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ABSTRACT 

As the world continues to change due to climate change and human modification of 
landscapes, some species have become threatened or extinct while others thrive in these 
new conditions. The coyote (Canis latrans) expanded its range across North America 
since the early 1900s and arrived to Cape Cod, Massachusetts in the 1970s. The Cape 
Cod National Seashore, located on outer Cape Cod, is a protected area that contains 
important nesting habitat for two threatened shorebird species: the least tern (Sternula 
antillarum) and the piping plover (Charadrius melodus). Human landscape modification, 
predation, and other factors have contributed to the decline and decreased ranges of both 
shorebird species. The coyote is known to be an opportunistic omnivore that consumes 
what is most readily available in their environment, including, potentially, shorebirds. 
However, the extent of shorebird predation by coyotes in this ecosystem remains 
unknown. To understand the potential impact of the coyote on protected shorebirds, we 
analyzed coyote diet using DNA metabarcoding. The objectives of this study were to (i) 
evaluate the presence and contribution of threatened shorebirds to coyote diet, and (ii) 
examine seasonal and sex-based variation in coyote diet. We collected coyote scats from 
surveys during the fall of 2022 (when no shorebirds were present on the landscape) and 
summer of 2023 (when shorebirds were present on landscape) and used metabarcoding to 
estimate diet composition. We first species-typed the scat samples to confirm species and 
genotyped the scats to identify sex and individuals. We used metabarcoding of a subset of 
samples to identify the presence of shorebirds and other vertebrates. In total, we collected 
215 scat samples in the fall and 213 in the summer, identifying 57 and 55 unique 
individuals, respectively (21 individuals detected in both seasons). We chose samples for 
metabarcoding by selecting from as many distinct individuals as possible, providing at 
least one sample from each uniquely identified coyote.  

We found 27 distinct vertebrate diet items, but no DNA from piping plover or least tern 
in any samples, suggesting that these shorebirds do not constitute a meaningful 
component of coyote diet. However, we observed a high frequency of human food 
sources, such as chicken, cow, and pig in the samples (over 70% of scats containing 
human food in the summer and over 50% in the fall). We also detected white-tailed deer 
in high frequency (45% in the fall and 65% in the summer), as well as smaller mammals 
(over 50% in the fall and 65% in the summer). Additionally, we found two threatened 
species: the New England cottontail (Sylvilagus transitionalis), a species of greatest 
conservation need, and Eastern spadefoot (Scaphiopus holbrooki), a state threatened 
species, present in samples from both seasons. We also detected a variety of fish and 
larger marine mammals in the samples. Dietary diversity, measured as species richness 
and Shannon’s diversity, was higher during the summer than in the fall, and no 
significant differences were detected between male and female coyote diets. Our work 
suggests that currently, coyotes are not likely to exert predation pressure on shorebird 
populations of concern. Our findings also indicate that alternate threatened species could 
be at risk of coyote predation, and human food consumption by coyotes should be 
monitored to examine risks to ecosystem health and coyote wellbeing. 
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CHAPTER 1: ESTIMATING COYOTE DIET AND PREDATION ON 
THREATENED SHOREBIRDS USING DNA METABARCODING ON THE 

CAPE COD NATIONAL SEASHORE 
 

1.1. Introduction 

 
Anthropogenic causes and climate change can dramatically alter and reshuffle a 

biological community (Cunningham et al., 2016). This alteration can impact a species’ 

range distribution in complex ways (Cunningham et al., 2016). While some species 

experience diminished ranges and face the threat of extinction (Kanagaraj et al., 2019, Hu 

et al., 2010, Sadinski et al., 2020) others can flourish in these new conditions (Bombi et 

al., 2011, Bevins et al., 2014, Keena et al., 2023). Adaptable species that are capable of 

flourishing despite major human modifications to the ecosystem can, at times, expand 

their ranges. However, the impact of these expansions can be complex. Native species 

can become ‘native invaders’ when they expand well beyond their historical ranges and 

increase population size, potentially impacting the persistence and survival of other 

species in the community (Carey et al., 2012). One example of a species that is native but 

has expanded its range in the California ecosystem is the barred owl, Strix varia 

(Gutiérrez et al., 2007). The barred owl causes potential conservation issues as it creates 

competition for an endangered native owl species in the same ecosystem, the spotted owl 

(Strix occidentalis) (Gutiérrez et al., 2007). A diet study published in 2022 indicates that 

management of the barred owl populations in California may benefit these other native 

species (Kryshak et al., 2022). 
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The expansion of these species into new territory impacts not only the biological 

community, but also human health through zoonotic diseases spillover and degradation of 

ecosystem health (Pecl et al., 2017). Determining if, when, and how to manage native 

invader species is a major conservation question challenging ecosystem managers today. 

While some ecosystem managers argue for lethal management strategies for vertebrate 

native invaders, others feel that the removal of these species can cause a cascade of other 

environmental and economic issues (Goodrich & Buskirk, 1995). Having information on 

the impacts of native invaders to their novel ecosystems is critical for making decisions 

about management responses.  

The introduction of a vertebrate native invader to a novel ecosystem can impact 

the local ecological food web through predation and competition (Barbosa & Castellanos, 

2005). Predation can impact prey population ranges positively or negatively. While direct 

consumption of prey can limit the prey’s immediate population numbers, predation can at 

times prevent a prey population from reaching their carrying capacity and succumbing to 

extinction (Holt & Barfield, 2009). Specialist predators can constrain the distribution of 

their prey species, while generalist predators have a more complex role (Holt & Barfield, 

2009). Studies have shown that generalist predators can, at times, have a stabilizing effect 

on a food web dominated by specialist predators (Hanski et al., 1991). Generalist 

predators are typically more adaptable and resilient to climate change and changing 

ecosystems, as well (Terraube et al., 2011). This allows generalist species to benefit from 

prey niches potentially not exploited by specialist predators (Vitense et al., 2016).  
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“Native invader” species can be specialists or generalists depending on the environment, 

making it challenging to disentangle their impact in a newly colonized area. 

