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Short report

Rapid habituation of scan behavior in captive marmosets
following brief predator encounters
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Abstract

Scan behavior in 10 captive predator-naive adult black tufted-ear marmosets (Callithrix penicillata) was investigated prior, during and following
brief predator encounters (taxidermized oncilla cat —Leopardus tigrinus) versus neutral stimulus exposures (stuffed toy). For each stimulus, three
9 min home-cage trials were conducted≥72 h apart. Each trial was divided into three consecutive 3 min intervals: pre-exposure baseline observation,
stimulus exposure, and post-exposure observation period. Post-exposure scan duration increased during the first two predator confrontations, while
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can frequency increased significantly only after the first. Scan behavior remained constant within the last predator encounter, as it als
nd between the three neutral stimulus exposures. Although marmosets scanned more often and significantly longer after encountering

han the neutral stimulus, this response rapidly habituated by the second trial. Therefore, black tufted-ear marmosets in a familiar e
apidly habituate to brief repeated predator encounters, possibly minimizing anti-predation costs once the degree of a potential thre
dequately assessed.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Callitrichids are small-bodied neotropical primates suscep-
ible to a wide range of potential predators, including raptorial
irds, snakes and felids (Emmons, 1987; Heymann, 1987, 1990).
s direct observations of predation in the wild are rare, the influ-
nce of the risk predation upon callitrichids’ behavioral ecology
tems mainly from indirect evidences; i.e. from the diversity and
omplexity of their anti-predation strategies (Searcy and Caine,
003). These range from careful selection of sleeping sites,
etirement prior to sunset, huddled-group sleeping, and arising
fter dawn, to the formation of mixed-group associations, use of
entinels, emission of predator-specific vocalizations and high
igilance behavior (e.g.Caine, 1987; Ferrari and Lopes Ferrari,
990; Hardie and Buchanan-Smith, 1997; Savage et al., 1996).

Events like unsuccessful attacks, various predator-related
timuli, and even sudden loud movements/noises alter ongo-
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ing behaviors of these primates (Barros et al., 2002; Buchana
Smith et al., 1993; Heymann, 1990; Searcy and Caine, 2),
many having long-lasting effects ranging from a few hours
days to several weeks (Caine, 1998; Hankerson and Caine, 20
Heymann, 1990; Searcy and Caine, 2003). Accordingly, black
tufted-ear marmosets demonstrated high constant scan
even after repeated 30 min exposures to a novel environ
(Barros et al., 2004a). However, scan behavior in this spec
habituated during the course of consecutive 30 min encou
with a taxidermized predator stimulus in a familiar surrou
ing (Barros et al., 2004b). Thus, following long-term exposur
and when in familiar environments, marmosets may res
differently to the presence of direct predator cues, an a
not very surprising. Important, however, are the reports th
the marmosets’ natural milieu, confrontations with such s
uli are short lasting (e.g. 5–10 min;Heymann, 1987). There-
fore, to determine the effects of a predator encounter un
more natural experimental design (familiar environment and
confrontations) upon captive adult black tufted-ear marm
(Callithrix penicillata) scan behavior, subjects were home-c
tested prior, during and following brief (3 min) repeated ex
376-6357/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.beproc.2005.09.006
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sures to a taxidermized oncilla cat (Leopardus tigrinus) and the
response pattern compared to that induced by a neutral object
(small stuffed bear-like toy).

2. Material and methods

2.1. Subjects and maintenance

Ten experimentally naive adult black tufted-ear marmosets
(Callithrix penicillata; four males, six females) were used as
subjects. Marmosets were kept, and tests were conducted, at
the Primate Centre of the University of Brasilia. Animals were
housed in separate pairs, with or without juvenile offspring
(which were not tested), in enclosures (2× 1.3× 2 m each)
of a same colony room. This room forms an outdoor/semi-
indoor housing system, so animals are exposed to natu-
ral light, temperature and humidity conditions (for further
details seeBarros et al., 2004a). The test procedures fol-
lowed the regulations of the Animal Ethics Committee of
the University of Brasilia, Brazil and the ‘Principles of Lab-
oratory Animal Care’ (NIH publication No. 85-23, revised
1996).

