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Translocation of large mammals has become common practice for wildlife 
managers charged with conservation of animals and their genetic integrity on 
increasingly modified landscapes. Translocations of ungulates have occurred 
around the world with varying outcomes. Although translocations have been 
used to manage mule deer (Odocoileus hemionus) in western North America, 
only recently have the outcomes associated with this management practice 
been documented. Our objective was to evaluate survival of translocated mule 
deer in comparison to resident mule deer over multiple years following release 
and provide information useful in judging the relative value of translocation as 
a conservation strategy for this species. In January and March 2013, the Utah 
Division of Wildlife Resources (UDWR) captured and translocated 102 mule 
deer from winter range near Parowan, Utah to winter range near Holden, Utah 
(approximately 145 kilometers north of capture location). We fitted each deer with 
a radio transmitter (n = 102 total: 21 GPS collars, 81 VHF collars) prior to release. 
We also captured and marked a total of 70 resident deer (9 GPS collars, 61 VHF 
collars) to serve as a reference group. Survival of translocated deer in the first 
year was similar among release dates in January (0.51; 95% CI = 0.40–0.63) and 
March (0.53; 95% CI = 0.40–0.66). Annual survival of translocated deer, however, 
was lower than survival of resident deer (0.83; 95% CI = 0.72–0.90) in the first 
year after release. During the second year following release, however, survival 
of translocated animals (0.85; 95% CI = 0.71–0.93) was not different from that of 
resident deer (0.80; 95% CI = 0.69–0.88). Additionally, age strongly influenced the 
survival of translocated deer; young deer (e.g., 1.5   year olds) were more than 
twice as likely as old deer (e.g., 7.5  year olds) to survive the initial year following 
translocation. These data highlight the need to monitor translocated animals for 
multiple years following release and suggest that wildlife managers should expect 
to see higher survival rates during the second year following translocation and 
higher survival rates in younger deer compared to older deer.
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1. Introduction

Translocation is an increasingly common strategy for managing 
large mammals and this approach has been applied to a variety of 
species in many parts of the world. Typical goals of translocation 
include reducing population density in the source area, supplementing 
existing populations in the release area, reestablishing extirpated 
populations, introducing new populations, and increasing genetic 
diversity (Griffith et al., 1989; Baxter et al., 2008). Although there have 
been successes, translocation efforts do not always produce positive 
outcomes. In a review of translocations from around the world, it was 
estimated that more than 25% of those involving mammals ended in 
failure (Wolf et al., 1996).

Reasons for failure included movement of translocated individuals 
out of release areas, limited reproduction by translocated individuals, 
and low genetic diversity due to founder effects (Mock et al., 2004; 
Dickens et  al., 2009a). Recent evidence further suggests that 
translocation can alter stress physiology, thereby creating survival 
challenges for released individuals (Dickens et al., 2009b). For some 
species, a positive relationship with the number of released individuals 
and translocation success has been observed (Griffith et al., 1989; Wolf 
et al., 1996; Singer et al., 2000). For others, the details associated with 
the release itself (e.g., hard versus soft release or time of year) are 
important predictors of success (Bright and Morris, 1994). Results of 
translocation for large mammals often vary across species creating a 
need for species-specific information.

Despite decades of intensive management in western North 
America, outcomes associated with translocation of mule deer 
(Odocoileus hemionus) have only recently been documented. Typical 
results show increased movements and reduced survival for 
translocated animals in the initial year following release (Wakeling, 
2003; Cain et al., 2018; Howard, 2018; Smedley et al., 2019; Wright 
et al., 2020). Annual survival of translocated mule deer during the 
initial year following release, for example, ranged from 15 to 79 
percent which is low for this species (Wakeling, 2003; Cain et al., 2018; 
Wright et al., 2020). Most of these efforts, however, did not involve 
monitoring of translocated mule deer during their second year 
following release or comparison with resident deer in the release area.