The eastern coyote (Canis latrans) is one of the most abundant predator species 

in the Northeastern United States. While once present in North America primarily in the 

Western US, the coyote has migrated eastward since the early 1900s, significantly 

expanding their range (Hody & Kays, 2018). It is believed that the rapid expansion of the 

coyote can in part be attributed to the targeted extirpation of the grey wolf (Canis lupus), 

in most of the contiguous United States, thereby reducing competition for food for the 

coyote (Hody & Kays, 2018). Additionally, the conversion of forested habitat to farmland 

has created more suitable habitat for the coyote, which tends to prefer open landscapes 

(Hody & Kays, 2018). While coyotes are considered a native species in the United States, 

their expansion and increased abundance can put them in the category of native invaders, 

with the potential to impact the ecological food chain in these new environments. This 

impact can be seen most directly in coyote diet and predation patterns. Coyotes have 

proven to be adaptable and opportunistic omnivores, able to consume food sources most 

readily available in their environments. A study conducted in New York in 2020 

examining the diet of coyotes indicated that white-tailed deer (Odocoileus virginianus) 

were among some of their most popular food sources (Peterson et al., 2021). In addition, 

rodents, birds, plant matter, and, at times, human food, can be found in coyote diet 

(Peterson et al., 2021). Due to their adaptable nature, coyotes have been able to expand 

into urban and semi-urban environments and exploit a variety of human food sources, 

such as processed foods containing high quantities of carbohydrates and other human 



4 
 

garbage (Murray et al., 2015). Some coyotes consume a greater variety of food items in 

these urban environments, but many factors influence coyote dietary composition (Jensen 

et al., 2022). Increased consumption of anthropogenic food sources by coyotes has been 

correlated with worsened body condition, temperament, and overall health (Sugden et al., 

2020). Expansion into urban and semi-urban environments and increased human food 

consumption can also increase the risk of human-wildlife conflicts and conflicts between 

coyotes and other species of concern. Because coyotes tend to be such generalist 

predators, incorporating threatened species into their diet could pose deleterious to the 

preservation of these species. For regions recently colonized by coyotes, more research is 

needed to determine the impacts of an expanding coyote population on the rest of the 

ecosystem and potential prey species of concern.  

Cape Cod, Massachusetts, is home to federally protected shore bird species such 

as the piping plover, Charadrius melodus, and least tern, Sternula antillarum. While the 

piping plover was once quite common, hunting in the 19th and 20th centuries, combined 

with increased use of beaches by tourists, caused a dramatic decrease in their population 

(Wellfleet et al., 2018). Piping plover populations on the U.S. Atlantic Coast have risen 

from 476 breeding pairs in 1985 to 1,818 pairs in 2019, yet their population is still 

threatened and in need of preservation (Zeigler et al., 2021). Another federally threatened 

shorebird on Cape Cod is the least tern, which prefers to nest in areas with large, sandy 

shoals and natural estuarine habitats (Mazzocchi & Forys, 2005). These ecosystems are 

found on Cape Cod but are diminishing because of climate change and increased tourism 

(Erwin et al., 2003). Shorebirds like the piping plover and least tern can facilitate nutrient 
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exchange between different land masses through migration, as well as between land and 

sea (Kelly et al., 2020). Research has indicated that the presence of shorebirds in certain 

tidal ecosystems can reduce erosion, aid in nutrient cycling, and contribute to important 

ecosystem functions (Booty et al., 2020). Additionally, maintaining the piping plover and 

least tern populations helps conserve their evolutionary history through the preservation 

of genetically and ecologically distinct populations, a major goal of conservation biology. 

The persistence of these species may potentially be further threatened by coyote 

predation, given the coyote’s recent arrival and expansion on the Cape Cod National 

Seashore.   

One method for understanding a native invader’s impact through predation on 

the environment is through diet analysis. Various techniques have been identified to 

analyze diet composition, including direct observation of feeding, hand sorting of scat 

remains, gastrointestinal tract investigation, and more (Boitani & Fuller, 2000). Each of 

these techniques comes with its own set of advantages and disadvantages. For example, 

while hand sorting post-ingestion samples is relatively cost effective, it lacks accuracy 

due to the digestibility of different food sources. This technique is also unable to provide 

information about the organism, such as its sex or age (Boitani & Fuller, 2000). DNA 

metabarcoding is a powerful new tool for conducting detailed diet assessments. For 

example, it was found through metabarcoding that the Barred Owl diet in California was 

far more diverse than previously understood (Kryshak et al., 2022). Using metabarcoding 

to accurately determine diet composition facilitates a better understanding of how native 

invasive predators might impact the food web (Kryshak et al., 2022).  
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Throughout this project we investigated the role of the Eastern Coyote on the 

Cape Cod National Seashore. Through diet analysis we determined how the coyote 

impacts other species of interest in the ecosystem through consumption and predation. 

Specifically, this research addressed the following objectives: (i) evaluate the presence 

and contribution of threatened shorebirds to coyote diet, and (ii) examine seasonal and 

sex-based variation in coyote diet on the Cape Cod National Seashore. Our findings will 

be informative to decision-makers at the National Park Service and will characterize the 

eastern coyote’s diet on Cape Cod, Massachusetts.  

 

1.2. Methods 
 

1.2.1. Study Site 

We conducted this study on the Cape Cod National Seashore on Cape Cod, 

Massachusetts. Cape Cod is a long peninsula off mainland Massachusetts, USA. The 

protected area of the Cape Cod National Seashore covers approximately 180 km2 across 

the eastern Atlantic-facing shore of Cape Cod. Cape Cod is surrounded by ocean and a 

wide bay, so continuing immigration and emigration by coyotes is restricted to the 

Bourne and Sagamore bridges, as well as potential swimming of the canal. The 

communities of Provincetown, Truro, Wellfleet, Eastham, and Orleans occur within the 

park boundary, and tourism increases substantially in these towns and across Cape Cod 

during the summer months. The Cape Cod National Seashore consists of various habitats, 

including marine, estuarine, freshwater, and terrestrial ecosystems. The outer cape 
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contains beachfront and extensive dunes, while the western side of the national seashore 

contains dense wooded and vegetated regions in combination with some beach habitat.  

Scat samples were collected across a study area that includes five priority zones 

determined by the Cape Cod National Seashore. The zones cover most of the park and 

include Eastham, Provincetown, Truro, Wellfleet, and Wellfleet - Bayside. A grid of 1-

km2 cells were placed over the study area, and 60 cells were selected for sample 

collection (Figure 1). The shoreline beach habitat represents an important landscape 

feature as it serves as key nesting habitat for shorebirds. Within each selected cell, 1.5 km 

of roads, fire roads, bike trails, and recreational trails were selected in consultation with 

park staff. Coyote scat samples were identified based on physical characteristics, such as 

size, shape, and color of the scat, as well as the presence of bones and/or hair. We did not 

collect scat samples that appeared too dry or old.  

