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ABSTRACT

Lockdowns and restrictions associated with the 2020 Covid-19 pandemic altered human
activity, with potential impacts on wildlife. In particular, the activity of reclusive mammalian
carnivores, which often avoid humans, may have been affected with ramifications for population
connectivity and viability. Here, | evaluate changes in the capture rates of humans and
mammalian carnivores between 2019 and 2020 across 31 sites in the Eastern United States. Site-
specific capture records were obtained from the Snapshot USA camera trapping survey.
Differences in carnivore activity were modelled as a response to human activity changes and the
development level of the site (urban, suburban, rural or wild) using generalized linear models.
Results indicated that, when compared with 2019, there was an overall decrease in human
activity at camera sites in 2020, but human activity at urban and wild sites increased slightly. The
mean capture rates of all carnivores examined did not change significantly between 2019 and
2020. Capture rates of all individually examined carnivore species varied significantly among
development types, with most showing the lowest activity in urban areas. Of seven species
modelled individually, only fisher (Martes pennanti) activity responded positively to decreases
in human activity between years. Overall, with limited exceptions, changes in human activity
caused by the COVID-19 pandemic may not have impacted mammalian carnivore activity as
much as expected. This lack of a relationship with human activity could imply that some
reclusive carnivore species make more use of human-occupied landscapes than was previously

thought, but simply go undetected.

INTRODUCTION

In global ecological systems, wildlife and humans are inextricably interconnected,
meaning that wildlife activity impacts humans, and human activity — including our use of and
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mere presence within landscapes — has a variety of effects on wildlife populations. In particular,
reclusive species such as mammalian carnivores may avoid areas of high human activity
altogether, which can cause issues for the connectivity and viability of such species’ populations
in a world dominated by an ever-increasing human population and footprint. Recently, the
pandemic caused by the SARS-CoV-2 Coronavirus had such large-scale impacts on the behavior
and activity of the global human population that the period of government-induced lockdowns
and mobility restrictions to contain the spread of the virus was coined “the Anthropause” (Rutz
et al. 2021, Corradini et al., 2021; Pepe et al., 2020; Rupani et al., 2020). Given the mix of
impacts human activity can have on wildlife, it seems likely that such drastic changes in the
global activity of humans could affect mammalian carnivores. Indeed, there were a series of
reports in the public media about purportedly increased sightings of wildlife — including large
carnivores — in urban areas during 2020 (BBC, 2020; Radhika, 2020; The Guardian, 2020).
While it is unclear if these reports are accurate, it is possible that the reductions in human activity
during the COVID-19 pandemic could have led to an increase in mammalian carnivore activity

overall, with some variation among species and across different landscapes.

The most immediate effects of the COVID-19 pandemic were on the global human
population, with significant alterations in human activity due to the variety of lockdowns and
restrictions put in place to limit the spread of the virus. Globally, over 100 countries put some
restrictions in place at the start of the pandemic in 2020 (Montgomery et al., 2021). In the United
States, 95% of the population had their mobility restricted in the spring of 2020, when most state
governments issued some version of a stay-at-home order starting with California on March 19"
and ending with South Carolina on April 6™, 2020 (Mervosh et al., 2020). These stay-at-home

orders remained in effect through the beginning of the summer of 2020, with states having a



variety of other restrictions in their “reopening” plans that likely altered human mobility for the

remainder of 2020 (Washington Post Staff; AIMC Staff).

Human activity also changed differently across different locations, with mobility in the
U.S. decreasing at transit stations, recreation facilities like restaurants, workspaces, and grocery
stores and pharmacies, while increasing in parks and residential spaces throughout 2020 (Ritchie
et al., 2020). Around the world, human activity tended to increase in parks and natural spaces,
with a 151% increase in visitors noted in forest areas studied in the Czech Republic (Soga et al.,
2021; Cukor et al., 2021). Additionally, one UK survey found a significant increase in the
number of people walking outside during the pandemic, with 81% of respondents noting the
importance of nature to that outdoor activity (Hockenhull et al. 2021). In the U.S., the number of
visitors to parks and outdoor spaces increased to a peak of around 60% above baseline levels in
the summer of 2020 (Ritchie et al. 2020). Overall, human mobility decreased during the
pandemic, with some increases in residential and outdoor spaces as people stayed-home and
avoided densely populated areas as a part of government instituted orders and social-distancing

policies (Soga et al., 2021; Hockenhull et al., 2021; Cukor et al., 2021).

The widespread reduction in human mobility during the pandemic was also indicated by a
variety of effects on the global environment, such as a global reduction in consumption of fossil
fuels and greenhouse gas production, with an observed 17% decrease in daily global emissions
compared to 2019 levels (Le Queéré et al., 2020). There was also a marked reduction in general
air pollution: in Bangalore, India there was a 49% decrease in nitrogen dioxide (NO2) among
other gas pollutant reductions from 2019 levels, and the city of Ghaziabad saw an 85.1%
reduction in particulate matter concentrations (PM2.s) just from January to April of 2020 (Gouda

et al., 2021; Lokhandwala & Gautam, 2020). Water pollution also appeared to decrease during



the “Anthropause;” for example, the Ganges river exhibited an 8 ppm increase in dissolved
oxygen and a 3 ppm decrease in biochemical oxygen demand (Lokhandwala & Gautam, 2020).
Urban areas also saw a reduction in noise pollution, such as in Colombia, where sound pressure
levels increased 128% in urban spaces when mobility restrictions lightened in May and June
2020 (Ulloa et al., 2021). Boston, MA showed sound levels in central urban protected areas 1-3
decibels lower than pre-pandemic conditions, and in San Francisco noise levels during the
shutdown markedly decreased in response to traffic returning to levels observed in the 1950s

(Terry et al., 2021; Derryberry et al., 2020).

These changes in human mobility and the environment also had consequences for wildlife.
For example, in San Francisco, the previously mentioned observed reduction in noise pollution
appeared to impact the songs and therefore reproductive success of the white-crowned sparrow
(Zonotrichia leucophrys). In the past, researchers recorded the species as having higher
frequency calls in urban areas with higher ambient noise levels, which resulted in lower
bandwidth and vocal performance. This meant songs to which urban birds were less responsive,
which could reduce mating opportunities while increasing challenges for territory (Luther et al.,
2016). But when ambient noise levels in San Francisco significantly decreased during the
COVID-19 shutdown, the songs of the white-crowned sparrow decreased in frequency which
means longer and higher communication distances and vocal performance. This could reverse
the potential negative impacts human noise levels have on the reproductive success of this
species, by potentially increasing mating opportunities and reducing conflict over territory

(Derryberry et al., 2020).

