Seasonal and Spatial Variation in Diets of Coyotes in Central Georgia

James D. Kelly, New York State Department of Environmental Conservation, Division of Fish, Wildlife, and Marine Resources, 625 Broadway,
5th floor, Albany, NY 12233

William D. Gulsby, D. B. Warnell School of Forestry and Natural Resources, University of Georgia, Athens, GA 30602

Charlie H. Killmaster, Georgia Department of Natural Resources, Wildlife Resources Division, 2070 U.S. Highway 278, S.E. Social Circle, GA
30025

John W. Bowers, Georgia Department of Natural Resources, Wildlife Resources Division, 2070 U.S. Highway 278, S.E. Social Circle, GA
30025

Karl V. Miller, D. B. Warnell School of Forestry and Natural Resources, University of Georgia, Athens, GA 30602

Abstract: We used scat analysis to evaluate the food habits and potential impacts of coyotes (Canis latrans) on white-tailed deer (Odocoileus virginianus)
populations in Georgia’s Piedmont physiographic region. From March 2010 - February 2011, we analyzed 146 and 207 coyote scats on Cedar Creek
(CC) and B. E Grant (BFG) Wildlife Management Areas, respectively. Although separated by only 8 km, habitat composition and therefore prey avail-
ability was dissimilar between sites. We assumed small mammal density was greater on BFG than CC because early successional habitat was more com-
mon on BFG (28% of area vs 7% on CC). Similarly, estimated deer densities on BFG (29 deer/km?) were approximately twice that of CC (12 deer/km?).
Commonly occurring food items in scats on both areas included persimmon (Diospyros virginiana), muscadine (Vitis rotundifolia), deer, hispid cotton
rats (Sigmodon hispidus), cottontails (Sylvilagus spp.), and insects. From July-October, soft mast occurred in 61% and 93% of scats on BFG and CC, re-
spectively. From January-October, small mammals occurred in a greater percentage of scats on BFG (38%) than on CC (9%), except during the fawning
season (May-June). During the fawning season, 61.5% and 26.7% of scats contained fawn remains on BFG and CC, respectively. Increased availability
of fawns on BFG likely made them a more energetically profitable prey choice than on CC, where deer were less abundant, despite greater density of
alternative prey on BFG. Habitat management to increase the availability of small mammals as alternative prey for coyotes may have minimal impact on

coyote depredation of white-tailed deer fawns.
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Historically, the range of the coyote (Canis latrans) was lim-
ited to western North America, but in the latter half of the 20th
century, their range expanded into the southeastern United States
due to natural and anthropogenic factors (Bekoft 1977, Hill et al.
1987, Kilgo et al. 2010). Changes in the landscape, the intentional
release of coyotes for sport hunting, and the extirpation of the red
wolf (C. rufus) have all contributed to the success of coyotes in the
Southeast.

The effects of coyotes on game species including white-tailed
deer (Odocoileus virginianus), Northern bobwhite (Colinus virgin-
ianus), and wild turkey (Meleagris gallopavo) are of interest to hunt-
ers and wildlife managers, especially in the Southeast where coyotes
are a relatively recent addition to the predator community and are
becoming increasingly abundant (Lovell et al. 1998, Houben 2004,
Kilgo et al. 2010). While fawns can be a major food item for coyotes
during the fawning season in the Southeast (Wooding et al. 1984,
Schrecengost et al. 2008, VanGilder 2008, Howze 2009), fawns are
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not always a primary prey item (Gipson 1974, Stratman and Pelton
1997). Several factors including climatic conditions (Andelt et al.
1987), prey abundance (VanGilder et al. 2009), predator abundance
(Grovenburg et al. 2011, Kilgo et al. 2010), or the presence of alter-
native prey (Harrison and Harrison 1984, Andelt et al. 1987) can
influence coyote predation on fawns. Therefore, identification of
important factors affecting predation rates in different systems is
critical to understanding the effects of coyotes on deer populations.