The spatial distribution of coyotes within the park likely responds to the 

seasonality on Cape Cod, whether avoiding human interactions or keying in on 

communities and visitors as additional sources of seasonal food resources. Similarly, 

shorebirds and shorebird nests are a potential seasonal food resource, with nesting season 

running from spring through summer. Coyotes on the landscape at the time of our study 

included adults and independent young of the year. 

 

1.2.2. Field Methods 

We conducted eight scat surveys: four in the fall of 2022 and four in the summer 

of 2023. A minimum of a one-week period followed each survey to allow scat 
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accumulation between surveys. The fall surveys served as a control, as no shorebirds are 

present in the areas (October 20th, 2022 - January 4th, 2023), while the summer surveys 

encompassed egg-laying and fledging periods. The first summer survey (May 10th – May 

23rd) occurred before shorebird nests were hatched, according to surveys done by 

National Parks Service shorebird monitors on the Cape Cod National Seashore (Figure 

2). During the second survey (May 31st – June 13th) and third survey (July 1st – July 

14th), eggs began hatching, and by the fourth summer survey (July 22nd – August 1st) no 

further nests were identified as hatching.  

Field work involved walking all sixty transects in each cell to collect coyote 

scats during each survey period. We collected approximately half of each scat 

encountered and stored them in centrifuge tubes with 95% ethanol, and the location (GPS 

coordinates) were logged with ArcGIS Online Field Maps. We left the remaining portion 

of scat at the location the scat was collected from. In addition to GPS coordinates of scat 

samples, we collected metadata related to environmental conditions (Table 1). 

 

1.2.3. Sample Selection Process  

We first species-typed samples to identify scat as coyote or other. Following 

species-typing confirmation, we genotyped samples to identify unique coyote individuals. 

Given our research focus on understanding shorebird predation by coyotes and 

differences in coyote diet across seasons, we selected 140 scats for metabarcoding and 

prioritized unique individuals and coverage across sampling periods. For the fall 2022 

samples, we chose one sample from each uniquely identified coyote (57). For the summer 
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2023 samples, we chose to metabarcode all the samples that were successfully genotyped 

(83). Genotyping failure rate was higher for summer samples than fall samples. A higher 

genotyping failure could be attributed to physical differences between summer and fall 

samples (drier fall samples and potential increased DNA degradation).  

 

1.2.4. Genetic Analysis  

Genetic analysis was completed at the University of California Davis Mammal 

Ecology and Conservation Unit of the Veterinary Genetics Laboratory and the following 

methods are provided from their procedure: 

 

DNA Extraction 

Genomic DNA was extracted from a 200 mg subsample of each scat using the 

GeneMatrix Stool Purification kit (EURx, Ltd., Gdansk, Poland), following the 

manufacturer’s instructions, with DNA eluted into 50 ul of 10 mM tris with a pH of 8.0. 

 

Species Typing 

The host species (Canis latrans) was determined by Sanger sequencing of a 

fragment of the mitochondrial cytochrome b gene. Primers used for this sequencing were 

highly conserved vertebrate primers RF14724 and RF15149 (Perrine et al. 2007). 

Polymerase chain reactions (PCR) were conducted in 11 ul volumes containing the 

primers at 0.5uM, 2.5mM MgCl2, 0.2mM dNTPs (substrate for DNA synthesis), BSA (1 

ug), 1 U Amplitaq polymerase (Thermo Fisher), 1x buffer II, and 2 ul DNA extract. 
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Temperature was maintained at 94˚C for 3 min, followed by 45 cycles of 94˚C for 30 sec, 

50˚C for 30 sec and 72˚C for 45 sec, and a 10 min extension step at 72˚C. The PCR 

product was cleaned using ExoSAP-IT (Thermo Fisher) according to the manufacturer’s 

protocol, and then sequenced using BigDye Terminator v3.1 Cycle Sequencing Kit 

(Thermo Fisher) using manufacturer’s protocol. The sequencing product of this analysis 

was cleaned using sephadex and then sequenced on a ABI 3730 capillary sequencer. 

Sequence chromatograms were then aligned in Sequencher (Gene Codes, Inc.), and 

finally compared to an in-house database of vertebrate sequences from the Mammalian 

Ecology and Conservation Unit of the Veterinary Genetics Laboratory at UC Davis. 

 

Individual and Sex Typing 

Following species-typing analysis, the samples identified as coyote were 

genotyped using 12 microsatellite loci and a sex marker (SRY) with primer 

concentrations depending on the locus (Table 3).  PCRs were conducted in 11 ul volumes 

containing primers at specified concentrations (Table 3), 5 ul of Qiagen Multiplex 

Mastermix (Qiagen, Inc.), 1 ul of Q solution (Qiagen), and 2 ul DNA 

extract.  Temperature was maintained at 95˚C for 15 min, followed by 33 cycles of 94˚C 

for 30 sec, 58˚C for 90 sec and 72˚C for 60 sec, and a 10 min extension step at 72˚C. The 

PCR product was diluted 10-fold in Hi-DiTM formamide (Thermo Fisher) with 

GeneScan™ 500 LIZ™ Size Standard (Applied Biosystems) and electrophoresed on an 

ABI 3730 capillary sequencer. Electropherograms were imported into Strand software 

(https://vgl.ucdavis.edu/STRand ) and peaks checked manually. The final binning of 

https://vgl.ucdavis.edu/STRand
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peaks into discrete alleles was performed manually. Replicates were merged into 

consensus genotypes for each sample and then compared pairwise to identify individuals 

represented by multiple samples. Sex was then assigned based on presence (M) or 

absence (F) of a peak at the SRY locus. 