The reproductive success of some species was also negatively affected by the large reduction

in human mobility. For example, when tourists stopped visiting a seabird colony in the Baltic



Sea during 2020, white-tailed eagles (Haliaeetus albicilla) had maximum numbers increase
760% in 2020 compared to 2019, largely due to the reduction of tourists — which the eagles tend
to avoid. This increase in eagle numbers led to a sevenfold increase in disturbances of common
murres (Uria aalge), which then experienced a 26% reduction in breeding productivity (Hentati-
Sundberg et al., 2021). So, the changes in human activity during the pandemic did not result in

solely positive impacts for wildlife.

Wildlife survival rates were also negatively impacted by the COVID-19 pandemic. First,
some species have directly contracted the SARS-CoV-2 virus, including: domestic cats and dogs,
agriculturally-farmed mink, captive lions, tigers and gorillas, and wild white-tailed deer
populations (Ekstrand et al., 2021; USDA APHIS, 2021; Schulz et al., 2021; Sit et al., 2020;
Oude-Munnink et al., 2021; McAloose et al., 2020; Hale et al. 2021). Additionally, the global
COVID-19 shutdowns resulted in reductions in conservation actions and enforcement, which
could have resulted in reduced management of potentially destructive invasive species and
increased illegal hunting (Manenti et al. 2020; Lo Parrino et al. 2021; Bates et al. 2021; Battisti,
2021; Corlett et al., 2020). Finally, anthro-dependent species that typically rely on human
sources of food may have been negatively impacted by the reductions in human activity,
especially in urban areas. For example, feral pigeons in Singapore had reduced abundance in the
open urban areas and food hotspots they normally inhabit as human-generated food availability
decreased (Soh et al. 2021). Likewise, the Torresian crow in Australia, which depends on human
sources of food, appears to have moved from urban areas to natural beaches, and likely increased
predation of smaller beach animals and other bird eggs while outcompeting native scavengers,

causing a rippling effect through the entire ecosystem (Gilby et al. 2021).



Wildlife survival rates were also positively affected by the reduction in human mobility
during the COVID-19 shutdowns. Roadkill rates decreased around the globe — such as in Chelm,
Poland, where road mortality levels of the northern, white-breasted hedgehog (Erinaceus
roumanicus) decreased by 50% during COVID-19 lockdowns (Lopucki et al., 2021). Similarly,
roadkill of amphibians and lizards in Italy, where some sites saw 80-100% reductions in road
traffic, decreased in 2020 compared to 2019 (Manenti et al. 2020). Additionally, overall animal
mortalities from collisions with vehicles and water vessels were reported to decrease by 19% in
South Korea, and 42% in the United States from their respective baseline levels (Bates et al.,
2021). Within the United States, the shelter-in-place COVID-19 orders resulted in a range of 63-
73% decreases in driving in California, Idaho, Maine, and Washington. Daily wildlife-vehicle
collision rates 4 weeks after restrictions were enacted were reported to decrease by 34% from
levels at 4 weeks prior to those restrictions, and in California, a 58% reduction in road mortality
was recorded for mountain lions (Puma concolor) alone (Shilling et al. 2021). These reductions
in mortalities could have lasting impacts on these wildlife populations, as more individuals were
able to survive, move through and among habitat territories, and potentially reproduce (Lopucki

et al., 2021; Manenti et al. 2020).

Human mobility shifts during COVID-19 lockdowns also impacted wildlife activity patterns
in a variety of ways. For example, in a camera trap study of forested areas in the Czech Republic,
human visitor activity was observed to peak between 8 — 11 AM and 4 — 7 PM during 2020,
while in comparison, wildlife activity peaked from 4 —7 AM and 9 — 12 PM, indicating that
wildlife were avoiding human visitors temporally, and so were negatively impacted by the
increased human disturbance in these outdoor spaces (Cukor et al., 2021). At the same time,

where human activity decreased, the effects on wildlife activity patterns appeared more positive.



For example, in urban areas in Spain, a variety of bird species had significantly higher
detectability in the early morning in 2020 compared to levels from a baseline of 2015-2019,
indicating that these animals may have altered their activity schedules to sing earlier in the day
than they did pre-pandemic (Gordo et al., 2021). Similarly, the number of diurnal cottontail
(Sylvilagus floridanus) records at a site in Italy were higher in 2020 compared to levels in 2014,
2016, and 2018, implying a potential release from the “landscape-of-fear” induced by typical
levels of human presence and activity (Manenti et al., 2020). These shifts in the activity patterns
of wildlife indicate their ability to adjust their behavior rapidly and flexibly in response to
changes in their environment, such as the widespread reductions in human activity during the

COVID-19 lockdowns (Gordo et al., 2021).

A final impact of the reductions of human activity during the COVID-19 lockdowns was on
the connectivity of wildlife populations. The aforementioned reduction in road-collision
mortalities for wildlife populations likely meant roads were less of a barrier to moving animals;
s0, the reduction in human mobility likely allowed more species to roam to more areas and
increased the connectivity of their populations. This was documented in Italy for the brown bear
(Ursus arctos), which appeared to approach and occupy human-dominated spaces and “hotspots”
for road crossings more during 2020 compared to rates in 2016-2019 (Corradini et al., 2021).
This could imply that wildlife, specifically large mammalian carnivores, had increased
connectivity and were better able to crossroads during the pandemic. Additionally, the same
study found that brown bears were reported in 2020 at locations further from their core
population area compared to their occurrences in 2019, indicating that they may have been
expanding their habitat range during the reduction in human mobility during lockdown

(Corradini et al., 2021).



The potential use of new spaces by wildlife in 2020 may be indicative of their increased
connectivity during the “Anthropause.” For example, a study analyzing citizen scientist
observations on the iNaturalist app during the pandemic reported that there were many large
mammal species observed in new locations in 2020 where they had not been previously sighted,
although these new sites were not always in the urban areas sensationalized by the news media
(Vardi et al. 2021; iNaturalist; BBC, 2020; Lanzoni & Almond, 2020; Manenti et al., 2020;
Mervosh et al., 2020; Radhika, 2020; The Guardian, 2020). This result could indicate that
wildlife may have taken advantage of new spaces that humans vacated during the beginning of
the pandemic (Vardi et al. 2021). The same study also reported an increase in puma (Puma
concolor) observations deeper into urban spaces, a finding which is also supported by a study in
California specifically, where GPS-collared mountain lions also appeared to lose some of their
aversion to urban boundaries and venture into densely populated areas (Vardi et al. 2021;
Wilmers et al. 2021). In other words, the reduction in human mobility during the pandemic may
have allowed wildlife species, like mammalian carnivores, to venture into or at least wander

through, new spaces that are normally dominated by human activity.

