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ABSTRACT We used both experimental and observational approaches to investigate sub-lethal effects of
capture and radiocollaring on pygmy rabbits (Brachylagus idahoensis) in Idaho andWashington during 2004–
2008.We expected that attachment of collars would increase rates of grooming behaviors and alter patterns of
space use. Frequency of grooming was >3 times higher following attachment of radiocollars on captive
rabbits; however, the grooming rate declined rapidly and returned to within 5% of pre-collaring levels after
7 days. Free-ranging rabbits exhibited relatively longer distance movements immediately following and
during the 2 weeks after capture and attachment of radiocollars, but those movements decreased during
weeks 3–4 post-collaring. Rabbits also shifted use areas away from capture locations. Our results suggest
that: 1) rabbits became habituated to the presence of collars with respect to grooming; and 2) although,
magnitude of movements following capture and collaring in the field attenuated with time, some animals
continued to avoid capture areas up to 4 weeks after collaring. A better understanding of potential effects of
telemetry on wildlife can help to improve the quality of data collected, design ways to mitigate the impacts on
animals, and enhance the ethical conduct of wildlife research. � 2014 The Wildlife Society.
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Telemetry is one of the most common and useful tools
in studies of wildlife ecology (Millspaugh et al. 2012).
Applications of telemetry have advanced our ability to
monitor movements and behavior of cryptic, elusive, and
wide-ranging species (e.g., Messier et al. 2009, Giroux
et al. 2012); quantify survival and evaluate causes of mortality
(e.g., McIntyre 2012); and gain detailed information
about reproduction, survival of young, and recruitment
(e.g., Johnson et al. 2010, Price et al. 2010). However, an
understanding of the potential effects of telemetry on study
animals and research data has not kept pace with the
technological advances in telemetry systems and proliferation
of their application in wildlife research (Wilson and
McMahon 2006, Casper 2009).
Potential negative consequences of instrumenting animals

with telemetry devices include lethal and sub-lethal effects.
Fitting animals with telemetry transmitters usually requires
capture and physical or chemical restraint and carries with
it the potential for causing mortality or injury, or altering
normal patterns of behavior or physiology (Powell and
Proulx 2003). In addition, animals fitted with telemetry
transmitters or global positioning system receivers also might
experience chronic impacts as a result of wearing those

devices. Although many studies have reported no significant
consequences of telemetry on wildlife (e.g., Ormiston 1985,
Douglass 1992, Durnin et al. 2004), others have documented
significant effects (Murray and Fuller 2000), including loss of
body mass or condition (Berteaux et al. 1994, Cypher 1997);
changes in mobility (Cattet et al. 2008, Dechen Quinn
et al. 2012); increased probability of offspring abandonment
(Côté et al. 1998); and alteration of offspring sex ratios
(Moorhouse and Macdonald 2005). If sub-lethal effects
occur but remain undetected, then biologists might
underestimate the true impact of research activities on study
animals and on the data gathered during wildlife research.
The magnitude of sub-lethal effects of telemetry devices on

wildlife could vary over time and might differ among the
types of responses (e.g., behavioral vs. physiological). For
example, if animals acclimate to carrying transmitters, then
behavioral responses might attenuate over time or return to
normal levels following an initial reaction (Cypher 1997,
Tuyttens et al. 2002, Cattet et al. 2008). Alternatively, if the
effects of wearing telemetry transmitters are cumulative, then
the magnitude of response might intensify over time. For
example, behavioral or physiological changes (e.g., reduced
foraging activity, increased energy expenditure, or elevated
stress levels) might result in increasing loss of body condition
or mass over time. Free-ranging animals likely respond
to multiple stressful stimuli simultaneously, which could
make isolating and quantifying responses to capture and
attachment of telemetry devices more challenging (Withey
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et al. 2001, Casper 2009). In addition, comparative data from
unmarked individuals can be difficult to gather and usually
are not available (Murray and Fuller 2000).
We evaluated potential sub-lethal effects of telemetry

