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ABSTRACT Recent evidence from the southeastern United States of high predation rates by coyotes (Canis
latrans) on white-tailed deer (Odocoileus virginianus) fawns combined with reports of predation on adult female
deerhavepromptedconcern amongwildlifemanagers andhunters regarding theeffects ondeerpopulations.We
examined survival rates and causes of mortality among 138 radiocollared adult female deer over 7 years at the
Savannah River Site (SRS) in South Carolina, USA, 2006–2013. Our model-averaged prediction of annual
survival was 0.871 (95% CI¼ 0.839–0.902) and did not vary among years. The best model describing survival
patterns included only month, with survival being lowest during November–December, which coincided with
hunting season. Models assessing the effects of harvest and distance from a primary road also received support
(DAICc< 2.0), but effects of these variables were weak. Although harvest rates were low, harvest was the most
frequent cause ofmortality (13 of 30; 43%), followed by deer–vehicle collision (8 of 30; 27%).We did not detect
predation as a cause of death among our sample; although cause of death for 7 (23%)mortalities was unknown.
Even if allunknownmortalitieswere causedbypredation, theoverall effectof thesemortalitiesonannual survival
was low. Therefore, we conclude that predation by coyotes on adult females was not important in the SRS deer
population demography. Managers of southern deer populations wishing to increase population growth by
limiting antlerless harvest should be aware that adult female survivalmay already be high, so limited increases in
survivalmay be expected, particularly if antlerless harvest already is limited. Published 2016.This article is aU.S.
Government work and is in the public domain in the USA.

KEY WORDS Canis latrans, coyote, deer–vehicle collision, hunter harvest, mortality, Odocoileus virginianus,
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The recent expansion of coyotes (Canis latrans) into the
southeastern United States and the subsequent growth of
their populations have generated considerable concern
amongmanagers and hunters of white-tailed deer (Odocoileus
virginianus) regarding the effects coyotes may have on deer
populations (Kilgo et al. 2010). This concern has been
exacerbated by recent research indicating high levels of
predation by coyotes on deer fawns in the region (Saalfeld
and Ditchkoff 2007; Kilgo et al. 2012, 2014; Jackson and

Ditchkoff 2013; Chitwood et al. 2015b; Nelson et al. 2015).
Among these studies, fawn survival was consistently below
0.35 and ranged to a low of 0.14 (Chitwood et al. 2015b),
with some populations experiencing declines in harvest or
abundance at statewide levels (Kilgo et al. 2010). Additional
research has also begun to consider potential nonconsump-
tive effects of predation through increased vigilance and
associated energetic costs (Lashley et al. 2014, Cherry et al.
2015).
Despite these high predation levels by coyotes, effects of

low recruitment on population size can likely be offset by
reducing antlerless deer harvest levels (Kilgo et al. 2012,
2014; Robinson et al. 2014). However, this premise assumes
that 1) sufficient flexibility exists for harvest reduction and 2)
harvest reduction translates into increased survival among
adult females. In some populations, there may be a limit to
the capability of harvest reduction to offset low fawn survival
(Robinson et al. 2014). In a declining North Carolina, USA,
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deer population with extremely low fawn survival, antlerless
harvest had already been reduced to the point that completely
eliminating it was only sufficient, at best, to stabilize the
population trend (l¼ 1.002; Chitwood et al. 2015a).
Nevertheless, survival of adult females is generally the vital
rate with the greatest elasticity for ungulate populations (i.e.,
this vital rate has the greatest potential to influence overall
changes in population size; Gaillard et al. 1998, Chitwood et
al. 2015a).
Knowledge of adult female survival rates, and factors

