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Understanding Deer, Bear, and Forest Trends in the North Georgia Mountains: The Value of
Long-term Data
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Gino J. D’Angelo, Warnell School of Forestry and Natural Resources, University of Georgia, Athens, GA 30602
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Karl V. Miller, Warnell School of Forestry and Natural Resources, University of Georgia, Athens, GA 30602

Abstract: Most state wildlife agencies collect harvest data to inform management decisions. However, these data are typically considered across relative-
ly short time periods and are rarely revisited. We present a case study using historical records to investigate potential agents (i.e., harvest, predation,
and forest change) influencing the declining white-tailed deer (Odocoileus virginianus) population in the north Georgia mountains. We used long-term
black bear (Ursus americanus) and deer harvest data, and indices of forest stand conditions from 1979-2015 on eight Wildlife Management Areas
(WMAs) in the north Georgia mountains. During 1979-2015, harvest of male and female deer declined by 85% and 97%, respectively. Over the same
time period, mean yearling male deer body weight increased by 21%, mean antler diameter increased by 62%, and mean antler beam length increased
by 92%. We observed a 97% reduction in availability of early successional forests (0-10 years old) and a 53% increase in volume of large diameter (>27.9
cm) oak species, suggesting increasing homogeneity/maturation of forest stands across all eight WMAs. Concomitantly, the U.S. Forest Service in-
creased the acreage under prescribed fire management from 2,916 to 5,629 ha during 2003-2015. Black bear populations grew at an annual rate of 1.07
for males and 1.08 for females. Our analyses indicated that despite the reduction in early successional habitats as illustrated by the reduction in young
forests (0-10 years old), deer condition indices have improved suggesting that a habitat-driven change in fecundity was not the likely primary driver of
the deer population decline. However, increasing fawn predation, coupled with a decline in available fawning cover may be reducing recruitment rates

and should be investigated as potential causes for the observed population decline. Our research also illustrates the importance of maintaining long-

term data, especially the value offered to evaluate trends over time.
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White-tailed deer (Odocoileus virginianus) were extirpated from
the north Georgia Mountains by 1895 due primarily to hunting
(Jenkins 1952); although timber harvesting and extensive land-
scape conversion (i.e., row crops in valleys and pastoral use in the
uplands) were significant contributors. In 1928, restocking efforts
were initiated on the Blue Ridge Wildlife Management Area (WMA;
Webb 1956), and by 1940, the first managed deer hunt was held
with 111 hunters participating and 21 males and 3 female deer har-
vested (hunter success=18.9%; Webb 1956). By 1953, deer popula-
tions on Blue Ridge WMA continued to increase and the estimated
density was 7 deer/km? (Webb 1956). Populations continued to ex-
pand regionally until the early 2000s when deer harvest and hunter
success rates began to decline rapidly (C. Killmaster, Georgia De-
partment of Natural Resources-Wildlife Resources Division [DNR-
WRD], unpublished data). Currently, deer populations remain low
on WMAs in north Georgia with estimated densities ranging from
1.9-3.9 deer/km? (S. Frazier, Georgia DNR-WRD, personal com-
munication). Reasons for the population decline are speculative.
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Therefore, we used long-term deer harvest records, trends in forest
conditions, and predator population data (e.g., black bear [Ursus
americanus]) to evaluate factors potentially influencing declines in
deer populations.

Predation by black bears, bobcats (Lynx rufus), and coyotes
(Canis latrans) is a common source of mortality of white-tailed
deer neonates (e.g., Vreeland et al. 2004, Campbell et al. 2005, Kil-
go et al. 2010, Shuman et al. 2017) and can consequently influence
recruitment (Chitwood et al. 2015). For example, using a modeling
approach, Chitwood et al. (2015) demonstrated that in low-den-
sity deer populations with high fawn predation rates, protecting
females from harvest may not offset declines in recruitment. Geor-
gia Department of Natural Resources-Wildlife Resources Division
(Georgia DNR-WRD) has limited harvest of females on WMAs in
north Georgia, but these management changes did not reverse the
deer population decline (C. Killmaster, Georgia DNR-WRD, un-
published data). Since 1979, black bear populations have increased
across north Georgia with annual growth rates ranging from 1.108
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to 1.113 (Little et al. 2017). Although, Georgia DNR-WRD lacks
population trend data on bobcats and coyotes in north Georgia
populations have purportedly increased over much of the east-
ern United States (Gompper 2002, Kilgo et al. 2010, Roberts and
Crimmins 2010).

