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Translocation is an increasingly common conservation tool used to augment declining populations or to
remove nuisance animals from areas of human conflict. Studies show that venomous snakes translocated
long distances may wander and experience increased mortality. However, potential sub-lethal
physiological effects on translocated snakes remain unknown. We conducted an experimental study on
free-ranging rattlesnakes to test the hypothesis that long distance translocation is stressful. The
glucocorticoid response to translocation was variable among snakes. There was some evidence that
translocation may be stressful, as baseline corticosterone levels in most snakes rose following
translocation, whereas levels remained consistent in control snakes. Interestingly, testosterone levels
rose dramatically following translocation, possibly reflecting effects of interaction with new
environmental cues and/or resident snakes, or effects of navigation in a new environment.
Corticosterone and testosterone were positively correlated. Our study shows that long distance
translocation can affect steroid hormone concentrations in rattlesnakes, a result that should be taken into
consideration when managing nuisance snakes or repatriating animals to the wild.

� 2016 Elsevier Inc. All rights reserved.
1. Introduction

Translocation, or the relocation of wild animals within their for-
mer or current natural range, has long been a popular tool for the
management of a wide variety of wildlife, including snakes (Dodd
and Seigel, 1991; Cope andWaller, 1995; Fischer and Lindenmayer,
2000; Lenain, 2001; Germano and Bishop, 2008; Kingsbury and
Attum, 2009; Troy, 2013). Translocation is increasingly being used
as a management or conservation tool to augment a current popu-
lation to increase its viability, to create a new population in a part
of a species’ historical range, or to remove nuisance venomous ani-
mals from areas with human activity (Plummer and Mills, 2000;
King et al., 2004; Kingsbury and Attum, 2009; Roe et al., 2010).
Since translocation will likely remain a popular management tool,
especially for venomous snakes, it is crucial that its effect on sub-
ject animals be evaluated (Sullivan et al., 2015). Snakes appear to
tolerate repeated short distance translocation (e.g., 250 m translo-
cations) with few behavioral or physiological effects, including a
lack of effect on circulating androgens and glucocorticoids
(Holding et al., 2014). However, long distance translocation, in
which snakes are moved outside their home ranges and often exhi-
bit increased rates of movement through the environment and
mortality (Reinert and Rupert, 1999; Hardy et al., 2001; Nowak
et al., 2002; King et al., 2004; Butler et al., 2005; Brown et al.,
2008; Sullivan et al., 2015), is more commonly performed. Few
studies have examined potential sub-lethal effects of long distance
translocation, including possible negative impacts on the physiol-
ogy of translocated snakes.

Elevated blood plasma concentration of corticosterone (CORT),
the primary glucocorticoid hormone of reptiles, has been com-
monly used as an indicator of physiological stress (Moore and
Jessop, 2003; Tokarz and Summers, 2011). In response to an acute
stressor, a rapid elevation in circulating concentrations of CORT
can benefit the animal by mobilizing energy stores and shifting
physiological processes to best cope with the stressor. However,
chronically elevated CORT concentrations can become detrimental
to the animal (Dickens et al., 2010), as prolonged elevation of CORT
can result in immunosuppression (Dhabhar and McEwen, 1997;
French et al., 2007; Dickens et al., 2010), decreased cognitive
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ability (Bodnoff et al., 1995; McEwen and Sapolsky, 1995; de Kloet
et al., 1999; Mendl, 1999), and decreased secretion of reproductive
hormones, such as testosterone (T) in male reptiles (Moore et al.,
1991; Manzo et al., 1994; Moore et al., 2000a; Moore and Jessop,
2003; Jones and Bell, 2004; Tokarz and Summers, 2011). Thus,
chronic physiological stress can result in tradeoffs that adversely
affect fitness. Although one study on rattlesnakes showed that
short distance translocation has no major effects on baseline CORT,
stress-induced CORT, or T concentrations (Holding et al., 2014),
long distance translocation exposes animals to the potential stres-
sor of introduction to a novel environment in addition to capture,
handling, and transportation. Thus, long distance translocation
has the potential to generate conditions of chronic stress, in which
CORT concentrations remain elevated for days or weeks (Dickens
et al., 2010).