on pygmy rabbits (Brachylagus idahoensis), a sagebrush-
dependent species that has been the focus of conservation
concern across its range (USFWS 2010). In Washington,
USA, the species is listed as a federally endangered distinct
population segment (USFWS 2003), and reintroduction
efforts are underway to re-establish the extirpated distinct
population segment. Our work attempted to evaluate 2 issues
associated with telemetry that were identified in the petition
to list pygmy rabbits (Fite and Criddle 2003): 1) radiocollars
would increase grooming activity by pygmy rabbits, which
might increase vulnerability to predation; and 2) disturbance
associated with capture and collaring might cause individuals
to alter patterns of space use.
We used both experimental and observational methods to

evaluate the potential effects of telemetry on pygmy rabbits.
First, we hypothesized that frequency of grooming would
increase after radiocollaring. We quantified rates of
grooming behavior by captive pygmy rabbits before and
after attachment of radiocollars. Second, we hypothesized
that free-ranging rabbits would respond to capture and
collaring by changing movements and space use, and that
those responses would decrease with time since capture. We
predicted that individuals would: 1) alter the magnitude of
their movements, and 2) shift space use to avoid areas
proximal to capture locations. Patterns of space use by pygmy
rabbits differ by both sex and season (Katzner and Parker
1997, Burak 2006, Crawford 2008, Sanchez and Rachlow
2008); therefore, we examined post-collaring movements for
adult males and females that were captured during the
breeding (Feb–Jul) and non-breeding (Aug–Jan) seasons.
Because it was not possible to reliably monitor movements of
individuals before radiocollaring, we quantified movements
after collaring to test whether the effects attenuated over time
following capture. Our work provides an example for how
sub-lethal effects of telemetry can be quantified, and the
results support recommendations for use of telemetry on
free-ranging pygmy rabbits.

STUDY AREA

We conducted experimental trials with captive pygmy rabbits
housed at the Small Mammal Research Facility at
Washington State University, in Pullman, Washington.
The rabbits were captured from wild populations in eastern
Idaho, USA, for use in the captive breeding program for the
endangered Columbia Basin distinct population segment.
Individuals used in our study had been in captivity for �6
months prior to our trials. Pygmy rabbits are not gregarious,
and animals in the captive breeding program were housed
individually, except during mating when pairs were kept
together for several days (Elias et al. 2006). Individual
circular pens (2m in diam) were constructed above stock
tanks that provided 1m of soil for burrows, and each pen
included both artificial and natural rabbit burrows. Pens were
outdoors, subject to natural light and temperature regimes,

but covered with roofs to exclude direct precipitation (Fig. 1).
Trials were conducted during September of 2006; average
temperatures in Pullman for September range from 6.58C
to 23.28C, and average precipitation was 2.1 cm (Western
Regional Climate Center 2013). Motion-sensitive video
cameras in each pen were mounted approximately 1.5m
above the soil surface and recorded video continuously when
animals were above ground. Food (pelleted rabbit chow) and
water were provided ad libitum above ground.
We evaluated patterns of space use by free-ranging pygmy

rabbits fitted with radiocollars at 4 sites in the Lemhi Valley
(44.680N, 113.357W) in eastern Idaho spanning a distance
of 7.5 km of continuous sagebrush-steppe vegetation (Price
and Rachlow 2011). Pygmy rabbits were documented
moving between the study sites (Estes-Zumpf and
Rachlow 2007); therefore, we did not consider these as
independent populations. Elevations ranged from 1,880m to
2,050m, and the terrain was relatively flat, consisting of
alluvial outwash fans with mounded micro-topography
known as “mima-mounds” that supported relatively tall,
dense shrubs (Tullis 1995). The dominant plant at all sites
was Wyoming big sagebrush (Artemisia tridentata ssp.
wyomingensis). Other sagebrush species that occurred on
the sites in varying densities included three-tip sagebrush
(A. tripartita), low sagebrush (A. arbuscula), and black
sagebrush (A. nova). Cover of herbaceous species was
relatively low, but varied across study sites (Sanchez and
Rachlow 2008, Price and Rachlow 2011). The area was
considered high desert sage-steppe with <21 cm of
precipitation/year, and average annual temperatures ranging
from �4.88C to 12.98C (Western Regional Climate
Center 2013).