influencing them, is essential to understanding the popula-
tion dynamics of deer, especially if predation levels could be
substantial. However, with the exception of recent work
(Chitwood et al. 2015a), published research on adult female
survival is generally lacking from the southeastern United
States. Research from other regions indicates that annual
survival of adult females can vary considerably. For example,
an annual survival rate of 0.57 was reported for a declining
population of white-tailed deer in South Dakota, USA
(DePerno et al. 2000); whereas, a rate of 0.88 was reported in
West Virginia, USA (Campbell et al. 2005). Moreover, such
variation can occur within a region and over short time spans.
Annual survival was 0.48 in southern New Brunswick,
Canada, during 1994–1995 but was 0.92 in northern New
Brunswick during 1995–1996 as a result of variation in
winter weather (Whitlaw et al. 1998). The relative influences
of harvest and other forms of mortality, including predation
by coyotes, varied considerably among these and other
studies. Predation by coyotes on adult deer is generally low,
except during severe northern winters or periods of deep
snowfall (Whitlaw et al. 1998, Patterson and Messier 2000).
However, predation by coyotes on adult females in a North
Carolina study accounted for greater mortality rates than
both hunter harvest and deer–vehicle collisions (Chitwood et
al. 2014), suggesting the possibility that predation on adult
females may be more important in the region than was
previously believed. In the southeastern United States,
mortality sources other than harvest and predation to which
adult white-tailed deer commonly succumb include disease
and parasites, deer–vehicle collisions, and miscellaneous
other accidents (Matschke et al. 1984).
Our objectives were to quantify annual survival and causes

of mortality of adult female white-tailed deer in the presence
of an abundant coyote population in South Carolina where
predation of fawns is high (Kilgo et al. 2012). Existing
information suggests that harvest and deer–vehicle collisions
could affect the study population (Novak et al. 1991, Johns
and Kilgo 2005), so we also evaluated the effects of hunting
and the distance of deer from a road on survival. We
hypothesized that hunting would negatively influence
survival rates, and distance from a road would positively
influence survival rates because deer living closer to roads
would be at greater risk of mortality from deer–vehicle
collisions.

STUDY AREA

We conducted the study on the Savannah River Site (SRS), a
78,000-ha U.S. Department of Energy National Environ-

mental Research Park in the Upper Coastal Plain of South
Carolina, USA. Loblolly pine (Pinus taeda), longleaf pine (P.
palustris), and slash pine (P. elliottii) forests dominated most
of the SRS landscape, accounting for 35, 23, and 11% of the
area, respectively (Blake and Bonar 2005). Pine forests were
managed on 100–120-year rotations, though in some areas
loblolly pine was managed on 50-year rotations. Common
shrub and understory species included poison oak (Tox-
icodendron pubescens), blackberry (Rubus spp.), sparkleberry
(Vaccinium arboreum), wax myrtle (Morella cerifera), and
saplings of various hardwood trees, particularly sweetgum
(Liquidambar styraciflua) and oaks (Quercus spp.). Prescribed
fire was used on 3–10-year intervals, depending on stand-
specific management objectives and constraints. Bottomland
hardwood and cypress (Taxodium distichum)—tupelo (Nyssa
aquatic and N. sylvatica var. biflora) forests occurred on
floodplains of the Savannah River and major tributaries,
which comprise 23% of the SRS (Blake and Bonar 2005).
Since 1965, the SRS deer population has been maintained

at a low density (4–8 deer/km2) to minimize risk of deer–
vehicle collisions (Novak et al. 1991, Johns and Kilgo 2005,
Kilgo et al. 2010). Estimated density from spatially explicit
capture–recapture analysis of camera-trap data during 2009–
2012 averaged 7.1� 0.5 (95% CI) deer/km2 (J. Kilgo, U.S.
Department of Agriculture Forest Service, unpublished
data). Dog-drive hunts were conducted during November–
December, with most units hunted only 1 day/season. Hunt
units averaged 1,842 ha in size and total area of SRS hunted
was approximately 65,960 ha. An average of 52 dog packs (5
dogs/pack) and 171 hunters hunted each unit during 2007–
2012. Dog-drive hunting has been effective at achieving
desired harvest levels (Novak et al. 1991, Johns and Kilgo
2005). Bag limits per hunter per hunt range from unlimited
male only to 1 male and 1 female to unlimited for either sex.
Annual harvest averaged 1,244 deer from 1980 to 1999, but
reduced recruitment attributable to coyote predation on
fawns (Kilgo et al. 2012) led SRS to reduce annual harvest in
2005, so that it averaged 450 deer/year during this study, or
1.5 deer/km2.
Coyotes first colonized the study area during the 1980s

and increased in abundance until the early 2000s, when
the population trend apparently stabilized (Kilgo et al.
2010; J. C. Kilgo, unpublished data). Density in 2006 at
the beginning of our study was estimated at 0.8–1.5
coyotes/km2 (Schrecengost 2007). During winters of
2010–2012, coyotes were intensively trapped and removed
for other research on a portion of our study area, resulting
in temporary (<1 yr) local reductions in density of about
78% each year (Kilgo et al. 2014). More detail on deer
and coyote management history at SRS has been
previously described (Johns and Kilgo 2005, Kilgo
et al. 2010).

