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Abstract 

A human-induced global decline of apex predators resulted in the ñreleaseò of smaller mesopredators. These 

mesopredators exhibit different relationships with landscape disturbance than do their apex cousins. This study 

sampled predator use of riparian corridor disturbance gradients to examine the relationships between mesopredator 

occurrence and occupancy with measures of landscape disturbance. Multiple measures of landscape composition and 

configuration were used in this analysis. Mesopredator occurrence was sampled with camera traps, along with trace 

evidence surveys when evaluating occupancy. This sampling strategy was replicated across 4 seasons in 2 rural valleys 

with forest-to-agriculture gradients in the Ridge and Valley Province of central Pennsylvania. We found that 

mesopredator occurrences were positively associated with measures of increasing landscape fragmentation and human 

use, but that different measures were more predictive for different species. Cumulatively, the mesopredator guild 

seemed to prefer sites with more landscape edges and narrow riparian corridors. Northern raccoons (Procyon lotor) 

and North American opossum (Didelphis virginiana) were associated with sites that had more human development. 

Canid occupancy appeared limited to nonforested portions of the landscape, at least along these riparian corridors. No 

other individual species or taxonomic subgroups demonstrated significant associations with any of our measured 

variables. This study demonstrated the complexity of the mesopredator community and its positive association with 

landscape disturbance. It also suggested the significance of riparian corridors to carnivore species.                                    
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INTRODUCTION  
   The global decline of top predators has radically disrupted 

many ecosystems worldwide. The extirpation of these apex 

predators has been implicated in a long list of ecological 

cascades, particularly those associated with the degradation 

of trophic systems (Estes et al. 2011; Nishijima et al. 2014; 

Davis et al. 2018). One of these cascading effects is the 

"release" of the medium-sized predator, or mesopredator, as 

is outlined in the mesopredator release hypothesis (Crooks 

and Soulé 1999). Mesopredators have differing 

relationships to landscape composition and configuration 

than their better studied, apex cousins (Ļervinka et al. 2011; 

Houle et al. 2011; Beatty et al. 2013; Güthlin et al. 2013; 

Pasanen-Mortensen and Elmhagen 2015). Investigating the 

relationships this carnivore guild has with landscape 

disturbance is an area ripe for research.  

   The value of investigating an ensemble of mesopredators 

(rather than individual species) across landscape gradients 

is two-fold.  First, the mesopredator community is 

trophically complex, in that mesopredators do not all occupy 

the same trophic level within ecosystems. Numerous studies 

have indicated that there is dietary divergence and intraguild 

predation within the predator community that can lead to 

disparate effects among species (Litvaitis and Villafuerte 

1996; Palomares and Caro 1999; Thompson and Gese 2007; 

Ritchie and Johnson 2009; Losinger et al. 2017; Byerly et 

al. 2017; Sivy et al. 2018). This complexity is present 

particularly among canids (Levi and Wilmers 2011; Byerly 

et al. 2017; Losinger et al. 2017) and in systems where a 

former mesopredator species may have become the 

functioning top predator (Crooks and Soulé 1999; Russel et 

al. 2009; Nishjima et al. 2014). Second, medium-sized 

generalist carnivores tend to do well in human-modified 

landscapes, while larger or specialist carnivores tend to do 

poorly (Prugh et al. 2009; Roemer et al. 2009; Wang et al. 

2017). This is largely due to mesopredator speciesô ability 

to use an array of landscapes marked by extensive human 

modifications to locate food and shelter (e.g., Devault et al. 

2011). Specialist top predators, however, are more adversely 

affected by habitat loss, fragmentation (Prugh et al. 2009; 

Roemer et al. 2009; Liao et al. 2017; Ryser et al. 2019), and 

possibly persecution. Thus, the dominance of 

mesopredators is not exclusively due to the removal of their 

apex relatives, but that they are also more adept in human-

modified environments. Landscape disturbance may be an 

underlying reason that apex-predators disappear and 

mesopredators continue to do well.  

   Our research examined this relationship by focusing on 

the ways mesopredators use riparian habitat resources in 

central Pennsylvania, where there is an absence of apex 

predators, following their historical extirpation, and a 

gradient of rural landscape disturbance. For the purposes of 

this study, human landscape disturbance was defined as the 

loss and fragmentation of natural, woody vegetation due to 

land use practices. We define mesopredators as medium-

sized carnivorous and omnivorous mammals that have 

historical or current distributions in the Mid-Atlantic Region 

(see Table 1 for species list). We investigated how 

increasing disturbance along riparian corridors impacted 

mesopredator species richness, corridor use, and daily 

activity. We were interested to see if moderately disturbed 

habitats, located along the edges of landscape patches, 

contained the largest assemblages and greatest activity of 

mammalian mesopredators, following the intermediate 

disturbance hypothesis (Connell 1979). Another goal for 

this work was to investigate landscape disturbance as a 

leading predictor of mesopredator occupancy. 