Figure 1. Circular pens in which pygmy rabbits were housed during the
captive study of grooming rates, conducted in Pullman, Washington, USA
(September 2006). Motion-sensitive video cameras located above each pen
recorded activity when the rabbits were above ground (photo by L. Shipley).
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METHODS

Captive Study
Nine adult males were included in our experimental trials of
the effects of collaring on grooming behaviors by captive
pygmy rabbits. We chose to include only males to avoid
potential confounding factors associated with sex and
reproductive status of females, and to reduce variability
among individuals associated with sex. Motion-sensitive
video cameras recorded activity continuously when animals
were above ground (i.e., not in burrow systems). We
quantified behavior by viewing the videotapes, which allowed
us to observe and record all above-ground behavior
throughout the day and night without disturbing the
animals. We used time stamps from the video to calculate
total time per 24-hour period in which individuals were
above ground.
We conducted behavioral observations and weighed each

rabbit before and after collaring to assess changes associated
with wearing radiocollars. At the start of the 2-week trials,
we trapped rabbits in their pens with collapsible wire box
traps, recorded weights, and released each individual back
into their pen without a collar. During the following week,
behavior of the rabbits was observed via video, and we
recorded all discrete occurrences of scratching or grooming
behavior (i.e., occurrences were counted as discrete events
when separated by >3–4 s of non-grooming behavior);
grooming was defined as scratching with a hind foot, rolling
on the ground, or rubbing an object in the pen with the neck,
head, or dorsal region. After 1 week, we captured rabbits
again, recorded weights, fitted each with a radiocollar
(Holohil Systems Ltd., Carp, ON, Canada), and released
them back into the same pens. The collars weighed 5 g,
which comprised 0.8–1.6% of the body weight of rabbits used
in these trials. We continued observing animals via video
camera for a second week, after which we captured rabbits a
third time, weighed them, and removed the radiocollars. All
procedures were approved by Washington State University’s
Institutional Animal Care and Use Committee (protocol no.
3097) and conform to the American Society of Mammal-
ogists guidelines for use of wild mammals in research (Sikes
et al. 2011).
We evaluated frequency of grooming before and after

attachment of radiocollars. We modeled the effect of
collaring on daily grooming rates using a linear mixed
model (Laird and Ware 1982). The specified fixed effects
were day, treatment (i.e., before vs. after collaring), and the
interaction thereof because we expected that grooming rates
would not change significantly over time before collaring, but
would increase and then decline after collaring. Random
effects were specified for rabbits to allow for differences
between individuals in grooming frequency, and for the
interaction between rabbits and collaring to account for
differences among individuals in their response to collaring.
We modeled grooming frequency on the natural log scale to
better meet the assumptions of the model because grooming
rates were heavily right-skewed. We obtained estimates
using maximum likelihood, and based the significance tests

and confidence intervals on standard Wald statistics. We
conducted the analysis using the lme routine from the nlme
package (Pinheiro et al. 2012) for R (R Core Team 2012).
Mean values are reported �standard error (SE).

Field Study
We evaluated space use by free-ranging pygmy rabbits
captured and fitted with radiocollars from 2004 to 2008 for
studies investigating behavior and ecology of pygmy rabbits.
The same trapping and radiotracking protocols were
followed for all animals. We trapped rabbits from burrow
systems using Tomahawk wire box traps (Tomahawk Live
Trap LLC, Hazelhurst, WI) covered with burlap. The
animals were transferred into mesh bags for handling, and
after fitting a 5-g radiocollar (Holohil Systems Ltd.), we
released rabbits into the burrow from which they were
captured. These methods were approved by the University of
Idaho Institutional Animal Care and Use Committee
(protocol no. 2003-50 and no. 2007-23) and are in
compliance with guidelines for use of wild mammals in
research (Sikes et al. 2011).
Rabbits were located via homing 2–3 times/week (mean

interval between telemetry locations¼ 3.5 days, range¼ 2–
6). We recorded whether the rabbit was observed above
ground or tracked to a burrow system. To avoid disturbing
animals observed above ground, we used a handheld global
positioning system unit to record the observer’s location,
estimated the distance, and used a compass to record azimuth
to the location of the rabbit, and then we calculated the
UTM coordinates for the animal location. Data from
animals in burrows were only included if the animal was
subsequently confirmed to be alive (i.e., either observed
above ground or tracked to a different burrow system).
We quantified 2 different movement parameters during the

