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ABSTRACT 

Amphibians play roles in Canadian prairie ecosystems, contributing to food web dynamics. 

Despite their ecological importance, the dietary interactions of prairie amphibians remain 

understudied, creating a knowledge gap. Prairie amphibians face a unique suite of threats, 

including habitat loss, agricultural intensification, and climate change. Knowledge of their basic 

ecology is outdated, limiting effective conservation in agricultural landscapes. This thesis 

provides an update on the dietary ecology and morphology of the Boreal Chorus Frog 

(Pseudacris maculata) and the Plains Spadefoot (Spea bombifrons) in southern Alberta. Stomach 

contents from breeding adults (n = 50) were analyzed using the Index of Relative Importance 

(IRI), volumetric estimation, and inferential models. Results characterize Boreal Chorus Frogs as 

a resilient terrestrial generalist; while Coleoptera and Diptera were the numerically dominant, 

Lepidoptera contributed the majority (62.1%) of dietary volume. Diet composition was 

significantly influenced by local habitat and constrained by predator morphology; gape width 

limited maximum prey size, and gravid females consumed significantly fewer prey items than 

non-gravid females, indicating a reproductive trade-off. Breeding male S. bombifrons exhibited a 

complete fasting during calling, consistent with an “explosive” breeding strategy. These findings 

support holistic wetland and upland management by demonstrating that P. maculata relies on 

terrestrial prey for 73% of its energy. This dependence underscores the need for protected upland 

buffers. The consumption of crop pests also identifies a potential “ecological trap,” where 

terrestrial foraging may increase exposure to agrochemicals. This research establishes a modern 

baseline for amphibian conservation in Alberta.  
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PREFACE 

When I was about eleven years old, I would explore the prairies where my family ranches and 

raises beef cattle. Particularly during the branding season, when we prepared the year’s calves for 

pasture with their mothers, I would explore the sloughs, creeks, and ephemeral wetlands that 

were close to the branding corrals. I remember the temporary wetlands filled to the brim with 

tadpoles and would listen for the calls of any frog or toad. My friends and I would try to catch 

them and observe their beautiful colouration and the unique calls of each species. I remember 

mass migrations of Tiger Salamanders in high numbers, including the road mortalities, especially 

on rainy nights. I remember being deafened by the sheer numbers in calling choruses of Boreal 

Chorus Frogs, Plains Spadefoots, Great Plains Toads, and Northern Leopard Frogs. Consistently, 

I recall the abundant number of each species. Now, over a decade later, their number is greatly 

reduced. Finding any amphibian becomes an honoured moment, something to treasure. As I 

gained experience in the field of environmental science, studying amphibians was an obvious 

way for me to combine my passions, and to shed some light on the decline of native amphibians 

in Canada. This passion has fuelled me through hard times when I felt like giving up. I hope this 

baseline information on the diet of some prairie amphibian species inspires further research and 

creates other frog, toad, and salamander enthusiasts. This work is far from over.  
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CHAPTER 1: INTRODUCTION 

1.1 Introduction 

Value of Studying Amphibians 

Amphibians are experiencing more severe global population declines than any other class of 

vertebrate (González-del-Pliego et al., 2019; Luedtke et al., 2023; Stuart et al., 2004; Alroy, 2015; 

Catenazzi, 2015). In Canada, herpetofauna (reptiles and amphibians) is considered among the 

most threatened vertebrate groups, with population declines averaging 34% between 1973 and 

2014, and with monitoring data that are less comprehensive than that available for classes such as 

Aves and Mammalia (Currie & Marconi, 2020). Within the Canadian interior, amphibians 

inhabiting prairie ecosystems face multiple threats, including habitat loss and degradation, 

climate change, wetland pollution, infectious diseases, and increased UVB (Ultraviolet B) 

radiation (Collins, 2010; Blaustein et al., 2011). These stressors, along with competition, invasive 

species, predation, and contaminants, often lead to population declines and extinctions (Blaustein 

et al., 2011; Collins, 2010). Amphibians select habitats based on their needs for unpolluted water 

and breeding habitat, as well as connectivity. Consequently, seasonal wetlands located within 

agricultural land are utilized less frequently than those found on native prairie or protected lands. 

The disparity exists because wetlands embedded in conservation grasslands provide the essential 

habitat required to sustain amphibian biodiversity across the Prairie Pothole Region (Balas et al., 

2012). Restoration of amphibian habitat has the potential to support population recovery 

following anthropogenic disturbance. It is not known what role diet plays specifically for prairie 

amphibians in habitat selection, migration, breeding, life history, overwintering, or especially the 

effects of uptake of pollutants through prey items. 
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In prairie ecosystems, amphibians function both as prey for higher trophic levels, and as 

predators of a wide variety of invertebrates, including species that humans consider pests. As 

such, they contribute valuable ecosystem services such as natural pest control in agricultural 

landscapes (Newman, 1999; Pafilis et al., 2019; Valencia-Aguilar et al., 2013). Despite their 

ecological role, amphibians remain one of the most understudied vertebrate classes, particularly 

in grassland ecosystems (González-del-Pliego et al., 2019).  

Attention has been given to rare or declining species, and common amphibians have often been 

overlooked in basic life history research. The knowledge gap in common species presents a risk, 

as early warning signs of population stress may go unnoticed until declines are well underway. 

Among the least understood aspects of prairie amphibian ecology is diet composition. Diet is a 

fundamental component of life history, influencing individual fitness, population health, and 

interactions with the environment. Understanding dietary preferences (i.e., which prey types are 

most frequently consumed), prey selection (i.e., how amphibians choose among available prey), 

prey size limitations, and prey habitat use can provide insight into how these animals meet their 

nutritional needs in variable and often fragmented prairie ecosystems (Gustafson & Newman, 

2016). These parameters also help explain broader patterns in amphibian ecology, such as 

breeding success, movement, and habitat use. For example, if prey items are exposed to 

pesticides or other agricultural contaminants, they may serve as a route of chemical exposure for 

amphibians, potentially leading to stress or broader ecological disruptions such as the loss of 

natural pest regulation (Hopkins, 2007). Therefore, diet may play a previously underestimated 

role in how amphibians respond to anthropogenic stressors. This thesis seeks to fill critical 

knowledge gaps and contribute foundational data that may inform nconservation strategies, 

especially for common species whose declines might otherwise go undetected. 
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1.2 Previous Studies on Amphibian Diet 

Diet Content Methodologies 

Historically, there have been several techniques used to investigate amphibian diet, each with 

advantages and limitations. In early diet studies, stomach contents were obtained from dissections 

of deceased amphibians (Newman, 1999; Moore & Strickland, 1954, 1955; Jancowski & 

Orchard, 2013). While dissection was an effective method, it posed ethical and conservation 

concerns, especially when working with at-risk species, and is now considered questionable in 

cases outside of museum specimens (Solé & Rödder, 2010). However, lethal sampling remains a 

common and valuable practice in the study of invasive species. In these instances, dissection 

provides high-quality, comprehensive dietary data while simultaneously serving as a management 

tool to remove problematic species from the ecosystem. For example, research on invasive Cane 

Toads (Rhinella marina) and American Bullfrogs (Lithobates catesbeianus) utilizes dissection to 

precisely quantify their impact on native biodiversity while actively reducing their population 

density in affected regions (Heise-Pavlov & Longway, 2011; Jancowski & Orchard, 2013). Solé 

et al. (2005) formalized stomach flushing protocols, which was endorsed as a minimally invasive 

procedure for diet analysis in amphibians. The procedure involves placing the specimen under 

anaesthetic and gently opening the mouth, inserting a flexible tube attached to a syringe full of 

water, and flushing water into the stomach to expel the foraged prey items (Solé et al., 2005). 

Invertebrates can then be identified by an expert, or through DNA analysis (Solé et al., 2005). 

Solé et al. (2005) explicitly recommend stomach flushing as alternative to lethal sampling of 

amphibians because of ongoing global declines. Mahan and Johnson (2007) modified the 

stomach flushing procedure further by negating the use of anaesthetic. Gray Treefrogs (Hyla 

versicolor) could be immobilized by hand, which allowed scientists to recognize signs of distress 
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sooner. Some researchers have also noted the higher risk of mortality that accompanies the use of 

anaesthetic during stomach flushing (Mahan & Johnson, 2007; Solé & Rödder, 2010). Many 

dietary studies followed both versions of stomach flushing protocols, with great success (Ahlm, 

2015; Pafilis et al., 2019; Roner et al., 2020; Solé & Rödder, 2010). 

More recent research has adopted fecal DNA analysis as a method, which requires holding the 

specimen for a longer period of time, until they expel their fecal matter (Hodgkison & Hero, 

2002; Pereira & Harris, 2021). Hodgkison and Hero (2002) chose this method specifically 

because it was the least destructive option for the endangered frogs they studied. Pereira and 

Harris (2021) note that while microscopic assessment of fecal material has limitations, DNA 

metabarcoding offers more taxonomic clarity. However, the degree to which prey can be 

identified is limited by the choice of DNA primers. For example, their 16S primers only 

identified insects, which meant that they missed other groups like mollusks, arachnids, and 

myriapods (Pereira & Harris, 2021). 