METHODS

We captured deer using tranquilizer guns from tree stands
over bait or from vehicles and using rocket nets during
January–April 2006–2012. We used Telazol (250mg; Fort
Dodge Animal Health, Fort Dodge, IA, USA) and xylazine
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hydrochloride (150mg; ZooPharm, Fort Collins, CO,
USA) in 1-cc transmitter darts, and reversed the xylazine
hydrochloride portion with tolazoline hydrochloride (160–
180mg; ZooPharm). We radiocollared (Model 2510B; 8-hr
mortality delay; Advanced Telemetry Systems, Isanti, MN,
USA) and ear-tagged each female �1.5 years old and
implanted each with vaginal implant transmitters (Model
M3930; Advanced Telemetry Systems) to facilitate capture
of fawns for an associated study (Kilgo et al. 2014). We
attempted to assign deer to yearling or adult age classes
based on tooth replacement patterns (Severinghaus 1949).
However, distinction between 1.5- and 2.5-year age classes
during January–April is unclear, because the third milk
premolar is shed just prior to or during this period
(Severinghaus 1949). Therefore, we estimated age class
using a combination of dentition and approximate body
weight and conformation, but we did not include age class
as a factor in analysis because of this uncertainty. Our
sample also included females captured as fawns that we
considered recruited into the yearling age class on 1 June of
the following year (Kilgo et al. 2014). We conducted deer
capture and handling under the authority of South Carolina
Department of Natural Resources Research Collection
Permit No.120406-01, and we followed taxon-specific
guidelines for the use of wild vertebrates in research to
ensure animals were treated ethically and humanely (Sikes
et al. 2011).
We monitored deer 1–3 times daily during parturition

season (Apr–Jul) and 1–4 times monthly the rest of the year.
We assigned mortalities to 1 of 3 causes: hunter harvest,
deer–vehicle collision, or other (including unknown). We
checked deer within 1 week prior to and following hunts to
detect crippling loss. We obtained dates of death for
harvested deer from check-station records and from the SRS
contractor that responds to and monitors deer–vehicle
collisions for mortalities from vehicle collisions (P.E. Johns,
Carolina Wildlife, LLC, personal communication). For
other mortalities, we attempted to determine cause of death
from evidence at the carcass recovery site, but the long
intervals between monitoring events at some times of the
year precluded cause determination when only a collar or
skeletal remains were recovered.

Because some hunt units either were not hunted each year
or antlerless harvest was not permitted because of unit-
specific management goals, individual radiocollared deer
were subjected to hunting in some years and not in others.
Accordingly, we classified each deer as hunted or not in each
year to evaluate the effect of hunting on survival. Thus, we
treated hunting as a time-varying covariate in our models.
We lacked spatial data for deer movements, so as a relative
index of the distance each deer lived from a paved road, we
used the distance of each deer’s capture location to the
nearest road. We recognize that capture location only
approximated home range location but all deer were captured
within their home ranges, as confirmed during subsequent
mortality checks, and none dispersed to a new home range
during the period of monitoring. Deer at SRS are
nonmigratory and seasonal home-range size of females
averages 188 ha (D’Angelo et al. 2004). We assigned a
distance of 0m for deer captured on road rights-of-way, and
we determined distance of off-road capture locations to the
nearest paved road using ArcMap 10.2.2 (ESRI, Redlands,
CA, USA).
We used an information theoretic approach in the RMark

package (Laake 2013) in Program R (R Core Team 2014) to
evaluate relative support among 20 a priori known-fate
models describing survival patterns of our deer. We used a
staggered entry design to allow for addition to (via capture)
and removal from (via mortality or censoring) the data over
84 monthly encounter periods during the 7-year period, June
2006–May 2013. Known-fate data were structured in live (L)
—dead (D) encounter format for each animal during all
monitoring intervals. For example, deer captured during
January 2008 were left-truncated and entered the data on the
twentieth interval of the 84-month capture history. We
defined years as June–May because June was the first month
following the mean date of birth (range¼ 16–28 May) for
the SRS population during 2006–2009 (Kilgo et al. 2012).
Our candidate model set included nine models assessing a
priori hypotheses related to temporal trends (within and
among years) and effects of our variables of interest (hunting
and distance from a road at capture), both alone and in
combination with temporal trends (Table 1). We used
RMark to compute Akaike’s Information Criterion adjusted

Table 1. Model definitions used to estimate survival probability of radiocollared adult female white-tailed deer at the Savannah River Site, South Carolina,
USA, 2006–2013. Base terms were retained in models with interaction terms.