Our main goal in this study was to test the hypothesis that
long distance translocation causes chronic physiological stress in
western rattlesnakes, Crotalus oreganus. We were specifically
interested in the weeks immediately following translocation
because habituation could potentially occur if animals survive
in the new environment for long periods of time. A ‘Before-
After Control-Impact’ experimental design was used, where
translocated snakes were compared to a dedicated control group
that remained at the control site for the entire study duration, but
where the translocated group also served as its own control prior
to the act of translocation. We used baseline CORT concentration
and the CORT response to an acute confinement stressor as met-
rics of stress. We predicted that snakes subjected to translocation
would exhibit higher baseline CORT and a greater CORT response
relative to control snakes. We also predicted that, among the
translocated snakes, both baseline CORT and the CORT response
would be greater post-translocation than pre-translocation. We
also investigated the effects of translocation on T concentrations
in males. Elevated T is associated with mating behavior and sper-
matogenesis in several rattlesnake species and other pit vipers
(Schuett, 1997; Schuett et al., 2002; Taylor et al., 2004; Schuett
et al., 2005; Graham et al., 2008; Lind et al., 2010). If long dis-
tance translocation is a stressor in rattlesnakes, then we predicted
that translocation would reduce T concentrations. According to
our hypothesis, the increase in CORT and decrease in T should
result in a negative relationship between CORT and T following
translocation.
2. Methods

2.1. Study area

Two sites on Vandenberg Air Force Base (VAFB), in California, U.
S.A., were chosen based on the criteria of maximizing distance and
habitat similarity between them. Both sites have similar vegeta-
tion, lack water sources like lakes or ponds, and are adjacent to
the coast and therefore have very similar climates. Site one (N
34.60887�, W �120.52702�) is located on the southern part of
the base, at the southern end of Arguello Road, Santa Barbara
County, California. Site two (N 34.87266�, W �120.60091�) is
located on the northern part of the base, approximately 1500
meters heading 19� northeast from the intersection of Cuatro Road
and Point Sal Road. Sites one and two served respectively as control
and translocation sites and were separated by a straight-line dis-
tance of 30 km.
2.2. Study snakes

Nineteen adult male C. oreganus (range: 77–98 cm snout to
vent length, SVL, mean = 84.8 cm, SD = 5.3 cm) were captured
during visual searches at the control site between 19 April 2012
and 9 July 2012. Upon capture, each snake was transported to
the California Polytechnic State University, San Luis Obispo cam-
pus. Snakes were anesthetized by way of isoflurane (Halocarbon
Production Corp., U.S.A.) inhalation and intracoelomically
implanted with 11 or 13.5 g radio-transmitters (model SI-2,
Holohil Systems Ltd., Carp, Ontario, Canada). While snakes were
under anesthesia, SVL (±0.5 cm) and body mass (±1 g) were
recorded. Following surgery, snakes were given at least one day
to recover, and were then released at their original capture
locations. Each snake was randomly assigned to a translocated
or control treatment group (see below).

Once returned to the field, each snake was tracked via radio
telemetry. Prior to translocation, all snakes were tracked every
other day, while after translocation, all snakes were tracked every
day. Due to one field mortality, one unexplained disappearance,
and three snakes that remained irretrievable underground, the
sample size was reduced to N = 14 individuals (n = 7 control snakes
and n = 7 translocated snakes). All snake losses occurred prior to
translocation. Collection and experimental use of the snakes
were authorized by the California Department of Fish and Game
(# SC-8159), California Polytechnic State University (IACUC
protocol # 1203), and Vandenberg Air Force Base.

