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ABSTRACT 

 

 Playa wetlands are the primary breeding sites for amphibians in the 

Southern High Plains (SHP).  Most playas have cultivated watersheds, which 

causes sediments to accumulate in playa basins, reducing their hydroperiods.  

Little is known about the influences of landuse practices and hydroperiod on 

amphibian community structure.  I investigated potential influences on amphibian 

populations for cumulative (entire sampling season) and short term sampling 

period 2-day values.  For cumulative analyses, I examined the influence of 

landuse (cropland versus native grassland), hydroperiod (how long a playa 

contains water), vegetation cover, and playas size on cumulative amphibian 

metamorph diversity (H’), amphibian adult diversity, Spea spp. metamorph 

abundance, and Spea spp. adult abundance.  To examine short-term influences 

on amphibian communities, I tested for the influence of landuse, time (week 

within a season), weekly water loss (ranging from positive (i.e., water gains) to 

negative (water loss) values), vegetation cover, and playa size on sampling 

period amphibian diversity, sex ratios (proportion of males), metamorph Spea 

spp. abundance, and adult Spea spp. abundance by developing predictive 

models.  I also examined how landuse influenced metamorph survival, capture 

and recapture rates, emigration probability, and population size.  Because 

aquatic food web studies can provide useful information regarding relationships 

among trophic levels and wetland conservation efforts, I tested hypotheses that 
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concerning how hydroperiod and landuse influenced playa trophic structure, and 

whether this structure is best modeled as a web or a chain.  I sampled 12 playas 

each year in 2003, 2004, and 2005 in the SHP.  

 I did not observe a landuse effect on cumulative amphibian metamorph 

diversity, amphibian adult diversity, Spea spp. metamorph abundance, or Spea 

spp. adult abundance.  However, H’ for metamorphs was greater in 2004 than 

2003.  Spea spp. metamorph and adult abundance was greater in 2003 than 

2004.  I also did not observe a hydroperiod, playa size, or vegetation cover effect 

on cumulative amphibian metamorph diversity, Spea spp. metamorph 

abundance, and Spea spp. adult abundance. Hydroperiod and amphibian adult 

H’ were positively associated in 2003 or for both years combined.  Results are 

difficult to interpret because power is low in these tests due to high variation and 

low sample size.  

Contrary to other studies, I did not observe a landuse effect on sampling 

period Spea spp. abundance.  I also observed no evidence of landuse effects on 

sampling period amphibian diversity or sex ratios.  Sampling period metamorph 

diversity increased with weekly water loss, whereas adult diversity decreased 

with weekly water loss.  Sampling period proportion of males decreased with 

weekly water loss.  Sampling period Spea spp. metamorph abundance increased 

with weekly water loss, whereas sampling period Spea spp. adult abundance 

decreased with weekly water loss.  There were weekly differences in Spea spp. 

abundance, but no differences in weekly diversity or sex ratios.  Vegetation cover 
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was positively related to metamorph diversity and had no influence on adult 

diversity.  Vegetation cover had an overall positive influence on sampling period 

proportion of males.  Spea spp. metamorph abundance was positively associated 

with playa vegetation cover in 2003 and negatively associated with vegetation 

cover in 2004.  Spea spp. metamorph abundance was positively associated with 

vegetation cover for both years combined.  Vegetation cover had no influence on 

adult abundance.  Playa size had no influence on Spea spp. abundance and 

proportion of males, but had a positive influence on diversity of adults in 2004.  

However, the relevance of results related to adult proportion of males, diversity, 

and Spea spp. abundance are unclear because I was unable to sample playas 

immediately following rain events, when adults were most abundant.   

 Spea spp. metamorph survival could not be estimated effectively using 

current model estimation techniques, as data were overdispersed.  Whereas 

thousands of metamorphs were initially captured, few metamorphs (mean among 

playas = 1.86%) were recaptured among weeks.  When emigration could be 

estimated, it was usually high (> 60%).  Population size also varied considerably 

among playas.  Because of poor model fit, testing for differences in population 

parameters between cropland and grassland landuses could not be performed. 

 The hypothesis that playa trophic structure was best modeled as a food 

web over a food chain was supported.  However, models that included 

environmental variables such as hydroperiod and vegetation cover had higher 

Akaike weight than food web or chain models alone, meaning food web models 
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should include foraging functional group and environmental variables.  

Hydroperiod was an important variable in structuring playa communities, wheras 

landuse was not.  Long hydroperiod playas had high Ambystoma tigrinum 

mavortium and low tadpole densities, compared to short hydroperiod playas.  

Short hydroperiod playas had higher proximate invertebrate and amphibian 

richness.  Because all playas dry completely and refill at some point, this food 

web study is applicable to data collected over a short time period.  Long-term 

sampling of playas would reveal that long hydroperiod playas initially have 

communities similar to short hydroperiod playas and then shift to communities of 

long hydroperiods.  Therefore, long hydroperiod playas should have a cumulative 

richness greater than short hydroperiod playas. 

 My results suggest the proximate mechanism influencing amphibian 

communities in playas is hydroperiod.  Anything that alters hydroperiod, such as 

playa sedimentation or excavation, could negatively influence amphibian 

communities, and those activities should be avoided.  Given their high densities, 

larval amphibians are important members of the playa community.  Therefore, 

conservation efforts for playas should include amphibians.  Because amphibians 

use terrestrial and aquatic habitats, I suggest that the best strategy requires 

conservation of playas and adjacent upland areas.  Conservation of uplands will 

reduce playa sedimentation and ensure amphibians have upland habitat to 

forage, emigrate, and hibernate. 
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CHAPTER I 

GENERAL INTRODUCTION AND JUSTIFICATION 

 

Amphibian declines & reasons for concern 

Approximately one third of the world’s amphibian species are declining 

(Stuart et al. 2004).  Possible causes for declines include UV-B radiation, 

pesticide contamination, acidification of breeding sites, predation by stocked fish, 

predation by out-of-balance small mammal populations, predation by exotic 

amphibian species, introduction of exotic pathogens, immune deficiency, habitat 

fragmentation and degradation, and global climate change (Phillips 1990, 

Beebee 1996, Carey et al. 1999, Bosch et al. 2001, Belden and Blaustein 2002, 

Corn et al. 2002, Palen et al. 2002, Semlitsch 2003, Collins and Storfer 2003).  

The likelihood of multiple factors acting simultaneously and the lack of long-term 

monitoring impedes finding conclusive evidence regarding the origin of these 

declines (i.e., from anthropogenic or natural causes) (Pechmann et al. 1991, 

Blaustein et al. 1994, Collins and Storfer 2003).  

Amphibian declines are alarming for several reasons.  Amphibians may 

signify environmental problems because of their physiology, trophic position, and 

behavior.  And, because most amphibian species require aquatic and terrestrial 

systems, destruction of one habitat may eliminate them from the other.  

Amphibian declines, therefore, may serve as the proverbial “canary in the coal 

mine” to warn of ecosystem imbalances (Morell 1999).  Learning what effect land 

 1



 

alteration has on their population dynamics may facilitate development of 

appropriate conservation guidelines.  Agricultural practices are a serious threat to 

many amphibian communities; thus, testing hypotheses regarding the effect of 

landuse alteration on amphibian demographics will answer questions regarding 

suitable conservation plans for wetlands in agricultural landscapes.  

Hydroperiod may be the defining characteristic influencing community 

structure of breeding amphibians for temporary aquatic habitats (Skelly 1997).  

Several researchers have found a positive relationship between hydroperiod 

length and cumulative species diversity (Snodgrass et al. 2000, Baber et al. 

2004, Venne 2006).  The presence or absence of species in temporary aquatic 

habitats may be related to life history traits, as data support the idea that aquatic 

species have water permanency life history requirements related to larval 

development times (van Buskirk 2005).  Therefore, changes in wetland 

hydroperiod will likely change the amphibian species composition of these 

habitats, and testing hypotheses regarding the influence of hydroperiod length on 

amphibian species composition will lead to a better understanding of the 

importance of hydroperiod in shaping amphibian communities. 

Whereas several studies have investigated the influence of amphibians on 

trophic structure in vernal pools (Caldwell et al. 1980, Morin 1983, Taylor et al. 

1988, Skelly 1997), there are a limited number of field studies focusing on how 

hydroperiod and landuse simultaneously influence amphibian-dominated food 

webs.  There are no previous studies regarding the influence of landuse and 
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hydroperiod on amphibian trophic structure in playas.  Because amphibians are 

often the dominant vertebrate in ephemeral wetlands, I tested hypotheses 

concerning the trophic structure of amphibian-dominated wetlands, and how 

hydroperiod and landuse influence this structure can help in amphibian 

conservation efforts. 

 

Justification 

 

General Study Area 

The Southern High Plains (SHP) is a semi-arid region characterized by 

shallow playa depressions that receive water from precipitation most often during 

spring and summer rainstorms (Smith 2003).  These 30,000 wetlands, of which 

most are less than 1-km in diameter (Osterkamp and Wood 1987), comprise 

about 2% of the landscape (Haukos and Smith 1994).  Most playas are cultivated 

(Smith 2003), with grassland (usually grazed) and Conservation Reserve 

Program (CRP) in lower proportions (Haukos and Smith 1994).   

Of playas > 4-ha, 70% have been modified with pits and ditches (Guthery 

and Bryant 1982).  These pits and ditches were part of the crop irrigation system; 

precipitation and irrigation runoff concentrate in these areas so water can be 

pumped back onto crops less expensively than pumping groundwater (Haukos 

and Smith 1992).  Playas perform other ecological services such as water 

storage during flood events and act as recharge sites for the Ogallala Aquifer 
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(Luo et al. 1997).  Playa wetlands also function as critical habitat for wildlife.  

Because playas are important to agriculture and consumable wildlife, these 

wetlands are of economic importance (Smith 2003).  However, knowledge of the 

importance of playas to non-game wildlife and other ecosystem services is 

lacking. 

 

Amphibians, agriculture, and threats to playas 

The SHP has a shorter agricultural history than other parts of the U.S., 

about 70 years (Mason 1986), but the stress caused by SHP agricultural 

practices is considerable.  Amphibian populations of the SHP are composed of 

metapopulations (Gray et al. 2004a), and fragmentation of habitat supporting 

amphibian metapopulations can reduce species distributions (Beebee 1996, 

Kolozsvary and Swihart 1999).  Changes to the environment can alter playa 

hydroperiod, essentially causing fragmentation.  Luo et al. (1997) found that 

playas with cultivated watersheds contained more sediments than those 

surrounded by grassland, and most had lost all of their original hydric soil defined 

volume.  This loss of volume alters playa hydroperiod, influencing the natural 

function of playa ecosystems (Luo et al. 1997), and possibly threatening 

existence of certain amphibian species (Gray et al. 2004a). 

Temporary wetlands such as playas provide amphibians with essential 

habitat during mating, oviposition, and larval growth (Semlitsch et al. 1996).  

These sites often fill with water and dry in response to seasonal patterns that 
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vary geographically and temporally (Alford 1999: 241).  Essential nutrients and 

high-quality detritus are most available early in the filling and drying episode 

(Bärlócher et al. 1978, McLachlan 1981a, 1981b, Osborne and McLachlan 1985, 

Wassersug 1975), which in the case of playas would be in the spring or early 

summer immediately after seasonal peaks in precipitation.  Because of natural 

fluctuations in water level, population dynamics of playa-dependent wildlife vary 

considerably within and between seasons (Smith 2003).  Thus, modifications that 

alter hydrology of wetlands can affect the health of these dependent species and 

the integrity of the entire wetland ecosystem. 

 

Relevance of a population dynamics study 

 Though definitions vary, a population is a set of genetically similar 

individuals that occur within defined time and space (Emmel 1976: 89). Dynamic 

populations change in space and time (Krebs 1989: 7).  Amphibian populations 

fluctuate temporally due to natural events (e.g., rain events), and because 

amphibians in the SHP have adapted to variable climatic conditions, their 

populations should not be permanently affected by periods of drought.  However, 

some events (e.g., wetland destruction, disease, pollution) can amplify natural 

disturbances.  Dynamic systems become unstable if, after exogenous 

disturbances, the population variables continue to deviate from their original 

states (Berryman 1999: 7).  Such may be the case with amphibians in playas 

surrounded by agriculture.  Species diversity, population size, survival, and sex 
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ratios may be used an indication of ecosystem integrity.  Estimating these 

parameters for amphibian populations in playas in cropland and grassland 

landscapes can shed light on how agricultural practices affect amphibian 

populations. 

Ecosystems can be viewed as “complex adaptive systems” (CAS; Brown 

1995: 16) and species within them as a special case of CAS.  Brown (1995) 

suggested that ecologists need to use more research efforts linking ecosystem 

processes to species within these systems than they do currently.  Hydroperiod 

length may be the most important abiotic factor influencing amphibian 

populations in playa wetlands.  For instance, whether a playa has water in it 

through the winter may affect whether it has an Amybstoma tigrinum mavortium-

dominated or anuran-dominated community during the summer (Chapter IV).  

Changes in one amphibian population may then alter the population structure of 

other amphibian species as well as the trophic structure of their community 

(Chapter IV).  Therefore, multiple simultaneous approaches to studying 

ecological processes are necessary for solving ecological problems.   

 

Trophic dynamics and larval amphibians 

Menge and Sutherland (1976) highlighted the importance of studying the 

interaction of competition, predation, temporal heterogeneity, and spatial 

heterogeneity during community structure studies.  Menge and Sutherland (1976: 

351) noted that the effects of competition, predation, and disturbance are 
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concurrent, and the relative importance of each depends on the (1) trophic level 

considered and (2) the overall complexity of the food web.  Communities 

composed of fewer trophic levels may experience more competition, whereas 

more complex food web communities can be regulated more by predation 

(Menge and Sutherland 1976).  Oksanen et al. (1981) further developed the idea 

of interacting mechanisms through a food web model, which predicted that with 

increased primary production, predation has an increased role in controlling 

herbivore populations.  Food web descriptions have been criticized because they 

are not composed of all species and links and because they often ignore spatial 

and temporal variability (de Ruiter et al. 2005).  Even weak to intermediate 

strength links can promote the persistence and stability of food webs (McCann et 

al. 1998).  Many trophic models only consider the influences of food web 

members.  Disturbance, however, may strongly influence the number of trophic 

levels (Menge and Sutherland 1976).   

My interests focus on how species interactions, such as predation and 

competition among anurans and salamanders, affects densities of other 

members of the playa food web (e.g., zooplankton filterers) and how hydroperiod 

length influences these interactions.  Hydrological disturbances as opposed to 

species interactions may ultimately organize aquatic communities in temporary 

wetlands because all playas eventually dry.  Skelly (1997) noted pond 

permanence was a mechanism for distributing species among habitats; predators 

and prey were distributed along a gradient of pond permanence.  The most 
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temporary wetlands only contained Scaphiopus spp. tadpoles (Skelly 1997).  

Other temporary ponds had few predators, higher anuan diversity, and a reduced 

time for tadpoles to complete development, whereas more permanent ponds 

were dominated by invertebrate and salamander predators.  In temporary ponds, 

tadpoles have higher activity levels when consuming resources compared to 

tadpoles in more permanent ponds where there are predators (Skelly 1997).  If 

tadpoles are not active, they may not have as strong of an influence on longer 

hydroperiod wetlands as they do in wetlands with shorter hydroperiods. 

Tadpoles, planktivorous fish (i.e., vertebrate suspension feeders) and 

suspension-feeding zooplankton can fill the same trophic position because these 

taxa can feed on phytoplankton (Seale 1980).  To illustrate, a tadpole can be four 

orders of magnitude larger than a copepod, but can ingest similar sized prey or 

smaller (Seale 1982).  Copepods are more numerous than tadpoles, but 

vertebrate biomass can sometimes exceed phytoplankton biomass, which 

illustrates how efficiently tadpoles can transfer energy to higher trophic levels 

(Seale 1980).  Because larval amphibians can reach high densities in playas 

(Ghioca 2005), they may play an important role in playa trophic dynamics. 

 

Larval amphibians as predators and prey   

Vertebrates are usually the dominant predator in more permanent 

wetlands, although some invertebrates may be dominant predators in less 

permanent wetlands (Skelly 1997).  Salamanders can directly influence 
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invertebrate communities by consuming invertebrates (Dodson and Dodson 

1971, Benoy et al. 2002, Ghioca 2005).  Invertebrates also may be consumers of 

amphibians.  In an experiment that compared dragonfly (Anax junius) and 

salamander (Ambystoma talpoideum) larvae predation rates on tadpoles, A. 

junius and A. talpoideum larva consumed similar numbers of tadpoles (Caldwell 

et al. 1980).  A. junius, however, was able to catch and consume larger tadpoles 

than A. talpoideum (Caldwell et al. 1980).  Variables influencing whether larval 

salamanders or predatory invertebrates compose the top trophic level in playa 

wetlands are not known. 

Information on invertebrates in playas is scarce and no study has 

examined the influence of larval amphibians on invertebrate communities (or vice 

versa). Existing studies have examined changes in invertebrate community 

composition under different moist-soil management practices (Anderson and 

Smith 2000), invertebrate community composition changes through a summer 

(Moorhead et al. 1998), and the effects of landuse, basin size, and surface area 

on a summer’s invertebrate diversity (Hall et al. 2004).  Hall et al. (2004) 

suggested that stochastic events, such as habitat duration and the arrival of other 

species, may structure invertebrate communities instead of the landuse, basin 

size, and surface area.  In a study on diet composition of larval playa 

amphibians, Ghioca (2005) found Ambystoma tigrinum mavortium and Spea spp. 

tadpoles consumed invertebrates.  I hypothesize that amphibians may influence 

invertebrate communities through predation and competition, and the amphibian 
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community structure is primarily influenced by hydroperiod (i.e., duration of the 

habitat) and not by landuse practices. 

 

Amphibians of the SHP 

The most numerous amphibian species in the SHP are A.t. mavortium, 

Bufo cognatus, Spea bombifrons, S. multiplicata, and Pseudacris clarkii (Smith 

2003).  Other species present include Rana blairii, Gastrophryne olivacea, B. 

debilis, Acris crepitans crepitans, B. speciosus, B. woodhousei woodhousei, and 

Scaphiopus couchii (Smith 2003).  R. catesbeiana is also present in the SHP, but 

might not be native (Smith 2003). 

 

Current information about playa amphibians 

Rose and Armentrout (1974, 1976) conducted life history studies on A. t. 

mavortium morphotypes in temporary and hydrologically-altered permanent 

playas.  Rose and Armentrout (1976) found that diet composition varied with 

salamander morphotype; “tiny larvae” consumed zooplankton, “small morphs” 

consumed larger aquatic invertebrates such as corixids and notonectids, “large 

morphs” consumed cladocerans, and some morphs were cannibalistic.  

Anderson et al. (1999a, 1999b) examined habitat use of adult anurans and the 

diet of B. cognatus, S. bombifrons, and S. multiplicata.  They found that whereas 

landuse treatments of grassland and cropland did not affect occurrence of 

anuran species, water pH and aluminum were associated with the occurrence of 
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P. clarkii and G. olivacea (Anderson et al.1999b).  Additionally, adult and 

emerging anurans used playas with greater aquatic vegetation height, density, 

and percent coverage.  S. multiplicata and B. cognatus had the greatest overlap 

in diet, and carabid beetles constituted the largest portion of the diet (Anderson 

et al.1999a).  Smith et al. (2004) investigated the diet of metamorphosed A. 

tigrinum mavortium, B. cognatus, and S. multiplicata, finding that coleopterans 

dominated the diet of all three species, but B. cognatus had a much more diverse 

diet in grassland than in cropland playas. 

Gray and Smith (2005) studied the effect of landuse and rainfall on the 

body size and population demographics of post-metamorphic amphibians in 8 

cropland and 8 grassland playas.  Cultivation surrounding playas was associated 

with smaller amphibians and this effect was intensified by lower rainfall (Gray and 

Smith 2005).  Generally, amphibians were larger in grassland than cropland 

playas for all age classes of species, especially in 1999, the wetter year (Gray 

and Smith 2005).  Additionally, the abundance of A. t. mavortium, S. multiplicata, 

and S. bombifrons was higher during the wetter year (Gray et al. 2004b).  Gray et 

al. (2004a) also suggested that landuse modifications for agricultural practices 

altered amphibian population demographics and community structure in playas.  

Although Gray et al. (2004b) found no differences between relative daily species 

diversity between grassland and cropland playas, they did find a higher 

abundance of S. multiplicata and S. bombifrons in cropland playas.  Gray et al. 

(2004b: 724) hypothesized relatively smaller Spea spp. body size and decreased 
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dispersal ability as well as playa isolation in agricultural as opposed to grassland 

landscapes may account for the higher abundance of Spea spp. at cropland 

sites.   

Venne (2006) found that amphibian species richness differed between 

years, but not between cropland and grassland playas.  Landuse was not the 

primary variable influencing amphibian species richness likely because 

hydroperiod was a more important variable influencing species richness (Venne 

2006).  Precipitation likely caused the difference in species richness among 

years, as the SHP experienced a drought in 2003 and above average rain in 

2004 (Venne 2006).  Cumulative species richness increased with increasing 

hydroperiod, and habitat characteristics (vegetation cover, structure, and height, 

and presence of playa basin modifications) influenced the relationship between 

hydrologic factors and amphibian community composition in 2003 (Venne 2006).  

Venne (2006) found a positive relationship between playa density and amphibian 

species richness in 2003 and 2004. To maintain amphibian diversity in the SHP, 

Venne (2006) recommended installing vegetation buffers around playas to 

reduce sedimentation deposition.  

Ghioca (2005) studied the effect of landuse on larval A. t. mavortium and 

Spea spp. diet and phenotypic plasticity.  She found that S. bombifrons often had 

a carnivorous morph, whereas S. multiplicata was primarily present as an 

omnivorous morph.  Spea spp. tadpoles generally were more numerous in 

cropland than grassland playas (Ghioca 2005).  Carnivorous morphs had wider 
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foreguts than omnivores, presumably for ingestion of larger invertebrate prey 

(Ghioca 2005).   Spea spp. carnivores were most frequent in the presence of A. t. 

mavortium larvae, which was in grassland playas (Ghioca 2005).  A. t. mavortium 

larvae were more numerous in grassland playas, and were found as typical, 

cannibalistic, and intermediate morphotypes.  Ghioca (2005) concluded that 

Spea spp. tadpoles exploited several trophic levels, as did salamander larvae, 

through phenotypic plasticity.   

 
 

Hypotheses 

My dissertation addresses three issues regarding amphibian ecology in 

playa wetlands in the SHP.  First, I test hypotheses regarding the influence of 

landuse (cropland and grassland), hydroperiod, vegetation density, and playa 

size on amphibian species diversity, sex ratios, and Spea spp. abundance 

(Chapter II).  Second, I test hypotheses related to the effect of landuse on 

survival, capture and recapture rates, emigration, and population size of Spea 

spp. metamorphs (Chapter III).  In Chapter IV, I test hypotheses regarding the 

trophic structure of playas and how hydroperiod, landuse, and vegetation cover 

influence amphibian larval communities.   
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CHAPTER II 

INFLUENCES OF WATERSHED CULTIVATION ON AMPHIBIAN DIVERSITY, 

SEX RATIOS, AND SPEA SPP. ABUNDANCE IN PLAYA WETLANDS 

 OF THE SOUTHERN HIGH PLAINS 

 

Introduction 

Approximately one third of the world’s amphibian species are experiencing 

population declines (Stuart et al. 2004) and because most amphibians exist in 

landscapes altered by anthropogenic activities, understanding landuse influences 

on amphibian community structure is important.  Several amphibian studies have 

focused on effects of forestry on pond breeders (e.g., Gibbs 1998, Palik et al. 

2001, Petranka et al. 2003, Baber et al. 2004) and some research has focused 

on the influence of cultivation on amphibians (Anderson et al. 1999, Gray et al. 

2004a, Gray et al. 2004b, Gray and Smith 2005, Ghioca 2005, Venne 2006).  

The effects of agriculture on amphibian populations are generally viewed as 

negative due to habitat fragmentation (Dodd and Smith 2003) and contamination 

of breeding sites by agrochemicals (Boone and Bridges 2003).   

 

Agricultural threats 

Habitat fragmentation, reduction in hydroperiod, mechanical destruction of 

terrestrial habitat by farm equipment, and contamination of wetlands by 

agrochemicals may alter amphibian communities (Phillips 1990, Kolozsvary and 
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Swihart 1999, Semlitsch 2003, Relyea 2005).  In the Southern High Plains 

(SHP), Spea bombifrons, S. multiplicata were more abundant in wetlands in 

cropland than grassland landscapes, possibly because agricultural practices 

inhibited dispersal (Gray et al. 2004a).  An alternative explanation was that 

predator presence (e.g., Ambystoma tigrinum mavortium) in cropland playas was 

lower due to reduced hydroperiods via increased sediment loads; reduced 

predator density allowed higher tadpole abundance (Gray et al. 2004a).  

Agricultural practices can negatively affect terrestrial and aquatic ecosystems, 

both of which are important to persistence of amphibian populations. 

 

Amphibians and the SHP 

Amphibian populations in the SHP are composed of metapopulations 

(Gray et al. 2004b).   Fragmentation of habitat used by amphibian 

metapopulations can reduce species distributions (Beebee 1996, Kolozsvary and 

Swihart 1999).  Luo et al. (1997) found that playa wetlands with cultivated 

watersheds contained more sediments than those surrounded by grassland; 

most had lost all of their original hydric soil defined volume.  Loss of volume 

reduces playa hydroperiod, influencing the natural function of playa ecosystems 

(Luo et al. 1997) and possibly the amphibian community (Gray et al. 2004a).  The 

30,000 playa basins in the SHP (Osterkamp and Wood 1987) make replication of 

study sites feasible.  The SHP, therefore, is an ideal place to study the effect of 

agriculture on amphibian populations. 
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Within-wetland characteristics 

Local habitat characteristics important to amphibians are hydroperiod, 

vegetation structure, and wetland size (Skelly et al. 1999, Snodgrass et al. 

2000a, Snodgrass et al. 2000b, Egan and Paton 2004, van Buskirk 2005).   For 

temporary aquatic habitats, hydroperiod may be the defining characteristic 

influencing community structure of breeding amphibians (Skelly 1997).  For 

example, there is some evidence of a positive relationship between hydroperiod 

length and cumulative species diversity (Snodgrass et al. 2000b, Baber et al. 

2004, Venne 2006).  Other data support the idea that aquatic species have water 

permanency life history requirements related to larval development times (van 

Buskirk 2005). 

Anderson et al. (1999) found a positive relationship between anuran 

richness in playas and vegetation.  Vegetation can create niches in playas that 

otherwise would not exist.  Playa size may be important if the species-area 

relationship (MacArthur and Wilson 1967) affects the composition of amphibian 

communities in playas.  Some studies have found no relationship between 

wetland size and species richness for amphibians (Snodgrass et al. 2000b, 

Venne 2006), whereas other studies have found a positive relationship (Babbitt 

and Tanner 2000, Baber et al. 2004).   
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Amphibian assemblages 

The influence of landuse on amphibian diversity, which is a measure of 

community complexity, is often of interest in altered landscapes (e.g., Kolozsvary 

and Swihart 1999, Gray et al. 2004a).  Whereas habitat preference may 

ultimately be responsible for the distribution of species, constraints in the form of 

“assembly rules” may limit the observed occurance of species at specific 

locations (Gotelli and Graves 1996: 161).  Therefore, another useful metric may 

be species nestedness.  A community has a nested distribution if species found 

in species-poor sites are a subset of species in species-rich sites (Patterson and 

Atmar 1986), meaning species-poor sites will not have any species not already 

represented in species-rich sites.  Possible mechanisms causing species 

nestedness are differential extinction (Wright et al. 1998), immigration rate, and 

environmental stress tolerance (Worthen et al. 1996, Worthen et al. 1998).  

Calculating the degree of species nestedness (i.e., the degree of order or 

disorder in the loss or gain of species; Atmar and Patterson 1995) can shed light 

on whether differences in diversity among sites are due to species additions or 

deletions, with or without replacement of species.   Because I did not measure 

habitat availability, I did not attempt to estimate habitat selection (often referred 

to as “preference” (Railsback et al 2003)).   Habiat selection calculations require 

calculating the ratio of habitat use (the frequency animals use various habitat 

types) to habitat availability (Railsback et al. 2003). 
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Sex ratios 

Sex ratios may indicate of the level of stress on a community (Zug et al. 

2001).  For most amphibian species, males compete for a limited number of 

females (Zug et al. 2001).  However, being an explosive breeder or breeding 

over a prolonged period may influence the operational sex ratio (Zug et al. 2001).  

The majority of SHP amphibians are explosive breeders, and high densities of 

males are possible for species using this reproductive strategy (Duellman and 

Trueb 1986).  Female amphibians may not migrate to breeding areas if they 

perceive them to be too dry (Trenham et al. 2000) or there may be differential 

survival of males versus females (Zug et al. 2001).  If cropland playas have 

shorter hydroperiods than grassland sites, then sex ratios may be more male-

biased at cropland than grassland sites because females perceive a low 

probability of their young completing metamorphosis or because females have 

lower survival than males. 

 

Hypotheses 

The goals of this study were to assess the influence of landuse, 

hydroperiod, and time (week within a season) on amphibian species diversity, 

sex ratios, and Spea spp. abundance in playa wetlands.  I focused on Spea spp. 

abundance because they are often the most abundant and ubiquitous (i.e., at 

most playas during the summer) amphibian species in playas (Gray et al. 2004a, 

Gray et al. 2004b).  I tested hypotheses concerning amphibian populations on 
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the scale of the week (i.e., sampling period) and entire season (i.e., cumulative).  