Coyotes have a broad diet in the Southeast which primarily
consists of several species of soft mast, small mammals (e.g., ro-
dents and lagomorphs), insects (primarily Orthopterans and Co-
leopterans), and deer (primarily carrion and fawns), although the
relative occurrence of individual items varies among studies. Thus,
some have proposed that high availability of non-deer food items
may buffer fawn predation (Andelt et al. 1987, Pusateri Burroughs
et al. 2006). However, findings from multiple coyote food habits
studies suggest that coyotes consume fawns when available, despite
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the presence of abundant alternative prey (Harrison and Harrison
1984, Schrecengost et al. 2008). In addition, some hypothesize that
increased availability of alternative prey supports greater coyote
densities, leading to increased fawn predation rates (Patterson et
al. 1998, VanGilder et al. 2009). With so many factors potentially
affecting fawn predation rates, it is not surprising that coyote use
of fawns varies widely across the Southeast. For example, occur-
rence of deer in coyote scats and stomachs ranged from 9%-74%
across seven study sites in Mississippi, Alabama, Tennessee, and
Kentucky (Blanton and Hill 1989).

Whether coyote foraging behavior, specifically coyote-fawn pre-
dation, is a function of relative or absolute prey (deer) abundance,
coyote abundance, habitat or landscape characteristics, or other un-
specified ecological interactions is relatively unknown in the South-
east. Therefore, we conducted a descriptive study of seasonal coyote
food habits on two sites in central Georgia that were dissimilar in
deer density, habitat composition, and alternate prey availability.
We predicted that coyote use of fawns would be positively related
to deer density, regardless of alternate prey availability, and that
occurrence of fawns in coyote scats would be greatest during the
fawning season (May-June).

Study Areas

We conducted our research on B. F. Grant (BFG) and Cedar
Creek (CC) Wildlife Management Areas (WMA), both managed by
the Georgia Department of Natural Resources Wildlife Resources
Division. These areas lie in the Piedmont physiographic region of
Georgia at an elevation of approximately 140-170 m. Both sites are
west of Eatonton in Putnam County, Georgia, and are separated by
approximately 8 km.

Forest types on the 4,856-ha BFG WMA consisted of intensively
managed plantations of loblolly pine (Pinus taeda) in the uplands,
while lower-lying areas were comprised of mature hardwood for-
ests dominated by oaks (Quercus spp.) and hickories (Carya spp.).
Due to frequent timber harvest, approximately 800 ha (16%) of the
area was early successional habitat. An agricultural research sta-
tion within the site contained 52ha (1%) of hay fields and 528 ha
(11%) of cattle pasture. Fescue (Schedonorus arundinaceus) and
Bermuda grass (Cynodon dactylon) dominated these areas. Pas-
tures were lightly grazed due to implementation of rotational graz-
ing practices. Collectively, early successional areas consisting of
young (<7 years) pine plantations and pastures/fields comprised
approximately 28% of the land area on BFG. Because early suc-
cessional habitats provide preferred habitat for a variety of small
mammals (Atkeson and Johnson 1979, Mengak and Guynn 2003),
and BFG contained more early successional habitat, we assumed
small mammals were more abundant on BFG than CC. Due to

2015 JSAFWA

Coyote Diets in Central Georgia  Kelly et al. 297
restrictions on hunting dates, hunter numbers, and the size of male
deer legal for harvest, deer were abundant with an estimated den-
sity of 29 deer/km*based on Downing’s (1980) population recon-
struction model (C. Killmaster, Georgia Department of Natural
Resources, Wildlife Resources Division, unpublished data).