2.3. Translocation

Translocation from the control site (site one) to the transloca-
tion site (site two) was considered a long distance translocation
procedure because the 30 km distance between the two sites
far exceeds the average total distance moved by all of our study
snakes at the control site during the period prior to translocation,
as well as the average total distance moved (2470.3 m ± 283.4)
by C. oreganus from a nearby population during the spring
mating season when they actively search for mates (Putman
et al., 2013).

Translocations began on 25 August 2012, 45 days after the last
study snake was released in the field at the control site, and ended
on 29 August 2012. Translocated snakes were transported inside
cloth bags in buckets and released at the translocation site into
suitable covered habitat. To decrease the likelihood of social inter-
actions among study snakes, release locations were separated by
distances of 24–75 m.

2.4. Hormone sampling

Just prior to translocation and again at the conclusion of the
study (ca. two weeks after translocation), blood was collected in
the field from all 14 snakes for the purpose of quantifying plasma
concentrations of T and CORT. Blood was collected from the caudal
vein with heparinized syringes. During each of the two sampling
periods (before translocation: 25–28 August 2012; after transloca-
tion: 7–8 Sept 2012), two samples were collected, the first to
obtain baseline hormone concentrations and the second after the
application of an acute confinement stressor to measure hormonal
stress reactivity. We collected baseline blood samples as quickly as
possible (mean = 3.8 min, range 1–12 min). Sampling time (time of
day) and time-to-bleed (# min from capture until blood draw)
were recorded. Following collection of the baseline blood sample,
snakes were subjected to an acute stressor in the form of one hour
of restraint in a cloth bag inside an opaque 9.5 L plastic bucket
(Holding et al., 2014). Blood samples were stored in an opaque
bag, out of sunlight, while in the field. Taylor and Schuett (2004)
showed that such storage does not impact steroid hormone con-
centrations. Samples were stored at 4 �C and centrifuged within
24 h of collection to separate the plasma, which was stored at
�20 �C until radioimmunoassay.
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2.5. Radioimmunoassay

Plasma CORT and T concentrations were quantified using a
standard radioimmunoassay procedure, following extraction and
chromatographic separation (see Lind et al., 2010). A volume of
10 ll of plasma was used in all instances. For individual extraction
efficiency determination, we equilibrated each sample overnight
with 2000 counts per min (CPM) of tritiated steroid. Each sample
was extracted with 5 ml of distilled dichloromethane with the
dichloromethane phase removed and dried in a warm water bath,
under a stream of nitrogen gas, and re-suspended in 10% ethyl
acetate in isooctane. For the removal of neutral lipids and isolation
of individual steroids, all samples were transferred to diatoma-
ceous earth (Celite, Sigma) columns for chromatographic separa-
tion. Neutral lipids and other steroids were eluted with 2 ml of
isooctane and discarded. Testosterone was eluted with 2 ml of
20% ethyl acetate in isooctane, while CORT was subsequently
eluted with 2.5 ml of 50% ethyl acetate in isooctane. Samples were
then dried in a 40 �C water bath under nitrogen gas, re-suspended
in 600 ll phosphate buffered saline, and maintained overnight at
4 �C.

Individual extraction efficiencies for each steroid were deter-
mined from 100 ll of the sample while 200 ll of the sample was
allocated to each of two duplicates for the assay. Mean recoveries
were 60.36% for T and 58.12% for CORT. Serial dilutions for the
standard curves were performed in triplicate (T curve
range = 500–1 pg; CORT curve range = 2000–4 pg). All samples
were incubated overnight with 100 ll of antiserum (T: T-3003,
Wien Laboratories, Succasunna, NJ; CORT: Esoterix Endocrinology,
Calabasas Hills, CA) and 100 ll of tritiated (3H) steroid. Unbound
steroid was separated using dextran-coated charcoal and the
bound steroid decanted into scintillation vials. Samples were
counted on a liquid scintillation counter, and final concentrations
corrected for individual extraction efficiency. Intra-assay coeffi-
cients of variation (CV) were 3.04% for T and 11.33% for CORT.
Table 1
Repeated measures analyses of baseline and stressed (after the application of an acute
stressor) corticosterone (CORT) and the CORT response (stressed minus baseline) in
Crotalus oreganus. Two treatment groups (translocated and control) were evaluated at
each of two time periods (before and after translocation). Significant covariates are
included where appropriate.

