
Predator visits to acclimatization pens: implications
for the soft-release of gallinaceous birds
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Abstract Predator visitation to acclimatization or soft-re-
lease pens containing captive translocated animals has the
potential to cause sub-lethal effects or physical injury that
could influence post-release survival and establishment.
No previous study has examined potential interactions
between captive and resident animals during pre-release
holding periods. We monitored seven holding pens con-
taining wild-caught northern bobwhite Colinus virginianus
or scaled quail Callipepla squamata in the Rolling Plains
Ecoregion of Texas, USA, using remote camera systems.
Our objectives were to determine if resident predator species
and conspecifics visited holding pens, and to characterize
visits by species, frequency, duration and behaviour. We re-
corded visitation to holding pens by four potential predator
species. Although most visits by mammalian predators were
short in duration, northern raccoons Procyon lotor were
observed spending extended periods of time at holding
pens. We also recorded resident scaled quail and northern
bobwhite quail visiting holding pens containing conspeci-
fics. We recommend that future studies using a soft-release
technique in which captive animals are held at the release
site consider the potential impacts of predator visitation to
holding pens, and methods to mitigate those impacts.
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Introduction

Many species of gallinaceous grassland birds in North
America have experienced long-term population

declines concurrent with geographical range contraction
(Schroeder et al., ; Brennan & Kuvlesky, ; Brennan,
; Sauer et al., ). Themost widely accepted drivers of
large-scale decline of these birds are loss, fragmentation and

degradation of grassland habitats across the continent
(Drum et al., ). These declines are a serious threat to
the persistence of populations of gallinaceous bird species,
often necessitating some form of conservation action
(Brennan & Kuvlesky, ).

In an effort to mitigate these declines, research has
focused on translocating wild-caught animals back to their
historical ranges, either to establish new populations or
augment existing populations (Terhune et al., a,b;
Baxter et al., ; Scott et al., ; Troy et al., ).
Translocation programmes often employ a soft-release tech-
nique in which animals are held captive on site prior to
release (Snyder et al., ) in an attempt to condition
them to the novel environment (Letty et al., ), improve
site fidelity (Kinsey, ), and facilitate recovery from
capture myopathy through the provision of food and shelter
from predators and inclement weather conditions (Thacker
et al., ). It is important tominimize injuries and stress to
captive animals during this holding period to ensure max-
imum survival of translocated animals post release (Teixeira
et al., ).

However, captive birds may act as an attractant to preda-
tors while held in captivity. Research has found that perceived
predation risk can increase stress responses and decrease
reproductive output and quality of offspring in a number of
vertebrate taxa (Sheriff et al., ; Zanette et al., ). This
suggests that although predators may not be able to access
captive animals, their immediate proximity at holding pens
could cause physiological stress or other sub-lethal effects,
and/or physical injury if captive birds attempt to flee while
confined. Althoughmany studies have investigated the fate of
soft-released animals (e.g. Bright & Morris, ; Letty et al.,
), to our knowledge no previous study has monitored
interactions between captive and resident animals during
pre-release holding periods. Assuming that a predator’s pres-
ence at a containment device could act as a stressor to captive
birds inside, an evaluation of visitation rates by resident
predator species may provide insight into the potential risk
to captive animals prior to their release.

Where translocations are used to augment existing popu-
lations there is the possibility of interaction between captive
animals and resident conspecifics. Captive–resident interac-
tions may have implications for the success of translocation
efforts if the interaction facilitates the integration of translo-
cated animals in resident populations. In general, site fidel-
ity of social species is increased by building social
relationships through a confinement period prior to release
(Moseby et al., ), and translocations tend to be more
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successful when conspecifics are still present on the release
site (Griffith et al., ).

We used camera traps to monitor holding pens, or accli-
matization pens, containing wild-caught captive northern
bobwhite Colinus virginianus and scaled quail Callipepla
squamata during an ongoing translocation project in the
Rolling Plains Ecoregion of Texas. Our goals were to quan-
tify the frequency and duration of visits by resident predator
species to acclimatization pens holding captive quail, and
visits to the pens by resident conspecifics, and thus determine
the existence of potential positive or negative interactions
between the resident wildlife community and translocated
gallinaceous birds prior to their release.

