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Methods for estimating demographic parameters
and evaluating population dynamics commonly
require the use of marked individuals (Lebreton et
al. 1992). However, wildlife research involving cap-
ture of free-ranging subjects often is limited by abil-
ity to collect a suitable number of study animals,
which in turn reduces predictive ability and accura-
cy of scientific conclusions. As a result,wildlife biol-
ogists are continually improving capture tech-
niques, regardless of the species. In the case of
white-tailed deer (Odocoileus virginianus), a vari-
ety of capture techniques for adults have been
described and employed successfully, including box
traps,drop-nets,etc.(see Schemnitz 1994). Neonatal
fawns have been located by 1) systematic searches
by foot or horseback (Bolte et al. 1970, Ballard et al.
1999), 2) observing behavioral changes in adult
females as cues to the presence of a fawn (Downing
and McGinnes 1969,White et al. 1972, Bartush and
Lewis 1978, Huegel et al. 1985), 3) using deer vocal-

izations to induce females to provide behavioral
cues as to the presence of a fawn (Diem 1954,
Arthur et al. 1978), and 4) implanting radiotransmit-
ters into pregnant females that will allow
researchers to locate birth sites within hours of par-
turition (Bowman and Jacobson 1998,Carstensen et
al. 2003). Each of these techniques has applicability
depending upon deer density, habitat type, research
objectives, and economic and logistical constraints.
Here we describe a new technique for locating
neonatal white-tailed deer with use of thermal imag-
ing technology and discuss its efficiency relative to
other published capture techniques.

Study area
This research was conducted at Brosnan Forest, a

5,830-ha tract located in the lower coastal plain of
South Carolina in Dorchester County (N33’08.951,
W80’25.726). Brosnan Forest was owned by
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Norfolk Southern Railway and was managed as an
outdoor recreation and conference facility for
employees and customers of the company. This
unique area had 329.9 km of navigable roads. The
vegetation of the area was comprised mainly of an
interspersion of mature longleaf pine (Pinus palus-
tris),bottomland hardwood drains, and mixed hard-
woods. Dominant overstory species in hardwood
drains were oak (Quercus spp.), sweetgum
(Liquidambar styraciflua), black gum (Nyssa syl-
vatica), and yellow poplar (Liriodendron tulip-
ifera), and in mixed hardwoods were sweetgum,
oak, and red maple (Acer rubrum). A more com-
plete description of vegetation on the area was
reported by Sanders (2000) and Jordan (2002). In
August 2003 deer density of the area was estimated
at 31/km2,and the sex ratio was estimated to be 1.4
does:buck (J. B. Raglin, Norfolk Southern Railway,
unpublished data).

Methods
Thermal imaging system

The thermal imaging camera used for locating
fawns was a Raytheon PalmIR 250 Digital (24 × 10
× 10 cm; Raytheon Commercial Infrared, Dallas,
Tex.) with a 75-mm lens. This lens collects and
focuses radiation in the 8–12-micron spectral
region and has a field of view (H × V) of 12o × 9o at
1× magnification. The 1.5-kg imaging camera was
powered by a nickel-metal-hydroxide rechargeable
camcorder battery (6VDC) with an approximate
operating time of 3.5 hours. We mounted the cam-
era on a fully adjustable (e.g., height, aspect, and
direction) tripod in the back of a pickup truck. The
thermal imaging camera has a small 1.5-cm monoc-
ular viewfinder and can be used as a handheld
imaging device. However, we routed the digital
video output from the camera using RG-6 digital
satellite cables and a 2-way splitter to both an
AC/DC-powered, 23-cm television/VCR combo in
the back of the truck and a 10-cm television mount-
ed on the dashboard of the truck (Figure 1). The
large television in the back of the truck was pow-
ered through the cigarette lighter in the truck and
enabled multiple observers to monitor the thermal
display in relative comfort, as opposed to only 1
observer being able to stare into the optical viewer
of the camera. The television in the cab of the truck
enabled the driver to monitor the thermal image
while positioning the truck for optimal viewing of
potential target animals.