Model structure Hypothesized variation in survival

S(.) None (constant)
S(Month) Among months, constant among years
S(MonthþYear) Among months and among years
S(Month�Year) Monthly effect differed among years
S(MonthþHunt) Among months and lower for hunted than unhunted deer
S(MonthþDist_road) Among months and increasing with distance from a road
S(MonthþHuntþDist_road) Among months, lower for hunted than unhunted deer, and increasing with distance from a road
S(MonthþYearþHunt) Among months, years, and lower for hunted than unhunted deer
S(MonthþYearþDist_road) Among months, years, and increasing with distance from a road
S(Month�Hunt) Among months, lower for hunted than unhunted deer, and hunt effect differed among months
S(Month�Dist_road) Among months, distance from road effect differed among months
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for small sample size (AICc) for each model in the candidate
set using its model likelihood (derived from its deviance from
the global model [Month�Year]) and the number of
parameters in the model. We used AICc and Akaike weights
(wi) to evaluate strength of evidence among competing
models (Burnham and Anderson 2002). Initially, we also
included in our candidate set models with combined and
interactive effects of hunting and distance from road with
year, but do not report these models because of negligible
AICc support. We could not assess goodness-of-fit of the
global model (Month�Year) because the global model for
known-fate data is a saturated model. We evaluated the
unsaturated MonthþYear model (global model excluding
the interaction term) for overdispersion and found the
variance inflation factor (ĉ)< 1, indicating good fit and close
adherence to binomial assumptions. We used AICc weights
from models in the candidate set to derive model-averaged
estimates of monthly and annual survival rates. For
comparison with previous research, we also report annual
product-limit Kaplan–Meier survival rates (Pollock et al.
1989), computed as the products of the monthly survival
estimates across each calendar year from the Month�Year
model, with variances computed using the delta approxima-
tion implemented in RMark (Laake 2013).
To quantify the direct effect of distance from a road on

probability of mortality specifically from deer–vehicle
collision, we used binomial regression (0¼ survived or
died from other causes, 1¼mortality from deer–vehicle
collision) implemented with the glm procedure in R, with
events defined over monthly periods and taking into account
the number of exposure months. We assessed relative
support for this model by comparing its AICc to that of the
intercept-only model, and we assessed whether the slope of
the distance effect differed from zero using a Z-test.

RESULTS

We captured and radiocollared 134 adult females, including
9 estimated to be yearlings (18–23 months), from January
2006 to June 2013. In addition, four females radiocollared as
neonates were recruited into the yearling age class. Thus, our
monitored sample of yearling and adult females totaled 138

deer. The median number of deer at risk per month in our
sample was 32.5 (range¼ 3–60; total 2,735 deer-months).
Mean number of deer subjected to hunting each year was
14.6 (range¼ 2–50), with 77 deer subjected to hunting for 1–
3 years each (total 102 deer-years). The mean distance of
capture location from a road was 1,685m (SE¼ 139m,
range¼ 0–5,343m).
Annual product-limit survival rates ranged from 0.807 to

1.000 and averaged 0.895. Model-averaged annual survival
rates ranged from 0.866 to 0.880 and averaged 0.871 (95%
CI¼ 0.839–0.904). The Year model received essentially no
support (Akaike wt <0.001), indicating survival did not vary
among years. Three models had a combined Akaike weight
of 0.827 and included the variables Month, Dist_road, and
Hunt (Table 2). Month appeared in each of the nine best-
supported models and the model with Month alone received
0.461 Akaike weight (Table 2), indicating that survival
varied among months in a consistent manner over the 7 years
of study. Monthly survival ranged from a low of 0.953 in
December to a high of 1.000 during September–October and
January (Fig. 1). The MonthþDist_road and the Month
þHunt models also received some support, being within 2
AICc points of the best-supported model and having
0.196 and 0.170 Akaike weights, respectively (Table 2).
However, effects of these variables were weak; 95%
confidence intervals for coefficients for both variables
overlapped zero (bDist_road¼ 6.69�5, 95% CL¼�1.73�4–
3.07�4; bHunt¼�0.06, 95% CL¼�0.80–0.68). The differ-
ence in survival of hunted (0.880) and unhunted (0.883) deer,
as derived from model-averaged predictions of monthly
hunted versus unhunted survival rates, was only 0.003.
The binary regression model predicting probability of

