0.95  0.55  

          

Spring 13.10 1.06 29 AR - VEC_C 3   -2425.33  0.00  0.84  0.57  

        AR + WD + VEC_P - NS 6   -2423.47  1.84  0.13  0.57  
 

a
 Explanation of abbreviated variables are presented in Table 2.1 . 

b
 Number of parameters including the intercept. 
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Table 2.4. Multiple regression models predicting total species richness in dry playas in the Southern High Plains, USA, from June 

2003 to May 2004 and June 2004 to May 2005 (seasons between years pooled) with number of parameters (k), corrected Akaike’s 

Information Criterion (AICc), ∆ AICc, Akaike’s weight (wi), and adjusted R
2 

(Adj R
2
). Adjusted R

2
 of top models were calculated 

using a multiple least-squares regression analysis.  
 

Season Mean SE n Model
a
 k

b
 AICc ∆ AICc wi Adj R

2
 

Summer 4.50 0.51 29 - TI + SHDI_01 3 -180.14  0.00  0.31  0.27  

    - TI - VL 3 -179.64  0.50  0.19  0.23  

    - TI + VEC_C 3 -179.53  0.61  0.17  0.29  

    - VL 2 -178.89  1.25  0.09  0.16  

    AR - VL 3 -178.66  1.48  0.07  0.23  

          

Fall 4.60 0.29 53 IJI_01 - SHDI_10 3 -587.89  0.00  0.53  0.04  

    - NP_01 + IJI_01 3 -586.89  1.00  0.19  0.04  

    IJI_01 2 -586.59  1.30  0.14  0.02  

    IJI_01 + SHDI_01 3 -586.26  1.63  0.10  0.04  

          

Winter 2.70 0.26 56 AR + TI 3   -48.08  0.00  1.00  0.10  

          

Spring 4.67 0.26 62 TI + VEC_P + NS 4 -771.55  0.00  1.00  0.12  

 
a
 Explanation of abbreviated variables are presented in Table 2.1. 

b
 Number of parameters including the intercept. 
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Table 2.5. Multiple regression models predicting total species diversity in wet playas in the Southern High Plains, USA, from June 

2003 to May 2004 and June 2004 to May 2005 (seasons between years pooled) with number of parameters (k), corrected Akaike’s 

Information Criterion (AICc), ∆ AICc, Akaike’s weight (wi), and adjusted R
2 

(Adj R
2
). Adjusted R

2
 of top models were calculated 

using a multiple least-squares regression analysis.  
 

Season Mean SE n Model
a
 k

b
 AICc ∆ AICc wi Adj R

2
 

Summer 1.53 0.03 80 AR + TI 3 526.56 0.00 0.69 0.32  

    AR + WD - WD*WD + TI 5 527.72 1.16 0.22 0.33  

          

Fall 1.03 0.03 58 AR + VEC_P 3 442.64 0.00 0.88 0.26  

          

Winter 0.56 0.04 44 AR + TI 3 303.24 0.00 0.36 0.17 

    TI + SHDI_01 3 303.44 0.21 0.29 0.11 

    AR + WD - WD*WD + TI 5 303.61 0.38 0.25 0.17 

          

Spring 1.48 0.04 57 AR + WD - WD*WD + VEC_P + NS 6 278.06 0.00 0.86 0.44  

        AR + WD - WD*WD - VEC_C + NS 6 279.84 1.78 0.14 0.48  

 
a
 Explanation of abbreviated variables are presented in Table 2.1. 

b
 Number of parameters including the intercept. 
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Table 2.6. Multiple regression models predicting total species diversity in dry playas in the Southern High Plains, USA, from June 

2003 to May 2004 and June 2004 to May 2005 (seasons between years pooled) with number of parameters (k), corrected Akaike’s 

Information Criterion (AICc), ∆ AICc, Akaike’s weight (wi), and adjusted R
2 

(Adj R
2
). Adjusted R

2
 of top models were calculated 

using a multiple least-squares regression analysis.  
 

Season Mean SE n Model
a
 k

b
 AICc ∆ AICc wi Adj R

2
 

Summer 0.88 0.08 29 IJI_01 + SHDI_01 3   53.80  0.00  0.84 0.25  

          

Fall 0.48 0.05 53 IJI_01 + SHDI_01 3 142.16  0.00  0.88 0.13  

          

Winter 0.22 0.04 56 IJI_01 2 137.15  0.00  0.49 0.02  

    IJI_01 - SHDI_10 3 138.64  1.49  0.11 0.02  

    IJI_01 + SHDI_01 3 139.06  1.90  0.07 0.02  

          

Spring 0.64 0.04 62 TI + VEC_P + NS 4 218.34  0.00  0.81 0.17  

        TI + VEC_C + NS 4 219.87  1.53  0.18 0.15  

 
a
 Explanation of abbreviated variables are presented in Table 2.1. 

b
 Number of parameters including the intercept. 
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Table 2.7. Multiple regression models predicting total bird density in wet playas in the Southern High Plains, USA, from June 2003 to 

May 2004 and June 2004 to May 2005 (seasons between years pooled) with number of parameters (k), corrected Akaike’s Information 

Criterion (AICc), ∆ AICc, Akaike’s weight (wi), and adjusted R
2 

(Adj R
2
). Adjusted R

2
 of top models were calculated using a multiple 

least-squares regression analysis.  

 

Season Mean SE n Model
a
 k

b
 AICc ∆ AICc wi Adj R

2
 

Summer 10.94 2.17 80 - AR + WD - WD*WD - NP_10 5 -13522.62  0.00  1.00  0.27  

          

Fall 18.50 2.60 58 VEC_P - NP_01 3 -19691.64  0.00  1.00  0.17  

          

Winter 21.39 2.91 44 AR + WD - WD*WD - TI 5 -20970.89  0.00  1.00  0.25  

          

Spring 15.55 2.88 57 - ED_10 + SHDI_01 3 -12824.23  0.00  1.00  0.09  

 
a
 Explanation of abbreviated variables are presented in Table 2.1. 

b
 Number of parameters including the intercept. 
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Table 2.8. Multiple regression models predicting total bird density in dry playas in the Southern High Plains, USA, from June 2003 to 

May 2004 and June 2004 to May 2005 (seasons between years pooled) with number of parameters (k), corrected Akaike’s Information 

Criterion (AICc), ∆ AICc, Akaike’s weight (wi), and adjusted R
2 

(Adj R
2
). Adjusted R

2
 of top models were calculated using a multiple 

least-squares regression analysis.  

 

Season Mean SE n Model
a
 k

b
 AICc ∆ AICc wi Adj R

2
 

Summer 3.86 1.40 29 - NP_01 + IJI_01 + SHDI_01 + ED_01 5 -299.37  0.00  1.00 0.07  

          

Fall 4.30 0.81 53 VEC_C + NP_10 3 -751.03  0.00  0.98 0.12  

          

Winter 3.95 0.72 56 TI + VEC_P + NS 4 -497.98  0.00  0.99 0.04  

          

Spring 2.04 0.72 62 AR + IJI_10 3 120.54  0.00  1.00 0.10  

 
a
 Explanation of abbreviated variables are presented in Table 2.1. 

b
 Number of parameters including the intercept. 
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Table 2.9. Multiple regression models predicting wetland-dependent species richness in wet playas in the Southern High Plains, USA, 

from June 2003 to May 2004 and June 2004 to May 2005 (seasons between years pooled) with number of parameters (k), corrected 

Akaike’s Information Criterion (AICc), ∆ AICc, Akaike’s weight (wi), and adjusted R
2 

(Adj R
2
). Adjusted R

2
 of top models were 

calculated using a multiple least-squares regression analysis.  

 

Season Mean SE n Model
a
 k

b
 AICc ∆ AICc wi Adj R

2
 

Summer 14.59 0.33 80 AR + WD - WD*WD + TI 5 -18451.63 0.00 1.00 0.33 

          

Fall 13.95 0.39 58 AR + WD - WD*WD + VEC_P - NS 6 -12403.80 0.00 1.00 0.54  

          

Winter   5.74 0.44 44 AR + WD - WD*WD + TI 5   -1906.52 0.00 1.00 0.47  

          

Spring 13.99 0.44 57 AR + WD - WD*WD - VEC_C + NS 6 -9917.83 0.00 1.00 0.66  

 
a
 Explanation of abbreviated variables are presented in Table 2.1. 

b
 Number of parameters including the intercept. 
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Table 2.10. Multiple regression models predicting wetland-dependent species diversity in wet playas in the Southern High Plains, 

USA, from June 2003 to May 2004 and June 2004 to May 2005 (seasons between years pooled) with number of parameters (k), 

corrected Akaike’s Information Criterion (AICc), ∆ AICc, Akaike’s weight (wi), and adjusted R
2 

(Adj R
2
). Adjusted R

2
 of top models 

were calculated using a multiple least-squares regression analysis.  

 

Season Mean SE n Model
a
 k

b
 AICc ∆ AICc wi Adj R

2
 

Summer 1.31 0.03 80 AR + WD - WD*WD + TI 5 578.66  0.00  0.64 0.29  

    AR + TI 3 579.23  0.57  0.36 0.26  

          

Fall 0.89 0.04 58 AR + WD - WD*WD + VEC_P + NS 6 461.17  0.00  1.00 0.34  

          

Winter 0.43 0.04 44 AR + WD - WD*WD + TI 5 276.14  0.00  0.99 0.30  

          

Spring 1.25 0.04 57 AR + WD - WD*WD + VEC_P + NS 6 300.66  0.00  0.64 0.60  

        AR + WD - WD*WD - VEC_C + NS 6 301.24  0.58  0.36 0.62  

 
a
 Explanation of abbreviated variables are presented in Table 2.1. 

b
 Number of parameters including the intercept. 
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Table 2.11. Multiple regression models predicting wetland-dependent bird density in wet playas in the Southern High Plains, USA, 

from June 2003 to May 2004 and June 2004 to May 2005 (seasons between years pooled) with number of parameters (k), corrected 

Akaike’s Information Criterion (AICc), ∆ AICc, Akaike’s weight (wi), and adjusted R
2 

(Adj R
2
). Adjusted R

2
 of top models were 

calculated using a multiple least-squares regression analysis.  

 

Season Mean SE n Model
a
 k

b
 AICc ∆ AICc wi Adj R

2
 

Summer   9.35 2.11 80 - AR + WD - WD*WD - NP_10 5 -10657.21 0.00 1.00 0.28 

          

Fall 16.35 2.52 58 AR + WD - WD*WD + VEC_P + NS 6 -16537.76 0.00 1.00 0.30  

          

Winter 19.89 2.83 44 AR + WD - WD*WD + TI 5 -19169.01 0.00 1.00 0.34  

          

Spring 14.06 2.80 57 - ED_10 + SHDI_01 3 -11434.89 0.00 1.00 0.15  

 
a
 Explanation of abbreviated variables are presented in Table 2.1. 

b
 Number of parameters including the intercept. 
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Table 2.12. Multiple regression models predicting waterfowl species richness in wet playas in the Southern High Plains, USA, from 

June 2003 to May 2004 and June 2004 to May 2005 (seasons between years pooled) with number of parameters (k), corrected 

Akaike’s Information Criterion (AICc), ∆ AICc, Akaike’s weight (wi), and adjusted R
2 

(Adj R
2
). Adjusted R

2
 of top models were 

calculated using a multiple least-squares regression analysis.  

 

Season Mean SE n Model
a
 k

b
 AICc ∆ AICc wi Adj R

2
 

Summer 3.61 0.16 80 AR + WD - WD*WD + VEC_P + NS 6   -897.99  0.00  1.00 0.36  

          

Fall 6.05 0.19 58 AR + WD - WD*WD + VEC_P - NS 6 -2749.59  0.00  1.00 0.61  

          

Winter 4.87 0.21 44 AR + WD - WD*WD + TI 5 -1347.80  0.00  1.00 0.58  

          

Spring 7.04 0.21 57 AR + WD - WD*WD 4 -2970.38  0.00  0.42 0.63  

    AR + WD - WD*WD + VEC_P - NS 6 -2970.18  0.20  0.34 0.66  

        AR + WD - WD*WD - NP_10 5 -2969.45  0.94  0.16 0.62  

 
a
 Explanation of abbreviated variables are presented in Table 2.1. 

b
 Number of parameters including the intercept. 
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Table 2.13. Multiple regression models predicting waterfowl density in wet playas in the Southern High Plains, USA, from June 2003 

to May 2004 and June 2004 to May 2005 (seasons between years pooled) with number of parameters (k), corrected Akaike’s 

Information Criterion (AICc), ∆ AICc, Akaike’s weight (wi), and adjusted R
2 

(Adj R
2
). Adjusted R

2
 of top models were calculated 

using a multiple least-squares regression analysis.  

 

Season Mean SE n Model
a
 k

b
 AICc ∆ AICc wi Adj R

2
 

Summer   1.37 1.81 80 - NP_01 - IJI_01 + SHDI_01 - ED_01 5    483.41  0.00  1.00 0.05  

          

Fall 11.55 2.17 58 AR + WD - WD*WD + VEC_P - NS 6 -9898.80  0.00  1.00 0.33  

          

Winter 18.33 2.43 44 AR + WD - WD*WD + VEC_P + NS 6 -17310.10  0.00  1.00 0.44  

          

Spring 11.96 2.41 57 - ED_10 + SHDI_01 3   -9639.59  0.00  1.00 0.19  

 
a
 Explanation of abbreviated variables are presented in Table 2.1. 

b
 Number of parameters including the intercept. 
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Table 2.14. Multiple regression models predicting shorebird species richness in wet playas in the Southern High Plains, USA, from 

June 2003 to May 2004 and June 2004 to May 2005 (seasons between years pooled) with number of parameters (k), corrected 

Akaike’s Information Criterion (AICc), ∆ AICc, Akaike’s weight (wi), and adjusted R
2 

(Adj R
2
). Adjusted R

2
 of top models were 

calculated using a multiple least-squares regression analysis.  

  

Season Mean SE n Model
a
 k

b
 AICc ∆ AICc wi Adj R

2
 

Summer 6.60 0.14 80 AR + WD - WD*WD - NP_10 5 -4382.64  0.00  1.00 0.10  

          

Fall 4.63 0.17 58 AR + WD - WD*WD - NP_01 5 -1422.50  0.00  1.00 0.18  

          

Winter c 0.70 0.19 44       

          

Spring 4.60 0.19 57 AR + WD - WD*WD + TI 5 -1078.38  0.00  0.81 0.46  

 
a
 Explanation of abbreviated variables are presented in Table 2.1. 

b
 Number of parameters including the intercept. 

c
 Predictive models were not available for winter because the number of observations of shorebirds in winter was less than 5% of the 

overall observations. 
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Table 2.15. Multiple regression models predicting shorebird density in wet playas in the Southern High Plains, USA, from June 2003 

to May 2004 and June 2004 to May 2005 (seasons between years pooled) with number of parameters (k), corrected Akaike’s 

Information Criterion (AICc), ∆ AICc, Akaike’s weight (wi), and adjusted R
2 

(Adj R
2
). Adjusted R

2
 of top models were calculated 

using a multiple least-squares regression analysis.  

  

Season Mean SE n Model
a
 k

b
 AICc ∆ AICc wi Adj R

2
 

Summer 4.68 0.57 80 - AR + WD - WD*WD - NP_10 5 -3571.49 0.00 1.00 0.25 

          

Fall 1.88 0.68 58 - AR + WD - WD*WD - VEC_C + NS 6    258.05  0.00 0.87 0.06  

    - AR + WD - WD*WD - NP_01 5    259.98  1.93 0.13 0.03  

          

Winter c 0.09 0.76 44       

          

Spring 1.28 0.75 57 - MECI_10 2    361.79  0.00 1.00 0.01  

 
a
 Explanation of abbreviated variables are presented in Table 2.1. 

b
 Number of parameters including the intercept. 

c
 Predictive models were not available for winter because the number of observations of shorebirds in winter was less than 5% of the 

overall observations. 
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Table 2.16. Multiple regression models predicting wading bird species richness in wet playas in the Southern High Plains, USA, from 

June 2003 to May 2004 and June 2004 to May 2005 (seasons between years pooled) with number of parameters (k), corrected 

Akaike’s Information Criterion (AICc), ∆ AICc, Akaike’s weight (wi), and adjusted R
2 

(Adj R
2
). Adjusted R

2
 of top models were 

calculated using a multiple least-squares regression analysis. 

 

Season Mean SE N Model
a
 k

b
 AICc ∆ AICc wi Adj R

2
 

Summer 1.67 0.06 80 AR + WD - WD*WD + TI 5 508.11  0.00  0.95 0.26  

          

Fall 1.43 0.07 58 AR + ED_10 3 362.20  0.00  0.47 0.25  

    AR + TI 3 362.73  0.53  0.28 0.20  

    AR + IJI_10 3 363.38  1.18  0.15 0.18  

          

Winter c 0.07 0.08 44       

          

Spring c 0.61 0.08 57        

 
a
 Explanation of abbreviated variables are presented in Table 2.1. 

b
 Number of parameters including the intercept. 

c Predictive models were available only for summer and fall because the numbers of observations of wading birds in winter and fall 

were less than 5% of overall observations. 
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Table 2.17. Multiple regression models predicting wading bird density in wet playas in the Southern High Plains, USA, from June 

2003 to May 2004 and June 2004 to May 2005 (seasons between years pooled) with number of parameters (k), corrected Akaike’s 

Information Criterion (AICc), ∆ AICc, Akaike’s weight (wi), and adjusted R
2 

(Adj R
2
). Adjusted R

2
 of top models were calculated 

using a multiple least-squares regression analysis.  

