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Coyotes Go “Bridge and Tunnel’: A Narrow Opportunity to Study the
Socio-ecological Impacts of Coyote Range Expansion on Long Island, NY
Pre- and Post-Arrival

Currently, Long Island, NY is without a breeding population of northeastern coyote (Canis latras var.), yet
recent evidence of dispersing individuals on the island, coupled with the “dogged” momentum of coyote
range expansion across North America, suggests a Long Island coyote population is close at hand. We
highlighted the fleeting opportunity to takes advantage of this natural experiment by developing a
multidisciplinary research framework to investigate the ecological and social impacts of the coyote, pre- and
post- range expansion. We reviewed coyote spatial ecology, community ecology, and human dimensions
research and identified three components of future investigation: predicting future occupancy, monitoring
colonization, testing hypotheses of trophic cascades by leveraging and expanding existing ecological data, and
exploring attitudes towards coyotes to better understand and mitigate human-wildlife conflicts. Each
proposed component will integrate for a comprehensive investigation to advance theory and applied
management of northeastern coyotes.
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Canis latrans, citizen science, community ecology, human dimensions, Long Island, Lyme disease,
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INTRODUCTION

Over the past two centuries, the coyote (Canis latrans) has undergone an amazing range
expansion. Originally a species of southern Canada, northern Mexico, and the western Great
Plains and Midwestern United States, coyotes are now found from the Atlantic to the Pacific and
from Alaska to Panama (Gompper 2002a; Laliberte and Ripple 2004; Méndez-Carvajal and
Moreno 2014). This expanded distribution parallels a widening niche as coyotes, traditionally
associated with deserts and grasslands, are found across a spectrum of habitat types from high
density urban development to rural agricultural landscapes (Parker 1995). Their rapidly evolving
natural history coupled with this dramatic range expansion has brought a tremendous amount of
interest in understanding coyote ecology and evolutionary biology. On a more practical note,
coyote range expansion also brings new concerns, both real and perceived, as preventing human-
coyote conflict becomes an increasingly important management concern (Baker and Timm
1998), especially in cities and suburbs where familiarity with coyotes is low and the potential for
interaction high.

On Long Island, NY, there is the rare and time-sensitive opportunity to proactively tackle
these issues. Long Island, including parts of New York City (NYC), is one of the last large land
masses in the continental United States without a breeding population of the northeastern coyote
(var.; Fener et al. 2005). Coyotes are well established in northern and western suburbs of New
York State (NYS), Connecticut (CT), and New Jersey (NJ) and there have been at least four
independent, confirmed eastern Long Island coyote sightings since 2004 (Toomey et al. 2012; J.
Stiller, NYS Department of Environmental Conservation (DEC), pers. comm.). A breeding
population on Long Island is inevitable and imminent. While several studies have explored the
diet, spatial ecology, and behavior of coyotes in the eastern U.S. (see Mastro et al. 2012), Long
Island affords a natural experiment by which to better understand the ecological role of coyotes,
as well as spatiotemporal patterns of human-wildlife interaction, by addressing these issues
through pre- and post- colonization studies.

There are several factors that make Long Island a unique area for study (Figure 1). First,
at the western end of Long Island, the NYC metropolitan area is distinguished by being the most
densely populated urban center in the United States (10,429.6 humans km; U.S. Bureau of the
Census 2010), well exceeding human population densities of previous coyote study sites either in
the coyote’s ancestral or expanded range (see Table 1 in Gehrt 2007). Coyotes may respond
differently to varying levels of urbanization (Gompper 2002a, Gehrt et al. 2011). It is unclear
whether patterns found in Chicago (see Gehrt et al. 2011) and Los Angeles (see Riley et al.
2003) will hold true for the NYC metropolitan area where the hybrid origin ancestry of the
northeastern coyote reflects genetic introgression by eastern wolf (Canis lycaon or Canis lupus
lycaon), domestic dog (Canis lupus familiaris), and gray wolf (Canis lupus; Monzén et al. 2014).
Reflecting this admixture, the northeastern coyote has a phenotype that is intermediate on the
wolf-coyote spectrum of traits (Way et al. 2010). New York City and Long Island provide the
opportunity to investigate the ecology of this ecotype (Monzon 2012) across a 190 km urban-to-
exurban transect marked by clines in habitat, development, and human population density.
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In addition to supporting a large human population, Long Island is also
socioeconomically and ethnically diverse. Attitudes towards wildlife are shaped by numerous
factors, both intrinsic and extrinsic (Dickman 2010), and mediating wildlife conflict with humans
is facilitated by a good understanding of how different stakeholders perceive and value wildlife,
as well as the cultural and social context in which the interaction takes place (Vitali 2014). By
investing in social science research before coyote colonization of Long Island, it may be possible
to assess stakeholder beliefs, attitudes, and behaviors not only over space, but also over time,
further advancing our understanding of how place, demographics, and experience shape humans’
complex relationship with the non-human world.
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Figure 1. Map of Long Island and surrounding region (a). Included are the five boroughs of New York City
[Bronx (BX), Brooklyn (BK), Manhattan (M), Queens (QN), Staten Island (SI)], the eastern Long Island
counties of Nassau and Suffolk, and Westchester County, the northern suburb of NYC (b). National Land
Cover Database land use types (2006) showing distribution of anthropogenic and natural habitat for the
study area (c). Agricultural areas include cultivated crops and pasture/hay areas. Natural areas include all
forest types, grassland, shrub and scrub, herbaceous and woody wetlands. Open development (<20%
impervious surface) includes recreational areas, large-lot single family houses and golf course. Low,
medium, and high intensity development are defined by 20 to 49%, 50 to 79%, and 80 to 100% impervious
surface, respectively.

Through an extensive literature review of coyote spatial ecology, community ecology,
and human dimensions research, and building on existing coyote research in the NYC
metropolitan area, we frame a research agenda to study the ecological and social impacts of the
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coyote on Long Island, pre- and post- colonization. In this manuscript we identify and describe
three research priorities: 1) predicting and monitoring likely colonization areas, 2) developing a
framework to investigate the direct and indirect trophic impacts of coyotes, and 3) establishing
human-dimensions research to proactively mitigate undesirable human-coyote interactions.
Highlighting this time-sensitive opportunity, our goal is to inspire multi-disciplinary applied
research and prior planning in anticipation of a major ecological change that in all probability
will be contentious and will demand management action at both the local and state level.