Response variable Model term Test statistic and P-value

Baseline CORT Treatment F1,11.77 = 8.59, P = 0.01
Time F1,11.68 = 0.22, P = 0.65
Treatment * Time F1,11.68 = 0.26, P = 0.62

Stressed CORT Treatment F1,11.24 = 10.50, P = 0.008
Time F1,11.57 = 2.17, P = 0.17
Treatment * Time F1,13.27 = 0.95, P = 0.35
Baseline CORT F1,13.12 = 23.58, P = 0.0003
Baseline CORT * Time F1,16.75 = 6.57, P = 0.02

CORT Response (Stressed
minus Baseline)

Treatment F1,11.41 = 10.45, P = 0.008
Time F1,11.80 = 2.38, P = 0.15
Treatment * Time F1,13.46 = 1.78, P = 0.20
Baseline CORT F1,13.17 = 13.58, P = 0.003
Baseline CORT * Time F1,16.67 = 7.77, P = 0.01
2.6. Data analysis

For clarity, ‘‘treatment” refers to translocated versus control
snakes, and ‘‘time” refers to before vs. after translocation. We
investigated the effects of treatment and time on the following
dependent variables: baseline CORT and T, stressed CORT and T
(after application of the acute confinement stressor), and CORT
and T reactivity (the difference between stressed and baseline
CORT or T). The baseline sample from one snake in the transloca-
tion treatment group, before translocation, was lost while in the
field. However, the other data for that snake were used in all hor-
mone analyses. Unless otherwise noted, all data were analyzed
with repeated-measures ANOVA. In all analyses of CORT and T,
time-to-bleed and sampling time were investigated as possible
covariates, but were not significant in any models (see below).

A mixed effects regression model was used to investigate possi-
ble relationships between CORT and T (baseline, stressed, and reac-
tivity or the difference between the two) in all snakes, regardless of
treatment. Individual snake was included as a random effect to
account for dependence between repeated measures, and CORT
was the explanatory variable and T the response variable. Transfor-
mations (natural log, square root, or cube root) of the response
variable were carried out as necessary to meet the assumptions
of normality (assessed via the Shapiro-Wilk test) and equality of
variance (assessed via Bartlett’s and Levene’s tests). All presented
data (tables and figures) are untransformed. Post-hoc pair-wise
comparisons (Tukey’s HSD, a = 0.05) were only carried out follow-
ing a significant F-test result for the treatment group by time inter-
action, since only two groups were compared in all main effects
tests. All analyses were carried out using JMP Pro 10.0.1 (SAS Insti-
tute Inc., Cary, North Carolina, U.S.A.).

3. Results

3.1. Corticosterone (CORT)

In the analysis of baseline CORT (prior to application of the
acute stressor), the main effect of treatment was significant, with
the translocated group being on average three times higher than
the control group following translocation (Table 1, Fig. 1a). The
treatment by time (before or after translocation) interaction and
the main effect of time were not significant, largely due to high
variance in the translocated group CORT data. Though the interac-
tion term was not significant, the divergence in CORT between the
two groups was greater after translocation occurred, with more
snakes in the translocated group increasing baseline CORT
(Fig. 1a). There was also a significant effect of treatment on
stressed CORT concentrations, with levels in the translocated
group over three times higher than the control group (Table 1,
Fig. 1b), but there was no effect of time or its interaction with
treatment. Baseline CORT was a significant covariate, as was the
baseline CORT by time interaction. Regarding the CORT response
(stressed CORT minus baseline CORT), the main effect of treatment
group was significant, with the translocated group three times
higher than the control group (Table 1, Fig. 1c), while the treatment
by time interaction and the main effect of time were not signifi-
cant. Baseline CORT and its interaction with time were also
included as covariates in the analysis of the stress response.