 

Season Mean SE n Model
a
 k

b
 AICc ∆ AICc wi Adj R

2
 

Summer 0.63 0.23 80 TI + VEC_P + NS 4 528.85 0.00 0.94 0.06 

          

Fall 1.35 0.27 58 AR - WD + WD*WD + VEC_P + NS 6 -664.14 0.00 1.00 0.11  

          

Winter c 0.02 0.31 44       

          

Spring c 0.06 0.30 57        

 
a
 Explanation of abbreviated variables are presented in Table 2.1. 

b
 Number of parameters including the intercept. 

c Predictive models were available only for summer and fall because the numbers of observations of wading birds in winter and fall 

were less than 5% of overall observations. 
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Table 2.18. Multiple regression models predicting native species richness in wet playas in the Southern High Plains, USA, from June 

2003 to May 2004 and June 2004 to May 2005 (seasons between years pooled) with number of parameters (k), corrected Akaike’s 

Information Criterion (AICc), ∆ AICc, Akaike’s weight (wi), and adjusted R
2 

(Adj R
2
). Adjusted R

2
 of top models were calculated 

using a multiple least-squares regression analysis. 
 

Season Mean SE n Model
a
 k

b
 AICc ∆ AICc wi Adj R

2
 

Summer 18.67 0.37 80 AR + WD - WD*WD + TI 5 -26901.76 0.00 1.00 0.30  

          

Fall 16.89 0.44 58 AR + WD - WD*WD + VEC_P - NS 6 -16530.03 0.00 1.00 0.49  

          

Winter   7.36 0.49 44 AR + WD - WD*WD + TI 5   -3161.25 0.00 1.00 0.38 

          

Spring 18.49 0.49 57 AR + WD - WD*WD - VEC_C + NS 6 -15204.37 0.00 1.00 0.76 
 

a
 Explanation of abbreviated variables are presented in Table 2.1. 

b
 Number of parameters including the intercept. 
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Figure 2.1. Location of study playas (n = 80) in the Southern High Plains, USA, from 

June 2003 to May 2004 and June 2004 to May 2005. 
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Figure 2.2. Polynomial relationships between total species richness and water depth in 

wet playas in the Southern High Plains, USA, from June 2003 to May 2004 and June 

2004 to May 2005 (seasons pooled between years).  
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Figure 2.3. Polynomial relationships between total species diversity and water depth in 

wet playas in the Southern High Plains, USA, from June 2003 to May 2004 and June 

2004 to May 2005 (seasons pooled between years). 
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Figure 2.4. Polynomial relationships between total bird density and water depth in wet 

playas in the Southern High Plains, USA, from June 2003 to May 2004 and June 2004 to 

May 2005 (seasons pooled between years).  
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Figure 2.5. Polynomial relationships between wetland-dependent species richness and 

water depth in wet playas in the Southern High Plains, USA, from June 2003 to May 

2004 and June 2004 to May 2005 (seasons pooled between years). 
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Figure 2.6. Polynomial relationships between wetland-dependent species diversity and 

water depth in wet playas in the Southern High Plains, USA, from June 2003 to May 

2004 and June 2004 to May 2005 (seasons pooled between years).
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Figure 2.7. Polynomial relationships between wetland-dependent bird density and water 

depth in wet playas in the Southern High Plains, USA, from June 2003 to May 2004 and 

June 2004 to May 2005 (seasons pooled between years). 
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Figure 2.8. Polynomial relationships between waterfowl species richness and water depth 

in wet playas in the Southern High Plains, USA, from June 2003 to May 2004 and June 

2004 to May 2005 (seasons pooled between years). 
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Figure 2.9. Polynomial relationships between waterfowl density and water depth in wet 

playas in the Southern High Plains, USA, from June 2003 to May 2004 and June 2004 to 

May 2005 (seasons pooled between years). 
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Figure 2.10. Polynomial relationships between shorebird species richness and water depth 

in wet playas in the Southern High Plains, USA, from June 2003 to May 2004 and June 

2004 to May 2005 (seasons pooled between years). 
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Figure 2.11. Polynomial relationships between shorebird density and water depth in wet 

playas in the Southern High Plains, USA, from June 2003 to May 2004 and June 2004 to 

May 2005 (seasons pooled between years). 
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Figure 2.12. Polynomial relationship between wading bird species richness and water 

depth in wet playas in the Southern High Plains, USA, from June 2003 to May 2004 and 

June 2004 to May 2005 (seasons pooled between years). 
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Figure 2.13. Polynomial relationship between wading bird density and water depth in wet 

playas in the Southern High Plains, USA, from June 2003 to May 2004 and June 2004 to 

May 2005 (seasons pooled between years). 
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Figure 2.14. Polynomial relationships between native species richness and water depth in 

wet playas in the Southern High Plains, USA, from June 2003 to May 2004 and June 

2004 to May 2005 (seasons pooled between years).  
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Figure 2.15. Relationship between percent exotic species and tilled index in 80 playas in 

the Southern High Plains, USA, in June 2003 to May 2004, and June 2004 to May 2005. 
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CHAPTER III 

WET-DRY CYCLES OF PLAYAS AS DISTURBANCE INFLUENCES  

ON AVIAN COMMUNITY COMPOSITION: A TEST OF THE 

INTERMEDIATE DISTURBANCE HYPOTHESIS 

 

Introduction 

Disturbance is a widespread occurrence in ecosystems (Miller 1982), and it can be 

a major source of temporal and spatial heterogeneity in the structure and dynamics of 

natural communities (Sousa 1984). Many definitions have attempted to describe 

disturbance, but for the purposes of this paper, the broad definition that I use is “any 

relatively discrete event in time that disrupts ecosystem, community, or population 

structure and changes resources, substrate availability, or the physical environment” 

(Pickett and White 1985:7). Disturbance can be large-scaled, such as a hurricane, which 

may drastically influence habitat in a large area, or small events such as grazing in a 

small field. The concept of disturbance has been used extensively in community ecology 

because it has a direct effect on the survival of individuals and thus influences abundance 

and diversity (Svensson et al. 2007). Historically, disturbance was treated as an 

uncommon and unpredictable event; now, however, disturbance is viewed as a normal 

process in the environment at different spatial and temporal scales (e.g., Rykiel 1985).  

The intermediate disturbance hypothesis (IDH) proposed by Connell (1978) has 

been a primary focus of disturbance-related studies. Studies in tropical forests and coral 

reef ecosystems have shown that high species diversity occurs at intermediate levels of 

disturbance whereas species diversity is lower at higher and lower levels of disturbance 
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(Connell 1978). Following the IDH, when levels of disturbance are low, a community 

will be dominated by fewer species because intensive competition only favors species 

with stronger competitive abilities. Space will be available for species with lower 

competitive abilities when mortality of competitive dominants increases at intermediate 

levels of disturbance. At higher levels of disturbance, fewer species exist because rates of 

mortality are larger than rates of recruitment (Connell 1978). The IDH has been 

examined in many ecosystems (see Mackey and Currie 2001). Although not all empirical 

studies support the IDH, it is an influential concept and has been applied in conservation 

practices (Wootton 1998).   

In freshwater systems, water regime (water level and its fluctuation) is one of the 

most important factors regulating the dynamics of wetland biota (Keddy 1983). Water 

regime can stimulate productivity and create a complex and diverse range of habitats 

(Ward et al. 1999). For example, vegetation structure and species composition in 

wetlands are mainly determined by water regime (e.g., van der Valk et al. 1994, Gafny 

and Gasith 2000).When wetlands are inundated after being dry, wetland-dependent 

species are able to use the habitat. Invertebrates can establish populations through either 

passive or active colonization after inundation (Anderson and Smith 2004), and their 

abundance and composition in a wetland are influenced by water regime (Batzer and 

Resh 1992, Anderson and Smith 2000). As water levels decrease or are drawn down to 

mudflat conditions, plant seeds can germinate from the seed bank (van der Valk and 

Davis 1978, Smith and Kadlec 1983, Merendino et al. 1990). Indeed, Haukos and Smith 

(1992) found that more plant species germinate and species composition is more diverse 

in drawdown rather than flooded conditions in playas. On the other hand, changing water 
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levels, especially rising water levels, can restrict the growth of some plant species (Keddy 

and Reznicek 1982). A change in water regime may also influence avian composition and 

abundance (Burger et al. 1982). When water levels fluctuate, the quality and quantity of 

avian food resources will be influenced (Murkin et al. 1997). Water-level fluctuations 

may create a variety of habitats, allowing a number of bird species to coexist; however, 

obviously the same habitat will not support the needs of all species in all seasons (Murkin 

et al. 1997). 

Drying is critical to the maintenance of productivity in freshwater wetlands (van 

der Valk and Davis 1978, Euliss et al. 2004). However, drying has received relatively 

little research compared to flooding (Lake 2003). Obviously, habitats are not suitable for 

aquatic organisms when water is not present, and a drought period normally has negative 

effects on wetland-dependent species (Batt et al. 1989). However, drying events are 

required for many aquatic species to become reestablished (Euliss et al. 2004). 

Vegetation adapted to dry conditions may flourish in this period, thereby providing food 

or habitat for other species.  

Playas are the most ubiquitous hydrogeomorphic feature in the Southern High 

Plains (SHP) (Sabin and Holliday 1995). Due to high evaporation rates in summer and 

unpredictable precipitation (Bolen et al. 1989), playa hydroperiods are unpredictable and 

the number of playas that contain water varies among seasons and years (Smith 2003). 

Thus, the natural wet-dry cycle is ideal for studying the IDH relative to wetland biota in 

playas. Also, the landscape of the SHP is highly fragmented by cultivation, the dominant 

human activity since the 1930s. Playa volume and hydroperiod have decreased due to 

erosion from cultivation within playa watersheds (Luo et al. 1997). In prairie potholes 
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(the northern Great Plains’ equivalent of playas), wetlands within cultivated watersheds 

had a much greater degree of water-level fluctuation than did those within grassland 

watersheds because the tilled soil failed to slow surface flow of water during precipitation 

events (Euliss and Mushet 1996). However, little is known about how land use influences 

wet-dry cycles as a disturbance in playas. 

Moreover, most disturbance-related studies in freshwater wetlands have focused 

on relatively sessile species (Sousa 1984). For example, the only disturbance-related 

study in the SHP focused on plant communities (Haukos and Smith 2004). Minimal 

research has investigated how a disturbance regime influences mobile species (e.g., birds), 

as direct effects of disturbance on these species are not as easy to observe or measure as 

those on sessile species (Sousa 1984). Because sessile and mobile species will not have 

similar responses to disturbance (Menge and Sutherland 1987), studies of both sessile and 

mobile species on responses to disturbance may elucidate the relationship between 

species response and disturbance regime. Therefore, my objective was to determine how 

the avian community responds to different degrees of disturbance in the wet-dry cycle. 

Understanding avian community responses to disturbance dynamics (water level) will be 

important for wetland conservation plans. 

Hypothesis 

Many wetland-dependent species use flooded playas as well as playas with 

shallow water/mudflat conditions. When playas are dry, terrestrial birds use the available 

area. More transient habitats, such as mudflats, are created during a medium degree of 

disturbance, with dry and wet habitats also available. Thus, species richness should peak 

in playas with a medium degree of disturbance and be lower in playas with lower and 
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higher degrees of disturbance within a season. In contrast, the similarity index (changes 

of avian composition; Sorenson’s similarity coefficient) should be lowest at an 

intermediate degree of disturbance and be highest at higher or lower levels of disturbance.  

To test these hypotheses, I described degree of disturbance in 3 ways: Disturbance 

regime A considered intensity of disturbance using the changes of soil moisture between 

the first and last avian survey within a season. Disturbance regime B was similar to 

regime A but further separated playas with low and medium disturbance into 3 and 2 

categories, respectively, according to moisture conditions. Disturbance regime C 

incorporated intensity and frequency of disturbance by considering continuous soil 

moisture condition changes throughout a season (details explained in Methods section).  

 

Study Area 

This study was conducted in the Texas portion of the SHP (31°37.9’ - 35°44.2’ N, 

100°2.1’ - 103°6.4’ W). The SHP is the largest plateau in the United States (Sabin and 

Holliday 1995). The SHP was originally dominated by short-grass prairie but greater than 

80% of the native short-grass has been converted to cultivation since the 1930s (Samson 

and Knopf 1994). Thus, the remnant grassland/playa ecosystem is one of the most 

threatened ecosystems in North America (Samson and Knopf 1994). The main crop types 

in this region are cotton, grain sorghum, winter wheat, and corn (Smith 2003).  

More than 25,000 playa wetlands exist in this region (Osterkamp and Wood 1987). 

Playas cover approximately 2% of the Texas SHP landscape (Haukos and Smith 1994b) 

with densities of approximately 1 per 2.6 km
2
 (Guthery et al. 1981). Playas are shallow, 

circular, depressional wetlands with an average size of 6.3 ha (Guthery and Bryant 1982). 
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Playas were formed and maintained through the combined processes of wind, waves, and 

dissolution (Smith 2003). Playa basins are identified by hydric soil (i.e., Randall clay), 

which can be distinguished from upland clay loams to fine-sandy loams (Allen et al. 

1972). Watersheds of individual playas generally are not interconnected (Guthery and 

Bryant 1982). Playas are focal points for groundwater recharge (Osterkamp and Wood 

1987, Bolen et al. 1989). Precipitation and irrigation runoff are the only two water 

sources for playas, and they lose water through evapotranspiration and recharge to the 

Ogallala Aquifer (Osterkamp and Wood 1987).  

The SHP climate is dry steppe (Smith 2003). From 1971-2000, the average high 

temperature was 32 
o
C in July, and the average low was -4 

o
C in January in Lubbock 

County (located approximately in the center of the study area; NOAA 2006a; Fig. 2.1). 

Mean annual precipitation from 1911-2005 was 47.2 cm (NOAA 2006b). Precipitation 

occurs irregularly in the form of thunderstorms in late spring/early summer and early 

autumn, and it follows an increasing gradient from the southwest to the northeast portion 

of the SHP (Bolen et al. 1989). Potential annual evaporation in this region is 200-250 

cm/year (Bolen et al. 1989). Because of the irregular rainfall pattern and high rates of 

evapotranspiration, playas generally have seasonal to annual hydroperiods (Smith 2003).  

 

Methods 

Avian Surveys 

This study was conducted on 80 playa wetlands over 2 years in the SHP (Fig. 2.1). 

Forty wet playas (20 were immediately surrounded by cropland and 20 by native 

grassland) were selected after main precipitation events in spring 2003 and 2004. Avian 



Texas Tech University, Jo-Szu Tsai, December 2007 

 109 

surveys were conducted every 2 weeks for as long as playas retained water from June 

2003 to May 2004 and June 2004 until the end of the study in May 2005. Any bird 

species appearing within a playa boundary was recorded. Species flying over the playas 

were excluded from analyses, although birds constantly feeding over a playa (i.e., 

swallows, terns), were counted as species within the playa (Rivers and Cable 2003). 

When playas dried (i.e., no longer containing measurable water), distance sampling 

(Buckland et al. 2001) was conducted once per month. The distance from survey point or 

transect to any birds detected was measured with a laser rangefinder. A more detailed 

account of playa selection and avian survey methods was presented in Chapter II. 

Soil Moisture Condition 

The moisture condition of playa basins was recorded as flooded, moist, or dry 

during each bird survey. This description of soil moisture condition follows Haukos and 

Smith (2004), with flooded: standing water covering >50% of the playas floor; moist: 

standing water covering <50% of the playa floor or sufficient topsoil moisture to form 

and maintain a soil ball; and dry: insufficient topsoil moisture to form a soil ball. 

Disturbance Regimes 

For disturbance regime A, I considered intensity of disturbance as I compared 

changes in soil moisture from the first to the last survey within each season (Haukos and 

Smith 2004). Low disturbance showed no moisture change between these 2 surveys (i.e., 

dry to dry, moist to moist, or flooded to flooded). Medium disturbance indicated a 

moderate moisture change (i.e., dry to moist, moist to dry, moist to flooded, or flooded to 

moist), and high disturbance indicated a high moisture change (i.e., flooded to dry or dry 

to flooded). 
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Disturbance regime B was similar to regime A but further separated playas with 

low disturbance and medium disturbance into 3 and 2 categories, respectively, according 

to the starting moisture conditions. Because wet playas normally have twice as many 

species than do dry playas (Chapter II), regime B was used to clarify the influence of 

moisture condition in low and medium disturbance on the relationship between degree of 

disturbance and species richness. In addition to the designated disturbance categories in 

disturbance regime A (i.e., low, medium, and high disturbance), I separated playas with 

low disturbance into 3 categories according to 3 possible moisture conditions within a 

season. However, only 2 categories, flooded to flooded (F→F) and dry to dry (D→D), 

were used because no playas in low disturbance had starting a moisture condition of 

moist. I also separated playas with medium disturbance into 2 categories: flooded to 

moist or moist to flooded (F↔M) and dry to moist or moist to dry (D↔M). Finally, since 

I chose playas at the beginning of each summer when they were wet, all the playas with 

low disturbance only had flooded to flooded moisture regime and playas with medium 

disturbance only had a flooded to moist moisture regime in summer. 

For disturbance regime C, intensity and frequency of disturbance were considered. 

I considered the moisture condition changes of all the surveys within each season. First, I 

gave a value of 0 when there was no moisture change (i.e., dry to dry, moist to moist, or 

flooded to flooded), 1 for moderate moisture change (i.e., dry to moist, moist to dry, 

moist to flooded, or flooded to moist), and 2 for high moisture change (i.e., flooded to dry 

or dry to flooded) between 2 consecutive surveys. I then summed values from all 

consecutive surveys within a season as a disturbance index. The summed value of each 

playa was a function of moisture condition changes and number of surveys within a 
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season. However, the influence of number of survey can be omitted, as the majority of 

playas had 4-6 surveys. The majority of the summed value in each playa ranged from 0-5. 

Therefore, values of 0, 1, 2, and >3 were defined as low, low-medium, medium-high, and 

high disturbance, respectively.  