2.2. Procedure
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a d as
s ove
g wire
m even
s om,
a f th
s ame
p rver
o ure’s
b timu
l 78 h
b hree
c erv
t atio
p red
w the
c nd o
t the
p The
s d pa
o onc
a tially
h latio
c

rver
w orts
b ed
a f the
h d sta
t cific
a

Data are presented as the absolute mean± S.E.M. As the data
were found to be normally distributed and with equal variance,
parametric tests were employed for statistical analysis. Thus,
scan frequency and duration were analyzed separately for pos-
sible differences within and between trials by means of one-way
repeated measures analysis of variance (RM ANOVA). Further
post hoc comparisons were performed using Tukey’s multiple
all-pairwise comparisons. Ap < 0.05 was used for statistical sig-
nificance.

3. Results

Data from all ten subjects were pooled into one group as the
small number of male subjects tested (n = 4) precluded analysis
of possible sex differences. Furthermore, for the neutral stimu-
lus (stuffed bear-like toy) data were also pooled together as no
significant differences were observed between the three trials
(data not shown).

A post-exposure increase in scan duration was observed
solely for the first two predator stimulus confrontations (P1
and P2; Fig. 1A), compared to their respective pre-exposure
and exposure intervals, almost attaining significant values (P1:
F9,2= 3.127,p = 0.068;P2: F9,2= 2.892,p = 0.081). Power ana-
lysis of these comparisons revealed that they were below the
desired value of 0.800 (P1 = 0.369;P2 = 0.332), possibly due to
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small stuffed bear-like toy (neutral stimulus) were use
timuli. Both were positioned on a fixed platform 50 cm ab
round level and 50 cm away from the home-cage’s front
esh. To isolate individuals from a same home-cage and pr

timuli from being viewed by other members of the colony ro
n isolation curtain was placed around the home-cage o
ubjects’ being tested during each trial. All members of a s
air were exposed and evaluated simultaneously. Two obse
ne for each focal animal, stood 1 m behind the enclos
ack wire mesh scoring behaviors. For each pair and s

us, three 9 min trials were held 72 and 96 h (average =
etween ‘predator’ encounters. Each trial was divided into t
onsecutive 3 min intervals: (a) a pre-exposure baseline obs
ion, (b) a stimulus exposure, and (c) post-exposure observ
eriod. Following the baseline interval, the stimulus cove
ith a cloth was placed on the fixed platform, and once
loth was removed, the exposure interval began. At the e
his interval, the stimulus was covered and removed from
latform, thereupon beginning the post-exposure interval.
equence of stimuli presentations (predator versus toy) an
rder were randomly established. Each pair was tested only
day between 13:00 and 15:00 p.m. Marmosets were ini

abituated to the presence of the observers and the iso
urtain.

Scan frequency and duration were scored by the obse
ith a 95% inter-observer reliability. Based on previous rep
yCaine (1984)andKoenig (1998), visual scanning was defin
s a≥5 s continuous sweeping or other visible movement o
ead directed at the environment, while the subject remaine

ionary. Scans made during foraging or directed at conspe
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mall sample size. Within the last predator encounter, o
ther hand, scan duration remained constant (P3: F9,2= 0.687,
= 0.516), similar to the result observed when the neutra
ulus was encountered (N: F9,2= 0.117,p = 0.891). Further
ore, marmosets scanned the environment longer only aft

rst two encounters with the predator, compared to the
ral stimulus, almost attaining significance levels (F9,3= 2.317,

ig. 1. Mean (+S.E.M.) total scan duration in seconds (A) and scan freq
B) during each of the three 9 min predator (P1–P3) and the neutral (N) stimulus
xposure trials, divided into three consecutive 3 min intervals (pre-confront
onfrontation and post-confrontation). For the neutral stimulus condition
hree trials conducted were pooled together as no significant differences
he three trials were observed (see text):* p < 0.05 vs.P1 pre-exposure and exp
ure intervals;** p < 0.05 vs.P1 post-exposure interval.
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p = 0.098). For the remaining intervals, scan duration rates
were similar between the two stimuli tested (pre-exposure:
F9,3= 0.490,p = 0.692; exposure:F9,3= 0.552,p = 0.651).