 

 Metabarcoding  

First, libraries were constructed in batches of 96 reactions composed of 88 

samples and 8 controls. Controls included 4 no-template-controls (NTCs) and 4 positive 

controls. The positive controls were comprised of DNA from multiple vertebrate species 

that were not present on the Cape Cod National Seashore. The first control included three 

species: Laysan albatross (Phoebastria albatrus), Wakasagi smelt (Hypomesus 

nipponensis), and western yellow bat (Lasiurus xanthinus). The second control included 

6 species: North American elk (Cervus canadensis), black-tailed deer (Odocoileus 

hemionus), American pronghorn (Antilocapra Americana), black-tailed jackrabbit (Lepus 

californicus), snowshoe hare (Lepus americanus), and nuttals cottontail (Sylvilagus 

nuttali). The DNA concentrations were the same for all species in each control, 20 pg/ul 

each in two of them and 2 pg/ul each in the other two. Additionally, a subset of samples 

was replicated to examine consistency. The metabarcoding library construction for each 

sample or control involved two polymerase chain reaction (PCR) steps—amplicon and 

index PCRs—followed by cleanup and pooling.    
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Amplicon PCR 

The first step in the PCR analysis involved amplicon PCR. The primers used in 

the amplicon PCR amplified a 12S locus of the vertebrate mitochondrial genome and the 

primer sequences were designed based on those of Riaz et al. (2011) but included 

modifications to enable more liberal priming and overhanging sequence on the 5’ ends, 

allowing annealing of index primers in the next step (Table 3).  A blocker 

oligonucleotide was designed using the approach of Vestheim and Jarman (2008) to 

minimize amplification of Canis latrans DNA. Reactions were performed in 11 ul 

volumes containing 1x Qiagen Multiplex Mastermix (Qiagen, Valencia, CA), 1x Q-

solution (Qiagen), 0.8 uM blocker oligonucleotide, 0.08uM P5-12SV5 primer, 0.16 uM 

P7-12SV5 primer, and 2 ul of DNA (samples, positive controls) or water 

(NTCs). Temperature was maintained for a 15-minute denaturation step at 95˚C, 

followed by 32 cycles of 94 ˚C for 30 s and 55 ˚C for 90 s (and retained at 15 ˚C). The 

amplicon PCR product was cleaned using ExoSAP-IT (Thermo Fisher) according to the 

manufacturer’s protocol.  

 

Index PCR  

The purpose of the index PCR was to add Illumina-compatible adapters and a 

pair of indexes to each DNA molecule to allow for sequencing and later sorting of 

sequencing reads into their corresponding samples (or controls). The custom i5 and i7 

primers contained Illumina adapter sequences at the 5’ ends and sequences 

complimentary to the overhangs of the amplicons on the 3’ ends. Between these 
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sequences, primers included unique 8 bp (i5 primers) or 6 bp (i7 primers) index 

sequences. The i5 index was the same for samples within each batch but differed among 

batches. In contrast, the i7 indexes were distinct for each of the 96 samples and controls 

within each batch, but were reused across batches. Thus, sorting of sequencing reads 

(demultiplexing) used i5 indexes to identify the batch and i7 indexes to identify the 

sample within the batch. Index PCRs were performed in 25.5 ul reaction volumes 

containing 2x NEBNext Ultra II Q5 Master Mix (New England Biolabs), 1 uM each of 

custom i5 and i7 indexed primers, and 3 ul of cleaned amplicon PCR product. The 

thermal profile included a 30 sec denaturation step at 98˚C, followed by 8 cycles of 98˚C 

for 10 s and 65˚C for 75 s, followed by 65˚C for 5 min (and retained at 4˚C).    

Next, both the amplicon PCR product and index PCR product corresponding to all 

controls and 6 of the 88 samples from each batch were run on an agarose gel to confirm 

DNA amplification in positive controls and samples and lack of amplification in NTCs. 

Upon confirmation, aliquots of all samples within each batch were combined into a 

batch-specific pool and purified using the QiaQuick (Qiagen) columns following 

manufacturer’s instructions. The DNA concentration of each pool was then quantified 

using a Qubit fluorometer (Thermo Fisher) with broad-range reagents and then combined 

into a master pool containing libraries of all batches at equal concentrations. The master 

pool was combined with a reduced-representation sequencing library (used in lieu of 

PhiX) to balance base composition and sequenced on an Illumina Novaseq X plus 

platform (Admera Biopharma).  
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Bioinformatic Pipeline and Quality Control of Metabarcoding Data  

Sequencing reads were demultiplexed into sample-specific fastq files containing 

raw sequencing reads.  Reads were then adapter-trimmed and quality-filtered using 

cutadapt (Martin 2011).  Next, trimmed reads were sorted into amplicon sequence 

variants (ASVs) in DADA2 (Callahan et al. 2016), producing a table with the numbers of 

reads corresponding to each ASV in each sample (hearafter, “occurrences”).  We then use 

the basic local alignment search tool (BLAST) in the nucleotide database of NCBI to 

match ASVs to taxa to species or the most specific taxonomic grouping possible. In cases 

where multiple ASVs corresponded to the same species (or most finely resolved taxon), 

they were merged. Taxonomic ambiguities were often resolved based on which species 

ranges overlapped the study areas.  Unexpected attributions could have indicated 

anthropogenic sources in some cases (e.g., chicken, cow, pig) and were therefore 

retained. Valid dietary items were tabulated in terms of the top BLAST hit and 

%sequence identity.    

Once dietary items were provisionally assigned to a species or other taxonomic 

level, an unfiltered (i.e., raw) data set was compiled.  Based on negative and positive 

controls, background contamination was sufficiently low to ignore. Reads that 

corresponded to the host species (i.e., coyote) or were rare and indicative of human 

contamination, parasites, nuclear mitochondrial insertions (numts), or unknown species 

that obtained no BLAST result >95% were removed from the dataset.   
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Prior to summarizing data, read counts were totaled for each scat and occurrences 

composing <1% of the reads in that scat were removed.  Data were then summarized for 

the resulting data set in terms of relative read abundance (RRA) and frequency of 

occurrence (FOO). Relative read abundance was estimated by first converting all 

occurrences in each scat from numbers of reads to proportions of all reads in that scat and 

then averaging those proportions among scats for each dietary item. The FOO was 

estimated by counting the scats for which each prey item was detected (threshold-

dependent) and dividing by the total number of scats assessed.    

ASVs BLASTing to the same taxon were summed and merged into diet items 

based on species-level identification. The final product of this analysis resulted in an 

Excel sheet with unique coyote scat samples and their corresponding composition.  

 

1.2.5. Data Organization and Statistical Analyses 

We converted the dataset with read count data into a presence/absence data frame 

in R (R Core Team 2023). We added columns for season, sex, and unique coyote ID. 

Because we wanted to compare diet by season, we re-calculated the FOO for each season 

individually by summing the number of samples containing a specific diet item and 

dividing this by the total number of samples in the set. We then began plotting the data to 

determine visual trends that may emerge. We visualized FOO with bar plots created with 

the R package ggplot2 (v3.3.3; Wickham, 2016). We used double bar plots to display 

the proportion of samples that contained each diet item by species level for each 

season and sex. We then grouped species into the following larger groups to examine 
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trends: larger mammals (deer), potential human food sources, rabbits and smaller 

mammals, fish, large marine mammals, and amphibians.  