A Brief History of Coyotes in the NYC area and Long Island

The first documented evidence of a coyote in NYC was in February of 1995 when a road-kill
coyote was found on interstate 87 near the vicinity of Van Cortland Park in the Bronx, NY
(Toomey et al. 2012). Unconfirmed reports suggest that dispersing coyotes may have arrived in
the northern Bronx earlier in the decade. Annual camera trap surveys of several NYC parks
between 2011 and 2014, have confirmed the presence of coyote social groups and evidence of
breeding throughout the Bronx, including a park at the base of a major bridge connected to Long
Island (Nagy and Weckel, submitted).

In April of 1999, the first documented coyote to make it to Manhattan was captured in
Central Park (Martin 1999), followed by dispersing individuals in 2006 and 2010 (Barron 2006,
Boyle 2010, Soltis 2010). In January of 2004, a coyote was observed on an ice floe off Jamaica
Bay Wildlife Refuge in Queens (western Long Island; Gallahue 2004); the fate of this coyote is
unknown. The first known resident Long Island coyote was documented in 2009 near the
neighborhoods of St. Albans and Rochdale Village in Queens County (Frank Vincente, Wild
Dog Foundation, pers. comm.). Subsequent camera trap monitoring between 2011 and 2014
confirmed its continued residency (Nagy and Weckel, in prep). A coyote was photographed on
Staten Island in April 2012 in the former Fresh Kills landfill (Sedon 2012); however, this report
was unconfirmed by authorities and the current status of coyotes in Staten Island is largely
unknown.

In July of 2013, a coyote was photographed in Bridgehampton, a town in Suffolk County,
eastern LI (Kitchen 2013) and later confirmed by NYS DEC biologists using camera traps (Josh
Stiller, NYSDEC Wildlife Biologist, pers. comm.). Repeat sightings in the Bridgehampton area
suggest the continual residency of this individual through April of 2014 (Josh Stiller, NYSDEC
Wildlife Biologist, pers. comm.). In June of 2014, the first physical coyote specimen from Long
Island was recovered alongside the Cross Island Parkway in the Bayside neighborhood of
Queens (unpublished data). Lastly, it should be noted that as of 2011, coyotes have been
documented on Fishers Island, part of the town Southhold, Suffolk County (Young 2011). While
geographically part of the Fisher-Plum Island archipelago that extends from the north fork of
eastern Long Island, Fishers Island is only 3 km from the mainland of Connecticut and
approximately 20 km to Long Island proper.
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SPATIAL ECOLOGY: PREDICTING AND MONITORING LIKELY COLONIZATION
AREAS

Anticipating the inevitable coyote colonization of Long Island requires making accurate
predictions to prepare for the ecological and social consequences of a novel predator in a new
environment. Fortunately, coyote spatial ecology is well-studied throughout North America
(Quinn 1997, Grinder and Krausman 2001, Riley et al. 2003, Way et al. 2004, Gehrt 2007,
Grubbs and Krausman 2009, Prugh et al. 2009, Mitchell et al. in prep.) and using existing
information to make predictions about the spatial ecology of coyotes across Long Island offers
multiple benefits. Forecasting can be used to guide the research process by making testable
predictions about where to monitor for coyotes in the near-term. Predictions can also be used to
test published studies on coyote spatial ecology to validate our scientific understanding of how
coyotes use available habitats and respond to human-modified landscapes. ldentifying likely
areas of coyote occupancy on Long Island is a prerequisite for selecting study sites to investigate
trophic impacts of coyotes in a robust, pre-post research framework (see Community Ecology).
Lastly, anticipating where coyotes may inhabit will also help to prepare for legal and regulatory
considerations, while also identifying and targeting specific areas to guide public outreach
programs (see Human Dimensions). Nevertheless, making predictions about the unique
landscape of the un-colonized area of Long Island may be less robust due to errors in
extrapolating to areas beyond those of published studies. Therefore, careful review and
consideration of relevant studies must screen for the most appropriate information when
developing predictive models about coyote spatial ecology.

Current State of Knowledge

The coyote is an opportunistic generalist species (Gompper 2002a) that inhabits several biomes
and the ecosystems contained within each (Bekoff 1977). Across their geographic distribution,
coyotes primarily use and select for “natural” areas (forests, grasslands, etc.), while either using
anthropogenic cover types according to availability (Gibeau 1998, Grinder and Krausman 2001,
Way et al. 2004), or exhibiting avoidance of development (Quinn 1997, Riley et al. 2003, Bogan
2004, 2012, Gehrt et al. 2011, Gese et al. 2012, Dodge and Kashian 2013, Mitchell et al. in

prep.).

In the Northeast, where extirpation of the competitively dominant eastern wolf has left
the region without an apex predator save for humans, coyotes can now be found across nearly all
available habitat types (boreal forest, deciduous forest, agricultural, and urban; Gompper 2002b).
However, because ancestral coyotes were associated with open scrublands, plains and grasslands
(Parker 1995), northeastern coyotes were originally believed to be poorly adapted to large
forested wilderness areas, particularly boreal forest (Tremblay et al. 1998, Richer et al. 2002).

In Quebec, Canada, coyote density was lower (Richer et al. 2002) and home ranges larger (Crete
et al. 2001) in boreal forest when compared to adjacent rural areas. Supporting this assertion, in
New York State, coyotes colonized the periphery of the Adirondack Park before coming to
occupy the interior of this dense wilderness area (Severinghaus 1974, Fener et al. 2005).
However, later research in the Adirondack Park region suggested that coyote abundance was
positively associated with forest habitat (Kays et al. 2008), suggesting that habitat use of
northeastern coyotes is dynamic and subject to change. Within Adirondack Park, coyotes were
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associated with disturbed stands characterized by abundant natural edges and open canopies,
presumably areas with greater availability of food resources (Kays et al. 2008).