Bird Response to Disturbance 

I included avian survey data from both years (i.e., 80 playas total) and separated 

data into 4 seasons: spring (March-May), summer (June-August), fall (September-

November), and winter (December-February) for analyses. Birds were classified as 

wetland-dependent or non-wetland species according to their association with wetlands in 

their life cycle, following Brown and Smith (1998) and Rivers and Cable (2003) with 

minor modifications (Appendix 3).  

I used species richness and a similarity index (Magurran 1988) to represent avian 

community responses corresponding to disturbance regimes. Because disturbance regime 

A considered soil moisture changes from the first survey to the last survey within a 

season, I calculated avian species richness (i.e., total species and wetland-dependent 

species) by only including the first and last surveys for each playa within each season. I 

also calculated similarity coefficients from the first and last survey within a season to 

examine species changes of avian communities. I used Sorenson’s similarity coefficients 

as a similarity index (Magurran 1988): 

Sorenson’s Similarity Index (Cs) = 2j / ( a + b ) 

where a and b represent the number of species found in the first and last survey, 

respectively, and j represents the total number of species found in both surveys. 

Sorenson’s similarity index ranges from 0 to 1, where 0 indicates that the 2 surveys have 
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no species in common and 1 indicates complete similarity whereby species appearing in 

both surveys were identical.  

For disturbance regime B, I calculated avian species richness (i.e., total species 

and wetland-dependent species) by including the first and last surveys for each playa 

within each season because disturbance regime B only considered soil moisture changes 

from the first survey to the last survey within a season. I did not use Sorenson’s 

Similarity Index in this comparison.  

For disturbance regime C, I calculated avian species richness (i.e., total species 

and wetland-dependent species) in each playa and included all surveys within each 

season because disturbance regime C incorporated soil moisture condition for all surveys 

within a season. I did not use Sorenson’s Similarity Index in this comparison.  

Land use  

I used amount of tilled and untilled landscape within each watershed to calculate a 

standardized tilled landscape index as follows: 


 landscapeUntilledlandscapeTilled

landscapeUntilledlandscapeTilled
IndexTilled






. 

I delineated the watershed of each study playa using a digitized USGS contour map 

(TNRIS 2006) and used the land-use classifications to calculate tilled index. Tilled index 

describes the land use surrounding each study playa on a continuous basis with a range 

from -1 to 1. A value of 1 indicates that 100% of the land use within the watershed has 

been tilled (i.e., cropland and CRP) whereas -1 indicates that 100% of the land use within 

the watershed is untilled (i.e., native grass). A value of 0 means there are equal amounts 

of tilled and untilled landscape within each watershed.  
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Statistical Analyses 

I conducted a Shapiro-Wilk test using PROC UNIVARIATE in SAS
®
 (SAS 

Institute 2002) to test normality of dependent variables (i.e., species richness and 

similarity index). The dependent variables were log-transformed if the normality 

assumption was not met. An ANOVA was used to examine the relationships between 

degree of disturbance and species richness and similarity index in each playa within a 

season. For disturbance regime A, degree of disturbance was the independent variable 

and species richness and similarity index were dependent variables. For disturbance 

regime B and C, degree of disturbance was the independent variable and species richness 

was the dependent variable. I used α = 0.1 to indicate significance for all analyses to 

increase the power of my analysis. I used Tukey-Kramer’s Honestly Significant 

Differences (HSD) test to compare means among different groups of disturbance regimes. 

To determine the relationship between degree of disturbance and tilled index, an 

ANOVA was used after testing the assumption of normality. For disturbance regimes A, 

B, and C, degree of disturbance was the independent variable and tilled index was the 

dependent variable. The HSD test was also used to compare means among different 

groups of disturbance regimes.  

 

Results 

Disturbance Regime A 

 In summer, total species and wetland-dependent species richness varied among 

disturbance regimes (F2, 77 = 2.37, P = 0.10, F2, 77 = 4.82, P = 0.01, respectively; Table 

3.1). Both total species and wetland species richness were higher for medium disturbance 
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compared to high disturbance, but medium disturbance did not differ from low 

disturbance. In fall, there were no differences in total species (F2, 77 = 0.63, P = 0.53) or 

wetland species richness (F2, 77 = 0.22, P = 0.80) among disturbance regimes. Total 

species and wetland species richness in winter did not differ among regimes (F2, 77 = 0.61, 

P = 0.55, F2, 77 = 0.34, P = 0.72, respectively). In spring, no differences were found 

among disturbance regimes for total species richness (F2, 77 = 1.15, P = 0.32) and wetland 

species richness (F2, 77 = 0.33, P = 0.72; Table 3.1). 

 In summer, Sorenson’s similarity indices for total species and wetland-dependent 

species richness varied among disturbance regimes (F2, 77 = 4.16, P = 0.02, F2, 77 = 3.46, 

P = 0.04, respectively), and was higher (i.e., species composition was more similar 

between surveys) for low and medium disturbances compared to high disturbance (Table 

3.2). Therefore, as would be expected, avian communities changed more between early 

and late season surveys when playas experienced high disturbance regimes compared to 

low and medium disturbance in summer. In fall, Sorenson’s similarity index for total 

species richness differed among disturbance regimes (F2, 73 = 2.96, P = 0.06), being 

higher for low and medium disturbances compared to high disturbance. There were also 

differences in Sorenson’s indices for wetland-dependent species richness among 

disturbance regimes (F2, 62 = 5.27, P = 0.008). Indices were higher for low disturbance 

compared to medium and high disturbance, suggesting wetland-dependent species 

composition changed more when playas experienced medium and high disturbance 

compared to low disturbance. In winter, similarity indices for total species richness (F2, 67 

= 0.04, P = 0.96) and wetland-dependent species richness (F2, 39 = 0.96, P = 0.39) did not 

differ among disturbance regimes. Similarly, in spring, there was no difference in 
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similarity indices for total species (F2, 76 = 1.30, P = 0.28) and wetland-dependent species 

(F2, 65 = 1.50, P = 0.23) richness among disturbance regimes (Table 3.2). 

 In summer, tilled index varied among disturbance regimes (F2, 77 = 2.78, P = 0.07; 

Table 3.3). Tilled index was higher for high disturbance compared to low disturbance but 

did not differ from medium disturbance. Tilled index did not differ among disturbance 

regimes in fall or winter (F2, 77 = 1.33, P = 0.27, F2, 77 = 0.73, P = 0.49), respectively. In 

spring, tilled index was different among disturbance regimes with medium disturbance 

having a higher tilled index than low and high disturbance (F2, 77 = 3.10, P = 0.05).  

Disturbance Regime B 

Because all the playas were chosen when they were wet at the beginning of 

summer, only flooded to flooded was available as low disturbance and only flooded to 

moist or moist to flooded were available as medium disturbance. Therefore, the results in 

summer were the same as with disturbance regime A (Tables 3.1 and 3.4). In fall, total 

species and wetland-dependent species richness varied among disturbance regimes (F4, 75 

= 4.98, P = 0.001, F4, 75= 8.61, P < 0.001, respectively; Table 3.4). Total species richness 

was higher for low disturbance F→F and medium disturbance F↔M compared to low 

disturbance D→D and medium disturbance D↔M, but low disturbance F→F and 

medium disturbance (F↔M) did not differ from high disturbance. Wetland species 

richness was higher for low disturbance F→F and medium disturbance F↔M compared 

to low disturbance D→D and medium disturbance D↔M. Wetland species richness for 

high disturbance was lower compared to low disturbance F→F and higher compared to  

low disturbance D→D but did not differ from both medium disturbances. In winter, total 

species and wetland-dependent species richness differed among regimes (F4, 75 = 7.58, P 
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< 0.001, F4, 75 = 19.38, P < 0.001, respectively; Table 3.4). Total species richness was 

higher for low disturbance F→F compared to low disturbance D→D but did not differ 

from both medium disturbance conditions (F↔M, D↔M) or high disturbance. Wetland 

species richness was higher for low disturbance F→F compared to low disturbance D→D, 

medium disturbance D↔M, and high disturbance but did not differ from medium 

disturbance F↔M.  

 In spring, there were differences among disturbance regimes for total species and 

wetland species richness (F4, 75 = 30.37, P < 0.001, F4, 75 = 42.94, P < 0.001, respectively; 

Table 3.4). Total species richness was higher for low disturbance F→F and one type of 

medium disturbance F↔M than the other type of medium disturbance D↔M and to high 

disturbance. Low disturbance D→D had lower species richness than did medium 

disturbance D↔M and high disturbance. Wetland-dependent species richness was the 

highest for low disturbance F→F and the lowest for low disturbance D→D whereas 

medium disturbance F↔M had higher wetland species richness than did medium 

disturbance D↔M or high disturbance. 

 In summer, tilled index varied among disturbance regimes (F2, 77 = 3.01, P = 0.06; 

Table 3.5). Tilled index was greater for high disturbance compared to low disturbance 

F→F but did not differ from medium disturbance F↔M. Tilled index differed among 

disturbance regimes in fall (F4, 75 = 2.19, P = 0.09). Tilled index was greater for low 

disturbance D→D than for low disturbance conditions F→F and both medium 

disturbance conditions (F↔M, D↔M), but did not differ from high disturbance.  

Tilled index did not differ among disturbance regimes in winter or spring (F4, 75 = 1.51, P 

= 0.21, F4, 75 = 1.51, P = 0.21, respectively). 
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Disturbance Regime C 

 In summer, there was no difference in total species richness among disturbance 

regimes (F3, 76 = 1.82, P = 0.15; Table 3.6). However, wetland species richness varied 

among disturbance regimes (F3, 76 = 2.76, P = 0.07). In summer, wetland species richness 

was higher for low-medium disturbance compared to high disturbance, but was not 

different from low and medium-high disturbance. In fall, total species richness (F3, 76 = 

1.01, P = 0.39) and wetland-dependent species richness (F3, 76 = 0.53, P = 0.66) did not 

differ among disturbance regimes. In winter, there were no differences in total species 

richness (F3, 76 = 1.16, P = 0.33) or wetland species richness (F3, 76 = 0.90, P = 0.45) 

among disturbance regimes. Finally, in spring, total species richness (F3, 76 = 2.03, P = 

0.12) and wetland-dependent species richness (F3, 76 = 1.57, P = 0.15) were similar 

among regimes (Table 3.6).  

 In summer, tilled index varied among disturbance regimes (F3, 76 = 3.53, P = 0.02; 

Table 3.7). Tilled index was greater for high disturbance than for low and low-medium 

disturbance but did not differ from medium-high disturbance. In fall and winter, tilled 

index was similar among disturbance regimes (F3, 76 = 1.17, P = 0.33, F3, 76 = 0.73, P = 

0.53, respectively). In spring, tilled index was greater for medium disturbance compared 

to low disturbance, but medium-high and high disturbance did not differ from either low 

or low-medium disturbance (F3, 76 = 3.16, P = 0.03). 
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Discussion 

Intermediate Disturbance Hypothesis 

For the past 2 decades, the development, empirical tests, and applicability of the 

IDH have been the focus of disturbance-related studies (Connell 1978, Pickett and White 

1985, Reynolds et al. 1993, Svensson et al. 2007). In playa wetlands, differences in avian 

species richness among disturbance regimes A and C in summer showed a negative 

relationship between species richness and degree of disturbance, with playas 

experiencing high disturbance having lower species richness compared to low and 

medium disturbance in summer. There were no differences in species richness in 

disturbance regimes A and C in fall, winter, or spring.  

Results suggested that the differences in patterns between summer and 3 other 

seasons in disturbance regime A may due to the differences of moisture condition at the 

beginning of each season. Because I selected playas at the beginning of summer when 

playas were wet, playas with low disturbance only had flooded to flooded moisture 

conditions but no dry to dry moisture conditions, whereas playas with medium 

disturbance only had flooded to moist condition but not dry to moist or moist to dry 

conditions in summer. Therefore, playas with low and medium disturbance in summer 

were different compared to playas with low and medium disturbance in other seasons. 

Further, because wet playas have higher species richness than do dry playas (Chapter II), 

species richness for low and medium disturbance in fall, winter, and spring would be 

higher if all the playas were wet at the beginning of each season as in summer. 

A literature review by Mackey and Currie (2001) found that although the IDH is 

an influential concept in research, it is not a widespread pattern across disturbance type, 
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source, or organism studied. More than 80% of the empirical studies on diversity-

disturbance did not support the IDH, either having non-significant relationships or 

relationships that were not unimodal (Mackey and Currie 2001). Several studies 

suggested that the IDH may be appropriate only when other conditions in the 

environment fit, including competitive exclusion (Connell 1978), trade-offs between 

competition and colonization (Petraitis et al. 1989), and a large regional species pool 

(Osman 1977). Other studies have also provided alternative explanations to improve the 

understanding between diversity and disturbance. For example, Menge and Sutherland 

(1987) proposed that the amount of environmental stress such as predation may change 

trophic structure, which influences the response to disturbance. In addition, increasing 

productivity of the environment can change the growth rate of a population and alter the 

competitive ability of species, thus altering the relationship between disturbance and 

diversity (Huston 1979, Kondoh 2001).  

By further separating low and medium disturbance into more detailed categories 

(disturbance B), it appears that moisture condition itself may be more important in 

influencing species richness than the change of moisture condition (i.e., disturbance per 

se). Species richness was normally higher for disturbance regimes associated with 

flooded conditions compared to disturbance regimes associated with dry conditions. For 

instance, species richness was normally lower for low disturbance with dry conditions 

(D→D) than for medium and high disturbances. Therefore, no obvious unimodal pattern 

(i.e., species richness peaking at intermediate level of disturbance) was observed in this 

study. 
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Crandall et al. (2003) proposed that the mobility of study organisms may 

influence the effect of disturbance, and that the response of sessile species should fit the 

IDH better than mobile species. For sessile species such as plants, mortality of these 

species should be higher than for mobile species when disturbance occurs, because 

sessile species cannot move away (Crandall et al. 2003). For mobile species, disturbance 

may only cause a resource shortage or increase in competition, thus causing them to 

move to an area with better habitat (Crandall et al. 2003). In playas, the pattern for plants 

did not support the IDH, as the disturbance of wet-dry cycles did not influence species 

richness (Haukos and Smith 2004). Non-significant results from playa plants might be 

explained by the time delay between disturbance and survey time (Smith 2003:135). 

In temporally dynamic wetlands, birds likely exhibit flexible behaviors, such as 

opportunistic and frequent use of wetlands, rather than maintaining fidelity to specific 

wetlands, to cope with unpredictable resources (Colwell and Oring 1988). For example, 

Skagen and Knopf (1994) found that migrant shorebirds in the Great Plains use the 

available wet mud/shallow water habitat opportunistically, almost immediately upon its 

appearance. The adaptation of birds in the region to unpredictable environments may 

therefore shape the way birds respond to disturbance. Furthermore, landscape factors 

(e.g., number of wetlands surrounding the study playas) are important in habitat selection 

for wetland species (Farmer and Parent 1997, With et al. 1997, Naugle et al. 2000). I 

found that shorebird density decreased as the number of playas within 10 km increased 

(Chapter II), implying that shorebirds spread out when more playas were available nearby. 

When the appearance of birds in playas is not only influenced by 1 playa but also playas 
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nearby as a complex, the relationship between species richness and disturbance regimes 

may differ. 

 Moreover, if only wetland-dependent species were considered, the differences of 

bird responses among disturbance regimes increased compared to total species (larger F 

values for wetland species than for total species). Wetland-dependent species relied more 

on playas than did non-wetland species, as the latter species can use upland environments 

as well. Therefore, wetland-dependent species should respond to the change of moisture 

conditions more promptly than total species.  

Influences of Disturbance Regimes 

The definition of the disturbance regimes and measurement of response types 

influence the outcomes of disturbance studies (Pickett and White 1985). Several 

disturbance components, including area of influence, magnitude, frequency, predictability, 

and rotation period are used to characterize a disturbance regime, which are essential to 

understanding disturbance and the subsequent pattern of recolonization and succession 

(Sousa 1984). In this study, I used changes of soil moisture as measures of disturbance. 

Although both disturbance regimes A and C showed similar results, disturbance regime C 

provided a finer level of detail by having more disturbance regime categories. Although 

disturbance regimes were defined as discrete events of being flooded, moist, or dry, 

changes in moisture condition are not discrete, especially as a wetland dries (Humphries 

and Baldwin 2003). Therefore, using a discrete index to describe a continuum 

(disturbance) may not have enough resolution to reveal how birds respond to a change in 

moisture condition. Moreover, when incorporating the actual moisture condition along 

with change of moisture condition in disturbance regime B, the results suggested that 
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moisture condition was more important in influencing avian community structure than 

was change of moisture condition (i.e., disturbance). This implied that when defining a 

wetland disturbance regime, not only the change of moisture condition should be 

considered, but also how actual moisture condition influences the avian community.  

Disturbance of the Surrounding Watershed 

The function of a wetland is not independent of its surrounding watershed. It is 

essential to consider natural and anthropogenic disturbances when making conservation 

decisions (Brawn et al. 2001). A natural disturbance regime (e.g., wet-dry cycle) is 

essential for the maintenance of biodiversity (van der Valk and Davis 1978), as a wetland 

holding water or being dry all the time can only support a limited number of species 

relative to a wetland that experiences fluctuations in habitat conditions. However, 

changing the natural disturbance regime due to anthropogenic influences may lead to a 

change in community composition, because anthropogenic disturbances may not mimic 

the area, magnitude, frequency, predictability, or rotation period of natural disturbances. 

For example, an increase in the frequency or intensity of disturbance can eliminate native 

species and enhance the establishment of invasive species (Hobbs and Huenneke 1992), 

as is often seen with anthropogenic disturbances. Anthropogenic disturbance has been 

associated with the spread of exotic plant species in wetlands (Smith and Haukos 2002, 

Chipps et al. 2006), and the percentage of exotic bird species increased as the amount of 

tilled landscape within the watershed increased (Chapter II).  

