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Abstract
Context. Documenting cause-specific mortality and deriving survival estimates for a population are both vital to

understanding potential restrictions to population growth. Survival varies among populations of the same species and
depends on several factors, including climatic events, density-dependent and density-independent factors, observed
predator composition and whether recreational hunting occurs. Therefore, understanding factors affecting adult survival
and estimating survival rates at biologically important times will help refine management of these populations.

Aims. We aimed to assess cause-specific mortality, estimate survival rates, and determine at what part of the winter
(January to April) most mortalities occurred for female white-tailed deer located in the Northern Great Plains region of
the USA.

Methods.Wecaptured 165 adult femalewhite-tailed deer (Odocoileus virginianus) located inwesternNorthDakota and
north-western South Dakota, USA, during the winters of 2014 and 2015. We fitted individuals with Very High Frequency
(VHF) radio-collars and located them 1–3 times per week to monitor survival. We investigated all mortalities to establish
proximate cause of death.

Key Results. Survival was lowest during our Hunt time period (S = 0.93), although hunter harvest was not the leading
cause of mortality. Predation was the greatest source of mortality, particularly during our Post-hunt time period.
Additionally, almost 90% of mortalities occurring during the Post-hunt time period happened during late winter before
spring green up.

Conclusions and Implications. Predation was the main source of mortality for adult females in our study, with coyotes
(Canis latrans) being the sole predator capable of depredation in our study area. Predation by coyotes may indicate that
potential factors, including winter severity and nutritional restrictions, have decreased female body condition, making
individuals more susceptible to predation. Although we report relatively high survival, managers should consider the
possibility that coyotes may impact adult populations, particularly in regions where other large-sized predators occur, or in
regions where coyotes are newly established. Managers should also acknowledge that overwinter density estimates may
need to be adjusted during severe winters to account for mortalities that occur after population surveys are conducted.
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Introduction

Understanding what factors affect adult survival of long-lived
ungulates is important because adult survival tends to be highly
elastic (i.e. greatest ability to affect population dynamics),
thus variation in adult survival will affect population growth
(Gaillard et al. 1998; Gaillard et al. 2000). Juvenile survival
is generally more variable than adult survival, and therefore
seemingly has more influence on population dynamics (Gaillard
et al. 1998; Chitwood et al. 2015). Consequently, establishing
survival rates for each age class is important when considering
various management actions such as recreational adult harvest
(Robinson et al. 2014).

Survival rates for populations of the same species are
affected by several factors, such as winter severity (roe deer,
Capreolus capreolus, Gaillard et al. 1993; white-tailed deer,
Odocoileus virginianus, DelGiudice et al. 2002; ring-necked
pheasants, Phasianus colchicus, Gabbert et al. 1999), density-
dependent and density-independent factors (white-tailed deer,
Simard et al. 2010; caribou, Rangifer tarandus, Tyler 2010),
predator composition (elk, Cervus canadensis, Brodie et al.
2013) and human harvest (white-tailed deer, Brinkman et al.
2004; wild boar, Sus scrofa, Toïgo et al. 2008). Predation and
human harvest also can have additive mortality effects on
populations (Sandercock et al. 2011; Brodie et al. 2013).
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Therefore, estimating survival and cause-specific mortality for
a population allows for a better understanding of the viability
of a population, and is essential for management.

Survival estimates and cause-specific sources of mortality
vary among populations of the same species. For example,
Bishop et al. (2005) found that survival and cause-specific
sources of mortality varied for three adjacent populations of
mule deer fawns (Odocoileus hemionus) in south-western
Idaho, while Gingery et al. (2018) reported variation in white-
tailed deer fawn survival across North America. Although
white-tailed deer annual and seasonal mortality has been well
documented in the Northern Great Plains region of North
America (western Minnesota, USA, DelGiudice et al. 2002;
Brinkman et al. 2004; eastern North Dakota, USA, Smith
et al. 2007; Sternhagen 2015; and eastern South Dakota,
USA, Grovenburg et al. 2011), there is no information
regarding the impacts of hunter harvest, predation, and other
mortality causes for white-tailed deer in the grassland ecosystem
of the western Dakotas. Therefore, our goal was to estimate
survival to evaluate the viability of a population of white-
tailed deer captured from three study areas in North Dakota
and South Dakota, USA. Specifically, our objectives were
to assess if survival of adult female white-tailed deer varied
throughout autumn (September to December) and winter, assess
the impact of human harvest and document cause-specific
sources of mortality.