I hypothesized that because grassland playas have longer hydroperiods than 

cropland playas, they would have higher cumulative species diversity; larvae 

requiring longer hydroperiods and consistent water levels for development would 

not be excluded.  I also hypothesized that weekly and cumulative proportion of 

males across all species would be greater in cropland than grassland playas 

because females may not travel to breeding sites in the same proportion as 

males if they perceive them to be too dry to breed.  I hypothesized that weekly 

and cumulative Spea spp. abundance would be greater in grassland than 

cropland playas because these species emerge at a larger size with longer 

hydroperiods, increasing chances of survival (Alford 1999: 242).  Because there 

may not be hydroperiod and weekly water level fluctuation differences between 

cropland and grassland playas, I also tested the above hypotheses for weekly 

water level fluctuation and hydroperiod separate from landuse. 

Because I collected data on vegetation cover and playa size, I used 

regression models to test for vegetation influences on diversity and Spea spp. 

abundances, and the influence of playa size on diversity, sex ratios, and Spea 

spp. abundances to answer questions relating to habitat characteristics on 

amphibian community structure.  I also was interested in whether rarer species 

were added to communities with or without replacing other species.  Therefore, I 

tested for species nestedness (Patterson and Atmar 1986) in the amphibian 

community. 
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Methods 

 

Study area 

 Field research was conducted in playas in the Texas SHP.  The 30,000 

playas, characterized by the hydric soil Randall clay (Bolen et al. 1989), comprise 

only 2% of the landscape (Haukos and Smith 1994).  Most playas are less than 

0.5-km in diameter (Osterkamp and Wood 1987) and each has its own 

watershed (Smith 2003). 

The SHP has a shorter agricultural history than most other regions of the 

U.S., about 70 years (Mason 1986), but the agricultural effects on playas has 

been considerable (Luo et al. 1997, Smith 2003).  Crops dominate watersheds of 

most playas and few have native grassland as the main land cover (Haukos and 

Smith 1994).  This area was originally short-grass prairie with dominant grass 

species Bouteloua spp. and Buchloë dactyloides (Smith 2003).  Currently, the 

main crops in the SHP are cotton, grain sorghum, winter wheat, and corn (Smith 

2003). 

The SHP is a semi-arid region characterized by playa wetlands that 

receive water from precipitation most often during spring and summer rainstorms 

(Smith 2003).  Most (54-72%) of this rainfall occurs as localized thunderstorms 

from May to September (Bolen et al. 1989).  Average summer (May through 

September) daily highs for approximately the center of the SHP (Lubbock, 

Texas) were 30.9 °C (1971 through 2000; http://www.srh.noaa.gov/lub/climate/ 
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CoopNormals/TempCoOp.htm).   Average summer (May through September) 

precipitation for Lubbock was 29.5 cm (+ 1.14 SE, from 1911 to 2005; 

http://www.srh.noaa.gov/lub/climate/ LBB_Climate /Precipdata/Precipdata.htm). 

 

SHP amphibians 

The most numerous amphibian species in the SHP are A. t. mavoritium, 

Bufo cognatus, Spea bombifrons, S. multiplicata, and Pseudacris clarkii (Smith 

2003).  Other species present on the SHP include Gastrophryne olivacea, Acris 

crepitans crepitans, Rana blairi, B. speciosus, B. woodhousei woodhousei, and 

Scaphiopus couchii (Anderson and Haukos 1997, Smith 2003).  Rana 

catesbeiana is also present on the SHP, but might not be native (Smith 2003). 

 

Field study design 

In 2003 and 2004, I selected 12 playas in two landuse treatments, six 

surrounded by cropland and six surrounded by native grassland (i.e., land that 

has never been tilled) from playas that were previously dry but filled via spring 

rains.  Study sites were in Floyd County in 2003, and Floyd and Briscoe Counties 

in 2004.  Playas were randomly selected from those meeting the following 

criteria:  they had water in them, I had to have landowner permission, be able to 

erect a drift fence around them (e.g., not in planted crop rows), and the playa 

watershed had to have >75% of the appropriate landuse, which I estimated 

visually in the field.   
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To intercept movements of amphibians entering and leaving playas, I used 

the drift fence and pitfall technique (Figure 3.1).  I used silt fencing attached to 

wooden posts and buried the bottom edge to inhibit movement of amphibians 

under the fence (Gray et al. 2004a).  All playas had 25% of their circumference 

enclosed in 60-cm tall silt fencing (after Gray et al. 2004a).  Circumference was 

estimated to the nearest meter using a GPS unit and walking the visual edge of 

the playa.  The visual edge was on a boundary of a vegetation change around 

the playa (Luo et al. 1997).  Nineteen-liter buckets were placed in 10-m 

increments and buried flush to the soil surface on each side of the drift fence.  A 

small amount of water and moist sponges provided water for the amphibians in 

pitfall traps to reduce desiccation (Dodd and Scott 1994: 127). 

A ‘two-day’ sampling period consisted of opening the buckets on the 

inside of the fence on the first night and the outside buckets on the second night.  

Sampling periods were separated by five to 10 days.  Because most amphibians 

are active at night, pitfall traps were opened in the afternoon and checked the 

following morning (Corn 1994: 114).  However, during peak metamorphosis in 

2003, emergence of Spea spp. in some playas (n=9) was so large (> 1,000 

metamorphs/night) that I opened pitfall traps for four to five hours for these 

playas.  I adjusted abundance of amphibians caught on these occasions to a 16-

hour sampling night (e.g., if opened four hours, I multiplied the abundance by 

four).  Additionally, flooding in 2003 only allowed me to use part of a fence in 

some (n=2) playas.  Because I recorded the number of buckets used on these 
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occasions (e.g., 15% of the playa sampled instead of 25%), I adjusted the 

number caught to reflect how many would be caught if the entire fence had been 

used (e.g., if one half of the buckets were used, I multiplied the abundance by 2).  

In 2004, opening the buckets for only part of the night was not necessary.  

However, I adjusted abundance due to flooding of some buckets in some (n=4) 

playas.  I adjusted the number of buckets 2.1% and 8.7% of sampling nights in 

2003 and 2004, respectively.  To assess diversity and Spea spp. abundances, I 

identified all amphibians except Spea spp. metamorphs to species and noted 

whether they were breeding adults or metamorphs. S. bombifrons and S. 

multiplicata were combined into a Spea spp. complex because I found them 

difficult to distinguish as newly metamorphosed individuals.   

I recorded the sex of all adult amphibians to assess differences in sex 

ratios between landuse treatments.  Sex of anurans in the SHP except Rana 

(true frog family) individuals was determined by the presence (males) or absence 

(females) of a dark or colored throat or nuptial patches (Duellman and Trueb 

1986).  Adult male Rana spp. were distinguished from females by an enlarged 

thumb during the breeding season (Duellman and Trueb 1986).  Male A. t. 

mavortium have an enlarged cloaca and females do not (Duellman and Trueb 

1986).   

To assess the influence of hydrologic conditions and vegetation cover on 

amphibian populations, depth and vegetation cover measurements were taken at 

four random locations, marked by stakes, within each playa when inside buckets 
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were opened (~1/wk).  Depth was measured to the nearest 0.5-cm.  Hydroperiod 

was estimated as number of days the playa contained continuous surface water 

(i.e, playas with water only in small puddles were considered dry).  During the 

field season (see below), water depth was monitored every sampling period 

(~1/wk).  Once sampling ended, playas were assessed for presence of water 

every two weeks until they dried.  Two playas from 2004 did not dry by the end of 

July in 2005 and were given a value of 494 days, which included the last day 

these playas were known to have a continuously wet hydroperiod.  Vegetation 

cover was estimated by ranking vegetation area coverage visible at or above the 

water surface in a 5-m by 5-m area around the stake from 0.0 to 5.0, with 0.5 

increments during each sampling period (Higgins et al. 1996: 577).  A vegetation 

ranking for a two-day sampling period was calculated as the mean of the four 

vegetation rankings within each playa.  Water level fluctuations were calculated 

as the change in mean depth (from depth readings at the four stakes in each 

playa) from one sampling period to the next and this value could have been 

negative (i.e., water loss) or positive (i.e., water gains).  To avoid confusion 

concerning linear relationships between dependent variables and this continuum 

of positive and negative values, I used the term ‘depth loss.’  When a playa dried, 

no water level fluctuation value was given to that week.   

Sampling for the first field season began 22 June 2003 after the first 

spring rains (3 June 2003), and ended 14 August 2003 when playas became dry 

and few amphibians (<20/sampling period) were caught in the pitfall traps.  In 
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2004 I selected five grassland playas in early spring because rains partly filled 

some playas in the area.  However, by May these playas were dry or contained 

<1-cm water.  Sampling in 2004 began on 6 June 2004 after a rain event on 5 

June 2004 refilled playas where I previously set up drift fences.  After 31 August 

2004, when abundance for each species was low (<20/sampling period), I 

sampled nine playas still containing water once in September and once in 

October.   Data collected after August in 2004 were only used to assess weekly 

abundance and cumulative diversity analyses. 

 

Statistical Analyses  

 Cumulative analyses.  I tested for influences of landuse and year on 

cumulative metamorph and adult Shannon-Wiener diversity (H’; Margarran 

1998), cumulative Spea spp. metamorph and adult abundance (no. caught/m), 

and overall proportion of males (all species combined) by performing a two-way 

analyses of variance (ANOVA; proc GLM, SAS® 9.1).  All species were combined 

for the proportion of males because sample sizes of adults for each species were 

small.  Spea spp. metamorph abundance was square-root transformed to meet 

assumptions regarding normality and homoscedasticity (Zar 1999).  Means and 

90% confidence limits were back-transformed for presentation of Spea spp. 

metamorph data.  Confidence limits were used in back-transformations because 

“the standard error is of no value to [back-transformed] data” (Sokal and Rohlf 

1981: 421).   
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To test for influences of hydroperiod, circumference, and overall 

vegetation cover on cumulative metamorph H’, cumulative Spea spp. metamorph 

and adult abundance, and overall proportion of males, I used simple linear 

regression (proc GLM, SAS® 9.1) to model data for each year separately and 

both years combined (α=0.10).  Overall vegetation cover was estimated for wet 

playas using mean vegetation ranking for each playa for the season, and 

hydroperiod was number of days playas had continuous surface water.  I used 

simple instead of multiple regression because using multiple regression for 12 

playas/year would overextend the data. 

I chose circumference over area as the playa size metric for several 

reasons.  I used no. caught/m (of fence) for abundance calculations.  The drift 

fence was erected along 25% of the perimeter of the playa; I could not assume 

this method sampled 25% of the area of the playa because the fence did not 

actually enclose 25% of the playa (i.e., a 25% ‘pie piece’).  Although it could be 

argued that metamorphs I captured were once tadpoles and that the area metric 

could therefore be used, I have observed that larval amphibians rarely use 

deeper portions of playas (>1-m); therefore, using the entire playa area as a 

metric would be inaccurate for metamorphs.  Because the drift fence is meant to 

sample adults migrating to and from breeding sites, adults would have to ‘know’ 

the playa’s area when sampled on the outside of the fence.  Finally, although the 

perimeter-area relationship for circles (the general shape of playas (Smith 2003)) 
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is not proportional, for the playas in this study, the perimeter-area relationship is 

very close (r2=0.98). 

Weekly measures analyses.  Two-day sampling periods occurred about 

once per week.  To test for influences of landuse, weekly water level fluctuations, 

time (week), weekly vegetation cover, and circumference on weekly diversity, I 

modeled the effects of these predictor variables on sampling period estimates of 

metamorph and adult H’.  Spea spp. metamorph abundance was square-root 

transformed to meet assumptions of normality and homoscedasticity (Zar 1999).  

Means and 90% confidence limits were square root back-transformed for 

presentation.  To test the effect of of landuse, weekly water level fluctuations, 

time (week), and circumference on the proportion of males, I modeled their 

effects on proportion of males (all species combined).  To examine the influence 

of landuse, weekly water level fluctuations, time, weekly vegetation cover, and 

circumference on Spea spp. abundance, I modeled their effects on adult and 

metamorph Spea spp. (S. bombiforns and S. multiplicata combined) abundance 

(adjusted number caught/m).  I used repeated-measures multiple regression for 

mixed models (proc MIXED, SAS® 9.1) to predict sampling period metamorph 

and adult H’, sex ratios (proportion of males), and Spea spp. metamorph and 

adult abundance, with playas repeatedly measured by sampling periods.  Values 

for H’ and proportion of males were summed for the two-day sampling period 

weekly total.  Spea spp./m for each playa was calculated for each day and then 

summed for each 2-day sampling period.  H’ was calculated using this 2-day 
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abundance value for each species.  All mixed models were used for 2003 and 

2004 separately and both years combined.   

Predictor variables for diversity, sex ratio, and Spea spp. abundance 

models were playa circumference, mean weekly change in sampling period water 

depth, mean sampling period vegetation ranking, year, week (categorical), and 

landuse.  Models were ranked using AICC (Burnham and Anderson 2002).  I 

used a first-order autoregressive covariance structure because I thought 

sequential sampling errors might be correlated.  Sampling errors were estimated 

using maximum likelihood.  I estimated degrees of freedom using the 

Satterthwaite Estimation Method (1946).  Evidence ratios (“er”; Burnham and 

Anderson 2002: 78) were calculated for each model against the null model 

(intercept only model) to indicate a degree of evidence (in lieu of hypothesis 

testing) over random variation.  Evidence ratios were calculated as: 

j

i

w
w

=er  

where wi is the Akaike weight of the model of interest and wj is the Akaike weight 

of the model to which comparisons are made (Burnham and Anderson 2002).  

Coefficients of determination were calculated after Nagelkerke (1991).  The 

coefficient of determination should be interpreted as the proportion of variation 

explained relative to the intercept model and should be used for comparison 

among models (Nagelkerke 1991), not as the total variation explained by the 
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model (i.e., Pearson’s; Zar 1999).  To test for weekly landuse differences in H’ 

and Spea spp. abundances, I used LSMEANS. 

Species nestedness.  I also tested for species nestedness against a null 

distribution using metamorph species presence-absence data across all playas 

for each year and for both years combined.  Adults were not used because of low 

abundance (or my inability to detect them) and because emerging metamorphs 

indicated use of a playa by adults.  I used NESTCALC (Atmar and Patterson 

1995) to calculate species nestedness ‘temperature’ for each year and for both 

years combined.  This program uses presence-absence data, and temperatures 

range from 0°, completely nested, to 100°, completely random (Atmar and 

Patterson 1993).  I compared the data matrix temperature to the mean probability 

of 1000 randomly generated Monte-Carlo simulations (Atmar and Patterson 

1993).   

 

Results 

 Mean circumference of playas ranged from 700-2600 and 1100-2200 m in 

2003 and 2004, respectively (Appendix A).  Playas generally had shorter 

hydroperiods in 2003 ( x =101) than in 2004 ( x =164).  The mean vegetation 

ranking ranged from 0-3.83 in 2003 and 0.10-3.63 in 2004.  Nine and 11 

amphibian species were found in study playas in 2003 and 2004, respectively, 

and Spea spp. were the most abundant taxa. 
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Cumulative variable analyses 

 Landuse and year.  There was no effect of landuse on cumulative diversity 

of metamorphs or adult amphibians, proportion of males, or on cumulative 

metamorph and adult abundance (Table 2.1).  Year had a significant effect on 

cumulative metamorph H’, cumulative abundance of Spea spp. metamorphs, and 

cumulative adult Spea spp. abundance (Table 2.1).  Metamorph H’ was greater 

in 2004 than 2003, and Spea spp. abundance of adults and metamorphs was 

greater in 2003 than 2004 (Table 2.2).  Species diversity of adults and 

metamorphs was higher in 2004 than 2003 (Table 2.2).  There was no effect of 

year on cumulative H’ of adults or proportion of males (Table 2.1). 

Hydroperiod, vegetation cover, and circumference.  There was no 

relationship between hydroperiod and cumulative H’ of metamorphs, cumulative 

Spea spp. metamorph abundance, cumulative Spea spp. adult abundance, or 

overall proportion of males either in year or for both years combined (Table 2.3).   

Although there was no relationship between cumulative adult H’ and hydroperiod 

for 2004, there was a positive relationship between hydroperiod and adult H’ in 

2003 and for both years combined (Table 2.3).  There was no relationship 

between mean vegetation cover and cumulative adult H’, cumulative metamorph 

H’, cumulative metamorph abundance, cumulative adult Spea spp. abundance, 

or overall proportion of males (Table 2.3).  There was no relationship between 

playa circumference and cumulative adult H’, cumulative metamorph H’, 
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cumulative metamorph abundance, cumulative adult Spea spp. abundance, or 

overall proportion of males (Table 2.3). 

 

Weekly measures analyses 

Landuse.  There was no influence of landuse on sampling period H’ of 

metamorphs in 2003 or for both years combined (Tables 2.4 and 2.5) and weak 

support for higher H’ of metamorphs in grassland than cropland playas in 2004 

(Table 2.4, Appendix A).  There was no support for differences in sampling 

period H’ of adults between landuses either year or for both years combined 

(Tables 2.6 and 2.7).  There was no landuse influence on sampling period 

proportion of males (Tables 2.8 and 2.9), or sampling period Spea spp. 

metamorph (Tables 2.10 and 2.11) and adult abundance (Tables 2.12 and 2.13). 

Water loss.  Weekly water loss had a negative influence on sampling 

period metamorph H’ in both years (Tables 2.4 and 2.5), a positive influence on 

adult H’ in 2004 and for both years combined (Tables 2.6 and 2.7), and no 

influence on H’ of adults in 2003 (Table 2.6).  Water loss had a negative 

influence on sampling period proportion of males both years (Tables 2.8 and 

2.9).  Water loss was negatively associated with sampling period Spea spp. 

metamorph abundance (Tables 2.10 and 2.11) and a positive association with 

Spea spp. adult abundance (Tables 2.12 and 2.13).   

Sampling period differences.  There were differences in metamorph (Table 

2.4, Figure 2.1) and adult (Table 2.6, Figure 2.2) H’ among sampling periods in 
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2003 and 2004.  Metamorph diversity generally increased though time and adult 

diversity generally decreased through time both years.  There were no 

differences in sex ratios among sampling periods (Table 2.8).  There were 

sampling period differences in Spea spp. metamorph (Table 2.10, Figure 2.3) 

and adult (Table 2.12, Figure 2.4) abundances.  Spea spp. metamorph 

abundance generally peaked three to four weeks after initiation of sampling, and 

adult abundance declined reach week. 

Vegetation cover.  The influence of vegetation cover on sampling period 

H’ of metamorphs was not supported in 2003 (Table 2.4), but vegetation cover 

had a positive influence on metamorph H’ in 2004 and for both years combined 

(Tables 2.4 and 2.5).  There was a positive influence of vegetation cover on adult 

sampling period H’ in both years (Tables 2.6 and 2.7).  Vegetation cover had a 

positive relationship with sampling period Spea spp. metamorph abundance in 

2003, a negative influence on sampling period Spea spp. metamorph abundance 

in 2004 (Table 2.10), and a positive influence for both years combined (Table 

2.11).  There was no influence of vegetation cover on sampling period Spea spp. 

adult abundance (Tables 2.12 and 2.13). 

Circumference.  There was no influence of playa size on sampling period 

H’ of metamorphs, sex ratios, or Spea spp. metamorph and adult abundances 

(Tables 2.4, 2.5, and Tables 2.8 through 2.13).  There was a positive influence of 

playa size on sampling period H’ of adults in 2004 (Table 2.6) but not in 2003 or 

for both years combined (Tables 2.6 and 2.7). 
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Model selection.  The variables in the best models that predicted sampling 

period H’ of metamorphs and adults, sex ratios, and abundances of Spea spp. 

metamorphs and adults generally contained change in water depth and 

vegetation density (Tables 2.4 through 2.13.).  The addition of landuse and 

circumference rarely improved models (Tables 2.4 through 2.13.). The r2 used in 

this analysis is meant to compare models within the model set (Nagelkerke 

1991), and generally, the coefficient of determination (r2) for each model most 

often was positively associated with the er.  When the er was high (>1000), the r2 

approached 1.0, and when the er was low (<10), the r2 approached zero.  

Therefore, if the highest-ranking models were many times better than the null 

model, the r2 approached 1.0; otherwise, the highest-ranking models had lower r2 

values. 

Metamorph Species Nestedness.  The degree of species nestedness 

were different from null distributions for 2003, 2004, and for both years 

combined, with temperatures of 9.50°, 9.16°, and 9.09°, respectively (2003: null 

x =42.78°, SE=0.930°, p<0.001; 2004: null x =44.07°, SE=0.922°, p<0.001; both 

years combined: null x =52.59°, SE=0.658°, p<0.001). 
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Discussion 

 

Landuse influences 

 Landuse did not have a strong influence on cumulative or sampling period 

diversity, sex ratios, or Spea spp. abundances; thus, my hypotheses regarding 

landuse effects were not supported.  Whereas landuse was a variable in some of 

the best models, its presence offers little model improvement.  Landuse is most 

likely not a proximate cause for differences in diversity, sex ratios, or Spea spp. 

abundances in my study.  Other researchers in the SHP have found similar 

results regarding sampling period daily diversity (Anderson et al. 1999, Gray et 

al. 2004a, Ghioca 2005) and cumulative richness (Venne 2006).  However, Gray 

et al. (2004b) found Spea spp. abundance was higher in cropland than grassland 

sites as did Ghioca (2005), although her differences were not significant due to 

low power.  Over a seven-year period, van Buskirk (2005) found that some 

amphibian species used farmland whereas others used native forest habitat.  

Long-term studies may be needed to find differences in community dynamics 

between cropland and grassland sites. 

 
 
Hydroperiod and influences of 
changes in water depth 
 
 Hydroperiod was positively associated with adult diversity in 2003 and 

both years combined.  Whereas the same trend was present in 2004, lack of 

significance may be attributed to 2004 being a higher rainfall year; hydroperiod 

 40



 

may not have been a limiting factor.  Venne (2006) also found a positive 

relationship between hydroperiod and cumulative species richness in the SHP.  I 

did not find an influence of hydroperiod on metamorph diversity.  This finding 

may be a result of naturally high variation in abundance and presence of certain 

species, especially Spea spp., and lack of power in these analyses.  Additionally, 

factors (i.e., hydroperiod) affecting metamorph survival from the previous 

breeding season may have a strong influence on the numbers of breeding adults 

and thus metamorph abundances observed during the breeding seasons of this 

study. 

Water loss was the most important variable in the majority of top models 

that predicted diversity, sex ratios, and Spea spp. abundances.  Therefore, my 

hypothesis the influence of water loss on diversity was also partially supported.  

Playas that had little water loss had higher metamorph diversity than playas that 

had greater water losses most likely because species requiring longer 

hydroperiods for larval development metamorphosed.  The negative influence of 

water loss on adult diversity is likely due to adults estivating when water 

conditions were unpredictable (i.e., when they fluctuated), which would coincide 

with declining water levels. 

Water loss had a strong negative influence on proportion of males.  This 

finding does not support my hypothesis that females would be underrepresented 

at breeding sites, if they perceived as unpredictable.  My sampling methods may 

 41



 

have been ineffective, as I was not able to adequately sample most playas 

immediately following playa inundation when adults first arrive. 

My hypothesis a positive relationship between Spea spp. abundance and 

weekly water loss was partially supported.  Spea spp. metamorph abundance 

was negatively associated with water loss, whereas adult abundance was 

positively associated with water loss.  When playas did not loose water, fewer 

metamorphs emerged.  Adults used playas for breeding when playas first 

received water (e.g., when water fluctuated little).  Scaphiopus spp. and Spea 

spp. tadpoles may have a competitive advantage compared to other amphibian 

larvae in fast-drying wetlands (Wilbur 1987, Wilbur 1997, Skelly 1997).  These 

taxa can therefore develop and emerge when water levels decrease; however, 

they may succumb to predation or competition when water levels remain high or 

increase (Wilbur 1987, Wilbur 1997, Skelly 1997).   

 

Vegetation influences  

My hypothesis a positive relationship between amphibian diversity and 

vegetation cover was supported.  Vegetation cover had a positive influence on 

species diversity most likely because vegetation increased the number of niches.  

Egan and Paton (2004) and van Buskirk (2005) found that some amphibian 

species had vegetation preferences.  Vegetation increases habitat complexity 

within wetlands, which creates refugia for larvae (Formanowicz and Bobka 1989) 

and attachment sites for amphibian eggs (Seale 1982, Egan and Paton 2004).  
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Alternatively, vegetation may have been present when predators were not 

(Chapter IV).  Vegetation may provide structure for breeding displays (Anderson 

et al. 1999) and protection from sunlight and diurnal predation (Dickerson 1969).  

Vegetation may also serve as a substrate for periphyton, a food of some anuran 

tadpoles (Duellman and Trueb 1986).  In the larval stage, other anuran species 

may be superior to Spea spp. at evading sit-and-wait predators (e.g., invertebrate 

predators) that inhabit vegetated environments (Merritt and Cummins 1996), 

therefore reducing the likelihood of Spea spp. adults breeding in vegetated 

playas or that tadpoles survive in these environments.  Additionally, there is 

some evidence that vegetation cover was positively associated with Spea spp. 

abundance in 2004.  Adult Spea spp. may prefer to breed in playas that were 

previously dry, but which become wet quickly; these playas would presumably 

lack vegetation.  There was no association between vegetation cover and Spea 

spp. adult abundance, probably because most adults were only available for 

capture early in summer before vegetation became dense.  Anderson et al. 

(1999) also found a positive relationship between amphibian richness and 

vegetation cover.  Vegetation height and structure were positively correlated with 

species richness in the first year of Venne’s (2006) study. 

 

Influence of playa size 

 Species diversity.  The theory of island biogeography (MacArthur and 

Wilson 1967) the relationship between distance from the mainland (or other 
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islands) and species richness may be more relevant to playas than the 

relationship between island size and species richness.  Playas resemble wetland 

‘islands’ in a terrestrial environment.  In this study, playa size was not an 

important factor influencing amphibian diversity likely because small and large 

playas may provide the appropriate hydrologic and vegetation conditions for most 

species to coexist.  Smith and Haukos (2002) found only marginal (r2<0.1) 

relationships between playa area and plant (terrestrial and wetland species 

combined) diversity and richness.  This implies that increases in playa size do 

not necessarily correlate with an increase in habitat types.  Without an increase 

in the number of habitat types, an increase in species richness is unlikely.  

However, the species-area relationship was stronger (r2=0.2) when only wetland 

plants were included (Smith and Haukos 2000).  Increasing the proportion of 

wetland plants relative to upland plants may increase fauna species richness in 

wet playas, but this relationship has not been tested.  Others have found similar 

results to mine for the relationship between wetland size and amphibian richness 

(Snodgrass et al. 2000b, Oertli et al. 2002, Mazerolle et al. 2005).   

Species nestedness.  Species nestedness is common in insular systems 

where a positive association between species richness and island size exists 

because larger islands generally have more habiat types (Atmar and Patterson 

1993).  Amphibian species were highly nested within playas.  Bufo cognatus and 

especially Spea spp. were ubiquitous in this study, whereas I encountered all 

other species with less frequently (Appendix A).  Anderson et al. (1999) classified 
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certain SHP species as specialists and generalists and my species nestedness 

pattern reflects this generalist and specialist classification.  The high degree of  

species nestedness reveals that rarer species (i.e., B. debilis and G. olivacea) 

are added or subtracted from playa communities without replacing other species.  

This corroborates the finding of Baber et al. (2004) that amphibian communities 

are highly nested in wetland New Hampshire wetlands.  Species within naturally 

fragmented habitats have nested distribution patterns (Atmar and Patterson 

1993).  The influence of habitat fragmentation on species nestedness patterns is 

important to conservation biology because if species nestedness is strong, sites 

that have the fewest species may have lost those species that are rarer in the 

landscape (Wright and Reeves 1992).  If metamorph diversity is influenced by 

hydroperiod length and vegetation cover, species nestedness most likely 

increases under conditions that favor species that require longer hydroperiods 

and greater vegetation cover than the most ubiquitous species, Spea spp.  

However, these results likely apply only to playas under short to intermediate 

hydroperiods, as playas with long hydroperiods eventually exclude anurans due 

to the presence of salamanders (Chapter IV).  

If I detected all species present in each playa, a question arises regarding 

why some species are not detected in certain playas.  Hydrologic alteration or 

destruction of breeding sites may cause multiple years of breeding failure, which 

can cause extirpation of a species in an area (Semlitsch 2003).  Fluctuating 

hydroperiods among years or (Chapter IV) a lack of appropriate vegetation cover 
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(Anderson et al. 1999) may be two explanations; but, landuse may influence 

hydroperiod and vegetation cover in playas.  Have rarer species been extripated 

from some playas?  Long-term monitoring of playas and more effective sampling 

methods (to increase detection probability) are needed to properly answer this 

question.  However, if some species are now permanately removed from some 

playas, what has caused these extripations?  Playas, regardless of watershed 

landuse, are ‘fragmented’ by upland habitat.  Another explanation for species 

nestedness in the SHP is islolation of playas in cropland landscapes.  Kadmon 

(1995) found isolation of forest ‘island’ fragments, but not island size, influenced 

species nestedness.  Dispersal or lack thereof, of rarer species may also 

contribute to species nestedness patterns, as Hecnar and M’Closkey (1997) 

found with amphibian communities in western Ontario.  Agricultural practices 

could impede movement of certain amphibian species with lower dispersal 

abilities, prohibiting recolonization from neighboring playas after extinction. 