Locating fawns
We conducted our searches for fawns from 22

April–2 June 2004. Deer reproductive data from
the study area indicated that the median date of
parturition during past years was 7 May, with 75%
of the fawns being born between 10 April and 16
May (J. B. Raglin, unpublished data). Searches were
conducted during periods of darkness by driving
roads on the study area between 2000 and 0800
hours. By monitoring only during darkness, night-
time cooling maximized the heat differential
between targets and the surrounding environment
(Galligan et al. 2003), thereby increasing fawn
detection probabilities. We drove the truck at ~6.5
km/hour (4 miles/hour), as this speed allowed us to
maximize area covered while minimizing the
chance of missing fawns. Upon location, we
approached fawns using red or dimly lit headlamps
and captured them by hand or with the aid of a fish-
ing or landing net with a 4.2-m pole and 1-m-diam-
eter net. We found that approaching fawns by a cir-
cuitous route, as opposed to a direct line,decreased
the likelihood of fawns bolting before we could get
close enough for capture. Once fawns were cap-
tured, we blindfolded them, took basic body meas-
urements, and tagged them as part of a population
analysis for another study. After capture and pro-
cessing, we measured the direct distance from the
fawn location to the vehicle. If an individual cap-
ture attempt was unsuccessful, we measured dis-

From the Field • Ditchkoff et al. 1165

Figure 1.  Diagram illustrating electrical and digital connections
between the Raytheon PalmIR 250 thermal imager, a 23-cm
TV/VCR, and a 10-cm TV.  Electrical connections are RG-6 dig-
ital satellite cables and are illustrated by curved lines.

10-cm
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tance from the fawn’s initial location to the vehicle.

Results
During this pilot study, we captured a total of 26

fawns (11 male and 15 female). We also recaptured
fawns on 6 occasions but did not include these data
in our analysis. Mean mass of captured fawns was
4.60 kg (SE=0.29), and mean hind foot length was
310.8 mm (SE = 4.3). Mean distance traveled by
truck per fawn encountered was 6.06 km, and
mean distance traveled for each fawn captured was
17.06 km. We averaged 1.33 hours and 3.75 hours
per fawn encountered and fawn captured, respec-
tively. When adjusting these estimates for the num-
ber of observers/drivers (n = 1–4) in the truck,
mean time per fawn encountered was 3.33 person-
hours and mean time per fawn captured was 9.38
person-hours. Fawn encounter rate required 40%
fewer person-hours when only 2 workers (x-=2.5; 1
driver and 1 observer) were in the truck than when
3 workers were in the truck (x-=4.1; 1 driver and 2
observers). Similarly, 74% fewer person-hours were
required when 2 workers (x-=5.7) were in the truck
than when 3 workers were in the truck (x-=22.1)
per fawn captured.

Mean detection distance for all fawns was 38.5 m
(SE = 24.4), and probability of detecting a fawn
decreased as distance from the road increased
(Figure 2). The greatest distance from the road at
which a fawn was detected and successfully cap-

tured was 72 m. In a few cases (n=3), we detected
fawns at distances greater than 75 m (n=1 at 90 m,
and n=2 at 140 m), but we captured none of these
deer because the fawns were older and highly
mobile. Mean distance for successful captures tend-
ed to be shorter (x-=33.3; SE=15.5) than unsuccess-
ful captures (x-=41.5;SE=28.7),although we suggest
that probability of capturing a fawn was not influ-
enced by distance from the road (Figure 3).

Discussion
The Raytheon PalmIR 250 detects heat differen-

tial, as opposed to commonly used low-light vision
equipment that amplifies existing light so that the
human eye can detect objects during low-light con-
ditions. Because the thermal imager detects heat, it
can be used during daylight hours where low-light
vision equipment cannot. However, this study was
conducted from 22 April–2 June 2004, when day-
time ambient temperatures may approach the body
temperature of a deer. During daytime hours, sun
patches on the forest floor, stumps, logs, and trees
create false heat signals on the digital image that
can be mistaken for animals. While animals can still
be detected through careful observation, ease of
detection diminishes. This causes mental fatigue
and likely results in potential targets being missed.

The thermal imaging system was as efficient as
or more efficient than other reported methods for
catching neonatal white-tailed deer. Huegel et al.

Figure 2.  Probability density function for sighting distances of
all white-tailed deer fawn locations during summer 2004 in
South Carolina.

Figure 3.  Probability density functions for sighting distances of
successful and unsuccessful white-tailed deer fawn captures
during summer 2004 in South Carolina.