Combining stomach flushing and DNA analysis has the potential for more accurate identification 

of unknown prey, while still leaving the stomach contents mostly whole for visual identification 

(Ahlm 2015). However, one potential drawback of stomach flushing is bias due to differential 

digestion rates. Soft-bodied prey like worms (phylum Annelida) and mollusks (phylum Mollusca) 

digest faster and may be underrepresented in stomach samples, whereas harder, sclerotized prey 

like ants (Hymenoptera) and beetles (Coleoptera) may be overrepresented (Solé & Rödder, 2010).  

Findings and Patterns of Diet Analysis 

Generally, most adult amphibians are characterized as opportunistic, generalist predators 

(Jancowski & Orchard, 2013; Measey et al., 2015). Amphibian diets are dominated by 
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arthropods, with Coleoptera (beetles) and Hymenoptera (primarily Formicidae, or ants) 

frequently reported as the most numerous prey items across a wide range of species and 

ecosystems (Ahlm, 2015; Mahan & Johnson, 2007; Smith, Gray, & Quarles, 2004). However, to 

consider amphibians as generalists overlooks the other factors that may drive their dietary 

choices. Foraging is constrained by predator morphology, shaped by behaviour, and influenced 

by the environment. One of the most critical constraints is predator body size and gape width, 

which directly determine the maximum size of prey that can be consumed (Hodgkison & Hero, 

2002; Newman, 1999). Even though the majority of amphibians are generalist predators, some 

studies report evidence of dietary specialization and dietary differences among species, even 

within the same habitat. Research in Borneo by Ahlm (2015) found that while some frog families 

behaved as generalists, others (Bufonidae and Megophryidae) were dietary specialists. 

Furthermore, diet can change with age. Ontogenetic shifts are common, where prey size and type 

change as an animal grows from a juvenile to an adult (Hodgkison & Hero, 2002; Solé & Rödder, 

2010). These variations underscore the risk of overgeneralization and highlight the need to 

understand foraging ecology at the species and population level. To begin explaining these 

patterns, it is necessary to ground the research in the theoretical principles and sampling design 

that govern foraging behaviour. 

Foundational research on the diet of prairie amphibians is scarce and dated. The only 

comprehensive amphibian dietary surveys for the prairies were conducted in Alberta seventy 

years ago by Moore and Strickland (1954; 1955). They established a baseline by examining the 

stomach contents of several key species, including the Northern Leopard Frog (then Rana 

pipiens, now Lithobates pipiens), the Canadian Toad (then Bufo hemiophrys, now Anaxyrus 

hemiophrys), and the Boreal Chorus Frog (then identified as Pseudacris nigrita, now Pseudacris 
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maculata). Their follow-up study expanded this scope to include the Wood Frog (then Rana 

sylvatica, now Lithobates sylvaticus), the Columbia Spotted Frog (then Rana pretiosa, now Rana 

luteiventris), and the Western Toad (then Bufo boreas, now Anaxyrus boreas). Neither the Plains 

Spadefoot (Spea bombifrons) nor the Western Tiger Salamander (Ambystoma mavortium) were 

included in either of these studies, nor described in other sources for the province or the prairies 

of Canada. Foundational knowledge for Alberta's amphibians relies on data collected seven 

decades ago, using taxonomic names that have since been updated with stomach content 

collection protocols that have since been abandoned due to ethical concerns. The dated 

foundational knowledge highlights a critical gap in our understanding of prairie amphibian diets 

in Alberta and underscores the urgent need for a modern re-evaluation.  

1.3 Theoretical Framework 

The ecological study of amphibian diet is grounded in Optimal Foraging Theory (OFT), which 

assumes that natural selection favours individuals that maximize their net energy intake per unit 

of time. As established by Pyke et al. (1977), foraging efficiency is determined by a series of 

hierarchical decisions regarding diet breadth, patch selection, and movement. Within this 

framework, a “profitable” prey item is one where caloric gain significantly outweighs the time 

and energy spent on capture and handling.  

A foundational concept supporting these energetic goals is the relationship between physical form 

and function. Work by Emerson (1985) established predictive models linking frog skull 

morphology to diet type, arguing that anatomy fundamentally dictates the prey a species can 

consume. Their research demonstrates that frogs consuming small, slow prey tend to have 

relatively short jaws, while those consuming larger prey possess longer jaws (Emerson, 1985). 

This establishes a relevant framework: skeletal morphology (specifically gape width) dictates the 
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physical boundaries of a potential dietary niche. Modern validations in generalist predators 

confirm that larger individuals target larger or more “profitable” prey to optimize this intake 

(Meyer et al., 2025). 

Building on these anatomical constraints, kinematic studies reveal that frogs are highly adaptive 

predators that modify their behaviour based on sensory information from their prey. Research on 

Lithobates pipiens by Anderson and Nishikawa (1993; 1996) demonstrated that frogs use distinct 

motor programs for different prey sizes. For small prey, L. pipiens uses rapid tongue protraction, 

but for large prey, it reverts to a more primitive pattern involving a full-body lunge and jaw 

prehension (Anderson & Nishikawa, 1993; 1996). This ability to switch between feeding 

strategies showcases a remarkable behavioural flexibility. 

Such flexibility allows amphibians to assess prey profitability and use different foraging tactics. 

Jaeger and Rubin (1982) demonstrated that terrestrial amphibians are capable of distinguishing 

between prey based on profitability, a tactical decision-making process that allows generalists 

like P. maculata to operate along a continuum between sedentary “sit-and-wait” strategies and 

active foraging (Das, 1996). This sedentary mode is often more energetically efficient during 

periods of high reproductive expenditures, as it maximizes net gains per unit of energy spent 

(Das, 1996). 

In diverse prairie communities, co-existing species often avoid direct competition by partitioning 

resources along three primary axes: diet, space, and time (Toft, 1985). While sympatric species 

may overlap in diet, they often select for different microhabitats or foraging areas to minimize 

competition (Das, 1996). This interplay between mechanical constraints, behavioural flexibility, 
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and resource partitioning provides the necessary context for evaluating the dietary ecology of 

prairie amphibians during the breeding season. 

1.4 Research Questions and Hypotheses 

The current understanding of prairie amphibian ecology is limited by several knowledge gaps: a 

reliance on seventy-year-old dietary data, a total absence of diet records for Canadian populations 

of the Plains Spadefoot, and a lack of modern volumetric analysis to quantify the energetic 

importance of rare prey. To address these deficiencies, this research established a modern 

baseline for amphibian conservation in southern Alberta by investigating the interplay between 

habitat, morphology, and reproductive biology. 

I first sought to characterize the taxonomic composition and foraging microhabitats of the Boreal 

Chorus Frog across native and restored grasslands, specifically testing the extent of their reliance 

on terrestrial versus aquatic habitat subsidies. Building on this environmental context, the study 

then evaluated the physical constraints of foraging by determining how gape width may limit 

maximum prey size. 

Furthermore, recognizing that diet is not uniform across a population, I analyzed intraspecific 

variations to see how sexual dimorphism and reproductive status influence foraging. This 

involved a comparison of energetic intake between males and females, alongside a targeted 

investigation into the physical and behavioural trade-offs that lead to reduced foraging frequency 

in gravid females. Finally, this work documented the feeding status of male Plains Spadefoots 

during explosive breeding events, providing a novel data point for this species at its northern 

range limit. By synthesizing these diverse ecological parameters, this thesis provides a snapshot 

of the role of common and at-risk amphibians within the food webs of the Canadian prairies.  
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CHAPTER 2:  METHODS 

2.1 Introduction 

 Understanding the diet of prairie amphibians is an important step in assessing their ecological 

role and conservation needs, yet the foundational data for species in the Canadian prairies remain 

scarce; the primary baseline surveys date back seventy years (Moore & Strickland, 1954; 1955). 

This knowledge gap limits modern conservation planning, as it obscures how native amphibians 

interact with agricultural environments, altered wetland dynamics, and fluctuating invertebrate 

communities. To establish a rigorous and repeatable methodological framework, this study 

developed a field and laboratory sampling design targeting two anuran species: the Boreal Chorus 

Frog (Pseudacris maculata) and the Plains Spadefoot (Spea bombifrons). 

2.2 Study Areas 

Study sites were initially selected using Geographic Information Systems (GIS) analysis to 

identify suitable, accessible wetlands within the Dry Mixedgrass Natural Subregion of southern 

Alberta (Alberta Parks, 2015). Final site selection was confirmed on the ground at three locations 

managed by the Alberta Conservation Association (ACA): Chinook, Silver Sage, and Escape 

Coulee (Figure 1).  