Furthermore, playas with a higher degree of disturbance were associated with a 

higher tilled index in summer regardless of disturbance regime. Due to large amounts of 

sedimentation from erosion in tilled watersheds, playa volume and hydroperiod have 
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decreased (Luo et al. 1997, Tsai et al. 2007). Playas within cropland watersheds may also 

receive increased runoff (Euliss and Mushet 1996). The combination of increased runoff 

and higher evapotranspiration rate increases the degree of water-level fluctuation within a 

season (Euliss and Mushet 1996) and also increases the degree of disturbance, especially 

during summer with its high evapotranspiration rates. This may explain why a positive 

relationship between degree of disturbance and tilled index was only observed in summer. 

Moreover, pumping activities for irrigation in playas in a tilled landscape during the 

summer may further increase water loss, which increases the degree of disturbance. 

Because playas with high disturbance normally had lower species richness than did those 

with low or medium disturbance levels, the increased degree of disturbance from 

pumping may further change the function of playas. Anthropogenic influences in the 

watersheds surrounding playas had a negative impact on avian community composition 

in the wetland.  

 

Conservation Implications 

This study suggested that moisture condition itself may be more important in 

influencing species richness than a change in moisture condition (i.e., disturbance) in this 

semi-arid environment. Because wet playas have more species than do dry playas, playas 

associated with flooded conditions have higher species richness regardless of the degree 

of disturbance. Therefore, maintaining grassland playas will allow them to stay wet 

longer and benefit the avian community. However, the wet-dry cycle as a natural 

disturbance is essential to the maintenance of diversity and productivity for seasonal 

wetlands (van der Valk and Davis 1978, Euliss et al. 2004). Erosion and sedimentation 
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due to cultivation in the playa watershed can increase the frequency of natural wet-dry 

cycles and intensify the degree of disturbance (Luo et al. 1997, Tsai et al. 2007), with 

negative effects on avian communities. An agricultural landscape surrounding a playa 

also increases the percentage of exotic species. Therefore, it is essential to also manage 

watersheds surrounding playas to maintain the normal function of playas and their 

diversity. 
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Table 3.1. Mean avian species richness, standard error (SE), and sample size (n) for total 

species and wetland-dependent species among seasons and disturbance regime A
1
 in 80 

playas in the Southern High Plains, USA, from June 2003 to May 2005.  

 

  Species Richness 

 Overall Species  Wetland-dependent Species 
n 

  Mean SE     Mean SE   

Summer         

    Disturbance        

        Low 12.19 0.97 AB
2
    9.93 0.90 A 41 

        Medium 13.18 1.95 A  11.36 1.90 A 11 

        High   9.93 0.73 B    7.04 0.61 B 28 

Fall         

    Disturbance        

        Low   7.95 1.05 A    6.10 1.00 A 41 

        Medium   9.68 1.41 A    7.00 1.30 A 22 

        High   7.82 1.07 A    5.88 0.96 A 17 

Winter         

    Disturbance        

        Low   3.88 0.42 A    2.43 0.40 A 58 

        Medium   3.38 1.15 A    1.75 0.84 A 8 

        High   2.93 0.86 A    1.93 0.70 A 14 

Spring         

    Disturbance        

        Low   7.09 0.76 A    4.51 0.68 A 51 

        Medium   9.42 1.20 A    5.58 1.04 A 12 

        High   7.12 0.76 A     5.00 0.61 A 17 
1
 Disturbance regime A was defined based on changes of soil moisture from the first 

survey to the last survey within each season. Low disturbance showed no moisture 

change between these 2 surveys (i.e., dry and dry, moist and moist, or flooded and 

flooded). Medium disturbance indicated moderate moisture change (i.e., dry to moist, 

moist to dry, moist to flooded, or flooded to moist) and high disturbance indicates high 

moisture change (i.e., flooded to dry or dry to flooded). 
2
 Means with the same uppercase letter did not differ (P > 0.1) within a season. 
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Table 3.2. Mean Sorenson’s similarity index, standard error (SE), and sample size (n) for 

total species and wetland-dependent species among seasons and disturbance regime A
1
 in 

80 playas in the Southern High Plains, USA, from June 2003 to May 2005.  

 

  Sorenson's Similarity Index 

 Overall Species  Wetland-dependent Species 

  Mean SE   n   Mean SE   n 

Summer          

    Disturbance          

        Low 0.30 0.03 A
2
 41  0.34 0.03 A 41 

        Medium 0.37 0.06 A 11  0.35 0.07 A 11 

        High 0.20 0.03 B 28  0.21 0.04 B 28 

Fall          

    Disturbance          

        Low 0.16 0.03 A 39  0.11 0.03 A 33 

        Medium 0.14 0.04 A 21  0.03 0.02 B 18 

        High 0.03 0.02 B 16  0.00 0.00 B 14 

Winter          

    Disturbance          

        Low 0.26 0.05 A 52  0.30 0.07 A 30 

        Medium 0.28 0.14 A 8  0.12 0.12 A 5 

        High 0.23 0.10 A 10  0.15 0.10 A 7 

Spring          

    Disturbance          

        Low 0.30 0.04 A 50  0.29 0.04 A 39 

        Medium 0.23 0.05 A 12  0.25 0.07 A 12 

        High 0.20 0.06 A 17   0.16 0.07 A 17 
1
 Disturbance regime A was defined based on changes of soil moisture from the first 

survey to the last survey within each season. Low disturbance showed no moisture 

change between these 2 surveys (i.e., dry and dry, moist and moist, or flooded and 

flooded). Medium disturbance indicated moderate moisture change (i.e., dry to moist, 

moist to dry, moist to flooded, or flooded to moist) and high disturbance indicates high 

moisture change (i.e., flooded to dry or dry to flooded). 
2
 Means with the same uppercase letter did not differ (P > 0.1) within a season. 
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Table 3.3. Mean tilled index, standard error (SE), minimum, maximum, and sample size 

(n) among seasons and disturbance regime A
1
 in 80 playas in the Southern High Plains, 

USA, from June 2003 to May 2005.  

 

  Tilled Index 
N 

  Mean SE Minimum Maximum   

Summer             

    Disturbance      

        Low 0.37 0.09 -1.00 1.00 A
2
 41 

        Medium 0.53 0.22 -1.00 1.00 AB 11 

        High 0.72 0.08 -0.53 1.00 B 28 

Fall       

    Disturbance      

        Low 0.57 0.09 -0.81 1.00 A 41 

        Medium 0.34 0.13 -1.00 1.00 A 22 

        High 0.61 0.15 -1.00 1.00 A 17 

Winter       

    Disturbance      

        Low 0.51 0.07 -0.81 1.00 A 58 

        Medium 0.72 0.15 -0.17 1.00 A 8 

        High 0.41 0.23 -1.00 1.00 A 14 

Spring       

    Disturbance      

        Low 0.44 0.09 -1.00 1.00 A 51 

        Medium 0.90 0.06  0.38 1.00 B 12 

        High 0.46 0.15 -0.81 1.00 A 17 
1
 Disturbance regime A was defined based on changes of soil moisture from the first 

survey to the last survey within each season. Low disturbance showed no moisture 

change between these 2 surveys (i.e., dry and dry, moist and moist, or flooded and 

flooded). Medium disturbance indicated moderate moisture change (i.e., dry to moist, 

moist to dry, moist to flooded, or flooded to moist) and high disturbance indicates high 

moisture change (i.e., flooded to dry or dry to flooded). 
2
 Means with the same uppercase letter did not differ (P > 0.1) within a season. 
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Table 3.4. Mean avian species richness, standard error (SE), and sample size (n) for total 

species and wetland-dependent species among seasons and disturbance regime B
1
 in 80 

playas in the Southern High Plains, USA, from June 2003 to May 2005.  

 

  Species Richness 

 Overall Species  Wetland-dependent Species 
N 

  Mean SE     Mean SE   

Summer         

   Disturbance        

      Low        F→F 12.19 0.97 AB
2
    9.93 0.90 A 41 

                     D→D - - -  - - -   0 

      Medium  F↔M 13.18 1.95 A  11.36 1.90 A 11 

                     D↔M - - -  - - -   0 

      High   9.93 0.73 B    7.04 0.61 B 28 

Fall         

   Disturbance        

      Low        F→F 11.29 1.56 A  10.05 1.41 A 21 

                     D→D   4.45 0.89 B    1.95 0.56 D 20 

      Medium  F↔M 11.27 1.64 A    8.80 1.40 AB 15 

                     D↔M   6.29 2.38 B    3.14 2.25 CD   7 

      High   7.82 1.07 AB    5.88 0.96 BC 17 

Winter         

   Disturbance        

      Low        F→F   6.30 0.58 A    5.35 0.53 A 23 

                     D→D   2.29 0.42 B    0.51 0.21 B 35 

      Medium  F↔M   4.00 0.00 AB    3.00 0.00 AB   1  

                     D↔M   3.29 1.23 AB    1.57 0.95 B   7  

      High   2.93 0.86 AB    1.93 0.70 B 14 

Spring         

   Disturbance        

      Low        F→F 13.05 0.88 A  10.16 0.70 A 19 

                     D→D   3.56 0.37 C    1.16 0.23 D 32 

      Medium  F↔M 11.75 2.06 A    7.75 1.93 B   4 

                     D↔M   8.25 1.37 B    4.50 1.12 C   8 

      High   7.12 0.76 B     5.00 0.61 C 17 
1
 Disturbance regime B was defined based on changes of soil moisture from the first 

survey to the last survey within each season. Low disturbance showed no moisture 

change between these 2 surveys (i.e., dry and dry, moist and moist, or flooded and 

flooded). Within low disturbance, 2 categories were created when playas had flooded to 

flooded (F→F) and dry to dry (D→D) moisture condition (no playas had moist to moist 

moisture condition). Medium disturbance indicated moderate moisture change (i.e., dry to 

moist, moist to dry, moist to flooded, or flooded to moist). Within medium disturbance, 2 
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categories were created when playas had flooded to moist or moist to flooded (F↔M) 

and dry to moist or moist to dry (D↔M). High disturbance indicates high moisture 

change (i.e., flooded to dry or dry to flooded).  
2
 Means with the same uppercase letter did not differ (P > 0.1) within a season. 



Texas Tech University, Jo-Szu Tsai, December 2007 

 130 

Table 3.5. Mean tilled index, standard error (SE), minimum, maximum, and sample size 

(n) among seasons and disturbance regime B
1
 in 80 playas in the Southern High Plains, 

USA, from June 2003 to May 2005.  

 

  Tilled Index 
N 

  Mean SE Minimum Maximum   

Summer             

   Disturbance      

      Low        F→F 0.37 0.09 -1.00 1.00 A
2
 41 

                     D→D - - - - -   0 

      Medium  F↔M 0.53 0.22 -1.00 1.00 AB 11 

                     D↔M - - - - -   0 

      High 0.72 0.08 -0.53 1.00 B 28 

Fall       

   Disturbance      

      Low        F→F 0.37 0.14 -0.81 1.00 B 21 

                     D→D 0.78 0.09 -0.53 1.00 A 20 

      Medium  F↔M 0.38 0.16 -1.00 1.00 B 15 

                     D↔M 0.27 0.22 -0.78 0.91 B   7 

      High 0.61 0.15 -1.00 1.00 A 17 

Winter       

   Disturbance      

      Low        F→F 0.32 0.12 -0.81 1.00 A 23 

                     D→D 0.64 0.08 -0.53 1.00 A 35 

      Medium  F↔M 1.00 0.00 1.00 1.00 A   1  

                     D↔M 0.68 0.16 -0.17 1.00 A   7  

      High 0.41 0.23 -1.00 1.00 A 14 

Spring       

   Disturbance      

      Low        F→F 0.46 0.11 -0.44 1.00 A 19 

                     D→D 0.44 0.12 -1.00 1.00 A 32 

      Medium  F↔M 0.91 0.09 0.66 1.00 A   4 

                     D↔M 0.89 0.08 0.38 1.00 A   8 

      High 0.46 0.15 -0.81 1.00 A 17 
1
 Disturbance regime B was defined based on changes of soil moisture from the first 

survey to the last survey within each season. Low disturbance showed no moisture 

change between these 2 surveys (i.e., dry and dry, moist and moist, or flooded and 

flooded). Within low disturbance, 2 categories were created when playas had flooded to 

flooded (F→F) and dry to dry (D→D) moisture condition (no playas had moist to moist 

moisture condition). Medium disturbance indicated moderate moisture change (i.e., dry to 

moist, moist to dry, moist to flooded, or flooded to moist). Within medium disturbance, 2 

categories were created when playas had flooded to moist or moist to flooded (F↔M) 
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and dry to moist or moist to dry (D↔M). High disturbance indicates high moisture 

change (i.e., flooded to dry or dry to flooded).  
2
 Means with the same uppercase letter did not differ (P > 0.1) within a season. 
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Table 3.6. Mean avian species richness, standard error (SE), and sample size (n) for total 

species and wetland-dependent species among seasons and disturbance regime C
1
 in 80 

playas in the Southern High Plains, USA, from June 2003 to May 2005.  

 

  Species Richness 

 Overall Species  Wetland-dependent Species 
n 

  Mean SE     Mean SE   

Summer         

    Disturbance         

        Low 19.56 1.04 A
2
  15.28 1.02 AB 39 

        Low-Medium 20.78 2.92 A  16.44 2.47 A 9 

        Medium-High 16.89 1.12 A  12.00 0.96 AB 28 

        High 14.25 2.95 A  10.5 1.85 B 4 

Fall         

    Disturbance         

        Low 12.64 1.60 A  9.60 1.58 A 37 

        Low-Medium 16.46 2.95 A  11.62 2.90 A 13 

        Medium-High 13.50 1.56 A  9.88 1.40 A 14 

        High 10.88 1.69 A  7.63 1.50 A 16 

Winter         

    Disturbance         

        Low 5.19 0.58 A  3.20 0.52 A 54 

        Low-Medium 7.00 2.65 A  4.00 2.12 A 4 

        Medium-High 5.19 1.05 A  3.00 0.75 A 16 

        High 2.33 0.67 A  0.83 0.48 A 6 

Spring         

    Disturbance         

        Low 11.17 1.76 A  7.23 1.53 A 35 

        Low-Medium 9.57 1.89 A  5.14 1.64 A 7 

        Medium-High 15.44 1.22 A  10.44 1.22 A 25 

        High 15.08 1.37 A   9.62 1.03 A 13 
1
 Disturbance regime C was defined based on change of soil moisture from all surveys 

within each season. First, values of 0, 1, and 2 was given when there was no moisture 

change (i.e., dry and dry, moist and moist, or flooded and flooded), moderate moisture 

change (i.e., dry to moist, moist to dry, moist to flooded, or flooded to moist), and high 

moisture change (i.e., flooded to dry or dry to flooded), respectively, between 2 

consecutive surveys. Values from all consecutive survey pairs within a season were 

tallied as a disturbance index. The summed value of each playa was a function of 

moisture condition changes and number of surveys within a season. However, the 

influence of number of survey can be omitted because the majority of playas have 4-6 

surveys. The majority of the summed value in each playa ranged from 0-5. Therefore, 

values of 0, 1, 2, and >3 were defined as low, low-medium, medium-high and high 

disturbance, respectively.  
2
 Means with the same uppercase letter did not differ (P > 0.1) within a season. 
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Table 3.7. Mean tilled index, standard error (SE), minimum, maximum, and sample size 

(n) among seasons and disturbance regime C
1
 in 80 playas in the Southern High Plains, 

USA, from June 2003 to May 2005.  

 

  Tilled Index 
n 

  Mean SE Minimum Maximum   

Summer             

    Disturbance       

        Low 0.34 0.10 -1.00 1.00 A
2
 39 

        Low-Medium 0.42 0.26 -1.00 1.00 A 9 

        Medium-High 0.72 0.08 -0.53 1.00 AB 28 

        High 1.00 0.00  1.00 1.00 B 4 

Fall       

    Disturbance       

        Low 0.58 0.09 -0.69 1.00 A 37 

        Low-Medium 0.33 0.13 -0.47 1.00 A 13 

        Medium-High 0.67 0.13 -0.45 1.00 A 14 

        High 0.38 0.20 -1.00 1.00 A 16 

Winter       

    Disturbance       

        Low 0.50 0.07 -0.81 1.00 A 54 

        Low-Medium 0.77 0.14  0.48 1.00 A 4 

        Medium-High 0.42 0.20 -1.00 1.00 A 16 

        High 0.76 0.19 -0.17 1.00 A 6 

Spring       

    Disturbance       

        Low 0.36 0.11 -1.00 1.00 A 35 

        Low-Medium 0.96 0.03  0.82 1.00 B 7 

        Medium-High 0.48 0.11 -0.81 1.00 AC 25 

        High 0.76 0.12 -0.45 1.00 BC 13 
1
 Disturbance regime C was defined based on change of soil moisture from all surveys 

within each season. First, values of 0, 1, and 2 was given when there was no moisture 

change (i.e., dry and dry, moist and moist, or flooded and flooded), moderate moisture 

change (i.e., dry to moist, moist to dry, moist to flooded, or flooded to moist), and high 

moisture change (i.e., flooded to dry or dry to flooded), respectively, between 2 

consecutive surveys. Values from all consecutive survey pairs within a season were 

tallied as a disturbance index. The summed value of each playa was a function of 

moisture condition changes and number of surveys within a season. However, the 

influence of number of survey can be omitted because the majority of playas have 4-6 

surveys. The majority of the summed value in each playa ranged from 0-5. Therefore, 

values of 0, 1, 2, and >3 were defined as low, low-medium, medium-high and high 

disturbance, respectively.  
2
 Means with the same uppercase letter did not differ (P > 0.1) within a season. 
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CHAPTER IV 

INFLUENCE OF LOCAL FACTORS ON AVIAN COMMUNITY COMPOSITION OF 

PLAYAS DURING SUMMER IN THE SOUTHERN HIGH PLAINS 

 

Introduction 

Avian conservation biologists rely on information about the relationship between 

avian species and environmental variables to make management decisions. Previous 

studies have demonstrated that local factors within and immediately adjacent to a wetland 

were important in determining avian community composition in wetlands (e.g., Colwell 

and Dodd 1995). Factors such as wetland area (Brown and Dinsmore 1986), surrounding 

land use (Whited et al. 2000), water depth (Isola et al. 2000), and vegetation structure 

(Weller and Spatcher 1965) have been used in management and restoration. However, 

information about these relationships for birds in playa wetlands is not available. 