The 16,187-ha CC WMA lies within the Oconee National For-
est. Our study area was limited to a 5,000-ha portion of the WMA
lying north of Georgia Highway 212. Forest types consisted of a
mixture of mature loblolly pines in the uplands and oak-hickory
hardwoods in low-lying areas similar to BFG. However, timber har-
vest was minimal and forest management was primarily limited to
periodic (~3 years) prescribed fire in late winter and early spring,
intended to reduce fuel loads for potential wildfires. Although pre-
scribed fire often promotes an herbaceous understory, the canopy
cover throughout much of the study area was too great to allow for
regeneration of shade intolerant understory plant species. There-
fore, only 350 ha (7%) of the site was comprised of early succession-
al areas and <1% of the site was comprised of pastures and/or fields,
with the remainder of the area consisting of closed-canopy forest.
Because small mammal population densities are extremely low fol-
lowing canopy closure (Langley and Shure 1980), we assumed small
mammal abundance on CC was low relative to BFG. Due to no re-
striction on hunter numbers and greater season lengths, the deer
density on CC was approximately 12 deer/km?based on Downing’s
(1980) population reconstruction model (C. Killmaster, Georgia
Department of Natural Resources, Wildlife Resources Division,
unpublished data). Coyote abundance, estimated using fecal geno-
typing to noninvasively mark and recapture individual coyotes, was
similar between sites during 2010, and no coyote was encountered
on both sites (Gulsby et al. 2015). On average, fawn parturition
in central Georgia occurred during the months of May and June
(C. Killmaster, Georgia Department of Natural Resources, Wildlife
Resources Division, unpublished data).

Methods

We collected scats along designated routes on unpaved roads
and trails dispersed throughout each study area, totaling 25km
on BFG and 18km on CC. Scat collection took place weekly from
March 2010 to February 2011. Therefore, all scats were <7 days
old. We identified scats as coyote if they fit published criteria of
size, shape, and odor (Murie 1974).

Upon collection, we placed scats in 10.16- x 15.24-cm mill cloth
bags (Hubco Inc., Hutchinson, Kansas), labeled with a unique iden-
tifier, and stored them frozen to minimize decomposition. Scats
were oven-dried at 65 C for 72-96 hours, soaked in water, then
washed in an automatic clothes washer and dried as outlined by
Chamberlain and Leopold (1999). We identified plant and animal



food items macroscopically, and microscopically when necessary,
by comparison to reference materials at the University of Georgia
Warnell School of Forestry and Natural Resources mammal and
seed reference collections as outlined by Schrecengost et al. (2008).
We also used dichotomous hair keys (Spiers 1973, Tumlison 1983)
as needed.

We separated fawn remains from adult deer remains by evaluat-
ing macroscopic characteristics (i.e., color and length of hair and
hoof fragments) and by microscopically comparing cuticular scale
imprints to adult and fawn cuticular scale references. We used a
protocol modified from Williamson (1951) and Bowyer and Curry
(1983) to create scale impressions. We placed guard hairs on a plas-
tic cover slip, pressed them between two microscope slides, and
heated them in an oven for five minutes on medium heat. After
heating, we allowed the press to cool for five minutes and wiped the
hair from the slip, leaving a negative impression of cuticular scales.

We estimated the percent of scats (PS) and the percent occur-
rence (PO) of each food item. As defined by Schrecengost et al.
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(2008), percent of scats (PS) is the percent of a sample of scats in
which a food item occurs, and percent of occurrence (PO) is the
number of times a prey item occurs as a percent of total number
of occurrences for all food items. Percent of scats data provides an
indication of how common a food item is in the diet and how pres-
ence of the item compares to other food habits studies (van Dijk
et al. 2007), whereas PO can be interpreted as an approximation of
the volumetric importance of items in the diet (but see Kauhala et
al. 1998). We grouped infrequently occurring items into an ‘other’
category. Because sample sizes were insufficient to provide precise
estimates of diet composition during some months, we pooled
data into six two-month seasons. In addition, lack of replication of
study areas precluded statistical comparisons of the occurrence of
food items. Thus, we present descriptive statistics only.