Terrestrial mammalian carnivores are the particular focus of this study for a variety of
reasons. First, they are charismatic and tend to attract a lot of public attention and interest.
Despite this, they are also quite reclusive and difficult to detect, tend to have low population
densities, and typically have large habitat requirements (Bateman et al., 2012; Tucker et al.,
2018). Also, as predators, any changes in the activity or populations of these species can have
rippling effects on the tropic levels below them (Smith et al. 2017). And there is a lot of evidence
that these species are greatly affected by humans, who they generally tend to avoid both spatially

and temporally (Doherty et al., 2021; Gaynor et al., 2018; Ordefiana et al., 2010; Tigas et al.,



2002; George & Crooks, 2006; Flores-Morales et al., 2019; Smith et al., 2017; Nickel et al.,
2020; Martin et al., 2010; Lamb et al., 2020; Obreosler et al., 2017; Nisi et al., 2022). Human
activity is directly responsible for some of the mortality of carnivores through vehicle-collisions:
for example, road-kills were once the primary source of mortality for all large vertebrates in the
state of Florida (Coffin, 2007; Tigas et al., 2002). The construction of roads and other human
infrastructure through the process of urbanization also destroys and fragments the large habitat

spaces carnivores rely upon (Benson et al., 2015; Whittington et al., 2005; Crooks et al., 2002).

Different carnivore species react in a variety of ways to human disturbance. Some carnivore
species, such as the coyote (Canis latrans) and Northern raccoon (Procyon lotor) can live in
areas of high human development and even take advantage of the anthropogenic food sources
available there, while other species, such as the fisher (Martes pennanti) and bobcat (Lynx rufus),
have been shown to avoid those spaces due to the intensity of the infrastructure and high human
presence (Batemen et al., 2012; Suraci et al., 2021; Ordefiana et al., 2010; Kordosky et al., 2021,
Salek et al., 2015). There is also ample evidence for carnivores temporally avoiding humans by
altering their diel patterns to become more active at night when humans are not (Gaynor et al.,
2018). Such shifts in activity patterns can take place rapidly in response to changes in human
disturbance, as was observed in the Czech Republic the during the COVID-19 pandemic when
the number of humans visiting parks suddenly increased (Cukor et al., 2021). So, it is feasible
that mammalian carnivores could respond to widespread changes in human activity such as those

occasioned by the pandemic by adjusting the amount, location, and timing of their activity.

As discussed above, there is already some preliminary evidence that carnivores may have
shifted their activity patterns in response to human activity changes during the COVID-19

pandemic (Cuckor et al., 2021), and there is also some anecdotal evidence that carnivores may
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have been using new spaces during the “Anthropause,” including sites in developed areas like
cities. For example, in the spring of 2020, there were a variety of reports in social and news
media about wildlife “reclaiming” and “roaming” cities during lockdowns around the world.
Specific to carnivores, there were reports of jackals in Tel Aviv, Israel, pumas in Santiago, Chile,
and red fox in Toronto, Canada, among many others (BBC, 2020; Lanzoni & Almond, 2020;
Manenti et al., 2020; Mervosh et al., 2020; Radhika, 2020; The Guardian, 2020). A few studies
seem to support these observations so far: one by Vardi et al. that analyzed iNaturalist
observations in North America during the pandemic found that more animals were observed in
new locations during 2020, although these new locations were not very urbanized, except in the
case of the mountain lion (Vardi et al., 2021). One study that occurred in two cities in Chile,
observed several carnivore species, including some that are endangered, in urban spaces although
it is unknown if these are novel sightings as there was no data prior to 2020 (Silva-Rodriguez et
al., 2021). A study on brown bears in the Italian Alps found that bears did appear closer to
human settlements and roads, and so potentially used road-crossing hotspots to get to new habitat
and increase their range (Corradini et al., 2021). Finally, a radio-collaring telemetry study of
mountain lions in California found that, during the pandemic, some cats did venture farther into

urban boundaries than they had pre-pandemic (Wilmers et al., 2021).

While these studies of changes in wildlife activity are interesting, they often relied on
anecdotal observations and/or lacked a variety of mammalian carnivore species and a large
geographic scale. To truly determine if these sightings were “novel,” a systematic non-invasive
dataset collected by researchers experienced in carnivore identification is needed. Without such

data, it is difficult to tell if the sightings of carnivores in unusual and/or human dominated spaces
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during the pandemic were due to true changes in the activity of carnivore populations, or if they

were simply the result of humans becoming increasingly interested in the natural world.

This study analyses data from the Snapshot USA project — a national, yearly camera trapping
survey effort in all 50 states to non-invasively collect data on mammal species, including
carnivores, across the country (Cove et al. 2021). Using Snapshot USA data, | aimed to address
gaps in our understanding of how mammalian carnivores in the Eastern United States were
impacted by changes in human activity associated with the COVID-19 pandemic. | did this by
examining differences in the mean photographic capture rates of carnivores between 2019 and
2020 and among different levels of human development (including urban, suburban, rural and
wild) in response to human activity change. In general, | predicted that carnivore activity would

be negatively related to human activity. | had two central hypotheses:

l. Human activity decreased in 2020 due to the government enforced lockdowns,
restrictions, and social distancing during the COVID-19 Pandemic, with some
variation among landscape development levels.

. Mammalian carnivore activity increased overall in 2020 in response to lower
human activity due to their general reclusiveness and aversion to humans, with

some variation among species and across development types.

METHODS

Study Design

This study analyzed data from the 2019 and 2020 Snapshot USA Projects, which are part
of an annual camera trapping survey of terrestrial wildlife across the United States. The

inaugural 2019 14-week survey included 1,509 camera trap sites across all 50 states and took
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place from August 17 to November 24, 2019. The survey effort resulted in 166,036 detections of
83 different species of mammals (Cove et al., 2021). The 2020 Snapshot USA Project also took
place from August to November and consisted of 1,456 camera deployments that detected 81
mammal species (Kays, 2021). In both surveys, camera sites were categorized into one of four
types of anthropogenic development zones: Wild, Urban, Rural, and Suburban. Additionally,
camera sites were classified as being in one of seven habitat types: Forest, Grassland,

Anthropogenic, Riparian, Desert, Alpine, or Wetlands (Cove et al., 2021).

Each national survey consisted of sub-projects in each state that deployed cameras at 351
and 359 field sites in 2019 and 2020, respectively, for a goal of 400-500 total trap nights per sub-
project. To meet the Snapshot USA Project requirements, all cameras were to be placed at least
200 meters apart but no greater than 5 km apart and set facing North or South on medium-sized
trees at a 50 cm height off the ground. No specific model of camera trap was required, but
cameras needed a high trigger sensitivity and were set to only capture photographs, not videos.
Cameras were set on a fast trigger setting of less than 0.5 seconds, used infrared flash, and were
placed in a burst mode of 3-5 pictures per trigger, with no delay between triggers. No bait was
used to attract animals to the camera sites. While setting cameras up, field researchers ensured
that the camera was aimed parallel to the ground, and recorded detection distance (how far away
the camera could detect movement), date and time, the latitude and longitude of the deployment,
and any additional information, such as if there was a trail nearby. All photographs for both
surveys were uploaded to and processed through the Smithsonian’s eMammal camera trap data
repository, with each photo being reviewed at least twice: once by the researchers of each

individual sub-project and once by an expert reviewer (Cove et al. 2021; Kays, 2021).