Across their range, coyote space use is generally believed to reflect a balance between
minimizing exposure to humans while meeting energetic needs (Atwood et al. 2004, Gese et al.
2012), both of which are contingent on the distribution and abundance of prey (Litvaitis and
Shaw 1980, Andelt and Andelt 1981, Gese et al. 1988). Accordingly, the sizes of coyote home
ranges are quite variable. Nevertheless, across urban-to-rural gradients, the mean home ranges of
northeastern coyotes are inversely correlated with the level of human development with smaller
ranges documented in urban and agricultural areas than in forested areas (see Table 1.1 in
Monzén 2012).

Within urbanized landscapes, researchers have found that coyote home ranges increase
with the level of natural area fragmentation (Riley et al. 2003, Gehrt et al. 2011, Gese et al.
2012). Whether in an urban or suburban context, natural areas likely provide a source of
preferred foods (e.g., rodents, lagomorphs) and resources such as resting spots and access to den
sites (Quinn 1997, Riley et al. 2003, Gehrt et al. 2011). However, larger home ranges are found
where natural areas are small and disjointed, (Gehrt et al. 2009, Bogan 2012), possibly to fulfill
greater energetic demands. As a consequence, urban coyotes with home ranges containing a
larger percentage of anthropogenic habitat risk greater interaction with humans (Gese et al.
2012). This threat is minimized by traveling through the developed matrix primarily at night
(McClennen et al. 2001, Atwood et al. 2004, Bogan 2004, Way et al. 2004, Mitchell et al. in
prep.) and usually at greater speeds (Grinder and Krausman 2001, Gehrt et al. 2009).

Developing a Research Framework for Long Island

Forecasting

Patterns of coyote spatial ecology, particularly in response to anthropogenic disturbance, are
similar across studies, space, and coyote ecotypes. Therefore an analytical framework using
meta-data may improve the level of inference to make better spatial predictions of novel habitat
in Long Island. In the NYC metropolitan area, we have the added benefit of independent,
contemporaneous studies of coyote spatial ecology (Weckel et al. 2010, Bogan 2012, Nagy et al.
2012b) conducted in suburban Westchester County using a range of methodologies (i.e.,
telemetry, citizen science, and camera traps). We also have contemporaneous GPS tracking data
from similar coastal habitats in Rhode Island ca. 60 km NE of Montauk Point (Mitchell et al.in
prep.). These studies will help refine predictions of initial coyote establishment throughout Long
Island in a meta-study approach.

Using VHS radio telemetry, Bogan (2012) measured coyote habitat use and selection for
22 coyotes approximately three decades following coyote colonization of Westchester County.
The spatial analyses, conducted at 2 analysis scales, examined home range location within
Westchester County and coyote movements within home ranges. Home ranges averaged 5.67 £
3.25 (SD) km?, ranging 1.25-13.94 km?, comparable to other urban eastern coyotes (Monzén
2012). Coyotes primarily used and selected natural habitat categories (e.g., forest lands, shrub
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and crop habitat and wetland areas) while simultaneously minimizing use of low-intensity (i.e.,
exurban) and high-intensity (e.g., urban residential and commercial areas) developed lands.

Habitat selection of coyotes in coastal Newport County, Rhode Island, was assessed
using a continuous record GPS point locations of 21 resident and 6 transient coyotes (Mitchell et
al. in prep). Both groups selected strongly for dense cover (forest and brushland) during the day
and increased use of open areas at night. All coyotes avoided medium to high-density residential
development, residents more than transients. Resident coyotes selected heavily for pastures and
cropland (prime foraging sites) while transients strongly avoided them, thereby avoiding
territorial residents. Because resident groups defend habitat against solitary transients, resident
selection was taken to reflect coyote habitat preferences (Mitchell et al in prep).

Weckel et al. (2010) developed landscape models predicting human-coyote interaction
(HCI) by comparing anecdotal coyote sightings (presence/pseudo-absence data) from private
residences in Westchester County to proximity to habitat features. Complementing Bogan’s
(2012) findings and those of Mitchell et al. (in prep), coyote sightings were associated with
forest and grassland, and negatively associated with middle to high-density development. While
these results may be interpreted as modeling detection (e.g., habitat types where residents are
most likely to see coyotes), and not occupancy (e.g., areas coyotes actually inhabit), the HCI
model was subsequently validated as a surrogate for habitat occupancy using camera traps (Nagy
et al. 2012b).

However, Nagy et al. (2012b) suggested that for dense urban environments, whether or
not a given site is occupied by coyotes was less dependent on how suitable the property is
(beyond some minimum criteria) and more the difficulty of reaching it. This is made even more
relevant for Long Island and the greater NYC metropolitan area owing to the geographic
complexity of the region (several islands connected by complex infrastructure). It is here that
combining the results of the aforementioned studies can be most productive in generating more
biologically relevant models by taking advantage of the different approaches of each study.

For example, Weckel et al.’s (2010) HCI models, while validated for Westchester parks,
were built from “backyard” observations. Therefore, these results may more accurately reflect
conditions of the suburban matrix (e.g. permeability to coyote movement) than they reflect core
habitat suitability. In contrast, by monitoring individual coyotes over several seasons, data from
Bogan (2012) and Mitchell et al. (in prep.) can be used to tease out the probability of use of
generalized habitat categories and identify potential core areas and low use or travel corridors
within the landscape matrix. This will be particularly useful when extrapolating to similar
habitats in suburban and exurban landscapes of eastern Nassau County and Suffolk County, L1I.

While habitat use data from a population adjacent to Long Island may allow for
promising forecasting, there are several challenges in making predictions about coyote
colonization. First, colonizers are likely to be immature transients, and information on the spatial
ecology of young coyotes is limited (Gehrt 2007, but see Way 2007); however, results from
Mitchell et al. (in prep) would lead one to predict that habitat selection for colonizing transients
would be similar to resident selection in the absence of defense by established coyote packs. The
aforementioned Westchester and Rhode Island models may therefore be very appropriate, though
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they do not reflect space use in non-traditional habitat (e.g., industrial spaces) where coyotes
may reside; but were not monitored. Second, temporal patterns of coyote occupancy will largely
depend on how coyotes colonize Long Island and the locations of initial successful breeding
pairs. While models may be accurate in predicting the equilibrium distribution of coyotes, they
may not be accurate in identifying areas likely to be colonized first. Dispersing coyotes can
travel hundreds of kilometers (Harrison 1992), making all parts of Long Island theoretically
reachable from current breeding populations in New York and Connecticut.

