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Automated tracking using a satellite global position system (GPS) has major potential as a research tool
in studies of primate ecology. However, implementation has been limited, at least partly because of
technological difficulties associated with the dense forest habitat of many primates. In contrast,
primates inhabiting relatively open environments may provide ideal subjects for use of GPS collars,
yet no empirical tests have evaluated this proposition. Here, we used an automated GPS collar to record
the locations, approximate body surface temperature, and activity for an adult female baboon during
90 days in the savannah habitat of Amboseli, Kenya. Given the GPS collar’s impressive reliability, high
spatial accuracy, other associated measurements, and low impact on the study animal, our results
indicate the great potential of applying GPS technology to research on wild primates. Am. J. Primatol.
70:495–499, 2008. �c 2008 Wiley-Liss, Inc.
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INTRODUCTION

Recent technological advances in satellite global
positioning systems (GPS) and geographic informa-
tion systems have revolutionized the field of
wildlife telemetry, enabling researchers to greatly
improve the overall quality and quantity of move-
ment data collection and analysis compared with
results obtained with traditional observational or
tracking techniques [Harris et al., 1990; Millspaugh
& Marzluff, 2001]. In particular, the use of auto-
mated systems enables researchers to record the
locations of many individuals or groups efficiently
and accurately on a pre-determined schedule, there-
by optimizing researcher effort in the field and
minimizing disturbance to study animals. None-
theless, remarkably few studies of primates have
utilized the advances of such a technology. This
shortcoming is attributed to the difficulty in obtain-
ing accurate GPS readings under the dense forest
canopy characteristic of the habitat of many pri-
mates [Phillips et al., 1998; Sprague et al., 2004].
Some authors have suggested that results may be
better for primates in open environments [e.g.,
Phillips et al., 1998], a proposition that has not yet
been tested in the field.

The long-term monitoring of wild baboons
(Papio cynocephalus) as a part of the Amboseli
Baboon Research Project provides an ideal opportu-
nity for evaluating the applicability of automated
GPS technology to the study of wild primates in
relatively open habitats. The study area is in

Amboseli basin, Kenya (21400S 371150E, 1100 m
altitude), a semi-arid, short-grass savannah with
interspersed woodlands of Acacia xanthophloea and
A. tortilis; for thorough ecosystem description, see
Alberts et al. [2005]. Our history of success both in
obtaining GPS readings with hand-held units and in
attaching very high frequency (VHF) collar devices
to females suggested considerable potential for
utilizing GPS-enabled collars on study animals.
Building on our ongoing project, here we present
the results of a pilot project involving the tracking of
a single female baboon in the Amboseli population
to (1) test the reliability of the GPS data collection,
(2) compare temperature data provided by the
automated collar (body surface temperature) with
air temperature collected at our nearby camp weath-
er station, and (3) evaluate the relationship between
travel and activity measures.
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METHODS

We deployed a GPS G2110 store-on-board collar
(Advanced Telemetry Systems, Inc., Isanti, MN) on an
adult female baboon in one of our study groups from
11 March 2006 to 08 June 2006. The collar weighed
approximately 350 g, roughly 3% of the female’s body
mass and substantially less than the 5% of body mass
recommended for maximum collar weight [American
Society of Mammalogists, 1998]. It was programmed
to record hourly positions daily between 0500 and
2100, a time window that began 41 hr before the
baboons’ morning descent from sleeping groves and
ended 42 hr after evening ascent into sleeping groves.
This schedule thus provided complete data on daily
ranging patterns and included some time spent in
trees, while also conserving battery life when the
baboons were sedentary after dark. The collar was
programmed to ‘‘skip’’ a reading attempt if no
position was recorded within 120 sec, unless the unit
determined satellite connections were imminent in
which case the time window was extended.
On a separate duty schedule (0600–1800), the collar
emitted a VHF transmitter signal (powered by the
same battery) that permitted observers to locate
the animal/collar with traditional radio-telemetry
techniques.

Collar deployment required immobilizing the
subject for collar attachment. We darted the female
from within 10 m using a blowpipe to inject a syringe
containing TelazolTM (Fort Dodge, IN); for details,
see Altmann et al. [1993] and Sapolsky and Altmann
[1991]. We made continuous qualitative observations
of the females’ behavior and appearance for over an
hour before, during, and post-collar deployment.
Because the collar was equipped with a release
mechanism pre-programmed to automatically disen-
gage 90 days after deployment, no recapture was
needed to retrieve the collar/data.

The GPS collar was equipped with a sensor that
recorded temperature whenever a locational fix was
taken. As in previous Amboseli Baboon Research
Project collar deployments, we adjusted the length of
the collar such that it fitted loosely against the
animal’s neck to avoid skin infections and ectopar-
asite infestations; sized in this way, the temperature
sensor rested loosely on the fur of the baboon’s
neck; we consider it to provide an estimate of the
animal’s surface temperature. We investigated daily
temperature patterns from these recordings by
calculating the average temperature value across
days for each hour of the day. We qualitatively
compared these patterns to approximate core
temperature for baboons and to meteorological data
automatically recorded at the same times at a
weather station (WeatherHawk, Inc., Logan, UT)
established at our nearby research camp (the
collared animal ranged 2–17 km from camp during
this study).