Acorn mast production is an important factor influencing deer
populations in the southern Appalachian Mountains (Wentworth
etal. 1992, Ryan et al. 2004). In particular, yearly variations in acorn
abundance can influence deer weight, antler development, fecundi-
ty, and fawn survival (Wentworth et al. 1992). Additionally, indices
of herd health (i.e., body weights, antler size) are positively correlat-
ed with the amount of young and mid-successional forests, espe-
cially in years following poor mast crops (Ford et al. 1997). Acorn
production is also critically important to many other wildlife spe-
cies (e.g., McShea and Schwede 1993, Ryan et al. 2004, McDonald
et al. 2005, Whitaker et al. 2005). Recent research has reported de-
clines in oak abundance in some regions (Fei et al. 2011, Greenburg
etal. 2011, Dey 2014) due to changes in climate, forest management
practices, and introduced pests and pathogens (McShea et al. 2007,
Speer et al. 2009). Many forests dominated historically by oaks are
converting to shade-tolerant and fire-intolerant species (e.g., red
maple [Acer rubrum]; McShea et al. 2007, Nowacki and Abrams
2008, Fei et al. 2011). Concomitantly, stand-level species richness
is declining throughout much of the eastern forests and will likely
continue to decline as numerous fire-adapted plants are replaced by
a limited set of shade-tolerant fire-sensitive species (Nowacki and
Abrams 2008). These shifts in the composition and structure of for-
ests may negatively impact deer habitat quality.

We used 37 years of long-term data to evaluate the following:
(1) deer harvest trends to assess the validity and magnitude of pop-
ulation decline; (2) black bear population growth rates; and (3) for-
est stand age and volume as indices to changing habitat conditions
through time in north Georgia. Our goal was to utilize long-term
trends in these data to evaluate potential factors affecting deer pop-
ulations and direct future research activities.

Study Area

Our study was conducted on eight separate Georgia DNR-
WRD WMAs (total area: 993 km?) within the Chattahoochee Na-
tional Forest (CNF) in north Georgia (Figure 1), which is managed
by the U.S. Forest Service (USES). The WMAs include Blue Ridge,
Chattahoochee, Chestatee, Cohutta, Cooper’s Creek, Rich Moun-
tain, Swallow Creek, and Warwoman. These WMAs were located
in the Blue Ridge physiographic province and were characterized
by mountainous terrain with elevations ranging from 550-1530 m.
The WMAs were also located in the southern portion of the Blue
Ridge Ecoregion in the temperate broadleaf and mixed forests bi-
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Figure 1. Wildlife management areas used in study (Blue Ridge WMA [1], Rich Mountain [2], Blue
Ridge [3], Cooper’s Creek [4], Chestatee [5], Chattahoochee [6], Swallow Creek [7], and Warwoman
[8]) located in north Georgia.

ome (Omernik 1987). Cove hardwood communities occurred in
sheltered concave landforms and north-facing slopes to an eleva-
tion of approximately 1,200 m. Cove hardwoods, floristically rich
and mesic communities, were dominated by yellow-poplar (Tulip
poplar), northern red oak (Quercus rubra), yellow buckeye (Aescu-
lus flava), and American basswood (Tilia americana).

Northern hardwoods occurred on north-facing slopes and
sheltered headwater ravines above cove hardwood communities at
mid- to higher elevations (>1,200 m) and across a variety of aspects
and landforms at the highest elevations. These communities were
dominated by yellow birch (Betula alleghaniensis), black birch (Bet-
ula lenta), American beech (Fagus grandifolia), and northern red
oak often with dense understory of rosebay rhododendron (Rho-
dodendron maximum) on the most mesic sites and striped maple
(Acer pensylvanicum) and flame azalea (Rhododendron calendula-
ceum) on the less mesic sites. Montane streamside communities
were characterized by eastern hemlock (Tsuga canadensis)-white
pine (Pinus strobus) overstories and dense understories of rosebay
rhododendron.




Upland hardwood communities occurred throughout all eleva-
tions on submesic to xeric sites. Dominant overstory species includ-
ed: northern red oak, white oak (Q. alba), black oak (Q. velutina),
hickories (Carya spp.), red maple (Acer rubrum), and blackgum
(Nyssa sylvatica). Shrub layers of American chestnut (Castanea den-
tata), Fraser’s magnolia (Magnolia fraseri), and rosebay rhododen-
dron often were present in mesic upland hardwood sites, whereas
more xeric sites were dominated by mountain laurel. Mixed-pine
hardwood communities occurred on exposed ridges and side slopes
with southern or southwestern aspects throughout. Although vari-
able across site moisture regimes, aspect, elevation, and distur-
bance histories, these communities were dominated by chestnut
oak (Q. montana), scarlet oak (Q. coccinea), blackgum, red maple,
and various montane yellow pines (Pinus spp.). Thick growth of
mountain laurel (Kalmia latifolia), smilax (Smilax spp.), or high-
bush blueberry (Vaccinium corymbosum) often occurred in under-
stories (NRCS-Georgia Soil Survey 2017).