Our objective was to document the outcomes associated with 
translocation of mule deer. More specifically, we evaluated the survival 
of translocated mule deer in relation to timing of release (early versus 
late winter) and individual covariates such as age and body condition. 
Mule deer released in early winter would have more time to integrate 
with resident deer prior to spring migration and be in relatively good 
condition compared to deer released in March that were expected to 
be  in relatively poor body condition and would have less time to 
integrate with resident deer prior to spring migration, but perhaps 
more likely to stay near release areas due to their relatively poor 
condition. We predicted that translocated mule deer would experience 
lower survival rates than resident deer during the first year following 
release. During the second year following release, however, 
we predicted survival rates for translocated deer would be higher than 
those observed in year one, similar to what has been documented for 
white-tailed deer (Odocoileus viginianus) and elk (Cervus canadensis) 
(sensu Frair et  al., 2007; Foley et  al., 2008). We  further expected 
covariates such as age and body condition to influence survival rates 
(Hawkins and Montgomery, 1969; Jones and Witham, 1990; Haydon 
et al., 2008).

2. Materials and methods

2.1. Study area

Translocated deer were captured from the Parowan front in 
southern Utah, United States which is winter range for mule deer in 
the Panguitch management unit (Figure  1). The predominant 
geographic feature in the Panguitch management unit is the 
Markagaunt Plateau which is approximately 91 km long (north to 
south) and 34 km wide (at its widest point). Mean high air 
temperatures during the summer and winter months over the past 
century were 29.4° C and 6.6° C respectively, with average annual 
precipitation of 31.0 cm at 1862 m (Western Regional Climate Center). 
Elevations across this mountain range varied from 1762 to 3,446 m. 
Mule deer in this area were thought to migrate seasonally using high-
elevation areas in summer and low-elevation areas during winter. 
Habitat types at high-elevation included areas dominated by aspen 
(Populus tremuloides), bitterbrush (Purshia tridentata), mountain 
mahogany (Cercocarpus ledifolius), and Gambel’s oak (Quercus 
gambelli). The winter range along the Parowan front was dominated 
by juniper (Juniperus sp.), pinion (Pinus edulis), and sagebrush 
(Artemisia sp.). Over the last decade, population estimates for this 
deer herd have exceeded management objectives and the quality of the 

FIGURE 1

Map of Utah, United States showing our study area where the Utah 
Division of Wildlife Resources (UDWR) captured (circle) and released 
(star) mule deer (Odocoileus hemionus) in January and March of 
2013.
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winter range was rated in only poor to fair condition (UDWR, 
2013, 2014).

Translocated deer were released by the Utah Division of Wildlife 
Resources (UDWR) onto the Pahvant mountain range (approximately 
144 km north of capture areas) in central Utah (Figure 1). The Pahvant 
study area was chosen for release due to similarities with the Parowan 
capture area. These similarities included north to south mountain 
ranges, migratory deer herds with west to east migration, similar 
climates, and winter ranges bordered by Interstate 15 on the west and 
high-elevation mountains on the east. The Pahvant Mountain Range 
is approximately 54 km long (north to south) and 22 km wide at its 
widest point. Elevations across this mountain range varied from 
1,520–3,117 m. Mean high temperatures during the summer and 
winter months over the past century were 31.4° C and 5.7° C, 
respectively, with average annual precipitation of 38.1 cm at 1,552 m 
(Western Regional Climate Center). The winter range along the 
foothills of the Pahvant mountain range was dominated by bitterbrush, 
cliffrose (Purshia stansburiana), Gambel’s oak, juniper, mountain 
mahogany, and sagebrush. Higher elevation areas were composed of 
mixed brush communities, aspen, and a variety of conifers (e.g., genus 
Abies and Pinus) and juniper. Unlike the Parowan front, the deer 
population on the Pahvant range has consistently been below 
management objectives and the release area was considered by UDWR 
to consist of high-quality winter range (UDWR, 2012). Potential 
predators of mule deer inhabiting both the area where deer were 
captured from and the release area included black bears (Ursus 
americanus), bobcats (Lynx rufus), coyotes (Canis latrans), and 
mountain lions (Puma concolor).