Area 

Island biogeography theory predicts that more species should be found in larger 

areas (MacArthur and Wilson 1967). This is applicable not only to true islands, but also 

to many different types of ecological “islands” such as forest fragments (Boecklen 1986), 

grassland patches (Johnson and Igl 2001), and wetlands (Brown and Dinsmore 1986, 

Craig and Beal 1992, Hemesath and Dinsmore 1993, Smith and Haukos 2002). A larger 

area can hold more species because it normally has more habitat types (Williams 1964) 

and/or it can support more individuals (Connor and McCoy 1979). Therefore, area has 

been treated an important factor in reserve design and can be used to prioritize the 

importance of different patches (e.g., Lahti and Ranta 1985, Rosenzweig 1995). However, 
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not all species respond to area in the same way, as some area-sensitive species may only 

appear in wetlands above some threshold size (Benoit and Askins 2002). Playa area has 

been shown to be a positive influence on avian species richness in playas (Chapter II), but 

it is not clear how individual species react to playa area, nor whether there is a threshold 

size to which birds respond. 

Cultivation 

Land use immediately adjacent to depressional wetlands is often important in 

determining avian community composition (Whited et al. 2000). Wetland water quality is 

influenced by runoff; for example, wetlands imbedded in agricultural landscapes 

normally have inflated levels of nitrate and phosphorus from fertilizers (Hanson et al. 

1994, Knoll et al. 2003). Land use can also influence water level and subsequent 

vegetation dynamics (Voldseth et al. 2007), which then influence use by wetland-

dependent species. Most studies have found that agricultural land surrounding a wetland 

has a negative impact on avian communities, for species richness was generally greater in 

wetlands surrounded by grassland watersheds compared to cropland watersheds (Naugle 

et al. 2000, Shutler et al. 2000). However, in the Southern High Plains (SHP), watershed 

cultivation positively influences avian species richness in playas (Chapter II). Therefore, 

avian communities may respond differently to cultivation activities (Mason and 

Macdonald 2000), and some species may prefer wetlands with less human disturbance 

(Shutler et al. 2000).  

Water depth 

Water depth can directly influence wetland use by wetland-dependent birds and 

can be a good predictor of species occurrence (Elphick and Oring 1998). Therefore, 
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controlling water depth has been used as a tool to manage suitable habitats for birds in 

wetlands (e.g., Isola et al. 2000). Previous studies have shown a correlation between 

water depth at foraging sites and morphological constraints of waterbirds (e.g., Davis and 

Smith 1998b). For example, depth of foraging location correlated positively with neck 

and leg lengths for waterfowl (Pöysä 1983) and shorebirds (Baker 1979). Water depth 

can also alter accessibility of prey (Nagarajan and Thiyagesan 1996), which may 

influence waterbird abundance. Moreover, vegetation structure and composition in a 

wetland are largely influenced by water/moisture regimes (van der Valk et al. 1994), as 

plant species have different water depth requirements (Millar 1973).  

Vegetation 

Vegetation is often one of the most critical variables used in managing wetland 

habitats (Fredrickson and Taylor 1982). Vegetation-related factors such as plant species 

composition, vertical structure, and horizontal structure influence use of wetlands by 

birds (VanRees-Siewert and Dinsmore 1996, Weller 1999). However, the form of 

vegetation often can be more important than plant species identity in influencing the use 

of wetlands (Weller and Spatcher 1965, Hemesath and Dinsmore 1993). Generally, 

species richness is positively correlated with the complexity of vertical structure, as a 

higher diversity of vertical structure provides more avian niches (Nudds 1977, Riffell et 

al. 2001). Wetlands that are dominated by emergent plants normally have lower variation 

in vegetation height, and the change of vegetation structure is essential in determining 

how waterbirds can use a wetland (Weller 1999). Wetlands with lower structural 

diversity, manifested as uniform habitat such as open water or dense vegetation, only 

provide habitat for certain guilds (Murkin et al. 1997). For example, blackbirds prefer 
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taller vegetation for nesting and roosting (Murkin et al. 1997) whereas shorebirds 

normally avoid areas with tall vegetation (Metcalfe 1984).  

Horizontal vegetation cover is also critical in influencing use by the avian 

community (Murkin et al. 1982, Bethke and Nudds 1993, VanRees-Siewert and 

Dinsmore 1996). Hemesath and Dinsmore (1993) found that the relative coverage pattern 

of emergent plants, floating plants, open water, and bare ground influence breeding bird 

richness. A study in restored wetlands in Iowa showed that higher breeding bird richness 

and density can be found in wetlands with 60-80% vegetation cover (Porej 2004). 

However, migratory (Davis and Smith 1998b) and breeding (Conway et al. 2005b) 

shorebirds in the SHP preferred mudflat habitats with less vegetation cover. 

Hypotheses 

The key habitat characteristics influencing waterbird use of playas are known for 

some groups of species (e.g., waterfowl and shorebirds) in certain seasons. However, 

little is known about how these local variables influence playa use during many seasons 

but especially summer by multiple species groups concurrently. Understanding how these 

factors influence avian communities is fundamental to determining conservation plans. 

The objectives of this study were to identify local variables that influence the percent 

composition of avian communities in playas during summer and prioritize variables for 

management purposes. Therefore, I examined the effect of local environmental variables 

and related them to percent composition of avian communities in 80 playas (40/year) 

from July-September in 2003 and 2004. In Chapter II, I examined the relationships 

between local variables and avian species richness, diversity, and density of different 

groups of birds (i.e., total, wetland-dependent, waterfowl, shorebirds, and wading birds) 
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in different seasons. Here I included percent composition of the 3 numerically largest 

wetland-dependent bird groups (i.e., waterfowl, shorebirds, and wading birds) and several 

dominant species in playas to further examine their occupancy with different local 

variables in summer. Specifically, I examined the dominant avian communities, including 

waterfowl (Anatidae), shorebirds (Charadriidae, Recurvirostridae, and Scolopacidae), and 

waders (Ardeidae, Gruidae, and Threskiornithidae) as groups, and the individual species 

including blue-winged teal (Anas discors), mallard (Anas platyrhynchos), American 

avocet (Recurvirostra americana), killdeer (Charadrius vociferus), long-billed curlew 

(Numenius americana), upland sandpiper (Bartramia longicauda), mourning dove 

(Zenaida macroura), and red-winged blackbird (Agelaius phoeniceus). These avian 

groups and species were selected because they are numerical dominant groups or species 

in playas and were of management interest. 

I hypothesized that playa area would have positive influence on percent 

composition of all the avian groups and species. I hypothesized that tilled index would be 

positively correlated to percent composition of waterfowl, shorebirds, and wading birds 

as a group (Chapter II) while negatively correlated to long-billed curlew. I also 

hypothesized that percent composition of blue-winged teal, mallard, and waterfowl as a 

group would be positively influenced by water depth within a range (Colwell and Dodd 

1995). Based on results from Chapter II, I hypothesized that percent composition of 

waterfowl and wading birds as a group, mourning dove, and red-winged blackbirds 

would be positively correlated with plant species richness. Finally, I hypothesized that 

vegetation structure and percent vegetation cover would be negatively related to percent 

composition of shorebirds as a group, American avocet, killdeer, and long-billed curlew 
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(Davis and Smith 1998b, Conway et al. 2005b) and would be positively related to percent 

composition of upland sandpiper (Houston and Bowen 2001), mourning dove (Mirarchi 

and Baskett 1994), and red-winged blackbird (Yasukawa and Searcy 1995).  

 

Study Area 

This study was conducted in the Texas portion of the SHP (31°37.9’ - 35°44.2’ N, 

100°2.1’ - 103°6.4’ W). The SHP is the largest plateau in the United States (Sabin and 

Holliday 1995). The SHP was originally dominated by short-grass prairie but greater than 

80% of the native short-grass has been converted to cultivation since the 1930s (Samson 

and Knopf 1994). Thus, the remnant grassland/playa ecosystem is one of the most 

threatened ecosystems in North America (Samson and Knopf 1994). The main crop types 

in this region are cotton, grain sorghum, winter wheat, and corn (Smith 2003).  

More than 25,000 playa wetlands exist in this region (Osterkamp and Wood 1987). 

Playas cover approximately 2% of the Texas SHP landscape (Haukos and Smith 1994b) 

with densities of approximately 1 per 2.6 km
2
 (Guthery et al. 1981). Playas are shallow, 

circular, depressional wetlands with an average size of 6.3 ha (Guthery and Bryant 1982). 

Playas were formed and maintained through the combined processes of wind, waves, and 

dissolution (Smith 2003). Playa basins are identified by hydric soil (i.e., Randall clay), 

which can be distinguished from upland clay loams to fine-sandy loams (Allen et al. 

1972). Watersheds of individual playas generally are not interconnected (Guthery and 

Bryant 1982). Playas are focal points for groundwater recharge (Osterkamp and Wood 

1987, Bolen et al. 1989). Precipitation and irrigation runoff are the only two water 
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sources for playas, and they lose water through evapotranspiration and recharge to the 

Ogallala Aquifer (Osterkamp and Wood 1987).  

The SHP climate is dry steppe (Smith 2003). From 1971-2000, the average high 

temperature was 32 
o
C in July, and the average low was -4 

o
C in January in Lubbock 

County (located approximately in the center of the study area; NOAA 2006a; Fig. 2.1). 

Mean annual precipitation from 1911-2005 was 47.2 cm (NOAA 2006b). Precipitation 

occurs irregularly in the form of thunderstorms in late spring/early summer and early 

autumn, and it follows an increasing gradient from the southwest to the northeast portion 

of the SHP (Bolen et al. 1989). Potential annual evaporation in this region is 200-250 

cm/year (Bolen et al. 1989). Because of the irregular rainfall pattern and high rates of 

evapotranspiration, playas generally have seasonal to annual hydroperiods (Smith 2003).  

 

Methods 

Avian surveys 

This study was conducted in 80 playa wetlands in the SHP (Fig. 2.1). Forty wet 

playas were selected after the main yearly precipitation events in spring 2003 and 2004. 

Avian surveys were conducted every 2 weeks for as long as playas retained water from 

July 2003 through September 2003, and July 2004 through September 2004. The edge of 

the playa basin was determined by vegetation and slope, noted hereafter as visual edge 

(Luo et al. 1997). Any bird species appearing inside the visual edge was recorded. 

Binoculars and spotting scopes were used to identify species. Species flying over the 

playas were excluded from analyses, unless they were constantly feeding over the playa 

(i.e., swallows, terns; Rivers and Cable 2003).  
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When playas dried (i.e., no longer contained measurable water), distance 

sampling (Buckland et al. 2001) was conducted once per month because dry playas were 

normally obstructed by vegetation while total count was not applicable as when playas 

were wet. From July to September 2003, 4 points were equally distributed in each playa 

and were surveyed in random order. The distance between these points and the playa 

edge was greater than 50 m to avoid detecting birds from 2 neighboring sampling points 

(Buckland et al. 2001). I waited for 2 minutes prior to initiation of the count after I 

arrived at each point to allow birds to settle (Buckland et al. 2001, Rosenstock et al. 

2002). The distance from the survey point to any birds detected by sight or hearing was 

measured by laser rangefinder and recorded (Buckland et al. 2001). Because point counts 

resulted in few observations in 2003, line transect sampling was then used for monthly 

bird surveys from July to September 2004 (Buckland 2006). Two equally spaced 

transects were surveyed from the southwest edge of each playa along a 45° angle to the 

northeast end of the playa and then back with another transect in the opposite direction. 

Distance between these 2 parallel transects was at least 50 m to avoid detecting birds on 

both transects (double-counting). Ideally, birds observed were inside the playa boundary; 

in smaller playas or at the ends of each transect, however, the birds detected may have 

been located outside the playa boundary. Therefore, I also recorded birds observed 

beyond the playa boundary along each transect to reduce edge biases (Strindberg et al. 

2004). I recorded the distance from the observer to the initial observation point of the bird, 

and the angle between birds and the transect line to calculate perpendicular distances for 

estimation of avian density (Buckland et al. 2001). Flocks of birds were counted as one 
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observation and then the number of flocks was multiplied by the mean flock size to 

calculate density (Buckland et al. 2001). 

Vegetation surveys and habitat variables 

To evaluate changes in wetland vegetation within a growing season, vegetation 

composition and structure were measured 3 times during each summer in 2003 and 2004. 

The first vegetation survey was conducted in early July, shortly after the initial playa fill 

in June, followed by second and third surveys in August and September, respectively. 

Vegetation composition was determined using step-point sampling (Bonham 1989) along 

the 2 parallel transects used in avian surveys. Vegetation composition data were used to 

determine plant species richness and percent horizontal vegetation cover.  

Vertical vegetation structure was estimated using a profile board (Haukos et al. 

1998). The board was 2 m tall, 15 cm wide, and divided into six 33-cm strata from the 

bottom to the top of the board. I determined percent cover for each stratum to the nearest 

5% from a distance of 5 m at a height of 1 m from a randomly chosen direction at each 

point (Haukos et al. 1998). If part of the stratum was covered by water, I assumed that 

within this stratum, the percent vegetation cover beneath the water was the same as the 

percent cover above the water. Therefore, cover vegetation percent of the portion above 

the water was used to represent the percent cover of this stratum. When one stratum was 

completely covered by water, I used the cover percent of the first stratum above water to 

represent the cover percent underneath the water. For example, if water depth was 50 cm 

(completely covering the bottom stratum and partially covering the second stratum) and 

the percent cover of second stratum was 50%, then the percent cover of first 2 strata were 

recorded as 50%. Originally, 25 sampling points were distributed throughout the playa: 1 
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at the center of the playa, 8 on the inner basic circle every 45°, 8 on the outer basic circle, 

and 8 on the playa edge in all 8 directions. However, I revised the vegetation structure 

survey method to use the same transect as the vegetation composition survey after the 

first survey in July 2003. Subsequently, 20 sample points were evenly distributed along 

the 2 vegetation transects (10 per transect). I summed the percent cover data of all 6 strata 

at each point in a playa to represent vegetation structure. The range of vegetation 

structure was 0-600% at each point (100% for each stratum). Vegetation height also was 

measured at the same points.  

Water depth was measured during each bird survey. Measurements were recorded 

at 3 evenly spaced polyvinyl chloride poles on a transect along the diameter of each playa, 

starting from the southwest edge of the playa basin at a 45° angle to the northeast edge of 

the playa. Three water depth measurements were averaged to represent the water depth of 

each survey. 

Statistical Analyses 

Although 2 bird surveys were conducted every month when playas were wet, I 

only chose 1 bird survey for analysis with the corresponding vegetation survey in a 

month. The bird survey closest to the date of the vegetation survey was chosen if the 

surveys (i.e., bird and vegetation) were not conducted on the same date. Bird and 

vegetation surveys were less than 14 days apart.  

When playas were wet, I assumed that the number of individuals of each species 

observed during each survey was a total count. For dry playas, I had proposed to use 

detection functions derived from distance sampling to estimate avian density of each 

species (Buckland et al. 2001). However, none of the species had sufficient sample sizes 



Texas Tech University, Jo-Szu Tsai, December 2007 

 144 

(i.e., number of observations) necessary to calculate a density estimate for each playa 

(Buckland et al. 2001 suggested a minimum sample sizes of 60-80 to obtain reliable 

estimation of detection functions). Instead, I assumed that the number of individuals I 

observed in these dry playas was the relative abundance of each species.  

Because the water availability between 2 years differed (Chapter II), I pooled data 

from 2 years to increase the sample size and broaden the range of environment variables. 

I calculated the percent composition of 3 groups of birds (i.e., waterfowl [Anatidae], 

shorebirds [Charadriidae, Recurvirostridae, and Scolopacidae], and wading birds 

[Ardeidae, Gruidae, and Threskiornithidae] and 8 bird species (blue-winged teal, mallard, 

American avocet, killdeer, long-billed curlew, upland sandpiper, mourning dove, and red-

winged blackbird) by using number of each species or group divided by the total number 

of individuals observed in each survey. I did not use simple counts because larger playas 

can have more individuals than smaller playas; therefore, percent abundance was used to 

avoid the effect of playa area. All 3 groups and 8 species appeared in more than 15% of 

the surveys in each month. However, I only included upland sandpiper data in August for 

analyses because more than 75% of the observations for this species were in August.  

I used a multivariate approach to examine the influence of environmental metrics 

on percent composition of bird assemblages (3 groups of birds and 8 species) using 

canonical correspondence analysis (CCA) (ter Braak 1986, 1994) in different months. 

CCA is a direct gradient analysis that provides an integrated description of species-

environment relationships (ter Braak 1986). I removed highly correlated variables (r > 0.5, 

P < 0.01) because those variables may cause an arch effect in CCA (ter Braak 1995:139) . 

Percent composition data of avian assemblages were log (y+1) transformed prior to the 



Texas Tech University, Jo-Szu Tsai, December 2007 

 145 

analysis to fit the unimodal assumption of CCA (Leps and Smilauer 2003:13-15). A 

global Monte Carlo test (499 permutations) was used to test the strength of the 

relationship between environmental metrics and avian species composition (Leps and 

Smilauer 2003:64). I used CANOCO
®
 (Microcomputer Power, Ithaca, New York) to 

obtain a dimensionless biplot and examined patterns of variation of percent composition 

for avian assemblages with environmental variables (ter Braak 1995). The biplot can be 

explained by intra-set correlations, which are correlation coefficients between the 

canonical axes and environmental variables, with the help of subject-matter knowledge 

(ter Braak 1995:140) . These standardized coefficients can be used to compare the 

relationship between canonical axes and environmental variables with different units. The 

length of eigenvectors for each environmental variable then can be interpreted as the 

relative importance of each environmental variable to explain the variation among avian 

assemblages. Longer eigenvectors of environmental variables are more strongly 

correlated with canonical axes than shorter eigenvectors and thus are more closely related 

to the pattern of variation in the avian assemblage (ter Braak 1995:141) .  