Regional Monitoring: the Role of Citizen Science

Long Island poses a needle-in-a-haystack challenge of detecting a rare event (a dispersing
coyote) across a 2849 km? land mass. Detecting the presence of a few individuals in the early
phases of coyote range expansion — even with a good model of where to look — will prove
challenging. While it is not necessary to document every colonization event, maximizing
detection will provide important information regarding how and where coyotes first become
established, as well as documenting the genetic and morphological traits of a founding
population. From there, continued monitoring can be used to estimate occupancy dynamics
(extinction/colonization probabilities), residency status (transients vs. breeding pairs), and
ultimately the rate of coyote colonization across the island — an exceptional opportunity in
studying the population biology of a novel predator.

While camera traps (Séquin Larrucea et al. 2007, Kelly and Holub 2008, Nagy et al.
2012b), scent stations (Randa and Yunger 2006), scat (Morey et al. 2007, Kays et al. 2008), and
call-back surveys (Petroelje et al. 2013) have proved very useful in monitoring coyotes, it may
be difficult to employ these techniques across Long Island. We believe that participatory
research offers the most cost-effective, regional solution for monitoring Long Island. Several
existing citizen science studies for studying the distribution of coyotes may serve as models for
Long Island including the Stanley Park Ecological Society’s Co-existing With Coyotes Program
in Vancouver (Worcester and Boelens 2007), the Narragansett Bay Coyote Study and Coyote
Smarts program in Rhode Island, and the WildSuburbiaProject in Westchester County, NY.
Here we take the opportunity to define the possibilities and challenges of using citizen science as
a monitoring tool for Long Island.

Particularly in densely populated places, the cumulative "eyes and ears"” of local residents
may be one of the most efficient tools available (White et al. 2005, Bonney et al. 2009, Weckel
et al. 2010, Scott et al. 2014). Traditional sampling in fragmented landscapes dominated by
residential properties would require obtaining permission for access, an immense logistical effort
(White et al. 2005, Colding 2007). Citizen science methods can alleviate the amount of work
required for permitting and sampling in the field by recruiting the owners and residents of the
study area as, in essence, field technicians.

While novice volunteers may have difficulty collecting extremely detailed or technical
data in some cases (Dickinson et al. 2010), a Long Island coyote citizen science project would be
initially focused primarily on the collection of “presence” information, and where possible,
reliable “absence” data. Presence/absence data — regardless of its source — have inherent
problems associated with non-detections of present targets (false negatives) and
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misidentifications (false positives). With regard to citizen science projects, rates of both kinds of
errors are problematic and can vary across types of participants (e.g. hunters vs. naturalists vs.
school-aged children) and across communities (e.g., rural vs urban; Dickinson et al. 2010).

False positives, or misidentifications, are a particular concern where the participant has
little familiarity with the species in question (Genet and Sargent 2003). One can anticipate
numerous false alarms from Long Island citizenry unfamiliar with coyotes. With that said, it
should be noted that all four coyotes documented on Long Island — including the first specimen
collected — were first observed by residents, emphasizing the role that public participation can

play.

False negative issues can be surmounted by quantifying the rate of species detection via
multiple surveys at every location (MacKenzie et al. 2002), however, information taken from
chance sightings, as is the case in documenting coyotes based on anecdotal observation, may not
lend itself easily to this type of analyses. Techniques exist that can address this, including
independent validation of models built from sightings data (Dickinson et al. 2010, Nagy et al.
2012a, 2012b), quantification of observation "reliability” that allows filtering of low-quality
observations, follow-up interviews with the volunteer observer (Cooper et al. 2005, Bonney et al.
2009, Bonter and Cooper 2012), or limiting analytical inferences or assumptions (Cooper et al.
2005, Weckel et al. 2010, Scott et al. 2014).

Ultimately, the above issues become important only if the citizen science data are used to
model coyote habitat selection or occupancy. At a minimum, a citizen science program is
valuable simply as an early detection network to document any possible first dispersers, with
more systematic methods to follow. The success of a coyote citizen science project on Long
Island depends on maximizing the number of enthusiastic participants over space and over time.
Retaining interest in a coyote citizen science project will be a challenge owing to the rarity of
coyote sightings. It may be beneficial to survey concurrently for additional species, such as the
more abundant red fox (Vulpes vulpes), a species that may be directly or indirectly impacted by
the arrival of coyotes (see Community Ecology).

Arguably, the strongest asset of citizen science is its inherent integration of data
collection with stakeholder involvement and outreach (Cooper et al. 2007, Couvet et al. 2008).
Stakeholder attitudes and local involvement are key to the success of management efforts
(Lidskog 2008). Becoming involved with data collection and research may lead to greater
cooperation and receptiveness for management policy (Conrad and Hilchey 2011), especially
where wildlife is a polarizing issue and policy recommendations can seem authoritative, out-of-
touch, or at odds with the values or expectations of the local stakeholders (Rhoads et al. 1999,
Naughton-Treves et al. 2003, Riley et al. 2003). Involving stakeholders in the first stages of
research on the species in their area may help prevent negative interactions and perhaps even
instill a positive value for coyotes and other wildlife in the community (Low et al. 2009, Toomey
and Domroese 2013). Nevertheless, greater environmental concern or involvement and other
attitudinal changes are not guaranteed just because a person participates in a citizen science
project (Brossard et al. 2005, Toomey and Domroese 2013), and broad attitudinal changes are
generally more difficult to encourage than specific interests (e.g., environmental stewardship
versus an interest in bird watching). Citizen science studies that successfully educate and
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motivate participants towards substantial attitudinal changes typically stress the scientific and
analytic aspects of the study as much as the natural history, provide high quality education
materials, and maximize the interaction between professional researchers and volunteers
(Brossard et al. 2005, Toomey and Domroese 2013). If coupled with social science research (see
Human Dimension), Long Island affords the opportunity to evaluate the role, if any,
participation and exposure to citizen science can play in influencing attitudes and behaviors.