 

STUDY AREA 
   The study area of this project was confined to the Ridge 

and Valley Province of central Pennsylvania, USA. We 

further confined the project to riparian corridors as they 

often account for the last remnants of forested habitat in a 

region subject to increasing fragmentation, primarily 

agriculture in the valleys of this region (Serfass and Brooks 

1998; Brooks et al. 2013a). Wetland and upland patches 

within floodplains often provide the only remaining 

undisturbed habitats in human-modified areas and provide 

much of the habitat available for native wildlife (Serfass and 

Brooks 1998; Brooks 2013; Brooks and Serfass 2013). The 

narrowing and fragmentation of corridor width is a critical 

metric for landscape disturbance, as riparian zones provide 

excellent habitat for a variety of species and pathways for 

wildlife to move between remnant habitat patches. Corridors 

may be especially important for highly mobile mesopredator 

species. Patterns that develop along riparian corridors 

influence both the function and structure of the ecosystems, 

impacting the integrity of their biological communities 

(Brooks 2013). Based on previous work, we restricted the 

assessment to   Shavers Creek  and   Standing Stone   Creek  
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watersheds comprised of streams of 1st to 4th order (Strahler 

1957; Brooks et al. 2013b; Figure 1). These small, 

headwater streams are more directly influenced by 

precipitation events and thus are ñflashierò than larger rivers 

(Benke et al. 2000). Although climate and geology are 

important, they are generally considered to be similar within 

a given region and wetland type, which holds true for much 

of the Mid-Atlantic region. Differences in landscape-level 

characteristics, such as upland land use and stream size, are 

important characteristics to consider when predicting biotic 

communities. Each of these fluvial systems flows into the 

Juniata River watershed, a major tributary of the larger 

Susquehanna River. Study sites were distributed along these 

wetland-riparian   zones,  < 100 m   of  the   streams.   They 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

included interior, mature forest tracts within Rothrock State 

Forest, recently logged and immature forest stands in the 

Stone Valley Forest (Penn State's Experimental Forest), and 

nonforested and agricultural private property downstream of 

these public lands. Sites used for this study were a subset of 

222 existing long-term study sites that were originally 

established by random selection along riparian corridors and 

adjacent wetlands (Brooks et al. 2013b). Access was granted 

for 23 sites located on both public and private lands. 

 

MATERIAL & METHODS  
Data Collection 

   We sampled 23 sites for mesopredators, to evaluate 

community   composition  and  species  habitat    use     along   

 

Common Name  Scientific Name  Family 1 

Coyote    Canis latrans   Canidae  2 

Gray fox   Urocyon cinereoargenteus Canidae  3 

Red fox   Vulpes vulpes   Canidae  4 

Domestic dog   Canis lupus familiaris  Canidae  5 

Bobcat    Lynx rufus   Felidae   6 

Domestic cat   Felis catus   Felidae   7 

North American black bear Ursus americanus  Ursidae  8 

Northern raccoon  Procyon lotor   Procyonidae  9 

Striped skunk   Mephitis mephitis  Mephitidae  10 

Least weasel   Mustela nivalis  Mustelidae  11 

Long-tailed weasel  Mustela frenata  Mustelidae  12 

American mink  Neovison vison  Mustelidae  13 

Ermine    Mustela erminea  Mustelidae  14 

Fisher    Pekania pennanti  Mustelidae  15 

River Otter   Lontra canadensis  Mustelidae  16 

North American opossum Didelphis virginiana  Didelphidae  17 

 18 

Table 1. Listing of carnivorous and omnivorous mammals that have recent historical or current distributions in the Mid-

Atlantic region and the study location in central Pennsylvania, USA. Domestic and/or feral dog and cat are included due to 

their presence and detection within study sites. All species are of Order Carnivora, except Opossum, which is Order 

Dipdelphimorphia. 
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riparian corridors. We relied on camera trapping as our 

monitoring method and deployed 2 cameras per study site 

when sampling. Camera trapping provides a robust method 

to sample for rare species (Thompson 2004; Gompper et al. 

2006; OôConnell et al. 2010; Cove et al. 2012; Cove et al. 

2014). Covert trail cameras with motion triggers and 

infrared flash were used (Lewisburg, Kentucky, USA; 

https://covertscoutingcameras.com). This type of camera 

has a low level of influence on subjects and often goes 

completely unnoticed (Meredith 2008; OôConnell et al. 

2010). Cameras were aimed at existing wildlife trails and 

areas with less vegetation to increase the likelihood of 

detection.  