3.2. Testosterone (T)

In the analysis of baseline T (prior to application of the acute
stressor), the main effect of treatment and the treatment by time
interaction were significant, while the main effect of time (before
or after translocation) was not significant (Table 2, Fig. 2a). Tukey’s
HSD post hoc testing found that the two groups were not signifi-
cantly different before translocation, while the translocated group
had seven times higher baseline T post-translocation (Fig. 2a).
Post-translocation, individual variation in baseline T was much
greater in the translocated group than the control group. The anal-
ysis of stressed T included baseline T as a significant covariate. The
main effects of treatment and time and their interaction were not
significant (Table 2, Fig. 2b). While it can be seen in Fig. 2b that
there appears to be an interaction, the trends in stressed T were
explained by the very similar trends in baseline T. In the analysis



Fig. 2. Testosterone (T) levels of Crotalus oreganus over time (before and after
translocation), showing (A) baseline T, (B) T after an acute stressor, and (C) T
response (stressed – baseline T). The black symbols indicate the translocated group,
while the white symbols indicate the control group. The figure shows untrans-
formed data, but data were transformed for analysis to meet assumptions for
parametric tests. Error bars are one SEM.

Fig. 1. Corticosterone (CORT) levels of Crotalus oreganus before and after translo-
cation, showing (A) baseline CORT, (B) CORT after an acute stressor, and (C) CORT
response (stressed – baseline CORT). The black symbols indicate the translocated
group, while the white symbols indicate the control group. The figure shows
untransformed data, but data were transformed for analysis to meet assumptions
for parametric tests. Error bars are one SEM.

Table 2
Repeated measures analyses of baseline and stressed (following the application of an
acute stressor) testosterone (T) and the T response (stressed minus baseline) in
Crotalus oreganus. Two treatment groups (translocated and control) were evaluated at
each of two time periods (before and after translocation). Significant covariates are
included where appropriate.

Response variable Model term Test statistic and P-value

Baseline T Treatment F1,12.29 = 11.50, P = 0.005
Time F1,12.01 = 0.94, P = 0.35
Treatment * Time F1,12.01 = 8.51, P = 0.01

Stressed T Treatment F1,14.59 = 0.02, P = 0.90
Time F1,12 = 3.81, P = 0.07
Treatment * time F1,14.69 = 1.64, P = 0.22
Baseline T F1,21.96 = 95.50, P < 0.0001

T Response (Stressed
minus Baseline)

Treatment F1,11.42 = 0.00, P = 0.95
Time F1,11.27 = 1.07, P = 0.32
Treatment * Time F1,11.27 = 0.39, P = 0.55
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of the T response (change from baseline to stressed condition), the
main effects of treatment and time and their interaction were not
significant (Table 2, Fig. 2c). Post-translocation, there was a great
deal of individual variation in T response within the translocated
group.
3.3. The relationship between CORT and T

A significant but weak positive relationship between baseline
CORT and baseline T was observed (R2 = 0.19, F1,22.93 = 4.48,
P = 0.045, Fig. 3a), as well as a significant but weak positive
relationship between stressed CORT and stressed T (R2 = 0.16,
F1, 22.64 = 4.76, P = 0.04, Fig. 3b). There was no relationship between
the magnitude of the CORT response and the T response (R2 = 0.00,
F1, 24.97 = 0.05, P = 0.82, Fig. 3c).
4. Discussion

We found mixed support for the hypothesis that long distance
translocation is physiologically stressful to rattlesnakes in the
CORT results. There was a significant main effect of treatment on
CORT levels, apparently driven by increased CORT in a number of
snakes following translocation, in contrast to control snakes where
CORT levels remained low. The large amount of variation, espe-
cially in the control group, rendered the interaction term non-
significant, which technically would lead us to conclude that CORT