Rather than distributing survey efforts broadly across modified landscapes like irrigation canals, 

river corridors, or agricultural farm dugouts (which are confounded by routine chemical runoff, 

artificial hydroperiods, and frequent mechanical disturbance) sampling was intentionally 

concentrated within these three conservation tracts. This localized, multi-species inventory design 

was used to maximize the probability of encountering the target species within a geographically 

constrained area, ensuring rigorous data collection within strict logistical and budgetary 

boundaries.  
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Figure 1: Map of the three study sites (Chinook, Escape Coulee, and Silver Sage) within the Dry 

Mixedgrass Natural Subregion of southern Alberta. 

The choice of these specific locations was guided by a combination of historical records, citizen-

science databases (e.g., iNaturalist), direct consultation with ACA regional biologists, and 

preliminary reconnaissance surveys. Each site was strategically selected to capture a distinct 

combination of microhabitats and targeted species: 

• Chinook: Characterized by a slow-moving lotic creek system modified by beaver (Castor 

canadensis) infrastructure. This site was selected because the deep pools, flooded regular 

channels, and dense woody debris created by beaver dams provide ideal cover and 

overwintering refugia for Lithobates pipiens, whose breeding activity on the site was 

confirmed by the presence of tadpoles in preceding seasons. While active adults were 
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visually confirmed using the deep-water and woody debris escape routes during the 

survey window, their rapid flight responses restricted successful physical capture, leaving 

P. maculata as the primary sampled anuran at this location.  

• Silver Sage: Representing a restored grassland, this site was integrated into the study to 

assess amphibian habitat use within restored systems and to investigate whether the 

specialized, fossorial S. bombifrons or Anaxyrus cognatus use restored grasslands during 

the breeding window. 

• Escape Coulee: Characterized by rugged, undisturbed native prairie coulee topography, 

this site was chosen specifically because historical records and clustered citizen-science 

observations identified the location as the highest probability of encountering S. 

bombifrons and A. cognatus.  

While all three locations featured active breeding assemblages of P. maculata and evidence of A. 

mavortium, they offered an ideal structural mosaic: Chinook and Escape Coulee served as 

historical native prairie baselines, while Silver Sage provided an active look at a restored 

grassland interface. This design allowed for a targeted assessment of prairie amphibian foraging 

across varying conditions while maintaining high logistical efficiency.  

2.3 Species Sampled 

Based on their presence at the study sites and the objectives of this research, this study focused 

on two anuran species: the Boreal Chorus Frog and the Plains Spadefoot. While the Western 

Tiger Salamander was observed, they were not captured in sufficient numbers and were excluded 

from analysis. 
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2.4 Field Sampling 

Field sampling was conducted between April 15 and June 30, 2024. All animal handling and 

sampling procedures were approved by the University of Lethbridge Animal Welfare Committee 

(Permit #2315) and conducted under authority of a Government of Alberta Research Collection 

Permit (Permit #24-2273). Amphibians were captured using three methods: passive capture in 

drift fence arrays with pitfall traps (Figure 2), active hand-capture during diurnal and nocturnal 

auditory surveys at wetland edges, and opportunistic hand-captures. Upon capture, each specimen 

was placed in an individual, ventilated plastic container with a small amount of water from the 

source wetland and processed immediately in the field. Total handling time before the recovery 

period was one to five minutes, with an average handling time of two minutes. 

 

Figure 2: Diagram of a drift fence and pitfall trap array used for passive amphibian capture at 

wetland study sites. 



13 

 

Snout-vent length (SVL) and gape width (GW) of each frog were measured to the nearest 

millimeter using a ruler. Stomach contents were obtained non-lethally using the stomach flushing 

technique adapted from Solé et al. (2005). Due to small size in Boreal Chorus Frogs, we used 

appropriately sized tubing [e.g., 1.7 mm diameter flexible tubing for Pseudacris maculata] and a 

smaller volume of water [10-20 ml]. Each frog was gently restrained without anesthetic to allow 

for constant monitoring of its condition, should complications arise during the procedure. 

Following the procedure, frogs were held for five to ten minutes before release directly into 

source water bodies. Regurgitated prey items were preserved in 70% ethanol for later analysis. 

2.5 Laboratory Analysis 

In the lab, preserved stomach contents were sorted and identified to the lowest possible 

taxonomic level, typically Order or Family, using a dissecting microscope and seeking the 

knowledge of entomological experts (Figure 3). To quantify prey items, a minimum diagnostic 

part, such as a head capsule or pair of elytra, was required to count as a single individual. This 

ensured that fragmented remains of a single prey item were not counted multiple times. 

The total length of each intact prey item was measured from the rostral to the caudal end to the 

nearest 0.1 of a millimeter using a reticle. For partially digested items, original length was 

estimated by comparing key, sclerotized body parts (e.g., Coleoptera elytra) to intact reference 

specimens found in the samples. This allowed for the standardization of prey size to reflect its 

state at the time of consumption.  

Following taxonomic identification, all quantifiable prey items were categorized by their 

expected foraging microhabitat to better understand the amphibian foraging location. Prey were 

assigned to one of three habitat zones: Terrestrial (prey living on land or soil, e.g., spiders, ants), 
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Aquatic Sub-Surface (true aquatic larval stage or organisms found below the water’s surface), 

and Aquatic Surface/Emergent (invertebrates utilizing the air-water interface or recently emerged 

adults, e.g., mosquitoes, flea beetles). The specific classification was determined through a 

combination of expert consultation and direct field observation of invertebrate behaviour during 

the sampling period. For instance, flea beetles (Family: Chrysomelidae) while primarily 

terrestrial, were frequently observed bouncing on the water surface and were therefore classified 

as Aquatic Surface/Emergent prey, reflecting their accessibility to the frogs. Prey items with 

habitats unidentified, or too broad to categorize a specific habitat, were excluded from habitat-

specific analysis. 

 

Figure 3: Example of dissected and identified stomach contents (UNK = Unidentifiable Contents). 
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2.6 Data Analysis and Volume Estimation 

The biomass (dry mass in mg) of each identifiable item was estimated from its measured or 

estimated length (mm) using published length-mass regression equations in the form of Mass = a 

* Length^b, excluding the digested pieces that could neither be measured nor identified. This 

approach is a standard and widely accepted practice for non-destructively estimating invertebrate 

biomass and volume from linear measurements (Johnston & Cunjak, 1999). 

To ensure the highest possible accuracy, taxon-specific regression coefficients (a and b) were 

sourced from comprehensive and regionally relevant studies. Equations were primarily drawn 

from the comprehensive review of North American aquatic invertebrates by Benke et al. (1999) 

and supplemented with data from Canadian studies to provide more geographically appropriate 

estimates (Johnston & Cunjak, 1999). For terrestrial taxa, coefficients were sourced from 

foundational work on terrestrial arthropods (Rogers et al., 1976; Sample et al., 1993; Sage, 1982). 

Estimated dry mass was then converted to wet mass by multiplying by a standard conversion 

factor of 5 (Benke et al., 1999). Finally, volume (mm³) was assumed to represent wet mass (mg), 

based on the assumption that fresh invertebrate tissue has a density of approximately 1 mg/mm³. 

Prey items that were too digested to allow for reliable length estimation were included in 

frequency and numeric counts but were excluded from volumetric and Index of Relative 

Importance (IRI) analyses (Solé & Rödder, 2010). To describe the diet, three standard metrics 

were calculated for each prey category: Percent Frequency of Occurrence (%F), Percent Numeric 

Abundance (%N), and Percent Volume (%V). The Index of Relative Importance (IRI) was then 

calculated using the formula: IRI = (%N + %V) * %F (Pinkas et al., 1971). 
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2.7 Statistical Methods 

All statistical analysis were performed using the R statistical computing environment (R Core 

Team, 2024). Data cleaning, manipulation, and visualization were conducted using the tidyverse 

(Wickham et al., 2019), ggpubr (Kassambara, 2023) packages. Prior to model implementation, 

continuous environmental and morphological datasets were evaluated for normality and 

homogeneity of variance using Shapiro-Wilk tests and Levene’s tests, respectively. Because prey 

count data consisted of discrete, non-negative integers and continuous dietary volumes exhibited 

severe right-skewness that violated parametric assumptions, non-parametric equivalents and 

generalized linear frameworks were used (Sullivan, 2017). Statistical significance across all 

operations was assessed at an alpha level of α = 0.05.  

To compare diet composition between study sites, a Fisher’s Exact Test was employed. This exact 

test was selected over the Chi-Square test to account for small sample sizes at the Chinook (n = 

4) and Escape Coulee (n = 5) sites. Sites were analyzed by pooling the Chinook and Escape 

Coulee “Native Prairie” sites against the Silver Sage “Restored Grassland” site to test for broad 

habitat-based differences in prey frequency.  