Sex ratios and Spea spp. abundance.  Playa size was not an important 

factor influencing sex ratios or Spea spp. abundance.  As stated earlier, my 

sampling methods for adults may have been ineffective.  If Spea spp. abundance 

is related to playa size, large variability in abundance among playas prevented 

me from detecting any differences. 

Model selection 

 Models with the variable water loss were most often the best models for 

predicting amphibian species diversity and Spea spp. abundance followed by 
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those with vegetation cover.  The addition of landuse and circumference did not 

often improve models.  These results indicate that the amount of water loss and 

vegetation cover is the most important variables predicting sampling period 

diversity, and Spea spp. abundances.  Yearly differences in Spea spp. 

abundances were large, as more adults and metamorphs were detected in the 

drier year.  Diversity was higher in the wetter year.  This provides evidence that 

Spea spp. are well adapted to dry conditions (Bragg 1965, Dimmitt 1975) but not 

to competition with other species or predator avoidance as larvae.  Whereas 

spadefoots (Spea spp., Scaphiopus spp.) have the capability to grow rapidly to 

avoid dessication (Richmand 1947), they lack adaptations for predator avoidance 

(Kruse and Francis 1977).  Anderson et al. (1999) also found changes in species 

composition between years.  Interactions between landuse, change in depth, and 

vegetation cover and between landuse and week rarely improved models.  These 

interactions may not have improved models because water loss and amphibian 

communities were similar among cropland and grassland playas.   

 

Seasonal influences 

Metamorph diversity generally increased each week because Spea spp. 

metamorphs became less abundant after their peak emergence.  The reduction 

of Spea spp. abundance increased species evenness, which increases Shannon-

Wiener (Magurran 1988).  Adult diversity generally decreased each week, most 

likely as adults ceased breeding activities.  In both years, Spea spp. metamorph 
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abundance sharply peaked and then decreased whereas adult abundance was 

greatest early in the season and then rapidly decreased.  This was expected for 

explosive breeders (Zug et al. 2001).  Week was not an important influence on 

sex ratios likely because initiation of male and female estivation was similar.  

 

Sampling method limitations 

Shortened hyroperiods of sediment-laden playas mimic drought, a 

condition to which SHP amphibians are adapted.  Any effects, therefore, of 

widespread shortened hydroperiod may take a few decades to emerge.  I chose 

cropland study sites from a pool of playas around which I would be able to set up 

drift fences.  Most of these playas had a strip of vegetation surrounding them.  

This buffer may reduce playa sedimentation rates.  Therefore, my selection of 

cropland playas may be towards those that were ‘healthier.’  Some playas have 

no vegetation buffer, making them difficult to sample with drift fences.  

Additionally, finding grassland playas in 2003 was difficult, especially during 2003 

(the drought year).   Whereas I attempted to adhere to 75% landuse cover for 

each treatment, conforming to this specification proved difficult.  The mean 

proportion of untilled grass in the watersheds of my grassland playas was 0.336 

(SE=0.08) and 0.658 (SE=0.09) in 2003 and 2004, respectively (See Tsai 

unpubl. data for landuse calculation method).  Gray et al. (2004a, 2004b) set 

criteria of 75% of the given landuse in a 3-km circumference around each playa.  
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Therefore, my grassland playas may have had greater cultivation effects that 

obscured landuse treatment effects.  

 

Management Implications 

Based on my results that amphibian diversity is highly variable and can be 

similar in cropland and grassland playas, (1) the effects of landscape changes in 

the last few decades may have not yet materialized (e.g., a lag effect), (2) 

community changes due to natural stressors are difficult to separate from 

changes caused by anthropogenic stressors, (3) no support for differences 

between landuse is a result of a bias towards selecting cropland study playas 

with lower degradation levels or grassland playas with some cropland in their 

watershed, and/or (4) my results were too variable to have enough power.  Most 

likely, all four of these factors contribute to the lack of difference between 

landuses, if differences exist.  Alternatively, there may truly be no differences in 

amphibian diversity between landuse types. 

The hydrologic state of playas in previous SHP amphibian studies (e.g., 

Gray et al. 2004b) prior to selection is unclear and this history could be important 

in forming the amphibian community because the presence of predators such as 

salamanders may influence anuran larval abundance (Penchman et al. 1989, 

Chapter IV).  Future studies should consider hydrologic history if objectives 

include targeting certain amphibian taxa (i.e., A. t. mavortium as opposed to 
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anurans).  This history is also important to recognize to reduce variation not 

associated with the study treatment. 

Alteration of hydroperiod is a type of ecological stress for playas.  Finding 

indicators of aquatic habitat quality is important for assessing how stress affects 

ecosystems (Rosenberg and Resh 1996).  Invertebrates are the most commonly 

used biological indicators of aquatic habitat quality (Hellawell 1986, Rosenberg 

and Resh 1993), although amphibians are also utilized (Pollet and Bendell-

Young 2000).  Monitoring at the community level often involves assessment of 

community richness, with the assumption habitat quality increases with 

increasing species richness (Rosenberg and Resh 1996).  However, this 

assumption has been strongly criticized (Washington 1984, Norris and Georges 

1993). 

For ephemeral wetlands such as playas, amphibian population and 

community parameters may not be appropriate tools for assessing how 

ecological stress impacts habitat quality.  To adequately monitor or detect all 

amphibian species in playas requires continuous monitoring of breeding sites, 

and accessing breeding sites the same night of inundation is ideal.  The best 

metrics of amphibian populations present in playa wetlands may be indices 

calculated from metamorph (not adults) populations or species richness (not 

diversity).  Whereas metamorph abundance may be biased low later in summer 

due to estivation and other factors (Chapter III), metamorph presence can 

consistently indicate breeding effort where sampling difficulties of adults create 
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detection problems.  Additionally, seining and dip netting in playas are biased 

sampling methods because they seldom detect Bufo spp. and Gastrophryne sp. 

(Ghioca 2005, Torrence personal observation).  Sampling metamorphs, however, 

requires considerable effort, especially when using drift fences.  Emergent times 

differ among species; therefore, sampling for metamorphs requires repeated 

sampling to detect as many species as possible.  Maintaining drift fences is labor 

intensive, as wind, cattle, heavy rain events, and ground shrinkage around 

buckets during dry conditions decrease the integrity of a drift fence. Therefore, 

amphibians cannot give a rapid habitat assessment.  Sediment depth may be the 

best or most efficient indication of ecosystem health of playas. 

In 2001, the United States Army Corps of Engineers lost jurisdiction over 

isolated wetlands via the SWANCC (Solid Waste Agency of Northern Cook 

County) U.S. Supreme Court decision; therefore, isolated wetlands no longer 

have federal protection under the Clean Water Act (Downing et al. 2003).   

Isolated wetlands are generally smaller than wetlands “adjacent” to “navigable 

waters” (Adjacent wetlands still have federal protection under the Clean Water 

Act; Downing et al. 2003).  Because I found no effect of wetland size on any 

dependent variable, conservation efforts should not exclude small, isolated 

wetlands.  Currently, there is no major effort by any agency to protect these 

wetlands.  Egan and Paton (2004) found that isolated wetlands as small as 0.05-

ha provided habitat for breeding amphibians in New England.  Small wetlands 

may help to lower extinction risk in an area by serving not only as breeding sites 

 51



 

but as stepping stones to more suitable habitat (Gibbs 1993).  This applies to 

small playas as well.  Tiner (2003) stated that wetlands should be referred to as 

“geographically isolated,” as opposed to “isolated” as they may be connected to 

other water bodies hydrologically or ecologically.  Whereas playas are not 

directly connected to one another hydrologically, they are connected to the 

Ogallala Aquifer (Luo et al. 1997).  Additionally, they are ecologically connected, 

as they provide habitat for subpopulations within the amphibian metapopulation 

(Gray et al. 2004b).   

Because the Clean Water Act no longer considers isolated wetlands 

jurisdictional, other federal (United States Fish and Wildlife Service (FWS)), Farm 

Service Agency (FSA) and state (Texas Parks and Wildlife Department (TPWD)) 

agencies should become more proactive in conserving these ecosystems.  The 

FSA currently operates the Duck Nesting Habitat Initiative, which aims to restore 

up to 4050 ha of wetlands outside of the 100-year floodplain (non-jurisdictional 

wetlands) in Iowa, Minnesota, Montana, North Dakota, and South Dakota 

(http://www.fsa.usda.gov/pas/publications/facts/html/crpduck06.htm).  Such a 

plan could apply to amphibian estivation and hibernation habitat as well.  

Wetland Reserve Program proposals involving playas have been largely 

unsuccessful (http://www.pljv.org/projects/Projects2004.html) because of little 

USDA support. 

Starting in 2006, TPWD received $180,000 and matched $60,000 to assist 

private landowners develop habitat projects benefiting species-at-risk through the 
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Landowner Incentive Program (LIP).  LIP supports cooperative efforts with 

private landowners interested in conserving natural habitat for species at risk, 

including federally listed endangered or threatened species and proposed or 

candidate species (http://www.fws.gov/news/NewsReleases/ 

showNews.cfm?newsId =E90E11C2-B903-57BA-5493702D245298E5).  

Whereas these programs are a step in the right direction, such programs should 

exist for threatened or endangered habitats as well.  I believe all non-

jurisdictional wetlands are at-risk habitats.  Taking proactive measures early 

regarding habitat conservation will help prevent the need for conserving species-

at-risk in the future.  Additionally, responsible agencies could improve 

advertisement for incentive programs. 

Isolated temporary wetlands help maintain the integrity of terrestrially 

linked metapopulations, such as herpetofauna (Gibbons 2003).  Temporary 

wetland losses may inhibit opportunities for genetic exchange and colonization 

(Schwartz and Jenkins 2000), causing decreases in biodiversity (Semlitsch and 

Bodie 1998).  Venne (2006) found that playa density on the landscape was an 

important variable predicting amphibian species richness.  The terrestrial 

environment is also important because amphibians use it for foraging, 

hibernation, and estivation (Gibbons 2003).  In addition, there may be a minimum 

buffer distance biologically meaningful to amphibians (Semlitsch 1998, Semlitsch 

and Bodie 2003).   Because I found support for a positive relationship between 

vegetation cover and amphibian diversity, playa conservation should include 
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management of wetland vegetation by preventing sediment and herbicides from 

entering playa basins.  Increased sedimentation and herbicides in playas may 

change the seed bank (Smith 2003).  Smith and Haukos (2002) found that 

watershed disturbance (i.e., cultivation) increased exotic and annual plant density 

in playas and decreased perennial plant density.   

I recommend management of cropland playas to reduce sedimentation 

and agrochemical inputs, perhaps by surrounding playas with a vegetation buffer.  

This would reduce sedimentimentation of playas, which reduces hydoperiod and 

possibly amphibian richness.  In the SHP, most upland areas surrounding playas 

are cultivated with narrow or no buffers.  Cultivation creates bare soil, alters soil 

moisture regimes, and increases nutrient loads in playas, activities which 

promote invasion by exotic plants (Haukos and Smith 2002).  Native plant and 

amphibians evolved under the same hydrologic regimes and alterations likely 

negatively influence both.  Large buffers planted in native species may help 

reduce the presence of exotic plants in playas.  Future studies should assess the 

degree of movement by amphibians, perhaps by studying gene flow, in playa 

complexes in contiguous grassland and cropland landscapes.  Such research 

may reveal if agricultural practices hinder movement of amphibians.  

Conservation efforts for small, isolated, wetlands should include wetland 

complexes.  Including the terrestrial environment surrounding isolated wetlands 

in amphibian conservation plans is the best strategy, and land acquisition (e.g., 
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through the Nature Conservancy, state, or federal agencies) may be the best 

method (Dodd and Smith 2003).   
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Table 2.1.  Inferencial statistics for two-way analyses of variance 
testing the effect of landuse on cumulative adult H’, metamorph H’, 
adult and metamorph Spea spp. abundance/m, and proportion of 
males for playa wetlands, 2003 and 2004, Southern High Plains, 
Texas.  
Dependent variable dfa F p 
H' adults   
Year 1 1.7 0.21
Landuse 1 <0.001 0.96
Year*Landuse 1 0.32 0.58
  
H' metamorphs  
Year 1 5.75 0.03
Landuse 1 0.13 0.72
Year*Landuse 1 0.01 0.93
  
Adult Spea spp. abundance/m  
Year 1 5.72 0.03
Landuse 1 1.10 0.31
Year*Landuse 1 1.16 0.30
  
Metamorph Spea spp.  abundance/m  
Year 1 30.19 <0.0001
Landuse 1 0.29 0.59
Year*Landuse 1 0.29 0.6
  
Proportion of males  
Year 1 0.53 0.47
Landuse 1 0.38 0.54
Year*Landuse 1 <0.001 0.97

a Error (demonimator) df was 24 (2 landuses x 2 years x 6 playas). 
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Table 2.2.  Means and standard errors (SE) of cumulative amphibian 
metamorph diversity (H’), adult H’, metamorph and adult Spea spp. 
abundance/m, and proportion of males for playa wetlands by year and 
landuse in 2003 and 2004. 

 Year  Landuse 
 2003  2004  cropland  grassland 

Variable x  SE   x  SE   x  SE   x  SE 
H' metamorphs 0.30 0.10  0.64 0.10  0.44 0.16  0.49 0.15 
            
H' adults 1.06 0.09  1.25 0.11  1.15 0.11  1.15 0.17 
            
Metamorph Spea spp. abundance 257.24 69.52  5.45 2.22  56.21 11.45  76.16 12.24 
            
Adult Spea spp. abundance 0.68 0.25  0.08 0.03  0.29 0.04  0.13 0.02 
            
Proportion of males 0.44 0.08   0.37 0.03   0.43 0.10   0.38 0.07 
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Table 2.3.  Regression analyses testing for a relationship between predictor 
variables and cumulative metamorph H’, adult H’, metamorph and adult 
Spea spp. abundance/m, and proportion of males for playa wetlands, 2003 
and 2004, Southern High Plains, Texas. Analyses were for data collected in 
2003, 2004, and both years combined. 

Predictor 
variable Dependent variable Year df F r2 p 

Hydroperiod H' metamorphs 2003 1, 10 <0.001 <0.001 0.99
  2004 1, 10 0.01 0.001 0.91
  combined 1, 22 0.51 0.02 0.48
    
 H' adults 2003 1, 10 3.36 0.25 0.10
  2004 1, 10 2.31 0.19 0.16
  combined 1, 22 5.27 0.19 0.03
    

 
Metamorph Spea spp. 
abundance 

2003 1, 10 0.41 0.04 0.53

  2004 1, 10 0.4 0.04 0.54
  combined 1, 22 1.04 0.05 0.32
    
 Adult Spea spp. abundance 2003 1, 10 0.69 0.06 0.42
  2004 1, 10 0.11 0.01 0.74
  combined 1, 22 1.03 0.04 0.32
    
 Proportion of males 2003 1, 10 0.23 0.02 0.64
  2004 1, 10 0.01 <0.001 0.94
  combined 1, 22 <0.001 <0.001 0.97
    
Vegetation 
cover 

H' metamorphs 2003 1, 10 0.19 0.01 0.67

  2004 1, 10 0.36 0.04 0.57
  combined 1, 22 0.78 0.04 0.39
    
 H' adults 2003 1, 10 2.33 0.19 0.16
  2004 1, 10 0.98 0.11 0.35
  combined 1, 20 0.01 <0.001 0.93
    

 
Metamorph Spea spp. 
abundance 

2003 1, 10 0.67 0.06 0.43

  2004 1, 10 0.04 0.005 0.85
  combined 1, 22 0.02 <0.001 0.90
    
 Adult Spea spp. abundance 2003 1, 10 1.18 0.11 0.30
  2004 1, 10 0.05 0.006 0.82
  combined 1, 22 1.01 0.05 0.33
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(Table 2.3, cont.)      
Predictor 
variable Dependent variable Year df F r2 p 

circumference H' metamorphs 2003 1, 10 0.01 0.001 0.93
  2004 1, 10 0.61 0.06 0.45
  combined 1, 22 0.02 <0.001 0.89
    
 H' adults 2003 1, 10 0.14 0.01 0.71
  2004 1, 10 0.18 0.02 0.68
  combined 1, 22 0.02 0.001 0.88
    

 
Metamorph Spea spp. 
abundance 

2003 1, 10 0.02 0.002 0.90

  2004 1, 10 0.07 0.007 0.80
  combined 1, 22 0.54 0.02 0.47
    
 Adult Spea spp. abundance 2003 1, 10 0.02 0.002 0.90
  2004 1, 10 <0.001 <0.001 0.96
  combined 1, 22 0.35 0.02 0.56
    
 Proportion of males 2003 1, 10 0.64 0.06 0.44
  2004 1, 10 0.02 0.002 0.89
    combined 1, 22 0.70 0.03 0.41
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Table 2.4.  Candidate models predicting sampling period Shannon-Wiener diversity 
(H') of metamorph amphibians in playa wetlands in 2003 and 2004, Southern High 
Plains, Texas.  Models are ranked using a second-order Akaike's information 
criterion for small sample sizes (AICC) with the change in AICC (∆AICC), log 
likelihood (Log (L)), number of parameters (K), Akaike weights (wi), maximum 
likelihood estimated r2, and the evidence ratio (er) of candidate models with the 
null model.  Signs show directional relationships with continuous variables. 

Model Year AICC ∆AICC Log (L) K wi r2 er 
- water loss# 2003 14.6 0 -2.9 4 0.30 0.05 1.11 
landuse - water loss  16.5 1.9 -2.6 5 0.12 0.06 0.43 
+ circum  17.1 2.5 -4.2 4 0.09 0 0.32 
landuse  17.1 2.5 -4.2 4 0.09 0 0.32 
landuse - water loss + circum  18.9 4.3 -2.5 6 0.03 0.06 0.13 
landuse - water loss landuse*water 
loss  19.1 4.5 -2.6 6 0.03 0.06 0.12 
week  19.2 4.6 3.9 11 0.03 0.22 0.11 
- veg  19.5 4.9 -5.4 4 0.03 0 0.10 
landuse - water loss + veg  21.8 7.2 -3.9 6 0.01 0.01 0.03 
landuse week  22.1 7.5 4.0 12 0.01 0.22 0.03 
landuse -  water loss - veg 
landuse*veg  24.1 9.5 -3.7 7 <0.001 0.02 0.01 
landuse - water loss + veg water 
loss*veg  24.3 9.7 -3.8 7 <0.001 0.02 0.01 
landuse week landuse*week  35.5 20.9 7.7 18 <0.0001 0.31 <0.0001 
intercept  14.8 0.2 -4.2 3 0.27 0 1 
         
landuse week 2004 27.6 0 3.2 14 0.51 0.54 1.78E+08 
- water loss  30.0 2.4 -10.2 4 0.15 0.71 5.38E+07 
landuse - water loss  31.3 3.7 -9.5 5 0.08 0.73 2.81E+07 
week  31.5 3.9 1.3 14 0.07 0.52 2.54E+07 
landuse + water loss landuse*water 
loss  31.7 4.1 -8.1 6 0.07 0.75 2.30E+07 
+ veg  32.7 5.1 -11.8 4 0.04 0.58 1.39E+07 
landuse - water loss + veg  32.8 5.2 -8. 5 6 0.04 0.77 1.33E+07 
landuse - water loss - circum  33.8 6.2 -9.2 6 0.02 0.73 8.04E+06 
landuse - water loss + veg water 
loss*veg  35.7 8.1 -8.2 7 0.01 0.77 3.11E+06 
landuse - water loss + veg 
landuse*veg  36.0 8.4 -8.3 7 0.01 0.77 2.68E+06 
landuse week landuse*week  46.8 19.2 -8.4 6 <0.001 0.39 12088 
landuse  64.1 36.5 -27.8 4 <0.001 0.04 2.12 
- circum  67.7 40.1 -29.6 4 <0.001 <0.01 0.35 
intercept   65.6 38.0 -29.7 3 <0.001 0 1 
#Veg refers to mean daily vegetation density, landuse refers to cropland or 
grassland landuse, circum refers to playa circumference, water loss refers to 
change in water depth per week, week refers to categorical weeks within years 
starting with the first sampling day, and intercept refers to the null model. 
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Table 2.5.  Candidate models predicting sampling period Shannon-Wiener 
diversity (H') of metamorph amphibians in playa wetlands in 2003 and 2004 for 
both years combined, Southern High Plains, Texas.  Models are ranked using a 
second-order Akaike's information criterion for small sample sizes (AICC) with the 
change in AICC (∆AICC), log likelihood (Log (L)), number of parameters (K), 
Akaike weights (wi), maximum likelihood estimated r2, and the evidence ratio (er) 
of candidate models with the null model.  Signs show directional relationships 
with continuous variables. 
Model AICC ∆AICC Log (L) K wi r2 er 
- water loss year# 49.9 0 -18.6 6 0.66 0.49 1.45E+11 
+ water loss 54.3 4.4 -22.9 4 0.07 0.43 1.61E+10 
+ veg year 54.6 4.7 -21.0 6 0.06 0.29 1.38E+10 
+ veg 55.0 5.1 -23.3 4 0.05 0.36 1.13E+10 
+ veg year veg*year 55.7 5.8 -21.5 6 0.04 0.37 7.98E+09 
- water loss landuse landuse*water 
loss 55.9 6.0 -21.4 6 0.03 0.45 7.22E+09 
landuse + water loss + veg 56.0 6.1 -21.4 6 0.03 0.47 6.87E+09 

+ water loss landuse 56.5 6.6 -22.9 5 0.02 0.43 5.35E+09 
landuse + water loss + veg water 
loss*veg 57.3 7.4 -20.9 7 0.02 0.48 3.58E+09 
landuse + water loss + veg 
veg*landuse 58.4 8.5 -21.4 7 0.01 0.47 2.07E+09 
+ water loss landuse circum 58.8 8.9 -22.9 6 0.01 0.43 1.69E+09 
landuse year 91.5 41.6 -40.6 5 <0.001 0.08 134 
year 91.7 41.8 -40.4 5 <0.001 0.08 121 
landuse year landuse*year 92.6 42.7 -40.0 6 <0.001 0.08 77.48 
landuse 102.3 52.4 -46.0 5 <0.001 0.01 0.61 
+ circum 103.1 53.2 -46.4 5 <0.001 <0.01 0.41 
intercept 101.3 51.4 -46.5 4 <0.001 0 1 
#Veg refers to mean daily vegetation density, landuse refers to cropland or 
grassland landuse, circum refers to playa circumference, water loss refers to 
change in water depth per week, week and intercept refers to the null model. 
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Table 2.6.  Candidate models predicting sampling period Shannon-Wiener diversity 
(H') of adult amphibians in playa wetlands in 2003 and 2004, Southern High Plains, 
Texas.  Models are ranked using a second-order Akaike's information criterion for 
small sample sizes (AICC) with the change in AICC (∆AICC), log likelihood (Log (L)), 
number of parameters (K), Akaike weights (wi), maximum likelihood estimated r2, 
and the evidence ratio (er) of candidate models with the null model. Signs show 
directional relationships with continuous variables. 
Model Year AICC ∆AICC Log (L) K wi r2 er 
landuse + water loss + veg 2003 36.4 0 -10.2 6 0.32 0.61 5167 
+ water loss  37.0 0.6 -13.8 4 0.24 0.47 3828 
landuse + water loss + veg landuse*veg  37.9 1.5 -9.2 7 0.15 0.64 2441 
landuse + water loss  38.2 1.8 -12.9 5 0.13 0.49 2101 
landuse + water loss landuse*water loss  39.4 3.0 -12.0 6 0.07 0.52 1153 
landuse +  water loss - veg  
water loss*veg  39.6 3.2 -10 7 0.06 0.62 1043 
landuse + water loss - circum  41.2 4.8 -12.9 6 0.03 0.50 469 
week (categorical)  50.1 13.7 -10.4 11 0.00 0.47 5.47 
+ veg  51.5 15.1 -21.1 4 0.00 0.12 2.72 
landuse  53.9 17.5 -22.4 4 0.00 0.05 0.82 
landuse week  53.9 17.5 -10.4 12 0.00 0.47 0.82 
- circum  55.3 18.9 -23.1 4 0.00 0.02 0.41 
landuse week landuse*week  65.8 29.4 -5.6 16 0.00 0.58 0.002 
intercept  53.5 17.1 -23.5 3 0.00 0 1 
         
landuse + water loss + veg 2004 53.1 0 -18.7 6 0.45 0.89 1.02E+12 
landuse + water loss + veg landuse*veg  54.4 1.3 -17.5 7 0.23 0.90 5.32E+11 
landuse + water loss + veg  
water loss*veg  54.7 1.6 -17.7 7 0.20 0.90 4.58E+11 
+ water loss  57.1 4.0 -23.4 4 0.06 0.82 1.38E+11 
landuse + water loss  59.2 6.1 -23.0 5 0.02 0.83 4.83E+10 
+ veg  59.4 6.3 -25.1 4 0.02 0.73 4.37E+10 
landuse + water loss landuse*water loss  61.4 8.3 -22.4 6 0.01 0.83 1.61E+10 
landuse + water loss - circum  62.5 9.4 -22.9 6 <0.001 0.83 9.27E+09 
week (categorical)  109.0 55.9 -37.2 14 <0.0001 0.30 7.41E-01 
+ circum  110.4 57.3 -50.8 4 <0.0001 <0.001 3.68E-01 
landuse  110.6 57.5 -50.9 4 <0.0001 <0.001 0.33 
landuse week  112.0 58.9 -38.2 14 <0.0001 0.28 0.17 
landuse week landuse*week  129.9 76.8 -31.8 23 <0.0001 0.39 0 
intercept   108.4 55.3 -51.0 3 <0.0001 0 1 

#Veg refers to mean daily vegetation density, landuse refers to cropland or 
grassland landuse, circum refers to playa circumference, water loss refers to 
change in water depth per week, week refers to weeks within years starting with 
the first sampling day, and intercept refers to the null model. 
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Table 2.7.  Candidate models predicting sampling period Shannon-Wiener 
diversity (H') of adult amphibians in playa wetlands in 2003 and 2004 for 
both years combined, Southern High Plains, Texas.  Models are ranked 
using a second-order Akaike's information criterion for small sample sizes 
(AICC) with the change in AICC (∆AICC), log likelihood (Log (L)), number of 
parameters (K), Akaike weights (wi), maximum likelihood estimated r2, and 
the evidence ratio (er) of candidate models with the null model. Signs 
show directional relationships with continuous variables. 

#Veg refers to mean daily vegetation density, landuse refers to cropland or 
grassland landuse, circum refers to playa circumference, water loss refers 
to change in water depth per week, and intercept refers to the null model. 