month following initial capture and collaring of free-ranging
rabbits. First, we quantified the magnitude of movements by
comparing the average distance moved between sequential
telemetry locations during the 2 weeks immediately after
capture with average distance between locations during the
subsequent bi-week period (i.e., weeks 3–4 after collaring;
Fig. 2A). Second, we evaluated whether individuals shifted
their space use away from their capture location. Mean
number of telemetry locations/2-week period was 3.8
(range¼ 3–6). For each individual, we first calculated the
geometric center of telemetry locations during each of the 2
bi-week periods following capture and collaring (weeks 1–2
and weeks 3–4). We then measured the distance from each
telemetry location to the geometric center and compared the
average of those distances (i.e., average activity radius;
Hayne 1949) with the distance between the capture site and
the geometric center (Fig. 2B). If rabbits did not exhibit a
shift in space use, then the distance between the geometric
center and the capture site should not be substantially larger
than the mean distance between the geometric center and the
telemetry locations. All movement analyses were conducted
in ArcMap 10.
Because space use by pygmy rabbits at our study sites differed

between sexes and between breeding and non-breeding
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seasons (Sanchez and Rachlow 2008), we included both
factors in our analyses of movement parameters. The breeding
season data included locations collected during February–
July, and the non-breeding season spanned August–January.
We contrasted distances moved by individuals between
consecutive locations after capture using repeated-measures
analysis of variance (ANOVA) with the between-subjects
factors of sex and season (breeding vs. non-breeding season).
The within-subjects main effect was time period (distance
from the capture site to the first location, average during
weeks 1–2, and average during weeks 3–4). We followed
significant ANOVAs with pair-wise comparisons applying
the Sidak correction for multiple comparisons. We analyzed
shifts in locations between capture sites and the geometric

centers of subsequent locations using 2 separate repeated-
measures ANOVAs (one for each bi-week period) because
the distance from the capture location to the geometric center
of locations differed between the 2 time periods. Mean values
are reported in meters� SE.

RESULTS

Captive Study
Captive pygmy rabbits (n¼ 9) spent about half (46%,
11.1 hr) of each 24-hour period above ground and in view of
the video cameras. Time spent above ground was similar
before (12.0 hr� 0.64) and after attachment of radiocollars
(10.3 hr� 1.11). Body mass of the captive rabbits fluctuated
during the study period, but most individuals lost weight
during one or both weeks of our trials. Animals lost an
average of 25 g (�11) during the week before collaring and
10 g (�9) during the week after collars were attached. These
mean weekly changes in body mass were within the normal
weight fluctuations for this species in captivity.
As expected, frequency of grooming by pygmy rabbits

increased after attachment of radiocollars. Daily frequency
of grooming per hour above ground was 3-fold higher
and more variable during the week after collar attach-
ment (�x¼ 6.3� 1.00) compared with the week before
(�x¼ 1.9� 0.20). Although individuals increased frequency
of grooming behaviors immediately following attachment
of radiocollars (Fig. 3), the response was relatively short
in duration for most individuals. The analysis of the change
in expected log grooming rates revealed that grooming
increased significantly after collaring (Z¼ 6.39, P< 0.001).
The mean grooming rate was an average of 3.8 times higher
on the day after attachment of radiocollars (95% CI¼ 2.5–
5.8), but it decreased significantly over time after collaring
(Z¼�3.53, P< 0.001; Fig. 3). The mean grooming rate
decreased by about 10%/day after collaring (95% CI¼ 5–
16%/day), and after approximately 1 week, grooming
behaviors were close to pre-collaring levels (Fig. 3). On

Figure 2. Illustration of the 2 types of movement data used to evaluate
changes in space use following attachment of radiocollars on free-ranging
pygmy rabbits in east-central Idaho, USA, during 2004–2008. The rabbits
represent telemetry locations collected at 2–3-day intervals during the
4 weeks after attachment of radiocollars. (A) The non-spatial analysis
contrasted the magnitude of movements between the capture site and the
first telemetry location and between sequential telemetry locations during
the following 2 bi-week periods, whereas (B) the spatially explicit analysis
assessed whether animals shifted their space use away from the capture
locations by contrasting distance from each telemetry location to the
geometric center of locations (GC) with the distance between the capture
site and the GC during each bi-week period.