To evaluate sexual dimorphism regarding total ingested prey volume (V), a two-tailed Wilcoxon 

Rank Sum Test (Mann-Whitney U Test) was conducted to compare male and female cohorts. To 

evaluate the physiological and behavioural foraging trade-offs experienced by female anurans 

during the breeding season, numeric prey counts (N) per individual were modeled against 

reproductive status (gravid vs. non-gravid) using a Generalized Linear Model (GLM). The model 

was fitted using a log-link function and a Poisson error distribution to explicitly account for the 

discrete, bound nature of the count data. To validate these findings using a classic parametric 

framework, a parallel one-way Analysis of Variance (ANOVA) was also performed. Because raw 
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prey counts violated assumptions of normality and homoscedasticity, data were log-transformed 

(log(x + 1)) prior to linear modelling to satisfy parametric assumptions, where x represents the 

total numeric prey count per individual. 

The relationship between predator morphology and maximum prey size was assessed using 

Spearman’s Rank Correlation (ρ or rho). This non-parametric correlation method was chosen to 

minimize the influence of outliers (e.g., rare, high-volume prey items) and to test for monotonic 

relationships. Discrete, independent correlation models were run to contrast maximum prey 

length against both SVL and GW. 
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CHAPTER 3:  RESULTS 

3.1 Species Overview Statistics 

 A total of forty-five Boreal Chorus Frogs and five Plains Spadefoots were captured across the 

three study sites between April 15 and June 30, 2024 (Table 1). Of the Boreal Chorus Frogs, 

thirty-three (nineteen females, fourteen males) had non-empty stomachs and were used for diet 

analysis, the remaining 12 individuals exhibited empty stomachs. All five Plains Spadefoots 

captured were males and all had empty stomachs; this finding prevented further trophic analyses. 

Table 1:  Summary of Amphibian Captures and Stomach Content Status Across Three Study Sites in 

southern Alberta (n=50). 

Note: Sample size (n = 50) represents individuals captured across three study sites. “Non-Empty” 

denotes individuals from which identifiable stomach contents were recovered via stomach 

flushing, while “Empty” denotes individuals with no recoverable prey items. 

In all captured individuals the baseline physical dimensions were evaluated to establish structural 

context before testing for selective feeding behaviours. The morphological parameters of the 

sampled populations are presented below (Table 2). Within P. maculata, there was no notable size 

difference between empty and non-empty individuals. Males in the non-empty sample (Mean 

SVL = 24.7 mm, Mean GW = 5.8 mm) were, on average, slightly larger than females (Mean SVL 

= 24.2 mm, Mean GW = 5.4 mm).  

Site Pseudacris maculata Spea bombifrons 

 Non-Empty Empty  Non-Empty Empty  

 Female Male Female Male Total Female Male Female Male Total 

Chinook 1 3 0 0 4 0 0 0 0 0 

Escape Coulee 0 5 0 0 5 0 0 0 5 5 

Silver Sage 18 6 9 3 36 0 0 0 0 0 

Total 19 14 9 3 45 0 0 0 5 5 
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Table 2: Descriptive Morphology Statistics for All Captured Anurans by Species, Stomach Status, and 

Sex (n=50). 

Variable Species 

Stomach 

Status Sex n 

Mean 

(mm) 

SD 

(mm) 

SE 

(mm) 

Min 

(mm) 

Max 

(mm) 

Snout-Vent Length 

(SVL) P. maculata Non-Empty Female 19 24.1 1.4 0.3 21.0 27.0 

   Male 14 24.6 1.7 0.5 22.0 29.0 

  Empty Female 9 24.2 1.8 0.6 20.0 26.0 

   Male 3 24.7 1.2 0.7 24.0 26.0 

 S. bombifrons Empty Male 5 50.6 6.2 2.8 44.0 60.0 

Gape Width (GW) P. maculata Non-Empty Female 19 5.5 0.6 0.1 5.0 7.0 

   Male 14 5.4 0.5 0.1 5.0 6.0 

  Empty Female 9 5.9 0.6 0.2 5.0 7.0 

   Male 3 5.7 0.6 0.3 5.0 6.0 

  S. bombifrons Empty Male 5 19.2 1.3 0.6 18.0 21.0 

Note. SD = Standard Deviation; SE = Standard Error of the Mean; Min = Minimum;  

Max = Maximum.  

3.2 Findings for Pseudacris maculata 

To assess whether frog size was a confounding variable for site-based diet comparisons, the 

morphology of all forty-five captured P. maculata was compared across sites (Table 3). Mean 

SVL and GW were consistent across all three locations. For example, mean SVL was 24.5 mm 

(n=4) at Chinook, 25.2 mm (n=5) at Escape Coulee, and 24.1 mm (n=36) at Silver Sage. A 

Kruskal-Wallis rank sum test confirmed that these spatial variations were not statistically 

significant for either SVL (X2 = 3.37, df =2, p = 0.185) or GW (X2 = 2.41, df =2, p = 0.299). 

These results statistically verify that localized differences in frog morphology were not a 

confounding factor in subsequent site-based dietary comparisons.  
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Table 3: Descriptive Morphology Statistics for All Captured Pseudacris maculata by Site (n=45). 

Variable Site n 

Mean 

(mm) 

SD 

(mm) 

SE 

(mm) 

Min 

(mm) 

Max 

(mm) 

Snout-Vent Length 

(SVL) Chinook 4 23.0 0.8 0.4 22.0 24.0 

 Escape Coulee 5 25.2 1.3 0.6 24.0 27.0 

 Silver Sage 36 24.3 1.6 0.3 20.0 29.0 

Gape Width (GW) Chinook 4 5.3 0.5 0.3 5.0 6.0 

 Escape Coulee 5 5.8 0.4 0.2 5.0 6.0 

  Silver Sage 36 5.6 0.6 0.1 5.0 7.0 

Note. SD = Standard Deviation; SE = Standard Error of the Mean; Min = Minimum;  

Max = Maximum. 

The diet composition of the thirty-three non-empty P. maculata is detailed below (Table 4). A 

total of two hundred two prey items, representing at least nine invertebrate orders, were 

identified. Based on the Index of Relative Importance (IRI), Coleoptera (beetles) were the most 

important prey item (IRI = 2566.7), ranking highest in both volume (20.8%) and frequency 

(57.6%). The second most important category was “Unidentified Arthropod” (IRI = 2173.7). This 

abundance was attributed to its high numeric abundance (31.2% and its presence in 69.7% of all 

non-empty stomachs), highlighting the prevalence of heavily digested prey. 

Diptera (flies; IRI = 1550.8) and Lepidoptera (moths/butterflies; IRI = 777.2) were also key 

components of the diet of Boreal Chorus Frogs. While numerically rare (2.0% of items), 

Lepidoptera was the single largest contributor by volume (62.1%). 
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Table 4: Diet Composition of Boreal Chorus Frogs (Pseudacris maculata) from southern Alberta, with 

Prey Items Ranked by Index of Relative Importance (IRI)(n=33).  

Note. Diet composition based on the stomach contents of 33 non-empty Boreal Chorus Frogs 

(Pseudacris maculata). F = raw frequency of occurrence (number of stomachs containing the 

prey taxon); N = total number of individual prey items; V = total volume of prey items. %F = 

percent frequency of occurrence; %N = percent numeric abundance; %V = percent volume. The 

Index of Relative Importance (IRI) = (%N + %V) * %F. Totals for N and V are based on the full 

prey count (202 items) and total volume (418.3 mm³). 

To further characterize foraging behaviour, prey items were classified by habitat zone (Table 5). 

The analysis of identifiable prey volume indicates that P. maculata primarily foraged on land, or 

at least terrestrial invertebrate families that may fall in the wetland and be foraged upon. 

However, aquatic resources were also utilized, with Aquatic Surface/Emergent prey contributing 

22% and Aquatic Sub-Surface prey contributing 5%. This observation corroborates the field 

observations that Boreal Chorus Frogs would opportunistically forage at the air-water interface, 

where individuals were observed striking at prey in response to visual movement cues. 

 

Prey Order N V (mm3) F %N %V %F IRI 

Coleoptera 48 87.1 19 23.8 20.8 57.6 2566.7 

Unidentified Arthropod 63 0 23 31.2 0.0 69.7 2173.7 

Diptera 44 27.8 18 21.8 6.6 54.5 1550.8 

Lepidoptera 4 259.9 4 2.0 62.1 12.1 777.2 

Hemiptera 15 24.7 12 7.4 5.9 36.4 484.7 

Hymenoptera 7 10.4 6 3.5 2.5 18.2 108.3 

Trombidiformes 9 0.8 7 4.5 0.2 21.2 98.6 

Araneae 6 7.0 6 3.0 1.7 18.2 84.3 

Sarcoptiformes 4 0.5 4 2.0 0.1 12.1 25.4 

Thysanoptera 2 0.1 2 1.0 0.0 6.1 6.2 

Grand Total 202 418.3 33         
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Table 5: Prey categories classified by habitat zone (Terrestrial, Aquatic Surface/Emergent, and 

Aquatic Sub-Surface) for Pseudacris maculata (n=33).  