mortality from deer–vehicle collision as a function of distance
to a road was 8.73 Akaike points less than the intercept-only
model. Probability of mortality from deer–vehicle collision
decreased the further deer were from roads (b¼�0.001,
SE¼ 0.788�4, Z¼�1.86, P¼ 0.06; Fig. 2).
Thirty deer died during the study. Thirteen mortalities

were attributable to legal hunting, including 2 that were
unrecovered by the hunter (wounding loss); 8 were
attributable to deer–vehicle collision; and 9 were attributable

Table 2. Model selection results, ranked by change in corrected Akaike’s Information Criterion (DAICc) and Akaike weights (wi), used to evaluate
influences on survival probability (S) of 138 radiocollared adult female white-tailed deer at the Savannah River Site, South Carolina, USA, 2006–2013. Base
terms were retained in models with interaction terms.

Modela Kb AICc DAICc wi Deviance

S(Month) 12 321.05 0.00 0.461 48.25
S(MonthþDist_road) 13 322.76 1.72 0.196 296.62
S(MonthþHunt) 13 323.04 1.99 0.170 296.90
S(MonthþDist_roadþHunt) 14 324.77 3.72 0.072 296.61
S(MonthþYear) 18 325.99 4.95 0.039 41.06
S(Month�Dist_road) 24 326.85 5.80 0.025 278.40
S(MonthþYearþhunt) 19 327.58 6.54 0.018 289.30
S(MonthþYearþDist_road) 19 327.80 6.75 0.016 289.57
S(.) 1 332.43 11.39 0.002 81.75
S(Month�Hunt) 24 333.50 12.46 0.001 285.06
S(Month�Year) 84 422.07 101.03 0.000 0.00

a Dist_road, a parameter indicating survival varied according to distance of deer from a primary road; Hunt, a parameter indicating survival differed between
hunted and unhunted deer.

b No. of parameters plus an intercept term.
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to other causes (Fig. 3). Within the other category, one was
killed by a train, one was an illegal hunter-kill, and 7 died of
unknown causes. Most deer–vehicle collisions occurred from
early spring–early summer (Feb–May) and most unknown
mortalities occurred during summer (Jun–Aug; Fig. 3).

DISCUSSION

Annual survival of adult female white-tailed deer at SRS was
high, averaging 0.871. Although annual survival rates as low
as 0.57 have been observed, survival of adult females most
often ranges from 0.75 to 0.88 (DeYoung 2011). In
southeastern South Carolina, Rudisail (2005) reported a
survival rate of 0.82. Thus, survival of adult females at SRS
approached the upper end of the range of reported values for
the species range-wide.
Despite the presence of an abundant coyote population that

preyed heavily on fawns (Kilgo et al. 2012), we did not detect
predation on adult females. The last 3 years of our study
occurred during a coyote control experiment, which may
have reduced the probability of predation, but predation
pressure on fawns remained high (Kilgo et al. 2014) and

adult female mortality did not decrease during this period.
Therefore, coyote control apparently did not benefit adult
female survival. Our infrequent monitoring during portions
of the year may have precluded us from identifying predation
as the cause of death among the 7 mortalities with unknown
cause, so coyote predation on adults remains possible at SRS.
Six of the 7 unknown causes occurred during summer (mid
Jun–Aug). All coyote predation on adult females in North
Carolina occurred during the fawning period (Chitwood et
al. 2014). At SRS, fawning peaks during middle to late May
and is largely completed by middle to late June, although a
few births occur during July (Kilgo et al. 2012; J. Kilgo,
United States Forest Service, unpublished data). Thus, some
overlap existed between fawning season and the timing of our
mortalities with unknown cause. However, these mortalities
may also have been attributable to disease or other causes.
For example, hemorrhagic disease is most prevalent during
late summer and autumn (Davidson et al. 1981). Regardless
of the cause, overall survival was sufficiently high that even if
all unknown mortalities were attributable to coyotes, the
predation rate would have been low enough to be
unimportant (5% of our monitored sample). Coyotes are
capable predators of adult deer, but previous research has
shown that predation rates tend to be low in areas that do not
receive heavy snowfall (DeYoung 1989, Ditchkoff et al.
2001, Campbell et al. 2005). Our results are consistent with
these findings. However, the loss of 4 of 28 (14%)
radiocollared adult females to coyote predation in North
Carolina (Chitwood et al. 2014) suggests that, in some
southern populations, coyote predation on adult deer may
occur more frequently than we observed. Nevertheless, we
conclude that predation by coyotes on adult females does not
appear to be a limiting factor in the dynamics of the SRS deer
population.
We recorded 8 mortalities from deer–vehicle collision, 7 of