Materials and methods

Study area

We investigated survival rates and cause-specific mortality
of female white-tailed deer captured in Dunn and Grant
counties, North Dakota and Perkins County, South Dakota
(Fig. 1) during 2014 and 2015. Counties were located in the
north-western Great Plains Level III Ecoregion (Bryce et al.
1998).

We focused deer capture in a 1492 km2 area in the south-
western portion of Dunn County (47.2122� N, 102.7260� W),
a 1865 km2 area in the south-western portion of Grant County
(46.3951� N, 101.5536� W) and a 1492 km2 area in the central
portion of Perkins County (45.3888� N, 102.3224� W).
Grasslands, cropland and forested areas were the dominant
cover types and ranged from 60 to 86%, 11 to 26% and 0.01
to 9%, respectively (Cropland Data Layer, U.S. Department
of Agriculture 2015). Estimated minimum white-tailed deer
density was lowest in Dunn County (1.0 deer per km2 in
2011; Stillings et al. 2016) and greatest in Grant County (1.8
deer per km2 in 2011; Stillings et al. 2016). Thirty-year mean
annual precipitation ranged from 41.2 cm (Grant County) to
44.9 cm (Perkins County), and variation in thirty-year mean
monthly temperature was greatest in Perkins County and
ranged from –12.1�C to 30.3�C (North Dakota State Climate
Office 2016).
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Fig. 1. Study areas where we captured and radio-collared adult female white-tailed deer in Dunn and Grant
counties, North Dakota and Perkins County, South Dakota, USA. Dashed lines indicate deer capture areas within
each study area.
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Capture methods
We captured adult female (�1.5-year-old) white-tailed deer
via helicopter net guns (Native Range Capture Services, Elko,
NV) in Dunn, Grant and Perkins counties from 24 February to
2 March 2014. Helicopter crew members hobbled, blindfolded
and fitted individuals with Very High Frequency (VHF)
radio-collars (model M2610B, Advanced Telemetry Systems,
Isanti, MN) programmed with an 8-h mortality delay. We
captured additional adult female white-tailed deer in Grant
County via helicopter net guns (Quicksilver Air Inc., Peyton,
CO) on 14 February 2015. In 2015, the helicopter capture
crew transported captured individuals below the helicopter in
canvas transport bags to a processing site where 1mLBanamine
and 3mL BO-SE (Selenium and Vitamin E) were given to
each individual (D. M. Grove, NDGF, pers. comm.), and age
was estimated (yearling or adult) based on tooth wear and
replacement before release (Severinghaus 1949). We censored
all mortalities that occurred within 26 days post-capture,
regardless of ultimate cause of death, to remove mortalities
potentially caused by capture stress (Beringer et al. 1996).
All handling methods followed the American Society of
Mammalogists guidelines for mammal care and use (Sikes
et al. 2016), and South Dakota State University Institutional
Animal Care and Use Committee also approved all procedures
under protocol 13-091A.

We located deer 1–3 times per week using aerial telemetry,
omnidirectional whip antennas and handheld telemetry
equipment. We investigated mortalities immediately after
detecting a mortality signal and transported carcasses to the
North Dakota Game and Fish Wildlife Laboratory in Bismarck,
North Dakota, to confirm proximate cause of death. We
determined a predation event occurred if there was evidence
of haemorrhaging. We classified disease and predation
mortalities as natural causes of mortality, and hunter harvest
and vehicle collision mortalities (VCM) as human-related
mortalities.