Model AICC ∆AICC 
Log 
(L) K wi r2 er 

landuse + water loss + veg 86.8 0 -36.3 6 0.53 0.75 5.54E+15 
landuse + water loss + veg  water 
loss*veg 88.0 1.2 -35.5 7 0.29 0.75 3.04E+15 
landuse + water loss + veg 
landuse*veg 89.4 2.6 -36.2 7 0.14 0.75 1.51E+15 
+ water loss 93.9 7.1 -42.5 4 0.02 0.65 1.59E+14 
+ water loss year 94.6 7.8 -41.6 5 0.01 0.66 1.12E+14 
landuse + water loss landuse*water 
loss 96.2 9.4 -41.1 6 <0.001 0.67 5.03E+13 
landuse + water loss 96.4 9.6 -42.5 5 <0.001 0.65 4.56E+13 
landuse + water loss - circum 98.2 11.4 -42.1 6 <0.001 0.65 1.85E+13 
+ veg year 103.9 17.1 -45.6 6 <0.001 0.42 1.07E+12 
+ veg year veg*year 106.2 19.4 -46.5 6 <0.0001 0.53 3.39E+11 
+ veg 108.8 22.0 -49.0 5 <0.0001 0.50 9.25E+10 
year 159.7 72.9 -75.6 4 <0.0001 <0.0001 0.82 
landuse 161.3 74.5 -75.4 5 <0.0001 <0.0001 0.37 
- circum 161.5 74.7 -75.5 5 <0.0001 <0.0001 0.33 
landuse year 161.7 74.9 -75.5 5 <0.0001 <0.0001 0.30 
landuse year landuse*year 162.2 75.4 -74.6 6 <0.0001 <0.0001 0.23 
intercept 159.3 72.5 -75.5 4 <0.0001 0 1 
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Table 2.8.  Candidate models predicting sampling period sex ratios 
(proportion of males) for adult amphibians in playa wetlands in 2003 and 
2004, Southern High Plains, Texas.  Models are ranked using a second-
order Akaike's information criterion for small sample sizes (AICC) with the 
change in AICC (∆AICC), log likelihood (Log (L)), number of parameters (K), 
Akaike weights (wi), maximum likelihood estimated r2, and the evidence 
ratio (er) of candidate models with the null model. Signs show directional 
relationships with continuous variables. 
Model Year AICC ∆AICC Log (L) K wi r2 er 
- water loss# 2003 36.3 0 13.4 4 0.32 0.28 49.40 
landuse - water loss  38.5 2.2 13.1 5 0.11 0.30 16.44 
landuse - water loss + circum  41.4 5.1 13.0 6 0.03 0.30 3.86 
landuse - water loss landuse*water 
loss  41.5 5.2 13.1 6 0.02 0.30 3.67 
week   45.7 9.4 7.5 11 <0.001 0.42 0.45 
+ circum  46.5 10.2 18.7 4 <0.001 0.00 0.30 
landuse  46.5 10.2 18.8 4 <0.001 0.00 0.30 
landuse week  49.5 13.2 7.4 12 <0.0001 0.42 0.07 
landuse week landuse*week  64.9 28.6 5.6 16 <0.0001 0.47 <0.0001 
intercept  44.1 7.8 18.8 3 0.01 0 1 
         
- water loss 2004 13.7 0 2.1 4 0.02 0.54 49021 
landuse - water loss  13.9 0.2 0.8 5 0.02 0.58 44356 
landuse - water loss landuse*water 
loss  16.9 3.2 0.8 6 <0.001 0.58 9897 
landuse - water loss - circum  16.9 3.2 0.8 6 <0.001 0.58 9897 
landuse  35.3 21.6 13.4 4 <0.0001 0.03 1 
+ circum  37.4 23.7 14.5 4 <0.0001 0.00 0.35 
week   42.9 29.2 7.0 12 <0.0001 0.18 0.02 
landuse week  43.0 29.3 5.6 13 <0.0001 0.21 0.02 
landuse week landuse*week  55.8 42.1 13.5 6 <0.0001 0.03 <0.0001 
intercept   35.3 21.6 14.5 3 <0.0001 0 1 

#Veg refers to mean daily vegetation density, landuse refers to cropland or 
grassland landuse, circum refers to playa circumference, water loss refers 
to change in water depth per week, week refers to weeks within years 
starting with the first sampling day, and intercept refers to the null model. 
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Table 2.9.  Candidate models predicting sampling period sex ratios 
(proportion of males) for adult amphibians in playa wetlands in 2003 and 
2004 for both years combined, Southern High Plains, Texas.  Models are 
ranked using a second-order Akaike's information criterion for small 
sample sizes (AICC) with the change in AICC (∆AICC), log likelihood (Log 
(L)), number of parameters (K), Akaike weights (wi), maximum likelihood 
estimated r2, and the evidence ratio (er) of candidate models with the null 
model. Signs show directional relationships with continuous variables. 
Model AICC ∆AICC Log (L) K wi r2 Er 
- water loss 49.7 0 20.5 4 0.02 0.41 1.47E+07 
landuse - water loss 50.0 0.3 19.5 5 0.01 0.42 1.26E+07 
+ veg 50.1 0.4 20.8 4 0.01 0.34 1.20E+07 
landuse - water loss landuse*water 
loss 52.4 2.7 19.5 6 <0.01 0.42 3.80E+06 
landuse - water loss + circum 52.5 2.8 19.5 6 <0.01 0.42 3.61E+06 
Year 78.0 28.3 34.8 4 <0.0001 0.04 10.49 
landuse year 79.3 29.6 34.4 5 <0.0001 0.05 5.47 
landuse year landuse*year 80.4 30.7 32.8 7 <0.0001 0.07 3.16 
Landuse 84.1 34.4 36.8 5 <0.0001 0.01 0.50 
+ circum 84.8 35.1 37.2 5 <0.0001 <0.0001 0.35 
Intercept 82.7 33 37.2 4 <0.0001 0.00 1 
#Veg refers to mean daily vegetation density, landuse refers to cropland or 
grassland landuse, circum refers to playa circumference, water loss refers 
to change in water depth per week, and intercept refers to the null model. 
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Table 2.10.  Candidate models predicting sampling period Spea spp. abundance 
(n/meter) of metamorphs, square-root transformed, in playa wetlands in 2003 and 
2004, Southern High Plains, Texas.  Models are ranked using a second-order 
Akaike's information criterion for small sample sizes (AICC) with the change in AICC 
(∆AICC), log likelihood (Log (L)), number of parameters (K), Akaike weights (wi), 
maximum likelihood estimated r2, and the evidence ratio (er) of candidate models 
with the null model. Signs show directional relationships with continuous variables. 
Model Year AICC ∆AICC Log (L) K wi r2 er 
landuse + water loss + veg# 2003 301.9 0 -144.0 6 0.43 0.87 2.11E+20 
landuse - water loss + veg water 
loss*veg  302.0 0.1 -142.7 7 0.41 0.88 2.01E+20 
landuse + water loss + veg 
landuse*veg  303.9 2.0 -143.6 7 0.16 0.88 7.77E+19 
- water loss  315.2 13.3 -153.2 4 <0.001 0.80 2.73E+17 
landuse - water loss  317.4 15.5 -153.1 5 <0.001 0.80 9.10E+16 
landuse - water loss + circum  319.8 17.9 -153.0 6 <0.0001 0.80 2.74E+16 
landuse - water loss landuse*water 
loss  319.9 18.0 -153.1 6 <0.0001 0.80 2.61E+16 
+ veg  373.3 71.4 -182.4 4 <0.0001 0.32 66171 
week   385.5 83.6 -180.8 10 <0.0001 0.34 148 
landuse week  388.3 86.4 -180.8 11 <0.0001 0.35 36.60 
landuse  397.6 95.7 -194.5 4 <0.0001 0.01 0.35 
+ circum  397.8 95.9 -194.6 4 <0.0001 <0.0001 0.32 
landuse week landuse*week  407.3 105.4 -180.4 17 <0.0001 0.34 <0.001 
intercept  395.5 93.6 -194.6 3 <0.0001 0 1.00 
         
landuse - water loss - veg 2004 80.7 0 -32.5 6 0.52 0.98 8.09E+23 
landuse - water loss - veg water 
loss*veg  83.2 2.5 -32.0 7 0.15 0.98 2.32E+23 
landuse + water loss landuse*water 
loss  83.2 2.5 -34.0 6 0.15 0.97 2.32E+23 
landuse - water loss - veg 
landuse*veg  83.5 2.8 -32.1 7 0.13 0.98 1.99E+23 
- water loss  85.9 5.2 -38.2 4 0.04 0.97 6.01E+22 
landuse - water loss  88.7 8.0 -38.2 5 0.01 0.97 1.48E+22 
landuse - water loss + circum  89.1 8.4 -36.9 6 <0.0001 0.97 1.21E+22 
- veg  118.0 37.3 -54.5 4 <0.0001 0.84 6.43E+15 
week   179.6 98.9 -74.5 13 <0.0001 0.32 270 
landuse week  182.4 101.7 -74.5 14 <0.0001 0.32 66.69 
landuse  193.0 112.3 -92.3 4 <0.0001 <0.0001 0.33 
+ circum  193.0 112.3 -92.3 4 <0.0001 <0.0001 0.33 
landuse week landuse*week  201.5 120.8 -71.6 22 <0.0001 0.36 0 
intercept   190.8 110.1 -92.3 3 <0.0001 0.00 1 
#Veg refers to mean daily vegetation density, landuse refers to cropland or 
grassland landuse, circum refers to playa circumference, water loss refers to 
change in water depth per week, week refers to weeks within years starting with 
the first sampling day, and intercept refers to the null model. 
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Table 2.11.  Candidate models predicting sampling period Spea spp. 
abundance (n/meter) of metamorphs, square-root transformed, in playa 
wetlands in 2003 and 2004 for both years combined, Southern High 
Plains, Texas.  Models are ranked using a second-order Akaike's 
information criterion for small sample sizes (AICC) with the change in AICC 
(∆AICC), log likelihood (Log (L)), number of parameters (K), Akaike 
weights (wi), maximum likelihood estimated r2, and the evidence ratio (er) 
of candidate models with the null model. Signs show directional 
relationships with continuous variables. 

#Veg refers to mean daily vegetation density, landuse refers to cropland or 
grassland landuse, circum refers to playa circumference, water loss refers 
to change in water depth per week, and intercept refers to the null model. 

Model AICC ∆AICC Log (L) K wi r2 er 
landuse - water loss - veg# 449.5 0 -218.2 6 0.51 0.99 3.0E+79 
landuse -  water loss + veg water 
loss*veg 450.4 0.9 -217.4 7 0.33 0.99 1.9E+79 
landuse - water loss - veg 
landuse*veg 451.8 2.3 -218.1 7 0.16 0.99 9.5E+78 
- water loss year 467.8 18.3 -228.5 5 <0.0001 0.98 3.2E+75 
- water loss 477.3 27.8 -234.4 4 <0.0001 0.98 2.7E+73 
landuse - water loss 479.4 29.9 -234.4 5 <0.0001 0.98 9.6E+72 
landuse - water loss landuse*water 
loss 481.4 31.9 -234.2 6 <0.0001 0.98 3.54E+72 
landuse - water loss - circum 481.6 32.1 -234.3 6 <0.0001 0.98 3.20E+72 
- veg year veg*year 565.6 116.1 -276.4 6 <0.0001 0.92 1.84E+54 
-veg year 565.7 116.2 -277.6 5 <0.0001 0.91 1.75E+54 
+ veg 575.0 125.5 -283.3 4 <0.0001 0.90 1.67E+52 
year 798.5 349.0 -395.1 4 <0.0001 0.11 4915 
landuse year 800.4 350.9 -395.1 5 <0.0001 0.11 1901 
landuse year landuse*year 802.3 352.8 -394.9 6 <0.0001 0.11 735 
- circum 817.1 367.6 -404.4 4 <0.0001 <0.001 0.45 
landuse 817.6 368.1 -404.7 4 <0.0001 <0.001 0.35 
intercept 815.5 366.0 -404.7 3 <0.0001 0 1 
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Table 2.12.  Candidate models predicting sampling period abundance (n/meter) 
of adult Spea spp. in playa wetlands in 2003 and 2004, Southern High Plains, 
Texas.  Models are ranked using a second-order Akaike's information criterion for 
small sample sizes (AICC) with the change in AICC (∆AICC), log likelihood (Log 
(L)), number of parameters (K), Akaike weights (wi), maximum likelihood 
estimated r2, and the evidence ratio (er) of candidate models with the null model. 
Signs show directional relationships with continuous variables. 
Model Year AICC ∆AICC Log (L) K wi r2 er 
+water loss# 2003 17.4 0 -4.3 4 0.60 0.60 6.53E+09 
landuse + water loss  19.8 2.4 -4.3 5 0.18 0.60 1.97E+09 
landuse + water loss landuse*water 
loss  21.1 3.7 -3.6 6 0.09 0.61 1.03E+09 
landuse + water loss + circum  22.3 4.9 -4.3 6 0.05 0.60 5.64E+08 
landuse + water loss + veg  23.0 5.6 -4.5 6 0.04 0.62 3.97E+08 
landuse + water loss + veg water 
loss*veg  24.2 6.8 -3.8 7 0.02 0.63 2.18E+08 
landuse water loss veg landuse*veg  25.5 8.1 -4.4 7 0.01 0.62 1.14E+08 
week   57.2 39.8 -16.6 10 <0.0001 0.29 14.88 
landuse week  60.0 42.6 -16.6 11 <0.0001 0.29 3.67 
landuse  64.5 47.1 -27.9 4 <0.0001 0.01 0.39 
- veg  64.7 47.3 -28.0 4 <0.0001 <0.01 0.35 
- circum  65.9 48.5 -28.1 4 <0.0001 0 0.19 
landuse week landuse*week  79.7 62.3 -16.6 17 <0.0001 0.29 <0.001 
intercept  62.6 45.2 -28.1 3 <0.0001 0 1 
         
week  2004 -366.4 0 198.5 13 0.68 0.36 6634 
landuse week  -364.9 1.5 199.1 14 0.32 0.37 3134 
landuse week landuse*week  -347.7 18.7 203.1 22 <0.0001 0.42 0.58 
+ circum  -346.6 19.8 177.6 4 <0.0001 <0.001 0.33 
landuse  -346.6 19.8 177.5 4 <0.0001 0 0.33 
+ water loss  -168.1 198.3 88.8 4 <0.0001 0 <0.0001 
landuse + water loss  -165.3 201.1 88.8 5 <0.0001 0 <0.0001 
landuse + water loss landuse*water 
loss  -162.6 203.8 89.0 6 <0.0001 0 <0.0001 
landuse - water loss + circum  -162.4 204.0 88.9 6 <0.0001 0 <0.0001 
landuse + water loss - veg  -139.2 227.2 77.5 6 <0.0001 0 <0.0001 
landuse + water loss + veg 
landuse*veg  -136.5 229.9 78.0 7 <0.0001 0 <0.0001 
landuse + water loss - veg water 
loss*veg  -135.7 230.7 77.5 7 <0.0001 0 <0.0001 
+ veg  -119.3 247.1 64.2 4 <0.0001 0 <0.0001 
intercept   -348.8 17.6 177.5 3 <0.0001 0 1 
#Veg refers to mean daily vegetation density, landuse refers to cropland or 
grassland landuse, circum refers to playa circumference, water loss refers to 
change in water depth per week, week refers to weeks within years starting with 
the first sampling day, and intercept refers to the null model. 
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Table 2.13.  Candidate models predicting sampling period abundance 
(n/meter) of adult Spea spp. in playa wetlands in 2003 and 2004 for both 
years combined, Southern High Plains, Texas.  Models are ranked using a 
second-order Akaike's information criterion for small sample sizes (AICC) 
with the change in AICC (∆AICC), log likelihood (Log (L)), number of 
parameters (K), Akaike weights (wi), maximum likelihood estimated r2, and 
the evidence ratio (er) of candidate models with the null model. Signs show 
directional relationships with continuous variables. 

Model AICC ∆AICC Log (L) K wi r2 er 
year -57.3 0 32.8 4 0.41 0.02 2.23 
landuse year -55.6 1.7 33.0 5 0.18 0.03 0.95 
landuse -54.1 3.2 31.2 4 0.08 <0.01 0.45 
landuse year landuse*year -53.9 3.4 33.3 6 0.08 0.03 0.41 
- circum -53.8 3.5 31.0 4 0.07 <0.01 0.39 
+ water loss year -9.9 47.4 10.4 5 <0.0001 0 <0.0001 
+ water loss -8.9 48.4 8.7 4 <0.0001 0 <0.0001 
landuse + water loss -6.7 50.6 8.7 5 <0.0001 0 <0.0001 
landuse + water loss landuse*water 
loss -4.5 52.8 8.8 6 <0.0001 0 <0.0001 
landuse + water loss + circum -4.3 53.0 8.7 6 <0.0001 0 <0.0001 
landuse + water loss - veg 1.3 58.6 6.0 6 <0.0001 0 <0.0001 
landuse + water loss - veg 
landuse*veg 2.1 59.4 6.8 7 <0.0001 0 <0.0001 
landuse + water loss - veg water 
loss*veg 3.7 61.0 6.0 7 <0.0001 0 <0.0001 
- veg year 53.0 110.3 -21.2 5 <0.0001 0 <0.0001 
- veg 53.4 110.7 -22.5 4 <0.0001 0 <0.0001 
+ veg year veg*year 54.4 111.7 -20.8 6 <0.0001 0 <0.0001 
intercept -55.7 1.6 30.9 3 0.18 0 1 
#Veg refers to mean daily vegetation density, landuse refers to cropland or 
grassland landuse, circum refers to playa circumference, water loss refers 
to change in water depth per week, and intercept refers to the null model. 
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Figure 2.1.  Mean 2-day sampling period for amphibian metamorph H’ 
from 6 cropland and grassland playas with standard error bars in 2003 
and 2004, Southern High Plains, Texas.  Estimates are sums for each 
week.  The first week began on the first day of sampling, 22 and 6 June 
for 2003 and 2004, respectively, and each week was seven days.  Data 
were not collected for grassland playas in week one in 2003 and week 14 
in 2004. 
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Figure 2.2.  Mean 2-day sampling period for amphibian adult H’ from 6 
cropland and grassland playas with standard error bars in 2003 and 2004, 
Southern High Plains, Texas.  Estimates are sums for each week.  The 
first week began on the first day of sampling, 22 and 6 June for 2003 and 
2004, respectively, and each week was seven days. Data were not 
collected for grassland playas in week one in 2003 and week 14 in 2004. 
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Figure 2.3.  Mean 2-day sampling period for Spea spp. metamorphs (back-
transformed) caught/meter of drift fence from 6 cropland and grassland playas 
with 90% confidence limit bars in 2003 and 2004, Southern High Plains, Texas.  
Estimates are sums for each week.  The first week began on the first day of 
sampling, 22 and 6 June for 2003 and 2004, respectively, and each week was 
seven days. Data were not collected for grassland playas in week one in 2003 
and week 14 in 2004. 
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 Figure 2.4.  Mean 2-day sampling period for Spea spp. adult 
number caught/meter of drift fence from 6 cropland and grassland 
playas with standard error bars in 2003 and 2004, Southern High 
Plains, Texas.  Estimates are sums for each week.  The first week 
began on the first day of sampling, 22 and 6 June for 2003 and 
2004, respectively, and each week was seven days. Data were not 
collected for grassland playas in week one in 2003 and week 14 in 
2004. 
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CHAPTER III 

EFFECT OF LANDUSE ON SURVIVAL, CAPTURE RATE, EMIGRATION, AND 

POPULAITON SIZE OF SPEA SPP. METAMORPHS FROM  

PLAYA WETLANDS OF THE SOUTHERN HIGH PLAINS 

 

Introduction 

Approximately one third of the world’s amphibian species are declining 

(Stuart et al. 2004) and because wetland-breeding species use terrestrial and 

aquatic habitats they can be vulnerable in both habitats.  Whether an amphibian 

population persists depends on the body condition and abundance of 

metamorphs, the post-larval, terrestrial form that emerges from breeding sites 

(Semlitsch 2003).  Gray and Smith (2005) found Spea spp. metamorphs 

emerged at larger sizes from grassland than cropland playas, thus increasing 

their chance at survival (Wilbur 1984, Semlitsch et al. 1988).  If amphibians 

migrate at metamorphosis, then a high abundance of metamorphs may be 

important to maintaining genetic diversity within a metapopulation.  Because 

adults often exhibit breeding site fidelity (Oldham 1966, Breden 1987, Berven 

and Grudzien 1990), metamorphs may be the primary dispersers (Gill 1978).   

Larger-bodied individuals have been found to have greater dispersal abilities 

than smaller-bodied individuals (Goater et al. 1993, Beck and Congdon 2000).   

Many amphibian species in semi-arid environments have boom or bust 

breeding years and a particular population may not reproduce for years if aquatic 
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conditions do not meet its requirements (Pechmann et al. 1989).  For example, 

Scaphiopus holbrookii only reproduce in high abundances after a pond dries 

entirely and then refills (Pechmann et al. 1989).  Hydrologic alteration or 

destruction of breeding sites may cause multiple years of breeding failure, which 

can cause extirpation of a species in an area (Semlitsch 2003).  If a population 

becomes isolated because of habitat fragmentation, the population may 

experience inbreeding depression and be more susceptible to stressors such as 

disease (Lynch 1996).  Another consequence of isolation is that metamorph 

densities may become high (Kolozsvary and Swihart 1999, Gray et al. 2004a), 

which could increase intraspecific competition for resources.  In many prairie 

wetlands, the breeding sites of amphibians on the Great Plains are imbedded 

within cropland landscapes.  If particular characteristics of the landscape 

discourage metamorphs from leaving their natal grounds, then competition for 

food or estivation sites could be high and survival low.   

The majority of pond-breeding amphibian studies have assessed 

population fluctuations in adults (e.g., Schmidt and Anholt 1999, Marsh et al. 

2001, Bailey et al. 2004, Frétey et al. 2004).  There is little information on survival 

of the metamorph age class.  For species such as Spea spp., adults are 

logistically difficult to monitor because they are usually available for capture only 

for a short time following a rain event (Chapter II).  However, because Spea spp. 

are explosive breeders, their young are numerous (Creusere and Whitford 1976).  

If survival can be estimated for this life stage, then we can predict recruitment 
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into the adult life stage (Zug et al. 2001).  Comparing survival estimates and 

detection probabilities among landuse types is one method of obtaining an 

indication of the viability of a population (Stevens et al. 2004, Bailey et al. 2004), 

in an anthropogenically modified landscape.   

 

Amphibians, agriculture, and threats to playas 

The amphibian population in the Southern High Plains (SHP) is composed 

of a metapopulation (Gray et al. 2004b), and habitat fragmentation by agriculture 

can reduce distributions of amphibian species composed of metapopulations 

(Beebee 1996, Kolozsvary and Swihart 1999).  Luo et al. (1997) found that 

playas with cultivated watersheds contained more sediments than those 

surrounded by grassland and most had lost all original hydric soil defined 

volume.  Loss of playa volume alters hydroperiod, influencing natural ecosystem 

function (Luo et al. 1997) and the amphibian community (Gray et al. 2004b).  

Sediment-filled playas may not be available to amphibians, thus reducing 

breeding sites or becoming sinks. 

Temporary waters such as playas provide amphibians with essential 

habitat during mating, oviposition, and larval growth (Haukos and Smith 1994).  

These aquatic habitats often fill with water and dry in response to seasonal 

precipitation patterns (Alford 1999: 241).  Because of the natural fluctuations in 

water level, population dynamics of wetland-dependent wildlife vary considerably 

within and between seasons (Smith 2003).  If an individual Spea sp. survives, it 
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will spend the majority of its life in terrestrial habitat.  Landuse, therefore, may not 

only be important because it affects the breeding site, but the condition of upland 

habitat can affect survival.   

Agrochemicals can also harm amphibians.  Amphibians have permeable 

skin, making them susceptible to aqueous pollutants (Beebee 1996: 137).  For 

example, the herbicide atrazine can cause tadpole deformities (Beebee 1996: 

137-138).  Even short-lived pesticides with sub-lethal effects can negatively 

affect tadpole behavior (e.g., reduce swimming ability), which may impact their 

size and survival as adults (Semlitsch et al. 1995, Boone and Semlitsch 2001, 

Boone and Semlitsch 2002).  Pesticides and fertilizers may also alter amphibian 

food sources (e.g., algae, invertebrates; Beebee 1996: 138).  Additionally, 

insecticides could affect the trophic dynamics of amphibian communities by 

eliminating competitors of anuran larvae (i.e., zooplankton), which could 

negatively affect invertebrate-eating amphibians, such as salamanders (Boone 

and Semlitsch 2001, Boone and Semlitsch 2002).   

A reduction in hydroperiod may intensify problems associated with 

agrochemicals.  Pesticides alter community structure of larval anuran habitats 

(Relyea et al. 2005) and have a synergistic effect with predatory stress on 

tadpoles (Relyea 2003).  If competition among anuran larvae is higher in 

wetlands with shorter hydroperiods, the additional stress of an agrochemical, 

either directly (e.g., mortality) or indirectly (e.g., affecting food resources) may 

alter the amphibian community (Reylea et al. 2005).  The stress of reduced 

 85



 

hydroperiod and direct and indirect stresses of agrochemicals can affect the 

amphibian immune system.  McMurry et al. (unpublished data) found spleen 

mass and cellularity was lower in cropland versus grassland Spea spp., 

especially in tadpoles, indicating immune function may be compromised in 

cropland playas.  Additionally, if agrochemicals compromise the immune systems 

of amphibians, they may become more susceptible to infections (e.g., 

trematodes, Kiesecker 2002), and the stress of reduced hydroperiod may be 

synergistic.  Sub-lethal effects in one age class may negatively affect survival to 

the next age class.   

Gray and Smith (2005) investigated the effect of landuse and rainfall on 

body size of post-metamorphic amphibians in cropland and grassland playas.  

Cultivation surrounding playas was associated with smaller amphibians, and this 

effect was intensified by lower rainfall (Gray and Smith 2005).  Generally, 

amphibians were larger in grassland playas for all age classes of species, 

especially during the wetter year (Gray and Smith 2005).  Additionally, the 

abundance of Ambystoma tigrinum mavortium, Spea multiplicata, and S. 

bombifrons was higher during the wetter year (Gray et al. 2004a).  If Spea spp. 

metamorphs emerge at smaller sizes from cropland as compared to grassland 

playas, then spadefoots from cropland playas may be at greater desiccation risk 

and movement to another habitat may reduce survival.  Additionally, if densities 

of Spea spp. metamorphs are higher at cropland than grassland playas and 

survival is density dependent, then survival may be lower at cropland sites.   
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Given the dominant land cover of cultivation agriculture and its threats to 

wetlands, studying survival of metamorphs is important to conservation efforts for 

amphibians in the prairie landscape.  The objectives of this study were to test the 

effect of landuse on estimates of survival, capture and recapture probability, 

emigration, and population size of Spea spp. metamorphs emerging from playas 

in the SHP, Texas.  I hypothesized that survival, emigration, and population size 

would be higher at grassland playas because of longer hydroperiods, but capture 

and recapture probability would be higher at cropland sites due to decreased 

ability of amphibians to migrate across tilled landscapes.   

 

Methods 

Study area 

 Field research was conducted in playas in the Texas SHP.  The 30,000 

playas, characterized by the hydric soil Randall clay (Bolen et al. 1989), compose 

only 2% of the landscape (Haukos and Smith 1994).  Most playas are less than 

0.5-km in diameter (Osterkamp and Wood 1987) and each has its own 

watershed (Smith 2003). 

This area has a shorter agricultural history than most other regions of the 

U.S., about 70 years (Mason 1986), but the agricultural effects on playas has 

been considerable (Luo et al. 1997, Smith 2003).  Crops dominate watersheds of 

most playas, and few have native grassland as the main land cover (Haukos and 

Smith 1994).  This area was originally short-grass prairie with dominant grass 
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species Bouteloua spp. and Buchloë dactyloides (Smith 2003).  Currently, the 

main crops in the SHP are cotton, grain sorghum, winter wheat, and corn (Smith 

2003). 

The SHP is a semi-arid region characterized by playa wetlands that 

receive water from precipitation most often during spring and summer rainstorms 

(Smith 2003).  Most (54-72%) of this rainfall occurs as localized thunderstorms 

from May to September (Bolen et al. 1989).  Average summer (May through 

September) daily highs for approximately the center of the SHP (Lubbock, 

Texas) were 30.9 °C (1971 through 2000; http://www.srh.noaa.gov/lub/climate/ 

CoopNormals/TempCoOp.htm).   Average summer (May through September) 

precipitation for Lubbock was 29.5 cm (+ 1.14 SE, from 1911 to 2005; 

http://www.srh.noaa.gov/lub/climate/ LBB_Climate /Precipdata/ Precipdata.htm). 

 

Field study design 

In 2003 and 2004, I selected 12 playas in two landuse treatments, six 

surrounded by cropland and six surrounded by native grassland (i.e., land that 

has never been tilled) from playas that were previously dry but filled via spring 

rains.  Study sites were in Floyd County in 2003, and Floyd and Briscoe Counties 

in 2004.  Playas were randomly selected from those meeting the following 

criteria:  they had water, landowner permission to access property, ability to erect 

a drift fence around them (e.g., not in planted crop rows), and the playa 
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watershed had 75% of the appropriate landuse, which I assessed visually in the 

field. 

 

Assessment of amphibian survival and population size 

 To intercept movements of amphibians entering and leaving playas, I used 

the drift fence and pitfall technique (Figure 3.1).  I used silt fencing attached to 

wooden posts and buried the bottom edge to inhibit movement of amphibians 

under the fence (Gray et al. 2004a).  All playas had 25% of their circumference 

enclosed in 60-cm tall silt fencing (after Gray et al. 2004a).  Circumference was 

estimated to the nearest meter using a GPS unit and walking the playa’s visual 

edge.  The visual edge was on a boundary of a vegetation change around the 

playa (Luo et al. 1997).  One circumference value was applied to each playa. 

Nineteen-L buckets were placed in 10-m increments and buried flush to the soil 

surface on each side of the drift fence.  A small amount of water and moist 

sponges provided water for the amphibians in pitfall traps to reduce desiccation 

(Dodd and Scott 1994: 127). 

A sampling ‘primary period’ consisted of opening the buckets on the inside 

of the fence on the first night and the outside buckets on the second night (Dodd 

and Scott 1994).  Primary sampling periods were separated by five to 10 days.  

Since most amphibians move at night, pitfall traps were opened in the afternoon 

and checked the following morning (Corn 1994: 114).  However, during part of 

the 2003 field season, emergence of Spea spp. in some playas (n=9) was so 
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large (> 1,000 Spea spp. metamorphs/night) that I only opened pitfall traps for 

four to five hours.  I adjusted abundance of amphibians caught on these 

occasions to a 16-hour sampling night (e.g., if opened four hours, I multiplied the 

abundance by four).  Additionally, flooding in 2003 only allowed me to use part of 

a fence in some playas (n=2).  Since I recorded the number of buckets used on 

these occasions (e.g., 15% of the playa sampled instead of 25%), I adjusted the 

number caught to reflect how many would be caught if the entire fence had been 

used (e.g., if ½ the buckets were used, I multiplied the abundance by 2).  In 

2004, opening the buckets for only part of the night was not necessary.  

However, I adjusted abundance due to flooding of buckets at some playas (n=4).  

I adjusted the number of buckets 2.1% and 8.7% of secondary occasions in 2003 

and 2004, respectively. 

 I used mark/recapture techniques to obtain estimates of survival 

probabilities, capture and recapture rates, emigration probabilities, and 

population size (White et al. 1982) of Spea spp. metamorphs.  S. bombifrons and 

S. multiplicata were combined into a Spea spp. complex because I found them 

difficult to distinguish as newly metamorphosed individuals.  All Spea spp. 

metamorphs were uniquely toe-clipped to their respective playas and date of first 

capture.  I marked recaptures uniquely by date and playa on their limbs by 

injecting them with a small amount of fluorescent elastomer (Northwest Marine 

Technology, Inc., Shaw Island, Washington, USA; Nishikawa and Service 1988).  
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Scissors and syringes were sterilized with alcohol between each marked 

individual. 

 

Statistical models and parameter estimation 

I used Pollock’s (1982) robust design to estimate apparent survival, 

capture and recapture probabilities, emigration, and population size.  In robust 

design, primary periods, i, have secondary occasions, j.  Secondary occasions 

are close together in time and are considered closed, whereas primary periods 

are separated by larger increments of time and are considered open as in Jolly-

Seber (Pollock 1982) models.  Secondary sampling occasions are used to 

estimate conditional capture and recapture probabilities and the surface (i.e., 

available for capture and not estivating) population size for each primary period 

(the superpopulation would include all surface and estivating individuals).  