13



Statistical Analyses

For this analysis of mammalian carnivore activity, | downloaded 2019 and 2020 Snapshot
data for all sub-projects East of the Mississippi River in the United States from the eMammal
camera trap data repository (Figure 1). Within Program R, any sub-projects that were West of
the Mississippi River or were not a part of both the 2019 and 2020 Snapshot USA surveys were
excluded (Figure 2; R Core Team, 2021). Additionally, sub-projects or deployments that lacked
a designated development zone of Rural, Suburban, Wild, or Urban, were excluded. Only
mammal species in the order Carnivora were included in this analysis, but any observations that
were unidentifiable to a specific genus and species were excluded. Observations of both Non-
staff humans (or humans who were not identified as field researchers) and vehicles were
considered observations of humans in this analysis. Species that were observed at least 40 times
in both years were modeled individually, including the American black bear (Ursus americanus),
Bobcat (Lynx rufus), Coyote (Canis latrans), Fisher (Martes pennanti), Gray Fox (Urocyon
cinereoargenteus), Northern Raccoon (Procyon lotor), and Red Fox (Vulpes vulpes) (Table 1).
Separate models were also fit to the human data and to the sum of all 16 mammalian carnivore
species observed across deployments. The mean capture rate and standard error was calculated
for each of these seven species, humans, and all 16 carnivore species captured across all

deployments (Table 2).

| summed the captures observed at each camera deployment for each mammal species
analyzed. The sum of all mammalian carnivore captures and the sum of all individual human
(either non-staff or vehicle) captures were also calculated for each camera deployment. | then fit
generalized linear models assuming a Poisson distribution to the combined human counts to

quantify a difference in the number of captures of humans between years and among the
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anthropogenic development levels of the sub-projects analyzed. A multi-variable model
examined “Year” and “Development” as predictors (Tables 3 & 4), while the “Year:
Development” model was an interaction model with both survey year and the sub-project
development type serving as interacting predictors (Tables 3 & 5). Both models exhibited
overdispersion with the Poisson distribution, so new generalized linear models assuming a quasi-
Poisson distribution were fit to the data with the same predictors and goals. These quasi-Poisson
count models were also fit to a sum of all 16 mammalian carnivore species captured and the

seven individual carnivore species listed above, with the same predictors (Tables 3, 4, & 5).

In addition to the count models, I ran eight generalized linear models assuming a
binomial distribution of the sum of all mammalian carnivore captures (known as the multi-
species carnivore model), and of the captures of the seven species specified above. These models
aimed to quantify how much mammalian carnivore captures in 2020 varied as a function of
changes in human observations between 2019 and 2020, and among the different development
levels of the sub-projects. For each individual species and the multi-species carnivore models,
two proportion models assuming binomial distributions were run, a “Human-Change” model
with the difference in total human counts between 2020 and 2019 as a predictor (Tables 3 & 6),
and a “Human Change: Development” interaction model which had the interacting predictors of
the difference in human counts between years and sub-project development level (Tables 3 & 7).
Except for the Fisher and Gray Fox models, all binomial generalized linear models exhibited
overdispersion (as evidenced by large residual deviance values in comparison to the degrees of
freedom), and so, models with the quasi-binomial distribution were used for all but those two
species, with the same predictors and aims outlined above. ANOVA type Il F-tests were run on

all models outlined above (Table 3).
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RESULTS

Sub-project Sample Summary Statistics

A total of 31 sub-projects located in 21 states East of the Mississippi River met the
criteria for inclusion in this analysis. From these sub-projects, there were a total of 351 camera
deployments from 2019 and 359 camera deployments from 2020 (or 710 camera deployments
total). In 2019, each deployment had a range of 3 to 89 trap nights (mean + SD = 43.19 + 15.587,
n =351). In 2020, this range was 3 to 74 trap nights (mean = SD = 35.26 + 16.314, n = 359).
There were 9,184 and 4,928 “non-staff” humans and vehicles observed in 2019 and 2020,
respectively, at the camera deployments included in this analysis. In 2019 and 2020, 3,995 and
2,318 mammalian carnivores of 16 species were observed respectively at the camera
deployments included in this analysis. Seven species met the requirement of having over 40
observations in both 2019 and 2020, and so were individually modeled in the analysis (Table 1).
The mean capture rate across all the sub-projects analyzed varied widely among each of these

seven species (Table 2).

Human Capture Rate Models

The quasi-Poisson human count models indicated that human capture rates in 2020 were
significantly lower than in 2019 (B2020 = - 0.43 £ 0.116, tse75 = -3.69, P < 0.001), implying that
human activity decreased between the two years (Table 4). Additionally, human capture rates
varied significantly with the development level of each sub-project (F3, se75 = 135.45, P < 0.001),
with activity lower in urban areas than elsewhere (Table 3, 4; Figure 3). Furthermore, the
human count interaction model indicated that the differences in human activity between 2019

and 2020 depended on development status (Fs se72 = 4.21, P = 0.006; Table 3). Specifically,
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urban and wild areas had slight increases in human activity whereas rural and suburban areas had

reduced human activity (Table 5; Figure 3).

Mammalian Carnivore Capture Rate Models

The multi-species carnivore model indicated that overall mammalian carnivore capture
rates in 2020 were not significantly different compared to 2019 (B2020 = -0.02 + 0.145, t7o5 = -
0.153, P = 0.878), implying that carnivore activity did not change between 2019 and 2020
(Table 4). Carnivore capture rates, did however, vary significantly among development levels
(F3, 705 = 8.896, P < 0.001), with activity lower overall in urban areas than elsewhere (Table 3, 4,
5; Figure 3). The quasibinomial multi-species proportion model indicated that overall carnivore
activity did not change in response to the decrease in human capture rates between 2020 and
2019 (B202012019=-0.03+ 0.046, tog = -0.602, P = 0.552; Table 6). Furthermore, this finding was
unaltered by the consideration of human development level as a predictor (Fs 23 =1.48, P =

0.246; Tables 3 & 7).