Relative rankings of the bird species or group to eigenvectors can also be 

graphically compared by projecting an orthogonal line from each species point onto the 

environmental eigenvectors, which are displayed as arrows (ter Braak 1995:141) . 

Species or groups located closer to the arrow tips and the blunt ends of the eigenvectors 

are more positively and negatively correlated to that environmental variable, respectively 

(ter Braak 1995:141) . 

To better understand the relationship between environmental variables and 

percent composition of bird species in different months, I compared the environmental 
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variables among months. An ANOVA was used after testing the normality and 

homogeneity assumptions. Month was the independent variable and water depth, percent 

vegetation cover, vegetation structure, vegetation height, and plant species richness were 

dependent variables.  

I used a univariate approach to further determine the relationship between bird 

species and environmental variables, which can facilitate comparisons of association 

between bird species and environmental variables to other studies. Pearson coefficients of 

correlation were calculated to test the linear relationships between percent composition of 

species and environmental variables. To further elucidate the relationship between water 

depth and avian community, I plotted the relationship between water depth and percent 

composition of different birds groups and species when water depth was a significant 

variable in the univariate test. A fit line with predictive value based on a linear 

relationship was plotted for better visualization of the relationship. 

 

Results 

 Playas had the greater mean water depth in July and the lowest in September (F2, 

237 = 26.19, P < 0.001; Table 4.1). In contrast, mean percent vegetation cover and mean 

vegetation structure were lowest in July and highest in September (F2, 237 = 17.62, P < 

0.001, F2, 237 = 7.54, P < 0.001, respectively). Similarly, playas had the lowest mean 

vegetation height and mean plant species richness in July and the highest in September 

(F2, 237 = 8.61, P < 0.001, F2, 237 = 22.60, P < 0.001, respectively). However, within each 

month, most of the environmental variables covered a broad range, indicating that playas 

had diverse conditions in any given month (Table 4.1). One environmental variable 
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(vegetation height, VR) was removed prior to CCA because it was correlated with other 

environmental variables (r > 0.5, P < 0.01; Table 4.2). Only water depth (WD), percent 

vegetation cover (VC), vegetation structure (ST), and plant species richness (VR) were 

used in CCA.   

July 

The avian assemblage was associated with environmental variables in July (global 

Monte Carlo test, F = 1.90, P = 0.002). Eigenvalues of the first 4 canonical axes were 

0.134, 0.043, 0.025, and 0.012, respectively, and they collectively explained 13.00% of 

the variation in the avian assemblage. The first and second canonical axes explained 

8.11%, and 2.60% of the variation in the avian assemblage, respectively. Thus, results 

obtained from the first 2 axes were plotted to reveal the association between 

environmental variables and avian species (Fig. 4.1a).  

Water depth had the highest intra-set correlation value on axis 1, indicating that 

the variation in avian assemblage along axis 1 was best explained by water depth. Axis 2 

can be best interpreted as vegetation structure because vegetation structure had the 

highest intra-set correlation value with axis 2 (Table 4.3). Vegetation structure and water 

depth were most correlated with avian composition pattern and vegetation cover given 

the length of the eigenvectors of these variables, whereas plant species richness and playa 

area were moderately correlated with avian assemblage (Fig. 4.1a). Tilled index was least 

correlated with avian composition pattern.  

Inferred ranking of avian species along eigenvectors showed that waterfowl as a 

group, mallard, and blue-winged teal were most positively related to water depth, 

whereas mourning dove and long-billed curlew were negatively related to water depth in 
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July (Fig. 4.1b). Shorebirds as a group, American avocet, killdeer, and long-billed curlew 

were generally negatively associated with all 6 environmental variables. In contrast, 

mourning dove showed a strong positive response to 4 environmental variables 

(vegetation cover, vegetation structure, plant species richness, and tilled index), whereas 

wading birds as a group and red-winged blackbirds indicated a positive association with 

all 6 variables (Fig. 4.1b).  

 Univariate coefficients of correlation showed that playa area and water depth 

were the most important variables positively influencing the percent composition of blue-

winged teal, mallard, and waterfowl as a group (Table 4.4). Although waterfowl as a 

group and blue-winged teal had positive linear relationships with water depth, they also 

peaked when water depth ranged from 40-60 cm (Fig. 4.2). Shorebirds as a group and 

long-billed curlew were negatively correlated with water depth (Fig. 4.2). American 

avocet, killdeer, and shorebirds as a group also were negatively associated with 

vegetation structure, vegetation height, and plant species richness (Table 4.4). None of 

the environmental variables had significant relationship with wading birds as a group. In 

contrast, percent composition of mourning dove was positively correlated with vegetation 

structure, and percent composition of red-winged blackbird was positively correlated 

with plant species richness (Table 4.4).  

August 

 The avian assemblage was associated with environmental variables in August 

(global Monte Carlo test, F = 2.82, P = 0.002). Eigenvalues of the first 4 canonical axes 

were 0.154, 0.106, 0.037, and 0.025, respectively, and they collectively explained 

14.29% of the variation in the avian assemblage. The first and second canonical axes 
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explained 6.84%, and 4.70% of the variation, respectively. Thus, results obtained from 

the first 2 axes were plotted to reveal the association between environmental variables 

and avian species (Fig. 4.2a). 

Water depth had the highest intra-set correlation value with axis 1, indicating that 

the variation in the avian assemblage was best explained by water depth. Axis 2 can be 

best interpreted as vegetation variables (i.e., percent vegetation cover and vegetation 

structure), because the intra-set correlations of these 2 variables were larger than 0.70 

(Table 4.5). Water depth, percent vegetation cover, vegetation structure, and plant species 

richness showed strong associations with the avian assemblage (long eigenvectors), 

whereas playa area and tilled index only showed weak associations (Fig. 4.3a). 

Inferred ranking of avian species along eigenvectors showed that waterfowl as a 

group, mallard, and blue-winged teal were most positively related in August to water 

depth, playa area, and tilled index and were most negatively associated with vegetation 

structure, percent vegetation cover, and plant species richness (Fig. 4.3b). Shorebirds as a 

group, American avocet, and killdeer were generally negatively associated with all the 

environmental variables except tilled index. In contrast, mourning dove, red-winged 

blackbird, and wading birds as a group showed a positive response to percent vegetation 

cover, vegetation structure, and plant species richness. Upland sandpiper percent 

composition was positively associated with vegetation variables but negatively correlated 

with water depth, playa area, and tilled index (Fig. 4.3b).  

 Univariate coefficients of correlation showed that percent composition of 

waterfowl as a group, including blue-winged teal and mallard, was positively related to 

water depth but negatively related to percent vegetation cover (Table 4.6). Although 
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percent composition of waterfowl as a group, blue-winged teal, and mallard were linearly 

related to water depth, they also peaked when water depth ranged from 50-70 cm (Fig. 

4.4). Only shorebirds as a group showed a negative relationship with water depth, 

vegetation structure, and vegetation height. None of the environmental variables showed 

significant relationships with the American avocet, killdeer, or long-billed curlew (Table 

4.6). Water depth was negatively correlated with the percent composition of upland 

sandpiper composition (Fig. 4.4), whereas percent vegetation cover was positively 

correlated with the upland sandpiper. Percent composition of red-winged blackbirds was 

positively correlated to all 4 vegetation variables, including percent vegetation cover, 

vegetation structure, vegetation height, and plant species richness (Table 4.6). Mourning 

doves were also positively correlated with percent vegetation cover.  

September 

 In September, the avian assemblage composition was associated with 

environmental variables (global Monte Carlo test, F = 2.98, P = 0.002). Eigenvalues of 

the first 4 canonical axes were 0.332, 0.139, 0.066, and 0.023, respectively, and they 

collectively explained 20.25% of the variation in the avian assemblage. The first and 

second canonical axes explained 12.01%, and 5.03% of the variation, respectively. Thus, 

results obtained from the first 2 axes were plotted to reveal the association between 

environmental variables and avian species (Fig. 4.3a). 

 Water depth had the highest intra-set correlation value with axis 1, indicating that 

the variation in avian assemblage along axis 1 was best explained by water depth. Axis 2 

can be best interpreted as vegetation structure because vegetation structure had the 

highest intra-set correlation value with axis 2 (Table 4.7). Water depth, vegetation 
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structure, and percent vegetation cover were strongly associated with avian composition. 

Playa area was moderately correlated with avian assemblage composition whereas plant 

species richness and tilled index showed only weak associations (Fig. 4.5a).  

The inferred ranking of avian species along eigenvectors showed that percent 

composition of long-billed curlew, waterfowl as a group, and blue-winged teal were most 

positively associated with water depth and playa area, but they were also negatively 

related to all 3 vegetation variables and tilled index in September (Fig. 4.5b). Shorebirds 

as a group, American avocet, and killdeer were located closer to each other and to the 

origin point, which indicated they either responded similarly to the environmental 

variables or did not respond to these variables (Table 4.3b). Percent composition of red-

winged blackbirds, mourning doves, and mallards were all positively associated with 

vegetation variables, although mourning dove and mallard were also negatively 

correlated with water depth and playa area. Percent composition of wading birds was 

positively associated with vegetation variables but was also positioned closer to the origin 

compared to other species, indicating a weaker relationship (Fig. 4.5b). 

 Pearson correlation coefficients indicated that waterfowl as a group and blue-

winged teal were positively correlated with playa area and water depth while negatively 

associated with percent vegetation cover, vegetation structure, and vegetation height 

(Table 4.8). However, percent composition of mallards only had a positive relationship 

with vegetation height. Percent composition of blue-winged teal peaked when water 

depth ranged from 50-70 cm although waterfowl overall did not have obvious peak (Fig. 

4.6). Shorebirds as a group were negatively correlated with vegetation structure and 

vegetation height. Long-billed curlew was positively associated with playa area and 
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negatively correlated with percent vegetation cover and vegetation height (Table 4.8). 

There were no significant relationships among environmental variables with the 

American avocet, killdeer, or wading birds as a group. In contrast, mourning doves and 

red-winged blackbirds were positively correlated with vegetation structure, and red-

winged blackbird composition was also positively correlated with vegetation height 

(Table 4.8).  

 

Discussion 

Results from the CCA showed that the composition of playa avian communities 

was associated with environmental variables, related to the specific habitat requirements 

of different species during different months in summer. Because individual species likely 

select habitat based on multiple factors (James 1971), this multivariate approach can 

reveal the pattern of avian communities from a community perspective with various 

environmental factors at the same time. This approach also allows biologists to prioritize 

variables for a conservation plan based on the need of the target avian group or species. 

Water depth, vegetation structure, and percent vegetation cover were consistently the top 

3 variables influencing avian community structure throughout summer. This concurred 

with previous studies that indicated that water depth and vegetation were key factors 

determining composition of avian communities in wetlands (e.g., Weller and Spatcher 

1965, Colwell and Dodd 1995, Isola et al. 2000, Smith et al. 2004). Studies have shown 

that area is a positive predictor for species richness and abundance in wetlands (Brown 

and Dinsmore 1986, Hoyer and Canfield 2004). In this study, playa area was only 
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moderately influential. Playa area had less influence on percent composition compared to 

species richness, which supported the results from Chapter II.  

Waterfowl 

Generally, percent composition of waterfowl as a group and blue-winged teal 

were positively correlated with water depth, but they also peaked when water depth 

ranged from 40-70 cm. Colwell and Taft (2000) also found that in wetlands with shallow 

water (< 30 cm), waterfowl densities were positively correlated with water depth. 

However, when water was deeper, wetlands did not provide suitable foraging habitat for 

dabbling ducks.  

In the biplots, positions of blue-winged teal were close to waterfowl as a group in 

all 3 months. During this period, only 2 of the 11 waterfowl species observed were diving 

ducks (redhead [Aythya americana] and ruddy duck [Oxyura jamaicensis]). Diving ducks 

normally need open/deeper water and less vegetated areas than do dabbling ducks (Oring 

1964) because of feeding requirements and strategies for escaping predators (e.g., by 

diving or requiring more open water to take off; Murkin et al. 1997). Therefore, blue-

winged teal (a dabbler) and waterfowl as a group (mostly dabblers) showed similar 

responses to environmental variables. In most of the cases, waterfowl also showed a 

negative correlation with vegetation-related variables in this study, which implied that 

waterfowl avoid playas with dense and tall vegetation.  

Previous studies have shown that waterfowl prefer habitats with 50% vegetation 

and 50% water that may provide more food and increase visual isolation (Kaminski and 

Prince 1981, Murkin et al. 1982, Smith et al. 2004). Mallards showed different responses 

to vegetation variables during summer, as the percent composition of mallards was 
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negatively correlated with vegetation variables in the first 2 months but positively in 

September. The different responses of mallards to vegetation may be related to their 

molting phenology. Mallards are flightless when they molt their wing feathers after 

breeding (Young and Boag 1981, Gordon 1985), so mallards may need densely vegetated 

areas for protection from predators later in the summer. Finally, I found a stronger 

relationship between water depth and percent composition of blue-winged teal than for 

waterfowl as a group or for mallards. A study from Mulhern et al. (1985) showed that 

when blue-winged teals encounter danger, they generally dive to escape from predators 

(unlike mallards or most other dabbling ducks).  

Shorebirds 

In general, percent composition of shorebirds was negatively correlated to water 

depth and vegetation-related variables, indicating that they preferred playas with 

shallower water and less vegetation. This observation was supported by previous studies 

of habitat selection for breeding (Conway et al. 2005b), migrating (Davis and Smith 

1998b), and wintering shorebirds (Elphick and Oring 1998), as shallow water with sparse 

vegetation cover supports the needs of most shorebird species.  

Compared to other groups of birds (e.g., waterfowl, mourning dove, and red-

winged blackbirds), shorebirds were located closer to the origin in the biplots, which 

meant they either did not respond strongly or they respond similarly to these variables 

(playa area, tilled index, water depth, percent vegetation cover, vegetation structure, and 

vegetation height). Twenty-four species of shorebirds were observed in this sampling 

period and the differences in habitat requirements of different shorebird species may be 

confounded. Therefore, shorebirds as a group were located to the origin in the biplots. 
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Moreover, I did not find a correlation between environmental variables and American 

avocet or killdeer in August or September. This implied that these 2 species use a wide 

range of habitat conditions (Robinson et al. 1997, Jackson and Jackson 2000). 

While killdeer and shorebirds as a group showed consistent responses throughout 

the summer (all located close to the origin of the biplots), long-billed curlew showed an 

increasing, positive association with water depth and a decreasing, negative association 

with percent vegetation cover and vegetation structure through time. This may be because 

they have different needs between breeding season and migration. Davis (1996) found 

that most long-billed curlew flocks used playas with <33% vegetation cover and shallow 

water during late summer and fall. I found that percent composition of long-billed curlew 

was negatively correlated with tilled index in September. This suggested that playas 

within grassland watersheds are important for this species, which concurs with previous 

findings that degradation of grassland is the single greatest threat to long-billed curlew 

(Dugger and Dugger 2002). Upland sandpipers were only found in August (due to low 

abundance in other months); they were negatively correlated with water depth and 

positively with percent vegetation cover. This indicated that upland sandpipers occurred 

in dry playas with vegetated areas during migration.  

Wading birds 

Previous studies have shown that the distribution of wading birds is influenced by 

local factors such as water depth and vegetation cover (Hoffman et al. 1994, Bancroft et 

al. 2002, Brennan 2006). However, wading birds as a group did not respond to any of 

these variables. Compared to other species, their positions on the biplots were close to the 
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origin in August and September. It is likely that their longer legs allow wading birds to 

use a greater variety of habitats (Weller 1999:35).  

Mourning dove and red-winged blackbirds 

Mourning dove tend to avoid larger patches of grassland (Tomlinson et al. 1994) 

but can use smaller patches of grassland with more edges (Johnson and Igl 2001). My 

results revealed that the percent composition of mourning dove was positively correlated 

to percent vegetation cover and vegetation structure. The relationship between mourning 

dove and vegetation-related factors may be related to seeds as the primary food resource 

for mourning dove (Lewis 1993).  

Percent composition of red-winged blackbirds was associated with a taller and 

more structured vegetative environment in summer. Red-winged blackbirds have been 

found breeding in a wide variety of habitat, but when nesting in wetlands, red-winged 

blackbirds normally nest on emergent vegetation 20-80 cm above water (Yasukawa and 

Searcy 1995). Studies in the SHP have shown that red-winged blackbirds typically 

choose habitat with dense annual vegetation for breeding (Simpson and Bolen 1981, 

Smith and Haukos 1995). Therefore, a wetland without vegetation or with short 

vegetation would not support breeding red-winged blackbirds. Other studies have shown 

that the habitat selection of red-winged blackbirds may be influenced by other species 

such as yellow-headed blackbird (Xanthocephalus xanthocephalus) that use similar 

niches in northern prairies (Yasukawa and Searcy 1995). However, this was not the case 

in this region because red-winged blackbirds were the dominant species in this niche in 

playas. 
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Conservation Implications 

Water depth, percent vegetation cover, and vegetation structure were the most 

important and consistent variables influencing percent composition of avian communities 

in playas during summer. Other studies have also shown that water depth and vegetation 

are key factors in managing avian communities in a wetland (Weller and Spatcher 1965, 

Hemesath and Dinsmore 1993, Elphick and Oring 1998). Although percent composition 

of waterfowl as a group, mallard, and blue-winged teal had a positive and linear 

relationship with water depth, they also peaked when water depth ranged from 40-70 cm. 