COMMUNITY ECOLOGY

Complementing the diversity of biomes and habitats they inhabit, coyotes have an extremely
broad diet that includes fruits, insects, small mammals, ungulates, and livestock (Mastro et al.
2012), and individual coyotes readily adapt to available food sources (Andelt et al. 1987). Owing
to their generalist tendencies and dietary flexibility, coyotes have multifaceted and difficult to
predict interactions with other animal species to whom the coyote can serve as predator,
competitor, or both.

We can expect coyote diet to differentiate across Long Island in response to prey
abundance and distribution, itself shaped by the diversity of habitats and gradients of human
population density. Feral cats (Felis catus), raccoons (Procyon lotor), Virginia opossums
(Didelphis virginiana), and Eastern cottontail rabbits (Sylvilagus floridanus) occur throughout
Long Island. Red fox (Vulpes vulpes) are widespread in Suffolk and restricted to coastal areas in
Nassau and a few parks in Queens. Gray fox (Urocyon cinereoargenteus) and Northern river
otter (Lontra canadensis) are rare and found only in limited to sections of Suffolk (Bottini 2009;
NYS DEC 2014). White-tailed deer (Odocoileus virginianus) occur in Suffolk County, where
they are often abundant, but are poorly represented in eastern Nassau County, and locally
extirpated in Queens (NYS DEC 2014). Wild turkey (Meleagris gallopavo) — reintroduced in
the 1990s — are widespread in both eastern counties, whereas striped skunks (Mephitis mephitis),
ruffed grouse (Bonasa umbellus) and bobwhite quail (Colinus virginianus) are overall rare (NYS
DEC 2014).

Variation in prey availability and habitat type may further interact with the unique
ancestry of colonizing northeastern coyotes. Despite the recent arrival of coyotes in the northeast
(<100 yrs), Monzo6n (2012) was able to detect fine-scale genetic structure in relation to land use
and deer density, suggesting the possibility of rapid adaptive evolution in coyotes. Similar
evolutionary processes can be expected as colonizing coyotes experience different selection
pressures along the urban—exurban gradient of Long Island. In other words, coyote feeding
ecology, and attendant impacts on the larger wildlife community, can be expected to change
following colonization.

Current State of Knowledge

Studies investigating the trophic impact of coyotes can be classified as one of three general
types: descriptive, manipulative, and natural experiments. Descriptive studies (e.g. Crooks and
Soulé 1999, Newsome and Ripple 2014) tend to examine patterns of predator-prey abundance
and distribution over space to make inferences on the role of predation in shaping community
properties. More powerful manipulative studies (e.g. Henke and Bryant 1999) depend on the
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lethal removal of coyotes and attendant monitoring of prey response variables. Natural
experiments, such as the opportunity we have on Long Island, take advantage of a disturbance to
the system (e.g. the arrival of coyotes) to compare changes to a system in a pre-post framework.

With coyotes’ larger body sizes and broad dietary niches, it is reasonable to expect
interference competition with, and possibly predation on, extant mesopredators: red foxes, feral
cats, raccoons, and Virginia opossums. However these interactions are complex and few relevant
studies have been conducted, especially for northeastern coyotes in urban and suburban habitats.
In some of the earliest support for the mesopredator release hypothesis, Crooks and Soulé (1999)
showed that along a suburban-rural gradient in California, the relative abundances of gray fox,
cat and opossum declined where coyote relative abundance increased. Furthermore, the presence
of coyotes was negatively associated with cat, opossum, and raccoon relative abundances.
However, Crooks and Soule (1999) did not account for detection probability in generating
indices of coyotes or mesopredator abundance and therefore their results need to be interpreted
cautiously. The apparent absence of a coyote may be a failure to detect, and similarly, declines in
relative abundances of mesopredators may reflect changes in detection probability (e.g.
avoidance behavior; Cove et al. 2012).

Free-roaming and feral cat populations are a major management concern especially in
fragmented landscapes (Calver et al. 2011) and as predicted by the mesopredator release
hypothesis, coyotes may aid in controlling feral cat populations. The importance of cats in coyote
diet (as expressed by the % of scats containing cat remains) is generally low (Morey et al. 2007,
Bogan 2012, Lukasik and Alexander 2012). However, while monitoring radio-collared coyotes
in urban Tucson, AZ, Grubbs and Krausman (2009) showed that the coyotes could be significant
predators of free-roaming cats and could impact feral cat behavior. Interestingly, Grubbs and
Krausman (1999) found that most cats were Killed in residential areas, not natural areas.
Complementing these findings, a telemetry study of both free-roaming cats and coyotes in
Chicago showed little overlap in core areas of these two species (Gehrt et al. 2013). Cats selected
for developed areas such as residential dwellings, while coyotes continued their pattern of
selecting for natural areas (Gehrt et al. 2013). Limited use of natural areas by cats — where felids
presumably have their biggest impact on song birds — is thought to result from direct predation
by coyotes or avoidance behavior (Gehrt et al. 2013).

Coyotes are known to kill other canids [gray, red, and swift foxes (Vulpes velox); Ritchie
and Johnson 2009)] and recent isotopic analyses confirm broad dietary overlap with both gray
and red foxes in NY'S, setting the stage for competition (Warsen et al. 2014). Numerous studies
show that coyotes can reduce Vulpes spp. numbers through direct predation or by influencing fox
spatial ecology (Gompper 2002b, Ritchie and Johnson 2009, Levi and Wilmers 2012) with the
most exhaustive research being carried out on kit fox. With regard to red fox, the most common
non-domesticated canid currently on Long Island, there is strong evidence for coyotes impacting
red fox space use. In rural Maine, red fox territories were clustered at the boundaries of adjacent
coyote territories and never overlapped coyote core areas (Harrison et al. 1989). Similarly,
Gosselink et al. (2003) found red fox preferred human-associated habitat, presumably to avoid
direct competition with and predation by coyotes.
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With regard to non-canid mesopredators, specifically raccoons, opossum, and striped
skunks, there is considerably less evidence of coyote impact. Gehrt and Clark (2003) and Gehrt
and Prange (2006) found no evidence that coyotes in the Midwest either predated or affected the
behavior of raccoons or skunks. Similarly, Cove et al. (2012) found no evidence for coyotes
influencing detection or abundance of raccoons, opossum, and striped skunks in Missouri. An
exception was found in Maine, where O’Connell et al. (1992) found raccoon remains in 39% and
48% of spring and autumn scats in a study of an insular population of northeastern coyote.
However, raccoon was considerably less represented in the diet of adjacent mainland coyotes,
where presumably the prey base was broader.