Results

We analyzed 207 and 146 scats on BFG and CC, respectively,
collected between March 2010 and February 2011 (Table 1). Veg-

Table 1. Coyote food habits as percent of scats (a) and percent occurrence (b) on B.F. Grant and Cedar Creek Wildlife Management Areas in the Georgia Piedmont by season from March 2010 and through

February 2011.
a) 2010 2011
Mar-Apr May-June July-Aug Sep—0ct Nov-Dec Jan-Feb Overall
BFG « BFG « BFG « BFG (¢ BFG « BFG « BFG «
Food Items (46) (5) (39) (15) (48) (30) (55) (65) (6) (15) (13) (16) (207) (146)
Plants
Diospyros virginiana 4.2 10.0 50.9 69.2 40.0 14.5 37.0
Poaceae 217 20.0 128 20.0 125 6.7 255 154 16.7 6.7 231 125 18.8 13.0
Prunus persica 6.7 6.7 2.1
Prunus serotina 6.7 42 16.7 1.0 4.1
Prunus spp. (plum) 6.7 2.1 10.0 0.5 27
Pyrus communis 6.3 30.0 26.2 1.4 17.8
Rubus spp. 7.7 6.7 16.7 133 53 34
Vitis spp. 25.0 16.7 382 60.0 159 30.1
Animals
Aves 43 20.0 2.6 2.1 33 18 6.3 2.4 2.1
Castor canadensis 6.7 6.3 14
Coleoptera 2.6 2.1 16.7 6.3 1.4 0.7
Dasypus novemcinctus 6.5 1.7 6.7 4.2 6.7 15 3.9 2.7
Didelphis virginiana 2.6 0.5
Insectivora 2.2 40.0 2.6 21 31 17 1.9 2.7
Mephitis mephitis 2.6 6.3 0.5 0.7
Microtus pinetorum 22 0.5
Odocoileus virginianus (adult) 217 40.0 2.6 33 29.1 123 50.0 80.0 46.2 56.3 17.4 219
Odocoileus virginianus (fawn) 61.5 26.7 229 16.7 16.9 6.2
Orthoptera 22 7.7 20.0 29.2 233 16.4 4.6 13.0 8.9
Oryzomys palustris 2.2 15 0.5 0.7
Peromyscus spp. 43 4.2 73 1.5 17 43 0.7
Procyon lotor 2.2 51 1.4
Sigmodon hispidus 37.0 128 26.7 25.0 133 29.1 46 30.8 125 26.1 89
Snake 2.2 2.6 1.0
Sus scrofa 13.0 125 2.9 14
Sylvilagus spp. 174 20.0 7.7 133 229 55 4.6 50.0 7.7 6.3 14.0 48
Tamias striatus 18 0.5
Other* 2.2 33 15.4 1.4 0.7
(Table continues)
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Table 1. (cont.)
b) 2010 2011
Mar-Apr May-June July-Aug Sep—0ct Nov-Dec Jan-Feb Overall
BFG (¢ BFG (¢ BFG « BFG (¢ BFG (¢ BFG (¢ BFG (¢
Food Items (65) (7) (55) (22) (89) (54) (113) (133) (8) (19) (18) (20) (348) (255)
Plants
Diospyros virginiana 22 5.6 24.8 338 31.6 8.6 21.2
Poaceae 154 143 9.1 136 6.7 37 124 75 125 53 16.7 10.0 1.2 75
Prunus persica 4.5 3.7 1.2
Prunus serotina 45 22 93 0.6 24
Prunus spp. (plum) 45 1.1 5.6 0.3 1.6
Pyrus communis 34 16.7 12.8 0.9 10.2
Rubus spp. 55 4.5 9.0 74 32 2.0
Vitis spp. 135 9.3 18.6 293 9.5 173
Animals
Aves 3.1 143 1.8 11 19 0.9 50 14 12
Castor canadensis 45 5.0 0.8
Coleoptera 1.8 1.1 125 5.0 0.9 0.4
Dasypus novemcinctus 4.6 55 4.5 22 3.7 0.8 23 1.6
Didelphis virginiana 1.8 03
Insectivora 1.5 28.6 1.8 1.1 1.5 5.6 1.1 1.6
Mephitis mephitis 1.8 5.0 03 0.4
Microtus pinetorum 15 03
Odocoileus virginianus (adult) 15.4 28.6 18 1.9 14.2 6.0 375 63.2 333 450 10.3 12.5
Odocoileus virginianus (fawn) 43.6 18.2 124 93 10.1 35
Orthoptera 15 55 136 15.7 13.0 8.0 23 7.8 5.1
Oryzomys palustris 15 0.8 03 0.4
Peromyscus spp. 3.1 22 35 0.8 5.6 26 0.4
Procyon lotor 15 3.6 0.9
Sigmodon hispidus 26.2 9.1 182 135 74 142 23 222 10.0 155 5.1
Snake 15 1.8 0.6
Sus scrofa 9.2 10.0 17 0.8
Sylvilagus spp. 123 143 55 9.1 124 2.7 23 375 5.6 5.0 83 2.7
Tamias striatus 0.9 0.3
Other* 1.5 1.9 11.1 0.9 0.4