Playas with taller vegetation and higher percent vegetation cover will benefit upland 

sandpiper and terrestrial species such as mourning dove and red-winged blackbird, 

whereas percent composition of shorebirds as a group will be maximized when playas 

have sparse vegetation. Lastly, environmental variables such as tilled index should also 

be considered in conservation plans, as species such as long-billed curlew are sensitive to 

cultivation activities. 
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Table 4.1. Mean, standard error (SE), minimum (Min), and maximum (Max) of environmental variables measured for 80 playas in the 

Southern High Plains, Texas, USA, in July, August, and September, 2003 and 2004. 

  July   August   September 

Variable
1
 Mean SE Min Max   Mean SE Min Max   Mean SE Min Max 

AR (ha) 11.4 0.9 1.4  47.2   - - - -  - - - - 

TI     0.49   0.07  -1.00     1.00  - - - -  - - - - 

WD (cm) 49.6 3.7 0.0 149.7  31.1 3.6 0.0 131.7  15.1 2.8 0.0 129.0 

VC (%) 26.8 3.0 0.0   97.1  42.9 3.9 0.5   99.6  57.8 4.1 0.0 100.0 

ST (%) 21.6 2.7 0.0 138.8  36.5 4.9 0.0 290.8  49.4 6.7 0.0 347.5 

VH (cm) 16.8 1.7 0.0   74.6  24.4 2.5 0.0 135.3  29.5 2.9 0.0 134.8 

VR   7.4 0.4 0.0   16.0     9.6 0.5 1.0   22.0   12.2 0.6 1.0   24.0 
1
 AR = playa area (ha), TI = tilled index [(Tilled landscape – Untilled landscape) / (Tilled landscape + Untilled landscape)], WD = 

water depth, VC = percent vegetation cover, ST = vegetation structure, VH = vegetation height (cm), and VR = plant species richness. 
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Table 4.2. Pearson coefficients of correlation and P-values (beneath the coefficients) of environmental variables for 80 playas in the 

Southern High Plains, Texas, USA, July to September, 2003 and 2004. 

  AR
1
 TI WD VC ST VH VR 

AR
1
 1.0       

        

TI -0.119 1.0      

  0.065       

WD   0.182  0.054 1.0     

   0.005  0.406      

VC -0.110 -0.191 -0.623 1.0    

  0.090  0.003 <0.001     

ST -0.117 -0.039 -0.263   0.556 1.0   

  0.070  0.550 <0.001 <0.001    

VH -0.103 -0.002 -0.347   0.666   0.909 1.0  

  0.112  0.974 <0.001 <0.001 <0.001   

VR  0.086 -0.069 -0.432   0.636    0.385    0.446 1.0 

   0.185  0.286 <0.001 <0.001 <0.001 <0.001  
1
 AR = playa area (ha), TI = tilled index [(Tilled landscape – Untilled landscape) / (Tilled landscape + Untilled landscape)], WD = 

water depth, VC = percent vegetation cover, ST = vegetation structure, VH = vegetation height (cm), and VR = plant species richness. 
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Table 4.3. Intra-set correlations of environmental variables (i.e., water- and vegetation 

related variables) associated with the first 2 axes generated by canonical correspondence 

analysis using CANOCO
®
 of percent composition of waterfowl as a group (Anatidae), 

blue-winged teal (Anas discors), mallard (Anas platyrhynchos), shorebirds as a group 

(Charadriidae, Recurvirostridae, and Scolopacidae),  American avocet (Recurvirostra 

americana), killdeer (Charadrius vociferus), long-billed curlew (Numenius americana), 

wading bird as a group (Ardeidae, Gruidae, and Threskiornithidae), mourning dove 

(Zenaida macroura), and red-winged blackbird (Agelaius phoeniceus) at 80 playas on the 

Southern High Plains, Texas, USA, July, 2003 and 2004.  

Variables
1
 

  Correlation
2
 

  Axis 1 (ordinate) Axis 2 (abscissa) 

AR  0.3167 -0.4127 

TI  0.0793  0.2306 

WD  0.5979 -0.4891 

VC  0.2066  0.6449 

ST  0.4830  0.6953 

VR   0.5244  0.2616 
1 

AR = playa area, TI = tilled index [(Tilled landscape – Untilled landscape) / (Tilled 

landscape + Untilled landscape)], WD = water depth, VC = percent vegetation cover, ST 

= vegetation structure, and VR = plant species richness. 
2
 Intra-set correlations.
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Table 4.4. Univariate Pearson coefficients of correlation between percent composition of bird species and environmental variables at 

80 playas in the Southern High Plains, Texas, July, 2003 and 2004.  

  Species
1
 

Variable
2
 WA  BWTE  MALL  SH  AMAV 

  r P    r P   r P   r P   r P 

AR  0.287 0.010   0.194 0.085   0.187 0.096  -0.172 0.128  -0.209 0.063 

TI -0.004 0.970  -0.026 0.816  -0.201 0.074  -0.099 0.381   0.098 0.385 

WD  0.330 0.003   0.185 0.100   0.171 0.128  -0.319 0.004  -0.106 0.349 

VC -0.145 0.200  -0.066 0.562  -0.070 0.537  -0.130 0.249  -0.149 0.188 

ST -0.057 0.614  -0.008 0.941  -0.030 0.789  -0.296 0.008  -0.266 0.017 

VH  0.000 0.994   0.061 0.585   0.012 0.918  -0.284 0.011  -0.277 0.013 

VR  0.066  0.560    0.052 0.646    0.028 0.804   -0.323 0.004   -0.270 0.016 
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Table 4.4. Continued. 

  Species
1
 

Variable
2
 KILL  LBCU  EG  MODO  RWBB 

  r  P   r P   r P   r P   r P 

AR -0.033 0.770   0.056 0.625  0.044 0.697  -0.010 0.931  -0.065 0.566 

TI  0.061 0.591  -0.105 0.352  0.071 0.529   0.041 0.715   0.050 0.662 

WD -0.008 0.947  -0.200 0.075  0.144 0.204  -0.139 0.220   0.104 0.357 

VC -0.260 0.020   0.074 0.513  0.178 0.114   0.111 0.327   0.135 0.233 

ST -0.333 0.003  -0.031 0.787  0.157 0.165   0.283 0.011   0.153 0.177 

VH -0.329 0.003  -0.008 0.964  0.184 0.103   0.160 0.157   0.135 0.232 

VR -0.256 0.022   -0.005 0.964   0.138 0.222    0.035 0.758    0.250 0.026 
1 
WA = waterfowl as a group (Anatidae), BWTE = blue-winged teal (Anas discors), MALL = mallard (Anas platyrhynchos), SH = 

shorebirds as a group (Charadriidae, Recurvirostridae, and Scolopacidae),  AMAV = American avocet (Recurvirostra americana), 

KILL = killdeer (Charadrius vociferus), LBCU = long-billed curlew (Numenius americana), EG = wading bird as a group (Ardeidae, 

Gruidae, and Threskiornithidae), MODO = mourning dove (Zenaida macroura), and RWBB = red-winged blackbird (Agelaius 

phoeniceus).  
2
 AR = playa area (ha), TI = tilled index [(Tilled landscape – Untilled landscape) / (Tilled landscape + Untilled landscape)], WD = 

water depth, VC = percent vegetation cover, ST = vegetation structure, VH = vegetation height (cm), and VR = plant species richness. 
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Table 4.5. Intra-set correlations of environmental variables (i.e., water- and vegetation 

related variables) associated with the first 2 axes generated by canonical correspondence 

analysis using CANOCO
®
 of percent composition of waterfowl as a group (Anatidae), 

blue-winged teal (Anas discors), mallard (Anas platyrhynchos), shorebirds as a group 

(Charadriidae, Recurvirostridae, and Scolopacidae),  American avocet (Recurvirostra 

americana), killdeer (Charadrius vociferus), long-billed curlew (Numenius americana), 

wading bird as a group (Ardeidae, Gruidae, and Threskiornithidae), mourning dove 

(Zenaida macroura), and red-winged blackbird (Agelaius phoeniceus) at 80 playas on the 

Southern High Plains, Texas, USA, August, 2003 and 2004.  

Variables
1
 

  Correlation
2
 

  Axis 1 (ordinate) Axis 2 (abscissa) 

AR   0.2472  0.1908 

TI   0.2398 -0.1616 

WD    0.9344  0.0483 

VC  -0.6643  0.7450 

ST  -0.2270  0.7450 

VR   -0.1966  0.6898 
1 

AR = playa area, TI = tilled index [(Tilled landscape – Untilled landscape) / (Tilled 

landscape + Untilled landscape)], WD = water depth, VC = percent vegetation cover, ST 

= vegetation structure, and VR = plant species richness. 
2
 Intra-set correlations.
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Table 4.6. Univariate Pearson coefficients of correlation between percent composition of bird species and environmental variables at 

80 playas in the Southern High Plains, Texas, August, 2003 and 2004.  

  Species
1
 

Variables
2
 WA  BWTE  MALL  SH  AMAV  KILL 

  r  P   r P   r P   r P   r P   r P 

AR  0.153   0.176   0.071   0.533   0.188 0.095  -0.105 0.353  -0.060 0.600  -0.055 0.629 

TI  0.057   0.614   0.169   0.134  -0.187 0.097   0.110 0.332  -0.103 0.362   0.101 0.372 

WD  0.563 <0.001    0.455 <0.001    0.286 0.010  -0.252 0.024  -0.052 0.647  -0.178 0.114 

VC -0.375   0.001  -0.285   0.011  -0.244 0.029  -0.166 0.141  -0.021 0.853   0.010 0.931 

ST -0.147   0.193  -0.107   0.345  -0.133 0.238  -0.270 0.016  -0.006 0.961  -0.022 0.850 

VH -0.186   0.098  -0.155   0.170  -0.130 0.251  -0.281 0.012  -0.145 0.899  -0.028 0.805 

VR -0.107   0.344   -0.059   0.605   -0.114 0.315   -0.096 0.398   -0.168 0.136   -0.086 0.448 
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Table 4.6. Continued. 

  Species
1
 

Variables
2
 LBCU  UPSA  EG  MODO  RWBB 

  r P   r P   r P   r P   r P 

AR  0.016 0.886  -0.093 0.410  -0.023  0.842   0.042 0.712   0.081   0.477 

TI -0.078 0.491  -0.177 0.116   0.034 0.768  -0.025 0.827  -0.178   0.114 

WD -0.121 0.283  -0.211 0.061   0.004 0.974  -0.097 0.391  -0.059   0.601 

VC  0.081 0.475   0.263 0.019   0.111 0.325   0.190 0.092   0.327   0.003 

ST -0.112 0.322   0.062 0.585   0.089 0.434   0.100 0.377   0.425 <0.001 

VH -0.097 0.393   0.069 0.543   0.117 0.300   0.083 0.463   0.484 <0.001 

VR  0.152 0.180    0.065 0.564    0.029 0.802    0.170 0.133    0.317   0.004 
1 
WA = waterfowl as a group (Anatidae), BWTE = blue-winged teal (Anas discors), MALL = mallard (Anas platyrhynchos), SH = 

shorebirds as a group (Charadriidae, Recurvirostridae, and Scolopacidae),  AMAV = American avocet (Recurvirostra americana), 

KILL = killdeer (Charadrius vociferus), LBCU = long-billed curlew (Numenius americana), EG = wading bird as a group (Ardeidae, 

Gruidae, and Threskiornithidae), UPSA = upland sandpiper (Bartramia longicauda), MODO = mourning dove (Zenaida macroura), 

and RWBB = red-winged blackbird (Agelaius phoeniceus).  
2
 AR = playa area (ha), TI = tilled index [(Tilled landscape – Untilled landscape) / (Tilled landscape + Untilled landscape)], WD = 

water depth, VC = percent vegetation cover, ST = vegetation structure, VH = vegetation height (cm), and VR = plant species richness. 
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Table 4.7. Intra-set correlations of environmental variables (i.e., water- and vegetation 

related variables) associated with the first 2 axes generated by canonical correspondence 

analysis using CANOCO
®
 of percent composition of waterfowl as a group (Anatidae), 

blue-winged teal (Anas discors), mallard (Anas platyrhynchos), shorebirds as a group 

(Charadriidae, Recurvirostridae, and Scolopacidae),  American avocet (Recurvirostra 

americana), killdeer (Charadrius vociferus), long-billed curlew (Numenius americana), 

wading bird as a group (Ardeidae, Gruidae, and Threskiornithidae), mourning dove 

(Zenaida macroura), and red-winged blackbird (Agelaius phoeniceus) at 80 playas on the 

Southern High Plains, Texas, USA, September, 2003 and 2004.  

Variables
1
 

  Correlation
2
 

  Axis 1 (ordinate) Axis 2 (abscissa) 

AR   0.4514 -0.0139 

TI  -0.2561  0.0732 

WD   0.8947  0.2825 

VC  -0.7643  0.2566 

ST  -0.4191  0.8456 

VR   -0.1628  0.1509 
1 

AR = playa area, TI = tilled index [(Tilled landscape – Untilled landscape) / (Tilled 

landscape + Untilled landscape)], WD = water depth, VC = percent vegetation cover, ST 

= vegetation structure, and VR = plant species richness. 
2
 Intra-set correlations. 
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Table 4.8. Univariate Pearson coefficients of correlation between percent composition of bird species and environmental variables at 

80 playas in the Southern High Plains, Texas, September, 2003 and 2004.  

  Species
1
 

Variables
2
 WA  BWTE  MALL  SH  AMAV 

  r P   r P   r P   r P   r P 

AR  0.253   0.023   0.268   0.016   0.010 0.932  -0.047 0.679   0.023 0.838 

TI -0.021   0.855  -0.049   0.666   0.088 0.436   0.130 0.250  -0.153 0.175 

WD  0.682 <0.001   0.710 <0.001  -0.062 0.586  -0.183 0.105  -0.026 0.819 

VC -0.550 <0.001  -0.487 <0.001   0.122 0.282  -0.101 0.371  -0.065 0.570 

ST -0.277   0.013  -0.208   0.064   0.125 0.270  -0.234 0.037  -0.112 0.323 

VH -0.325   0.003  -0.249   0.026   0.236 0.035  -0.200 0.076  -0.103 0.365 

VR -0.176   0.118   -0.111   0.326    0.057 0.616   -0.052 0.649   -0.028 0.806 
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Table 4.8. Continued. 

  Species
1
 

Variables
2
 KILL  LBCU  EG  MODO  RWBB 

  r P    r P   r P   r P   r P 

AR -0.043 0.704   0.346 0.002  -0.025 0.829  -0.054 0.632  -0.021 0.857 

TI  0.058 0.612  -0.270 0.015  -0.003 0.980   0.120 0.291  -0.103 0.361 

WD -0.166 0.142   0.157 0.163   0.026 0.822  -0.135 0.234  -0.018 0.872 

VC  0.020 0.863  -0.218 0.052   0.107 0.346   0.171 0.129   0.087 0.440 

ST -0.121 0.285  -0.140 0.216  -0.008 0.944   0.293 0.008   0.223 0.047 

VH -0.170 0.132  -0.194 0.084  -0.033 0.771   0.182 0.105   0.196 0.081 

VR -0.042 0.713   -0.067 0.556    0.015 0.892    0.006 0.957    0.102 0.369 
1 
WA = waterfowl as a group (Anatidae), BWTE = blue-winged teal (Anas discors), MALL = mallard (Anas platyrhynchos), SH = 

shorebirds as a group (Charadriidae, Recurvirostridae, and Scolopacidae),  AMAV = American avocet (Recurvirostra americana), 

KILL = killdeer (Charadrius vociferus), LBCU = long-billed curlew (Numenius americana), EG = wading bird as a group (Ardeidae, 

Gruidae, and Threskiornithidae), MODO = mourning dove (Zenaida macroura), and RWBB = red-winged blackbird (Agelaius 

phoeniceus).  
2
 AR = playa area (ha), TI = tilled index [(Tilled landscape – Untilled landscape) / (Tilled landscape + Untilled landscape)], WD = 

water depth, VC = percent vegetation cover, ST = vegetation structure, VH = vegetation height (cm), and VR = plant species richness. 
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Figure 4.1. Canonical correspondence analysis of percent composition (natural-log [y +1]) 

of different avian species and environmental variables (i.e., water- and vegetation-related 

variables) associated with 80 playas on the Southern High Plains, Texas, USA, July 2003 

and 2004.  

a) Species-environmental biplot (ter Braak 1995:142); axis 1 (ordinate) and 2 (abscissa) 

are dimensionless and represent water depth and vegetation structure, respectively, based 

on intra-set correlation in table 4.3 and subject matter knowledge; longer eigenvectors of 

environmental variables (i.e., arrows) are more strongly correlated with the canonical 

axes than with the shorter eigenvectors and are more closely related to the pattern of 

variation in avian assemblage (ter Braak 1995:141); species located closer to other 

species or to the arrow-end of an eigenvector have stronger associated relationships; AR 

= playa area, TI = tilled index, WD = water depth, VC = percent vegetation cover, ST = 

vegetation structure, and VR = plant species richness; WA = waterfowl as group 

(Anatidae), BWTE = blue-winged teal (Anas discors), MALL = mallard (Anas 

platyrhynchos), SH = shorebirds as group (Charadriidae, Recurvirostridae, and 

Scolopacidae),  AMAV = American avocet (Recurvirostra americana), KILL = killdeer 

(Charadrius vociferus), LBCU = long-billed curlew (Numenius americana), UPSA = 

upland sandpiper (Bartramia longicauda), EG = wading bird as group (Ardeidae, 

Gruidae, and Threskiornithidae), MODO = mourning dove (Zenaida macroura), and 

RWBB = red-winged blackbird (Agelaius phoeniceus).  

b) Inferred ranking of the species to each eigenvector based on biplot interpretation of 