Levi et al. (2012) combined data on the impacts of coyotes on red fox, red fox on small
mammal [Peromyscus spp. (mice) and Sorex spp. (shrews)] populations, and small mammal
populations on Lyme disease, to suggest that the spread of coyotes may be responsible for the
increase in Lyme disease in New York. White-tailed deer abundance and small mammal
abundance clearly have impacts on Lyme disease prevalence (Barbour and Fish 1993, Ostfeld et
al. 2006, Ostfeld and Keesing 2012). Levi et al. (2012) showed that above a commonly-achieved
threshold density, deer had only a weak effect on Lyme disease prevalence, and they speculated
that above this density small mammal abundance drove Lyme disease prevalence dynamics. By
displacing or predating red fox, a major small mammal predator, coyotes could increase the
number of Borrelia-infected black-legged ticks (Ixodes scapularis). Way and White (2013)
criticized Levi et al (2012) on several points, including their lack of acknowledgement of the
importance of small mammals in coyote diets (thus they may augment or replace red fox as small
mammal control) and for relying on coyote harvest numbers to estimate coyote density.

Many suburban and urban areas have large populations of white-tailed deer and Canada
geese, leading many to question the impact coyote may have on these problem species. Coyotes
can be important predators of Canada geese eggs and adults (Fitzner and Rickard 1983). In
Chicago, coyotes are believed to have decreased goose population growth by 5% (Brown 2007);
however, population growth was still positive. Coyote impact on deer populations is contextual
and strongly dependent on external factors (Ballard et al. 2001). Deer are often commonly
represented in coyote scat across the northeast (Morey et al. 2007, Mastro et al. 2012); however,
questions as to whether this represents scavenging, compensatory, or additive mortality preclude
inference (Bogan 2012). Across their range, coyotes are effective predators of fawns and can
strongly limit recruitment (Stout 1982, Vreeland et al. 2004, Saalfeld and Ditchkoff 2007,
VanGilder 2008, Robinson et al. 2014); however overall impacts on deer population dynamics
will depend on deer density relative to carrying capacity (Ballard et al. 2001).

Developing a Research Framework for Long Island

Long Island has a somewhat complicated urban-suburban-exurban habitat gradient superimposed
over locations with different combinations of meso-predators and potential coyote prey. This
makes the region well suited for pre-post observational studies that explore the direct and
indirect effects of coyotes on meso-predators through predation and competition. Furthermore,
there are several existing and contemporary studies that can be leveraged to examine the trophic
impact of coyotes through pre-post colonization studies.
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Coyotes’ effects on the behavior and numbers of raccoons, feral cats, and red fox will be
of particular concern on Long Island because these species are important predators on shore birds
[e.g., piping plovers, (Charadrius melodus), roseate terns (Sterna dougallii), least terns (Sternula
antillarum), and common terns (Sterna hirundo)]. Doherty and Heath (2011) found that direct
depredation and nest abandonment (e.g., desertion or death of adults) due to predator disturbance
(primarily red fox), contributed to the low hatching success in Long Island piping plovers. Feral
cats also contributed to nest abandonment. Coyotes may increase nest success by predating on
red fox and feral cats or by causing behavioral shifts in these mesopredators that limits their
impact on shorebirds. In contrast, coyotes may prey directly on shorebirds, compounding or
replacing the impact of fox and cat. The published research of Doherty and Heath (2011) and
others working on Long Island shorebirds (see Cohen et al. 2006, Mclntyre et al. 2010) coupled
with long-term monitoring of several shorebird species along the north and south shores of Long
Island (see National Park Service’s Piping Plover Monitoring and Protection Program and
Audubon New York’s Long Island Bird Conservation Program) provide a ready-made
opportunity to investigate the ecological role of the northeastern coyote.

Raccoons are now the primary nest predators of most North American turtle populations
(Wilbur and Morin 1981) and raccoons can also be important predators of ground nesting birds
(Staller et al. 2005, Parsons et al. 2013) and song birds (Thompson 2007, Lumpkin et al. 2012).
As hypothesized for fox, coyotes may depredate raccoons, may cause behavioral shifts in
raccoons resulting in lower predation on turtle and bird nests, and may depredate turtle and bird
nests directly. The only study of turtle nest predation on Long Island (Feinberg and Burke 2003;
Burke unpub. data) found that raccoons resulted in 85-100% nest loss in diamondback terrapins.
The near total nest failure primarily because of a single species would make for an interesting
follow-up study should coyotes colonize the study area. Starting in 2015, researchers will be
monitoring the success of ground nesting birds at Brookhaven National Laboratory (T. K. Lynch,
Hofstra University, pers. comm.) providing comparable baseline (e.g. pre-coyote) data for upland
birds as well.

Levi et al.’s (2012) model linked coyote invasion to increased Lyme disease through
reduction of red fox predation on small mammals, increases in small mammals, increases in
Ixodes ticks, and increased Lyme exposure to humans. This series of testable hypotheses would
be particularly valuable on Long Island given the prevalence of Lyme disease, especially in
Suffolk and eastern Nassau. Suffolk County Vector Control has been recently tasked by the
Suffolk County legislature to prepare plans for a County-wide tick control program, which will
include establishing permanent monitoring plots where tick populations (e.g. the number and
percentage of Borrelia-infected black-legged ticks) will be surveyed (llia Rochlin, Laboratory
Director, Suffolk County Vector Control, pers. comm.). There is a timely opportunity to evaluate
Levi et al’s (2012) predictions by scaffolding surveys of small mammal abundance — in areas
with and without foxes, pre- and post-coyote colonization — onto tick monitoring.