Methods
Deer harvest data

We obtained deer harvest data collected by state biologists sta-
tioned at each WMA check station from 1979-2015. Biologists col-
lected hunter name, harvest date, sex, estimated age (1.5, 2.5, and
23.5 years; Severinghaus 1949), weight, and antler measurements
(i.e., beam diameter, beam length, antler spread, and total number
of antler points). All deer harvested on the WMA were required to
be checked. Hunters were permitted to harvest deer with archery,
firearms, and/or muzzleloader equipment depending on the sea-
son. For our data analysis, we excluded archery harvest data due
to limited harvest each year and the lack of mandatory check-in
for hunters in that portion of the season. Deer harvest regulations
varied across the eight WMAs based on the year and weapon type:
firearms (males: =4.1 days, SE =0.06; females: =0.6 days, SE=0.04)
and muzzleloader (males:=3.5 days, SE=0.08; females:=3.1 days,
SE=0.12). In 1993, Georgia experienced an extreme snow event
(NOAA 2017) and Georgia DNR-WRD subsequently closed female
deer harvest for the next two years to reduce potential impacts of
winter mortality on long-term population growth (K. Kammer-
meyer, Georgia DNR-WRD, personal communication).

To evaluate harvest trends over time, we pooled harvest data
from all eight WMAs: (1) by deer harvested with firearms and
muzzleloaders, (2) by sex, and (3) by year. We chose to pool the
data because we observed similar harvest trends across WMAs. We
then evaluated whether a monotonic trend existed using the non-
parametric Mann-Kendall test using package ‘Kendall’ in program
R (R Core Team 2013, McLeod 2015). This test is useful in exam-
ining environmental time series because there are no assumptions
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regarding the underlying distribution of the data, it can handle
missing values, and it tests for a trend without the need to specify
whether the trend is linear or nonlinear (Libiseller and Grimvall
2002, Yue and Wang 2004). However, an important assumption of
the Mann-Kendall test is the absence of serial correlation. We test-
ed for serial correlation using the autocorrelation (acf) and partial
autocorrelation functions (pcf) in the ‘Kendall’ package. We gen-
erated figures of harvest trends for males and females, the aver-
age number of harvest days available per year, and standardized
harvest (number of male deer harvested/total number of hunters)
from 1979-2015. Georgia DNR-WRD required hunters to check-
in only one time during the hunting period; therefore, we report
hunting pressure as the total number of hunters/year rather than
the number of hunter-days/year.

Yearling male body mass and antler size are sensitive to envi-
ronmental factors (Ashley et al. 1998, Keyser et al. 2005, Simard
et al. 2014). Therefore, we investigated the effects of forest con-
ditions on body mass (kg) and antler size (beam diameter [mm]
and beam length [cm]) of yearling males harvested on the eight
WMAs from 1979-2015. We conducted a Mann-Kendall test us-
ing package ‘Kendall’ in program R to evaluate whether a mono-
tonic trend existed in these condition indices (R Core Team 2013,
McLeod 2015). We were only able to report standard errors for
data from 2002-2015 because sample sizes were unavailable prior
to this time period.

Bear harvest data and population trends

Bear hunting was concurrent with muzzleloader and firearms
seasons for deer with a limit of 1 bear/hunter from 1979-2010 and
2 bears/hunter from 2011-2015. Harvest of a female with cubs or
any bear weighing <34 kg (live-weight) or use of bait was prohib-
ited throughout the study period. Registration of harvested bears
was mandatory and Georgia DNR-WRD personnel recorded data
from all harvested bears including sex and weight (Little et al.
2017). Georgia DNR-WRD personnel also extracted a premolar
for aging using cementum annuli (Willey 1974).

To estimate black bear population growth rates on the eight
WMAs, we used Downing’s population reconstruction method-
ology (Downing 1980). Population reconstruction is a technique
that uses age-at-harvest data and backward addition of cohorts to
estimate minimum population size over time and is commonly
used by state agencies for black bear and white-tailed deer popu-
lation estimation (Davis et al. 2007). The advantage of population
reconstruction is that it requires only two primary data (total har-
vest by year and age-at-harvest by year; Downing 1980) and can
be used to identify trends in abundance over time (Tilton 2005).
We analyzed sexes separately because harvest mortality may differ



for males and females (Davis et al. 2007). We collapsed ages into
five classes: cubs: 0.25-0.75 years old; yearlings: 1-1.75 years old;
2-year-olds: 2-2.75 years old; 3-year-olds: 3-3.75 years old, and
>4 year-olds. We reconstructed the population from 1979-2014
using program PopRec2011 (Pond and Property, LLC, Newport,
Virginia), which uses Downing’s (1980) method of population
reconstruction. For years of complete reconstructed cohorts,
PopRec2011 calculates the annual population growth rate (A) as:

A=N,,,/N,

t+1

where is the total reconstructed abundance in year t. We cen-
sored years 2013-2015 due to incomplete cohorts; therefore, our
final reconstructed populations were from 1979-2012. Population
reconstruction does not account for deaths due to natural mor-
tality, thus reconstructed abundances are underestimates of total
population abundance (Davis et al. 2007).