   Cameras were placed <100 m of a stream bank within the 

riparian zone and their geolocation was recorded. Two 

cameras were deployed at each of 12 study sites (half of the 

sample frame), facing in different directions, but <10 m 

from one another. Cameras were anchored to a tree about 

0.75 m off the ground. Lures were hung with fishing line 

directly in front of one of the cameras at the site, about 1.0 

m above camera height. An assortment of scents was applied 

to the lures to attract a wide array of carnivores: mustelids, 

canids, felids, and wetland obligates, such as mink 

(Neovison vison) and river otter (Lontra canadensis). Scents 

used included ñCavenôs Gusto,ò ñMurrayôs Pred-A-Getter,ò 

and ñMurrayôs Shellfish Oil,ò all available from Murrayôs 

Lure and Trapping Supplies (Murray 2014). In addition, to 

attract those carnivores less receptive to scents, feathers 

were attached to the lures and small amounts of bait (usually 

meat and fruit) were also left at the sites. Camera traps were 

in place for 2 weeks, a sufficient period of time to fully 

sample the predator population in the immediate study area 

(e.g., Smith 2012; Cove et al. 2012) and revisited once per 

deployment to gather images for database entry, check 

batteries, and re-scent the lure for the second week. After 2 

weeks of sampling, this procedure was repeated by placing 

the 24 cameras in the 11 remaining sites. After the second 

2-week period, cameras were retrieved, and their data 

analyzed. This data collection cycle was repeated over 4 

seasons, to account for seasonal variation in habitat 

utilization by the wildlife community. Sampling periods fell 

largely over the months of April, July, and October of 2013, 

and February of 2014. These seasonal sampling periods 

were targeted at the apex of each season, to detect the most 

variation among seasons. 

   In addition to using cameras and lures, we surveyed 

transects in each site after the camera data collection was 

complete to detect tracks and scat. In winter, tracks and trails 

were more visible, providing the best chance to observe and 

identify predator footprints. Thus, an extra transect was 

Figure 1. Riparian corridor study sites (n=23) in vicinity of Rothrock State Forest, central Pennsylvania, USA, showing 

percent interior forest within a 1-km radius of camera trap sites. 

https://covertscoutingcameras.com/
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conducted at each site during this period, 24 to 36 h after 

freshly fallen snow. All  the transects were systematically 

spaced, with walking lines approximately 10 m apart 

surveying a total area of about 500 m2 (0.05 ha) surrounding 

each camera placement. In addition, if trace evidence was 

discovered while working at or traveling to the sites, it was 

catalogued or collected. These data were only used to 

confirm mesopredator presence, not estimate abundance. 

Analyses 

   This study sought to evaluate the associations between 

landscape metrics and site environmental data with the 

occurrence and corridor occupancy of mesopredators. These 

analyses resulted in the employment of successive spatial 

and statistical tests (Figure 2).    

   To begin, camera trap events were compiled and 

organized in Microsoft Excel by study site and season. Both 

cameras at each study site were not considered independent, 

so images from each were combined and analyzed as single 

observations. In an attempt to remove duplicate events, 

images that included the same number and species of 

individuals within 1 min of a previous event were treated as 

single detections for the purposes of corridor use analyses. 

Afterward, triggers were considered independent 

occurrence events. The occurrence of any species within a 

sampling season was deemed to establish the presence of 

that species at a study site. 

   Recording the presence and trigger frequency of species at 

each site allowed for the examination of species site 

occupancy and provided an index of mesopredator corridor 

use, at each of these sites (MacKenzie et al. 2002; 

MacKenzie et al. 2003; Thompson 2004; OôConnell et al. 

2010). Abundance was not calculated due to the difficulty 

of identifying individuals in photographs. Using the time 

and date stamps, as well as the geographic locations, we 

were able to investigate the seasonal activity, corridor use, 

and habitat preferences of these mesopredators. 

   We used a variety of software packages, including ArcGIS, 

R-project, Fragstats, and Presence in our analysis of data 

(Mackenzie 2006; McGarigal et al. 2012; ESRI 2013; R 

Core Team 2013). Site locations and various landcover 

datasets were overlaid to select the best landcover dataset 

for further analysis. The data selected were compiled from 

the U.S.  National Land Cover Database (Fry et al. 2011). 

The NLCD provides nationwide data on land cover and land 

cover change at a 30-m resolution with a 16-class legend 

based on a modified Anderson Level II classification system 

Figure 2. Successive analyses steps for evaluating associations between landscape disturbance and mesopredator 

community dynamics. 
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(https://www.mrlc.gov/data; Accessed October 2020). Two 

datasets collected for further landscape metric analysis were 

both regional sections of the National Land Cover Database 

from 2001 and 2006. Then, site buffers with radii of 1 km, 

centered on camera trap sites, were created on which to 

extract environmental landcover variables. The 1 km-radii 

were selected to better account for the aggregate landscape 

composition and configuration along riparian corridors. 

Landcover maps for each study site were then created using 

ArcGIS.  

Landscape analysis  ╖  Land cover maps were classified into 

5 land cover classes: forested, developed, cultivated, pasture, 

and open water. To simplify the analysis further, a binary 

classification also was created, forest and nonforest. This is 

a simplification of the 16 land cover classes from the NLCD. 