Lastly, the NYSDEC has recently attempted to increase Long Island populations of game
birds, specifically, ruffed grouse, bobwhite quail, and turkey (NYS DEC 2014). Bobwhite quail,
in particular, are valuable game species that occur in low numbers on Long Island and where
limited restoration efforts are underway (see Great South Bay Audubon Society). It is not known
what factors caused population declines in quail and what factors currently limit population
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growth, although habitat loss is a major limiting factor. Coyotes are known to consume bobwhite
adults and eggs (Ozoga and Harger 1966, Guthrey 1995, Rader et al. 2007). However, in a
review of coyote removal studies, (Guthrey 1995) found mortality to be largely compensatory
with little impact on population dynamics. Guthrey (1995) further suggested that coyotes may
actually benefit upland game birds through trophic cascades, a hypothesis that can be addressed
through studies of Long Island’s small populations of bobwhite quail and ruffed grouse.

HUMAN DIMENSIONS

Wildlife managers and conservation organizations often promote a goal of coexistence with
coyotes in urban ecosystems, for two reasons. First, coexistence is promoted in contexts where
carnivores are considered a native or naturalized species and where carnivores are valued
because of beliefs that they contribute to biological diversity and resilience of an ecosystem.
Gompper (2002b), for example, suggests that messages from wildlife professionals should be
designed to help residents “... realize that the presence of coyotes in the Northeast represents a
natural range expansion of the species, not an exotic invasion, and that the species is here to
stay.” To that point, the coyote is rarely labeled as invasive either in the scholarly literature (see
Witczuk et al. 2013 and Warsen et al. 2014 for an exception) or by state agencies. A review of
websites operated by state natural resources found only the multi-agency Georgia Invasive
Species Task Force listing the coyotes as an invasive species.

Second, coexistence is a common goal because management agencies and communities
do not have the capacity to eradicate or substantially suppress an established coyote population
(Knowlton et al. 1999, Gompper 2002b). Coyotes have demonstrated a capacity to adapt to a
range of urban and suburban environments and are expected to persist in many locales on Long
Island. Eradication of coyote populations will not be possible once they are widely distributed,
and long term suppression of coyote populations will be cost prohibitive in most Long Island
communities. Area residents will have little choice but to learn to live with the presence of
coyotes. The degree to which communities can minimize negative coyote-human or coyote-pet
interactions, and thus comfortably coexist with coyotes, will depend upon the efficacy of
interventions to inform, educate, and empower individuals and communities to take problem
prevention and mitigation actions.

If coexistence with (or tolerance for) coyotes is the management goal, outreach efforts
should focus on: (1) developing a public appreciation for the ecological benefits that coyote
presence affords, (2) helping Long Island residents to form accurate perceptions of the risks
coyotes pose to people and pets, and ultimately (3) empowering people to prevent problem
interactions with coyotes. A comprehensive outreach program would include messages for all
residents, as well as messages targeted toward residents who have or are experiencing negative
interactions with coyotes.

Current State of Knowledge
To fully understand and respond to human-coyote conflicts in urban areas, wildlife agencies and

community organizations will need to fill not only ecological, but also human dimensions (HD)
information gaps. The human dimensions of wildlife management pertain to “discovering,
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understanding, and applying insights about how humans value wildlife, how they want wildlife
to be managed, and how humans affect, or are affected by, wildlife and wildlife management
decisions” (Decker et al. 2012). HD information needs exist at all stages of the wildlife
management process, from defining goals to evaluating management alternatives. Siemer et al.
(2007) identified a set of needs related specifically to stages in an urban coyote management
process, nevertheless, HD research on urban carnivore management is quite limited and many
information gaps exist (Wieczorek Hudenko et al. 2010). HD research before and after coyote
colonization on Long Island provides a unique context to address three particular information
gaps identified by both Wieczorek Hudenko et al. (2010) and Siemer et al. (2007): (1)
identifying factors that influence coyote-related risk perceptions, (2) identifying factors that
influence acceptance capacity (tolerance) for coyotes, and (3) clarifying the efficacy of outreach
programs to promote problem prevention behaviors by key stakeholder groups.

Public concerns about coyote-related risks to pets and children (risk perception) can
become a prominent feature of public discourse about urban coyote (Alexander and Quinn 2012).
Studying either cognitive (e.g., perceived probability of events like pet attacks) or affective risk
perceptions (e.g., concern about attacks) can provide valuable information about key
stakeholders in a wildlife management issue (Gore et al. 2005) and can inform management
objectives and actions. Understanding coyote-related risk perceptions also is important because
studies suggest that elevated risk perceptions are associated with reduced wildlife acceptance
capacity, reduced problem prevention behavior, and reduced acceptance of wildlife management
actions (Decker et al. 2002).

Wildlife acceptance capacity (WAC; Decker and Purdy 1988) refers to the wildlife
population level that any given stakeholder group is willing to tolerate. Management experience
and research suggest that WAC is situation specific, and is a function of the positive and
negative impact levels that people recognize and experience (Carpenter et al. 2000). A range of
socio-demographic traits (e.g., age, gender, urban-rural background) influence perceptions of
impacts, and thus WAC. Furthermore, perceptions of carnivore-related impacts are subject to
change with time (Zimmermann et al. 2001) due to new information gained through personal
experience, interpersonal communication, or exposure to messages in mass media. Zinn et al.
(2008) speculated on a process of human habituation by which people may change their
perceptions of a species like coyote colonizing an area over time. They argued that research to
better understand the process of human habituation to wildlife could help interventionists predict,
and perhaps influence, beliefs about and behaviors toward wildlife. WAC also has been linked to
perceived ability to control negative impacts (self-efficacy; Treves and Karanth 2003).

Perceived ability to control negative interactions with coyotes is an important factor to consider
in urban ecosystems, where removal of problem coyotes is often difficult, and many stakeholders
may oppose lethal control of wildlife (Zinn et al. 1998).