An additional feature of the GPS unit we tested
was an activity sensor, which recorded a cumulative
count of tilt switch movements (i.e., times that the
baboon’s head moved up/down or left/right; hereafter
called ‘‘toggles’’) since the last successful GPS reading.
We investigated hourly activity patterns by calculating
the average toggles for each hour across days. We also
calculated travel rate (m/hr) during this time window
by determining the straight-line distance between
successive GPS locations (n 5 1,484) and quantita-
tively compared patterns obtained by the two types of
data. Because the 0500 recording represented total
toggles since the last hourly reading at 2100 the
previous evening, we divided that total by 8 to obtain
the average hourly toggles for 0500.

RESULTS

The GPS collar operated for 144 days once
initialized at the field site, including 1 day testing
before deployment, 90 days deployment on the
baboon, and 52 days post-deployment at our research
camp. During the 88 days of full-day field deploy-
ment, the collar recorded a total of 1,485 locations
out of 1,496 programmed opportunities, a 99.3%
success rate. These locations were acquired while the
baboon ranged through or rested within a variety of
habitat types, including tree groves, open savannah,
and shrubland. As with our use of VHF collars, the
GPS-collared female exhibited typical foraging, mat-
ing, ranging, and social behaviors for the duration of
collar attachment. No injuries or illness either
directly or indirectly associated with wearing the
collar was observed during the study.

Average time required by the collar to obtain a
GPS reading was less than a minute (mean
50.9 sec718.59 SD, range 36–144 sec). Average
fix times were longest in early morning (0500) and
evening (1900–2100) hours, when baboons were
arboreal in sleeping groves (0500 and 1900–2100:
mean 64.2 sec724.23 SD; during 0600–1800: mean
46.8 sec714.15 SD). Accuracy of the GPS collar
readings was high (mean position dilution of precision
(PDOP) 5 3.071.05 SD, range 0.0–6.0). Considering
categories of PDOP accuracy [British Colombia Min-
istry of Environment, Lands and Parks, 2001], 84% of
the PDOP values we obtained were highly accurate
(PDOPo4), 16% were acceptably accurate (PDOP
4–8), and 0% were poorly accurate (PDOP48). PDOP
values from 0800 to 1800 were slightly more accurate
than those from the earliest and latest hours.

Mean temperature recorded by the collar was
32.61C72.48 SD, range 25.5–38.91C, reflecting
effects of both baboon core body temperature [381C
in air temperature of 251C; Funkhouser et al., 1967;
Hiley, 1976] and ambient conditions, as expected at
the skin (Fig. 1a). Although variability in tempera-
ture across hours of the day generally followed
the same pattern for the collar as that for air

Am. J. Primatol.

496 / Markham and Altmann



temperature recorded from our base camp weather
station, the two sources of temperature readings
differed quantitatively; temperature at the female’s
neck differed from air temperature most in the
early morning (maximum difference at 0600:
mean 13.691C72.80 SD) and least in late after-
noon (minimum difference at 1500: mean 6.701C7
2.28 SD).

Mean collar-recorded activity was 1,262.8 tog-
gles/hr7878.56 SD, range 0–4,685. Daily patterns
indicated a steady increase in activity during
the morning hours, a slight midday depression, and
then a decrease again in late afternoon until sunset

(Fig. 1b). Travel rates calculated from the collar’s
GPS data (m/hr) followed a similar daily pattern,
with a midday depression bracketed by morning and
evening peaks in travel around 0900 and 1700,
respectively (Fig. 1b). From 0700 to 1900 (typical
hours of daylight activity in Amboseli), hour of the
day and travel rate both contributed significantly to
activity rate in a univariate analysis of variance
(adjusted R2 5 0.252, F 5 30.4, df 5 12; Po0.0005 for
overall model and also for both travel rate and hour
of the day). Unsurprisingly, during hours of darkness
(0500–0600 and 1900–2100) when the baboons are in
trees, usually sleeping, collar-recorded activity was
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Fig. 1. Daily patterns in (a) in temperature recorded by GPS collar outfitted on a wild baboon and recorded at the Amboseli Baboon
Research Project weather station, and (b) activity rate (toggles/hr) and travel rate (m/hr) for a GPS collar outfitted on a wild baboon;
horizontal line at 381C represents average baboon core body temperature in air temperature of 251C [Funkhouser et al., 1967; Hiley,
1976]. Hourly values represent rates over the preceding time interval. Gray shading indicates hours during which baboons are typically
in sleeping groves; points and error bars represent mean7SE.
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much lower than that during daylight hours
(0700–1800): mean 380.0 toggles/hr7388.86 SD,
range 0–2,252 for nighttime hours, and a mean
1,630.2 toggles/hr7755.07 SD, range 94–4,685 for
daylight hours. Nonetheless, despite the virtual
absence of locomotion at night, nocturnal activity
also varied more than ten-fold across days
(34.13–396.88 toggles/hr).