Statistical analysis
We summarised weekly female mortality using telemetry data
and developed a candidate set of five models for comparison
(Table 1). We estimated annual S(year) and seasonal S(season)
survival rates using the Kaplan–Meier method (Kaplan and
Meier 1958) adapted for staggered entry (Pollock et al. 1989)
in Program MARK version 6.0 (White and Burnham 1999;
Cooch and White 2016). Recreational hunting season dates

were similar across study areas and occurred from 29 August
2014 to 4 January 2015 and 4 September 2015 to 3 January 2016
inNorth Dakota. Recreational hunting in South Dakota occurred
from 27 September 2014 to 15 January 2015 and 26 September
2015 to 15 January 2016. We calculated seasonal survival
rates for three time periods during 2014 and 2015: Post-hunt
(January–April), Pre-hunt (May–August) and Hunt (September–
December). We also assessed a model describing a combination
of seasonal and annual survival S(season+year). We then
compared annual and seasonal survival and their combination
with models representing constant survival S(.) and weekly
survival (S(t)). We used the logit link function to calculate all
b parameter estimates. We ranked these five models using
Akaike’s Information Criterion corrected for small sample
size (AICc) and considered models within 2 DAICc units as
competing (Burnham and Anderson 2002). We considered
variables significant when 95% confidence intervals (CIs) of
b estimates excluded zero. Although we included a model to
describe the effects of female age (yearling or adult), only 14
of 165 (8.5%) females were classified as yearlings. Therefore,
we did not incorporate an age model because of a lack of
variation in the sample.

Results

We captured and radio-collared 50 adult female white-tailed
deer via helicopter net gun in each study area during February
and March 2014. We captured and radio-collared 15 additional
female white-tailed deer in Grant County during 2015 due to
high mortality in 2014. We observed seven total capture-
related mortalities across 2014 and 2015 and removed those
individuals from analyses. We were unable to locate one
individual after December 2014 and therefore censored it
from the 2015 analysis.

We documented 31 mortalities during the study (Table 2):
16 (52%) related to natural causes (predation, disease and
starvation); and 8 (26%) human-related mortalities. Predation
(n = 11, 35%) and hunter harvest (n= 6, 19%) were leading
sources of mortalities; however, we were unable to assign
cause-specific sources for ~22% (n= 7) of mortalities.
Epizootic haemorrhagic disease and acidosis were the only
two diseases responsible for mortalities in our study (n = 4).

Model selection indicated that S(season) was the best
approximating model (wi= 0.68, K= 3; Table 3), with survival
varying by season (Post-hunt: b= 5.886, 95%CI = 5.265–6.506;

Table 1. Description of candidate set of models created to describe
adult female white-tailed deer survival in the Northern Great Plains

from 2014 to 2015

Model Description

S(season) Seasonal intervals = Post-hunt (January–April),
Pre-hunt (May–August) and Hunt
(September–December)

S(year) Annual survival
S(season+year) Seasonal survival varying by year
S(t) Survival varies weekly
S(.) Constant survival

Table 2. Annual proximate cause-specificmortality for radio-collared
adult female white-tailed deer captured in Dunn and Grant Counties,
North Dakota and Perkins County, South Dakota, USA during 2014

and 2015

Cause 2014 2015 Total Percentage of total

Harvest 3 3 6 19.35
Vehicle collision 0 2 2 6.45
Predation 6 5 11 35.48
Disease 4 0 4 12.90
Starvation 0 1 1 3.23
Unknown 2 5 7 22.58

Total 15 16 31 N/A
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Pre-hunt: b= 7.065, 95% CI = 6.084–8.04; Hunt: b= 5.591,
95% CI = 5.114–6.067). S(season+year) appeared to compete
with our S(Season) models (DAICc = 1.99, wi= 0.25, K= 4).
However, survival did not vary between years (b= –0.032,
95% CI = –0.747 – 0.682) and therefore, we only interpreted
our S(season) model (Arnold 2010). Survival for the entirety
of the study was 0.88 (95% CI = 0.833–0.913) and was similar
between years (2014: 0.88, 95% CI = 0.805–0.925; 2015: 0.88
95% CI = 0.814–0.926). Survival was greatest in the Pre-hunt
period (0.98, 95% CI = 0.962–0.995), and least during the
Hunt period (0.93; 95% CI = 0.898–0.959); however, harvest
only accounted for 35% (n= 6) of mortalities that occurred
during this period.