In addition, the first encounter with the predator stimulus
significantly influenced the marmosets’ scan frequency (P1:
F9,2= 6.761,p = 0.006Fig. 1B). Subsequent analysis revealed
a post-exposure increase in this parameter, compared to its pre-
exposure and exposure intervals. Subsequent encounters with
this stimulus and all exposures to the neutral object did not alter
scan frequency (P2: F9,2= 1.973,p = 0.168; P3: F9,2= 0.719,
p = 0.501;N: F9,2= 0.159,p = 0.854). In addition, marmosets
also scanned the environment significantly more often following
the first than the last predator encounter, as well as more fre-
quently than after the neutral stimulus (F9,3= 6.580,p = 0.002).
For the remaining intervals, scan frequency rates were simi-
lar between the two stimuli tested (pre-exposure:F9,3= 0.302,
p = 0.824; exposure:F9,3= 0.660,p = 0.584).

4. Discussion

The marmosets’ tested in the present experiment increased
their scanning rate immediately after an encounter with a taxi-
dermized predator stimulus (wild oncilla cat). Such a response
was not observed when subjects were exposed to the neutral
stuffed toy stimulus, indicating a specificity of this response to
the type of stimulus presented and not a mere response to novelty.
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type. As anti-predation responses can be costly and disruptive,
fast and accurate assessments of potential threats may mini-
mize such factors, increasing energy allocation towards other
essential nondefensive activities, such as foraging and repro-
duction (Kavaliers and Choleris, 2001). In fact, callitrichids
seem to rapidly resume various interrupted activities once a
potential threat has been adequately evaluated (Caine, 1998).
However, the possibility that such rapid habituation may actu-
ally reflect the short duration of the exposures (i.e. 1 min) and/or
the small interval between trials (i.e. 78 h on average) should
also be carefully considered. As previous studies with black
tufted-ear marmoset employing a longer confrontation design
(30 min) also reported a habituation effect (Barros et al., 2004b),
such factor may not be as relevant to captive marmosets. Albeit
speculative, such aspects of exposure/inter-exposure duration,
as well as specific predator type, warrant further studies and
should be carefully considered when investigating the deter-
minants of vigilance behavior in primates and possibly other
animals.

On the other hand, long-term effects of predator encoun-
ters, specifically upon vigilance behavior, have also been shown
(Caine, 1998; Barros et al., 2004a; Hankerson and Caine, 2004).
These seemingly disparate findings are thought to relate to sig-
nificant differences between testing conditions, such as degree
of familiarity with the surroundings (home-cage versus novel
environment) and, again, the interval between consecutive con-
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his (Barros et al., 2002) and other marmoset species (Caine
998; Koenig, 1998). Furthermore, the scan increase obse
nly after encounters, but not during encounters, may be

o increases in other behavioral patterns during the actua
rontations, and thus does not necessarily imply that marm
ere not overall vigilant under this condition. Behaviors s
s locomotion, vocalizations and mobbing-related respons
ommonly seen in this species when confronted with di
nt ‘predator’ stimuli (Barros et al., 2002). A fast approach
ithdrawal pattern was indeed observed during confronta

albeit not quantified, as the focus was only on the scan be
or), consistent with a mobbing response described for

armoset due to the presence of a wild cat (Passamani, 1995). In
ddition, locomotion has been found to negatively correlate

evels of scanning in previous studies (Barros et al., 2004a). Fur-
hermore,Treves (2000)pointed out that scan behavior defin
olely on the basis of specific scan duration criteria may un
epresent the variability of this complex behavior in prima
n marmosets, more specifically, one point of variability ma
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ersus terrestrial), as suggested byBarros et al. (2004a).
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Thus, in the present study, a rapid habituation effect

bserved upon brief encounters with a cat stimulus when
amiliar environment. Such conditions of habitat familiarity a
apid encounters may be more directly related to the marmo
atural environment than other experimental designs (e.g
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