Finally, monitoring suggests that problem interactions with urban coyotes can often be
attributed to food attraction/conditioning (Gehrt 2006, White and Gehrt 2009) and exposure of
pets to encounters with coyotes. Thus, an important component of resolving urban coyote issues
is providing outreach to encourage individuals to take problem prevention actions, such as
preventing coyote access to anthropogenic food sources, taking other actions to reduce coyote
attraction and habituation to humans, and taking actions to safeguard pets. Yet, despite the fact
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that they are commonplace, problem prevention outreach activities are seldom evaluated with
regard to effectiveness in changing the targeted behaviors. Careful evaluation can reveal that
efficacy of education programs can be quite low, even in communities experiencing human-
wildlife conflicts (Gore et al. 2008). Fundamental questions such as, “what messages work best
with different audiences” and “when will stakeholders begin responding to said messages” is
largely unknown.

Developing a Research Framework for Long Island

A series of three surveys of residents in two study areas in Westchester County (Wieczorek
Hudenko et al. 2008a, 2008b, Siemer and Decker 2011, Siemer et al. 2014), conducted in fall
2006, fall 2010 and winter 2011 can serve as a local model for social science research on Long
Island. Through phone surveys and interviews, Wieczorek Hudenko et al. (2008c, 2008b) found
that neutral and negative experience were significant predictors of coyote-related attitudes and
risk perceptions. In those areas where coyotes had been present the longest, residents expressed
more positive attitudes and lower perceived risk than residents living in areas where coyotes are
more recent arrivals.

Siemer and Decker (2011) found an increase in concerns about coyotes between fall 2006
and fall 2010, just after July 2010 incidents in which two children in the county had been injured
in coyote attacks. Elevated concerns persisted into 2011, even though area residents experienced
a relatively constant level of coyote interactions (Siemer and Decker 2011). Siemer and Decker
(2014) found that elevated risk perceptions and reduced acceptance capacity persisted even after
media attention to the events subsided, and hypothesized that residents of the locale where the
coyote attacks occurred revised their mental model of coyotes to include the belief that coyotes
do present a low, but real threat to safety of young children (i.e., the attacks may have had a
long-term effect on their cognitive risk perceptions).

Findings from this series of attitude surveys provided time series (change) information,
but the study design was opportunistic and limited. Coyote colonization on Long Island presents
an opportunity to study the same phenomenon using a stronger research design. Furthermore,
Long Island also provides a unique opportunity to explore the efficacy of problem prevention
interventions even before negative human-coyote interaction begins. An ideal approach to
addressing most of these information needs would be through a multi-year panel study, with
multiple study sites selected to represent expected coyote occupation areas and a gradation in
socio-demographics of study site residents. Initially the panel study would focus on obtaining
baseline measures of attitudes toward coyotes, risk perceptions, WAC, and awareness of coyote-
related impacts through surveys and select in-depth interviews. Subsequent surveys - and
specific objectives —would be contingent on patterns of coyote occupancy, media attention,
outreach campaigns, and incidents of human-coyote conflict.

Carefully designed studies in selected research sites, before and after coyote range
expansion, could contribute greatly to theory on wildlife-related risk perception (Slovic 1987)
and risk communication (Morgan et al. 2001), wildlife acceptance capacity (Decker and Purdy
1988, Carpenter et al. 2000), impact dependency (Wieczorek Hudenko et al. 2010), and other
concepts central to urban carnivore management. In addition to those academic contributions, a
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well-designed social science agenda would provide a research-based foundation for information,
education, and outreach efforts to promote problem prevention behaviors, realistic perceptions of
coyote risks to human and pet safety, greater understanding of why negative human-coyote
interactions occur, and greater tolerance of coyote presence in suburban and urban areas.

CONCLUSION

In proposing a research initiative to study coyote colonization of Long Island we have, up to this
point, ignored a logical question. If models are sufficiently accurate to be reliably predictive and
early-detection monitoring proves sensitive enough to discover rare colonization events, should
this information be used to forestall range expansion, rather that study it?

The answer to this question can only be played out at the intersection of applied science,
policy and public opinion, the latter of which is mixed and nuanced. Indeed, in 1990, a bill to
allow year-round hunting of coyotes in northern NYS was withdrawn following prolonged
debate and controversy (NYSDEC 1991). NYSDEC found no clear biological or social
justification in support of the bill: the majority of the public did not support year-round hunting;
coyote problems were local, not regional; New York State’s existing Environmental
Conservation Law allows for managing “nuisance” or “damaging” coyotes; and random removal
of coyotes would not limit coyote population growth (NYSDEC 1991).

As of this writing, NYSDEC manages coyotes as a protected furbearer. As of 2013/2014,
coyote hunting and trapping is permitted in all counties save for those of NYC and Long Island
(NYSDEC 2014). Hunting and trapping seasons do not extend into summer months to prevent
harassing breeding and reproducing wildlife, and follows with the North American Model of
Wildlife Management (i.e., coyotes harvested in winter are valued for their fur, while coyotes
harvested in summer have no economic value). Since 2005, NYSDEC monitors sightings and
human-coyote conflicts statewide (Bogan 2012). To prevent problems and improve coexistence,
NYSDEC recommends preventing intentional and unintentional feeding, and hazing, and lethal
control by permit as a last resort. There is no policy to prevent coyote range expansion into the
remaining NYC or Long Island.

Despite our best efforts at eradication in the Midwestern United States during the 19"
century, the coyote has responded by expanding its range and numbers (Prugh et al. 2009). With
this in mind, it is likely that coyotes will eventually expand into Long Island, NY. Ultimately,
understanding and managing the social and ecological impacts of coyote range expansion must
come from comprehensive research and outreach agendas that study this phenomenon as a
coupled human-ecological system. It is on this premise that we have presented an argument for
prior planning through predicting coyote habitat, and using the opportunity of contemporaneous
range expansion to better understand how a new predator responds to new territory, and how
human individuals and communities respond to a new predator. By providing an ecological and
social science foundation for interventions, the research agenda proposed here could provide
guidance to any city or urban community searching for mechanisms to improve coexistence with
coyotes.
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