which occurred during the late winter to spring green-up
period (Feb–May) when deer forage heavily on right-of-way
vegetation (J.C. Kilgo, personal observation). Probability of

Figure 2. Effect of distance from a primary road on estimated probability of
mortality from deer–vehicle collision (95% CI) among radiocollared adult
female white-tailed deer on the Savannah River Site, South Carolina, USA,
2006–2013.

Figure 3. Causes of 30 deaths, by month, detected among 138
radiocollared adult female white-tailed deer on the Savannah River
Site, South Carolina, USA, 2006–2013. Hunting includes both recovered
(11) and unrecovered deer (2); other includes illegal kill (1), hit by train (1),
and unknown cause (7).

Figure 1. Model-averaged estimates (95% CI) of monthly survival rates
among radiocollared adult female white-tailed deer on the Savannah River
Site, South Carolina, USA, 2006–2013.
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mortality from deer–vehicle collision was negatively associ-
ated with distance from a road. However, we found little
evidence for an effect of distance of deer from roads on
overall survival. Although, the distance from road survival
model received some support in our data, the distance effect
was not significant, presumably because mortality from other
sources that occurred distant from roads (e.g., hunting)
overwhelmed the relationship between deer–vehicle colli-
sions and distance; deer–vehicle collisions accounted for only
27% of recorded mortalities.
Our analysis indicated minimal support for the effect of

hunting on survival of adult females. Harvest is generally the
most important source of mortality in most white-tailed deer
populations (Patterson et al. 2002, Riley et al. 2003). This
characteristic allows managers to more effectively regulate
population size by adjusting harvest limits of adult females up
or down in response to fluctuations in recruitment (Robinson
et al. 2014). The lack of a strong effect of hunting on overall
survival in our sample was likely due to the fact that, although
harvest was the leading cause of mortality, harvest rates still
were low because SRS managers had intentionally reduced
hunting effort in response to low recruitment (Kilgo et al.
2012). For example, the numbers of hunters and dog packs
per day, respectively, were 47% and 45% lower during the
study than during 1995–1999 (T. Mims, U.S. Forest Service
—Savannah River, unpublished data). In combination with
harvest limits imposed during the study period, reduced
effort resulted in a 69% reduction in female harvest between
the periods. Only 13 radiocollared deer died as a result of
harvest among the 77 that were subjected to hunting�1 year.
Slight bias may exist in our estimates of harvest effect because
of hunter reluctance to harvest radiocollared deer. However,
hunter bias against harvesting radiocollared deer, especially
adult females, was shown to be insignificant in Pennsylvania,
USA (Buderman et al. 2014), and all hunters at SRS were
informed that harvest of radiocollared deer was permissible.
If antlerless harvest is already limited, low harvest

combined with high survival indicate that little flexibility
may be available to managers wishing to increase population
size by increasing adult female survival via limiting antlerless
harvest. Population growth may be slower than expected
because of the limited increase in survival of adult females
that may result from further limiting antlerless harvest.
Conversely, if harvest mortality is in fact additive to other
sources in southern deer populations, as most evidence
suggests, then most females that were harvested would have
survived to produce fawns the following spring. At SRS, the
net increase in recruitment provided by those females would
likely be minimal because of low fawn survival in the
population (0.22; Kilgo et al. 2012), but would contribute
somewhat to population growth, albeit slowly. However, in
populations with greater rates of antlerless harvest, limiting
antlerless harvest should have greater effect because of
increased flexibility to adjust hunting related mortality.
Additional work is needed to clarify the ability of antlerless
harvest reduction to increase adult female survival in
southern deer populations with characteristics and harvest
strategies different from those we studied.
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