Part A of figure (ter Braak 1995:143); the inferred ranking was constructed by projecting 

an orthogonal line from each species point onto the environmental variable eigenvector 

arrow; the vertical segment on the arrow represents the centroid from biplot; species 

located closer to the arrow- and blunt-ends of an eigenvector were more positively and 

negatively correlated to the corresponding environmental variable, respectively (ter Braak 

1995:141). 
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b) 
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Figure 4.2. Relationship between bird groups and species and water depth in playas in the 

Southern High Plains, USA, July 2003, and 2004; WA = waterfowl as group (Anatidae), 

BWTE = blue-winged teal (Anas discors), SH = shorebirds as group (Charadriidae, 

Recurvirostridae, and Scolopacidae), and LBCU = long-billed curlew (Numenius 

americana). 
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Figure 4.3. Canonical correspondence analysis of percent composition (natural-log [y +1]) 

of different avian species and environmental variables (i.e., water- and vegetation related 

variables) associated with 80 playas on the Southern High Plains, Texas, USA, August 

2003 and 2004.  

a) Species-environmental biplot (ter Braak 1995:142); axis 1 (ordinate) and 2 (abscissa) 

are dimensionless and represent water depth and vegetation structure, respectively, based 

on intra-set correlation in table 4.3 and subject matter knowledge; longer eigenvectors of 

environmental variables (i.e., arrows) are more strongly correlated with the canonical 

axes than with the shorter eigenvectors and are more closely related to the pattern of 

variation in avian assemblage (ter Braak 1995:141); species located closer to other 

species or to the arrow-end of an eigenvector have stronger associated relationships; AR 

= playa area, TI = tilled index, WD = water depth, VC = percent vegetation cover, ST = 

vegetation structure, and VR = plant species richness; WA = waterfowl as group 

(Anatidae), BWTE = blue-winged teal (Anas discors), MALL = mallard (Anas 

platyrhynchos), SH = shorebirds as group (Charadriidae, Recurvirostridae, and 

Scolopacidae),  AMAV = American avocet (Recurvirostra americana), KILL = killdeer 

(Charadrius vociferus), LBCU = long-billed curlew (Numenius americana), UPSA = 

upland sandpiper (Bartramia longicauda), EG = wading bird as group (Ardeidae, 

Gruidae, and Threskiornithidae), MODO = mourning dove (Zenaida macroura), and 

RWBB = red-winged blackbird (Agelaius phoeniceus).  

b) Inferred ranking of the species to each eigenvector based on biplot interpretation of 

Part A of figure (ter Braak 1995:143); the inferred ranking was constructed by projecting 

orthogonal line from each species point onto the environmental variable eigenvector 

arrow; the vertical segment on the arrow represents the centroid from biplot; species 

located closer to the arrow- and blunt-ends of an eigenvector were more positively and 

negatively correlated to the corresponding environmental variable, respectively (ter Braak 

1995:141). 
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Figure 4.4. Relationship between bird groups and species and water depth in playas in the 

Southern High Plains, USA, August 2003, and 2004; WA = waterfowl as group 

(Anatidae), BWTE = blue-winged teal (Anas discors), MALL = mallard (Anas 

platyrhynchos), SH = shorebirds as group (Charadriidae, Recurvirostridae, and 

Scolopacidae), and UPSA = upland sandpiper (Bartramia longicauda). 
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Figure 4.5. Canonical correspondence analysis of percent composition (natural-log [y +1]) 

of different avian species and environmental variables (i.e., water- and vegetation-related 

variables) associated with 80 playas on the Southern High Plains, Texas, USA, 

September 2003 and 2004.  

a) Species-environmental biplot (ter Braak 1995:142); axis 1 (ordinate) and 2 (abscissa) 

are dimensionless and represent water depth and vegetation structure, respectively, based 

on intra-set correlation in table 4.3 and subject matter knowledge; longer eigenvectors of 

environmental variables (i.e., arrows) are more strongly correlated with the canonical 

axes than with the shorter eigenvectors and are more closely related to the pattern of 

variation in avian assemblage (ter Braak 1995:141); species located closer to other 

species or to the arrow-end of an eigenvector have stronger associated relationships; AR 

= playa area, TI = tilled index, WD = water depth, VC = percent vegetation cover, ST = 

vegetation structure, and VR = plant species richness; WA = waterfowl as group 

(Anatidae), BWTE = blue-winged teal (Anas discors), MALL = mallard (Anas 

platyrhynchos), SH = shorebirds as group (Charadriidae, Recurvirostridae, and 

Scolopacidae),  AMAV = American avocet (Recurvirostra americana), KILL = killdeer 

(Charadrius vociferus), LBCU = long-billed curlew (Numenius americana), UPSA = 

upland sandpiper (Bartramia longicauda), EG = wading bird as group (Ardeidae, 

Gruidae, and Threskiornithidae), MODO = mourning dove (Zenaida macroura), and 

RWBB = red-winged blackbird (Agelaius phoeniceus).  

b) Inferred ranking of the species to each eigenvector based on biplot interpretation of 

Part A of figure (ter Braak 1995:143); the inferred ranking was constructed by projecting 

orthogonal line from each species point onto the environmental variable eigenvector 

arrow; the vertical segment on the arrow represents the centroid from biplot; species 

located closer to the arrow- and blunt-ends of an eigenvector were more positively and 

negatively correlated to the corresponding environmental variable, respectively (ter Braak 

1995:141). 
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Figure 4.6. Relationship between bird groups and species and water depth in playas in the 

Southern High Plains, USA, September 2003, and 2004; WA = waterfowl as group 

(Anatidae), BWTE = blue-winged teal (Anas discors).  
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APPENDIX 1. Idealized representation of surfaces and shapes used to calculate sediment volume, playa volume, and percent volume 

loss for playas in 2003 and 2004 in the Southern High Plains, USA. PB = Playa basin surface, PSE = Playa surface from above-ground 

location of the soil edge, PSA = Playa surface from the visual edge (after Venne 2006).  
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APPENDIX 2. Number of surveys, and total species, wetland-dependent species, waterfowl, shorebirds, wading birds, and non-

wetland species number and individuals observed in 80 playas in the Southern High Plains, USA, from June 2003 to May 2004, and 

June 2004 to May 2005.  
 

  2003-2004   2004-2005   Years combined 

  

Wet 

playas 

Dry 

playas Subtotal   

Wet 

playas 

Dry 

playas Subtotal   

Wet 

playas 

Dry 

playas Subtotal 

No. of surveys      347      304      651         698    138        836      1,045      442     1,487 

Total species            

    No. of species      104        62      111         101      33        104         122        67        127 

    No. of individuals 63,313 11,652 74,965  149,825 1,875 151,700  213,138 13,527 226,665 

Wetland-dependent species            

    No. of species        66        26        67           66       9          66           77        28          77 

    No. of individuals 55,459   3,892 59,351  143,405   646 144,051  198,864   4,538 203,402 

Waterfowl             

    No. of species        18         9        19           19       3          19           20          9          20 

    No. of individuals 27,749  1,599 29,348  123,598     31 123,629  151,347   1,630 152,977 

Shorebirds            

    No. of species        27         8        27           23       5          23            28        10          28 

    No. of individuals 13,246      472 13,718      9,086     79     9,165     22,332      551   22,883 

Wading birds            

    No. of species          7         5         7            9       0            9            10         5          10 

    No. of individuals   6,589     369   6,958     2,079       0     2,079       8,668    369      9,037 

Non-wetland species            

    No. of species        38        36        44          35      24          38            45        39          50 

    No. of individuals   7,852   7,760 15,612      6,420 1,229     7,649      14,274   8,989   23,263 
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APPENDIX 2. Continued 

  2003-2004   2004-2005   Years combined 

  

Wet 

playas 

Dry 

playas Subtotal   

Wet 

playas 

Dry 

playas Subtotal   

Wet 

playas 

Dry 

playas Subtotal 

Exotic Species            

    No of species          4          3          4            5        2            5              5          3            5 

    No of individuals        67      207      274         142        2        146         209      211        420 
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APPENDIX 3. Birds occurring in playas in the Southern High Plains, USA, from June 2003 to May 2004, and June 2004 to May 2005. 

Symbol “V” means bird was found in that year and numbers appearing in parentheses represented the number of playas in each year in 

which the bird species was detected. Nomenclature follows the American Ornithologists’ Union (1998). 
 

Family Scientific Name Common Name 

2003-

2004     

(n = 40) 

2004-

2005     

(n = 40) 

Wetland-

Dependent 

Exotic 

Species 

Anatidae Anser albifrons Greater White-fronted Goose V (1) V (3) V  

 Chen caerulescens Snow Goose V (1) V (6) V  

 Branta spp. Canada /Cackling Goose V (3) V (11) V  

 Aix sponsa Wood Duck V (2) V (1) V  

 Anas strepera Gadwall V (18) V (25) V  

 Anas americana American Wigeon V (18) V (29) V  

 Anas platyrhynchos Mallard V (38) V (38) V  

 Anas discors Blue-winged Teal V (35) V (33) V  

 Anas cyanopetera Cinnamon Teal V (18) V (22) V  

 Anas clypeata Northern Shoveler V (25) V (30) V  

 Anas acuta Northern Pintail V (25) V (29) V  

 Anas crecca Green-winged Teal V (24) V (32) V  

 Aythya valisineria Canvasback V (2) V (4) V  

 Aythya americana Redhead V (20) V (13) V  

 Aythya collaris Ring-necked Duck V (1) V (5) V  

 Aythya affinis Lesser Scaup V (5) V (12) V  

 Bucephala albeola Bufflehead V (1) V (6) V  

 Oxyura jamaicensis Ruddy Duck V (5) V (13) V  

 Lophodytes cucullatus Hooded Merganser  V (2) V  

Phasianidae Phasianus colchicus Ring-necked Pheasant V (3) V (4)  V 

Odontophoridae Colinus virginianus Northern Bobwhite V (2) V (2)   



Texas Tech University, Jo-Szu Tsai, December 2007 

 204 

APPENDIX 3. Continued. 

Family Scientific Name Common Name 

2003-

2004     

(n = 40) 

2004-

2005     

(n = 40) 

Wetland-

Dependent 

Exotic 

Species 

Podicipedidae Podilymbus podiceps Pied-billed Grebe V (1) V (7) V  

 Podiceps auritus Horned Grebe V (1) V (2) V  

 Podiceps nigricollis Eared Grebe V (4) V (7) V  

Phalacrocoracidae Phalacrocorax auritus Double-crested Cormorant  V (2) V  

Ardeidae Ardea herodias Great Blue Heron V (17) V (20) V  

 Ardea alba Great Egret V (1) V (3) V  

 Egretta thula Snowy Egret  V (3) V  

 Egretta caerulea Little Blue Heron  V (1) V  

 Bubulcus ibis Cattle Egret V (17) V (14) V  

 Nycticorax nycticorax Black-crowned Night-Heron V (27) V (22) V  

 Butorides virescens Green Heron  V (1) V  

Threskiornithidae Plegadis chihi White-faced Ibis V (21) V (16) V  

 Platalea ajaja Roseate Spoonbill V (1)  V  

Cathartidae Cathartes aura Turkey Vulture V (1)    

Accipitridae Circus cyaneus Northern Harrier V (11) V (8)   

 Buteo swainsoni Swainson's Hawk V (1) V (3)   

 Buteo regalis Ferruginous Hawk V (1)    

 Buteo lagopus Rough-legged Hawk V (1)    

 Accipiter striatus Sharp-shined Hawk  V (1)   

Falconidae Falco sparverious American Kestrel V (11)    

 Falco peregrinus Peregrine Falcon V (1)    

Rallidae Laterallus jamaicensis Black Rail V (1)  V  

 Porzana carolina Sora V (4) V (1) V  
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APPENDIX 3. Continued. 

Family Scientific Name Common Name 

2003-

2004     

(n = 40) 

2004-

2005     

(n = 40) 

Wetland-

Dependent 

Exotic 

Species 

Gruidae Grus canadensis Sandhill Crane V (10) V (5) V  

Recurvirostridae Himantopus mexicanus Black-necked Stilt V (18) V (15) V  

 Recurvirostra americana American Avocet V (38) V (36) V  

Scolopacidae Tringa melanoleuca Greater Yellowlegs V (28) V (29) V  

 Tringa flavipes Lesser Yellowlegs V (22) V (27) V  

 Tringa solitaria Solitary Sandpiper V (21) V (17) V  

 Catoptrophorus semipalmatus Willet V (4) V (4) V  

 Actitis macularia Spotted Sandpiper V (14) V (18) V  

 Bartramia longicauda Upland Sandpiper V (25) V (15) V  

 Numenius americanus Long-billed Curlew V (18) V (13) V  

 Limosa haemastica Hudsonian Godwit V (1)  V  

 Limosa fedoa Marbled Godwit V (1) V (3) V  

 Calidris canutus Red Knot V (2)  V  

 Calidris alba Sanderling V (1)  V  

 Calidris pusilla Semipalmated Sandpiper V (7) V (10) V  

 Calidris mauri Western Sandpiper V (15) V (13) V  

 Calidris minutilla Least Sandpiper V (11) V (13) V  

 Calidris fuscicollis White-rumped Sandpiper V (3) V (1) V  

 Calidris bairdii Baird's Sandpiper V (15) V (21) V  

 Calidris melanotos Pectoral Sandpiper V (1) V (2) V  

 Calidris alpina Dunlin V (1)  V  

 Calidris himantopus Stilt Sandpiper V (4) V (5) V  

 Limnodromus spp. Dowitcher V (17) V (10) V  
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Family Scientific Name Common Name 

2003-

2004     

(n = 40) 

2004-

2005     

(n = 40) 

Wetland-

Dependent 

Exotic 

Species 

 Gallinago delicata Wilson's Snipe V (3) V (15) V  

 Phalaropus tricolor Wilson's Phalarope V (21) V (23) V  

 Tryngites subruficollis Buff-breasted Sandpiper  V (1) V  

Laridae Larus philadelphia Bonaparte's Gull V (1)  V  

 Larus pipixcan Franklin's Gull  V (1) V  

 Sterna forsteri Foster's Tern  V (1) V  

 Chlidonias niger Black Tern V (1)  V  

 Larus delawarensis Ring-billed Gull V (1) V (4) V  

Columbidae Columba livia Rock Pigeon V (2) V (2)  V 

 Streptopelia decaocto Eurasian Collared-Dove  V (1)  V 

 Zenaida macroura Mourning Dove V (35) V (33)   

Cuculidae Geococcyx californianus Greater Roadrunner  V (1)   

Strigidae Athene cunicularia Burrowing Owl V (5)    

Caprimulgidae Chordeiles minor Common Nighthawk V (18)    

Alcedinidae Ceryle alcyon Belted Kingfisher  V (1) V  

Tyrannidae Sayornis phoebe Eastern Phoebe  V (1)   

 Sayornis saya Say's Phoebe V (2) V (1)   

 Tyrannus verticalis Western Kingbird V (20) V (11)   

 Tyrannus forficatus Scissor-tailed Flycatcher V (10) V (10)   

Laniidae Lanius ludovicianus Loggerhead Shrike V (1) V (1)   

Corvidae Corvus brachyrhynchos American Crow V (4) V (5)   

 Corvus cryptoleucus Chihuahuan Raven V (1) V (1)   

Alaudidae Eremophila alpestris Horned Lark V (38) V (32)   
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Family Scientific Name Common Name 

2003-

2004     

(n = 40) 

2004-

2005     

(n = 40) 

Wetland-

Dependent 

Exotic 

Species 

Hirundinidae Tachycineta bicolor Tree Swallow  V (6) V  

 Stelgidopteryx serripennis Northern Rough-winged Swallow V (3)  V  

 Riparia riparia Bank Swallow V (1)  V  

 Petrochelidon pyrrhonota Cliff Swallow V (11) V (10) V  

 Hirundo rustica Barn Swallow V (39) V (35) V  

Mimidae Mimus polyglottos Northern Mockingbird V (2)    

Sturnidae Sternus vulgaris European Starling V (4) V (1)  V 

Motacillidae Anthus rubescens American Pipit V (16) V (13)   

Emberizidae Aimophila cassinii  Cassin's Sparrow  V (1)   

 Spizella passerina Chipping Sparrow V (4)    

 Spizella pallida Clay-colored Sparrow V (5) V (2)   

 Pooecetes gramineus Vesper Sparrow V (16) V (9)   

 Chondestes grammacus Lark Sparrow V (8) V (14)   

 Calamospiza melanocorys Lark Bunting V (4) V (1)   

 Passerculus sandwichensis Savannah Sparrow V (22) V (21)   

 Ammodramus savannarum Grasshopper Sparrow V (22) V (6)   

 Zonotrichia leucophrys White-crowned Sparrow V (3) V (2)   

 Calcarius mccownii McCown's Longspur V (21) V (12)   

 Calcarius lapponicus Lapland Longspur V (8)    

 Calcarius ornatus Chestnut-collared Longspur V (15)    

Cardinalidae Passerina caerulea Blue Grosbeak V (2) V (4)   

 Spiza americana Dickcissel V (2) V (3)   

Icteridae Agelaius phoeniceus Red-winged Blackbird V (37) V (33) V  
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Family Scientific Name Common Name 

2003-

2004     

(n = 40) 

2004-

2005     

(n = 40) 

Wetland-

Dependent 

Exotic 

Species 

 Sturnella spp. Meadowlark V (39) V (36)   

 Xanthocephalus xanthocephalus Yellow-headed Blackbird V (14) V (11) V  

 Euphagus cyanocephalus Brewer's Blackbird V (13) V (6)   

 Quiscalus quiscula Common Grackle V (13) V (12) V  

 Quiscalus mexicanus Great-tailed Grackle V (22) V (20)   

 Molothrus ater Brown-headed Cowbird V (12) V (12)   

 Icterus bullockii Bullock's Oriole V (1) V (2)   

Fringillidae Carpodacus mexicanus House Finch V (1)    

 Carduelis tristis American Goldfinch  V (2)   

Passeridae Passer domesticus House Sparrow V (1) V (1)  V 
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