Using Fragstats, both of these classifications were analyzed 

using a variety of landscape metrics aimed at targeting both 

the configuration and composition of the landscape: 

Contagion, Edge Density, Percent Like Adjacencies, 

Percent Forest, Percent Nonforest, Percent Interior Forest, 

Percent Pasture, and Percent Developed (McGarigal 2014) 

(Table 2).  

   Site level analyses were performed using the 

environmental data collected in the field. Both the Stream-

Wetland-Riparian (SWR) and Mid-Atlantic Rapid 

Assessment Protocol (MARAP) indices were used to 

characterize each study site and quantify onsite habitat 

variables such as corridor width, vegetation structure, and 

the number of invasive species (Brooks et al. 2009 and 2018, 

respectively) (Table 2).  

   All the above habitat variables were evaluated and 

considered as possible covariates in our analysis. These 

variables were analyzed individually first, covariate by 

covariate, and then the most significant were incorporated 

into combined models. 

Corridor use: trigger frequency and species richness 

analysis  ╖  First, site trigger frequency (estimate of the 

number of independent detections per site) was analyzed 

using a Poisson regression approach across the landscape 

and site-level variables. Poisson regression was selected as 

an analysis method as it was deemed the most likely to result 

in a best-fitting model for count data. Site trigger frequency 

provided a count of predator occurrences and an index of 

mesopredator corridor use. It allowed for the evaluation of 

the associations between environmental variables and 

mesopredator occurrence. The most significant, best fitting, 

and least redundant Poisson regression models were 

identified and the environmental covariates with the 

strongest associations were used in subsequent analyses.  

   Subsequently, the relationships between site-level species                           

richness (cumulative site-level occupancy) and 

environmental variables were also evaluated using Poisson 

regression. The same environmental covariates were 

evaluated for both datasets. Model fits and covariate 

significance in both analyses were evaluated by comparing 

Akaike information criterions and evaluating probability 

values, respectively. A probability value of PÒ0.05 was 

considered statistically significant.  

Species occupancy analysis  ᵹ To analyze these species 

individually (and by taxonomic and ecological groups) 

using only presence and absence at each site, a second 

approach was needed. To analyze these presence and 

absence values, an occupancy modeling approach using the 

program Presence was selected (MacKenzie 2006). This 

analysis was deemed necessary due to the relative rarity of 

these species and the resulting small sample size expected. 

Occupancy modeling is frequently used when sampling rare 

species and for evaluating camera trap and trace evidence 

data when individuals cannot be reliably identified and true 

absence is difficult to determine (Thompson 2004; 

OôConnell et al. 2010).  

   The Presence program is designed to take the probability 

of detection into account and has been used in a variety of 

studies with camera traps (e.g., Meredith 2008; Long et al. 

2011; Cove et al. 2012). This modeling technique is a more 

robust form of simple logistic regression (another possible 

approach) by taking the probability of false absence into 

account (MacKenzie et al. 2002; Mackenzie et al. 2003; 

Mackenzie and Royle 2005). This program uses multiple 

site surveys to calculate how often a species is detected or 

not detected at each site. This ratio is used to create a 

probability of detection that is then applied to all the 

occurrence results. For our analysis, we defined a survey as 

the period cameras were deployed after scents were applied 

to a site. These were approximately 1-week periods. There 

were 2 of these designated survey periods each season for a 

total of 8 surveys at each site for the entirety of this project. 

It made sense to treat the deployment of scents as 

independent surveys of these sites, rather than the individual 

days sampled, which ignores the life history characteristics 

of mesopredators. To determine if the probability of 

detection influenced either the relationships witnessed in 

previous levels of analysis or identified new relationships 

with our environmental variables, we created robust 

occupancy models for several of the observed species. For a 

discussion of the specific approach utilized to construct 

these models, see Townsend (2014). We considered a 

probability value of PÒ0.05 to be statistically different for 

the purposes of this analysis. 

 

https://www.mrlc.gov/data
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Site Metr ic    Descr iption 1 

Area Weighted Fractal Dimension Fractal complexity of landscape shapes and edges 2 

Contagion    Proportional abundance vs adjacency of a class 3 

Edge Density    Average number of edges per hectare 4 

Percent Adjacent Forest  Percent like adjacencies for forest cover class 5 

Percent Interior Area   Sum of core areas in each patch of a landscape 6 

Percent Developed   Percent pixels classified as developed 7 

Percent Forest    Percent pixels classified as forest 8 

Percent Like Adjacencies  Percent of like cover class adjacencies vs the total  9 

Percent Nonforest   Percent pixels classified as nonforest 10 

Percent Pasture   Percent pixels classified as pasture  11 

Riparian Zone Width Score  Qualitative score evaluating width and vegetation 12 

SWR Landscape Index (combined) Formula developed by Riparia to assess wetlands 13 

 14 

Table 2. Description of landscape and site level covariates used in analyses. See Townsend (2014) or Fragstats help 

documentation for a more detailed description of each variable. 