Note: Numbers in parentheses are sample sizes (a) and number of occurrences (b)
* includes leaf fragments and unidentifiable debris

etation comprised the majority of food item occurrences during
July-October on CC and during September-October on BFG
(Figure 1a), but individual plant species varied by season and study
site (Figure 1b). Persimmon occurred in 50.9 PS and 69.2 PS dur-
ing September-October on BFG and CC, respectively. Muscadines
(Vitis spp.) occurred in 60.0 PS on CC and 38.2 PS on BFG dur-
ing September-October. During July-August, blackberries (Rubus
spp.) were found in 16.7 PS on BFG and 13.3 PS on CC. During the
same period, pears (Pyrus communis) occurred in 6.3 PS on BFG
and 30.0 PS on CC. Grasses (Poa spp.) occurred during all seasons,
although rarely in large volumes (18.8 PS on BFG and 13.0 PS on
CC; Table la).

During November -June on CC and November - August on
BFG the coyote diet was dominated by animal prey (Figure la),
but occurrence of individual taxa varied by season (Figure 1c).
During fawning season (May-June), fawns were present in 61.5 PS
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on BFG and only 26.7 PS on CC (Table 1a). Cottontails (Sylvilagus
spp.) occurred in minimal amounts (14.0 PS) during all seasons on
BFG, whereas cottontail remains were found in only four seasons
and 4.8 PS overall on CC. Hispid cotton rat (Sigmodon hispidus)
was the most frequently occurring small mammal in scats on both
sites, but occurred more frequently on BFG (26.1 PS) than CC
(8.9 PS). Orthopterans were prevalent during July—August and oc-
curred in 29.2 PS and 23.3 PS on BFG and CC, respectively, during
these months (Table 1a).

The most frequently occurring food items changed temporally
on each site (Table 1). During March-April, small mammals (45.8
PS) were the most common food item on BFG, followed by deer
(21.7 PS) and cottontails (17.4 PS, Figure 2). During the same sea-
son on CC, deer and small mammals occurred equally (40.0 PS),
followed by rabbit (20.0 PS). During fawning season (May-June),
coyote scats on BFG primarily contained deer (64.1 PS), most of
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Figure 1. Seasonal percent occurrence of major food item categories (a), plant food items (b), and
animal food items (c) by season from coyote scats (n = 353) collected on B.F. Grant and Cedar Creek
Wildlife Management Areas in the Georgia Piedmont from March 2010 through February 2011.

which was fawns. Small mammals occurred in only 13.3 PS during
the fawning season on this site. In contrast, fawns were not as com-
mon in the coyote diet during fawning season on CC, with small
mammals and deer occurring in the same proportion of scats (26.7
PS, Figure 2). Soft mast was the most common item from Septem-
ber-October on BFG (43.0 PS) and CC (76.0 PS). From Novem-
ber-December, the diet composition was mostly deer (50.0 PS)
and cottontails (50.0 PS) on BFG and predominantly deer (80.0
PS) and soft mast (40.0 PS) on CC (Figure 2). During January-
February, deer, followed by small mammals, was the most impor-
tant food item on both sites.