Forest stand and prescribed fire data

To evaluate changes in forest conditions across the study period,
we evaluated trends in forest stand age and changes in oak volume
by stand size class (small [<12.7 cm], medium [12.7-27.9 cm], and
large diameter [>27.9 cm]). We obtained stand age data from the
USFS-Chattahoochee-Oconee National Forests Geospatial Data-
base (USFS 2017) and classified stands into seven classes (0-10,
11-20, 21-30, 31-40, 41-50, 51-60, and =61 years old) and report
the amount (% across all eight WMAs combined) by size class for
1979 and 2015. To evaluate changes in oak volume by stand size
class, we used the USFS-Forest Inventory and Analysis program
database to calculate the total volume (million m?) of all oak spe-
cies combined by stand size class for each available inventory from
1982-2014 (USDA-FIA 2017). Our study sites constituted 32.7%
of the 3,036 km?* CNF and were likely representative of the entire
forest.

We obtained prescribed fire data (2003-2015) for our study ar-
eas from the CNF fire staff. The majority of the burning occurred
during the dormant season (January—early April) and was of low to
moderate intensity (J. Wentworth, USES, personal communication).

Results

From 1979-2015, hunters harvested 18,016 male and 6,450 fe-
male deer during the muzzleloader and firearms seasons across
the eight WMAs. From 1979-2015, harvest of males and females
declined by 84.9% (t=-0.74, P<0.001, Figure 2a) and 97.0%
(t=-0.60, P<0.001, Figure 2b), respectively, and was consistent
across all WMAs. Despite accounting for hunter effort during the
same time frame, harvest of males declined by 50% (t=-0.51,
P<0.001, Figure 3) and was consistent across all WMAs. Male
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Figure 2. Total male (A) and female (B) white-tailed deer (Odocoileus virginianus) harvest across
eight Wildlife Management Areas in north Georgia and mean number of available harvest days by
sex, 1979-2015.

harvest was highest and most variable from 1979-2001 (t=-0.39
P=0.009, Figure 2a); however, harvest only declined by 2.5% during
this time period. Male harvest steadily declined from 2002-2015
by 80.5% (1=-0.91, P<0.001), despite a 42% increase in the mean
number of days available to harvest males (Figure 2a) and was con-
sistent across all WMAs. Similarly, female harvest was highest and
most variable from 1979-2003 (t=-0.39 P=0.006), but steadily
declined from 2004-2015 by 94.6% (t=-0.84, P<0.001, Figure 2b)
and was found to be consistent across all WMAs.

All yearling male condition indices increased from 1979-2015:
mean body weight increased by 21% (1=0.62, P<0.001, Figure 4a),
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Figure 3. Total male white-tailed deer (Odocoileus virginianus) harvest standardized by number of
hunters/year across eight Wildlife Management Areas in north Georgia, 1979-2015.

mean antler diameter increased by 62% (1=0.74, P<0.001, Fig-
ure 4b) and mean antler beam length increased by 92% (1=0.59,
P<0.001, Figure 4c) and was found to be consistent across all
WMAs.

From 1979-2015, hunters harvested 1,119 male and 1,066 fe-
male black bears on the eight WMAs. Hunters harvested 22 cubs,
486 yearlings, 328 2-year-olds, 137 3-year-olds, and 146 >4 year-old
males. Hunters harvested 12 cubs, 217 yearlings, 218 2-year-olds,
139 3-year-olds, and 480 >4 year-old females. Annual population
growth rate for males and females was 1.07 and 1.08, respectively
(Figure 5).

From 1979-2015, the age of forest stands increased across the
WDMAs (Figure 6). Coverage of the two youngest age classes (0-10
years old and 11-20 years old) was reduced by 95.3% from 6.4%
in 1979 to 0.3% by 2015. Concomitantly, forest coverage by stands
in the >61 year age class increased by 104.7% from 42.8% in 1979
to 87.6% in 2015 (Figure 6). From 1982-2014, oak volume in the
CNF increased by 52.8% in the large diameter class (>27.9 cm)
whereas oak volume decreased by 73.5% in the small diameter
class (<12.7 cm; Figure 7). From 2003-2015, area managed by pre-
scribed fire in the CNF increased from 2,916 to 5,629 ha (t=0.44,
p=0.044).

Discussion

Trends in white-tailed deer harvest data suggested that deer pop-
ulations on the eight WMAs in north Georgia declined substantial-
ly during the past 37 years. Despite purposeful reductions in antler-
less deer harvest to stimulate population growth, deer populations
failed to stabilize or increase. Based on morphometric indices of
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Figure 4. Yearling male white-tailed deer (Odocoileus virginianus) condition indicators (mean body
weight [A], mean antler diameter [B], and mean antler beam length [C]) across eight Wildlife Man-
agement Areas in north Georgia, 1979-2015.
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Figure 7. Oak (Quercus spp.) volume (million cubic feet) by stand size class (small, <12.7 cm; medi-
um, 12.7-27.9 cm; and large, >27.9 cm) in the Chattahoochee National Forest containing the eight
Wildlife Management Areas in north Georgia used in our study, 1982—-2014. Forest Inventory Analysis
(FIA) data were collected from 1982—2014 by U.S. Forest Service personnel, and sampling frequency
varied from 5 to 8 years during this time period.