Statistic N Mean St. Dev. Min  Pctl(25) Pctl(75) Max 

ïSite Environmental Dataï 

Contagion 23 59.746 21.721 29.488 34.959 75.938 92.370 

Edge Density 23 95.126 62.566 16.986 40.032 162.802 203.073 

Percent Like Adjacencies 23 83.813 9.385 67.621 73.662 92.077 95.534 

Percent Forest 23 69.647 28.230 18.924 44.747 93.716 98.282 

Percent Interior Forest 23 55.811 29.377 6.699 29.602 80.633 89.923 

Percent Pasture 23 12.176 13.696 0.000 0.658 25.122 38.133 

Percent Developed 23 7.979 8.250 1.689 3.836 8.417 42.285 

Riparian Zone Width Score 23 15.957 4.705 5 14 20 20 
ïMesopredator Site Dataï        

Total Triggers 23 27.783 15.765 6 19.5 32.5 87 

Triggers - Racc./Opp. 23 2.217 1.858 0 1 3 7 

Species Richness 23 3.348 1.027 2 3 4 6 

 

Table 3. Descriptive statistics for study subset of site environmental data and mesopredator occurrence values, for riparian 

mammal detections in central Pennsylvania, USA. Sampling period from April 2013 to February 2014. 
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RESULTS 

A Gradient of Landscape Disturbance 

   Study sites exhibited marked differences in the habitat 

variables we measured.  Measures of landscape composition 

showed declining forest cover and increasing  levels  of 

nonforested landcover types (e.g., pasture and development) 

as one moved downstream in riparian corridors (Figure 1). 

Measures of landscape configuration showed increasing 

levels of forest fragmentation and an increase in landscape 

edges along the same gradient. Site-level analyses showed 

decreasing widths of riparian corridors the further away a 

site was from the state forest. These trends were not 

analyzed statistically, as that was not the objective of this 

study, but the variation in these measures between sites 

provided a varied study landscape to analyze in conjunction 

with mesopredator occurrence and occupancy. Descriptive 

statistics are provided of landscape and site analysis results 

(Table 3).  

Community Corridor Use and Species Richness 

Community composition  ᵹ The composition of the 

mesopredator community was dominated by 2 species: 

Northern raccoon (Procyon lotor) and North American 

opossum (Didelphis virginiana). Together these 2 species 

accounted for almost 90% (n = 637) of the observed 

carnivore occurrences (n = 716), even after these results had 

been corrected for repeat camera triggers by these species. 

Other common species (in order of frequency) were bobcat 

(Lynx rufus), North American black bear (Ursus 

americanus), red fox (Vulpes vulpes), domestic cat (Felis 

catus), and coyote (Canis latrans).  Other species found 

were striped skunk (Mephitis mephitis), fisher (Pekania 

pennanti), American mink (Neovision vison), domestic dog 

(Canis lupus familiaris), and gray fox (Urocyon 

cinereoargenteus). Each of these species accounted for       

<1% of the observed carnivore detections. Descriptive 

statistics are provided of mesopredator site occurrence and 

occupancy (Table 3). Frequency measures are shown 

graphically, dividing them among seasons (Figure 3).  

Relationships between landscape pattern and carnivore 

occurrence  ᵹ  Mesopredator occurrence was highly 

associated with a few environmental variables (Table 4). 

However, which environmental variables were important 

depended on which portion of the mesopredator community 

was being examined. When examining all carnivore species 

collectively, Edge Density (P = 0.0235), Percent Like 

Adjacencies (P = 0.0235), Percent Developed (P= 

Figure 3. Camera trigger frequency (relative abundance) by season of mesopredators in riparian corridors in central 

Pennsylvania, USA. Sampling period consisted of 4 seasonal surveys beginning in April 2013 and ending in February 

2014. 
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0.000037), and Riparian Zone Width Score (P = 0.0104) 

were significantly associated with mesopredator occurrence. 

The landscape metrics exhibited a positive relationship, 

while riparian zone width exhibited a negative association; 

narrower riparian corridors had more carnivore camera 

triggers than wider ones. The best fitting, most significant 

model for these data was one that solely included Percent 

Developed. This includes several combined models using 

additive and interactive variations of the above variables, 

which all resulted in insignificant covariates, possibly due 

to the interrelatedness of these landscape metrics. However, 

none of the models fit the data well, even after applying a 

Quasi-Poisson approach, due to overdispersion and the 

presence of outliers. This dispersion was due, in part, to the 

high frequency of raccoon and opossum triggers at some 

sites.  