Survival is estimated by summing data within each primary period, and 

temporary emigration (probability of being temporarily unavailable for capture, 

i.e., estivation state) rates are estimated using primary and secondary occasion 

data (Kendall et al. 1997, Kendall 1999). 

 

Types of apparent survival probabilities 

Time-varied apparent survival – Apparent survival of metamorphs caught 

in primary period, i, varies with time. 
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Time-constant apparent survival – Survival is assumed to be the same for 

all primary periods. 

Time-constant early and late apparent survival – This is a combination of 

the above two types of apparent survival.  Apparent survival is estimated 

assuming constant survival for the first (early) and second (late) half of the 

season. 

 

Types of capture probabilities 

Time-varied capture and recapture –The probability of first capture, pij, and 

probability of recapture, cij, vary with time during primary period, i, and secondary 

occasion, j.  Because there are only two secondary occasions within each 

primary period, pi2=ci2 and pi1 are estimated independently of any other 

secondary occasion.  Conditional capture probability refers to the probability that 

a metamorph is captured given it is in the superpopulation but not necessarily on 

the surface (e.g., an animal can be estivating).   

Time-constant capture probabilities – Condition where capture and 

recapture probabilities are equal and the same for each primary period. 

Behavioral capture probabilities – Capture and recapture probabilities are 

constant through time, but either p>c (trap shy) or p<c (trap-happy). 
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Types of Temporary Emigration 

 No emigration – Assumes metamorphs do not move out of the study area, 

including below ground. 

 Time constant emigration – Assumes metamorphs have equal probability 

of temporary emigration through time. 

 Time-varied emigration – Assumes metamorphs have different 

probabilities of being temporary emigrants during each primary period. 

 Markovian constant emigration – Assumes a metamorph is in the study 

area and available for capture during primary period i, and a metamorphs 

emigration status during i depends on whether it was in or out of the area at the 

previous sampling period, i-1.  Two probabilities influence Markovian emigration: 

(1) γ’i = probability that a metamorph remains away from a study area in period i 

given that it was already away (a temporary emigrant) in i-1. 

(2) γ’’i = probability that a metamorph in a study area in period i-1 emigrates from 

the area for period i.   

Allowing emigration to vary with time would increase the number of parameters 

estimated, possibly decreasing the goodness of fit of models. Because I have no 

hypotheses regarding time-dependent emigration, I have assumed that while γ i’ 

and γ’’i vary randomly, they are constant through time. 
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Population size  

 Time-varied population size – Assumes the number of metamorphs 

caught in primary period, i, varies with time. 

 

Model description and selection 

 I developed 36 models to test hypotheses regarding population 

parameters of spadefoot toad metamorphs (Table 3.1).  Models are composed of 

variations of the following parameters: 

φ = probability that a metamorph in period i is alive in period i+1 given that the 

metamorph is available for capture (probability of apparent survival). 

pij = probability that a metamorph is captured during secondary occasion j in 

primary period i given that the metamorph is available for capture (conditional 

capture probability). 

cij = probability that a metamorph is recaptured in secondary occasion j in 

primary period i given that the metamorph is available for capture. 

γi* = probability of temporary emigration in primary period i. 

Ni = population size of metamorphs available for capture, assuming metamorphs 

were on the surface during primary period, i. 

Models 1, 2, and 3: time-varied capture probability (pi1; pi2=ci2); random, 

time constant emigration (γ'(.)=γ (.)"); and either time-varied apparent survival 

(φ(t)) for Model 1, constant survival for the first two week(s) and then for the last 
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week(s) (φearly(.), φlater(.)) for Model 2, or constant apparent survival (φ(.)) for 

Model 3. 

Models 4, 5, and 6:  Models 4, 5, and 6 are the same as Models 1, 2, and 

3, respectively, except capture probabilities are time constant (p(.)). 

Models 7, 8, and 9:  Models 7, 8, and 9 are the same as Models 1, 2, and 

3, respectively, except probabilities are behavioral, meaning the capture and 

recapture probabilities are constant but independent of one another (p(.)c(.)). 

Models 10, 11, and 12: Models 10, 11, and 12 are the same as Models 1, 

2, and 3, respectively, except emigration probabilities are random (γ(.)). 

Models 13, 14, and 15: Models 13, 14, and 15 are the same as Models 4, 

5, and 6, respectively, except emigration probabilities are random (γ(.)). 

Models 16, 17, and 18:  Models 16, 17, and 18 are the same as Models 7, 

8, and 9, respectively, except emigration probabilities are random (γ(.)). 

Models 19, 20, and 21:  Models 19, 20, and 21 are the same as Models 1, 

2, and 3, respectively, except no emigration is assumed (γ=0). 

 Models 22, 23, and 24:  Models 22, 23, and 24 are the same as Models 4, 

5, and 6, respectively, except no emigration is assumed (γ=0). 

 Models 25, 26, and 27:  Models 25, 26, and 27 are the same as Models 7, 

8, and 9, respectively, except no emigration is assumed (γ=0). 

 Models 28, 29, and 30:  Models 28, 29, and 30 are the same as Models 1, 

2, and 3, respectively, except Markovian constant emigration is assumed 

(γ’(.),γ”(.)). 
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 Models 31, 32, and 33:  Models 31, 32, and 33 are the same as Models 4, 

5, and 6, respectively, except Markovian constant emigration is assumed 

(γ’(.),γ”(.)). 

 Models 34, 35, and 36:  Models 34, 35, and 36 are the same as Models 7, 

8, and 9, respectively, except Markovian constant emigration is assumed 

(γ’(.),γ”(.)). 

For all data sets and all models, apparent survival probability for the last primary 

period is fixed to one and population size is time-dependent (N(t)). 

I based model selection on Akaike’s Information Criterion (AIC) adjusted 

for variance inflation ( estimated from global model) and small sample size 

(QAICc; Akaike 1973, Burnham and Anderson 2002).  Goodness-of-fit (GOF) of 

the data to the Poisson distribution for each study site was tested by computing 

Pearson’s χ2 test statistic at α = 0.05 using the global model of each data set 

(Model 10: pi1; pi2=ci2, φ(t), γ’(t) γ”(t), N(i)) via RDSURVIV (Kendall et al. 1997).  

The variance inflation factor, , was calculated by hand for each data set 

(Kendall et al. 1997, Burnham and Anderson 2002).  Burnham and Anderson 

(2002) recommended using >1 as an adjustment when lack of fit is found.  Any 

<1 was assumed to be 1 in program MARK (Burnham and Anderson 2002: 69).  

For each study site, models were ranked using weights based on model 

likelihood.  Model averaging is a way to incorporate model uncertainty into 

parameter estimates (Burnham and Anderson 2002).  Therefore, I used 

parameters estimated from model averages in statistical tests that compared 

ĉ

ĉ

ĉ

ĉ
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parameters between landuses.  To present an indication of the models chosen 

most often as the top models, model weights were summed across all models 

with < 4 in a given landuse and year because models with > 4 are thought to 

have inadequate model structure (Burnham and Anderson 2002). 

ĉ ĉ

Once parameter estimates for each sampling period and study site were 

obtained and appropriately adjusted, I calculated end of summer apparent 

survival using the product of the sampling period estimates with standard errors 

calculated using the delta method (Cooch and White 2006).  Because > 4 or no 

or very few recaptures were encountered at some playas, my original goal of 

testing for differences in end of season apparent survival between spadefoot 

metamorphs that emerged from playas within cropland and grassland 

landscapes was not possible.  

ĉ

 

Results 

 Across all playas, 46,820 and 19,590 metamorphs were caught in 2003 

and 2004, respectively.  The total spadefoot metamorphs captured varied among 

playas (e.g., 507 to 14,115 in 2003; 0 to 6,586 in 2004; Table 3.2). 

I evaluated seven playas in 2003 (five cropland, two grassland) and four in 

2004 (one cropland, three grassland) for parameter estimation.  Three grassland 

playas in 2003 had > 4 and one cropland playa had <0.50% recaptures 

preventing parameter estimation.  In 2004, three cropland playas had no 

recaptures, one cropland playa had no spadefoot captures (the playa dried early 

ĉ
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in the summer), and one playa had <0.50% recaptures preventing parameter 

estimation (Table 3.2).  Also in 2004, one grassland playa that dried in early 

summer only had metamorphs for two primary periods, and two grassland playas 

had <0.50% recaptures (Table 3.2).  Therefore, these datasets were excluded 

from model selection procedures. 

 

Model selection and parameter estimation 

 The most general model was not different from the Poisson distribution in 

eight of 12 playas in 2003 and all of the seven playas analyzed in 2004 (Table 

3.2).  In 2003, three playas had values > 4.0, whereas in 2004, none of the 

playas had values > 4.0 (Table 3.2).  I attempted to reduce model structure of 

the global model for datasets with values > 4.0 to obtain new , but even the 

least parameterized model was different from the Poisson distribution 

(p<0.0001), meaning there was lack of fit of the data to the Poisson distribution 

(Burnham and Anderson 2002).  Therefore, these datasets were excluded from 

any statistical analyses and model selection results.   

ĉ

ĉ

ĉ ĉ

 Model 11 and 20 had the highest QAICc weight for cropland playas in 

2003 and 2004, respectively, and Model 21 and 3 had the highest QAICc weight 

for grassland playas in 2003 and 2004, respectively (Table 3.3).  Generally, 

model likelihood varied among playas.  In 2003, constant apparent survival was a 

better model structure than the other two model structures for both landuses 

(Table 3.4).  For 2004, constant apparent survival and constant early and late 
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apparent survival were most likely for grassland and cropland, respectively.  For 

2003 and 2004, pi1; pi2=ci2, was the best capture structure.  For grassland playas 

in 2003 models with no emigration were more likely than other model structures 

while time-dependent emigration was more important for cropland playas.  In 

2004, the no emigration model had the highest likelihood for cropland playas, but 

constant emigration was most likely for grassland playas (Table 3.4).   

For model averaging estimates of each playa, overall apparent survival 

was generally low (Table 3.5) and emigration was usually high for each primary 

period when models without emigration were not the best models (and were not 

weighted heavily; Table 3.6).  Model averaging results produced low primary 

period capture and recapture probabilities (Table 3.7).  Population size estimates 

also had high standard errors (Table 3.8). 

 

Discussion 

 

Spea spp. survival estimates 

An original goal of this study was to test for differences in survival of Spea 

spp. metamorphs between cropland and grassland playas.  Whereas thousands 

of metamorphs were initially captured at the drift fence, very few were recaptured 

within the study’s time frame, a necessary component of capture-recapture 

models (Lebreton et al. 1992).  Therefore, models estimating survival for 

metamorph populations of several playas lacked goodness of fit or had large  ĉ
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and a statistical comparison was not possible (Burnham and Anderson 2002).  

Additionally, many of the primary period estimates had poor precision.   

Recapture rate could be low in these populations for three reasons.  First, 

metamorph survival is likely very low as evidenced by capture of few aduts 

(Chapter II).  Metamorphs may die from dessication, predation (e.g., herons, 

snakes), or starvation.  Spea spp. may be an r-selected species, and competition 

for limited resources may be high (Zug et al. 2001).  Environmental factors, such 

as weather, can negatively affect carrying capacity and typically cause the 

greatest population declines in r-selected species (Ricklefs 1997).  Second, 

metamorphs could be dispersing as soon as they emerge from the playa, which 

would make recapture rate low.  Third, metamorphs may be estivating 

immediately following emergence and are therefore not detectable.  My data 

cannot separate these last two situations.  It is likely a combination of factors is 

responsible for low recapture rate.  

Species that have an r-strategy as opposed to a K-strategy should 

experience higher mortality in younger age groups (Zug et al. 2001).  Although 

variability of Spea spp. survival estimates was large, survival was low.  When 

Bailey et al. (2004) estimated detection probability of adult Plethodon 

salamanders they fixed period survival estimates to 1.0, assuming survival would 

be close to this because primary periods in their study were separated by 6-10 

days.  My primary periods were spaced similarly in time to this study, but high 

survival in a younger age class of a species such as Spea spp., is unlikely due to 
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the threats faced by younger age classes of r-selected species.  Because SHP 

Spea spp. metamorphs have low and variable survival, recruitment into the 

breeding population may also be low.  Thus, years with relatively high 

metamorph survival would be important to the persistence of these populations.  

These years would have favorable weather conditions (i.e., no water in the 

spring, but high summer precipitation), and low predator density. 

 

Recapture and emigration of Spea spp. 

Emigration estimates were not consistent from 2003 to 2004 and variance 

of emigration estimates was often high.  For some playas, emigration estimates 

were high and precise.  High estimates of emigration may indicate the 

evolutionary strategy of Spea spp. to disperse.  However, if dry weather 

conditions increase dessication risk, then metamorphs will likely estivate (Zug et 

al. 2001: 188).  As did Creusere and Whitford (1976) in a Chihuahuan ephemeral 

wetland, I observed Spea spp. metamorphs estivating in fissures in dried playa 

bottoms.  During this time, I did not capture (or recapture) metamorphs at the drift 

fence.   

Amphibian studies have shown high adult fidelity to breeding sites 

(Shields 1982, Duellman and Trueb 1986, Berven and Grudzein 1990, Sinsch 

1990).  Berven and Grudzein (1990) found 100% of adults and 80% of juvenile 

wood frogs (R. sylvatica) were faithful to their previous breeding and 

metamorphose ponds, respectively.  They concluded that low abundance of 
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dispersing juveniles was enough to predict little genetic differentiation among 

breeding sites.  Because Spea spp. adults are above ground for short periods 

(Chapter II), they may hibernate in or near a playa (McClanahan, Jr. 1967, Ruibal 

et al. 1969) and have high fidelity to it.  Although most Spea spp. may never 

leave the playa watershed of their origin, a few metamorphs may travel to 

estivation or hibernation watersheds of other playas and emerge when breeding 

or feeding conditions are ideal.   

Gene flow rates are largely determined by the degree of isolation, a 

function of distance between breeding sites (Reading et al. 1991) and the 

terrestrial habitat characteristics through which individuals must travel (i.e., its 

permeability, Gilpin 1991, Forman 1995).  Scribner et al. (2001) found that Bufo 

bufo allelic richness, population size, and presence and absence were primarily 

associated with pond density and vegetation characteristics in Great Britain.  

Spea spp. metamorphs may estivate adjacent to the playa if they perceive the 

upland landscape as impenetrable or impassable.  Scribner et al. (2001) stated 

that roads and sheep pastures may hamper B. bufo dispersal due to increased 

predation and dessication risk.  In very dry years, metamorphs may not be able 

to estivate in upland habitats if the ground is too hard; they may instead estivate 

in the wet playa soil (Creusere 1976).  Spea spp. may also estivate locally if they 

perceive the upland habitat as impassible due to agricultural practices, 

inadequate invertebrate prey density, or predation risk (Gray et al. 2004a, Gray 

et al. 2004b).   
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If Spea spp. adults and the majority of metamorphs exhibit philopatry, 

metapopulation gene flow may be in jeopardy if individuals that do emigrate die 

because of alteration of upland areas.  Amphibians naturally have stochastic 

emigration rates based on climatic conditions (Semlitsch 1985).  A fragmented 

landscape may act as a synergistic force hindering inter-site movement (Hanski 

and Ovaskainen 2000).  Rothermel and Semlitsh (2002) recaptured fewer 

juvenile Ambystoma maculatum and Bufo americanus in old-fields than in 

forested habitat.  They (2001) also found that juvenile B. americanus exhibited a 

movement bias towards forests.  These findings suggest the altered habitat 

presents a challenge to migrating juveniles.  This study is relevant to SHP 

species because species in this area may face similar challenges when migrating 

through cropland landscapes, especially if they emerge from cropland playas 

with smaller body sizes (Gray and Smith 2005). 

At least two studies would be useful in untangling the proportion of the 

population that migrates or estivates.  A study focusing on genetic diversity at the 

scales of playa, region, and landscape would give an index to the degree of 

genetic similarity among populations (Tallmon et al. 2000, Scribner et al. 2001, 

Trenham et al. 2001).  If Spea spp. are very closely related within a playa but 

genetically dissimilar at regional and landscape scales, this would indicate that 

spadefoots generally do not migrate from a particular playa.  If Spea spp. were 

genetically similar at regional and landscape scales, this would indicate that at 

least some segment of the population migrates.  Additionally, comparing genetic 
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diversity in Spea spp. to other SHP species (i.e., B. cognatus) would allow 

researchers to make predictions regarding differential dispersal rates risk in 

various landuses (Scribner et al. 2001).  Such data may provide evidence related 

to the species most vulnerable to agricultural practices. 

 

Abundance of Spea spp. 

Fewer metamorphs were produced in 2004 than 2003.  Spring and 

summer 2004 had more precipitation than 2003 (2003: 15.6-cm, 2004: 38-cm, 

rainfall totals from May through September for Lubbock, Texas; 

http://www.srh.noaa.gov/lub /climate/ LBB_Climate/Precipdata/Precipdata.htm).  

Variablility in rainfall can cause variation in amphibian breeding effort.   For 

example, Reaser (2000) found high variation in abundance among breeding sites 

and years for Rana luteiventris populations.  Gray et al. (2004a) observed the 

opposite result for Spea spp. abundance between wet and dry years.  

Differences observed in Gray’s and this study may be due to natural variability in 

amphibian abundances on the SHP. 

Alternatively, lower reproductive efforts by Spea spp. in 2004 may be the 

result of playas first receiving water in early spring and overall cooler summer 

temperatures.  Whereas hydroperiod length is important for completion of tadpole 

development, the timing of inundation (i.e., when in the year the playa is wet) 

may determine what species attempt to breed (Chapter IV).  Most playas in 2004 

received water continuously throughout the summer, but Spea spp. tadpoles and 
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metamorphs were only detected after the first rains of late spring.  Spea spp. 

generally breed at the time of pond formation (Zug et al. 2001) because they may 

have evolved to avoid breeding in playas where they “suspect” playas have held 

water long enough (i.e., through spring) to support predators such as larval A. t. 

mavortium.  Spea spp. eggs and tadpoles may also need warm water 

temperatures for larval development, and therefore playas may not contain Spea 

spp. tadpoles until late spring or early summer.  I hypothesize increased breeding 

activity and therefore greater metamorph densities when a warm breeding 

season is preceded by a dry winter; whereas, I would predict lower Spea spp. 

breeding activity and thus fewer metamorphs of this species in areas or years 

experiencing wet winters and cooler summers.   

Contrary to a previous study (Gray et al. 2004a), I found no influence of 

landuse on Spea spp. abundance (Chapter II).  The hypothesis supporting 

greater Spea spp. abundance in cropland than grassland wetlands is that Spea 

spp. experience decreased dispersal ability in cropland as opposed to the 

grassland landscapes (Gray et al. 2004b).  Gray et al. (2004b) found Spea spp. 

were positively associated with decreasing inter-playa distance and increasing 

inter-playa landscape complexity (i.e., cropland landscapes are more complex).  

Another hypothesis is that there are fewer predatory A. t. mavortium in cropland 

playas due to decreased hydroperiods (Gray et al. 2004a).  I did not detect 

enough A. t. mavortium (Appendix A) in my study to make this conclusion.  In 

2005, density of A. t. mavortium larvae was positively correlated with 
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hydroperiod, and anuran larval density was negatively correlated with 

hydroperiod (Chapter IV).  It appears therefore, the possible effect of A. t. 

mavortium on Spea spp. abundance is ultimately related to hydroperiod, not 

landuse.   

One explanation for the conflicting findings in the effect of landuse on 

Spea spp. abundance between my study and Gray et al. (2004a) is higher 

variation in abundance among playas in my study.  Thus, I detected no landuse 

effect.  A higher sample size may be required to adequately test for a landuse 

effect; using the pitfall and drift fence sampling technique would not be practical.  

This is further support for a genetic study discussed above.  Another explanation 

is that in 2003 grassland playas may have had more cropland in their watershed 

compared to Gray et al. (2004a).  Finding grassland playas in 2003 was difficult 

during the drought year.   Whereas I attempted to adhere to 75% landuse cover 

for each treatment, conforming to this specification proved difficult.  The mean 

proportion of untilled grass in the watersheds of my grassland playas was 0.336 

(SE=0.08) and 0.658 (SE=0.09) in 2003 and 2004, respectively (Tsai unpubl. 

data provided landuse calculation method).  Gray et al. (2004a, 2004b) set 

criteria of 75% of the given landuse in a 3-km circumference around each playa.  

Therefore, my grassland playas may have had greater sediment inputs, which 

dampened landuse treatment effects. Where playas are situated within this 75% 

landuse may also influence sediment inputs.  If a playa is in a watershed with 

75% grassland but the 25% cropland is directly adjacent to the playa, then 
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sediments imputs may be higher than a playa with a grassland buffer that only 

50% grassland in its watershed. 

The population size of Spea spp. metamorphs presented here is likely 

biased on the low side.  I observed metamorphs hiding in cracks within the dried 

playas while no metamorphs were caught at the drift fence.  Metamorphs were 

also observed under cow feces and in the shade of the drift fence.  Finally, other 

researchers were also able to collect unmarked estivated metamorphs in these 

playas by digging them up. 

Studies assessing populations of amphibians that breed in vernal pools or 

other small breeding sites are able to encircle the entire pool in a drift fence (e.g., 

Berven and Grudzien 1990, Trenham et al. 2001, Bailey et al. 2004).  Even if it 

was possible to enclose an entire playa with a drift fence, explosive breeders 

such as Spea spp. violate several assumptions of robust design models.  

Specifically, Spea spp. violate the assumption that secondary sampling 

occasions are closed.  During the peak of emergence, I captured many new 

Spea spp. metamorphs during the second sampling night within a secondary 

sampling occasion.  Also, many Spea spp. may have died overnight or estivated 

during the secondary sampling occasions. 

 

Conclusions regarding Spea spp. population modeling 

Because obtaining reliable parameter estimates of Spea spp. via current 

capture-recapture estimation techniques and models is not possible, future 
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studies must develop (1) alternative sampling techniques or (2) another method 

of assessing population viability.  If researchers can access playas immediately 

following rain events to estimate adult abundance and continue monitoring to 

estimate metamorph abundance, perhaps age ratios (i.e., adult/metamorph 

abundance) could be a proxy for metamorph survival rates.  Long-term study 

sites would aid in immediate access to breeding sites; maintaining a good rapport 

with landowners would be essential.  The goal of amphibian conservation in the 

SHP should be to conserve their functional status as a metapopulation.  Given 

the difficulty of capture-recapture studies, dispersal may best be studied by 

testing for similarity in genetics among playas which could reveal whether Spea 

spp. are able to migrate among playas given landuse characteristics.  Genetic 

studies would reveal what is ultimately the goal of surviving: reproducing and 

spreading genes in following generations. 
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Table 3.1.  Parameter variations of 36 competing hypotheses for population parameter estimates of Spea spp. 
metamorphs emerging from playas in the Southern High Plains, Texas, using Pollock’s robust design in program 
MARK (Cooch 2006).

Parameters 
  Capture probabilities   Apparent survival probability   Emigration probabilities 

Model 
time varied 
pi1; pi2=ci2 

time 
constant 

p(.) 
behavioral 

p(.)c(.)  

time varied 
φ(t) where 
φ(N)=1 

φearly(.), φlate(.) 
where φ(N)=1 

time constant 
φ(.) where 
φ(N)=1  

random 
time 

constant 
γ(.) 

random 
time varied 

γ(t) 

no 
emigration 

γ=0 

markovian 
constant 
γ'(.),γ"(.) 

1 X    X    X    
2 X     X   X    
3 X      X  X    
4  X   X    X    
5  X    X   X    
6  X     X  X    
7   X  X    X    
8   X   X   X    
9   X    X  X    
10 X    X     X   
11 X     X    X   
12 X      X   X   
13  X   X     X   
14  X    X    X   
15  X     X   X   
16   X  X     X   
17   X   X    X   
18   X    X   X   
19 X    X      X  
20 X     X     X  
21 X      X    X  
22  X   X      X  
23  X    X     X  
24  X     X    X  
25   X  X      X  
26   X   X     X  
27   X    X    X  
28 X    X       X 
29 X     X      X 
30 X      X     X 
31  X   X       X 
32  X    X      X 
33  X     X     X 
34   X  X       X 
35   X   X      X 
36     X       X         X 
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Figure 3.1.  Drift fence and pitfall trap technique for intercepting Spea spp. 
metamorphs emerging from playa wetlands in 2003 and 2004, Southern High 
Plains, Texas. 

116

 

Playa 

10-m 

Bucket 
pairs, pitfall 

Drift fence 



 

 
 
Table 3.2.  Goodness of fit test using Pearson’s’ χ2 test statistic, , for global models and estimated end of 
season of Spea spp. metamorphs produced from playas in 2003 and 2004 in Southern High Plains, Texas.  
Metamorphs were caught using drift fence/pitfall traps encircling 25% of playas.  Recaptures are 
individuals recaught at least once.  Adjusted number caught reflects estimated values when the whole 
fence was not used or if the buckets were open for less than the entire night.  Estimated abundance is the 
total captures multiplied by four. 

ĉ

 

ĉYear Landuse Playa Pearson's  χ2 
Pooled 

df p-value  
Tot. no. 
caught 

Recaptures 
among primary 

periods 

% recaps 
among primary 

periods 
Adjusted 

no. caught 

Estimated 
metamoph 

abundance from 
no. caught 

CP1 18.99 11 0.0612 1.73 1312 26 1.98 1312 5248 
CP2 0.020 5 1.0000 0.00 321 3 0.93 321 1284 
CP3 4.950 8 0.6846 0.69 914 6 0.66 914 3656 
CP4 27.53 18 0.0695 1.53 14206 976 6.87 18676 74704 
CP5 2.370 13 0.9994 0.18 3888 9 0.23 12447 49788 

Crop 

CP6 1.950 5 0.8555 0.39 499 7 1.40 618 2472 
GS1 33.78 7 0.0000 4.83 4953 61 1.23 8608 34432 
GS2 5.610 3 0.1323 1.87 4523 26 0.57 5907 23628 
GS3 59.29 17 0.0000 3.49 8939 287 3.21 18484 73936 
GS4 72.65 11 0.0000 6.60 1969 74 3.76 4613 18452 
GS5 4.740 5 0.4483 0.95 801 29 3.62 4137 16548 

2003 

Grass 

GS6 48.15 12 0.0000 4.01 5938 315 5.30 8252 33008 
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(Table 3.2, continued) 

Year Landuse Playa Pearson's χ2 
Pooled 

df p-value ĉ  
Tot. no. 
caught 

Recaptures 
among primary 

periods 

% recaps 
among primary 

periods 
Adjusted no. 

caught 

Estimated 
metamoph 

abundance from 
no. caught 

CP1A -- -- -- -- 0 0 0.00 0 0 
CP2B -- -- -- -- 625 0 0.00 634 2536 
CP3C -- -- -- -- 95 0 0.00 95 380 
CP4D 9.700 12 0.6427 1.00 6509 39 0.60 6509 26036 
CP5E 13.67 8 0.9090 1.71 4955 11 0.22 4955 19820 

Crop 

CP6F -- -- -- -- 132 0 0.00 132 528 
GS1A 13.81 14 0.9998 0.99 2611 128 4.90 2647 10588 
GS2B 11.40 16 0.7840 0.19 1913 5 0.26 1914 7656 
GS3C 2.440 12 0.9984 0.20 1444 5 0.35 2729 10916 

GS4D -- -- -- -- 510 4 0.78 510 2040 
GS5E 17.12 14 0.2501 1.22 700 24 3.43 718 2872 

2004 

Grass 

GS6F 12.08 9 0.2089 1.34 235 10 4.26 235 940 
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Table 3.3.  Sum of model weights of population parameters 
estimated for Spea spp. metamorphs in playa wetlands, Texas.  
Numbers in "( )" are model ranks within each landuse and year, 
with 1 as the highest rank.  Sums are across four cropland and two 
grassland playas in 2003 and one cropland and three grassland 
playas in 2004 (datasets with c < 4, χ2 p-value > 0.05, and percent 
captures > 0.50%).  Blanks represent no model weight in that 
landuse, and skipped model numbers are those that had no weight 
in either year. 

ˆ

 2003  2004 
Model # Cropland Grassland   Cropland Grassland 

 1 0.25748 (8) 0.03617 (9) 0.06085 (6) 0.13674 (1) 
 2 0.38874 (6) 0.07492 (5) 0.04739 (7) 0.39475 (16) 
 3 0.74947 (3) 0.17627 (3) 0.10919 (4) 0.87944 (17) 
 4    0.00001 (26) 
 5    0.00008 (24) 
 6    0.00015 (15) 
 7    0.00579 (6) 
 8    0.04672 (11) 
 9    0.08435 (20) 
10 0.50435 (5) 0.03448 (10) 0.00941 (12) 0.00401 (9) 
11 0.92843 (1) 0.02319 (12) 0.01008 (11) 0.0056 (7) 
12 0.85497 (2) 0.04216 (8) 0.02709 (10) 0.0088 (5) 
16    0.00014 (22) 
17    0.00143 (13) 
18 0.00036 (14)   0.00102 (14) 
19 0.31919 (7) 0.34155 (2) 0.29409 (3) 0.04486 (4) 
20 0.09605 (11) 0.15505 (4) 0.98918 (1) 0.29327 (3) 
21 0.04817 (12) 0.97955 (1) 0.29934 (2) 0.06003 (12) 
28 0.12193 (10) 0.04907 (7) 0.03288 (9) 0.13674 (2) 
29 0.21202 (9) 0.02684 (11) 0.03558 (8) 0.18687 (21) 
30 0.51633 (4) 0.06426 (6) 0.08493 (5) 0.59857 (18) 
31    0.00001 (27) 
32    0.00007 (25) 
33    0.0001 (23) 
34 0.00039 (13)   0.00481 (8) 
35    0.04494 (10) 
36       0.06068 (19) 
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ĉ

Table 3.4.  Sum of model weights for estimates of capture probability, 
apparent survival, and emigration types for Spea spp. metamorphs in 
playa wetlands, Texas.  Sums are across four cropland and two grassland 
playas in 2003 and one cropland and three grassland playas in 2004 
(datasets with < 4, χ2 p-value > 0.05, and percent captures > 0.50%). 