 To examine dietary diversity, we calculated species richness. First, we added 

a column to the data frame in R that summed the rows to determine how many species 

were found in each sample. We then ran a generalized linear mixed-effects model in R 

using the function “glmer” from the R package lmerTest (Kuznetsova A, Brockhoff PB, 

Christensen RHB, 2017). We first created two separate models, one which examined 

species richness by season and one that examined species richness by sex, with a random 

effect of unique coyote ID to account for differences that may arise from this variable. 

After these models, we incorporated both season and coyote sex into one combined 

model, with unique coyote ID as a random effect. We then plotted these results using 

ggplot2.  

In addition to species richness as a dietary diversity metric, we calculated 

Shannon’s diversity for both seasons and both sexes in accordance with methods 

employed in a similar study (Henger et al., 2022). This involved using the “vegan” 

package with the “diversity” function in R to calculate Shannon’s diversity matrices 

for each season and a t-test to determine whether any significant differences arose 

(v.2.5-7, Oksanen, 2020). Because Shannon’s diversity was still based on 

presence/absence data, it served as an additional measure of diversity to confirm 

findings from the species richness analysis but did not incorporate abundance 

information.  
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To examine similarity in diet between fall and summer seasons, we calculated a 

Jaccard dissimilarity index in R also using the “vegan” package (v.2.6-4, Oksanen, 

2020). The Jaccard dissimilarity index was based on the presence/absence dataframe 

and was calculated for 130 of the 140 samples. In the data cleaning process, samples 

that had no diet items reported were excluded from this dissimilarity matrix. After 

calculating this index, we plotted the results with an NMDS plot using the “metaMDS” 

function from the “vegan” package to determine visual differences that may arise in 

dietary similarity between fall/summer and male/female (v.2.6-4, Oksanen, 2020). 

To determine whether the presence of one diet item in a sample was correlated 

with the presence of another diet item, we calculated phi coefficients for our binary 

variables (presence/absence) and plotted a heatmap in R using the “reshape2” package 

(v.1.4.4, Wickham, 2007). We chose to examine phi-coefficients because they can show 

associations that may be present with a presence/absence dataset. 

 

1.3. Results 
 

1.3.1. Overview 

 During the fall 2022 survey period, we collected 215 samples, successfully 

genotyping 193 of them. We deemed 162 of the successfully genotyped samples as 

coyote. We identified 57 unique individuals from these 162 coyote scat samples and 

randomly selected one sample from each uniquely identified coyote for metabarcoding 

using a random selection algorithm in Python (Python 3.0) (python script can be found at: 
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https://github.com/carolyn-hanrahan/Hanrahan-Thesis-

Repository/tree/main/sample_selection_code). In the summer of 2023, we collected a 

total of 213 samples, and 83 of these samples were successfully genotyped and deemed 

coyote. We identified 55 unique individuals during summer 2023, including 21 coyotes 

previously identified in the fall. Due to the increased genotyping failure rate for summer 

samples, we chose to metabarcode all 83 viable samples from the summer of 2023. In 

total, we selected 140 samples for metabarcoding (fall = 57, summer=83). Of the 140 

scats metabarcoded, 130 provided usable data; however, 12 of these contained fewer than 

50 sequencing reads and therefore likely missed some prey items. The samples were 

evenly distributed among the study grid (Figure 3).  

In total, we found 27 distinct vertebrate diet items across all the samples. Three 

diet items were exclusively found in the fall samples (pilot whale, eastern gray squirrel, 

pygmy sperm whale), and five diet items were exclusively found in the summer samples 

(passerine birds, black-capped chickadee, bluefish, hake, and eastern chipmunk) (Figure 

4).  

 

1.3.2. Shorebird Results and Seasonal Dietary Diversity  

We did not identify any piping plover or least tern DNA in any of the 140 samples 

sent for metabarcoding analysis. We grouped diet items by species into categories based 

on similarity, with chicken, cattle, and pig falling into the “human food” category due to a 

lack of livestock production on Cape Cod (Figure 5). Larger diet groups (human food, 

small mammals, large mammals, bird, fish, larger marine mammals, and amphibian) were 

https://github.com/carolyn-hanrahan/Hanrahan-Thesis-Repository/tree/main/sample_selection_code
https://github.com/carolyn-hanrahan/Hanrahan-Thesis-Repository/tree/main/sample_selection_code
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based on taxonomic information, previous studies, and natural groupings. Both seasons 

followed a similar trend, with human food comprising the most common food group for 

both fall 2022 and summer 2023.  

According to the FOO analysis, we found the most frequent diet items (species-

level) across all samples included chicken, white-tailed deer, and either eastern cottontail 

or New England cottontail rabbit species (Figure 6). One amphibian species, Eastern 

spadefoot toad, was found in both seasons in low prevalence. We detected pilot whale, 

eastern grey squirrel, and pygmy sperm whale only in only the fall samples. Similarly, we 

detected an unknown passerine bird species, black-capped chickadee, bluefish, hake, and 

eastern chipmunk in only the summer samples (Figure 6).  

Coyotes had a more diverse diet in the summer than in the fall. On average, each 

scat from the summer survey period had one more diet item than those from the fall. 

Based on the generalized linear mixed-effects model incorporating season as a fixed 

effect, there was a significant difference in species richness by season (ß = 0.32, SE = 

0.11, p-value = 0.002) (Figure 7). Similarly, Shannon’s diversity was 13% higher in 

summer samples than in fall samples (t-test, p= 0.0068, df=124.95) (Figure 8). 

To understand whether correlations exist between the presence of one diet item 

in a sample and the presence of another diet item, we created a dietary associations 

heatmap (Figure 9). This heatmap is based on a calculated phi-coefficient for 

presence/absence data and shows correlation between food items. For example, we found 

a phi-coefficient between 0.50-0.75 for white-tailed deer and chicken, indicating a 
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moderate association between these diet items (Figure 9). Generally, no obvious 

associations emerge overall from this analysis.  