   To correct for this poor model fit, we removed raccoon 

and opossum triggers from the model and looked at the rest 

of mesopredator community. This resulted in much better 

fitting models, though some overdispersion was still present 

leading to the continued use of Quasi-Poisson regressions in 

remaining analyses. Following the removal of these 2 

species, Percent Developed and Riparian Zone Width were 

no longer significantly associated with mesopredator 

occurrence. Instead, only Edge Density (P = 0.0292) 

remained significantly (and still positively) associated with 

carnivore occurrences. As such, no further combined models 

were analyzed. In addition, while statistical evaluation of 

further subdivisions of the predator guild or of the seasonal 

variation among mesopredator occurrences were possible, 

further dividing camera triggers would have resulted in 

exceptionally low occurrence values for most species and 

likely lead to insignificant results. Additionally, as 

seasonality was not our study focus, such an evaluation was 

not performed. 

Relationships between landscape pattern and species 

richness  ᵹ An identical analysis using species richness 

identified no significant relationships between any 

environmental variables and site-level species richness. 

Several trends present in the previous occurrence data were 

still visible (e.g., Edge Density), but none proved significant. 

This lack of significant relationships was seen when 

evaluating either Poisson or Quasi-Poisson regression 

results.  

Habitat Occupancy of Individual Species 

   Occupancy estimation based on landscape metrics using 

Presence software  ╖ These Poisson regression results were 

further analyzed using Presence software to account for the 

inability to identify individuals and thereby estimate 

abundance at each of these sites. This analysis of presence 

and potential absence was only conducted for coyotes, foxes, 

and bobcats as the rest of the species were either too 

abundant or too rare for this occupancy modeling approach.  

Coyotes exhibited similar difficulties with this approach as 

did the less numerous species, especially before the addition 

of trace evidence to the occurrence results. According to the 

naïve occupancy estimate, coyotes occupied 56% of the 

study sites. However, when considering probability of 

detection (also 8% for both camera and trace surveys 

combined), coyotes were expected to occupy every site. 

Once environmental variables were included, however, this 

pattern changed. Percent Nonforest was the most important 

landscape variable for this species, with an AIC value 1.76 

lower than a model including no environmental variables. 

This resulted in individual occupancy estimates for some 

forested sites to fall as low as 59%. More importantly, the 

 
 Dependent variable:  

 All Triggers 

(1) 

 

(2) 
Triggers - Racc/Opp 

(3) 

Edge Density 0.004z   0.006z  

(0.002) (0.003) 

Percent Developed 0.033z  z

(0.006) 

Constant 2.925z  z 3.018z  z 0.133 

(0.202) (0.104) (0.356)  

Observations 23 23 23 
 

Pz<0.05; ᶻPz<0.01 

Table 4. Mesopredator occurrence Poisson regression results for the most significant, best fitting models for riparian 

mammal detections in central Pennsylvania, USA. Sampling period from April 2013 to February 2014. Significance levels 

are marked by asterisks and are denoted below the table. 
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derived parameters of this model at some of the sites were 

as low as 38%, when considering both the probability of 

detection and occupancy. This indicates that at some less 

disturbed sites, coyotes were only 38% likely to occupy a 

site. Nevertheless, coyotes were still more likely to occupy 

most sites using any one of these environmental covariates.  

   The 2 fox species exhibited similar habitat preferences in 

this system but were both relatively rare. As such, they were 

evaluated together for the purposes of this occupancy 

analysis. Even when combined, they demonstrated the most 

distinct trends (Figures 4 and 5). The naïve occupancy 

estimate was approximately 39% and the actual estimated 

occupancy before covariates were added was only 58%.    

   Percent Nonforest was the most important landscape 

variable for these canids as well, with an AIC value 5.6 

lower than the base model with no environmental covariates. 

The probability of detection for this species held at about 13% 

for this species. However, despite this low probability of 

detection, the derived parameter for this model was low for 

some sites, as low as 27%. This suggests that at some 

forested sites, the probability of a fox occupying the site 

when considering both  the probability of detection  and the 

probability of occurrence is about a 1 in 4 chance. This 

shows that the environmental covariates influenced fox 

occupancy, even when considering false absence or the 

probability of detection.  

   Other than these 3 canids, no carnivore showed consistent 

occupancy differences or habitat preferences along these 

riparian corridors. In addition, coyote occupancy patterns 

only became visible after the inclusion of trace evidence 

(Figure 6). For instance, neither bobcat nor mink, generally 

considered habitat specialists, demonstrated significant 

occupancy patterns based on these landscape variables. Both 

species appeared to use multiple site types across the 

landscape gradient (e.g., bobcats in Figure 7). The other 

species were either too rare (e.g., skunks and fisher) or too 

abundant (e.g., raccoons in Figure 8), occurring at virtually 

every site. Therefore, no meaningful occupancy analyses 

could be performed for these species. Once again, models 

relying on additive or interactive combinations of these 

landscape variables proved unfruitful, due to the 

interrelatedness of these landscape metrics. 