All the single carnivore species quasi-Poisson count models had similar results as the
multi-species count model, in that capture rates that did not significantly differ between 2019 and
2020 but did vary across development level with lower species activity in urban areas than
elsewhere (Table 3, 4, 5). Additionally, most quasibinomial single-species proportion models
indicated that carnivore species activity did not change in response to the change of human
capture rates between 2020 and 2019 (Table 6; Figure 4). Only the fisher proportion model
indicated otherwise, implying that fisher activity did respond positively to the negative change in
human capture rates between years (B2020/2019 = -0.89+/-0.351, z10 = -2.545, P = 0.011; Table 6).

In other words, fisher activity increased in response to the decrease in human activity in 2020.
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The effect of the change in human activity between 2019 and 2020 on species’ capture
rates did not vary across development levels for species modeled (Table 7). The quasibinomial
interaction proportion models for the coyote and gray fox proved exceptions, however, indicating
that the effect of change in human activity on the coyote activity did depend on development
status (Fs, 23 = 3.32, P = 0.038). The same is true for the gray fox interaction model (F3, 6 = 8.31,
P = 0.015; Table 7). Specifically, decreases in human activity were correlated with decreased
gray fox and coyote activity in urban areas, and increased activity of these species in rural,
suburban and wild areas (Table 7). However, the estimates of parameters for the interactions
between each development status and human activity were very uncertain and not statistically

significant.

DISCUSSION

As predicted, the start of the COVID-19 pandemic in 2020 was associated with an overall
decrease in human activity at our camera survey locations in the Eastern United States, with
some variations among areas of differing development levels. This trend does not appear to have
had a substantial impact on the activity levels of most mammalian carnivores in the eastern half
of the United States. While there was some variation among species, my results indicate that
rates of carnivore activity generally did not vary between years or with the decrease in human
activity in 2020. This could indicate that carnivores are more tolerant of human activity than
expected or that carnivores responded in another manner that was not explored in this study.
Either way, these results give us important insight into the factors influencing broader carnivore

activity patterns across both space and time in the Eastern United States.

My first prediction that human activity would decrease overall in 2020 with some

variation among development levels was supported by my results, and this observed trend is
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most likely due to the various stay-at-home orders and other mobility restrictions enacted around
the Eastern U.S. during the COVID-19 pandemic (Mervosh et al., 2020; AJMC Staff). Mean
human capture rates did, however, increase slightly at urban and wild camera sites in 2020
(Table 4). This could be for a few reasons: first, human activity increased at more remote
locations as humans generally tried to avoid densely populated areas during the pandemic and
spent increased time outdoors in natural settings (Hockenhull et al., 2021). For example,
increased human visitation was observed in parks in both the U.S. and around the world, and so
if “wild” camera sub-projects had deployments within public parks, the uptick in human activity
in those spaces could be due to the larger trend of people increasingly spending time in more
“natural” spaces (Ritchie et al. 2021; Cukor et al., 2021). The same could be true in the urban
sites that had increased human activity: if camera traps were set up in urban parks or
greenspaces, then it is likely those data reflect increased human mobility in the few natural
spaces available in highly developed areas where humans may have gone to avoid each other
during the pandemic. The possible increase in human activity observed at urban locations is very

slight however and should not be relied upon with much confidence.

The overall observed decrease in human activity in 2020 does not appear to have
impacted mammalian carnivore activity as | originally predicted. The multi-species carnivore
model, as well as most individual species models, showed no variation between 2019 and 2020,
but did show significant variation in carnivore capture rates across different development levels
(Tables 3 & 4). Carnivore activity was generally the lowest at urban sites in both years, which
fits the general characterization of carnivores as reclusive, human-averse species that likely
avoid areas of intense human activity (Flores-Morales et al., 2019). There was some variation in-

terms of where individual species activity was the highest: overall carnivore activity was highest
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in suburban areas, as was gray fox activity (Table 4). Black bears were the only species with the
highest activity levels at wild sites, while bobcats, coyotes, red fox, and fisher all had highest
activity levels at rural sites (Table 4). Such variation could imply that gray fox are more
acclimated to human developed spaces, while black bears are especially averse to human
infrastructure, for which there is some evidence in the literature (Crooks et al., 2002; Suraci et

al., 2021; Oberosler et al., 2017).

Aside from varying with development types, carnivore activity levels, except for the
fisher, did not show any significant variation of mean carnivore capture rates with the change in
human activity between 2020 and 2019. This result may have been observed for a variety of
reasons: first, it could be that human activity and disturbance alone is not the primary factor in
determining carnivore activity in an area. For example, physical human infrastructure, and its
effects on prey bases and other habitat quality metrics for carnivores, could be more impactful
than human activity patterns (Riley et al. 2003; Ordefiana et al., 2010). Or it could be that the
carnivore species modelled, except for the fisher, are less sensitive to humans than expected, and
so did not alter their activity patterns much in response to the widespread decline in human
activity in 2020. Many studies in the literature have documented species like the gray fox,
Northern racoon, red fox, and the coyote as existing in higher densities in urban areas, and even
taking advantage of anthropogenic food sources, indicating they might be more behaviorally
adapted to coexisting with humans (Bateman et al., 2012; Suraci et al., 2021; Tigas et al. 2002;

Ordefiana et al., 2010).

Indeed, a variety of studies have already documented different carnivore species (the
bobcat and coyote especially) altering their diel activity patterns to avoid humans in developed

spaces and reducing the risk of human-carnivore conflicts and/or mortality (Gaynor et al., 2018;

20



Tigas et al., 2002; Riley et al. 2003). These studies suggest another explanation for my results:
carnivores may have avoided humans by shifting the daily timing of their activity rather than
reducing their activity overall; detecting such a shift was beyond the scope of this study. There is
already some evidence that wild mammals shifted activity patterns in response to higher human
presence in parks during the pandemic (Cukor et al. 2021). For example, cottontails (S.
floridanus) in Italy became more diurnal in response to decreased human activity (Manenti et al.,
2020). Therefore, it is possible that carnivores also adjusted the timing of their activity patterns

in response to large changes in human activity.

As for the fisher, there could be a few reasons why it was the only species to show the
predicted significant positive response to the decrease in human activity during the pandemic.
There is limited literature about fisher responses to human activity, but there is evidence that the
Pacific fisher (Pekania pennanti) tend to prefer habitat in more mature forests with high canopy
cover that are far from human development or disturbance (Kordosky et al., 2021). Anecdotal
evidence suggests that fisher (Martes pennanti) can be observed near roads, but that fishers do
run from humans when spotted (Johnson and Todd, 1985). Fishers might be more sensitive to
human activity levels and therefore more human-averse than some of the other carnivore species
evaluated here, so it makes sense that fishers might have a stronger response to human activity

decreasing during the pandemic.

My findings indicate that overall carnivore activity did not increase during the pandemic,
which contradicts the anecdotes of increased sightings of carnivores in urban areas during the
“Anthropause.” One potential explanation could be that humans were more observant of their
surroundings and experienced an increased interest in nature while at home during lockdowns.