Figure 3. Frequency of grooming per hour above ground for 9 adult male
pygmy rabbits observed in captivity via video camera in Pullman,
Washington, USA (September 2006). Frequency of grooming increased
following attachment of radiocollars on day 7, but declined markedly during
the following week.
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the last day of our trials (day 13), individuals performed an
average of 1.8 (range¼�0.4–3.2) grooming behaviors per
hour more than their pre-collaring averages for trial days 1–6,
representing a difference of 4.2%.

Field Study
We assessed movement distances for 99 adult pygmy rabbits
(n¼ 58 F, n¼ 41 M) following their initial capture and
collaring during the breeding (n¼ 46) or non-breeding
seasons (n¼ 53). Immediately following capture and collar-
ing, free-ranging rabbits made longer distance movements
relative to subsequent movement patterns, but the effect
attenuated over time (Fig. 4). Distances differed significantly
among time periods (F¼ 8.97; df¼ 2.94; P< 0.001)
reflecting a longer distance immediately after capture and
more restricted movements during the subsequent bi-week
periods. Pair-wise comparisons among the 3 time periods
(first movement after capture, weeks 1–2, and 3–4) all
differed significantly (mean differences, P-values: capture vs.
weeks 1–2¼ 44m, P¼ 0.008; capture vs. weeks 3–4¼ 76m,
P¼ 0.001; weeks 1–2 vs. weeks 3–4¼ 33m, P¼ 0.019). In
addition, the propensity of males to move more than females
during the breeding season was reflected in a significant
interaction between sex and season (F¼ 6.72; df¼ 3.93;
P< 0.001). Except for males during the breeding season,
both sexes exhibited limited movements of around 50m
between telemetry locations during weeks 3 and 4 after
capture and collaring (Fig. 4).
We evaluated shifts in space use during the first 2 weeks

following attachment of collars for 82 adult pygmy rabbits
(48 F and 34 M). The prediction that individuals avoided
areas where they were captured was supported during the
2 weeks following capture. Mean distance from the capture
site to the geometric center of locations during the initial
2 weeks (144.9� 19.8m) was over 2 times greater than the
distance between the telemetry locations and their geometric
center (65.4� 5.6m; Fig. 5A). The within-subjects factor

of time period was significant (F¼ 15.34; df¼ 1.78;
P< 0.001); but neither sex nor season, or their interaction
were significant (P> 0.080). These shifts in space use
represented distances of 50–150m, which is less than the
mean diameter of a female home range (276m) at our study
sites (Estes-Zumpf and Rachlow 2009). Consequently, these
distances likely represent shifts of space use within an
individual’s home range rather than abandonment of a home
range.
Although a similar pattern was evident in the location data

collected during weeks 3–4 post-collaring (Fig. 5B), varia-
tion among individuals was pronounced, the standard errors
were larger, and the distances did not differ significantly
between time periods (F¼ 3.62; df¼ 1.54; P¼ 0.062) nor
between sexes, seasons, or their interaction (P> 0.100).
Effect sizes, however, were similar to those documented
during the first 2 weeks after capture; mean distance from
the capture site to the geometric center of locations was
182.3m (�49.9) and mean distance between the telemetry
locations and their geometric center during weeks 3–4
was 64.5m (�9.7m). The greater variability among
individuals during weeks 3–4 suggested that, although
some individuals resumed use of areas near capture
locations, others continued to avoid areas in proximity to
their capture locations.