yearling male deer, the physical condition of deer improved mark-
edly during the same time period despite a decrease in early suc-
cessional habitat. Concomitantly, black bear populations increased
during this same time period, which is supported by data from oth-
er state agencies in the southeastern United States (Telesco 2013).
White-tailed deer populations in the Appalachians are influ-
enced by forage availability and quality, weather, and predators
(Wentworth et al. 1992, Johnson et al. 1995, Ford et al. 1997, Ryan
et al. 2004, Campbell et al. 2005). In particular, indices of herd
health (i.e., body weights, antler size) are positively correlated with
the amount of young and mid-successional forests, especially in
years following poor mast crops (Ford et al. 1997). The data we
examined indicates that early successional forests have essentially
disappeared on our study areas. However, all indices we evaluat-
ed suggested that the condition of yearling male deer increased
over time, which may partly be explained by the increase in area
managed by prescribed fire. Despite the lack of early succession-
al habitat, deer are likely able to acquire adequate resources for
maintenance and growth due to reduced competition for resources
(Ashley et al. 1998, Keyser et al. 2005), thus mitigating any densi-
ty-dependent effects associated with lack of early successional hab-
itats. Using yearling males as an index (Keyser et al. 2005), we may
assume that the condition of adult females was sufficient to main-
tain normal reproductive levels (Verme 1969, Albon et al. 1983,
Seether and Haagenrud 1983, Hewison 1996, Festa-Bianchet et al.
1998). Thus, a habitat-driven change in fecundity is an unlikely
factor in the decline in population trends. Rather, our observed



trends suggest that recruitment rates may have declined over the
course of the study. Considering evidence from other Southeast-
ern deer populations (e.g., Kilgo et al. 2012), neonatal predation
may be suspected as a factor limiting deer populations in north
Georgia. Additionally, the lack of early successional habitat may
reduce fawning cover and increase risk of predation for neonates.

Predation is one of the most common sources of mortality of
white-tailed deer neonates (Vreeland et al. 2004, Carstensen et al.
2009, Kilgo et al. 2012, Chitwood et al. 2015, Shuman et al. 2017)
and black bears have been shown to be effective predators of ne-
onates (Vreeland et al. 2004, Shuman et al. 2017). Since 1979, the
estimated minimum population of black bears on our study sites
increased 381% from 73 individuals to 2351. Similarly, recent
research has documented high fawn predation rates by coyotes
throughout the Southeast (Kilgo et al. 2012, Jackson and Ditchkoft
2013, Chitwood et al. 2015, Nelson et al. 2015, Shuman et al. 2017).
Coyotes were extremely rare on the CNF in the 1980s, but have
become increasingly common in recent years (K. Kammermeyer,
Georgia DNR-WRD, personal communication), although densi-
ty estimates are lacking. As such, our results suggest predator-in-
duced declines in recruitment as a possible correlate that should
receive research attention.

Limits on timber harvests on CNF have reduced the amount
of early successional habitats as suggested by decreased small oak
volume, and in turn soft mast producing plants and browse avail-
able for deer. Adult female deer may need to utilize larger areas and
increase the frequency and duration of foraging bouts to procure
resources to meet the demands of gestation and lactation (e.g.,
Crimmins et al. 2015). Previous studies suggested that omnivorous
predators, such as coyotes, increase consumption of mammals
when soft mast is less abundant (Andelt et al. 1987, Schrecengost
et al. 2008). Additionally, habitat characteristics affect distribu-
tion, density, and hunting efficacy of predators (Gese et al. 1996,
Dijak and Thompson 2000). Decreased landscape heterogeneity
(e.g., homogenous forested blocks with few cover types) may in-
crease the likelihood of coyote predation on neonates (Gulsby et al.
2017). We suspect that the reduction in early successional habitats
as partly illustrated by the decrease in small oak volume, may lead
to reduce fawning cover and/or increased risk of predation.

We believe our long-term data provide strong directional in-
dicators of population and habitat trends through time, and our
analyses of these trends suggest plausible causes for the popula-
tion declines in north Georgia. However, they also emphasize the
critical need to obtain information on deer survival, cause-specific
mortality, and reproductive rates along with more detailed exam-
ination of habitat conditions regionally to understand these chang-
es and the subsequent information needs for managers (Caughley
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1976, Eberhardt 1985, Dusek et al. 1989). Likewise, it is important
to track the changing predation context; although bear populations
have increased dramatically, status and population trends of oth-
er predator populations (e.g., bobcats and coyotes) are unknown.
Similarly, we lack information on how habitat conditions such as
understory vegetation or early successional habitats may influence
the probability of survival and subsequent recruitment of fawns.
Therefore, population monitoring through time is critical and can
help identify important data gaps. However, research-based as-
sessments of current conditions in changing systems are also nec-
essary to verify the drivers of population trajectories and direct
management actions.