There is some evidence of this from other studies: for example, Roll et al. (2021) documented
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increased human interest in common bird species in Europe, Soga et al. (2021) and Cukor et al.
(2021) saw increased human visitation to forests, and Hockenhull et al. (2021) reported more
people in the UK walking in the countryside to engage with nature. Additionally, a study
analyzing citizen science iNaturalist app observations during the start of the pandemic found
some wildlife species occurring in novel areas during the pandemic, but most of these unique
occurrences were not in urban areas (Vardi et al., 2021; iNaturalist). Furthermore, the volume of
observations increased in more urban areas during the onset of the pandemic, implying that
people in cities became more observant of their surroundings. This means that more urban
residents could have seen pre-existing wildlife species than they did pre-pandemic and assumed
that wildlife had changed their activity patterns rather than humans altering the focus of their
attention. Or, if wildlife did become more active during the day, their activity may have been
more visible to humans than before the pandemic, and so they were thought to be “reclaiming”

habitat that they normally use at night.

There are a few limitations to my study that should be considered: first, the Snapshot
USA project which provided these data started in 2019, only one year prior to the COVID-19
pandemic. As a result, there is limited data to document the status quo for mammalian carnivore
activity prior to the pandemic and associated human activity changes. It is difficult know if the
2019 data are representative of typical carnivore activity prior to the pandemic or ascertain if
2020 patterns represent a departure from “normal” patterns. Continuing the Snapshot USA
project to monitor mammalian activity for more years should build a better baseline that could
fill this gap for future studies comparing carnivore activity patterns in the United States. Another

important limitation for this study was that only two of the included sub-projects had an “urban”
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development level, so data for carnivore activity in urban areas was limited. Expanding the

Snapshot USA project to include more urban sites could remedy this issue for future studies.

Finally, because the camera trap data were collected in September and October, they did
not coincide with the most severe restrictions on human mobility during the COVID-19
pandemic in the U.S. (Mervosh et al., 2020). Depending on the state of each sub-project, the
2020 data were collected approximately 4-6 months after stay-at-home orders were lifted (Miller,
2020; Washington Post Staff, 2020). As a result, if carnivore species reacted more dramatically
to the most restrictive period of human mobility earlier in 2020, this study would not have
observed such responses. In that case, the results of this study could document the rapid shift of
carnivore activity back to pre-pandemic levels that occurred in response to the loosening human
mobility restrictions as state economies reopened. Some restrictions on human activity continued
into the fall of 2020, however, so it seems unlikely that any changes in carnivore activity due to
the pandemic would have been completely reversed at that time. Regardless, future studies
should attempt to document carnivore responses to changing human activity immediately and

continue monitoring for a prolonged period to determine how long those effects may last.

Despite these limitations, datasets like the Snapshot USA data used here represents a
valuable resource for tracking mammalian carnivores going forward and could be used in future
studies to fill the gaps outlined above. Future studies using this dataset could include
investigating carnivore diel activity pattern changes rather than overall capture rates in response
to the COVID-19 pandemic. While it would neither be feasible nor desirable to recreate the
pandemic conditions that resulted in the altered human activity patterns of 2020, future study on
the responses of carnivores to human activity could be conducted on smaller scales - perhaps in

locations with regular seasonal change in human activity, such as campgrounds and tourist
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towns. Finally, long-term analysis of citizen observations of wildlife, should be continued to see

how human interest in the wildlife around them may vary overtime.

CONCLUSIONS

In conclusion, overall mammalian carnivore activity appears to be largely unimpacted by
decreases in human activity during the COVID-19 pandemic in the Eastern United States. While
the fisher does appear to respond positively to reductions in human mobility, overall carnivore
activity appears to vary more with the level of human development in habitats than with changes
in levels of human activity. As a result, future studies should explore factors aside from human
activity levels — such as human infrastructure or prey-availability — that could impact carnivore
activity levels across space or examine how carnivore activity patterns may change over time in
response to human activity changes. Nonetheless, these results provide important insight into
carnivore activity patterns based on systematically collected data on a large-scale that was not
possible before the Snapshot USA Project. Even if the widespread changes in human activity
were not enough to improve carnivore connectivity and free up new habitat for them to “reclaim”
during the COVID-19 pandemic, periods of reduced human mobility might be important to

increasing human interest in wildlife, and perhaps indirectly, their conservation.
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Figure 1. Map of all eMammal projects east of the Mississippi River from which Snapshot USA
data was downloaded. The project markers within the red box indicates the projects from which
data were selected.
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Figure 2. Map of the locations of the camera arrays of sub-projects from the Snapshot USA
2019 and 2020 projects that were analyzed in this study, broken out by development level. All
sub-projects included were east of the Mississippi River and were a part of both the 2019 and

2020 Snapshot USA projects.
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Figure 3. Plots of mean human and overall mammal capture rates between years 2019 and 2020
across four development levels: urban, suburban, rural, and wild. For the top human plot, mean
human capture rate appears to have decreased overall in 2020, especially in rural areas, but it
also increased in 2020 at wild sites. Overall mammalian carnivore capture rates appear to not
have differed significantly between 2019 and 2020 at all development levels.
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in human activity in 2020 compared to 2019 (which was negative overall). The multi-species
model refers to the capture rates for all 16 carnivore species observed. Only the fisher result was
statistically significant.
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Table 1. Species Occurrence

Number of human and mammalian carnivore species captures summed across the Snapshot USA
camera deployments in the Eastern U.S. that were used in this study. The number of human
captures was calculated as the sum of the number of human non-staff (or non-camera trappers)
and vehicle observations. Bolded species were captured at least 40 times in both 2019 and 2020
and so were modeled individually.

Year
Species 2019 2020
American Badger 1 0
American Black Bear 68 49
American Marten 10 7
American Mink 8 5
Bobcat 60 78
Canada Lynx 1 0
Coyote 535 459
Ermine 4 6
Fisher 53 44
Gray Wolf 11 43
Grey Fox 929 82
Long-tailed Weasel 8 4
North American Otter 12 36
Northern Raccoon 3699 3250
Red Fox 688 476
Striped Skunk 39 29
Human non-staff 3312 2899
Vehicle 1027 728
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Table 2. Mean Species Capture Rates

The mean capture rate per trap night across all deployments in 2019 and 2020 for each species
modeled. In 2019 the total number of trap nights was 27,819, while in 2020 it was 12,658 trap
nights. The “Multi-Species Carnivore” row includes the capture rates of all 16 carnivore species
observed in the Snapshot USA project across both years. The “Human” capture rates include
captures of both non-camera trapping humans and vehicles.