2.2. Capture, translocation, and monitoring

In January and March 2013, UDWR contracted with a private 
helicopter company to capture female mule deer via helicopter 
net-gunning (Krausman et al., 1985; Van de Kerk et al., 2020) and 
sling them to 3 different staging areas along the Parowan front in 
southern Utah (Figure 1). During handling, we weighed deer and then 
estimated age (via tooth wear and eruption pattern; Severinghaus, 
1949; Robinette et al., 1957), body size (chest, hind foot length, neck 
girth), condition (body condition score method; Cook et al., 2007), 
and pregnancy (via transabdominal ultrasound; E.I. Medical Imaging 
portable ultrasound; Smith and Lindzey, 1982). Preliminary results 
suggest >80% accuracy within 2 years when aging mule deer in Utah 
from tooth wear (Hinton et  al., 2023). UDWR administered 3 cc 
banimine and 1.5 cc ivermectin to each individual deer and fitted 
them with a radio collar (VHF or GPS) and unique ear tag. UDWR 
also conducted rectal biopsies to test for chronic wasting disease 
(Thomsen et  al., 2012) and collected blood samples to verify 
pregnancy. Following the handling process, UDWR loaded mule deer 
in stock trailers and drove them to the Pahvant range (Figure 1) where 
the majority were immediately released (hard release; average of 6.9 h 
between capture and release; range 1.5 to 17.9 h). To serve as a 
reference group, resident deer in the Pahvant study area were also 
captured and radio-marked (VHF or GPS). Resident deer were 
fitted  with a radio collar by the capture company and released 
immediately at point of capture. For additional detail on capture 
and  release protocols see Smedley (2016) or Smedley et  al.  
(2019).

Following release, we  used radio telemetry from the ground 
(weekly) and fixed-wing aircraft (approximately monthly, n = 19 
different flights over 2 years) to locate and assess the status (alive or 
dead) of each radio-marked deer throughout the year. When mortality 
signals were detected (triggered after 8 h of inactivity), we located the 
carcass as soon as possible to determine cause of death by postmortem 
examination and evidence (tracks, cached carcass, feces, etc.) from the 
surrounding area (Rominger et al., 2004; Kilgo et al., 2012). When 
we  found carcasses that showed no signs of predation or vehicle 
impact, we collected them for necropsy by the Utah State University, 
Veterinary Diagnostics Laboratory. We  classified mortalities as 
predation, undetermined, capture-related (capture myopathy and 
capture-related injuries), roadkill, poached, or other which included 
diseases not directly associated with capture.

2.3. Data analysis

We used model selection and known-fate models within Program 
MARK (White and Burnham, 1999) to estimate seasonal and annual 
survival for each group of mule deer (resident, January release, and 
March release) and evaluate support for covariates that included age, 
body mass, body condition, and pregnancy. We  formatted our 
encounter history by month and year beginning 1 January and ending 
31 December for both 2013 and 2014. Structuring our encounter 
history by year (i.e., year as a group) allowed us to graduate deer (in 
age) and easily obtain unique estimates of annual survival for resident 
and translocated deer in year 1 and year 2 following release. 
We  evaluated relative model support using Akaike’s Information 
Criterion (Akaike, 1973) adjusted for small sample sizes (AICc) and 
then used model averaging based on AICc weights to produce 
estimates of annual survival (Burnham and Anderson, 2002). To 
evaluate differences across groups (e.g., resident versus translocated 
deer), we  looked for overlap in 95 percent confidence intervals 
associated with estimates of annual survival. To assess the influence of 
individual covariates, we  examined confidence intervals (95%) 
surrounding β estimates.