Figure 4. Percent Nonforest and the occupancy of both red and gray foxes, with best fit line, in riparian corridors in central 

Pennsylvania, USA. Sampling period from April 2013 to February 2014. 
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Seasonal occupancy analysis  ᵹ  It was possible to analyze 

the seasonal habitat preferences of the abundant raccoons 

and opossums. Occupancy data for both species were 

analyzed in each season to determine if their habitat 

preferences changed by time of year. While both raccoon 

and opossum did appear at fewer sites in winter, possibly 

due to torpor brought on by cold snaps, the decline did not 

show significant trends. Rather, this decline occurred in all 

habitat types and seemed to be associated solely with a 

uniform decline in winter abundance (or a reduction in 

movements). Therefore, no seasonal differences were found 

based on the measured habitat variables. No other species 

appeared frequently enough across seasons to analyze any 

seasonal trends in occupancy. 

DISCUSSION 
   The entirety of the mesopredator community exhibited 

associations with several of the landscape and site-level 

variables we measured. However, the landscape variables 

involved in these relationships shifted after the most 

abundant species, raccoons and opossum, were removed. 

This shift implied that the relationships these 2 species had 

with the corridor landscape were not the same as those of 

their other mesopredator cousins. Finally, the 3 canid 

species provided evidence for the influence of some 

landscape metrics on site occupancy, suggesting predator 

site-selection based on these variables. These 3 results 

demonstrated significant, though limited, relationships 

between landscape disturbance and mesopredator 

community dynamics. 

Impact of Landscape Configuration and Composition on 

Mesopredator Occurrence  

The mesopredator community showed significant 

associations with related measures of landscape 

fragmentation: Edge Density (positive) and Percent Like 

Adjacencies (negative) (Table 3). This suggests that at least 

some of these carnivores may select for fragmented, ñedgyò 

landscapes along these riparian zones. However, when 

raccoons and opossums were included in the model, a 

Figure 5. Frequency of red and gray fox occurrence in riparian corridors in the study landscape in central Pennsylvania. 

Green represents forested and yellow, nonforested landscapes. The red dots are proportionally related to the number of fox 

appearances in a study site (~0.5 ha) and the black dots represent sites where foxes were not recorded in study sites. 

Sampling period from April 2013 to February 2014. 
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measure of landscape composition, Percent Developed, was 

the most important landscape variable. This may be due to 

preference of raccoons and opossums for more highly 

disturbed landscapes, regardless of the availability of forest 

edges. In addition, one site-level metric, an index of riparian 

corridor width, was also significant and negatively 

associated with mesopredator occurrences. This seems to 

indicate that at least some of these predator species may be 

selecting for narrower corridor zones. While these trends 

remained visible when analyzing mesopredator species 

richness, they did not remain significant. This could indicate 

that less frequent specialist site visitors (e.g., mink, fisher), 

offset their generalist counterparts when weighted equally 

in terms of occupancy. It could also indicate that species 

richness provided too small of a sample size to yield 

statistically significant results. 

   In terms of overall landscape trends, the mesopredator 

community behaved in a way that deviated from our original 

expectations. Based on the intermediate disturbance 

hypothesis (Connell 1979), we expected that the highest 

species richness and abundance would occur on the edge or 

in intermediately disturbed sites. Instead, both species 

richness and trigger frequency seemed to peak at the more 

highly disturbed sites, which were in agricultural areas. 

Other studies have shown that various mesopredators peak 

in abundance in areas of intermediate disturbance (e.g., 

Crooks 2002; Prange and Ghert 2004; Ordeñana et al. 2010); 

these studies usually included urban or suburban areas as 

their highest level of disturbance, with developed rural 

landscapes as their intermediately disturbed areas. Our study 

area did not contain highly urbanized areas or high-density 

suburban areas. In addition, as Yahner (1988) emphasized, 

it is difficult to determine what constitutes an edge (or an 

edge effect) for a species, especially in a patchy landscape. 

It is likely that some species did not experience edge effects 

or negative human influences and may have been able to use 

the entire landscape (Yahner 1988). Thus, it may not be 

surprising that mesopredator occurrences peaked in these 

more developed rural sites, if they could use all available 

habitats.  

Figure 6. Frequency of coyote occurrence in riparian corridor sites in the study landscape of central Pennsylvania, USA. 

Green represents forested and yellow, nonforested landscapes. The orange dots are proportionally related to the number of 

coyote appearances in a study site and the black dots represent sites where coyotes were not recorded during the study. The 

purple circles represent study sites where the cameras did not record coyote presence, but where coyote tracks were found. 

Sampling period from April 2013 to February 2014. 
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   Nevertheless, it was possible to distinguish which 

landscape and site level characteristics would likely be most 

important in predicting carnivore occurrence along riparian 

corridors. Overall, landscape metrics that characterized the 

configuration of the landscape seemed to be more useful for 

predicting the majority of generalist mesopredators. 

Specifically, models including some calculation of 

landscape edges were almost always statistically significant 

and were consistently the best fitting models for the 

mesopredator community. These models showed that an 

increase in habitat edges was associated with increasing 

corridor use by mesopredators. In addition, decreasing 

corridor width and increasing developed area were both 

important for predicting the occurrence of some carnivores 

(e.g., raccoons and opossum). Corridor width might have 

been a more predictive variable and showed a different 

relationship if more mink, bobcat, and coyote detections had 

been observed. 