Species Mean Capture Rate 2019 + SE Mean Capture Rate 2020 + SE
Humans 0.606 + 0.2335 0.360 £ 0.0936
Multi-Species Carnivore 0.420+ 0.0473 0.431 £ 0.0456
American Black Bear 0.004 £ 0.0011 0.008 + 0.0024
Bobcat 0.004 + 0.0008 0.008 £ 0.0024
Coyote 0.034 + 0.0040 0.040 + 0.0048
Fisher 0.004 + 0.0011 0.003 £0.0012
Gray Fox 0.007 £ 0.0013 0.007 £ 0.0017
Northern Raccoon 0.314 +0.0434 0.293 £0.0418
Red Fox 0.0471 +0.0147 0.045 + 0.0083
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Table 3. All Models ANOVA Type Il F-tests
Results from ANOVA tests on generalized linear models that examined effects of year or human activity change and development
status, and their interaction if statistically supported, on species capture rates. The “Multi-Species Carnivore” model examined the

capture rates of all 16 mammalian carnivore species detected in both years of the Snapshot USA project, not just those that had

enough observations to be modeled individually. Bolded values are statistically significant.

Species Coefficient Sum of Squares Degrees of Residual Degrees F-value P(>F)
Freedom of Freedom

Year 4881 1 5675 14.114 <0.001
Human Development 140536 3 5675 135.450 <0.001
Year: Development 4168 3 5672 4.205 0.006

Year 1 1 705 0.024 0.878
Multi-Species Development 1532 3 705 8.896 <0.001
Carnivore Year: Development 47 3 702 0.2769 0.8421
Human Change: Development 179.09 3 23 1.4801 0.2462

Year 0.58 1 705 0.213 0.645

Development 255.50 3 705 31.009 0.645

Black Bears

Year: Development 6.70 3 702 0.9568 0.4126
Human Change: Development 0.000 1 4 0.0000 1.0000

Year 6.81 1 705 1.823 0.177

Bobcats Development 59.61 3 705 5.322 0.001
Year: Development 8.04 3 702 0.804 0.492

Human Change: Development 2.07 2 12 0.294 0.751

Year 1.20 1 705 0.197 0.657

Development 82.00 3 705 4.413 0.004

Coyotes

Year: Development 14.00 3 702 0.755 0.519

Human Change: Development 23.29 3 23 3.317 0.038

Year 0.00 1 705 0.001 0.980

Fisher Development 47.79 3 705 5.495 0.001
Year: Development 11.96 3 702 1.347 0.258

Human Change: Development 9.422 3 4 3.123 0.150




Year 0.59 1 705 0.173 0.678
Development 157.07 3 705 15.329 <0.001

Gray Fox
Year: Development 10.95 3 702 1.126 0.338
Human Change: Development 17.86 3 6 8.312 0.015
Year 2 1 705 0.029 0.865
Development 1246 3 705 6.115 <0.001

Northern Raccoon

Year: Development 55 3 702 0.275 0.843
Human Change: Development 124.93 3 22 1.021 0.402
Year 19.3 1 705 0.688 0.407
Red Fox Development 631.6 3 705 7.5236 <0.001
Year: Development 31.2 3 702 0.401 0.752
Human Change: Development 50.33 2 16 2.247 0.138
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Table 4. Species Count Models Across Year and Habitat

Results from generalized linear models with quasi-Poisson distributions examining the changes in mean species capture rate between
2019 and 2020 and across different development levels. The “Multi-Species Carnivore” model examined the capture rates of all 16
mammalian carnivore species detected in both Snapshot USA projects, not just those that had enough observations to be modeled
individually. Bolded values are statistically significant.

Species Coefficient Estimate St:rrwrdoarrd t-value P(>|t]) Degrees of Freedom
Intercept -4.2613 1.435 -2.969 0.003 5675
Year 2020 -0.43 0.116 -3.690 <0.001 5675
Human Suburban 2.73 1.442 1.895 0.057 5675
Rural 4.95 1.436 3.448 <0.001 5675
Wild 2.72 1.444 1.887 0.059 5675
Intercept -2.79 0.732 -3.809 <0.001 705
Multi-Species Year 2020 -0.02 0.145 -0.153 0.878 705
Carnivore Suburban 2.12 0.736 2.875 0.004 705
Rural 2.05 0.742 2.767 0.006 705
Wwild 1.51 0.745 2.032 0.043 705
Intercept -7.5440 1.6636 -4.535 <0.001 705
Year 2020 0.1350 0.2920 0.462 0.6439 705
Black Bears Suburban -1.8396 2.3435 -0.785 0.4327 705
Rural 0.1577 1.9137 -0.082 0.9343 705
Wild 3.2420 1.6640 1.948 0.0518 705
Intercept -20.95 879.624 -0.024 0.981 705
Year 2020 0.44 0.327 1.343 0.180 705
Bobcats Suburban 15.15 879.624 0.017 0.986 705
Rural 16.22 879.624 0.018 0.985 705
Wild 15.07 879.624 0.017 0.986 705
Intercept -4.62 0.591 -7.819 <0.001 705
Year 2020 0.07 0.153 0.445 0.657 705
Coyotes Suburban 1.28 0.599 2.132 0.033 705
Rural 1.64 0.603 2.721 0.007 705
wild 1.30 0.603 2.149 0.032 705




Intercept -4.78 0.467 -10.225 <0.001 705

Year 2020 0.01 0.343 0.025 0.980 705

Fisher Suburban -1.91 0.633 -3.011 0.003 705
Rural -0.181 0.509 -0.356 0.722 705

Wild -1.00 0.548 -1.830 0.068 705

Intercept -6.044 0.931 -6.490 <0.001 705

Year 2020 -0.11 0.269 -0.415 0.678 705

Gray Fox Suburban 1.831 0.936 1.956 0.051 705
Rural 0.533 0.998 0.534 0.593 705

Wild -1.04 1.159 -0.895 0.371 705

Intercept -3.31 1.033 -3.200 0.001 705

Year 2020 -0.03 0.185 -0.170 0.865 705

Northern Raccoon Suburban 2.32 1.038 2.233 0.026 705
Rural 2.28 1.045 2.178 0.028 705

wild 1.67 1.050 1.592 0.112 705

Intercept -18.66 905.870 -0.021 0.984 705

Year 2020 -0.26 0.314 -0.824 0.410 705

Red Fox Suburban 16.14 905.870 0.018 0.986 705
Rural 15.665 905.871 0.017 0.986 705

Wild 14.27 905.871 0.016 0.987 705
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Table 5. Species Count Models of Interaction between Year and Habitat

Results from generalized linear models with quasi-Poisson distributions examining the potential changes in species capture rate
between 2019 and 2020 and across different development levels. The “Year” coefficient refers to changes in species captures between
2019 and 2020 at urban sites which were used as a reference for the other coefficients. The “Multi-Species Carnivore” model
examined the capture rates of all 16 mammalian carnivore species detected in both Snapshot USA projects, not just those that had
enough observations to be modeled individually. Bolded values are statistically significant.