We used a 3-stage, hierarchical approach to model selection to 
provide structure to our analysis and allow us to identify the most-
supported seasonal (time), group (translocated or resident), and 
individual covariates (e.g., age). First, we identified the best model of 
time (seasonal and annual structure) while keeping survival for all 
groups equal. Our time models were based on month, season, year, 
and migration dates as well as time trends (linear and quadratic) 
following release. Our seasonal models included 2, 3, and 4-season 
models based on spring, summer, fall, and winter as well as average 
migration dates. Our 4-season model, for example, allowed for 
differential survival during the spring, summer, fall, and winter 
whereas the 2 and 3-season models collapsed those seasons into 
different combinations (e.g., spring/summer and fall/winter). 
We defined spring as March–May, summer as June–August, fall as 
September–November, and winter as December–February. 
We determined migration dates based on when deer left either winter 
or summer range and did not return (sensu Northrup et al., 2014). 
Second, we added the grouping structure to supported models (i.e., ≥ 
0.05 AICc weight) of time from step  1. Our groups included the 
following: resident (2013), January translocations (2013), March 
translocations (2013), resident (2014), and surviving January and 
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March translocations from 2013 that were combined in 2014 to 
maintain adequate precision around estimates of survival. In our final 
step, we evaluated the influence of individual covariates (age, age2, 
percent body fat, body mass, and pregnancy when available for the 
specific year evaluated) to models with ≥0.05 AICc weight from step 2. 
Inclusion of age2 allowed us to represent a potential asymptotic 
relationship with age. We evaluated the final list of supported models 
for evidence of uninformative parameters and used model averaging 
to avoid any potential bias (Arnold, 2010). In addition, we used a 
logistic regression to estimate odds ratios for annual survival in 
relation to group and age.

3. Results

In January and March 2013, UDWR translocated 102 female mule 
deer (51 in January; 51 in March) from winter range near Parowan, 
Utah to winter range near Holden, Utah on the Pahvant mountain 
range (Figure 1). We marked 81 deer with VHF radio collars (41 in 
January, 40 in March) and 21 deer with GPS collars (10 in January, 
11  in March). Estimated age of captured deer ranged from 1 to 9  
(x- = 3.9 years for January and 4.1 years for March, SE = 0.03 for both 
January and March). Percent ingesta free body fat ranged from 
3.9–16.3% and was higher in January 2013 compared to March 2013 
as expected (Barboza et al., 2009, 2020). Of the 102 females captured 
for translocation, 91% (N = 93) were pregnant and none tested positive 

for chronic wasting disease. Prior to capturing deer for translocation, 
we marked 50 resident deer in the Pahvant study area (41 VHF, 9 
GPS). An additional 20 resident deer (20 VHF) were captured during 
January 2014 in the Pahvant study area to assess body condition and 
bolster sample sizes for this reference group.

Our first stage of model selection resulted in 5 supported models 
of time with at least 5% AICc weight that we advanced to step 2. These 
models divided the year into 2, 3, and 4 seasons and accounted for 
88% of the total AICc weight (Table 1). In stage 2, we added group 
structure to supported models of time and identified 6 models with at 
least 5% AICc weight (Table 1). These models included three 2-season 
models (based on season, year, and group), two 4-season models, and 
one 3-season model. The two 4-season models were defined by year 
and migration dates (winter, spring migration, summer, and fall 
migration). The 3-season model was also defined by year and 
migration dates with survival rates modeled as equal during winter 
and summer, but different during the spring and summer migrations. 
Four of the 6 models included a 3-group structure (residents [2013 
and 2014 combined], 2013 translocations combined with January and 
March releases, and translocations in year 2 [2014]). The other 2 
models each had 4 groups (residents [2013 and 2014 combined], 2013 
January translocations, 2013 March translocations, and translocations 
in year 2 [2014] or 2013 residents, 2013 translocations, 2014 residents, 
and 2014 translocations).

In stage 3, we added covariates to our best models from stage 2. 
This stage resulted in 6 models (2, 3, and 4 seasons) with an AICc 

TABLE 1 Akaike’s Information Criterion selected models of survival (s) for resident and translocated mule deer (Odocoileus hemionus) on the Pahvant 
Range in central, Utah, USA for 2013 and 2014.