Management Implications

Despite reductions in antlerless harvest opportunities, the
deer populations on these north Georgia WMAs have continued
to decline. Georgia DNR-WRD has exhausted most deer-harvest
management options to increase deer populations in north Geor-
gia and has satisfied recommended requisites before initiating
a neonate deer survival study (Rosenberry et al. 2011). We be-
lieve an understanding of the interplay among harvest mortality,
predator-induced changes in recruitment, and habitat will be nec-
essary to direct future management of white-tailed deer on these
wildlife management areas, and perhaps elsewhere in the southern
Appalachians.

Acknowledgments

We thank Georgia DNR-WRD personnel for assistance with data
collection, particularly J. Bowers, A. Hammond, S. Frazier, K. Kam-
mermeyer (retired), and K. Lowrey. We also thank T. Brandeis,
E. Mavity, and J. Wentworth (USES) for their assistance with acquir-
ing USFS forest stand data. Data collection efforts were supported by
the Federal Aid in Wildlife Restoration Fund.

Literature Cited

Albon, S.D., B. Mitchell, and B. W. Staines. 1983. Fertility and body weight
in female red deer: a density-dependent relationship. Journal of Animal
Ecology 52:969-980.

Andelt, W.E, ]. G. Kie, E. E Knowlton, and K. Cardwell. 1987. Variation in coy-
ote diet associated with season and successional changes in vegetation.
Journal of Wildlife Management 51:273-277.

Ashley, E.P, G.B. McCullough, and J. T. Robinson. 1998. Morphological re-
sponses of white-tailed deer to a severe population reduction. Canadian
Journal of Zoology 76:1-5.

Campbell, T.A., B.]. Laseter, W.M. Ford, and K. V. Miller. 2005. Population
characteristics of a central Appalachian white-tailed deer herd. Wildlife
Society Bulletin 33:212-221.

Carstensen, M., G.D. DelGiudice, B.A. Sampson, and D.W. Kuehn. 2009.
Survival, birth characteristics, and cause-specific mortality of white-
tailed deer neonates. Journal of Wildlife Management 73:175-183.



Caughley, G. 1976. Wildlife management and the dynamics of ungulate popu-
lations. Pages 183-246 in T.H. Coaker, editor. Applied Biology. Academic
Press, New York.

Chitwood, M. C., M. A. Lashley, J. C. Kilgo, C.E. Moorman, and C.S. DePer-
no. 2015. White-tailed deer population dynamics and adult female sur-
vival in the presence of a novel predator. Journal of Wildlife Management
79:211-219.

Crimmins, S.M., J.W. Edwards, T.A. Campbell, W.M. Ford, P.D. Keyser,
B.FE. Miller, and K. V. Miller. 2015. Responses of female white-tailed deer
home-ranges to increased resource availability. Northeastern Naturalist
22:403-412.

Davis, M. L., ]. Berkson, D. Steffen, and M. K. Tilton. 2007. Evaluation of ac-
curacy and precision of Downing Population Reconstruction. Journal of
Wildlife Management 71:2297-2303.

Dey, D.C. 2014. Sustaining oak forests in eastern North America: regeneration
and recruitment, the pillars of sustainability. Forest Science 60:926-942.

Dijak, W.D. and E R. Thompson. 2000. Landscape and edge effects on the dis-
tribution of mammalian predators in Missouri. Journal of Wildlife Man-
agement 64:209-216.

Downing, R.L. 1980. Vital statistics of animal populations. Pages 247-267 in
S.D. Schemnitz, editor. Wildlife Techniques Manual. The Wildlife Soci-
ety, Washington, D.C.

Dusek, G.L., R.J. MacKie, J.D. Herriges, Jr., and B.B. Compton. 1989. Pop-
ulation ecology of white-tailed deer along the lower Yellowstone River.
Wildlife Monographs 104:1-68.

Eberhardt, L.L. 1985. Assessing the dynamics of wild populations. Journal of
Wildlife Management 49:997-1012.

Fei, S, N. Kong, K.C. Steiner, W.K. Moser, and E.B. Steiner. 2011. Change
in oak abundance in the eastern United States from 1980 to 2008. Forest
Ecology and Management 262:1370-1377.

Festa-Bianchet, M., J. M. Gaillard, and J.T. Jorgenson. 1998. Mass- and den-
sity-dependent reproductive success and reproductive costs in a capital
breeder. American Naturalist 152:367-379.

Ford, W. M., A.S. Johnson, P.E. Hale, and J. M. Wentworth. 1997. Influences of
forest type, stand age, and weather on deer weights and antler size in the
Southern Appalachians. Southern Journal of Applied Forestry 21:11-18.