Study area

The Rolling Plains Quail Research Ranch (, ha) is a non-
profit ranch dedicated to quail research and conservation,
located in Fisher County in the Rolling Plains Ecoregion
of Texas (Fig. ). It is characterized by prairie grasslands at
– m altitude, with little topographical variation
(Ruzicka et al., ). A variety of potential quail predators
have been recorded on site, including bobcats Lynx rufus, coy-
otes Canis latrans, badgers Taxidea taxus, raccoons Procyon
lotor, striped skunks Mephitis mephitis, rattlesnakes Crotalus
spp., and hawks (Accipiter and Buteo spp.). Populations of
northern bobwhite and scaled quail are also established there.

Methods

Wild northern bobwhite and scaled quail were trapped
using walk-in funnel traps baited with sorghum at four
sites in the Rolling Plains and Edwards Plateau ecoregions,
within a  km radius of the ranch. Quail were placed in
eight holding pens on site in March  (earliest 

March). Holding pens were placed within  m of roads to
facilitate resupplying of food and water to captive birds. All
birds were captured, handled and held in accordance with
Texas A&M University Institutional Animal Care and Use
Committee guidelines (AUP # -A). Holding pens
were modelled on a commercially available quail containment
device, the Surrogator (Wildlife Management Technologies,
Witchita, USA; described in Thacker et al., ). Each
pen was . × . × . m in size, incorporating metal grates
in the sides so captive quail could see their surrounding en-
vironment. We supplied each with a gravity-fed food trough
and water attachment; holding pens contained sufficient
food and water resources for the duration of captivity, to
minimize the necessity for human contact. We placed a
number of translocated quail (�X = . ± SD .) in each
holding pen, separated by species, for – days (final re-
lease  April ). Food and water resources were added
to holding pens when quail were added; food consisted of

grain sorghum and a commercially available chicken feed
protein supplement. We timed the release of captive quail
to coincide with the start of the breeding season in the
Rolling Plains (i.e. early May; Brennan, ).

To monitor predator visitation to holding pens we
placed infrared trail cameras (Moultrie MFH-I-, Ebsco
Industries, Inc., Birmingham, USA; Bushnell Trophy Cam
Model , Bushnell Outdoor Products, Overland Park,
USA) at four holding pens containing scaled quail, and
three holding pens containing northern bobwhites. Each
pen was placed within  m of another pen containing in-
dividuals of the same species, and pairs of pens were placed
. ± SE . km apart, on average, to distribute translo-
cated birds throughout the study site (Fig. ). We placed
cameras c.  m from pens, facing the narrow end of the
pens so that any activity in front, to the sides, or on top of
the pens would be captured during the acclimatization per-
iod. Cameras were motion-activated and set for a -minute
delay between trigger activations. We recorded number and
duration of visits by resident predator and conspecific quail
species to holding pens, and standardized visitation data to
visits per  camera-days (Bengsen et al., ). We consid-
ered visits to be separate if the interval between photographs
was $  minutes (Kelly & Holub, ).