Discussion

Our results support those of others (Saalfeld and Ditchkoft
2007, Howze et al. 2009, VanGilder et al. 2009) that coyotes are
significant fawn predators in the Southeast. However, our data did
not support the hypothesis that alternative prey items (e.g., small
mammals or soft mast) serve to buffer coyote predation on fawns.
Small mammals were present in a greater PS on BFG than CC dur-
ing all bimonthly periods (except May-June), which supported
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Figure 2. Percent of scats containing major food item categories from coyote scats collected
(n=353) between March 2010 through February 2011 by season on B.F. Grant and Cedar Creek
Wildlife Management Areas.

our assumption that small mammal abundance was greater there.
However, when fawns were most vulnerable (May-June), BFG
coyotes switched almost exclusively to fawns. During this same
period, small mammals occurred more than twice as frequently
in scats on CC, where we assumed fawns were less available due to
lower deer density.

During the July-August and September—October periods when
most fawns are >1 month old and less susceptible to coyote preda-
tion (Cook et al. 1971, Porath 1980), soft mast was an important
food item on both sites. However, soft mast occurred more fre-
quently in scats on CC, where later successional habitat was more
prevalent. Because canopy coverage of muscadine and persimmon
is greater in these areas (Andelt et al. 1987), coyote use of soft mast
also appeared related to availability.

In our study, occurrence of fawns in coyote scats was better
predicted by deer density than availability of alternative prey. This
conclusion is substantiated by the findings of Blanton and Hill
(1989) who observed that coyote use of fawns was greater in areas
with greater deer density, across several Southeastern study sites.
Conversely, Stratman and Pelton (1997) found no difference in the



occurrence of fawn in coyote scats between high and low deer den-
sity areas in northwestern Florida. However, the estimated density
(approximately 2.6/km?) on this landscape’s high deer density area
was less than half that of our lower deer density site (CC). There-
fore, it appears possible that abundance must reach some thresh-
old to observe a proportional relationship between deer density
and fawn predation.

Many have described coyotes as a generalist predator that feeds
opportunistically (Andelt and Andelt 1984, Wooding et al. 1984,
Stratman and Pelton 1997, Schrecengost et al. 2008, VanGilder
2008). However, recent literature suggests that coyotes forage op-
timally. Prugh (2005) proposed an adaptation to optimal foraging
theory that evaluates not only the food item’s intrinsic profitabil-
ity (i.e., size, handling time, inherent vulnerability, and nutritional
content), but also extrinsic factors such as search time, which is
affected by prey density. In that study, food items were included
in the coyote diet in order of net profitability. Several other studies
have demonstrated optimal foraging by coyotes in other regions
of North America (MacCracken and Hansen 1987, Windberg and
Mitchell 1990, Reichel 1991, Patterson et al. 1998, Hernandez et al.
2002, Petroelje et al. 2014), but none has demonstrated this in the
Southeast. Our data appear to support Prugh’s (2005) theory of net
profitability. Assuming equal fawning rates between sites, fawns on
BEFG were likely at a sufficient density to make them a more prof-
itable prey choice than small mammals. In contrast, lower fawn
density on CC increased search time and decreased profitability
of fawns. Future research quantifying both coyote food item use
versus availability of known coyote food items within an area and
season is necessary to improve inferences about coyote foraging
strategies in the Southeast. Our results suggest that habitat man-
agement to increase the availability of small mammals as alterna-
tive prey for coyotes may have minimal impact on coyote depreda-
tion of white-tailed deer fawns.
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