  
 

  2003  2004 
Parameter Cropland Grassland  Cropland Grassland 

Capture type      

pi1, pi2=ci2 

Φ(t) 

4.99714 2.00351  1.00000 2.74968 
p(.)     0.00027 
p(.) c(.) 0.00075      0.25003 
Apparent survival type      

1.20334 0.46127  0.14075 0.33311 
φearly(.), φlate(.) 1.62524 0.28000  0.85925 0.97373 
Φ(.) 2.16930 1.26224    1.69314 
Emigration type      
γ(.) 1.39569 0.28736  0.00001 1.54803 
γ(t) 2.28811 0.09983  0.00228 0.02100 
γ=0 0.46341 1.47615  0.99771 0.39816 
γ'(.), γ(.)" 0.85067 0.14017    1.03279 
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Table 3.5.  Apparent survival probability estimates, φi, (and standard errors) for each primary period, i, estimated 
using model averaging from robust design and overall apparent survival and standard errors estimates using the 
product of the period estimates and the delta method, respectively, in 2003 and 2004 between dates given for 
Spea spp. metamorphs emerging from playas in Southern High Plains, Texas (datasets with ĉ < 4, χ2 p-value > 
0.05, and percent captures > 0.50%). 

 
Playa Landuse Year Dates φ1 φ2 φ3 φ4 φ5 

Overall 
apparent 
survival 

SE 
estimate 

CP1 Crop 2003 1 Jul - 5 Aug 0.671 (0.307) 0.661 (0.305) 0.770 (0.348) 0.764 (0.363)  0.261 0.214 
CP2   15 Jul - 5 Aug 0.139 (0.217) 0.065 (0.109) 0.825 (0.340)   0.007 0.015 

CP3   1 Jul - 5 Aug 0.967 (0.210) 0.967 (0.210) 0.793 (0.419) 0.816 (0.401)  0.602 0.407 

CP4   30 Jun - 11 Aug 0.458 (0.301) 0.455 (0.097) 0.574 (0.216) 0.614 (0.385) 0.308 (0.310) 0.023 0.016 
CP6   16 Jul - 11 Aug 0.404 (0.884) 0.460 (0.835) 0.413 (0.735)   0.542 0.441 

GS2 Grass  17 Jul - 1 Aug 0.042 (0.142) 0.282 (0.139)    0.060 0.164 

GS5   7 Jul - 5 Aug 0.065 (0.056) 0.086 (0.079) 0.087 (0.068)   0.000 0.001 
CP4D Crop 2004 11 July - 25 Aug 0.040 (0.005) 0.268 (0.336) 0.135 (0.079) 1.00 (0.020) 1.00 (0.023) 0.001 0.001 

GS1A Grass  9 July - 17 Aug 0.239 (0.085) 0.373 (0.144) 0.394 (0.176) 0.216 (0.117) 0.221 (0.186) 0.002 0.002 

GS5E   13 July - 29 Aug 0.643 (0.352) 0.311 (0.139) 0.480 (0.310) 0.329 (0.171) 0.532 (0.264) 0.017 0.016 
GS6F   13 July - 29 Aug 0.610 (0.296) 0.807 (0.264) 0.795 (0.272) 0.697 (0.274) 0.675 (0.278) 0.184 0.143 
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Table 3.6.  Probability, γ’i that a metamorph remains away from a study area in period i given that it 
was already in i-1 and probability, γ”i, that a metamorph in a study area in period i-1 emigrates from the 
area for period i. for each primary period, i, (and standard errors) estimated using model averaging 
from robust design in 2003 and 2004 for Spea spp. metamorphs emerging from playas in Southern 
High Plains, Texas (datasets with < 4, χ2 p-value > 0.05, and percent captures > 0.50%). ĉ
Playa Year Landuse γ* γ*1 γ*2 γ*3 γ*4 γ*5 γ*6 

γ"   0.918 (0.045)   0.916 (0.048)   0.918 (0.045)   0.888 (0.080)   0.888 (0.082)  CP1 

γ'   0.928 (0.055)   0.929 (0.053)   0.90 (0.0855)   0.900 (0.087)    

γ"   0.295 (0.492)   0.427 (0.597)   0.192 (0.390)   0.433 (0.555)   CP2 

γ'   0.433 (0.603)   0.198 (0.399)   0.439 (0.561)      

γ"   0.971 (0.017)   0.659 (0.227)   0.998 (0.003)   0.011 (0.271)   1.000 (<0.001)  CP3 

γ'   0.659 (0.228)   0.998 (0.003)   0.012 (0.271)   1.00 (<0.000)   

γ"   0.986 (0.027)   0.676 (0.089)   0.867 (0.086)   0.577 (0.255)   0.819 (0.253)   0.974 (0.036) CP4 

γ'   0.676 (0.088)   0.867 (0.086)   0.577 (0.255)   0.819 (0.253)   0.974 (0.036)  

γ"   0.026 (0.970)   0.023 (0.973)   0.023 (0.977)   0.023 (0.974)   CP6 

Crop 

γ'   0.023 (0.981)   0.024 (0.981)   0.024 (0.987)    

γ"   0.019 (0.004)   0.047 (0.013)   0.031 (0.016)    GS2 

γ'   0.102 (0.042)   0.085 (0.045)     

γ"   0.252 (0.361)   0.240 (0.348)   0.173 (0.290)   0.173 (0.290)   GS5 

2003 

Grass 

γ'   0.201 (0.323)   0.134 (0.250)   0.134 (0.250)    

γ" <0.001 (<0.001) <0.001 (0.007)   0.002 (0.005) <0.001 (<0.001)   0.002 (0.004) <0.001 (0.002) CP4D Crop 

γ' <0.001 (0.007)   0.002 (0.005) <0.001 (<0.001)   0.002 (0.004) <0.001 (0.002)  

γ"   0.253 (0.277)   0.252 (0.279)   0.251 (0.277)   0.254 (0.278)   0.254 (0.278)   0.254 (0.278) GS1A 

γ'   0.144 (0.246)   0.144 (0.243)   0.146 (0.246)   0.146 (0.246)   0.147 (0.246)  

γ"   0.749 (0.136)   0.749 (0.138)   0.750 (0.136)   0.742 (0.143)   0.742 (0.143)   0.750 (0.136) GS5E 

γ'   0.738 (0.206)   0.739 (0.204)   0.730 (0.211)   0.730 (0.211)   0.739 (0.204)  

γ"   0.845 (0.100)   0.845 (0.099)   0.847 (0.098)   0.842 (0.102)   0.842 (0.103)   0.847 (0.098) GS6F 

2004 

Grass 

γ'   0.881 (0.105)   0.883 (0.103)   0.878 (0.108)   0.878 (0.109)   0.883 (0.103)   
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Table 3.7.  Capture, p, and recapture, c, probability estimates (and standard errors) for each primary period, i, 
estimated using model averaging using robust design in 2003 and 2004 for Spea spp. metamorphs emerging 
from playas in Southern High Plains, Texas  (datasets with ĉ < 4, χ2 p-value > 0.05, and percent captures > 
0.50%). 
Playa Landuse Year p1 c p c p c p c1 2 2 3 3 4 4 
CP1   0.066 (0.0378)   0.032 (0.018) 0.479 (0.082) 0.190 (0.041)   0.120 (0.045)   0.041 (0.016) 0.295 (0.044) 0.130 (0.022) 
CP2   0.126 (0.0356)   0.084 (0.024) 0.144 (0.026) 0.143 (0.026)   0.183 (0.085)   0.196 (0.093) 0.041 (0.062) 0.030 (0.047) 
CP3   0.018 (0.010)   0.016 (0.009) 0.313 (0.046) 0.108 (0.018) <0.001 (0.001) <0.001 (<0.001) 0.675 (0.064) 0.521 (0.061) 
CP4 <0.001 (0.007) <0.001 (<0.001) 0.447 (0.019) 0.140 (0.007)   0.026 (0.003)   0.165 (0.020) 0.102 (0.055) 0.014 (0.008) 
CP6 

Crop 

<0.001 (<0.001)   0.004 (<0.001) 0.010 (0.028) 0.096 (0.341)   0.080 (0.288)   0.082 (0.287) 0.076 (0.096) 0.111 (0.144) 
GS2   0.004 (0.023)   0.003 (0.020) 0.003 (0.007) 0.002 (0.004)   0.033 (0.115)   0.013 (0.044) 0.003 (0.001) 0.002 (0.001) 
GS5 

Grass 

2003 

  0.153 (0.070)   0.103 (0.049) 0.054 (0.030) 0.021 (0.012)   0.560 (0.043)   0.193 (0.020) 0.066 (0.043) 0.025 (0.017) 
CP4D Crop   0.091 (0.005)   0.124 (0.007) 0.429 (0.024) 0.124 (0.009)   0.004 (0.004)   0.002 (0.002) <0.001 (<0.001) <0.001 (<0.001) 

GS1A   0.510 (0.020)   0.215 (0.010) 0.203 (0.023) 0.222 (0.025)   0.008 (0.007)   0.001 (0.001) 0.025 (0.016) 0.043 (0.027) 

GS5E   0.679 (0.039)   0.427 (0.033) 0.190 (0.048) 0.111 (0.029)   0.083 (0.049)   0.031 (0.019) 0.223 (0.115) 0.059 (0.035) 

GS6F 

Grass 

2004 

  0.483 (0.123)   0.120 (0.041) 0.241 (0.134) 0.168 (0.048)   0.222 (0.152)   0.185 (0.087) 0.298 (0.150) 0.149 (0.069) 

 

12
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(Table 3.7., extended) 
Playa Landuse Year p5 c p c p c5 6 6 7 7 

CP1 0.056 (0.040) 0.066 (0.045)  0.006 (0.007) 0.054 (0.05)   

CP2 0.001 (0.001) 0.396 (0.478)     

CP3 0.006 (0.010) 0.011 (0.019) <0.001 (0.001) 1.00 (<0.001)   

CP4 0.080 (0.017) 0.013 (0.003)   0.096 (0.024) 0.114 (0.030)   0.072 (0.089)   0.217 (0.244) 

CP6 

Crop 

0.136 (0.276) 0.063 (0.115)     

GS2       

GS5 

Grass 

2003 

0.028 (0.021) 0.006 (0.006)     

CP4D 0.005 (0.007) 0.012 (0.014)   0.000 (<0.001) 0.044 (0.035)   0.001 (0.001)   0.012 (0.013) 

CP5E 

Crop 

0.026 (0.018) 0.082 (0.055)   0.007 (0.009) 0.015 (0.019)   

GS1A 0.095 (0.051) 0.065 (0.036)   0.075 (0.108) 0.015 (0.026) <0.001 (0.001) <0.001 (0.001) 

GS5E 0.076 (0.068) 0.062 (0.057)   0.120 (0.148) 0.017 (0.027)   0.2821 (0.144)   0.176 (0.097) 

GS6F 

Grass 

2004 

0.20 (0.171) 0.069 (0.056)   0.184 (0.187) 0.066 (0.068)   0.282 (0.167)   0.141 (0.078) 

12
4 
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Table 3.8.  Period population size probability estimates (and standard errors) for each primary period, 
i, estimated using model averaging using robust design in 2003 and 2004 for Spea spp. metamorphs 
emerging from playas in Southern High Plains, Texas (datasets with ĉ < 4, χ2 p-value >0.05, and 
percent captures > 0.50%). 

Playa Landuse Year N1 N N N N N N2 3 4 5 6 7 

CP1 2377 (1329) 334 (52) 1928 (701) 1386 (193) 288 (265) 1344 (1570)  

CP2 1066 (288) 1293 (217) 127 (55) 429 (586) 178156 (584518)   

CP3 10916 (<1) 954 (6202) 1156814 (132) 104 (2207135) 1407 (7) 5 (1867)  

CP4 582261 (12047122) 8146 (315) 30329 (3637) 3626 (1923) 3294 (6834) 4293 (1031) 
101 (116) 

CP6 

Crop 

3369252 (260115) 227 (817) 28 (115) 62 (84) 46 (97)   

GS2 14191 (91739) 18062 (36072) 557 (1971) 5825809 (446498)    

GS5 

Grass 

2003 

262 (114) 2890 (1608) 689 (48) 901 (623) 500 (371)   

CP4D Crop 23328 (1290) 3545 (184) 4332 (6386) 118183 (305862) 999 (1210) 189 (163) 1874 (2114) 

GS1A 3058 (104) 1426 (142) 11108 (9312) 1413 (1052) 364 (187) 91 (149) 627438 (11275317) 

GS5E 406 (18) 732 (174) 809 (4712) 205 (104) 164 (146) 61 (78) 56 (26) 

GS6F 

Grass 

2004 

106 (31) 307 (118) 67 (38) 63 (35) 58 (60) 21 (32) 47 (31) 

12
5 

 

 

 



 

CHAPTER IV 

THE INFLUENCE OF HYDROPERIOD, VEGETATION COVER, AND LANDUSE 

ON AMPHIBIAN LARVAL COMMUNITIES AND TROPHIC STRUCTURE 

 IN SOUTHERN HIGH PLAINS PLAYAS 

 

Introduction 

The study of food webs is one of the fundamental research areas in 

ecology (Morin 1999).  Isolated depressional wetlands are ideal for investigating 

food web hypotheses due to the potential to replicate field sites (Wilbur 1997).  

The hydrology of depressional wetlands is largely influenced by climatic 

conditions, which affect biotic and abiotic components of these systems (Euliss et 

al. 2004).  However, the hydrology of many depressional wetlands has been 

altered by human activities such as filling, which decreases hydroperiods or 

alternatively, dredging pits and thus increasing permanency (Euliss and Mushet 

1999, Semlitsch 2003, Smith 2003).  Isolated depressional wetlands harbor 

biodiversity and perturbations to these systems, natural and anthropogenic, alter 

food webs and function of these systems (Skelly 1997, Gibbs 1993, Smith 2003, 

Gray et al. 2004a).   

Playa wetlands in the Southern High Plains (SHP) have variable 

hydroperiods (Bolen et al. 1989).  In spring and summer, playa communities 

change following rain and subsequent amphibian breeding.  Dry playas may 

become inundated and these playas, along with those already containing water 
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from previous rainfall, attract breeding amphibians (Anderson 1999, Gray et al. 

2004a, Gray et al. 2004b) and create habitat for invertebrates (Hall et al. 2004).  

Amphibians are often the most numerous vertebrates in playas during summer 

(Smith 2003), but the role of amphibians in playa trophic structure is unknown.   

 

Modeling trophic structure 

Trophic dynamics of ecosystems can be modeled as “food chains” or 

“food webs” (Morin 1999: 156-167).  A food chain groups members within a 

trophic level together, or examines a single linked path from basal species to top 

predators excluding loops (Pimm 1991, Williams and Martinez 2004).  

Alternatively, the food web or “community web” (Morin 1999) considers the 

heterogeneity within each trophic level, examining the presence or absence of 

links among species (Morin 1999, Williams and Martinez 2004).  Oksanen et al. 

(1981) developed an “exploitative model” resembling a food chain in which a 

random predator (chooses prey randomly with no selection, as opposed to 

Slobodkin’s (1968) “prudent predator” which has preferred prey) “exploits” the 

entire trophic level beneath it, causing a cascading effect.  For example, if a food 

chain contains producers, grazers, and predators, an increase in predator 

abundance would cause a decrease in grazer adundance and an increase in 

producer abundance (Figure 4.1).  An increase in producer abundance, however, 

would cause an increase in grazer and predator abundance.  Food chains, and 
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therefore cascades, can be regulated by top-down or bottom-up forces (Menge 

1992). 

Polis (1991), however, suggested that ecosystems with high diversity and 

those with a high proportion of omnivores and resource generalists are best 

modeled as food webs without trophic cascades (Figure 4.2).   These systems 

have loops, are not compartmentalized, and top predators are rare (Strong 

1992).  Strong (1992) argued that true trophic cascades are limited to systems of 

low diversity, and most have algae at the base. 

My objective was to determine if larval amphibians are functionally 

important in the playa ecosystem.  More specifically, I examined whether playa 

trophic structure was that of a food chain of low diversity in which changes at 

upper levels (i.e., predator densities) cascade down through the lower trophic 

levels (i.e., grazers and primary producers) because of random foraging by 

predators, or of a web that incorporates heterogeneity within trophic levels.  In 

food webs, heterogeneity within trophic levels would buffer cascading effects 

because predators do not forage randomly on the grazer graphic level (i.e., 

predators have preferred prey).  Whether playa trophic structure is best modeled 

as a chain or a web may depend on how environmental conditions such as 

hydroperiod influence species presence or absence. 
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Hydroperiod influences 

Hydroperiod length influences communities of temporary wetlands by 

permitting predators either to exist (longer hydroperiods) or not (shorter 

hydroperiods) (Wilbur 1987, Skelly 1997).  Skelly (1997) noted that temporary 

ponds had fewer predators and higher anuran species diversity (except for the 

most ephemeral) than permanent ponds and suggested competition for food was 

high in temporary environments.  Permanent ponds had lower anuran diversity, 

presumably because predation (e.g., by invertebrates or fish) was more 

important than competition in structuring amphibian communities (Skelly 1997).  

Larval anurans in these communities are not under time constraints, and 

therefore avoid predation by reduced activity (Skelly 1992).  Species in more 

permanent environments are not found in temporary environments because they 

either cannot fully develop before the pond dries or because they cannot 

compete with established temporary species (Skelly 1992).  Species occurring in 

temporary habitats are not commonly found in permanent habitats because they 

cannot avoid predation (Skelly 1992).  Predation on tadpoles by salamanders in 

more permanent ponds can reduce competition among remaining tadpoles 

(Morin 1983, Wilbur 1987); competition among tadpoles in more temporary 

communities lacking predators can reduce resource availability and increase 

desiccation risk for inferior competitive tadpole species (Morin 1983, Wilbur 

1987).   
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Hydroperiod also affects invertebrate community composition by 

influencing the presence or absence of predators such as fish and salamanders.  

Several studies document the role predators such as fish (requiring permanent 

water; Thorp and Bergey 1981, Turner and Mittelbach 1990, Batzer 1998, 

Zimmer et al. 2000) and salamanders (requiring longer hydroperiods than most 

tadpoles; Holomuzki and Collins 1987, Taylor et al. 1988, Holomuzki 1989, 

Benoy et al. 2002) have on structuring aquatic invertebrate communities.  

Although invertebrate taxon richness and diversity may increase with increasing 

hydroperiod in some vernal pools (Brooks 2000), ponds that contain predatory 

salamanders (e.g., Ambystoma spp.) may lack taxa such as Anostraca (fairy 

shrimp), Spinicaudata (clam shrimp), and Notostraca (tadpole shrimp; Bohonak 

and Whiteman 1999).  Because species composition in ephemeral wetlands can 

change with the presence or absence of predators, these environments fit my 

model of a food web.  Hydroperiod, therefore, can directly and indirectly influence 

composition of aquatic invertebrate taxa. 

 

Landuse influences 

Watershed practices influence wetland hydrology and thus aquatic 

communities.  Cultivation can increase erosion, which in turn increases 

deposition of upland sediments entering wetland basins (Luo et al. 1997, 

Gleason and Euliss 1998).  Effects of sedimentation within wetlands can include 

decreased water clarity, hydroperiod, and seedling density of wetland plants 
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(Gleason and Euliss 1998, Dittmar and Neely 1999, Smith 2003).  Alteration of 

these environmental factors may cause changes in amphibian species 

composition in playas. 

 

Playa water quality influences 

Detritus (e.g., fine particulate organic matter, FPOM) may be an important 

component in diets of some tadpole species (Ahlgren and Bowen 1991, Hoff et 

al. 1999: 216).  Information regarding the importance of FPOM detritus to 

tadpoles in temporary ponds is lacking, but Ghoica (2005) found that Spea spp. 

tadpoles in playas consumed detritus.  Algae represent another food source for 

tadpoles in playas (Ghoica 2005).  Playas often have a high level of suspended 

sediments (Hall et all. 1999, Smith 2003) that may limit algae production.  In 

playas with limited light attenuation due to suspended sediments, FPOM detritus 

may be more important than algae to the food web if phytoplankton biomass is 

low, as Ghioca (2005) found detritus to be an important component in the diets of 

Spea spp. tadpoles.  If detritus concentrations were to vary greatly among 

playas, then playa trophic structure would best be depicted as a food web as 

opposed to a chain; variability at the base of the food chain (i.e., whether algal or 

detritus based) would cause variability in what grazers are present, and this may 

cause variability in presence of certain predators.  Variability in the presence or 

absence of species would resemble a food web model by my definition. 
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Aquatic vegetation and playa communities 

Vegetation may influence the composition of amphibian (Anderson et al. 

1999, van Buskirk 2005) and invertebrate communities (Scheffer 1998).  

Vegetated aquatic areas usually have higher invertebrate diversity than 

unvegetated sites (Scheffer 1998) because sessile organisms, such as plants, 

can provide services such as epiphytic food, buffers against physical stress (e.g., 

wind), and refuge from predators to other organisms associated with them 

(Bertness et al. 1999).  Anderson et al. (1999) found a trend towards greater 

anuran richness in playas with more vegetation.  Van Buskirk (2005) found that 

the presence of certain amphibian species was positively related to vegetation 

density.  Vegetation may make playa structure more complex, creating more 

niches and epiphytic algae than playas without vegetation.  Vegetation may also 

reduce the turbidity (Scheffer 1998) that can reduce production of phytoplankton, 

a food of tadpoles.  Aquatic vegetation may serve as habitat for invertebrates and 

amphibians, increasing the diversity of both.  The finding that anuran composition 

in playas varies with vegetation density (van Buskirk 2005) suggests tadpoles 

may have food preferences and do not forage randomly on algae or detritus.  

This finding supports the hypothesis that playa trophic structure is best modeled 

as a web because tadpoles have grazing preferences (i.e., on detritus, epiphytic 

algae or phytoplankton) and do not forage uniformly on lower trophic levels. 
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Fauna in playas 

The most numerous amphibian species of the SHP are Ambystoma 

tigrinum mavortium, Bufo cognatus, Spea bombifrons, S. multiplicata, and 

Pseudacris clarkii (Smith 2003).  Other species present on the SHP include 

Gastrophryne olivacea, Acris crepitans crepitans, Rana blairi, B. speciosus, B. 

woodhousei woodhousei, and Scaphiopus couchii (Anderson and Haukos 1997, 

Smith 2003).  Rana catesbeiana is also present on the SHP, but may not be 

native (Smith 2003).   

The only existing study examining the trophic relationship between aquatic 

invertebrate and amphibian communities in playas is an amphibian diet study 

(Ghioca 2005).  Ghioca (2005) assessed the diet of larval A. t. mavortium and 

Spea spp.  She found that three A. t. mavortium morphs (typical, intermediate, 

and cannibal) had different food preferences, and highlighted that distinguishing 

intermediates from the other two morphs is important to avoid losing information 

regarding salamander ecology (Ghioca 2005).  There was more overlap between 

intermediates and cannibals than between intermediates and typicals (Ghioca 

2005).  Ghioca (2005) also conducted a diet study on Spea spp., finding that 

tadpoles change their diet as they grow.  Ghioca (2005: 123-124) also estimated 

that Spea spp. tadpoles in a playa could consume 8% of the invertebrates in 

playas, as well as a large amount (650 g/day for a population of tadpoles at its 

peak in an average sized (6.3 ha; Guthery and Bryant 1982) playa) of detritus 

and algae.   

 133



 

Anderson and Smith (2000) found that moist-soil managed playas with 

longer hydroperiods, which had denser vegetation than unmanaged playas, had 

higher invertebrate density and biomass in the fall and winter than unmanaged 

playas with shorter hydroperiods.  Moorhead et al. (1998) found that the playa 

invertebrate community changed from crustacean-dominated in spring to 

predaceous insect-dominated in summer.  Landuse characteristics influenced 

playa resident species diversity and composition, whereas island playa area had 

a greater influence on transient species (Hall et al. 2004).  Hall et al. (2004) 

suggested, however, that because they found deviations from predicted 

biogeographic and landuse relationships, stochastic events such as habitat 

duration (i.e., hydroperiod) and the arrival of other species, may structure 

invertebrate communities.  Therefore, hydroperiod, predation, and competition 

may be important to invertebrate and larval amphibian communities in playas. 

A. t. mavortium morphs have diet preferences and Spea spp. tadpoles are 

omnivorous and shift their diet (Ghioca 2005).  This suggests that predators do 

not feed randomly on the trophic level below them and Spea spp. feed at more 

than one trophic level.   Playa trophic structure may therefore be best modeled 

as a food web.  The conclusion by Hall et al. (2004) that habitat duration is 

important to structuring invertebrate communities suggests that abiotic factors 

are also important in influencing trophic structure.  Thus, incorporating loops 

created by habitat preferences and omnivory may be important when 
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characterizing playa trophic structure and this is not possible with a food chain 

model. 

 

Goals and hypotheses 

 The primary goal of this study was to test hypotheses regarding the effect 

of hydroperiod and landuse on amphibian community structure and trophic 

structure of playa wetlands.  To accomplish this, I built models to test whether 

playa trophic structure was best modeled as a chain (Hypothesis 1, H1) or web 

(H2) by modeling the density of the most abundant tadpole species during this 

study (Pseudacris clarkii) and tadpole richness.   Daily Spea spp. density served 

as the dependent variable in the food chain and web models I first developed a 

priori, but then occurrence and density was lower than P. clarkii in 2005.  

Additionally, P. clarkii were present for longer larval periods in playas compared 

to Spea spp., allowing sampling efforts to continue past Spea spp. emergence. 

Food chain and web hypotheses.  The data in the models representing in 

H1 and H2 (Table 4.1) are the same (i.e., sum densities of each trophic level are 

the same in the H1 and H2 models), but the data are grouped within trophic 

levels differently.  H1 (Figure 4.1) assumes that top-down cascading effects 

influence playa trophic structure. H1 has the three trophic levels as the model 

variables, whereas H2 (Figure 4.2) incorporates heterogeneity within trophic 

levels.   
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I assume in H2 that diversity within grazing functional groups would buffer 

cascades (Hunter and Price 1992) and that functional groups within the grazer 

trophic level will will respond differently to predation pressure.  I define the 

“grazer” as those functional groups (anurans and invertebrates) that forage on 

algae or detritus.  Grazers can be in the functional groups of collectors, 

detritivores, filterers, scrapers, or shredders (Table 4.2).  An example of grazer 

functional groups responding differently to predation pressure would be if A. t. 

mavortium predators negatively influence anuran grazers more so than 

invertebrate grazers because predators perceive tadpoles as a better food 

source than invertebrate grazers.  Invertebrate grazers, such as filterers (e.g., 

zooplankton), would become more abundant in the absence of tapoles.  

Densities of these non-anuran grazers would buffer changes in algal biomass 

that otherwise would have increased due to predation pressure on tadpoles by A. 

t. mavortium larvae.  Parameters in the model representing H2 are A. t. 

mavortium density, invertebrate predator density, each of the grazer functional 

group densities, periphyton concentration, phytoplankton concentration, and fine 

particulate organic matter concentration. 

Other trophic structure models.  I also hypothesized that the addition of 

environmental variables and functional group diversity (Table 4.1) can improve 

the best trophic structure model (H1 or H2) predicting P. clarkii density.  H3 

predicts adding environmental variables improve the best trophic structure 

model.   If P. clarkii has specific environmental requirements (e.g., hydroperiod, 
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vegetation cover) then environmental variables may improve the best trophic 

structure model.  H4 predicts that adding diversity variables improve the best 

model.  H4 would most likely improve model structure if the best trophic structure 

model was H2, the food web model, because adding diversity variables 

incorporates trophic structure heterogeneity.  H5 predicts the addition of 

environmental and diversity variables together mproves the best trophic structure 

model. 

I was also interested in relationships between specific variables within the 

trophic structure models and examined them with correlation tests.  I was 

interested in the relationship between predator densities and grazer functional 

group densities, and grazer functional group densities and producer 

concentrations (Figure 4.2).  These relationships serve to add support to the best 

trophic structure model; if H1 is the best model, then predator density would be 

negatively correlated with all grazer functional group densities and positively 

correlated with all producer concentrations.  If H2 is the best model, predicting 

relationships between predators and grazer functional groups would be difficult 

because each grazer functional group could respond differently to predation 

pressure; however, producer groups would not be correlated with densities of 

predator groups. 