 

1.3.3. Sex-Based Comparison  
 

When examining the species-level bar plot depicting male vs. female dietary 

trends, we observe similar trends, with the most frequent food sources for both males and 

females being chicken and white-tailed deer (Figure 10). We found that dietary richness 

did not change by sex according to the linear mixed-effects model (ß = -0.024, SE = 0.11, 

p-value = 0.82) (Figure 11). Similarly, we found no difference in Shannon’s diversity (t-

test, p=0.7792, df=136.8) (Figure 12). This indicates that males and females are 

consuming diet items similarly on the Cape Cod National Seashore.  

 

1.3.4. Interactive Effects: Coyote Sex and Season  
 
  In order to determine the interacting effects of coyote sex and season on dietary 

richness, we created a generalized linear mixed-effects model that incorporates both 

variables (Figure 13). For this analysis, we used coyote sex and season as fixed effects, 

with unique coyote ID as a random effect. From this model, we continue to see a 

statistically significant difference in dietary diversity by season (ß=1.02, SE=0.34, p-

value=0.0031) but not by sex (ß=0.083, SE=0.35, p-value=0.82).   
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Jaccard Dissimilarity and NMDS Plot 
 

To examine dietary similarity between seasons and sex, we calculated a Jaccard 

dissimilarity index and plotted this dissimilarity matrix with an NMDS plot. Overall, we 

noted considerable overlap in dietary similarity between fall 2022 and summer 2023, as 

well as between males and females. The NMDS plot of the Jaccard dissimilarity index 

does highlight that dietary similarity within seasons varied. For summer of 2023, dietary 

similarity was higher, with points clustered closer together. For fall of 2022, points were 

more spread apart (Figure 14). This indicates that during the fall sampling period, there 

was more variance/dissimilarity in coyote diet than in the summer. This corresponds with 

the species richness data and highlights that fall samples had less diversity than summer 

samples.  

1.4.Discussion 

 
We detected no piping plover or least tern DNA in any of the scat samples, but we 

did detect 27 distinct vertebrate diet items, suggesting a relatively diverse diet consisting 

of terrestrial and occasionally marine food items. Seasonally, we found higher dietary 

diversity in the summer 2023 samples than in the fall 2022 samples. We did not find any 

significant difference in dietary diversity by sex. We did detect two threatened species in 

our samples: The New England cottontail (Sylvilagus transitionalis), and the Eastern 

spadefoot toad (Scaphiopus holbrookii). The frequency of New England cottontail in 

summer samples was comparatively high (40%), while the frequency of eastern spadefoot 

was low (<5%). This study provides new data on coyote interactions with shorebirds in 
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coastal ecosystems and fills a knowledge gap of coyote diet on the Cape Cod National 

Seashore. Future research could be dedicated to understanding the coyote’s risk to these 

threatened species, as well as further exploring the coyote’s impact on the rest of the 

ecosystem. Avenues for exploration could involve studying the role of the coyote in 

disease spread and transmission, as well as examining the impact of human food 

consumption on coyote health and wellbeing on the Cape Cod National Seashore.  

 

1.4.1. Shorebirds and Coyote Diet 

The lack of shorebird matter found across all samples suggest that piping plover 

and least tern do not constitute a meaningful component of coyote diet on the Cape Cod 

National Seashore. In total, our survey sampled 91 distinct coyote individuals on the 

landscape between fall of 2022 and summer of 2023. A collaborative study completed in 

tandem with our work estimated coyote density on the Cape Cod National Seashore to be 

approximately 81 coyote individuals at any given time (Boudinot et al. in prep.). We have 

high confidence that our sampling number reflects a comprehensive assessment of the 

population. Based on this diet analysis, the risk of predation by coyotes on shorebird 

nests appears less problematic than expected. Aside from predation, shorebird 

populations could be threatened by other factors, such as habitat destruction, 

microplastics, disease, and conversion of coastal ecosystems to infrastructure (Sutherland 

et al., 2012). Additional threats to shorebird populations should be monitored on the Cape 

Cod National Seashore. While none of the samples contained shorebird matter, it is 

possible that individual coyotes that chooses to specialize in shorebirds could be harmful 
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to shorebird nests, as other studies have shown that coyotes can be selective predators 

that respond to resource availability (Prugh, 2005). Continued monitoring of nests would 

prove insightful for identifying this possibility and detecting additional predators of 

interest.    

 

1.4.2. Seasonal and Sex-Based Dietary Diversity  

Overall, we detected higher dietary diversity in the summer 2023 samples than 

in the fall 2022 samples. We found an average of 2-3 diet items per scat sample for fall 

samples and 3-4 diet items per sample for summer samples. Higher dietary diversity in 

the summer months correlates to more available natural food sources and human food 

sources on the Cape Cod National Seashore during the summer season.  

Based on the even distribution of scat points across study sites and the variety of 

diet items identified (27 distinct diet items), coyotes appear to be foraging optimally by 

consuming most readily available and calorically dense food items (chicken, white-tailed 

deer) in an opportunistic, generalist way. While coyotes eat a variety of food sources in 

our study, we do find high frequency of white-tailed deer and human food sources. High 

consumption of white-tailed deer is found in other studies on coyote diet (Schrecengost, 

2008). A study written documenting coyote predatory behavior included a first-hand 

report of coyotes in Eastham, Massachusetts, stalking and hunting white-tailed deer in 

2009 (Gallagher, 2018). The same study also included first-hand reports of coyotes 

hunting white-tailed deer in the coastal area of Marin Headlands, California (Gallagher, 

2018). Another study conducted in South Carolina found white-tailed deer to be the most 
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common diet item across scat samples during two of their sampling months 

(Schrecengost, 2008). The high frequency of white-tailed deer in the samples is expected 

based on these past studies.  

Consumption of larger marine mammals such as grey seal, pygmy sperm whale, 

and pilot whale can likely be attributed to scavenging behavior of coyotes near the 

shoreline. Four pilot whales beached in Eastham, Massachusetts in November of 2022 

during the fall sampling period and were potentially scavenged by coyotes. This can be 

confirmed by the presence of pilot whales exclusively in the fall samples. We identified a 

variety of fish species in both seasons. While much of this fish consumption could be 

from scavenging behavior, it is also possible that the fish we identified in samples was 

consumed from human food, cat or dog food, or secondary predation. Because 

metabarcoding can carefully detect prey DNA, some detected fish species could be a 

result of secondary predation from seal or whale. Previous studies have found marine life 

in coyote diet (Rose & Polis, 1998). Most often, consumption of marine life by coyotes 

has followed an opportunistic and sporadic pattern, yet the consumption of marine life 

can contribute to the persistence and expansion of coyote populations (Reid et al., 2018). 