Results

We recorded  visits by predators and  visits by resident
quail species to holding pens during the acclimatization
period (�X = . ± SD . days; Plate ). Predator species
observed at holding pens containing captive quail included
badgers, bobcats, raccoons and Cooper’s hawks Accipiter
cooperii (Table ). Badgers and bobcats were observed at
holding pens – times each, for only  minute per visit,
whereas raccoons visited repeatedly ( times) and for long-
er periods of time (Table ). One visit by a Cooper’s hawk
was also observed, in which the hawk spent  minutes
attempting to enter the holding pen. Predators visited four
of seven monitored holding pens (%), and the majority of
visits (%) were to holding pens containing scaled quail.
The visits by the bobcats, badger and Cooper’s hawk
occurred within the first  weeks of quail captivity (, 
and  days, respectively, following addition of quail). We
did not photograph any raccoons until the fourth week of
quail captivity; however, after detecting holding pens,
raccoons were photographed spending up to . hours per
visit on repeated visits attempting to enter the holding
pen (Plate ). The bobcat and Cooper’s hawk were also
photographed attempting to enter the holding pen, whereas
the badger was photographed in proximity, without obvious
evidence of interaction. Camera traps captured resident wild
quail visiting holding pens numerous times (Plate ).
Resident scaled quail visited holding pens containing scaled
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quail frequently (. visits per  trap-nights), with one
visit lasting as long as . hours. Resident northern bob-
whites also visited conspecific holding pens, although at a
lower rate than scaled quail (. visits per  trap-nights).
A northern bobwhite was recorded visiting a holding pen
containing scaled quail once, but scaled quail were never ob-
served visiting holding pens containing northern bobwhites.
Resident scaled quail visited holding pens containing scaled
quail for longer periods of time (�X = . ± SD .minutes)

than resident northern bobwhites visited pens holding cap-
tive northern bobwhites (�X = . ± SD . minutes).

Discussion

This study was the first to monitor interactions between
captive and resident animals during an acclimatization
period, despite the potential implications for overall

FIG. 1 Locations of acclimatization pens
holding translocated northern bobwhite
Colinus virginianus and scaled quail
Callipepla squamata on the Rolling Plains
Quail Research Ranch in Texas, USA, in
. All but one of the pens were
monitored by camera trap.

PLATE 1 Camera-trap photographs of (a) a northern raccoon Procyon lotor attempting to enter a holding pen containing c. 
translocated northern bobwhite Colinus virginianus, and (b) a resident scaled quail Callipepla squamata in proximity to an
acclimatization pen holding c.  captive translocated scaled quail at the Rolling Plains Quail Research Ranch (Fig. ) in .
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translocation success. Camera trapping revealed that preda-
tors visited holding pens while quail were captive. This was
not unexpected, as the holding pens represented a potential
food source on the landscape. Although the quail and food
contained within the pens were unavailable, they may have
served to draw predators to the area in a manner similar to
supplemental feeding routines (Godbois et al., ; Selva
et al., ). However, overall the number of predator visits
to holding pens was relatively low; the majority of predator
species visited – times for a period of  minute each.

Many studies have highlighted the importance of redu-
cing physiological stress in translocated animals to improve
overall survival (e.g. Letty et al., ; Teixeira et al., ).
Visitations by predators to acclimatization pens have the
potential to act as a stressor to the animals held captive,
necessitating further empirical evaluation to improve trans-
location protocols and maintain animal welfare during
acclimatization periods. When people approached the hold-
ing units containing captive quail, the birds exhibited fear
responses, including attempting to fly while contained,
resulting in superficial injuries. As such, relatively lengthy
attempts ($  minutes duration) by raccoons to enter
holding pens, or repeated visitations ( visits to a single
holding pen by raccoons), may have the most potential for
sub-lethal effects. Zanette et al. () found that exposure of
songbirds to increased perceived predation risk (e.g. audi-
tory cues of local predators) caused a decrease in reproduct-
ive output in a field setting. In addition, increased stress
hormone levels and decreased reproductive output have
been reported for pregnant snowshoe hares Lepus ameri-
canus that were exposed to a perceived predator for –min-
utes every other day for a -day period in a captive setting.

We suggest researchers seeking to reduce potential stress
to captive quail during the holding period may find it bene-
ficial to limit the presence of specific predator species (e.g.
raccoons) near holding pens. In our study, raccoons ap-
peared to pose the greatest threat to the health of captive
quail, as they were the only mammalian species recorded
spending more than  minute per visit at holding pens,

and repeatedly visiting holding pens; they were often photo-
graphed on top of the holding pens actively trying to enter
for extended periods of time. Possible methods to limit
predator visitation to holding pens could include reduced
acclimatization periods, trapping and relocating or lethal
control of predators, or the use of an exclosure, such as elec-
tric fencing (Sargeant et al., ).