Figure 4. Mean (�SE) movement distances (m) among telemetry locations
for free-ranging adult male (n¼ 41) and female (n¼ 58) pygmy rabbits
during the breeding (Breed) and non-breeding (Non-breed) seasons in the
Lemhi Valley in eastern Idaho, USA, during 2004–2008. The black bars
represent distances from the initial capture site to the first telemetry location,
the gray bars are distances between telemetry locations during the
first 2 weeks after collaring, and the open bars are distances during weeks 3–
4 post-collaring. Non-significant comparisons (P> 0.050) are joined by a
solid line above bars.

Figure 5. Shifts in space use by adult pygmy rabbits fitted with radiocollars
during the breeding (Breed) and non-breeding (Non-breed) seasons in east-
central Idaho, USA, during 2004–2008. Mean distance�SE (m) between
the initial capture location and the geometric center (GC) of telemetry
locations and between the GC and each individual telemetry location during
(A) weeks 1–2 after capture and attachment of radiocollars (n¼ 48 F, n¼ 34
M), and (B) weeks 3–4 following capture (n¼ 35 F, n¼ 23 M). Significant
pair-wise comparisons (P> 0.050) are indicated with asterisks.
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DISCUSSION

We documented behavioral changes in captive and free-
ranging pygmy rabbits that were associated with capture and
radiocollaring using both experimental and observational
methods. Our results suggest that collared animals became
habituated to the presence of collars with respect to
grooming, but that disturbance associated with capture
and collaring in the field resulted in changes in movements
and space use that persisted for 2–4 weeks after capture.
Although these effects were subtle and at least some
attenuated over time, they have the potential for introducing
biases into studies of survival and space use.
An increase in grooming or scratching following collar

attachment could influence probability of predation if
individuals were less vigilant and consequently, less likely
to take evasive action, or if they were more likely to be
detected by predators because of increased motion. Pygmy
rabbits, like many small mammals, experience high rates of
predation and rely on cryptic behavior and vegetation that
provides both concealment and sightlines to avoid predators
(Camp et al. 2012, 2013). Grooming by prey species to
remove ectoparasites can reduce vigilance and thereby
increase risk of predation (Maestripieri 1993, Cords 1995,
Mooring and Hart 1995). We documented a marked
increase in frequency of grooming immediately after
attachment of radiocollars on pygmy rabbits, which might
influence probability of predation. The rapid decline to near
pre-collaring levels after 1 week (Fig. 3), however, suggests
that duration of the effect might be relatively brief for
most individuals. Variation in grooming rates among
individuals was about twice as high on day 7 after collaring
as during the previous week, and such variability is likely
to be of greater concern for small populations and for
uncommon species.
Although our data on grooming demonstrated a clear

response to attachment of the radiocollars, caution should be
applied in extending these results to free-ranging popula-
tions. All of the captive rabbits in our trials were treated with
flea powder to remove external parasites when they were
brought into captivity, and no ectoparasites were present on
the captive animals. In contrast, pygmy rabbits in native
habitats can carry extreme loads of fleas and other
ectoparasites, including ticks, lice, mites, and botfly larvae
(Wilde 1978, Green and Flinders 1980), and we commonly
observed free-ranging rabbits scratching and shaking their
heads and ears. Therefore, background levels of grooming
behavior under field conditions might be substantially higher
than the background levels we documented for captive
rabbits, and we cannot assess the extent to which scratching
associated with collars on free-ranging rabbits would be
additive, or whether higher background levels of grooming
would diminish the relative effect of collar attachment.
Free-ranging pygmy rabbits in our field study exhibited

elevated levels of movement following capture, which is
contrary to results reported for other mammals. For example,
roe deer (Capreolus capreolus) and white-tailed deer
(Odocoileus virginianus) exhibited reduced movements for

several days to 2 weeks following capture and collaring
(Morellet et al. 2009, Dechen Quinn et al. 2012), and a
similar effect has been reported for several species of small
mammals (Webster and Brooks 1980, Daly et al. 1992,
Korpimäki et al. 1996). We hypothesize that the increase in
magnitude of movements that we documented might be a
function of the obligate use of burrows by pygmy rabbits and
the non-exclusive use of space and burrow systems that
characterizes this species (Green and Flinders 1980,
Crawford 2008, Sanchez et al. 2009). After capture and
collaring, pygmy rabbits tended to move away from the
burrow systems where they were trapped, which might result
in searching for nearby unoccupied burrow systems.
Depending on availability of burrows and densities of
rabbits, this searching behavior might contribute to greater
movements following capture.
As predicted, free-ranging pygmy rabbits avoided capture