Model AICc ΔAICc wi K Dev

Time models

{S(2 seasons [spring/summer vs. fall/winter])} 620.78 0.00 0.57 2 616.77

{S(3 seasons [spring/summer migration + year])} 624.33 3.55 0.10 3 618.32

{S(4 seasons [winter, spring, summer, fall])} 624.58 3.80 0.09 4 616.56

{S(4 seasons [winter, spring migration, summer, fall 

migration])} 625.34 4.57 0.06 4 617.32

{S(2 seasons [spring/summer/fall vs. winter])} 625.37 4.60 0.06 2 621.36

Time models with groups

{S(2 seasons [spring/summer vs. fall/winter] + 3 

groupsa)} 603.60 0.00 0.19 6 591.57

{S(2 seasons [spring/summer vs. fall/winter] + 4 

groupsb)} 603.63 0.03 0.19 8 587.57

{S(4 seasons [winter/spring, spring migration, summer, 

fall migration] + 4 groupsc)} 604.03 0.43 0.15 16 571.80

{S(4 seasons [winter/spring, spring migration, summer, 

fall migration] + 3 groupsa)} 604.19 0.58 0.14 12 580.06

{S(2 seasons [spring/summer/fall vs. winter] + 3 

groupsa)} 606.04 2.44 0.06 6 594.01

{S(3 seasons [winter/spring/summer/fall, spring 

migration, fall migration] + 3 groupsa)} 606.11 2.50 0.05 9 588.03

We report AICc, change in AICc (ΔAICc), AICc weight (wi), number of parameters (K), and deviance (Dev, defined as −2 x log likelihood) for all time models (stage 1, top half of table) and 
time plus grouping structure (stage 2, bottom half of table) with wi ≥ 0.05.
aGrouping structure: (1) 2013 and 2014 resident deer, (2) 2013 translocated deer, and (3) all surviving translocated deer (from 2013 translocation) in 2014.
bGrouping structure: (1) 2013 and 2014 resident deer, (2) 2013 January translocation, (3) 2013 March translocation, and (4) all surviving translocated deer (from 2013 translocation) in 2014.
cGrouping structure: (1) 2013 resident deer, (2) 2014 resident deer, (3) 2013 translocated deer, and (4) all surviving translocated deer (from 2013 translocation) in 2014.
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weight ≥ 5% that accounted for 73% of the total AICc weight. The top 
model was a 2-season model that combined spring with summer and 
fall with winter periods. This model had 4 separate groups (residents 
[2013 and 2014 combined], 2013 January translocations, 2013 March 
translocations, and surviving translocations in 2014) and included age 
and age2 as individual covariates (Table 2). Age or age2 occurred in all 
models with wi > 0.05 (Table  2). We  found little support for body 
condition, pregnancy, or body mass as influencing survival as models 
with these covariates received <5% of AICc weight.

We experienced low rates of capture myopathy and capture-
related deaths. Four of 102 (3.9%) deer captured and translocated 
during 2013 died of capture-related causes. All of these deer died 
within 3 days of release and 2 of the 4 deaths were attributed to injuries 
(e.g., broken bones) sustained during capture. Two of 70 (3%) resident 
deer died of capture-related causes. Predation accounted for the 
majority of mortalities (n = 54) for translocated deer (50%) followed 
by undetermined (28%), other including disease (8%), poached (8%), 
and roadkill (6%). Predation was also the highest cause of mortality 
(n = 21 deaths) for resident deer (63%) followed by undetermined 
(32%) and other (5%).

Overall annual survival of resident deer during 2013 was 
estimated at 0.83 (95% CI = 0.72–0.90). Annual survival of mule deer 
translocated in January during 2013 (year one following release) was 
0.51 (95% CI = 0.40–0.63) compared to 0.53 (95% CI = 0.40–0.66) for 
mule deer translocated in March. During their second year following 
release, translocated deer maintained much higher survival rates with 
annual rates estimated at 0.85 (95% CI = 0.71–0.93). This rate was not 
different from that of residents in 2014 (0.80; 95% CI = 0.69–0.88; 

Figure 2). Resident and translocated deer experienced similar monthly 
survival rates during their initial year following release in winter and 
spring months (January through April). Beginning in May, however, 
and lasting through September of 2013, number of mortalities for 
translocated deer increased compared to those of resident deer. In 
October of 2013, survival rates of translocated deer stabilized and were 
again similar to resident deer.