Hydroperiod, landuse and vegetation influences hypotheses.  I tested 

hypotheses concerning the influence of environmental variables on playa trophic 

structure.  Trophic structure may vary along a hydroperiod gradient.  I 
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hypothesized (H1E) that hydroperiod would be an important variable influencing 

amphibian community structure in playas.  Under this hypothesis I predicted that 

playas with long hydroperiods (> one summer) would contain a higher density of 

A. t. mavortium and lower P. clarkii density and tadpole richness than playas that 

filled with spring rains because  A. t. mavoritium presence in long hydroperiod 

playas might exclude or consume anuran eggs and larvae.  I hypothesized (H2E) 

that vegetation cover would be positively correlated with P. clarkii density, 

tadpole richness, and overall playa fauna taxa richness, and negatively 

correlated with A. t. mavortium density.   Landuse often influences hydroperiod 

and vegetation cover, but hydroperiod and vegetation cover are ultimately more 

important in influencing amphibian communities in playas (Chapter II).  

Therefore, I hypothesized (H3E) relatively less landuse influence on A. t. 

mavortium density, P. clarkii density, or tadpole richness than hydroperiod.  

Tadpole richness models.  I was interested in useful factors for predicting 

tadpole richness because richness is often used as an indicator of habitat quality 

(Maguarran 1988) and thus trophic function.  The same hypotheses (H1 through 

H5) tested with models predicting P. clarkii density are applicable to hypotheses 

tested by predicting tadpole richness.  For referencing purposes, I refer to 

models predicting tadpole richness as H1R through H5R. 

Similarity hypotheses.  I was also interested in landuse and hydroperiod 

influences on similarity of animal communities among playas.  I hypothesized 

(H1S) that long and short hydroperiod playa community pairs have communities 
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less similar to each other than playa community pairs chosen at random (i.e., 

playas irrespective of hydroperiod) because hydroperiod can influence species 

presence or absence in playas.  However, I hypothesized (H2S) that cropland 

and grassland playa community pairs would be similar to playa community pairs 

chosen at random (i.e., playas irrespective of landuse) because landuse has no 

measurable influence on playa trophic structure. 

 

Methods 

 

Study area 

 Field research was conducted in playas in the Texas SHP.  The 30,000 

playas, characterized by the hydric soil Randall clay (Bolen et al. 1989), comprise 

only 2% of the landscape (Haukos and Smith 1994).  Most playas are less than 

0.5-km in diameter (Osterkamp and Wood 1987), and each has its own 

watershed (Smith 2003). 

This area has a shorter agricultural history than most other regions of the 

U.S., about 70 years (Mason 1986), but the agricultural effects on playas has 

been considerable (Luo et al. 1997, Smith 2003).  Crops dominate watersheds of 

most playas, and few have native grassland as the main land cover (Haukos and 

Smith 1994).  This area was originally short-grass prairie with dominant grass 

species Bouteloua spp. and Buchloë dactyloides (Smith 2003).   
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The SHP is a semi-arid region characterized by playa wetlands that 

receive water from precipitation most often during spring and summer rainstorms 

(Smith 2003).  Most (54-72%) of this rainfall occurs as localized thunderstorms 

from May to September (Bolen et al. 1989).  Average summer (May through 

September) daily highs for approximately the center of the SHP (Lubbock, 

Texas) were 30.9 °C (1971 through 2000; http://www.srh.noaa.gov/lub/climate/ 

CoopNormals/TempCoOp.htm).   Average summer (May through September) 

precipitation for Lubbock was 29.5 cm (+ 1.14 SE, from 1911 to 2005; 

http://www.srh.noaa.gov/lub/climate/LBB_Climate /Precipdata/Precipdata.htm). 

 

Field and laboratory methods 

In spring 2005, I chose 12 study playas in Briscoe and Swisher Counties 

whose hydrologic history for the previous year was known.  Six playas contained 

water at least six months prior to spring rains, and six filled via spring rains on 

either 13th or 31st of May (Table 4.3).  Based on the amount of time a playa 

contained water, I categorized playas into “long” or short” hydroperiod categories.  

I randomly located four points in each playa for sampling.  To detect amphibian 

and invertebrate species that may exclusively use shallow or slightly deeper 

habitats, two points were shallow (15 to 45-cm) and if depth permitted, two points 

were deeper (46 to 1-m).  Because past attempts to capture larval amphibians in 

deeper water were not successful, all sampling was located at depths <1-m 

depth.  Three playas had maximum depths > 1-m. 
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To sample invertebrate (Turner and Trexler 1997) and amphibian 

populations (Shaffer et al. 1994), I took one 5-m sweep net (dimensions: 33.02 x 

50.8-cm, pore size 500-μm) sample at each of the four locations within a playa 

every other day (about three times/week).  I started sampling on 28 May 2005 

and ended on 12 July 2005.  Sweep net sampling of invertebrates can be 

considered a quantitative method of sampling invertebrates (Turner and Trexler 

1997: 705).   Invertebrate and larval amphibian densities were determined a 

volume basis.  Volume was calculated using the dimensions of the net frame x 

distance walked (Murkin et al. 1983).  Volume was adjusted by depth if water did 

not reach the top of the frame.  Invertebrates were preserved in 70% ethanol 

(APHA 1995: 10-7).  Amphibian larvae caught in the net were identified, 

enumerated, and released.  S. bombifrons and S. multiplicata were considered a 

Spea spp. complex because these species are impossible to visually distinguish 

as tadpoles (Altig 1970, Pfennig 1990).  I also estimated zooplankton density by 

filtering one water column sample with diameter of 5.08-cm at each sampling 

location through a 53-μm sieve at the same time as sweep-netting and converted 

this to number of individuals/m3  based on water depth (after Zimmer et al. 2000). 

Aquatic invertebrates were identified using Crowson (1987), Curran 

(1964), Klots and Klots (1971), Slater and Baranowski (1978), Gauld and Bolton 

(1988), Pennak (1989), Peckarsky et al. (1990), Merritt and Cummins (1996), 

Milne and Milne (1998), Lars-Henrick Olsen and Pederson (2001), Ross (2001), 

Thorp and Covich (2001), and Ross et al. (2002) to family or in some cases to 
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genus.  I classified invertebrates to functional groups according to Merritt and 

Cummins (1996) and Thorp and Covich (2001) to designate them to the 

appropriate functional group (as in Hornung and Foote 2006).  Collector/filterers 

and gatherer/collectors were put into one collector functional group because I 

only collected one collector/filter family (Culicidae) (Table 4.2).  Amphibian larvae 

were also classified into functional groups (Altig, R. 2006. Personal 

communication.  E-mail, Texas Tech University, Lubbock, Texas, Altig 1999; 

Table 4.1).  Invertebrate samples with a large (>65-ml organic material) amount 

of organic material and highly abundant (>500 individuals) zooplankton samples 

collected via sweep-netting were subsampled.  To subsample these, the original 

sample was thoroughly mixed and a 10 to 50-ml sample was extracted.  

Invertebrate counts for a sample were estimated using the ratio of the volume of 

the original sample and the subsample.  Invertebrate densities for sweep nets 

and water column samples were calculated as number caught/m3. Net, water 

column, and seine samples were used to calculate daily taxa richness at each 

location within playas.  

In vegetated playas, I captured invertebrates inhabiting the emergent 

vegetation above the water which comprised ~0.6% of the total abundance of 

invertebrates.  I assumed these invertebrates did not play a significant role in the 

aquatic environment and did not include them in further analyses. 

To estimate algae concentrations, I measured chlorophyll a concentrations 

from phytoplankton and periphyton at the four sample locations within each 
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playa.  I took a 500-ml water sample for phytoplankton from just below the 

surface of the water, an adequate procedure for well-mixed waters (APHA 1995: 

10-3).  Samples were stored on ice up to 24-hrs until they could be filtered onto a 

0.45-μm nominal pore retention fiber glass filter.  After shaking the bottle 

containing the sample, I filtered 20-40-ml, depending on the turbidity of the water; 

filters can become clogged in highly turbid samples.  Once filtered, filter papers 

were frozen for later analysis (APHA 1995: 10-9).  Chlorophyll a concentration of 

phytoplankton was estimated as mg/m3.  To sample periphyton, I placed 36 blue 

polyethylene strips (Lodge et al. 1994; 3-cm wide, 60-cm long) at each sampling 

location within the playa.  Each strip was first wiped clean with ethanol 

(Goldsborough 2001) and then anchored at the bottom and buoyed at the top on 

a 2.54 x 2.45 x 75.0 cm wooden board.  During each sampling period I randomly 

chose a strip from each location for chlorophyll a analysis.  I scraped 2.5 to 10-

cm of periphyton (depending on the thickness of periphyton on the strip) on one 

side of each strip with a razor blade, homogenized the sample in distilled water, 

and filtered and preserved the sample as above (Lodge et al. 1994).  I used 

fluorometry to assess chlorophyll a concentrations in periphyton and 

phytoplankton samples (APHA 1995: 10-17).  Periphyton chlorophyll a 

concentration was estimated as μg/cm2.  I recorded turbidity with a nephelometer 

for each sampling location in nephelometric turbidity units (NTUs, APHA 1995: 2-

8). 
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To estimate detritus concentrations in playa water columns, I sampled fine 

particulate organic matter (FPOM) following Wallace and Grubaugh (1996).  The 

method described is for streams; therefore, I adapted the method for static 

waters.  I collected 40-ml of water using the same method as phytoplankton 

above.  FPOM is defined as organic material between 0.45-μm and 1-mm 

(Wallace and Grubaugh 1996).  The smallest pore size available of glass fiber 

filters is 0.7-μm.   I initially filtered samples through a 1-mm sieve to remove 

larger organic matter particles and then collected the sample on a pre-washed 

47-mm diameter glass fiber filter (GFF; Wallace and Grubaugh 1996).  To 

determine dry mass, samples were oven-dried for 24-h at 50°C and then weighed 

(Wallace and Grubaugh 1996).  To determine ash mass, dry-weighed samples 

and GFFs were ashed in a muffle furnace at 500°C for 0.5 to 1-h, rewetted with 

distilled water, oven dried for 50°C for 24-h desiccated for 24-h, and reweighed 

(Wallace and Grubaugh 1996).  FPOM was then calculated as (dry mass) – (ash 

mass), and FPOM was recorded as g/ml.  

To assess wetland plant cover, I measured vegetation cover at the four 

locations within playas twice during the summer.  The first vegetation sampling 

was on 22 June 2005, 3.5 weeks after the first capture of larval amphibians, and 

the second was on 12 July 2005, the last day of sampling.  I visually assessed 

vegetation by recording percent cover within a 1-m2 quadrat with vegetation on or 

above the water’s surface (Higgins et al. 1996).  At each of the four locations, I 

took three random 1-m2 quadrat samples and averaged those to obtain one 
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vegetation cover reading at each location; these averages were applied to the 

location at which they were taken, not to the entire playa. 

 

Statistical methods  

 Playa trophic structure hypotheses were tested using mixed multiple 

regression models, simple correlations, and analyses of variance (ANOVA).  I 

present the modeling section first, followed by the correlation and ANOVA 

section. 

 

Modeling 

Modeling technique.  I used repeated-measures multiple regression for 

mixed models (proc MIXED, SAS® 9.1) with a repeated measure of sampling 

locations nested within playas to evaluate H1 through H5 and H1R through H5R.  I 

used a first-order autoregressive covariance structure because sequential 

sampling errors associated with sampling occasions were thought to be 

correlated (Neter et al. 1996: 497-499).  Sampling errors were estimated using 

maximum likelihood.  I estimated degrees of freedom using the Satterthwaite 

Estimation Method (1946).  Evidence ratios (er; Burnham and Anderson 2002: 

78) were calculated for each model against the null model (intercept only model) 

to indicate a degree of evidence over random variation.  Evidence ratios were 

calculated as: 
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where wi is the Akaike weight of the model of interest and wj is the Akaike weight 

of the model to which comparisons are made (Burnham and Anderson 2002).  

Coefficients of determination were calculated after Nagelkerke (1991) for these 

models.  The coefficient of determination should be interpreted as the proportion 

of variation explained relative to the intercept model and should be used for 

comparison among models (Nagelkerke 1991), not as the total variation 

explained by the model (Pearson; Zar 1999).  Models include a priori food web, 

food chain, a hypothesized best model and post hoc models.  The best post hoc 

models were found systematically by adding and removing variables from the 

post hoc global models.   

I used multi-model inference to estimate parameters in the models that 

predicted daily P. clarkii density and tadpole richness by model averaging 

(Burnham and Anderson 2002).  Model averaging reduces model selection bias 

and incorporates model selection uncertainty (Burnham and Anderson 2002, 

Chapter 4).  Models with wi > 0.01 were used to calculate model-averaged 

parameter estimates. 

Food chain and web model hypotheses. To test whether playa trophic 

structure is best modeled under H1 or web H2, I developed multiple regression 

models predicting daily P. clarkii density and ranked these models using AICC 

(Akaike 1973, Burnham and Anderson 2002).  Daily P. clarkii density was 
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square-root transformed to meet assumptions regarding normality and 

homoscedasticity (Zar 1999).  The H1 and H2 models contained the same 

information (i.e., the sum of the predator, grazer, and producer trophic levels in 

each model is the same) but I grouped this information differently.  The H1 model 

contained the variables daily predator, grazer, and producer density (Figure 4.1 

and Table 4.1).  The H2 model contained daily density for the following functional 

groups:  A. t. mavortium, invertebrate predators, detritivores, scapers, filterers, 

and collectors, and periphyton concentration, phytoplankton concentration, and 

FPOM concentration (Figure 4.2 and Table 4.1).  This model was developed to 

test the effect of heterogeneity within the trophic levels on daily P. clarkii.   

Other trophic structure models.  I developed three other models that may 

be superior to the H1 and H2 models (Table 4.1).  They tested the hypotheses 

that the addition of environmental and diversity variables improve prediction of 

daily P. clarkii density over H1 and H2.  The H3 model adds environmental 

variables to the best trophic structure model.  The H4 model adds diversity 

variables to the the best model, and the H5 model adds both environmental and 

diversity variables to the best trophic structure model.  I ranked H1 through H5 

using AICC (Akaike 1973, Burnham and Anderson 2002).   

Tadpole richness models.  I also tested whether playa trophic structure is 

best modeled as a chain (H1R) or web (H2R) by developing multiple regression 

models that predict daily tadpole richness and ranked these models.  Model 

structure for H1R and H2R was the same as H1 and H2, respectively.  Likewise, I 
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tested the hypotheses that the addition of environmental and diversity variables 

improves prediction of daily tadpole richness over H1R and H2R.  Model structure 

for H3R, H4R, and H5R was the same as H3, H4, and H5, respectively.  I ranked 

H1R through H5R using AICC (Akaike 1973, Burnham and Anderson 2002).   

 

Correlation tests and ANOVAs 

Food web and chain hypotheses.  I looked for correlations between 

groups within adjacent tropic levels to provide additional evidence supporting the 

best trophic structure model.  If H1 were the best model, then A. t. mavortium 

density and invertebrate predator density would be negatively correlated with all 

grazer functional group densities and positively correlated with all producer 

concentrations (Figure 4.2).  If H2 were the best model, predicting relationships 

between predators and grazer functional groups would be difficult because each 

grazer functional group could respond differently to predation pressure; however, 

producer groups would not be correlated with densities of predator groups 

(Figure 4.2).  I performed correlations using Pearson’s correlation coefficient 

(proc CORR, SAS® 9.1, α = 0.10, Bonferroni corrected). 

Landuse and hydroperiod influence hypotheses.  I tested the hypotheses 

that mean daily tadpole densities were lower in long versus short hydroperiod 

playas, and mean daily A. t. mavortium densities were greater in long versus 

short hydroperiod playas (H1E) using repeated-measures ANOVA.  I also tested 

the hypothesis that amphibian densities were not different between cropland and 
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grassland playas (H3E) using repeated-measures ANOVA.  LSMEANS 

differences for testing (H1E) and (H3E) were calculated for daily P. clarkii, B. 

cognatus, Spea spp., and A. t. mavortium densities and daily tadpole species 

richness using the repeated-measures model structure described above (pages 

141 to 142) at α = 0.10.  

Vegetation cover influence hypotheses.  I hypothesized (H2E) that 

vegetation cover was negatively correlated with daily A. t. mavoritum density, and 

that vegetation cover was positively correlated with daily P. clarkii density, 

tadpole richness, and overall playa taxa richness.  I tested correlations using 

Pearson’s correlation coefficient (proc CORR, SAS® 9.1, α = 0.10, Bonferroni 

corrected).   

 

Similarity hypotheses 

I hypothesized that similarity between overall faunal taxa in playas with 

long and short hydroperiods was less than a null distribution (H1S), and similarity 

between overall taxa from playas in grassland and cropland watersheds was not 

different from a null distribution (H2S).  I tested these hypotheses by first dividing 

the data in half into “early” (before 23 June) and “late” (after 22 June) summer.  I 

divided the summer in half to account for temporal variability within playas (e.g., 

A. t. mavortium larvae appeared in some short hydroperiod playas late in 

summer.).  For each summer half, I obtained a ‘distribution’ of taxa similarity 

indices (mean Bray-Curtis similarity index [Bray and Curtis 1957] using PAST 
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[Hammer et al. 2001]) for all paired combinations of short-long hydroperiod and 

grassland-cropland landuse playas.  To develop null distributions, I used all 

paired combinations of playas regardless of landuse and hydroperiod treatment 

(i.e., whether a playa had a long or short hydroperiod) and calculated similarity 

as above.  I then resampled the treatment and null distributions (1000 

studentized bootstrapped samples (Dixon 2001) using Resampling Procedures v. 

1.3; Howell 2001)) and compared treatment and null similarity distributions using 

a one-way analysis of variance (α = 0.01).  Zooplankton densities were biased 

low in water column samples (paired t-test, x net=3017/m3, SE=208.3; x  

column=1.427/m3, SE=0.1877, df=519, p<0.0001); and, A. t. mavortium densities 

were biased low in net samples (paired t-test, x net=0.0587/m3, SE=0.0200; 

x seine=0.117/m3, SE=0.0226, df=409, p=0.039).  Therefore, net samples were 

used for zooplankton and tadpole taxa, and seine samples were used for A. t. 

mavortium samples when vegetation did not permit seining.   

 

Results 

 

Food web and chain hypotheses predicting daily P. clarkii density.  H2 

(food web hypothesis) had a lower AICC value than food chain hypothesis, H1 

(Lower is better; Table 4.4).  The observation that A. t. mavortium density was 

positively correlated with filterer functional group density but negatively correlated 

with densities of other grazing functional groups (Table 4.5 and Figure 4.3) 
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supports H2.  Likewise, the densities of the two predator groups were not 

negatively correlated with densities of all grazer functional groups (Table 4.5 and 

Figure 4.3) which further explains why H1 was not the best trophic structure 

model.  A. t. mavortium and invertebrate predator density were negatively 

correlated (Table 4.5 and Figure 4.3) which supports H2.   

Other models predicting P. clarkii density.  The hypotheses (H3, H4, and 

H5) that added environmental and diversity variables to the best trophic structure 

model would improve the prediction of daily P. clarkii density were supported 

(Table 4.3).  Adding only environmental variables (H3) improved model structure 

more than only adding diversity variables (H4), the model that added both 

environmental and diversity variables (H5) was the best model (Table 4.3). 

Hydroperiod hypothesis.  The hypothesis (H1E) that hydroperiod is an 

important variable in structuring larval amphibian communities was supported 

(Table 4.6 and Table 4.7).  Specifically, short hydroperiod playas had higher daily 

P. clarkii densities and tadpole richness, while longer hydroperiod playas had 

higher daily A. t. mavortium densities (H1E; Table 4.7).  Hydroperiod was 

negatively correlated with daily playa species richness, tadpole richness, and 

daily P. clarkii density but positively correlated with A. t. mavortium density (Table 

4.6).    Hydroperiod had no effect on daily Spea spp. densities (Table 4.7).  

Additionally, I detected only omnivorous morphs (no carnivorous morphs were 

detected); this means that no Spea spp. individuals could be classified as 

predators.  However, B. cognatus were only detected in two grassland short 
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hydroperiod playas.  As tadpoles, B. cognatus metamorphs were observed in 

one cropland short hydroperiod playa, but none were detected in this playa via 

net sampling.   

Landuse, vegetation, and other environmental influences hypotheses.   

The hypotheses that vegetation cover was negatively correlated with A. t. 

mavoritum density, and positively correlated with P. clarkii density, tadpole 

richness, and overall playa taxa richness were supported (H2E; Table 4.6).  The 

hypothesis that landuse had no effect on larval amphibian densities and tadpole 

richness was supported (H3E; Table 4.7).   

Tadpole richness hypotheses.  H2R had a lower AICC value than H1R and 

the addition of environmental and diversity variables improved the prediction of 

tadpole richness (Table 4.8). 

 Similarity hypotheses.  The hypothesis that similarity between taxa in 

playas in the hydroperiod treatment was lower than the null distribution was 

supported (H1S; Table 4.9).  The hypothesis that similarity between taxa in 

playas in cropland and grassland landscapes was similar to the null distribution 

was not supported, as similarity between playas in the landuse treatment was 

higher than the null distribution (H2S; Table 4.9).  

 

Discussion 

 Playa trophic structure was best modeled as a food web as opposed to a 

food chain, which supports the idea the best trophic models include 
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heterogeneity within trophic levels.  I observed that the best models of playa food 

webs contained functional groups, environmental parameters, and diversity 

indices.  Correlation analyzes supported the food web hypothesis, H2, as the 

densities of functional groups within the grazer trophic level differed depending 

on whether the predator trophic level was A. t. mavortium-dominated or 

invertebrate predator-dominated.  The observation that the same model that best 

predicted P. clarkii density was also the best model for predicting tadpole 

richness is likely a result of tadpole diversity being highest in the same playas 

where the density of P. clarkii was greatest: highly vegetated, short hydroperiod 

playas void of A. t. mavortium. 

Hydroperiod ultimately influences what flora or fauna are present in playas 

(Smith 2003), but the presence or absence of vegetation and A. t. mavortium 

influences the presence or absence of other species.  Hunter and Price (1992) 

stated many ecological factors likely simultaneously determine observed patterns 

of community composition.  They argued food web models should be a synthesis 

that incorporates species composition and environmental variation.  My 

observation that the best P. clarkii density and tapole richness models contained 

environmental and functional group variables supports the argument of Hunter 

and Price (1992). 

Long hydroperiod playas had a community dominated by copepods and A. 

t. mavortium, whereas short hydroperiod playas had a vegetated, tadpole 

dominated community.  In long hydroperiod playas where A. t. mavortium were 
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most abundant, tadpoles were mostly absent, allowing invertebrate filterers, 

mainly copepods, to dominate.  Holomuzki et al. (1994) also found copepods 

dominated the herbivore trophic level when A. t. nebulosum, was the top 

predator.  In my study, invertebrate densities (excluding filterers) were generally 

positively correlated with percent vegetation cover and negatively correlated with 

number of days continuously wet.  Hornung and Foote (2006) found that fish 

(brook stickleback, Culaea inconstans) had a negative effect on non-

insectivorous invertebrate biomass and suggested these fish functionally 

replaced insectivorous macroinvertebrates as the top predators.  Vegetated and 

non-vegetated playas have different top predators.  Long hydroperiod playas had 

A. t. mavortium as the top predator whereas short hydroperiod playas had insect 

larvae as top predators (e.g., Dytiscidae larvae and adults).  Alternatively, 

invertebrate abundance may have declined with increasing hydroperiod due to 

competition related to successional changes in species assemblages (Moorhead 

et al. 1998). 

P. clarkii density was higher in shorter than longer hydroperiod playas and 

A. t. mavortium densities were higher in long versus short hydroperiod playas.  

This observation highlights the importance of hydroperiod in influencing 

amphibian community structure.  Separating the influences of hydroperiod and 

vegetation cover in this study is difficult, as all short hydroperiod playas had high 

vegetation cover.  Anderson et al. (1999) and I (Chapter II) also found a positive 

relationship with amphibian richness and vegetation cover, although Venne 
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(2006) did not.  However, vegetation height and structure were positively 

correlated with species richness in the first year of Venne’s (2006) study.   

As in models that predicted P. clarkii density, tadpole richness was best 

modeled with environmental and functional group parameters, again providing 

evidence that environmental and functional group factors are important in 

structuring playa communities.  Van Buskirk (2005) also found that densities of 

specific amphibian species were best modeled with environmental variables and 

the densities of other species.  Venne (2006) found that hydroperiod was the 

best predictor of cumulative amphibian richness in playas, and found that some 

environmental variables (i.e., vegetation height and structure) also explained 

species richness.  I found that hydroperiod and vegetation cover were the best 

predictors of species richness and the presence of anurans and A. t. mavortium. 

My hypothesis that landuse has no effect on playa trophic structure was 

supported.  Ghioca (2005) also found no difference in tadpole richness between 

landuses.  Venne (2006), Gray et al. (2004b), Anderson et al. (1999) and I 

(Chapter II), found no influence of landuse on diversity or richness of terrestrial 

SHP amphibians.  These findings do not necessarily mean that agricultural 

practices do not affect amphibian populations but that study design limited 

detection of differences or the main influence of landuse is through hydroperiod.  

The cropland playas in my study were some of the better cropland playas, as 

they contained water and were more accessible by truck than playas with no 
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vegetative fringe.  Previous studies of the effect of landuse on playa amphibians 

may also have had this bias. 

 Spea bombifrons and S. multiplicata are often the dominant amphibians 

on the SHP (Gray and Smith 2004 a, 2004b).  Skelly (1997: 38) found that in the 

most temporary ponds, Scaphiopus spp. were the only tadpole present, probably 

because they are superior competitors.  In this study, P. clarkii tadpoles were 

more abundant than Spea spp.  Highly vegetated playas may discourage Spea 

spp. but encourage P. clarkii breeding.  The short hydroperiod playas during this 

study were highly vegetated, a condition that is not always the case.  Perhaps 

Spea spp. are selectively preyed upon by invertebrate predators.  Another 

explanation may be that P. clarkii tend to consume periphyton (Altig, R. 2006. 

Personal communication.  E-mail, Texas Tech University, Lubbock, Texas) on 

vegetation, whereas Spea spp. consume detritus in the water column (Ghioca 

2005).   

The species composition of amphibian communities may have more 

biological meaning than species richness, as richness does not include 

information on the differences among communities (Parris and McCarthy 1999, 

Pearman 1997).  Moorhead et al. (1998) found that the composition of the 

macroinvertebate community in playas became more similar over time, which 

supports my finding that playas with longer hydroperiods are more similar to each 

other than playas with shorter hydroperiods.  Parris and McCarthy (1999) found a 

similar relationship between hydroperiod and anuran assemblages in streams.  
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They also stated that knowing the compositional similarity of amphibian 

assemblages is more valuable to conservation efforts that knowing diversity 

alone. 

Similarity between playas within landuse treatments was higher than 

similarity between randomly chosen playas.  This result may be the product of 

including short and long hydroperiod treatment playas in the null distribution.  

The null distribution was composed of similarity between randomly chosen pairs 

of my study playas; randomly choosing playa pairs at large in the study area (i.e. 

Swisher and Briscoe Counties) would have been ideal but logistically unfeasible.  

Non-random similarity among landuse treatment playas coupled with no 

differenes in P. clarkii density and richness between cropland and grassland sites 

indicates that hydroperiod is a more important influence on playa species 

composition than landuse.  

Moorhead et al. (1998) found a reduction in macroinvertebrate detritivores 

and filter feeders simultaneously with an increase in macroinvertebrate 

predators.  In my study, similarity increased in late summer, probably because 

most short hydroperiod playas did not contain water and the rest of the short 

hydroperiod playas lost ephemeral wetland species (e.g., fairy shrimp, Spea 

spp.) and gained species associated with longer hydroperiods (e.g., A. t. 

mavortium).  Moorhead et al. (1998) did not observe changes in playas past 

hydroperiods of 90 days, but they stated that invertebrate species composition 

progresses to a finite set of species.   Snodgrass et al. (2000) documented an 
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amphibian species turnover in wetlands in South Carolina which supports for my 

observation that playas with long and short hydroperiods have different faunal 

communities.   

Predators may change the behavior, morphology, and growth of prey 

species (Skelly 1992, van Buskirk and McCollum 2000, Reylea 2002).  The 

presence of A. t. mavortium, not hydroperiod, may be the proximate mechanism 

inhibiting anuran recruitment in long hydroperiod playas, and lends support for 

indirect effects (i.e., pheromone control) of A. t. mavortium in aquatic systems 

(Schmitz et al. 1997).  Another explanation is that some SHP anurans do not 

breed in existing water.  The evolution of this reproductive strategy may be 

predator avoidance.  As Ambystoma spp. are known to feed on anuran eggs, 

Light 1969, Walters 1975, Woodward 1983), the lack of anuran larvae in long 

hydroperiod playas also may be related to predation by A. t. mavortium on 

anuran eggs.   

 

Community organization within larval amphibian populations 

Information concerning intraguild competition may be useful to food web 

studies because competition within a trophic level may facilitate buffering of 

trophic cascades (Hunter and Price 1992, Power 1992, Strong 1992).  This 

buffering is thought to stabilize food webs and much effort in food web research 

has focused on competition-induced stability within diverse trophic levels (Pimm 

1991, Winemiller and Polis 1996, Morin 1999).  However, increases in diversity 
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likely do not influence stability in the trophic structure within playas because 

these communities are temporary; all playas eventually dry.  Downing (2005) 

found that species composition was more important than species richness in 

predicting productivity, decomposition rates, and algal biomass in pond 

communities.  In playas, hydroperiod may be the best predictor of these 

variables, as hydroperiod is the best predictor of community composition.  SHP 

amphibians evolved to respond to large scale and small scale climatic changes, 

and species composition and density may remain constant when viewed from 

long time scales.  However, diversity and species composition of playa food 

webs is most likely determined by when (e.g., winter or late spring) and how long 

(hydroperiod) playas contain water, environmental factors that are difficult to 

model at smaller spatial scales.  Russell et al. (2006) stated that predicting 

species composition increases in difficulty at smaller spatial scales, even when 

the local species pool is known because variables that are unimportant at larger 

scales become more important at smaller scales.  Because rain events on the 

SHP are localized, predicting which playas will receive rain or how long they will 

hold water is not possible.  Therefore, at the scale of the individual playa, 

community composition may only be predictable if hydrologic history is known. 