Residual
Species Coefficient Estimate Standard Error t-value P(>|t]) Degrees of
Freedom

Year 0.46 2.834 0.161 0.872 5672
Human 2020:Suburban -0.90 2.849 -0.315 0.753 5672
2020:Rural -1.06 2.837 -0.374 0.709 5672
2020:Wild 0.18 2.852 0.0630 0.950 5672
Year -1.38 1.910 -0.721 0.471 702
Multi-Species 2020:Suburban 1.37 1.920 0.716 0.474 702
Carnivore 2020:Rural 1.28 1.930 0.662 0.508 702
2020:Wild 1.45 1.935 0.751 0.453 702
Year -15.96 2937.104 -0.005 0.996 702
Black Bears 2020:Suburban 30.30 3162.036 0.010 0.992 702
2020:Rural 0.14 3346.756 0.000 1.000 702
2020:Wild 16.14 2937.104 0.005 0.996 702
Year -0.06 1732.168 0.000 1.000 702
Bobcats 2020:Suburban 1.31 1732.169 0.001 0.999 702
2020:Rural 0.17 1732.169 0.000 1.000 702
2020:Wild 0.25 1732.169 0.000 1.000 702
Year -1.09 1.408 -0.771 0.441 702
Coyotes 2020:Suburban 1.34 1.430 0.938 0.349 702
2020:Rural 0.90 1.436 0.627 0.531 702
2020:Wild 1.22 1.436 0.853 0.394 702
Year -0.53 0.942 -0.558 0.577 702
Fisher 2020:Suburban 0.30 1.323 0.224 0.823 702
2020:Rural 1.286 1.085 1.185 0.237 702
2020:Wild -0.40 1.234 -0.325 0.745 702
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Year -14.34 772.376 -0.019 0.985 702

Gray Fox 2020:Suburban 14.14 772.376 0.018 0.985 702
2020:Rural 15.24 772.376 0.020 0.984 702

2020:Wild 13.75 772.370 0.018 0.986 702

Year -2.30 3.815 -0.603 0.547 702

Northern 2020:Suburban 2.34 3.823 0.613 0.54023 702
Raccoon 2020:Rural 2.162 3.831 0.564 0.573 702
2020:Wild 2.29 3.836 0.596 0.552 702

Year -0.06 1776.603 0.000 1.000 702

Red Fox 2020:Suburban -0.42 1776.603 0.000 1.000 702
2020:Rural 0.12 1776.604 0.000 1.000 702

2020:Wild 0.59 1776.604 0.000 1.000 702
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Table 6. Human Change Proportion Models

Summary of binomial and quasibinomial proportion models on mean carnivore capture rates as a function of change in mean human
capture rates between 2020 and 2019. All mammal species models assume a quasi-binomial distribution, except for the fisher which
assumes a binomial distribution and so the reported “t-value” is a z-value. Bolded values are statistically significant.

t-value Residual
Species Coefficient Estimate Standard Error or z-value P(>|t]) Degrees of
(z value =) Freedom
Multi-Species Human Change -0.028 0.046 -0.602 0.552 29
Carnivore
Black Bear Human Change 1.790 2.493 0.720 0.495 7
Bobcat Human Change -0.671 0.689 -0.974 0.346 16
Coyote Human Change 0.026 0.074 0.346 0.732 29
Fisher Human Change -0.890 0.351 -2.545* 0.011 10
Gray Fox Human Change -0.049 0.182 -0.267 0.794 12
Northern Human Change -0.059 0.074 -0.794 0.434 28
Raccoon
Red Fox Human Change -0.026 0.037 -0.702 0.491 20
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Table 7. Models of Proportional Changes in Human Activity Across Developments

Results from generalized linear interaction models examining the potential interaction of human change and development type on
species capture rates. All mammal species models assume a quasi-binomial distribution, with the exception of the fisher and gray fox,
which assume a binomial distribution and so have z-values as indicated by the # symbol. The “All Carnivores” model examined the
capture rates of all 16 mammalian carnivores detected in both Snapshot USA projects, not just those that had enough observations to
be modeled individually. Bolded values are statistically significant.

Species Coefficient Estimate Standard Error Tor z—valu#e P(>|t]) Residual Degrees of
(z value =) Freedom
Intercept 25.23 54.61 0.462 0.648 23
Multi-Species Human change: Suburban 4932.95 10184.02 0.484 0.633 23
Carnivore Human change: Rural 4932.36 10184.02 0.484 0.633 23
Human change: Wild 4935.37 10184.02 0.485 0.633 23
Intercept -1.740e+01 1.430e+04 -0.001 0.999 4
Black Bears Human change: Suburban N/A N/A N/A N/A 4
Human change: Rural -1.343e+00 1.653e+04 0.000 1.000 4
Human change: Wild N/A N/A N/A N/A 4
Intercept -49639.4 8253428.5 -0.006 0.995 12
Bobcats Human change: Suburban 2.45 3.452 0.710 0.491 12
Human change: Rural N/A N/A N/A N/A 12
Human change: Wild 0.914 3.184 0.287 0.779 12
Intercept 257.0 42846.3 0.006 0.995 23
Coyotes Human change: Suburban 49639.1 8253428.5 0.006 0.995 23
Human change: Rural 49639.5 8253428.5 0.006 0.995 23
Human change: Wild 49642.2 8253428.5 0.006 0.995 23
Intercept -13.41 18.106 -0.741* 0.459 4
Fisher Human change: Suburban -2403.32 3371.281 -0.713% 0.476 4
Human change: Rural -2422.14 5977.593 -0.405% 0.685 4
Human change: Wild -2391.02 3371.299 -0.709 *# 0.478 4
Intercept -1.403e+01 1.641e+06 o# 1 6
Gray Fox Human change: Suburban 1.804e+03 3.039e+08 o# 1 6
Human change: Rural 1.776e+03 3.039e+08 o# 1 6
Human change: Wild 1.234e+03 3.039e+08 o# 1 6
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Intercept 42.24 159.03 0.266 0.793 22

Northern Raccoon Human change: Suburban 8104.28 28993.74 0.280 0.782 22
Human change: Rural 8103.38 28993.74 0.279 0.782 22

Human change: Wild 8109.22 28993.74 0.280 0.782 22

Intercept -0.45 0.661 -0.686 0.503 16

Red Fox Human change: Suburban -0.72 2.608 -0.276 0.786 16
Human change: Rural N/A N/A N/A N/A 16

Human change: Wild 6.55 4.313 1.518 0.149 16
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