locations for 2–4 weeks following capture and radiocollaring.
Animals establish a home range, in part, as a function of
familiarity with spatial distribution of resources that are
important for fitness (Powell 2000, Powell and Mitchell
2012), and factors that cause individuals to leave familiar
areas could result in reduced fitness. At our study sites, home
range sizes differed between sexes and seasons, spanning a
range of 3–12 ha (Sanchez and Rachlow 2008). Conse-
quently, the displacement that we documented following
capture and collaring of pygmy rabbits (50–150m) likely
represented shifts of space use within a home range rather
than abandonment of an established home range area.
Similar temporary shifts away from capture locations were
documented following radiocollar attachment on Eurasian
lynx (Lynx lynx; Moa et al. 2001) and roe deer (Morellet
et al. 2009). The consequences of such temporary shifts in
space use are unknown, but given the obligate use of burrows
by pygmy rabbits, understanding how changes in space use
and consequently burrow use might affect survival will be
important for studies using telemetry to quantify rates of
survival and investigate causes of mortality.
A couple of caveats apply in interpretation of our field data.

First, in our study, as in many wildlife telemetry projects, the
effects of capture and consequences of collaring could not be
examined separately. This is perhaps a less important
distinction because animals are almost always captured and
restrained in some manner for attachment of electronic
instrumentation. Nonetheless, studies could be designed to
decouple the potential effects of capture and collaring, and
such information could provide greater resolution in
understanding sub-lethal effects of telemetry (Murray and
Fuller 2000). Second, we assessed movements of rabbits
after attachment of radiocollars, but we could not gather
pre-collaring data for comparison. Future work would be
enhanced by comparison with data from undisturbed animals
to serve as a benchmark for evaluating absolute changes in
patterns of space use. Finally, we did not quantify parameters
associated with stress, and yet capture and handling are
certainly stressful experiences for wild animals (Wilson and
McMahon 2006). Studies that quantify physiological
indicators of stress (e.g., Cattet et al. 2008, Harcourt
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et al. 2010) could help refine techniques designed to reduce
sub-lethal effects of telemetry on wildlife.
A better understanding of potential effects of telemetry can

improve both wildlife research and management in multiple
ways. First, potential biases in data could be eliminated,
reduced, or at least accounted for in data analyses. Second,
once documented, effects on sensitive or uncommon species
could be mitigated to lower the demographic costs of
monitoring or studying individuals via telemetry. Finally, as
wildlife biologists, we have an ethical obligation to minimize
our influence on wildlife and their habitats, and striving to do
so will not only improve our research, but also help foster
public trust of wildlife science and management (Powell and
Proulx 2003, Wilson and McMahon 2006).

MANAGEMENT IMPLICATIONS

Our work documented sub-lethal effects of telemetry on
pygmy rabbits during both experimental trials and field-
based observations that have implications for research on
this and other species. First, elevated levels of grooming
behaviors after attachment of radiocollars suggest that those
individuals might be more vulnerable to predation after
collaring and, consequently, that data on survival and causes
of mortality gathered from collared animals immediately
following collaring should be examined carefully for
potential biases. Based on the rapid decline in grooming
rates by captive animals, this phenomenon might be short-
lived, but should be examined in free-ranging rabbits.
Second, our field data indicated that individuals altered
movements and areas of space use after capture and collaring.
These behavioral responses suggest that data collected from
radiocollared pygmy rabbits during at least the first 2–4
weeks after collaring should be either disregarded or
evaluated for an effect of capture and attachment of
radiotransmitters, especially in studies designed to assess
patterns of space use, habitat selection, or survival. This work
along with other recent studies supports the contention that
wildlife professionals should acknowledge that sub-lethal
effects of capture and instrumentation of wildlife are likely,
and that methods to assess potential effects of telemetry on
wildlife should be incorporated into study designs to quantify
the effects, reduce the potential for biases in the data
collected, and contribute to development of methods to
mitigate animal responses.
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