Impact of Landscape Composition on Canid Occupancy    

    Finally, canid species, usually considered habitat 

generalists, demonstrated specific habitat occupancy 

preferences based on the landscape metrics we measured in 

a way that other mesopredator species did not. For foxes, 

metrics measuring landscape composition, Percent 

Nonforest and Percent Pasture, were the most predictive 

metrics for habitat occupancy.  Foxes were limited to the 

human disturbed portions of the riparian corridors in this 

study. Bobcats, a traditionally identified habitat specialist 

showed no habitat preferences. Coyotes seemed to avoid the 

interior forested corridors most times of the year, with the 

exception of winter when resources may be scarce. It is 

possible, however, that foxes and coyotes used interior 

forested areas without relying on our monitored riparian 

zones as travel corridors (Elbroch and Rinehart 2011). 

Riparian corridors may serve as a funnel, focusing their 

movements (Lindermayer and Fischer 2006; Roemer et al. 

2009) in non-forested habitats. Nevertheless, these results 

suggest that even generalists have landscape-level habitat 

preferences, at least along riparian corridors. 

Study Limitations and Areas for Future Research   

   We sampled over 132 d across all 4 seasons at 23 

dispersed sites for a total of 1,518 trap-nights. With this 

level of temporal and spatial replication, most species were 

Figure 7. Frequency of bobcat occurrence in riparian corridor sites in the study landscape of central Pennsylvania, USA. 

Green represents forested and yellow, nonforested landscapes. The blue dots are proportionally related to the number of 

bobcat appearances in a study site and the black dots represent sites where bobcats were not recorded during the study. 

Sampling period from April 2013 to February 2014. 
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detected <16 times, except for raccoons and opossums, 

which suggests mesopredator rarity. Conclusions regarding 

habitat preferences were drawn from those species that were 

least rare: raccoon, opossum, bobcat, coyote, and foxes. The 

high abundance of raccoons and opossums in our study 

seemed disproportionate when compared to a similar study 

by Kelly and Holub (2008) and Pennsylvania Game 

Commission harvest records where the species accounted 

for just under 60% of harvested species versus 90% of our 

site occurrences (Lovallo and Hardisky 2012). The 

abundance of these 2 species and the rarity of the remaining 

species made statistical analysis difficult and may have 

prevented us from recognizing some mesopredator habitat 

preferences and observing less pronounced landscape-level 

patterns.  

   This study only applies to these mesopredatorsô use of 

riparian corridors, and not the entire landscape. We have 

provided no evidence to determine how these species 

behave away from riparian zones. Riparian corridors may 

allow travel through and use of portions of agricultural 

landscapes. For habitat specialists (e.g., mink, bobcat, and 

possibly black bear), forested riparian zones likely provide 

suitable pathways for movement in and out of cultivated 

lands to and from contiguous forests. Mesopredator 

movements using these corridors and the relationship they 

have to the surrounding landscape is a potential area of 

future research. Telemetry studies of multiple individuals 

and among different mesopredator species (e.g., Major and 

Shelburne 1987) could help to address these research 

deficits, in addition to providing a better method of 

observing the potential interactions between individual 

carnivores.  

   Camera trapping may not replace the capture-mark-

recapture approach as the most statistically viable and 

powerful abundance and density estimation method 

(OôConnell et al. 2010) but it does provide a noninvasive 

way to study rare and elusive wildlife (Figure 9). However, 

using camera traps to estimate density or catalogue habitat 

preferences are mutually exclusive goals. When estimating 

density, it is best to avoid baiting the traps and is important 

to deploy them in a dispersed, grid-like formation across a 

known habitat area. However, when analyzing occupancy or 

habitat preferences, as we have done in our study, the 

Figure 8. Frequency of raccoon occurrence in riparian corridor sites in the study landscape of central Pennsylvania, USA. 

Green represents forested and yellow, nonforested landscapes. The blue dots are proportionally related to the number of 

raccoon appearances in a study site. Sampling period from April 2013 to February 2014. 
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cameras need to be spread across a variety of habitats and 

baiting the traps is permissible. Relative abundance and 

frequency estimates can be analyzed in conjunction with 

habitat occupancy as a way of describing how a site was 

occupied for the species in question. Organizing wildlife 

species into guilds (e.g., canids) might increase sample size, 

and thus, increase oneôs ability to make broader conclusions 

about communities. Other analytical approaches and areas 

for future research are discussed at length in Townsend 

(2014). 

 

CONCLUSION 
   This study demonstrated that mesopredators use riparian 

corridors along rural landscape gradients ranging from 

interior forest to  agricultural lands.  The  identified  habitat  

 

Figure 9. Bobcat and fisher camera trap photos. 