(1985) used doe movement data gathered with
radiotelemetry as a cue that a fawn may be near and
reported capture efficiencies ranging from
14.5–525.0 person-hours per fawn. They suggested
that efficiency improved from over 400 person-
hours to 14.5 due to experience of the researchers.
White et al. (1972) also used doe behavior (e.g.,
visual observations from elevated towers in open,
high-visibility habitat) as a cue to locate newborn
fawns. They reported an average of 5 person-hours
per successful capture. However, most regions
where white-tailed deer are found would likely not
be suitable for this technique because of lack of
extensive open habitats. White et al. (1972) also
indicated that efficiency decreased to approxi-
mately 20 person-hours per capture when vegeta-
tion was extremely thick or newborn fawn density
was low (e.g.,beginning or end of the fawning peri-
od). Pusateri (2003) used ground searches to locate
fawns and reported that number of person-hours
required per captured fawn ranged from 7.5–10
hours. Carstensen et al. (2003) used both doe
behavior cues and vaginal implant transmitters to
locate fawns. They reported that between 145 and
214 person-hours were required per captured fawn
when ground-searching in areas near does that pro-
vided behavioral cues indicating a fawn was nearby.
They further elaborated that between 12% and 21%
of their searches were successful, and 60 person-
hours were required per fawn captured when using
the vaginal implant transmitters. However, these
data do not include the time required to capture
does and implant transmitters.

Vegetation and date influenced our capture effi-
ciency. We observed that fawn detection rates
using the thermal imaging system were low in areas
that had thick herbaceous or shrub cover. The
Raytheon PalmIR 250 thermal imaging system does
not detect heat through objects, so if thick vegeta-
tion is between the target animal and the camera,
heat from the animal likely will not be detected
(Galligan et al. 2003). As a result, during the pilot
study we confined most of our searches to pine and
hardwood habitats that had minimal understory or
herbaceous growth so that bedded fawns were
more easily detected. We originally suspected that
longleaf pine habitats with herbaceous understo-
ries would be prime habitat for locating fawns.
However, only those tracts that had recently (e.g.,
1–2 months previously) been burned with pre-
scribed fire proved to be suitable. Near the end of
the study, fawn capture success decreased due to

the low number of newborn fawns in the area:most
fawns were too old and mobile for capture. It was
possible that use of a trained dog would have
increased capture success for these older fawns.
Downing and McGinnes (1969) found that use of a
trained dog when capturing fawns increased cap-
ture success by approximately 10%. Use of loud
noises or vocalizations to incite a fleeing fawn to
freeze and drop (Downing and McGinnes 1969)
met with little success.

In our pilot study, the thermal imaging system
enabled our capture efficiency of fawns to equal or
exceed all other reported studies. We suspect that
during subsequent field efforts,our capture success
will increase due to experience with the technolo-
gy, familiarity with how the system works in differ-
ent habitats, and improved capture protocol. The
thermal imager that we used for this study had a list
price of $13,257 (U.S.). We are aware of other ther-
mal imaging systems that range in price from
approximately $6,000 to more than $40,000. While
we cannot speculate on the effectiveness of other
thermal systems for locating deer fawns, we do sus-
pect that our success was not limited by the tech-
nology. On many occasions we detected small
rodents (Peromyscous spp.) and lagomorphs
(Sylvilagus floridanus) at distances approaching
50 m. In addition, we detected a spider at 15 m,
fresh deer scat at approximately 15 m, and heat sig-
natures (e.g.,warm ground) where deer had recent-
ly (1–2 minutes earlier) been bedded at up to 40 m.
We are confident that use of this technique could
improve capture efficiency of wildlife in many stud-
ies and that the economic constraints of purchasing
one of these systems for research purposes may
well be mediated through economic savings (e.g.,
hourly wages and travel). In addition, the potential
for use on other wildlife-related projects would fur-
ther mediate cost. Prior studies have reported use
of similar thermal imaging systems for surveying
deer and other wildlife species, using both aerial
and ground-based thermal cameras(Naugle et al.
1996, Focardi et al. 2001, Haroldson et al. 2003).
Other uses for this technology have yet to be
reported, yet we are confident that the limits of its
applicability to wildlife research will not be real-
ized for decades.
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