Prey Habitat 

Sum Prey Volume 

(mm3) 

Prey Volume 

% 

Sum Prey Count 

  

Prey Count 

% 

Aquatic Sub-Surface 21.9 5.2 16.0 15.2 

Aquatic Surface/Emergent 92.9 22.2 61.0 58.1 

Terrestrial 303.5 72.6 28.0 26.7 

Total 418.3   105.0   

Note. Analysis excludes the 63 unidentified arthropod items that were too heavily digested to 

accurately assign a specific microhabitat category, preventing spatial bias. 

The diet composition was further explored by shifting focus to a structural matrix sorted by study 

site, based on the proportional volume of each prey order (Table 6). The primary source of dietary 

volume varied by site; Diptera (flies, mosquitoes) contributed the most volume to the Escape 

Coulee site, compared to the higher volume of Lepidoptera at both the Chinook and Silver Sage 

sites. To test for differences in diet composition between habitat types, the numeric frequency of 

prey orders was compared between the restored grassland (Silver Sage) and the pooled native 

prairie sites (Chinook and Escape Coulee). A Fisher’s Exact Test indicated that the overall diet 

composition differed significantly between site types (p < 0.001). The numeric frequency of prey 

orders was significantly different between restored grassland (Silver Sage) and the pooled native 

prairie sites (Chinook and Escape Coulee) (p < 0.001). This structural divergence was driven by a 

distinct taxonomic shift between landscapes: the diet of individuals in the restored grassland was 

heavily characterised by Coleoptera, which accounted for 29.1% of the site’s total numeric count 

(Table 6). In contrast, the pooled native prairie baseline sites exhibited different dominant 

profiles, notably at Escape Coulee where Diptera formed the primary volumetric contribution at 

71.0%. To quantify the magnitude of this habitat-driven variance, a post-hoc Cramer’s V analysis 
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was performed, revealing a moderately strong association (V = 0.42) between landscape matrix 

type and prey taxonomic frequency. 

Table 6: Taxonomic composition of prey items recovered from non-empty Pseudacris maculata  

(n = 33) across three study sites in Southern Alberta. Values represent the total count and total 

volume (mm3) per order, with the relative percentage of the total site contribution provided in 

parentheses. 

Study Site Prey Order Count (N) (%of site) Volume mm3 (% of site) 

Chinook Lepidoptera 1 (3.3%) 5.6 (54.0%) 

 Coleoptera 4 (13.3%) 2.3 (26.4%) 

 Trombidiformes 3 (10.0%) 0.6 (6.8%) 

 Sarcoptiformes 1 (3.3%) 0.2 (2.7%) 

 Unidentified* 19 (63.3%) 0.0 (0.0%) 

 Araneae 1 (3.3%) 0.0 (0.0%) 

 Diptera 1 (3.3%) 0.0 (0.0%) 

Escape Coulee Diptera 7 (22.6%) 7.1 (71.0%) 

 Coleoptera 3 (9.7%) 2.4 (23.9%) 

 Hemiptera 3 (9.7%) 0.5 (5.1%) 

 Unidentified* 15 (48.4%) 0.0 (0.0%) 

 Hymenoptera 2 (6.5%) 0.0 (0.0%) 

 Lepidoptera 1 (3.2%) 0.0 (0.0%) 

Silver Sage Lepidoptera 2 (1.4%) 254.3 (63.7%) 

 Coleoptera 41 (29.1%) 82.4 (20.6%) 

 Hemiptera 12 (8.5%) 24.2 (6.1%) 

 Diptera 36 (25.5%) 20.7 (5.2%) 

 Hymenoptera 5 (3.5%) 10.4 (2.6%) 

 Araneae 5 (3.5%) 7.0 (1.7%) 

 Sarcoptiformes 3 (2.1%) 0.2 (0.1%) 

 Trombidiformes 6 (4.3%) 0.2 (0.1%) 

 Thysanoptera 2 (1.4%) 0.1 (0.3%) 

  Unidentified* 29 (20.6%) 0.0 (0.0%) 

Note: Unidentified* includes prey items that could not be taxonomically identified. All sites had 

some degree of Unidentified prey items due to digestion. 
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To explore the diet of the female cohort in more detail, stomach contents were compared by 

reproductive status of the female Boreal Chorus Frogs (Table 7). The data supports field 

observations that gravid females forage less. Gravid females (n=11) consumed, on average, three 

times fewer prey items (Mean N = 2.2, SE = 0.8) than non-gravid females (n=14, Mean N = 6.6, 

SE = 1.7). 

Table 7: Descriptive Statistics for Total Prey Volume and Prey Count in Pseudacris maculata Females 

by Reproductive Status (n=25). 

Variable Reproductive Status n Mean SD SE  Min Max 

Total Prey Volume (mm3) Gravid 11 9.4 21.9 6.6 0.0 74.1 

 Non-Gravid 14 5.2 7.4 2.0 0.0 22.9 

Total Prey Count (N) Gravid 11 2.2 2.7 0.8 0.0 8.0 

  Non-Gravid 14 6.6 6.5 1.7 0.0 20.0 

Note. This table compares the total volume and number of prey items for all captured females 

with known reproductive status (n=25). SD = Standard Deviation; SE = Standard Error of the 

Mean; Min = Minimum; Max = Maximum. 

  



25 

 

The relationship between frog gape width and maximum prey size is presented below (Figure 4). 

For the thirty-three non-empty frogs, the data suggest a positive trend. This is driven by the 

largest prey items (15 mm and 21 mm), which were consumed by frogs with gape widths of 5.0 

mm and 6.0 mm respectively. However, the majority of prey items consumed by all frogs were 

smaller than 8.0 mm.  

  

Figure 4: Relationship between gape width (mm) and maximum prey length (mm) consumed by 

Pseudacris maculata (n=33). Prey length is presented on a natural logarithmic scale to normalize 

variance. The solid line illustrates the linear regression trend, with the grey shaded region 

representing the standard error (SE). 
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There was no significant correlation between SVL and maximum prey size (ρ = 0.258, p = 

0.154). However, there was a positive trend between gape width and maximum prey size (ρ = 

0.312, p = 0.082) (Figure 5).  

 

Figure 5: Relationship between predator morphology and maximum ingested prey length (mm, natural 

log scale) for Boreal Chorus Frogs (Pseudacris maculata) (n = 33). Panel A displays the trend for 

predator gape width (mm); Panel B displays the trend for predator snout-vent length (SVL, mm). 
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There was no significant difference in the total volume of prey consumed between males and 

females (W = 361, p = 0.291; Figure 6). Foraging females exhibited a median prey volume of 

11.2 mm3 (range: 0.1-74.1 mm3) which was statistically indistinguishable from the male median 

intake of 10.8 mm3 (range: 0.2-23.9 mm3).  

 

Figure 6: Distribution of total prey volume (mm3) consumed by female (n = 19) and male (n = 14) 

Pseudacris maculata. Prey volume is presented on a natural logarithmic scale to improve 

visualization of the data spread. The thick horizontal line represents the median, the box 

represents the interquartile range (IQR), and individual points represent individual frogs with 

non-empty stomachs.  
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Similarly, no significant difference was detected in the absolute number of prey items consumed 

between sexes (W = 137.5, p = 0.883; Figure 7). However, the underlying structural distribution 

of prey counts revealed distinct foraging patterns between the cohorts. The female cohort 

exhibited a highly skewed foraging strategy, the median feeding output was low at three items per 

stomach, yet individual variation was high, impacted by heavy-feeding outliers consuming up to 

14 and 20 items. In contrast, the male cohort demonstrated a more uniform, consistent foraging 

output, centred around a higher median of six items per stomach with a compressed overall 

variance. 

 

Figure 7: Total number of prey items (N) consumed by female (n = 19) and male (n = 14) Pseudacris 

maculata with non-empty stomachs. The thick horizontal line represents the median, the box 

represents the interquartile range (IQR), and individual points represent the exact prey counts for 

individual frogs. 
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To evaluate the energetic trade-offs of reproduction, foraging success was compared between 

gravid (n = 11) and non-gravid (n = 14) females (Figure 8). While reproductive status constrains 

how often females forage, it does not necessarily reduce their maximum volumetric intake. 

Gravid females exhibited a higher mean total prey volume (9.4 ± 6.6 SE mm3) compared to non-

gravid females (5.2 ± 2.0 SE mm3). This distribution is highly skewed; while the medians remain 

visually comparable, the gravid cohort’s volume is driven by opportunistic consumption of 

exceptionally large prey items, creating a massive upper variance (maximum volume: 74.1 mm3) 

compared to the more constrained intake of the non-gravid cohort.