Mortalities during the Post-hunt period were attributed to
predation (n= 7) and unknown causes (n= 3; Table 4). Across
study areas, 90% of Post-hunt mortalities occurred after 15
March through 30 April (4 in 2014; 5 in 2015).

Discussion

We observed variation in seasonal and annual survival rates
among study areas that were both consistent with and higher
than previously published literature. Seasonal survival rates
(Post-hunt, Pre-hunt and Hunt) mostly support previous
research reported in eastern South Dakota (Post-hunt = 97%,
Pre-hunt = 97%, Hunt = 80%, Grovenburg et al. 2011), south-
western Minnesota (Post-hunt = 95%, Pre-hunt = 100%,
Hunt = 80%, Brinkman et al. 2004) and eastern North Dakota

(Post-hunt = 98%, Pre-hunt = 98%, Hunt = 97%, Sternhagen
2015). Survival during our Hunt time period varied from
previous studies and was 13% greater in our study compared
with studies conducted in eastern South Dakota (Grovenburg
et al. 2011) and south-western Minnesota (Brinkman et al.
2004). Furthermore, our annual survival (88%) was slightly
lower than an unhunted population (93% survival within the
Kejimkujik National Park) in Nova Scotia, Canada (Patterson
et al. 2002), but much higher than a hunted population in
Illinois, USA (71%; Nixon et al. 1991). Relatively high
survival in our study could be attributed to the decreased
number of mortalities attributed to hunter harvest during the
Hunt time period. For example, DelGiudice et al. (2002),
Brinkman et al. (2004) and Grovenburg et al. (2011) all
reported that hunter harvest was the leading cause of adult
mortality during the hunting season. One explanation for this
difference could be that antlerless deer tag availability
decreased in western North and South Dakota during 2014
and 2015 (Huxoll 2015; Stillings et al. 2016). Additionally,
many hunters chose to shoot males over females when given
the opportunity (Jenks et al. 2002), and may also have selected
against harvesting radio-collared deer, though hunters did
not discriminate against radio-collared deer in Pennsylvania
(Buderman et al. 2014). Regardless, our observations may not
have captured the typical extent of hunting mortality for adult
female white-tailed deer (Magle et al. 2012).

Althoughwe report a relatively low predation rate by coyotes
on adult female white-tailed deer (35% of all mortalities, 70%
during Post-hunt, 25% during Pre-hunt and 18% during the
Hunt time periods), there were discrepancies among the
effects of coyotes on adult populations of white-tailed deer in
the literature. For example, coyote predation of adult female
white-tailed deer accounted for up to 64% (7 of 11) ofmortalities
in northern New Brunswick (Whitlaw et al. 1998), whereas
coyotes only accounted for ~29% of mortalities in the central
Appalachians of West Virginia (Campbell et al. 2005).
No mortalities of adult female white-tailed deer could be
attributed to coyote predation in a population in South
Carolina (Kilgo et al. 2016). The overall impacts of coyote
predation on adult populations is unclear. Nevertheless, coyotes
are considered the leading predator of white-tailed deer
neonates in the Northern Great Plains (Brinkman et al. 2004;
Grovenburg et al. 2011, 2012), and are most likely capable
of depredating adult white-tailed deer in the presence of
inclement weather (deep snow), or when individuals have
depleted body reserves, making them more susceptible to
predation events (hypothesised by Demarais et al. (2000) and
Ballard (2011) and displayed by white-tailed deer fawns (Mech
2007)). Therefore, although we report a relatively high annual
survival rate (S = 0.88), we hypothesise that the increased
number of predations that occurred during the Post-hunt time
period (compared with other time periods in our study) indicate
that this population of white-tailed deer was most susceptible
to predation after the recreational hunting season occurred,
potentially because of poor body condition related to
increased winter severity. Nevertheless, continual monitoring
should occur to assess if there are any effects of the predator
population on population growth of white-tailed deer in the
Northern Great Plains.