We found support for age influencing survival of translocated 
deer. The β estimate for age was negative in the top model (β = −0.73), 
although the 95% CI slightly overlapped zero (−1.61–0.14). The β 
estimate for age2 in the top model was positive with the 95% CI slightly 
overlapping zero (β = 0.06, 95% CI = −0.03-0.14). A plot of odds ratios 
for annual survival showed reduced likelihood of survival during the 
initial year for animals translocated in January and March compared 
to resident deer, but not during the second year following release 
(Figure 3). This plot also showed reduced odds of survival as age of 
animals increased. Estimates of annual survival for 2-year old mule 
deer during year 1 following release were more than double (0.71; 95% 
CI = 0.52–0.84) those of 7 year olds (0.35; 95% CI = 0.17–0.58) 
(Figure 4).

4. Discussion

We observed very few capture-related deaths and documented 
low mortality rates immediately following release for translocated 
mule deer. Our observed 3.9% rate of mortalities associated with 
capture was similar to that observed with resident deer released at 
point of capture (3%) as well as rates common in traditional capture, 
radio-marking, and release projects that do not involve translocation 
(general range 3–5%; Quinn et al., 2012; Lendrum et al., 2014; Van de 
Kerk et  al., 2020). The majority of mortalities we  observed for 
translocated deer occurred during the spring and summer (May–
September) months and were similar to causes reported in other areas 
(primarily predation, but also poaching and vehicle strikes) for mule 
deer (Beringer et al., 2002; Rominger et al., 2004; Frair et al., 2007; 
McIntosh et al., 2014).

Survival rates for translocated mule deer, during the first year post 
release, were lower than rates commonly observed for animals not 
translocated. We observed annual survival for resident deer of 0.83, 
which was similar to data from Colorado, Idaho, and Montana (annual 
survival estimated at 0.85) for mule deer (Unsworth et  al., 1999). 
Survival rates for translocated mule deer in year one (0.51 and 0.53) 
were lower than those of resident deer (0.83). These lower rates during 
the initial year following release, however, are similar to those reported 
for black-tailed or mule deer translocated in other areas using a variety 
of methods (O’Bryan and McCullough, 1985; Martinez-Garcia, 2009; 
Cain et al., 2018; Wright et al., 2020). During the second year, survival 
rates for translocated mule deer were higher and not different from 
resident deer (Figure 2) suggesting that survival challenges related to 
translocation were transitory and dissipated by the end of the initial 
year. This finding supports our prediction that translocated deer 
would experience lower survival rates than resident deer during the 
first year after release, but higher rates of survival (when compared to 
survival for translocated deer in year 1) during the second year once 
acclimated to release areas. While low survival of ungulates is a 
common observance following translocation (Beringer et al., 2002; 
Frair et  al., 2007), there are few translocation studies that have 

TABLE 2 Akaike’s Information Criterion selected models of survival (s) for 
resident and translocated mule deer (Odocoileus hemionus) on the 
Pahvant Range in central, Utah, United States during 2013 and 2014.

Model AICc ΔAICc wi K Dev

{S(2seasons [spring/summer vs. 

fall/winter] + groupa + age + age2)} 592.34 0.00 0.17 12 568.21

{S(2seasons [spring/summer vs. 