Fig. 3. Relationship between (A) baseline CORT and baseline T levels, (B) stressed
CORT and stressed T levels, and (C) CORT response and T response to an acute
stressor in Crotalus oreganus. Individual snake was included as a random effect in
the regression model to account for repeated measures (before and after translo-
cation). The figure shows untransformed data, but data were transformed for
analysis to meet assumptions for parametric tests.
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levels in snakes in the translocated and control groups did not
change differently over time. It is important to note, however, that
the sample size of seven snakes in each group may have been too
small to detect an effect of translocation. It appears that individual
snakes may have responded differently to translocation; it is com-
mon to observe high variability among free-ranging snakes in vari-
ables ranging from CORT levels (Lind et al., 2010) to spatial ecology
(Putman et al., 2013). Furthermore, it is possible that the snakes
had a large initial CORT response to translocation that had damp-
ened by the time we collected blood samples two weeks later.
Given the strong main effect of treatment and the observation that
mean CORT increased over twofold in the translocated group and
did not change in the control group, the possibility that transloca-
tion is a stressor to the snakes receiving this treatment cannot be
excluded.

Other studies examining effects of translocation on hormone
levels are scarce. Drake et al. (2012) used a model selection
approach in a multi-year study to show that long distance translo-
cation treatment was not a good predictor of baseline CORT in
Desert Tortoises (Gopherus agassizii), suggesting that translocation
may not result in changes in CORT in that species. Given that
inter-populational variation in CORT response to an acute stressor
has been documented in Western Fence Lizards (Sceloporus
occidentalis) and Common Garter Snakes (Thamnophis sirtalis)
(Dunlap and Wingfield, 1995; Moore et al., 2001; Moore and
Jessop, 2003), it may be difficult to make generalizations at any
taxonomic level in reptiles. Holding et al. (2014) found that
repeated short distance translocation did not affect baseline CORT,
stressed CORT, or CORT response in another population of C. ore-
ganus. Short distance translocation is generally considered to be
a better approach for snakes than long distance translocation,
likely because snakes are translocated within their home ranges
and recognize their surroundings. Our data showing increased
CORT levels in some of the long distance translocated snakes, com-
bined with the results of Holding et al. (2014) showing no effect of
short distance translocation on CORT levels, supports the notion
that short distance translocation is less stressful to snakes.

Contrary to our prediction, we found a significant increase in
baseline T in translocated snakes. While there appeared to be a
similar association for stressed T, the variation in stressed T can
be explained by baseline T (e.g., those snakes with higher baseline
T also had higher stressed T as the result of a similar T response).
There are several possible explanations for the increase in T
post-translocation. First, the translocated snakes may have
encountered resident male and/or female snakes or their chemical
(e.g., pheromone) signatures, and it is possible that such encoun-
ters could stimulate increased T secretion. For example, aggressive
interactions among males could potentially stimulate elevated T
(e.g., Gleason et al., 2009; but see Schuett et al., 1996), and expo-
sure to new females or their pheromones can elevate T in male ani-
mals (Macrides et al., 1975; Maruniak and Bronson, 1976;
Richardson et al., 2004). Since we did not witness any social inter-
actions between resident snakes and our study snakes, it is difficult
to do more than speculate on the social ramifications of any such
interactions. Alternatively, the elevated T levels might reflect a
positive relationship between T and spatial learning and memory.
It has been demonstrated in mice (Pyter et al., 2006), rats
(Sandstrom et al., 2006; Leonard and Winsauer, 2011; Spritzer
et al., 2011; McConnell et al., 2012; Hawley et al., 2013), and
humans (Janowsky et al., 1994; Postma et al., 2000; Silverman
et al., 1999; Cherrier et al., 2001, 2007; Burkitt et al., 2007) that
baseline T is positively correlated with spatial learning and mem-
ory (but see Naghdi et al., 2003, 2005; Khorshidahmad et al.,
2012). Because translocated snakes were in a completely novel
environment, any movements that they made required them to
learn new topography and remember where key beneficial habitat
features (e.g., rodent burrows and other suitable cover) were
located. It is possible that the act of navigating through a new envi-
ronment stimulated the release of T in our snakes. Undoubtedly,
further study is needed to elucidate the relationship between base-
line T and spatial learning and memory, especially in reptiles.