In terms of post-release fitness there are two competing
hypotheses regarding predator exclusion. It is possible that
exposure to predators during the acclimatization period
may have some potential benefits to translocated animals.
Predation pressure on the reintroduced population is a lead-
ing cause of failure in many reintroduction programmes
(Short, ). As such, emphasizing the exclusion of preda-
tors may be short-sighted, as it may leave translocated ani-
mals naïve and therefore more susceptible to future
predation (Moseby et al., ). Predator avoidance training,
in which captive animals are exposed to some sort of nega-
tive stimulus in conjunction with a predator cue, has been
investigated in laboratory settings but has not been validated
under field conditions (reviewed in Moseby et al., ). The
quail we translocated were wild-caught and therefore prob-
ably already familiar with the predator community present
at our study site; however, the exposure of captive quail to
resident predators may have acted as an additional training
experience, teaching them to better recognize certain preda-
tor cues and thus facilitating improved avoidance. However,
it is also possible that these interactions could potentially
improve predators’ recognition of prey cues (e.g. search
images; Nams, ) and thus have a negative effect on
the survival of translocated animals post release.

Resident conspecifics, particularly scaled quail, also fre-
quented holding pens containing captive quail. These visits
were unexpected but could potentially aid in the establish-
ment of captive individuals. Integration of translocated ani-
mals into resident populations is the primary goal of
population augmentation efforts and is frequently used as
a metric of translocation success (Baxter et al., ).
Visitations by resident quail to captive quail in holding

TABLE 1 Standardized rates of visitation by predators and resident conspecifics to holding pens containing captive northern bobwhite
Colinus virginianus or scaled quail Callipepla squamata in the Rolling Plains Ecoregion of Texas, USA, during March–April , with
maximum and mean duration of visits.

Visits per 100 trap-nights
(total no. of visits)

Maximum duration of visit
(minutes)

Mean duration of visit
(minutes)

Predators
American badger Taxidea taxus 0.4 (1) 17
Bobcat Lynx rufus 0.8 (2) 1 1.0
Raccoon Procyon lotor 5.6 (14) 90 16.6 ± SD 23.1
Raptor Accipiter and Buteo spp. 0.4 (1) 92
Quail
Northern bobwhite Colinus virginianus 4.0 (10) 22 4.2 ± SD 7.2
Scaled quail Callipepla squamata 79.3 (209) 269 22.1 ± SD 38.0
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pens may provide opportunities for contact that could lead
to assimilation of captive animals into wildlife populations,
although further evaluation of this process is necessary. The
presence of conspecifics on the landscape could also encour-
age translocated birds to stay in the area rather than disper-
sing long distances (Baxter et al., ). The resident quail
that visited holding pens frequently were single birds,
which may indicate they were unpaired birds looking for
mates. Research to evaluate whether released captive birds
breed more successfully when resident conspecifics are pre-
sent at acclimatization pens would benefit understanding of
the overall process of population establishment by animals
translocated for purposes of population augmentation.

This small-scale study highlights areas of research neces-
sary to refine soft releases of translocated animals. We found
that acclimatization pens were visited by predator species,
which could have sub-lethal effects on the animals within.
Quantification of these sub-lethal effects and post-release
vital rates is necessary to determine potential consequences
on captive translocated animals. We suggest that additional
studies be performed to determine stress responses of captive
animals to predator visitation, and to relate survival of ani-
mals following release to prior visits of predators to acclima-
tization pens. This could be accomplished using various body
condition measures in conjunction with intensive post-
release radiotelemetric monitoring. Further studies could be
performed in controlled circumstances in which captive ani-
mals are subjected to standardized levels of predator expos-
ure, and various measures of the impact of this exposure
(e.g. cortisol levels, body condition measures, reproductive
output) are taken (as in Sheriff et al., ). We also recom-
mend that studies be undertaken to elucidate the potential
effects of conspecific visitation to holding pens on integration
of translocated animals into existing populations.
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