 

Figure 8: Distribution of total prey volume (mm3) consumed by gravid (n = 11) and non-gravid 

 (n = 14) female Pseudacris maculata. Prey volume is presented on a natural logarithmic scale to 

improve visualization of the data spread. The thick horizontal line represents the median, the box 

represents the interquartile range (IQR), and individual points represent individual frogs with 

non-empty stomachs. 
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The GLM indicated that reproductive status was a significant predictor of prey count (z = 4.811, p 

< 0.001). To quantify the magnitude of this biological constraint, an Incidence Rate Ratio (IRR) 

was calculated as a measure of effect size, revealing that non-gravid females consumed prey at a 

rate 3.01 times higher than gravid females. To ensure robustness, a parallel one-way Analysis of 

Variance (ANOVA) on log-transformed counts was performed, which yielded a similar biological 

trend, though is was marginally non-significant under a linear framework (F(1,23) = 2.94, p = 

0.100). Consequently, the primary count model confirms that non-gravid females consumed 

significantly more prey items than gravid females (Figure 9). 

 

Figure 9: Total number of prey items consumed by gravid (n = 11) and non-gravid (n = 14) female 

Pseudacris maculata. The thick horizontal line represents the median, the box represents the 

interquartile range (IQR), and individual points represent the exact prey count for individual 

frogs with non-empty stomachs. 
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3.3 Breeding Season Baseline for Spea Bombifrons 

While targeted sampling efforts successfully captured five adult male Plains Spadefoots at the 

Escape Coulee native prairie site, 100% of the recovered individuals exhibited entirely empty 

stomachs. This uniform lack of stomach contents prevented further taxonomic or volumetric 

trophic modeling for the species. However, this finding establishes an important morphological 

and behavioral baseline for Canadian populations at the northern limit of their range. The 

physical parameters of the captured S. bombifrons cohort were highly uniform, exhibiting a mean 

SVL of 50.6 ± 6.2 mm (range: 44.0-60.0 mm) and a mean gape width of 19.2 ± 1.3 mm (range: 

18.0-21.0 mm). This complete cessation of foraging activity aligns with the specialized, 

explosive breeding strategy characteristic of fossorial anurans in semi-arid environments 

(Dimmitt & Ruibal, 1980). Because these amphibians rely on ephemeral wetlands that can 

desiccate within weeks of formation, males must prioritize 100% of their time and energy into 

vocalization and mating displays, completely suspending foraging behavior to maximize 

reproductive success before the water resource disappears. 

3.4 Summary of Results 

In summary, the statistical analyses of this regional assemblage revealed that while broad 

morphological dimensions do not structurally vary by locality, anuran foraging outcomes are 

intensely shaped by a combination of external landscape matrices and internal physiological 

states. For Pseudacris maculata, local habitat type acted as a primary driver of taxonomic and 

volumetric diet composition, distinguishing the Coleoptera-heavy profiles of restored uplands 

from the Diptera-dominated baselines of native prairie. Furthermore, while absolute sex-based 

differences in energetic uptake were absent, female foraging dynamics were profoundly 

constrained by reproductive state, with gravid females experiencing a significant reduction in 
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prey count frequency. While a 100% empty stomach rate among captured Spea bombifrons 

prevented further trophic modelling for the species, it establishes an important baseline regarding 

breeding season capture states.  
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CHAPTER 4:  DISCUSSION 

The trophic profiles and foraging dynamic observed in this study reveal four distinct ecological 

and physiological patterns that underpin the community role of Pseudacris maculata within the 

grassland and native prairie landscapes of southern Alberta. First, P. maculata exhibited a broad, 

generalist diet dominated by terrestrial arthropods. Coleoptera and Diptera were the most 

significant prey items based on the Index of Relative Importance (IRI), consistent with the 

opportunistic foraging strategy typical of hylids (Ethier et al., 2021; Toft, 1981). However, while 

numerically rare, Lepidoptera contributed the majority of the dietary volume, suggesting they 

represent a high-value energetic resource that drives a distinct optimal foraging strategy. While 

the data did not support hypotheses regarding sexual dimorphism or a linear relationship between 

body length (SVL) and prey size, they confirmed that diet composition is significantly influenced 

by site and that female foraging frequency is constrained by reproductive status. Collectively, 

these statistical results show how both the local environment and the anuran biology shape their 

feeding habits, setting up a clear framework to discuss their foraging behaviour and conservation 

in changing prairie ecosystems.  

4.1 Determinants of Diet Matrix and Habitat Divergence 

Statistical testing confirmed that local habitat was a significant factor of diet composition. The 

Fisher’s Exact Test (p < 0.001) indicated that the dietary profile of P. maculata differs 

significantly between the restored grassland and native prairie sites. This confirms the differences 

observed (such as the prevalence of Diptera at Escape Coulee versus Coleoptera at Silver Sage) 

are not artifacts of sampling design but represent a genuine ecological response to local 

invertebrate availability. For instance, the statistical dominance of Diptera at the native prairie 

site (Escape Coulee) likely reflects a high local abundance of wetland-associated mosquitoes 
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(Culicidae), whereas the Coleoptera-dominated diet at the restored grassland (Silver Sage) was 

composed primarily of flea beetles (Chrysomelidae), a known agricultural pest of canola crops 

(Li et al., 2024). This dominance aligns with previous research on chorus frogs and other 

amphibians, which consistently characterizes them as opportunistic generalists (Ethier et al., 

2021; Toft, 1981). Notably, taxonomic identification revealed that these broad categories were 

represented by a high number of specific pest species: Coleoptera were primarily represented by 

flea beetles (Chrysomelidae), a known agricultural pest, while Diptera were dominated by 

mosquitoes and midges (Culicidae) (Li et al., 2024). These prey orders are typically abundant in 

prairie wetlands (Semlitsch et al., 2015), suggesting that P. maculata consumes prey largely in 

proportion to availability and operates as a true generalist capable of thriving on diverse 

invertebrate communities.  

Furthermore, the high prevalence of these specific insect groups highlights the potential role of P. 

maculata in providing ecosystem services through the biological control of both crop pests in 

restored upland habitats and disease vectors in wetland systems. The classification of prey by 

habitat zone further supports this, indicating that P. maculata acts primarily as a terrestrial forager 

within the wetland complex. With 73% of identifiable prey volume originating from terrestrial 

sources (or perhaps terrestrial species that fall in the water), these frogs appear to forage 

extensively on wetland banks and in upland grasses, rather than strictly in the water column 

during the breeding season. This reliance on terrestrial prey highlights the importance of the 

riparian and upland habitat immediately surrounding the wetland for maintaining amphibian 

populations (Hopkins, 2007).  
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4.2 Morphological and Physiological Foraging Trade-Offs 

When examining predator morphology, the data suggest that physical constraints on foraging are 

primarily driven by specific mouth dimensions rather than overall body length. While neither GW 

nor SVL showed a statistically significant linear correlation with maximum prey size, gape width 

exhibited a positive trend (p = 0.08) and a stronger correlation coefficient (ρ = 0.31) than SVL (ρ 

= 0.26). This lends weight to the biological prediction that mouth width, rather than total body 

length, acts as the primary physical constraint on the ingestion of large prey items. This gape 

limitation has been documented in metamorphosed spadefoot toads, where larger individuals are 

more successful at capturing larger prey (Newman, 1999). The lack of statistical significance may 

be attributed to the limited sample size (n = 33) and the high proportion of small prey consumed 

by all frogs regardless of size, which effectively reduces the signal of the maximum limit.  

However, the volumetric importance of Lepidoptera reveals a nuance. Although numerically rare 

(2.0%), Lepidoptera contributed over 62% of the total dietary volume. This suggests that while P. 

maculata frequently consumes small, abundant prey like beetles and flies, the opportunistic 

capture of large, high-energy prey like caterpillars likely plays a disproportionate role in their 

overall energetic intake. This strategy of relying on frequent small meals supplemented by rare, 

high-value items is an efficient foraging mode for small ectotherms in variable environments 

(Roner et al., 2020; Toft, 1981). This ability to exploit large, high-energy prey appears to be 

morphologically constrained; the positive trend between gape width and maximum prey size 

(Figure 6) suggests that larger frogs have a wider dietary niche breadth, granting them access to 

the largest, most calorie-dense prey items (Newman, 1999; Emerson, 1985).  

In addition to these structural mouth constraints, the dataset revealed an unexpected descriptive 

pattern regarding overall body size dimensions. Contrary to the expected pattern of female-biased 
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sexual size dimorphism typical for Pseudacris maculata across its range (Ethier et al., 2021), 

males within this non-empty sample exhibited a slightly larger mean snout-vent length (SVL) 

than females. This subtle variation in body size, however, did not translate into a divergence on 

actual resource consumption between the sexes. The analysis of sexual dimorphism revealed no 

significant variation between the sexes. The Wilcoxon Rank Sum Test revealed no significant 

difference in total prey between males and females (p = 0.29). Descriptive outliers suggested that 

females were capable of consuming exceptionally large meals; however, the statistical result 

clarifies that while females can achieve higher maximum volumes, the typical (median) energetic 

intake for males and females is statistically indistinguishable during the breeding season. 