Overall, we failed to find support for our prediction that there
would be a negative relationship between CORT and T. Instead,
we found a weak positive relationship between baseline CORT
and T and between stressed CORT and T. This positive relationship
between baseline CORT and T is incongruent with the findings of
other studies on rattlesnakes, in which a negative relationship
(Lutterschmidt et al., 2009) or no relationship (Taylor et al.,
2004; Holding et al., 2014) was found. However, a positive associ-
ation between baseline CORT and T was found in male Red-spotted
Garter Snakes (Thamnophis sirtalis) (Moore et al., 2000b) as well as
in birds that were administered exogenous T (Ketterson et al.,
1991). The relationship between CORT and T is context-
dependent and variable in reptiles (Moore and Jessop, 2003). While
elevated baseline T may be vital for mating and may aid in spatial
learning and memory, especially following long distance transloca-
tion, an associated elevation of baseline CORT may mobilize energy
reserves to fuel exploratory movements or energetically costly
reproductive behaviors, such as mate searching (Ashton, 2003;
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Moore and Jessop, 2003; Jenkins and Peterson, 2005; Putman et al.,
2013).

While ours is not the first study of the effects of translocation on
stress physiology in reptiles (Drake et al., 2012; Holding et al.,
2014), it is the first to investigate a relationship between long dis-
tance translocation and steroid hormones associated with repro-
duction in snakes. Our study on C. oreganus helps elucidate how
human-wildlife interactions can impact stress physiology and
androgen levels, and provides valuable information for the mitiga-
tion of conflict between this widespread venomous species and
humans, with which it frequently comes into contact. By studying
some of the same spatial and physiological variables, our study
facilitates comparison with other short distance translocation
(Brown et al., 2008, 2009; Holding et al., 2014) and long distance
translocation (Reinert and Rupert, 1999; Nowak et al., 2002;
Butler et al., 2005; Brown et al., 2008) studies on snakes, allowing
better-informed management decisions. Additionally, though C.
oreganus is a species of little conservation concern, our results
may be tentatively extrapolated to inform management of threat-
ened rattlesnake species, such as Eastern Massasaugas (Sistrurus c.
catenatus) and Eastern Diamondbacks (C. adamanteus). We advo-
cate using short distance translocation whenever feasible when
managing rattlesnakes, since negative impacts on the snakes
appear to be minimized in this method.

In summary, we found some support for the hypothesis that
long distance translocation causes stress in rattlesnakes, as mea-
sured by increased circulating CORT levels. We found an unprece-
dented association between long distance translocation and
elevated baseline T, which may be affected by interactions with
conspecifics or their chemical signatures, movements, the extent
of navigation, or CORT concentrations. We also found evidence
for a positive relationship between CORT and T that is incongruous
with other studies on rattlesnakes (Taylor et al., 2004;
Lutterschmidt et al., 2009), highlighting the fact that the relation-
ship between CORT and T is not iron-clad and can vary by season
and taxon (Moore et al., 2000a, 2000b; Moore and Jessop, 2003).
Due to such variability, coupled with the fact that the magnitude
of the CORT stress response varies so dramatically in reptiles
(Dunlap and Wingfield, 1995; Moore et al., 2001; Moore and
Jessop, 2003; Drake et al., 2012; Holding et al., 2014), further study
of the effects of translocation on stress and sex steroid hormones in
a variety of reptile taxa is warranted. The importance of integrating
physiology into conservation biology (Stevenson, 2006; Tracy et al.,
2006; Wikelski and Cook, 2006) and the importance of transloca-
tion to reptile conservation (Dodd and Seigel, 1991; Germano
and Bishop, 2008) are established ideas. Given the paucity of stud-
ies conducted to date on how translocation affects animals physi-
ologically, it is crucial that researchers continue to examine the
effects of translocation on snakes, especially given that transloca-
tion may only increase in prevalence as a management strategy
for these and other reptiles.
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