Gese, E. M., R.L. Ruff, and R. L. Crabtree. 1996. Intrinsic and extrinsic factors
influencing coyote predation of small mammals in Yellowstone National
Park. Canadian Journal of Zoology 74:784-797.

Gompper, M. E. 2002. Top carnivores in the suburbs? Ecological and conser-
vation issues raised by colonization of northeastern North America by
coyotes. Bioscience 52:185-190.

Greenburg, C.H., T.L. Keyser, and J. H. Speer. 2011. Temporal patterns of oak
mortality in a southern Appalachian forest (1991-2006). Natural Areas
Journal 31:131-137.

Gulsby, W.D.,, J. C. Kilgo, M. Vukovich, and J. A. Martin. 2017. Landscape het-
erogeneity reduces coyote predation on white-tailed deer fawns. Journal
of Wildlife Management 81:601-609.

Hewison, A.J.M. 1996. Variation in the fecundity of roe deer in Britain: ef-
fects of age and body weight. Acta Theriologica 41:187-198.

Jackson, A.M. and S.S. Ditchkoff. 2013. Survival estimates of white-tailed
deer fawns at Fort Rucker, Alabama. American Midland Naturalist
170:184-190.

Jenkins, J.H. 1952. The extirpation and restoration of north Georgia deer: a
sixty-year history. Transactions of the North American Wildlife Confer-
ence 17:472-476.

Johnson, A.S., P.E. Hale, W.M. Ford, J. M. Wentworth, J.R. French, O.F. An-
derson, and G.B. Pullen. 1995. White-tailed deer foraging in relation to
successional stage, overstory type, and management of southern Appala-
chian forests. American Midland Naturalist 133:18-35.

2018 JSAFWA

Deer, Predators, and Forests in North Georgia  Little et al. 104

Keyser, P.D., D.C. Guynn, Jr., and H. S. Hill, Jr. 2005. Population density-phys-
ical condition relationships in white-tailed deer. Journal of Wildlife Man-
agement 69:356-365.

Kilgo, J.C., H.S. Ray, C. Ruth, and K. V. Miller. 2010. Can coyotes affect deer
populations in southeastern North America? Journal of Wildlife Manage-
ment 74:929-933.

—_— , M. Vukovich, M.]. Goode, and C. Ruth. 2012. Predation by
coyotes on white-tailed deer neonates in South Carolina. Journal of Wild-
life Management 76:1420-1430.

Libiseller, C. and A. Grimvall. 2002. Performance of partial Mann-Kendall
tests for trend detection in the presence of covariates. Envirometrics
13:71-84.

Little, A.R., A. Hammond, J. A. Martin, K.L. Johannsen, and K.V. Miller.
2017. Population growth and mortality sources of the black bear popula-
tion in northern Georgia. Journal of the Southeastern Association of Fish
and Wildlife Agencies 4:130-138.

McDonald, J.E., Jr.,, and T.K. Fuller. 2005. Effects of spring acorn availability
on black bear diet, milk composition, and cub survival. Journal of Mam-
malogy 86:1022-1028.

McLeod, A.I. 2015. Kendall: Kendall rank correlation and Mann-Kendall
trend test. <https://cran.r-project.org/web/packages/Kendall/index.html>.
Accessed 1 September 2017.

McShea, W.]. and G. Schwede. 1993. Variable acorn crops: responses of white-
tailed deer and other mast consumers. Journal of Mammalogy 74:999-
1006.

, W.M. Healy, P. Devers, T. Fearer, FE.H. Koch, D. Stauffer, and J. Wal-
don. 2007. Forestry matters: decline of oaks will impact wildlife in hard-
wood forests. Journal of Wildlife Management 71:1717-1728.

National Oceanic and Atmospheric Administration (NOAA). 2017. Climate
data online. NOAA. <https://www.ncdc.noaa.gov/cdo-web/>. Accessed 16
October 2017.

Nelson, M. A., M.]. Cherry, M.B. Howze, R.]. Warren, and L.M. Conner.
2015. Coyote and bobcat predation on white-tailed deer fawns in a long-
leaf pine ecosystem in southwestern Georgia. Journal of the Southeastern
Association of Fish and Wildlife Agencies 2:208-213.

Nowacki, G.]. and M.D. Abrams. 2008. The demise of fire and “mesophica-
tion” of forests in the eastern United States. BioScience 58:123-138.

Natural Resources Conservation Service (NRCS)-Georgia Soil Survey. 2017.
Major land resource areas in Georgia. NRCS-Georgia Soil Survey. <https://
www.nrcs.usda.gov/wps/portal/nrcs/detail/ga/soils/surveys>. Accessed 17
October 2017.

Omernik, J. M. 1987. Ecoregions of the conterminous United States. Annals of
the Association of American Geographers 77:118-125.

R Core Team. 2013. A Language and Environment for Statistical Computing.
R Foundation for Statistical Computing, Vienna, Austria.