In contrast, a highly significant physiological trade-off was identified within the female cohort 

based on reproductive condition. The GLM confirmed that reproductive status is a strong 

predictor of foraging frequency (p < 0.001), confirming that gravid females consumed 

significantly fewer prey items than non-gravid females (mean counts of 2.2 vs. 6.6 respectively). 

This descriptive pattern aligns with field observations of smaller stomach plugs in gravid 

individuals and reflects a behavioural trade-off documented in other anuran species (Garcia et al., 

2015). The reproductive condition of females in this study aligns with recent phenological 

observations of P. maculata in Colorado, USA (Goldberg, 2021), suggesting this behaviour is tied 

to specific breeding windows.  

This reduction in prey count was accompanied by a large standard error in prey volume for the 

gravid group (SE = 6.6 mm3), reflecting highly variable individual intake driven by a few 

exceptionally large items. For example, one gravid female consumed a single caterpillar with a 

volume of 73.8 mm3. This example suggests that while gravid females may reduce their 
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movement and foraging frequency to save energy, they remain capable of capitalizing on high-

value prey items when encountered.  

This unique foraging pattern is likely influenced by a combination of physical and physiological 

constraints. Physically, the abdominal cavity of a gravid female is distended with eggs, 

compressing the stomach and mechanically limiting the volume of food that can be ingested or 

held (Nunes-de-Almeida & Haddad, 2019). Physiologically, this reduction may be mediated by 

hormonal signals, similar to the leptin-induced appetite suppression observed in female 

Spadefoot Toads (Garcia et al., 2015). By reducing foraging activity, gravid female Boreal 

Chorus Frogs may also minimize their exposure to predation during a life stage where locomotor 

performance is compromised by mass (Garcia et al., 2015). 

The distinct morphometric and reproductive adjustments observed in this study provide strong 

empirical support for core tenets of Optimal Foraging Theory (OFT) within a prairie context. 

Classic foraging models dictate that generalist predators optimize their energy economics by 

balancing handling time against a prey item’s nutritional profitability (Pyke et al., 1977). This is 

clearly demonstrated by the disproportionate volumetric contribution of Lepidoptera larvae; 

despite being numerically rare, these large prey items represent a high-profitability resource that 

justifies the energetic investment of capture for an opportunistic forager (Toft, 1981). This 

energetic optimization, however, is mechanically moderated by functional morphology. The 

positive trend observed between gape width and maximum prey size aligns with established 

constraints where cranial dimensions set the upper boundary on an individual’s dietary niche 

breadth (Emerson, 1985; Newman, 1999). Furthermore, the distinct behavioural rules observed in 

reproductive females fit cleanly within Jaeger and Rubin’s (1982) tactical selectivity framework. 

The significant reduction in foraging frequency among gravid Boreal Chorus Frogs suggests a 
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strategic shift in decision priorities, where individuals actively minimize movement to mitigate 

heightened predation risks and conserve energy, while selectively capitalizing on highly 

profitable, large prey items when an immediate opportunity arises. 

4.3 Conservation Implications and the Pesticide Paradox 

The findings of this study support a holistic conservation strategy that encompasses both 

wetlands and their surrounding uplands. The dietary analysis revealed that 73% of the identifiable 

prey volume consumed by P. maculata was terrestrial in origin, indicating that these amphibians 

are energetically dependent on the upland habitat surrounding wetlands, rather than strictly the 

aquatic column itself. This reliance on terrestrial subsidies reinforces the need to protect “buffer 

zones” of native vegetation around breeding ponds. Research on Pseudacris life history confirms 

that adults migrate from upland overwintering sites to breed and then return to terrestrial habitats 

shortly after spawning (Ethier et al., 2021; Lee & Randall, 2022). Consequently, management 

practices that cultivate crops directly up to the wetland edge sever the landscape link between 

wetland breeding habitat and the terrestrial foraging grounds required for survival. 

This study provides empirical evidence that prairie amphibians contribute to regulating 

ecosystem services by consuming agricultural pests (Hocking & Babbitt, 2014). The 

identification of mosquitoes (Culicidae) and flea beetles (Chrysomelidae) in the diet of P. 

maculata assigns a tangible economic value to these species as consumers of known pests to 

humans (Li et al., 2024). While naturalists and non-government organizations have traditionally 

driven conservation efforts, framing amphibians as indicators of productive, sustainably managed 

land may resonate more effectively with agricultural producers. Interactions with nearby 

landowners, including ranchers and producers, during this study revealed a growing interest in 

stewardship, particularly among younger generations concerned with their ecological footprint 
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(Hartel et al., 2019). Promoting amphibians not just as fragile species at risk, but as signs of a 

healthy, functioning landscape (ACA, 2019), may be the most effective strategy for securing 

amphibian habitat on private lands. 

This economic service, however, introduces a complex ecotoxicological trade-off. Pseudacris 

maculata remains widespread and abundant across Alberta, persisting in landscapes where other 

species have declined. This resilience is likely underpinned by their small body size, which 

allows them to use micro-habitats for overwintering, and their dietary plasticity. Their 

predominantly terrestrial foraging strategy (73% of prey volume) shapes their ecotoxicological 

risk profile in modified landscapes. Recent ecotoxicological research indicates that while aquatic 

runoff heavily impacts breeding pools (Anderson, 2005), upland terrestrial habitats can be subject 

to significant pesticide accumulation via spray drift, dust from treated seeds, and direct soil 

deposition (Van Meter & Glinski, 2021). Consequently, foraging on land does not shield P. 

maculata from agrochemicals; rather, it shifts their exposure from aquatic pathways to the 

terrestrial routes. 

This terrestrial presence creates a unique, compounded vulnerability. In addition to direct dermal 

contact with contaminated upland soils and vegetation, their diet of agricultural pests (e.g., flea 

beetles) opens a direct dietary pathway for further contaminant exposure. Because flea beetles are 

the primary target of neonicotinoid seed treatments (Sekulic & Rempel, 2016) and regularly 

come in contact with other agrochemicals, P. maculata may be ingesting concentrated toxins 

directly from their prey. This finding complicates the narrative of the “resilient generalist” and 

suggests that the combination habitat exposure and dietary intake may be an underestimated 

threat for this species in high-intensity agricultural zones (de Oliveira et al., 2025). This link is 

particularly relevant in restored grasslands like Silver Sage, where historical cultivation may have 
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established persistent pest populations, forcing individuals to interact directly with the 

agricultural food web. 
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CHAPTER 5:  CONCLUSION 

 

5.1 Historical Baselines and Data Gaps 

Prior to this study, the only comprehensive assessment of Pseudacris maculata diet in Alberta 

was conducted by Moore and Strickland (1954; 1955), who examined the stomach contents of 37 

adults from southern Alberta. They identified Coleoptera and Diptera as the “main sources of 

food” for P. maculata, a finding that has been mirrored by the current study where these two 

orders ranked highest in Index of Relative Importance (Moore & Strickland, 1954). The historical 

study noted a prevalence of families such as Carabidae (ground beetles) and Curculionidae 

(weevils), as well as Tipulidae and Culicidae (mosquitoes) among the Diptera (Moore and 

Strickland, 1954). The persistence of this broad diet composition suggests that P. maculata has 

maintained its role as a terrestrial generalist despite seven decades of significant landscape 

conversion and agricultural intensification in southern Alberta. 

However, the current study expands significantly upon this historical snapshot by incorporating 

volumetric analysis alongside traditional frequency metrics. Moore and Strickland (1954) noted 

the presence of Lepidoptera (moths and caterpillars) but, relying on numeric counts, did not 

identify the order as a major dietary component. In contrast, the current volumetric analysis 

revealed that while Lepidoptera remain numerically rare (consistent with the 1954 baseline), they 

constitute the absolute majority of the total prey biomass consumed. This discrepancy highlights 

a critical vulnerability in historical methodologies; relying solely on numeric abundance 

overemphasises the tiny, highly frequent prey items while completely obscuring the caloric 

contributions of larger taxa. By employing indices like the Index of Relative Importance, this 
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study reveals the cryptic energetic importance of rare, large prey items that traditional numeric 

surveys may underestimate. 

Beyond P. maculata, these findings reveal a profound, long-term data deficiency for other prairie 

amphibians across the province. Despite targeted survey efforts, Northern Leopard Frogs 

(Lithobates pipiens), Great Plains Toads (Anaxyrus cognatus), and Western Tiger Salamanders 

(Ambystoma mavortium) were not captured in sufficient numbers to permit meaningful dietary 

analysis. This is a critical gap; the Northern Leopard Frog is legally designated as “Threatened” 

under the “Wildlife Act”, while the Great Plains Toad and Plains Spadefoot are listed as “May Be 

At Risk” in Alberta (Government of Alberta, 2025).  