We did not find any notable difference in diet between male and female coyotes. 

In a study describing factors determining coyote diet in Florida, researchers found that 

male coyotes were more likely to consume medium-sized mammals over small-sized 

mammals than female coyotes (Watine & Giuliano, 2017). Besides this difference, no 

other differences were noted by sex. Prey availability on the landscape as well as the pup-

rearing period (encapsulated in the beginning of the summer 2023 sampling season) 
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could have the potential to affect diet. However, the majority of the samples came from a 

timeframe in which pups would be eating prey brought back by both parents, putting less 

energetic strain on the mother for nursing, and not necessitating a notable difference in 

diet between male and female.   

 

1.4.3. Threatened Species 

While piping plover and least tern were not detected in the samples, we 

identified two threatened species. The New England cottontail (Sylvilagus transitionalis), 

a species of greatest conservation need in Massachusetts, and the Eastern spadefoot toad 

(Scaphiopus holbrookii), a threatened species in Massachusetts. Both species were 

present in the fall 2022 and summer 2023 data. Most notably, we found that 

approximately 15%-20% of the fall samples and 40% of the summer samples contained 

New England cottontail. According to a study examining the impact of hunting on eastern 

cottontail rabbits on the Cape Cod National Seashore, predation and severe weather 

events influence eastern cottontail populations more substantially than hunting in this 

region (Boland, 2008). However, the relative extent of coyote predation and its impact on 

the population of New England cottontails is still unknown on Cape Cod. Monitoring 

rabbit populations on Cape Cod would prove informative.  

Eastern spadefoot movement patterns and habitat preferences were studied on 

the Cape Cod National Seashore in 2014 (Timm et al., 2014). Researchers monitored 45 

Eastern spadefoots and determined that rainfall was a significant indicator of nocturnal 

surface activity. Other previous studies also indicate that generally, population declines 
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and extirpations of the Eastern spadefoot have mainly been attributed to habitat loss and 

alteration. The presence of Eastern spadefoot in our data was notable but did not 

constitute a major diet item for coyotes for either season (less than 5% of samples 

contained eastern spadefoot in fall and summer). Previous studies examining coyote diet 

have also found that amphibians are found rarely in coyote diet (Witmer et al., 1995). 

Because predation does not appear to be a major threat to the preservation of Eastern 

spadefoots historically, further work for their conservation could be directed towards 

habitat restoration and monitoring.  

 

1.4.4. Future Directions 

To address potential conservation concerns for threatened shorebirds, further 

research could be dedicated to monitoring nests through camera traps and surveys to 

identify other threats to their population and confirm our findings. This study could also 

be replicated to encompass more seasons of shorebirds nesting on the seashore. A multi-

year study collecting data in the summer months could provide an even more 

comprehensive overview of coyote diet during the shorebird nesting season. Additional 

metabarcoding scat studies in surrounding coastal ecosystems would also prove insightful 

to better understand the role of the coyote or other predators with nesting shorebirds.  

While coyotes do not pose a conservation threat to shorebirds, additional 

research could determine their impact on other parts of the Cape Cod National Seashore 

ecosystem. One avenue for exploration could involve examining the coyote’s role in 

disease spread and transmission. Coyotes could potentially mitigate disease spread 
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through consumption of disease-carrying prey (such small rodents, deer), or facilitate 

disease spread through carrying parasites themselves or competing with prey that 

mitigate spread (Way & White, 2013). Cape Cod is known for high rates of Lyme disease 

transmitted by infected ticks. Determining how the coyote may affect rates of spread 

could have human health implications, as well. In addition to examining parasitic 

interactions, understanding coyote health and coyote microbiomes in this ecosystem 

could help us better understand their physical condition and wellbeing. Because increased 

consumption of human food has been correlated with worsened physical condition and 

temperament in coyotes, this could pose a threat to coyotes and humans on the Cape Cod 

National Seashore (Sugden et al., 2020). Altered temperament and reliance on human 

food has the potential to influence and increase negative interactions between humans, 

their pets, and coyotes.  

One limitation of this study is that cost barriers prohibited the use of plant 

primers, so the full dietary diversity and omnivorous nature of the coyote is not reflected 

fully in this dataset. Visual analysis of scat samples upon collection indicated scats 

contained a variety of plant matter, notably blueberry and cranberry. Further research 

could quantitatively indicate how frequent, abundant and dominant these plant food 

sources are across samples. This would provide us with a more thorough understanding 

of the coyote’s omnivorous diet. Additionally, it would be useful to quantify abundance 

by either examining relative read count data or through hand-sorting of scats. This study 

is based only on presence/absence frequency of occurrence data and therefore cannot 

inform us on the abundances of diet items found in each scat.  
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1.4.5. Conclusions 

 Overall, this research brings us one step closer to understanding the impact of 

the coyote on the Cape Cod National Seashore. From this work, we determined that the 

coyote does not appear to prey on shorebirds (piping plover, least tern). However, more 

research is needed to determine whether the coyote is significantly altering New England 

cottontail populations or other species of concern. A more diverse diet in the summer 

with more dietary overlap within summer samples correlates to the increased diversity of 

food on the landscape. High dietary overlap between seasons indicates that coyotes are 

generally consuming similar diet items between fall and summer seasons. The array of 

diet items detected in our analysis confirms the opportunistic nature of this expanding 

species. As a “native invader” species, the presence of the coyote on the landscape could 

influence the remainder of the ecological food web. Determining whether this influence 

is negative or positive is hard to identify without additional research examining prey 

populations, namely white-tailed deer and rabbit. At this time, however, coyotes do not 

appear to be negatively impacting shorebird populations through predation. As a result of 

our work, the Cape Cod National Seashore now has a robust baseline dataset on coyote 

diet across the whole park, which we hope can help inform conservation management 

decisions moving forward. 
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TABLES 

 
Table 1: ArcGIS Field Maps metadata. Metadata collected during scat collection for each 
survey. Each metric relates to the area surrounding a five-meter radius of each scat 
collected.  
  
 Metadata Metric                                                   Description 

Metric 1 Percentage not vegetated cover (bare 
land, soil) 

Metric 2 Percentage short, vegetated cover (grass, 
moss, low bush) 

Metric 3  Percentage forested tree cover  

Metric 4 Percentage developed cover (pavement, 
road) 
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Table 2: Vertebrate diet items and corresponding groups. A complete list of all vertebrate 
diet items found across all samples from metabarcoding analysis and the corresponding 
larger food categories they are classified under.  