Roberts, N. M. and S. M. Crimmins. 2010. Bobcat population status and man-
agement in North America: evidence of large-scale population increase.
Journal of Fish and Wildlife Management 1:169-174.

Rosenberry, C.S., A.S. Norton, D.R. Diefenbach, J. T. Fleegle, and B. D. Walling-
ford. 2011. White-tailed deer age ratios as herd management and predator
impact measures in Pennsylvania. Wildlife Society Bulletin 35:461-468.

Ryan, C.W,, J.C. Pack, W.K. Igo, ].C. Rieffenberger, and A.B. Billings. 2004.
Relationship of mast production to big-game harvests in West Virginia.
Wildlife Society Bulletin 32:786-794.

Sether, B.E. and H. Haagenrud. 1983. Life history of the moose (Alces alces):
fecundity rates in relation to age and carcass weight. Journal of Mammal-
ogy 64:226-232.

Schrecengost, J.D., J. C. Kilgo, D. Mallard, H.S. Ray, and K. V. Miller. 2008.
Seasonal food habits of the coyote in the South Carolina coastal plain.
Southeastern Naturalist 7:135-144.




Severinghaus, C. W. 1949. Tooth development and wear as criteria of age in
white-tailed deer. Journal of Wildlife Management 13:195-216.

Shuman, R.M., M.]. Cherry, T.N. Simoneaux, E.A. Dutoit, J.C. Kilgo, M.]J.
Chamberlain, and K. V. Miller. 2017. Survival of white-tailed deer neonates
in Louisiana. Journal of Wildlife Management DOI: 10.1002/jwmg.21257.

Simard, A., ]. Hout, S. De Bellefeuille, and S. D. Cote. 2014. Influences of habi-
tat composition, plant phenology, and population density on autumn indi-
ces of body condition in a northern white-tailed deer population. Wildlife
Monographs 187:1-28.

Speer, J.H., H.D. Grissino-Mayer, K.H. Orvis, and C.H. Greenburg. 2009.
Climate response of five oak species in the eastern deciduous forest of
the southern Appalachian Mountains, USA. Canadian Journal of Forest
Research 39:507-518.

Telesco, D. 2013. Summary of state and provincial status reports. Proceedings
of the Eastern Black Bear Workshop 21:9-15.

Tilton, M. K. 2005. Evaluating the effectiveness of population reconstruction
for black bear (Ursus americanus) and white-tailed deer (Odocoileus vir-
ginianus) population management. Master Thesis. Virginia Polytechnic
Institute and State University, Blacksburg.

US. Department of Agriculture-Forest Inventory Analysis (USDA-FIA).
2017. Forest Inventory EVALIDator web-application Version 1.6.0.03.
USDA-FIA. <http://apps.fs.fed.us/Evalidator/evalidator.jsp>. Accessed 13
Feb 2017.

2018 JSAFWA

Deer, Predators, and Forests in North Georgia  Little et al. 105

U.S. Forest Service (USES). 2017. Geospatial Database. USFS. <https://www.fs
.usda.gov/main/conf/landmanagement/gis>. Accessed 30 May 2017.
Verme, L.J. 1969. Reproductive patterns of white-tailed deer related to nutri-

tional plane. Journal of Wildlife Management 33:881-887.

Vreeland, J.K., D.R. Diefenbach, and B.D. Wallingford. 2004. Survival rates,
mortality causes, and habitats of Pennsylvania white-tailed deer fawns.
Wildlife Society Bulletin 32:542-553.

Webb, C.H. 1956. Biological characteristics of the white-tailed deer herd and
an evaluation of the range in the Blue Ridge Game Management Area.
Master’s Thesis. University of Georgia, Athens.

Wentworth, J.M., A.S. Johnson, P.E. Hale, and K.E. Kammermeyer. 1992.
Relationships of acorn abundance and deer herd characteristics in the
Southern Appalachians. Southern Journal of Applied Forestry 16:5-8.

Whitaker, D. M., F. Stauffer, G. W. Norman, P.K. Devers, T.]. Allen, S. Bittner,
D. Buehler, J. Edwards, S. Friedhoff, W. M. Giuliano, C. A. Harper, and B.
Tefft. 2006. Factors affecting habitat use by Appalachian ruffed grouse.
Journal of Wildlife Management 70:460-471.

Willey, C. H. 1974. Aging black bears from first premolar tooth sections. Jour-
nal of Wildlife Management 38:97-100.

Yue, S. and C. Wang. 2004. The Mann-Kendall test modified by effective sam-
ple size to detect trend in serially correlated hydrological series. Water
Resources Management 18:201-218.



	University of Nebraska - Lincoln
	DigitalCommons@University of Nebraska - Lincoln
	2018

	Understanding Deer, Bear, and Forest Trends in the North Georgia Mountains: The Value of Long-term Data
	Andrew R. Little
	Gino J. D'Angelo
	Charlie H. Killmaster
	Kristina L. Johannsen
	Karl V. Miller

	tmp.1531247074.pdf.tfnjv