The last comprehensive dietary analysis for these species in the province dates back to the 

original 1950s surveys (Moore & Strickland, 1954; 1955). Given the agricultural intensification 

that has occurred since then, updated dietary baselines are urgently needed to determine if these 

declining species face nutritional constraints or heightened pesticide exposure risks similar to 

those identified here for P. maculata. Future research should prioritize these “missing” species, 

employing targeted capture techniques or fecal DNA collection to build a complete picture of the 

contemporary prairie amphibian food web. 

5.2 Methodological and Seasonal Limitations 

The primary analytical limitation was the high proportion of “Unidentified Arthropod” material 

(IRI = 2173.7), which occurred in nearly 70% of all non-empty stomachs, accounted for a 

substantial portion of the total dietary volume. This finding points to a systematic 

underrepresentation of soft-bodied prey due to rapid digestion, a known limitation of stomach 

flushing techniques (Solé & Rödder, 2010). While stomach flushing is an invaluable, non-lethal 
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method for dietary analysis, it inherently biases results in favour of heavily sclerotized taxa like 

beetles (Solé et al., 2005). The capture of soft-bodied prey is facilitated by the non-Newtonian, 

viseoelastic properties of frog saliva, which adheres tightly to prey during the initial strike (Noel 

et al., 2017). This adhesion, combined with the mechanical action of ingestion and subsequent 

flushing, likely accelerates the maceration of soft invertebrates (e.g., Dipteran larvae, aphids), 

rendering them unidentifiable faster than hard-bodied prey. Given this high contribution of 

unidentifiable material, the true dietary diversity of P. maculata is likely greater than the 

taxonomic list suggests. Future studies could overcome this limitation by employing DNA 

metabarcoding on stomach contents to further identify soft tissues that are visually unidentifiable.  

A secondary limitation was the unevenness of sample size across sites. While the Silver Sage site 

yielded a robust cohort (n=36), significantly fewer individuals were recovered at Chinook (n=4) 

and Escape Coulee (n=5). Because individual morphometric models pooled all collected frogs 

into a single continuous dataset (n=33 non-empty stomachs), this localized scarcity did not 

weaken the overall statistical power of the regression analyses. However, this high variance in 

localized capture rates does restrict the reliability of localized, site-to-site descriptive 

comparisons, reducing the statistical power needed to run multi-site tests of differences in 

regional morphology or diet composition. Furthermore, the absence of concurrent invertebrate 

sampling limits the interpretation of prey selection versus availability. While the diet appears 

generalist, future studies should incorporate simultaneous invertebrate surveys to definitively 

determine whether P. maculata is consuming prey in proportion to their environmental abundance 

or exhibiting selectivity. 

Finally, this study was restricted to the spring breeding season (April to June). While this captures 

the critical period of reproductive energy expenditure, high activity of breeding vocalization, and 
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the assembly of populations in a smaller area, it misses the foraging period for lipid reserves 

which occurs in late summer prior to winter dormancy. For fossorial species like S. bombifrons, 

which rely on lipid reserves to survive up to 10 months of dormancy (Dimmit & Ruibal, 1980), 

the foraging in July and August is likely more intense and potentially different in composition 

than what was observed in spring. Similarly, P. maculata individuals must gain significant energy 

stores to produce glucose cryoprotectants for freeze tolerance during winter (Ethier et al., 2021). 

Therefore, the dietary profiles described here should be viewed as a “breeding season snapshot” 

rather than a comprehensive annual diet. Ultimately, this temporal limitation, coupled with the 

small sample sizes at secondary sites, demands careful consideration when drawing broad 

regional inferences or making management decisions across the prairies.  

5.3 Future Research and Conservation Horizons 

The upland-wetland connection identified in this study highlights a need to expand conservation 

frameworks from localized wetland monitoring to broader terrestrial landscape management. This 

upland connection is likely even more important for fossorial specialists like the Plains 

Spadefoot. This species requires sandy, well-drained soils in native grassland habitats to construct 

the deep burrows necessary for brumation and estivation (Lauzon, 1999; Taylor, 2004). The 

observation of 100% empty stomachs in breeding males during this study strongly suggests that 

their energy acquisition occurs almost entirely in these upland habitats prior to or after the 

explosive breeding window (Dimmit & Ruibal, 1980). While their association with sandy soils is 

well-documented in Alberta (Lauzon, 1999), specific data on their movement corridors and 

brumation depths in Canada remain limited. Consequently, this species’ seasonal reliance on 

terrestrial landscapes represents a significant knowledge gap that underscores the need for future 

tracking studies, and expanded dietary analyses conducted outside of the breeding season. 
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Future ecological assessments must transition from descriptive dietary catalogs to active models 

of foraging preference. A key limitation of this study was the absence of concurrent invertebrate 

surveys, which prevents the calculation of standard electivity indices to establish selection 

parameters (i.e., are frogs choosing beetles, or just eating them because they are everywhere?). 

Future dietary assessments should incorporate simultaneous field collection methods, such as 

pitfall or sweep-net surveys of local invertebrates to definitively determine whether P. maculata 

exhibits taxonomic preference or simply reflects environmental availability across different 

habitat types (Grant et al., 2013). 

Perhaps the most urgent avenue for future research lies at the intersection of diet and toxicology. 

This study confirmed that P. maculata consumes flea beetles (Chrysomelidae), which are the 

primary target of neonicotinoid seed treatments in canola production (Sekulic & Rempel, 2016). 

This dietary link creates a potential pathway for the bioaccumulation of neurotoxins within the 

upland food web. While amphibians are frequently cited as “canaries in the coal mine,” their 

sensitivity to specific agricultural contaminants varies significantly by species and life-history 

stage (Kerby et al., 2010). Given that P. maculata in the Canadian prairies has already been 

shown to bioaccumulate contaminants like mercury (Boczulak et al., 2017), future research 

should explicitly quantify agrochemical levels in amphibian tissues and prey items. Such 

toxicological monitoring is essential to determine if their role as “pest control agents” is exposing 

them to lethal or sublethal chemical loads on agricultural landscapes (de Oliveira et al., 2025). 

5.4 Synthesis and Final Summary  

The dietary patterns observed in Pseudacris maculata and Spea bombifrons provide empirical 

support for several core tenets of Optimal Foraging Theory (OFT) within a seasonal prairie 

context. As established by Pyke et al. (1977), predators prioritize prey that maximizes net energy 
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intake relative to handling time. This optimization is shown in this study by the disproportionate 

volumetric contribution of Lepidoptera (62.1%); despite being numerically rare, these large prey 

items represent a highly profitable resource that justifies the energetic costs of capture for a 

generalist forager (Toft, 1981). This energetic optimization is physically moderated by functional 

morphology. The positive trend between gape width and maximum prey size aligns with 

Emerson’s (1985) models, confirming that cranial dimensions act as the primary mechanical 

constraint on a species' dietary niche.  

Furthermore, the tactical selectivity identified by Jaeger and Rubin (1982) provides a framework 

for the behavioral trade-offs observed in reproductive females. The significant reduction in 

foraging frequency among gravid Boreal Chorus Frogs suggests a shift in "decision rules," where 

individuals may minimize movement to reduce heightened predation risk and conserve physical 

energy while selectively capitalizing on high-value prey when encountered.  

At the community level, the dietary overlap and spatial separation between species support the 

principles of resource partitioning. The high reliance on terrestrial prey (73%) during an aquatic 

breeding event demonstrates spatial partitioning that likely reduces direct competition with other 

sympatric amphibians (Toft, 1985; Das, 1996). Modern ecological frameworks by Meyer et al. 

(2025) suggest that such generalist predators can exert effective top-down pressure on specific 

prey, such as agricultural pests, without destabilizing the broader invertebrate community. 

However, this "resilient generalist" strategy may create a direct dietary pathway for contaminant 

exposure if targeted prey items, such as flea beetles, are associated with systemic agrochemicals 

(de Oliveira et al., 2025). By integrating these theoretical frameworks, the results of this study 

clarify the complex energetic and environmental factors that sustain amphibian populations 

across modified landscapes. 
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In conclusion, this thesis provides the first update on the dietary ecology of prairie amphibians in 

Alberta since the 1950s. The findings characterize Pseudacris maculata as a resilient terrestrial 

generalist that provides ecosystem services within the working landscapes of the Dry Mixedgrass 

Natural Subregion, including consuming invertebrates considered pests to humans. However, this 

resilience is not absolute; it is constrained by morphological limits, reproductive energy trade-

offs, and the availability of diverse terrestrial prey. Furthermore, the precarious status of Spea 

bombifrons, highlighted here by the observation of reproductive failure during drought, 

underscores the vulnerability of specialized species to a changing climate and landscape. By 

identifying these biological patterns and habitat dependencies, this research offers a scientifically 

grounded baseline for the proactive management of common and at-risk amphibians in an 

increasingly modified world (Sterrett et al., 2019; González-del-Pliego et al., 2019). 
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