 
 
Larger food category                                          Species  

White-tailed deer, large mammal  white-tailed deer (Odocoileus 
virginianus) 

Human food sources  chicken (Gallus gallus domesticus), cattle 
(Bos taurus), pig (Sus scrofa domesticus) 

  Rabbits, small mammals  New England cottontail (Sylvilagus 
transitionalis), eastern cottontail 
(Sylvilagus floridanus), eastern meadow 
vole (Microtus pennsylvanicus), eastern 
gray squirrel (Sciurus carolinensis), 
eastern chipmunk (Tamias striatus), 
white-footed mouse (Peromyscus 
leucopus) 

 Birds turkey (Meleagris), eastern towhee 
(Pipilo erythrophthalmus), unknown 
passerine (Passeriformes), ring necked 
pheasant (Phasianus colchicus), black-
capped chickadee (Poecile atricapillus) 

Fish Atlantic menhaden (Brevoortia tyrannus), 
unknown tuna (Thunnini), bluefish 
(Pomatomus saltatrix), shad or herring 
(Alosa sapidissima/ Clupea harengus), 
sand lance (Ammodytidae), hake 
(Merluccius merluccius), Atlantic herring 
(Clupea harengus), striped bass (Morone 
saxatilis)  
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Large Marine Mammals Grey or harbor seal (Halichoerus grypus/ 
Phoca vitulina) pygmy sperm whale ( 
Kogia breviceps), pilot whale 
(Globicephala) 

Amphibian  Eastern spadefoot toad (Scaphiopus 
holbrookii) 
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Table 3: Primer and blocking oligonucleotide sequences used in amplicon PCRs. The 
/3SpC3/ on the 3’ end of the blocking oligonucleotide prevents elongation without 
affecting the annealing temperature (Vestheim and Jarman 2008). 
 
Name sequence 
P5-12SV5  GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCYRGAACAGG

CTCCTCTAG  
P7-12SV5 TCTTTCCCTACACGACGCTCTTCCGATCTTAGATACCCCACTA

TGY 
ClupusBloc
ker 

CCACTATGCTTAGCCCTAAACATAGATAATTTTACAAC/3SpC3/ 
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FIGURES  

 

 
Figure 1: Study Sites on Cape Cod, MA, with Randomized Grids and Reference Map. The left 
pane depicts a reference map, showing the peninsula of Cape Cod in relation to the rest of New 
England and Massachusetts. The second pane depicts our study sites on the Outer Cape with 60 
randomized, gridded cells. 

 
 
 
 



34 
 

 
Figure 2: Number of nests hatched per summer sampling period. This barplot shows how many 
piping plover nests hatched per summer 2023 sampling period on the Cape Cod National 
Seashore. Data from the the National Parks Service shorebird monitoring program.  
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Figure 3: Study Sites on the Cape Cod National Seashore with scat points. Study sites with 
coyote scat points from fall of 2022 (orange) and summer of 2023 (blue) distributed across 60 
study sites on the Cape Cod National Seashore. 
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Figure 4: Venn diagram showing diet items found across all samples. This diagram depicts diet 
items found in coyote scat samples in both fall 2022 (orange) and summer 2023 (blue), as well as 
items found in each respective season exclusively (black).  
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Figure 5: Plot depicting Frequency of Occurrence (FOO) by diet groups (fall and summer). Main 
groups consist of human food, small mammals, large mammals (deer), bird, fish, large marine 
mammals, and amphibians. For both seasons, human food is the most frequent food category 
across samples (60% of the fall samples, over 70% of the summer samples). 
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Figure 6: Frequency of Occurrence (FOO) plot showing diet composition for fall 2022 and 
summer 2023 samples by vertebrate species level for coyote scat samples. Fall is represented with 
orange and summer is represented with blue. Over 70% of summer diet items and over 50% of 
fall samples contained chicken. 
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Figure 7: Bar plot of mean species richness by season from our generalized linear mixed-effects 
model including season as a fixed effect, species richness, and unique coyote ID, assuming a 
Poisson distribution. Results from this model indicate a significant effect of season on species 
richness (ß = 0.32, SE = 0.11, p-value = 0.002). 
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Figure 8: Box plot displaying Shannon’s diversity matrices for fall 2022 coyote scat samples and 
summer 2023 coyote scat samples. We ran a t-test on these matrices and found a significant 
difference in Shannon’s diversity by season (p-value=0.0068, df=124.95). 
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Figure 9: Correlation matrix of diet items across samples. This heatmap depicts coyote diet items 
on the x-axis and the same coyote diet items on the y-axis, plotted with phi coefficients. This plot 
highlights some lighter blue areas with semi-correlated diet items, such as white-tailed deer with 
chicken. Overall, no major trends emerge from this plot that indicate high correlation between 
diet items, but slight correlation can be observed.  
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Figure 10: Bar plot of Frequency of Occurrence (FOO) for female vs. male coyotes. This plot 
shows frequency of occurrence (FOO) for diet items (species level) with samples from female 
coyotes represented in light purple and samples from male coyotes represented in dark purple. 
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Figure 11: Bar plot that shows mean species richness by sex from the generalized linear mixed-
effects model including sex as a fixed effect, species richness, and unique coyote ID, assuming a 
Poisson distribution. Results from this model indicate no significant effect of sex on species 
richness (ß = -0.024, SE = 0.11, p-value = 0.82). Samples from female coyotes are displayed in 
light purple, samples from male coyotes are displayed in dark purple.  
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Figure 12: Box plot displaying Shannon’s diversity matrices for scat samples from female 
coyotes and scat samples from male coyotes. We ran a t-test on these matrices and found no 
significant difference in Shannon’s diversity by coyote sex (p-value=0.779, df=136.82).   
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Figure 13: Double bar plot depicting relationship between coyote sex and season on species 
richness by coyote scat samples. Coyote ID was used as a random effect in this model. No 
significant difference in species richness was reported by sex (ß=0.083, SE=0.35, p-value=0.82), but 
a significant difference was noted by season (ß=1.02, SE=0.34, p-value=0.0031). 
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Figure 14: NMDS plot highlighting clustering by season and sex, based on Jaccard Dissimilarity 
Index. Orange filled-in points represent samples from male coyotes in fall 2022. Orange hollow 
points represent samples from female coyotes in fall 2022. Similarly, blue filled-in points 
represent samples from male coyotes in 2023. Blue hollow points represent samples from female 
coyotes in 2023.  
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