DISCUSSION

Our results demonstrate that an automated
GPS collar successfully captured location data as
well as several other types of information, thereby
providing reliable remote behavioral and physiologi-
cal monitoring of a savannah-dwelling wild primate.
Considering both the proportion of recorded readings
and the time required to acquire a GPS position, the
collar unit was remarkably successful and efficient at
obtaining GPS locations. The rate at which the collar
acquired positions (499%) was substantially higher
than comparable values presented in previous track-
ing studies [Rumble et al., 2001; Sprague et al.,
2004]. Although technological differences in the
specific GPS collars used in each study may
contribute to this discrepancy, habitat variability
between studies is probably a major factor in
acquisition success rate. Difficulties associated with
obtaining GPS readings under dense forest canopies
have been well documented [Sigrist et al., 1999], and
the open savannah habitat and less dense woodland
tree cover characterizing much of our study area
likely contributed to our acquisition success.

Connection to satellites during fix times is
energetically draining, and therefore shorter fix
times conserve battery power and thereby extend
the useful life of the collar for data collection. The
time required to obtain locations was typically low in
our study, even in the more structurally obscured
portions of the habitats when the baboon was likely
in woodland groves. A further consideration when
analyzing fix time is the recording schedule; long
time gaps between consecutive readings (such as we
had between 2100 and 0500) increase fix times as the
collar must reassess local satellite locations. The
additional time needed for this reassessment there-
fore contributed to our greatest fix time being at the
first recording of the day (0500).

PDOP values are widely recognized as an
indication of the accuracy of location readings [for
explanation, see Dominy & Duncan, 2001], and
researchers can ‘‘screen’’ GPS data by eliminating
readings with low accuracy (high PDOP values) to
reduce location error [D’Eon & Delparte, 2005;
D’Eon et al., 2002; Rempel et al., 1995]. We had no
such low-accuracy data. Further, the low temporal
variation in this measure in our study is particularly
encouraging as an indication that accuracy was not
compromised once a position was recorded, even

when the unit required additional time to obtain
locations in the early morning and the evening time
blocks when the baboons are arboreal in sleeping
groves. Given the low variability in this measure in
conjunction with an overall high accuracy, analysis of
other or more subtle differences potentially contri-
buting to variation in accuracy (e.g., habitat obstruc-
tion) is not warranted in this setting.

In addition to the acquisition of spatial data,
collars with automated data collection and storage
offer a novel means of non-invasive temperature and
activity monitoring. For example, temperature data
used in conjunction with an assessment of ambient
meteorological variables as in Hill et al. [2004] will
facilitate a wide range of studies in which animal-
relevant thermal environments can be characterized.
In this study, we provide a novel insight into this
potential by presenting both collar-recorded tem-
peratures and local ambient temperatures recorded
simultaneously by a nearby weather station. The
collar-recorded temperatures exhibited the same
patterns of temporal change throughout the day as
those from the weather station. However, as
expected for a temperature measurement that is
predominantly capturing the surface temperature of
a large homoeothermic animal and thus influenced
by both body and air temperature, the daily
magnitude of the changes was much smaller for the
collar data. Finally, the collar’s activity sensor can
provide valuable insight into animal movement and
activity if the relationship between observed daytime
behavior and remotely measured activity (toggles)
are calibrated [e.g., Adrados et al., 2003]. During
daylight hours, activity measures varied significantly
with hour of day and travel rate, a pattern probably
driven largely by head movements specifically
related to locomotion. It may be feasible to determine
the number of activity counts that are produced by
each unit of locomotion and thereby estimate the
amount of travel vs. other activities during periods of
remote monitoring. However, distinguishing among
non-locomotor daytime behaviors (e.g., foraging,
grooming) may pose calibration challenges because
of frequent changes in activity and heterogeneity in
performance of each (e.g., foraging on berries vs.
grasses). Investigations of variation in overall activ-
ity during periods known not to involve travel will be
of interest even without attribution of measure-
ments to specific activities. For example, in a study of
longer duration than the present one, the activity
sensor should permit testing hypotheses such as (1)
animals will be less active at night following long day
journeys and will have short day journeys after very
restless nights (i.e., addressing a function of rest or
sleep), (2) recent events such as predation will lead to
greater nocturnal restlessness, and (3) immediate
conditions such as a female’s fertile period, or
greater predator vulnerability during a full moon,
will increase nocturnal activity/restlessness.
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In conclusion, our results support the consider-
able potential for use of automated GPS collars for
research on some wild primates. We demonstrate
that GPS technology is not solely important for the
study of nocturnal or elusive species, for which it
may be essential; rather, remote monitoring through
use of this technology has broad and as yet untapped
potential even with species for which direct observa-
tion is both possible and successful.
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