fall/winter] + groupb + age + age2)} 592.40 0.05 0.16 10 572.30

{S(4seasons [winter/spring, 

spring migration, summer, fall 

migration] + groupc + age + age2)} 592.72 0.38 0.14 20 552.37

{S(4seasons [winter/spring, 

spring migration, summer, fall 

migration] + groupb + age + age2)} 592.85 0.51 0.13 16 560.62

{S(2seasons [spring/summer/fall 

vs. winter] + groupb + age + age2)} 594.35 2.01 0.06 10 574.26

{S(3seasons [winter, spring, 

summer, fall, spring migration, 

fall 

migration] + groupb + age + age2)} 594.51 2.16 0.06 13 568.36

We report AICc, change in AICc (ΔAICc), AICc weight (wi), number of parameters (K), and 
deviance (Dev, defined as −2 x log likelihood) for all stage 3 models with wi ≥ 0.05.
aGrouping structure: (1) 2013 and 2014 resident deer, (2) 2013 January translocation, (3) 
2013 March translocation, and (4) all surviving translocated deer (from 2013 translocation) 
in 2014.
bGrouping structure: (1) 2013 and 2014 resident deer, (2) 2013 translocated deer, and (3) all 
surviving translocated deer (from 2013 translocation) in 2014.
cGrouping structure: (1) 2013 resident deer, (2) 2014 resident deer, (3) 2013 translocated 
deer, and (4) all surviving translocated deer (from 2013 translocation) in 2014.
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documented survival for multiple years following release (Haydon 
et al., 2008; McIntosh et al., 2014; Wright et al., 2020). These data 
reinforce the need to monitor translocated animals for multiple years 
following release.

We found no difference in annual survival rates for deer 
translocated in early versus late winter. Deer released in early winter 
(January) were in better condition at time of release than deer released 

later in winter, but these differences did not influence survival rates 
and we only observed limited mortality during winter and spring 
months. Moreover, we did not detect a relationship between survival 
and body condition. However, winter conditions during our study 
years were mild as temperatures were above the long-term mean and 
precipitation below the long-term average (Western Regional Climate 
Center). Translocating mule deer during a severe winter may yield 
different results. The results of our study did not support our 
hypothesis of differences in survival between early and late winter as 
survival rates were not different for deer released at either time. These 

FIGURE 2

Annual survival rates (± 95% CI) of resident (reference group) and translocated mule deer (Odocoileus hemionus) released in January of 2013 and 
March of 2013 on the Pahvant Range in southern Utah, United States during 2013 (year one following release) and 2014 (year two following release).

FIGURE 3

Odds ratios for annual survival of resident (reference group) and 
translocated mule deer (Odocoileus hemionus) released in January 
of 2013 and March of 2013 on the Pahvant Range in southern Utah, 
United States during 2013 (year one following release) and 2014 (year 
two following release). Intercept is set to resident deer during 2013.

FIGURE 4

Annual survival of translocated mule deer (Odocoileus hemionus) in 
relation to estimated age (tooth eruption and tooth wear; 
Severinghaus, 1949; Robinette et al., 1957) during the first 2 years 
(2013, year 1; 2014, year 2) following release on the Pahvant Range in 
central Utah, United States.
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results suggest managers could translocate mule deer throughout the 
winter period as survival rates were not related to the timing of release 
(early or late winter) when winter conditions are not severe.

We found strong support for age as a predictor of survival, with 
younger animals more likely to survive the initial year following 
translocation than older animals (Figure  4). Two year old deer, for 
example, were approximately 2 times more likely to survive the initial year 
post release than 7 year old animals. Jones and Witham (1990) found that 
translocated white-tailed deer fawns had higher survival that translocated 
adults while Hawkins and Montgomery (1969) and Parker et al. (2008) 
found no difference in survival based on age of translocated white-tailed 
deer. Moreover, higher survival for young mule deer from urban 
environments translocated to non-urban areas was observed in British 
Columbia (Wright et al., 2020). Younger animals may have more plasticity 
in their behavior and may have responded to novel environments better 
than older animals in our study. The specific mechanisms explaining this 
result, however, are unclear.

5. Conclusion

Our results suggest that translocation is a strategy that could 
be used to address conservation and management objectives for mule 
deer populations. We experienced low rates of capture myopathy. 
We observed survival rates for translocated mule deer that were lower 
than resident deer during the first year following translocation. 
During the second year after translocation, however, translocated 
mule deer had much higher survival rates that were not different from 
resident deer suggesting challenges to survival were transitory. 
Moreover, we  found a strong relationship with age as young deer 
survived the initial year following translocation much better than 
older deer. Given the difference we observed between survival in year 
one compared to year two, we recommend that translocated animals 
be  monitored for at least 2 years following release. Results from 
multiple years provide critical data when considering the relative value 
of translocation as a conservation and management strategy. In our 
study, there was no difference in survival rates for deer translocated in 
January or March. Although winters during our study period were 
mild, this result suggests managers can use translocation throughout 
winter months to address management concerns.
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