Table 3. A priori models used to estimate survival for adult female
white-tailed deer captured in Dunn and Grant Counties, North Dakota

and Perkins County, South Dakota, USA during 2014 and 2015
AICc =Akaike’s Information Criterion adjusted for small sample size
(Burnham and Anderson 2002); wi=Akaike weight (Burnham and
Anderson 2002); K=Number of parameters; Deviance =Measure of data fit

Models DAICc wi K Deviance

S(season) 0.00 0.68 3.00 426.41
S(season+year) 1.99 0.25 4.00 426.40
S(.) 5.26 0.05 1.00 435.67
S(year) 7.26 0.02 2.00 435.67
S(t) 40.72 0.00 52.00 368.70

Table 4. Seasonal proximate cause-specific mortality for radio-
collared adult female white-tailed deer in Dunn and Grant Counties,
North Dakota and Perkins County, South Dakota during 2014 and 2015
Seasonal intervals: Post-hunt (January–April), Pre-hunt (May–August)

and Hunt (September–December)

Cause Season Total
Post-hunt Pre-hunt Hunt

Harvest 0 0 6 6
Vehicle collision 0 1 1 2
Unknown 3 1 3 7
Predation 7 1 3 11
Disease 0 1 3 4
Starvation 0 0 1 1

Total 10 4 17 31
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We report an overwhelming majority (90%) of adult
female white-tailed deer mortalities occurred from 15 March
through 30 April, indicating increased susceptibility to
mortality in late winter (Mautz 1978). The high proportion of
mortalities that occurred during late winter was likely influenced
by winter severity. The Deer Winter Severity Index (an index
that accounts for snow depth and temperature from November
to April; Brinkman et al. 2005) was either above the threshold
considered to be severe (2014) or slightly below the severe
threshold (2015; Moratz 2016). Regardless, the high proportion
of mortalities that occurred during late winter could be
problematic for managers that derive density estimates based
on techniques such as flying aerial surveys, particularly if those
surveys are conducted before most mortalities occur. Managers
should therefore be aware that up to 90% of overwinter
mortalities may occur after 15 March and density estimates
should be adjusted when winters are severe. If estimates are
not adjusted, then inappropriate harvest recommendations for
the following fall hunting season may be made.

Conclusion

Our results provide baseline information that will help improve
white-tailed deer management in the western grasslands region
of the Northern Great Plains, an area where baseline survival
information has not been previously documented. Although
adult female white-tailed deer survival was lowest during the
Hunt time period, predation accounted for the largest proportion
of mortality throughout our study, particularly during the Post-
hunt time period. This result indicates that predation events
(likely attributed to coyotes) may be compounded by winter
severity (Van Deelen et al. 1997; DelGiudice et al. 2006) and
a lack of nutritional resources (DePerno et al. 2000), leading
to decreased body condition of adults, making them more
susceptible to predation. However, more information is needed
to assess if predation displays additive or compensatory effects
on this population. If compensatory, then managers may
consider increasing female harvest quotas to increase hunter
participation. If predation displays an additive effect on
population survival, potentially related to the relatively low
densities reported for these study areas, then managers may
consider reducing harvest quotas for females to alleviate
potential negative effects, though the effect of predation
may vary depending on age class (DelGiudice et al. 2002).
Regardless, the survival estimates we report for adult female
white-tailed deer in the Northern Great Plains region suggest
that this is a viable population and neither hunting nor predation
is likely having negative impacts on the population.
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