Moist-soil management often involves not only drawdown rate but also timing of 

inundation and drawdowns to achieve certain wetland plant and invertebrate 

communities (Anderson and Smith 2000).   Hall et al. (2004) found that time 

since playa inundation was an important factor in predicting diversity of 
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macroinvetebrates.   It is therefore likely that time of inundation (i.e., mid winter 

or late spring) also influences amphibian populations.   

While hydrologic conditions likely set the stage regarding what taxa can 

survive in a playa, once certain taxa are established (e.g., A. t. mavortium), they 

probably influence what other species can occur in a playa.  For example, 

Bohonak and Whiteman (1999) found experimentally that the presence of A. t. 

nebulosum, not hydroperiod, was the proximate mechanism limiting the 

occurence of adult fairy shrimp in more permanent ponds.  In playas, A. t. 

mavortium must have a long hydroperiod to become established, at which point 

they may influence production of anurans and some invertebrates, creating 

niches for other herbivores (e.g., copepods).  In short hydroperiod playas, 

invertebrate predators dominate.  Invertebrate predators are not present initially, 

but increase over time (Moorhead et al. 1998); A. t. mavortium are excluded until 

mid to late summer and are small (snout-to-vent length <30 mm; Torrence, 

unpublished data) at that time. 

The fauna inhabiting emergent vegetation likely has a large influence on 

playa food webs when vegetation is dense. Hornung and Foote (2006) found 

invertebrate biomass increased with aquatic plant prevalence.  Although I did not 

measure biomass, density of all functional groups but grazers was positively 

associated with vegetation cover.  Invertebrates serve as food for other 

organisms.  I detected several Hemipteran families (e.g., gerrids) that specialize 

on prey that falls to the water’s surface from vegetation (Williams and Feltmate 
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1992).   Also, Vonesh and Warkentin (2006) found that Aranaea (spiders) preyed 

upon metamorphing anurans; tadpoles emerged larger when faced with the 

threat of predation by spiders, presumably to avoid predation.  As Anderson 

(1997: 131) stated, there is a lack of research on terrestrial invertebrates in 

playas.  Therefore, the influence of fauna inhabiting emergent vegetation of the 

wetland food web is a possible direction of research in prairie wetlands.   

 

Management implications 

 Playas that alternate between long or short hydroperiods, and therefore 

wet and dry conditions, maintain the diversity of invertebrates, anurans, and A. t. 

mavortium on the Southern High Plains.  Because all playas are dry at some 

point, long hydroperiod playas have communities similar to the short hydroperiod 

playas when first inundated.  Long hydroperiod playas have anuran larvae that 

emerge when playas are first inundated, and then have A. t. mavortium larvae if 

they remain wet.  Long hydroperiod playas, therefore, have a cumulative 

richness greater than short hydroperiod playas (Venne 2006).  The presence of 

playas in a hydrologic continuum on the SHP may aid in maintaining species 

richness, with playas inundated in the recent past providing breeding sites for 

anurans when A. t. mavortium larvae dominate long hydroperiod playas.   

Playas should not be modified to hold permanent water or be filled with 

sediments.  Permanent playas may exclude anurans, while playas filled with 

sediments may exclude A. t. mavortium.  Playas can dry, fill with water, grow 
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vegetation, and then have long hydroperiods, and nutrient inputs from vegetation 

decomposition may be important to the playa trophic structure during periods of 

long hydroperiods. 

To manage all species inhabiting playa wetlands, playa hydroperiod 

should be allowed to naturally cycle, and activities that hamper wetland plant 

germination (e.g., tilling of playa basin, sediment inputs) should be avoided.  

Another reason to deter activities that increase sedimentation of playas is that 

sediment inputs can cause more drastic water-level fluctuations than occurs 

naturally in prairie wetlands (Euliss and Mushet 1996), possibly excluding 

species requiring longer development times.  Many taxa that inhabit playas exist 

as part of metapopulations (Gray et al. 2004a), but each species requires a 

different set of habitat variables.  Habitat suitability for specific species changes 

as a function of hydrologic events.   

Stochastic metapopulation models that include habitat disturbance and 

recovery (e.g., playa inundation and drying) as well as extinction and colonization 

would be useful for modeling population parameters (Wilcox et al. 2006), 

especially if these models focused on species presence and absence at the 

landscape level.  These models could be used to identify areas of concern (e.g., 

where certain species could be extirpated) on the SHP to focus management 

efforts.  Venne (2006) found that models predicting species richness usually 

contained playa density, a landscape parameter.  Thus, management efforts for 

playas should focus at the landscape level. 
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Larval amphibians are transient members of aquatic communities, as they 

obtain nutrients from playas and exit upon metamorphosis.  If larval amphibians 

are in high densities in these environments, then the flow of nutrients from algae 

standing crop, detritus, and invertebrates to anuran and salamander larvae and 

eventually to the terrestrial environment may be considerable (Davic and Welsh 

2004).  Anurans in the short hydroperiod playas in my study emerged, thus 

transferring nutrients from the aquatic to terrestrial environment.  Emerging A. t. 

mavortium also export a biomass from playas to terrestrial environments.  This 

biomass is then available for terrestrial predators.  Their protein content is higher 

than that of bird or mammals (Burton and Likens 1975a).  Burton and Likens 

(1975b) found 2950 salamanders/ha (1770 g/ha wet weight).  Because they often 

retreat underground, their energy can be released slowly, which can stabilize 

ecological processes (Davic and Welsh 2004).   

Because terrestrial amphibians are predators, migrating amphibians may 

consume potential agricultural pests (Anderson et al. 1999, Smith et al. 2004), 

potentially having an economic benefit.  Gibbons et al. (2006) estimated that in 

one year, 159 kg/ha of amphibians emerged from one isolated, 10 ha wetland.  

Therefore, preventing playas from filling with sediments within cropland 

watersheds should be a conservation goal because of the potential loss of 

biological control of pests.   
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Table 4.1.  Descriptive statistics of mixed model variables of playa trophic structure, Southern High Plains, 
Texas, summer 2005.  Variable units, variable type used in predictive models, sample sizes, daily means, 
and minimum and maximum values of sampling locations within playas are also presented.  All density and 
concentration values are daily values. 

Variable Units  Model variable type *N Mean SE Minimum Maximum
Invertebrate filterer taxa richness no. of taxa diversity 529 2.469 0.04493 0 6
Invertebrate shredder taxa richness no. of taxa diversity 529 0.5217 0.02689 0 3
Invertebrate detritivore taxa richness no. of taxa diversity 529 0.6049 0.02625 0 4
Invertebrate scraper taxa richness no. of taxa diversity 529 0.2231 0.02284 0 3
Invertebrate collector taxa richness no. of taxa diversity 529 1.577 0.04369 0 5
Invertebrate predator taxa richness no. of taxa diversity 529 1.474 0.04541 0 7
Invertebrate filterer density no./m3 food web or chain 529 2993 205.20 0 82269
Invertebrate detritivore density no./m3 food web or chain 529 106.3 21.10 0 8583
Invertebrate predator density no./m3 food web or chain 529 136.2 15.26 0 5914
Invertebrate collector density no./m3 food web or chain 529 160.5 23.23 0 7874
Invertebrate scraper density no./m3 food web or chain 529 6.013 2.377 0 1161
A. t. mavortium density no./m3 food web or chain 529 0.0926 0.0178 0 8
Fine particulate organic matter g/ml food web or chain 506 0.0015 <0.0001 <0.0001 0.4378
chl a periphyton concentration μg/cm2 food web or chain 521 4632 531.7 0 131200
chl a phytoplankton concentration mg/m3 food web or chain 524 1068 113.6 0 28438
% vegetation cover % cover environmental 529 27.45 1.3 0 96.67
No. days wet days environmental 12 233 60 25 495
Landuse -- environmental -- -- -- -- --
Turbidity NTU environmental 508 509.3 28.00 0.1700 3400
Date within sampling season -- environmental -- -- -- -- --

*N is the number of samples taken across all sampling locations and playas.
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Figure 4.1.  Theoretical food chain in which the predator trophic level forages 
randomly on the trophic level below it, causing a trophic cascade observed by a 
positive correlation between predator and producer trophic level density. 
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Figure 4.2.  Theoretical food web, in which an increase in predator densities 
differentially affects increases and decreases in the compartments of the trophic 
level below because predators do not forage randomly.  Density of compartments 
(phytoplankton, periphyton, and fine particulate organic matter) in the producer 
trophic level would not be correlated with compartments in the predator trophic 
level. 
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Table 4.2.  Functional groups and life stages of taxa detected in playa wetlands, 
Southern High Plains, Texas, in summer, 2005. 

Functional 
Group Order Family/Genus/Species Life Stages Source 
Collector Diptera Chironomidae  Larvae, Pupae 1* 
  Culicidae Larvae 1 
  Ephydridae Larvae 1 
  Physchodidae Larvae 1 
  Stratiomyidae Larvae 1 
  Syrphidae Larvae 1 
 Ephemeroptera Baetidae Larvae 1 
 Podocopida Ilyocyprididae Naupli, Adults 1 
Detritivore Anura Spea bombifrons/multiplicata┼ Larvae 3,4 
 Conchostraca Caenestheriidae Instars, Adults 2 
 Haplotaxida Tubificidae Adults 2 
 Hemiptera Corixidae Instars, Adults 2 
 Notostraca Triopsidae Instars, Adults 2 
Filterer Anostraca Branchinectidae Instars, Adults 2 
  Streptocephalidae Instars, Adults 2 
  Thamnocepthalidae Instars, Adults 2 
 Anura Rana blairi Larvae 3,4 
 Cladocera Bosmina Instars, Adults 2 
  Ceriodaphnia Instars, Adults 2 
  Daphnia Instars, Adults 2 
 Copepoda Cyclopidae Instars, Adults 2 
  Diaptomidae Instars, Adults 2 
Parasite Acari Arrenuridae Immatures, 

Adults 
2 

  Eylaidae Immatures, 
Adults 

2 

  Hydrachinidae Immatures, 
Adults 

2 

  Pionidae Immatures, 
Adults 

2 

 Hymenoptera Diapriidae Adults 1 
  Eucoilidae Adults 1 
  Ichneumonidae Adults 1 
  Mymaridae Adults 1 
  unknown Parasitica  Pupae 1 
Predator Anura Rana catesbeana Larvae 3,4 
 Caudata Ambystoma tigrinum 

mavortium 
Larvae 5 

 Coleoptera Dytiscidae Larvae, Adults 1 
 Diptera Chaoboridae Larvae 1 
  Dolichopodidae Larvae 1 
  Tabanidae Larvae 1 
 Hemiptera Gerridae Instars, Adults 1 
  Mesoveliidae Instars, Adults 1 
  Notonectidae Instars, Adults 1 
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(Table 4.2, cont.) 
Predator Hemiptera Saldidae Instars, Adults 1 
  Veliidae Instars, Adults 1 
 Hymenoptera Gyrinidae Adults 1 
 Odonata Aeshinidae Larvae 1 
  Belostomatidae Larvae 1 
  Coenagrionidae Larvae 1 
 Odonata Eropodellidae Larvae 1 
  Glossiphonidae Larvae 1 
  Lestidae Larvae 1 
  Libellulidae Larvae 1 
 Rhynchobdellida Glossiphonidae Adults -- 
  Eropodellidae Adults -- 
Scraper Anura Bufo cognatus Larvae 3,4 
  Gastrophryne olivacea Larvae 3,4 
  Pseudacris clarkii Larvae 3,4 
 Basommatophora Physidae Adults 2 
  Planorbidae Adults 2 
 Diptera Ceratopogonidae Larvae 2 
Shredder Coleoptera Curculionidae Larvae 1 
  Haliplidae Adults 1 
  Helophoridae Adults 1 
  Hydrophilidae Larvae, Adults 1 
  Chysomelidae Larvae 1 
Terrestrial Ephemeroptera Baetidae Adults -- 
 Odonata Coenagrionidae Adults -- 
 Coleoptera Curculionidae Adults -- 
 Diptera Stratiomyidae Adults -- 
 Homoptera Aphidae Adults -- 
  Cicadallidae Adults -- 
  Coccinellidae Adults -- 
 Aranaea Linyphiidae Immatures, 

Adults 
-- 

  Lycosidae Immatures, 
Adults 

-- 

  Tetragnathidae Immatures, 
Adults 

-- 

    Thomisidae Immatures, 
Adults 

-- 

*Source: 1 Merritt and Cummings (1996), 2 Thorp and Covich (2001), 3 personal 
communication, R. Altig (2006), 4 Alford (1999) 
┼No carnivorous morphs of Spea spp. were detected. 
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Table 4.3.  Description of study playas, Southern High Plains, Texas, summer 
2005.  Playas were grouped into landuse and hydroperiod groups.   

Playa Landuse 
Hydroperiod 

group Hydroperiod┼ 

Mean 
initial 
depth Dry date* 

Inundation 
date 

Mean % 
vegetation 

cover 
BR19 cropland long 280-320 37.75 12-Jul-05 5-Oct-04 47.33 
S49   402-442 29.00 12-Jul-05 5-Jun-04 0.00 
S6   460-480 40.25 12-Jul-05 8-Apr-04 5.50 
BR1 grassland  464-484 36.00 12-Jul-05 4-Apr-04 11.00 
BR4   495-515 42.50 12-Jul-05 4-Mar-04 2.58 
S25   460-480 40.25 12-Jul-05 8-Apr-04 5.67 
BR13 cropland short 31 19.50 1-Jul-05 31-May-05 55.42 
BR59   60-80 28.25 12-Jul-05 13-May-05 11.58 
BR67   60-80 62.25 12-Jul-05 13-May-05 31.67 
BR1A grassland  25 7.00 25-Jun-05 31-May-05 76.67 
BR25   25 13.00 25-Jun-05 31-May-05 62.50 
BR5   30 15.25 30-Jun-05 31-May-05 69.75 
*Dry date is the date the playa dried or the last date of the study if the playa was 
still wet.  Mean percent vegetation cover is the mean of two vegetation surveys 
(21-22 June, 12 July) at four locations in playas. 
┼The lower hydroperiod value was used in all models. 
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Table 4.4.  Mixed multiple regression models predicting daily P. clarkii density of metamorphs (square-
root transformed) in playas, Southern High Plains, Texas, summer 2005.  Models are ranked using a 
second-order Akaike’s information criterion for small sample sizes (AICC).  Change in AICC (ΔAICC), 
parameters estimated (K), log likelihood (Log(L)), Akaike weights (wi) maximum-likelihood estimated r2 
and the evidence ratio (er) of candidate models with the null model are also presented. 
Hy;pothesis Model AICC  ΔAICC K Log (L) wi r2 er 

H5 *food web + diversity + environmental 1793.9 0.0 23 1.00E+00 -872.75 0.37  2.12E+39 

H3 food web + environmental 1809.7 15.8 18 3.71E-04 -886.10 0.34  7.84E+35 

H4 food web + diversity  1837.8 43.9 18 2.93E-10 -900.15 0.30  6.20E+29 

H2 food web 1864.6 70.7 13 4.44E-16 -918.90 0.24  9.40E+23 

H1 food chain 1966.1 172.2 7 4.05E-38 -975.95 0.03 85.63 

Null intercept only 1975.0 181.1 4 4.73E-40 -983.45 0.00  1.00 
*Food web and food chain represent variables in these hypotheses, diversity represents Shannon-
Weiner diversity variables for invertebrate functional groups, and environmental represents 
environmental variables. 
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Table 4.5.  Correlations (Pearson’s coefficient, above), p-value (middle), and number of observations (below) 
among predator densities and grazing invertebrate densities, P. clarkii density, and tadpole richness variables in 
playas, Southern High Plains, Texas, summer 2005.   

Predator 
Invertebrate 
filterer density 

Invertebrate 
detritivore density 

Invertebrate 
scraper density 

Invertebrate 
collector 
density 

Invertebrate 
predator 
density 

P. clarkii 
(transformed) 

Tadpole 
richness 

A. t. mavortium density 0.07          -0.07          -0.04      -0.12 -0.08 -0.14 -0.18 
(transformed) 0.09 0.09  0.31    0.007  0.06    0.001     <0.0001 

 520 520 520 520 520 520 520 

Invertebrate predator density       -0.04 0.26  0.05  0.19 --  0.16   0.07 
 0.37   <0.0001  0.29   <0.0001      0.0003   0.08 
  529 529 529 529  522 522 

Notes: P. clarkii and A. t. mavortium density were square-root transformed.  Correlations are significant at 
p < 0.10 (Bonferroni corrected) except where noted.
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Figure 4.3.  Correlative relationships among daily density or concentration of food web 
groups from Tables 4.5 and 4.6.  Solid and dashed lines represent positive and negative 
correlations significant to p=0.10, respectively.

 

 



 

Table 4.6.  Correlations (Pearson’s coefficient, above), p-values (middle), and number 
of observations (below) among environmental and trophic structure variables in playas, 
Southern High Plains, Texas, summer 2005.  Correlation results for H1E (No. days wet) 
and H2E (percent vegetation cover) are identified. 

 

 
No. days 

wet 

Percent 
vegetation 

cover FPOM Turbidity 

Periphton 
chlorophyll a 
concentration 

Phytoplankton 
chlorophyll a 
concentration 

Tadpole richness H1E, -0.59 0.46 -0.01 -0.36 -0.15 -0.07
 H2E <0.0001 <0.0001 0.76 <0.0001 0.0008 0.10
  522 522 500 501 515 518
   
P. clarkii density (transformed) H1E, -0.43 0.37 -0.02 -0.25 -0.10 -0.04
 H2E <0.0001 <0.0001 0.72 <0.0001 0.021 0.40
  522 522 500 501 515 518
   
A. t. mavortium density (transformed) H1E, 0.26 -0.30 0.05 0.40 -0.05 0.05
 H2E <0.0001 <0.0001 0.30 <0.0001 0.23 0.28
  520 520 498 499 513 516
   
Playa richness H1E, -0.45 0.49 -0.03 -0.42 -0.14 -0.10
 H2E <0.0001 <0.0001 0.52 <0.0001 0.002 0.03
  529 529 506 508 521 524
   
Invertebrate filterer density  0.16 -0.13 -0.03 0.00 0.07 0.14
  0.0003 0.004 0.52 0.95 0.13 0.002
  529 529 506 508 521 524
   
Invertebrate detritivore density  -0.11 0.04 -0.01 -0.08 0.01 0.19
  0.01 0.33 0.75 0.08 0.91 <0.0001
  529 529 506 508 521 524
   
Invertebrate predator density  -0.07 0.07 -0.02 -0.12 -0.05 -0.01
  0.09 0.12 0.71 0.005 0.24 0.78
  529 529 506 508 521 524
   
Invertebrate scraper density  -0.11 0.16 -0.01 -0.08 -0.03 -0.03
  0.01 0.0003 0.89 0.079 0.51 0.50
  529 529 506 508 521 524
   
Invertebrate collector density  -0.28 0.32 -0.01 -0.19 -0.06 -0.02
  <0.0001 <0.0001 0.74 <0.0001 0.20 0.70
  529 529 506 508 521 524

Notes: P. clarkii and A. t. mavortium densities were square-root transformed.  
Correlations are significant at p < 0.10 (Bonferroni corrected).  
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Table 4.7.  Mixed AOV models testing effects of landuse (H3E) and hydroperiod (H1E) 
on mean daily larval amphibian densities (no./m3) and richness in playa wetlands, 
Southern High Plains, Texas, summer 2005.   

Species Treatment Group 
Density 
Estimate SE df* F p 

P. clarkii Landuse cropland 6.407 5.032 1, 11.7 0.11 0.75
  grassland 8.774 5.101   
 Hydroperiod long 0.0305 3.960 1, 11.4 6.80 0.024
  short 15.21 4.136   
Spea spp. Landuse cropland 0.6178 1.093 1, 11.2 0.39 0.55
  grassland 1.588 1.103   
 Hydroperiod long 0.01413 1.007 1, 11.0 2.34 0.15
  short 2.215 1.027   
B. cognatus Landuse cropland 0 -- -- -- --
  grassland 1.469   
 Hydroperiod long 0 -- -- -- --
  short 1.480   
A. t. mavortium Landuse cropland 0.08073 0.04844 1, 12.9 <0.01 0.97
  grassland 0.07806 0.0505   
 Hydroperiod long 0.1318 0.04192 1, 14.3 3.36 0.09
  short 0.0609 0.01609   
Tadpole Richness Landuse cropland 0.4590 0.1640 1, 11.8 0.12 0.74
  grassland 0.3797 0.1652   
 Hydroperiod long 0.1021 0.09743 1, 11.4 20.86 0.0007
    short 0.7435 0.1013      
* Degrees of freedom were estimated using the Satterthwaite Estimation Method 
(1946).



 

Table 4.8.  Mixed models predicting tadpole richness in playas, Southern High Plains, Texas, summer 
2005.  Models are ranked using a second-order Akaike's information criterion for small sample sizes 
(AICC).  Change in AICC (∆AICC), parameters estimated (K), log likelihood (Log (L)), Akaike weights 
(wi), maximum likelihood estimated r2, the evidence ratio (er) of candidate models with the null model, 
and the result  of model averaging are also presented. 

Hypothesis Model  AICC 
 

ΔAICC K Log (L) wi r2 er 
H5R *food web + diversity + environmental 555.4  0.0 23 9.24E-01 -253.45 0.19 4.34E+12

H4R food web + diversity  560.4  5.0 18 7.58E-02 -261.45 0.16 3.57E+11

H3R food web + environmental 571.8 16.4 18 2.54E-04 -267.15 0.14 1.19E+09

H2R food web 587.7 32.3 13 8.95E-08 -280.45 0.09 4.21E+05

Null intercept only 613.6 58.2 7 2.13E-13 -302.75 0.00 1.00 

H1R food chain 619.5 64.1 4 1.11E-14 -302.65 0.00 5.23E-02 

*Food web and food chain represent variables in these hypotheses, diversity represents Shannon-
Weiner diversity variables for invertebrate functional groups, and environmental represents 
environmental variables. 
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Table 4.9.  One way ANOVAs testing differences between treatment and null distributions of mean Bray-Curtis 
similarity indices, resampled via studentized bootstrapping (n=1000) for playas in Southern High Plains, Texas, 
summer, 2005.  Comparisons are made between playas in cropland and grassland landuses (to test H1S) and 
long and short hydroperiods (to test H2S) early and late in summer.  95% confidence limits of bootstrapped 
distributions and observed standard errors are presented. 

Experimental distribution  Null distribution  

Treatment 
Time 

period 

Observed 
similarity 

mean SE 

Resampling 
similarity 

mean 
Lower 

CI 
Upper 

CI  

Observed 
Similarity 

mean SE 

Resampling 
similarity 

mean 
Lower 

CI 
Upper 

CI p 
Hydroperiod Early 0.315 0.047 0.287 0.194 0.391  0.377 0.028 0.381 0.328 0.44 <0.0001 
 Late 0.370 0.059 0.361 0.246 0.491  0.376 0.027 0.381 0.327 0.436 <0.0001 
Landuse Early 0.376 0.044 0.363 0.28 0.462  0.353 0.027 0.352 0.297 0.405 <0.0001 
 Late 0.446 0.060 0.452 0.336 0.585  0.423 0.035 0.415 0.349 0.488 <0.0001 

 

 

 



 

APPENDIX A. 

2003 AND 2004 STUDY PLAYA CHARACTERISTICS AND TOTAL 

ABUNDANCE OF ADULT AND METAMORPH AMPHIBIANS 

 

Playa Landuse# Year 
Circum 

(m) 
Mean 
veg Hydroperiod

Mean 
depth 

change 
(cm) 

P(males) 
all 

species 
H' 

Metas
H' 

Adults
CP1 Crop 2003 772 2.00 90 -6.3 0.00 0.12 0.64 
CP2   1204 0.98 129 -6.3 0.75 0.07 1.21 
CP3   700 1.44 102 -5.6 0.21 0.51 1.08 
CP4   1200 1.79 81 -5.9 0.81 0.01 1.07 
CP5   1008 0.96 81 -4.8 0.71 0.00 1.09 
CP6   960 2.11 102 -5.8 0.33 0.96 1.48 
GS1 Grass  2292 1.01 102 -5.9 0.63 0.00 0.55 
GS2   740 2.84 59 -7.8 0.00 0.11 0.74 
GS3   1300 1.10 157 -5.4 0.40 0.00 1.28 
GS4   2140 0.00 164 -4.1 0.51 0.59 1.48 
GS5   740 1.04 59 -8.1 0.61 0.65 1.20 
GS6   2600 3.83 90 -7.2 0.31 0.55 0.86 

CP1A Crop 2004 1410 0 dry 0.58 0.69 1.35 
CP2B   1170 0.24 312 13.9 0.35 0.74 1.43 
CP3C   1160 1.50 96 2.7 0.19 0.91 0.96 
CP4D   1100 1.09 96 -12.1 0.50 0.07 1.37 
CP5E   2200 0.81 464 1.0 0.42 0.27 1.38 
CP6F   1360 0.56 75 -2.9 0.36 0.95 0.71 
GS1A Grass  1720 2.28 96 1.7 0.34 0.41 1.43 
GS2B   1340 4.28 116 2.3 0.32 0.74 1.35 
GS3C   1520 3.78 126 3.6 0.42 0.77 1.71 
GS4D   1600 0 dry 0.25 0.16 0.38 
GS5E   2060 0.10 464 12.8 0.38 0.86 1.49 
GS6F     1240 3.63 126 -3.1 0.39 1.07 1.39 
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(Appendix A, cont.) 

 

  Metamorphs 
Playa SPAD LEOP BULL CHOR GPTO GRTO NARR SALA CRIC 

CP1 105.561  0.250 2.417   
CP2 23.689  0.033 0.233   
CP3 56.000  3.667 5.722   
CP4 657.863  0.167 0.433   
CP5 469.137   0.192 
CP6 77.149 1.333 8.022 34.375 2.532 0.083 
GS1 145.621  0.017 0.052   
GS2 580.394  12.326  0.632 
GS3 581.226  0.030   
GS4 89.753  0.103 32.515 0.019   
GS5 78.053  43.684   
GS6 222.432  0.235 68.526   

CP1A  0.014 0.013   
CP2B 2.408 0.175 0.635 0.208 0.017  
CP3C 0.307 0.014 0.600 0.186 0.069  
CP4D 27.270 0.011 0.218 0.329 0.025  
CP5E 10.531  0.734 0.109 0.029  
CP6F 0.397 0.088 0.462 0.032 0.003  
GS1A 7.397 0.002 0.120 0.702 0.509 0.070 0.002 
GS2B 6.740 0.028 1.280 1.913 0.200 0.329  
GS3C 6.387 0.731 0.971 1.542 0.086 0.057  
GS4D 1.371  0.051 0.003   
GS5E 1.685 1.330 0.023 0.208 3.425 0.034 0.047  0.011
GS6F 0.848 1.226  1.400 1.561 0.026 0.055    
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(Appendix A, cont.) 
 Adults 

Playa PLSP NMSP COSP LEOP BULL CHOR GPTO GRTO NARR SALA
CP1  0.100 0.050  
CP2 0.133 0.067 0.067 0.267  
CP3 0.111  0.111 0.333 0.778  
CP4 0.333 0.733 0.067 1.300  
CP5 0.615 2.192 0.077 0.654  0.038 0.038
CP6  1.430 0.708 0.042 0.667 0.198  0.397
GS1  1.569 0.172 0.124  
GS2  0.053 0.445 0.105  
GS3  0.030 0.091 0.061  0.121
GS4 0.130 0.111 0.066 0.187  0.037
GS5 0.053 0.526 0.316 0.316  
GS6 0.022  0.622 0.252  0.044

CP1A 0.100 0.056 0.055 0.014  0.010
CP2B 0.021 0.159 0.004 0.136 0.159  0.038
CP3C 0.003 0.003 0.003 0.003 0.117  0.066
CP4D 0.007 0.029 0.004 0.035  0.018
CP5E 0.006 0.027 0.035 0.027  0.004
CP6F  0.047 0.015  0.003
GS1A 0.025 0.391 0.114 0.089 0.052 0.007 0.059
GS2B 0.008 0.022 0.006 0.120 0.186 0.017 0.029
GS3C 0.007 0.028 0.021 0.086 0.059 0.064 0.016
GS4D 0.002  0.017  
GS5E 0.002 0.004 0.023 0.027 0.002  0.002 0.017
GS6F 0.006    0.026  0.026 0.003    0.013

#Mean veg is the mean of all mean daily vegetation, circum refers to playa 
circumference, mean depth change is mean weekly depth change, H’ metas 
and adults are cumulative Shannon-Weiner diversity for metamorphs and 
adults, and P(males) is cumulative 2-day proportion of males, PLSP=Plains 
Spadefoot Toad, NMSP=New Mexico Spadefoot Toad, COSP=Couches’ 
Spadefoot Toad, SPAD=sum of Plains and New Mexico spadefoot toads, 
LEOP=Plains Leopard Frog, BULL=Bullfrog, CHOR=Spotted Chorus Frog, 
GPTO=Great Plains Toad, GRTO=Green Toad, NARR=Great Plains 
Narrowmouth Toad, SALA=Barred Tiger Salamander, and CRIC=Blanchard’s 
Cricket Frog.  Amphibian abundance is adjusted no./meter. 
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