Factors affecting vigilance within wild mixed-species troops of saddleback

(Saguinus fuscicollis) and moustached tamarins (Saguinus mystax)

ANDREW C. SMITHY, SHALEYLA KELEZ?, HANNAH M. BUCHANAN-SMITH®

'Scottish Primate Research Group, Department of Psychology, University of Stirling, Stirling, FK9 4LA,

U.K.

’Departamento de Biologia, Universidad Nacional Agraria La Molina, Lima, Peru

Short title: Factors affecting vigilance in tamarins

"Corresponding Author:
Dr Andrew C. Smith,

Address for Correspondence

Department of Life Sciences, Anglia Polytechnic University, East Road, Cambridge, CB1, 1PT. U.K.

Tel: 44 (0) 1223 363271, Fax: 44 (0) 1223 352973, email: a.smith@apu.ac.uk




Abstract

We examine vigilance within a mixed-species troop of saddleback (Saguinus fuscicollis) and
moustached (Saguinus mystax) tamarins over a complete year. Saddleback tamarins were consistently
more vigilant than moustached tamarins. This may be linked to their preference for lower strata. In
accordance with previous studies of other primates, vigilant tamarins of both species were significantly
further away from their nearest neighbours, and were also at lower heights in the forest than non-vigilant
individuals. There was no observed sex difference in the amount of time spent vigilant. In terms of
modes of scanning the saddleback tamarins looked up significantly more frequently than the
moustached tamarins, whereas there was no difference between the species in the frequency of side
sweeps. There were no differences between the sexes in the frequencies of either type of vigilant
behaviour. The proportion of time spent vigilant was higher than average immediately prior to entering a
sleeping site for saddleback tamarins, but not for moustached tamarins. Both species were more vigilant
immediately after exiting a sleeping site than at other times of the day. There was significant variation in
the amount of time devoted to vigilance over the course of the year. These findings are discussed with

respect to the social structure, ecology, and main predator threats facing these species.
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Introduction

Predation can act both directly through mortality and also shape ecology and behaviour (Isbell 1994;
Lima 1998; Boinski et al. 2000; Treves 2002). Vigilance often serves to detect predators before attack,
thus allowing an appropriate anti-predation response (see Elgar 1989; Lima and Dill 1990 for reviews).
The link between predation and vigilance is clear. Species respond to an increased risk of predation with
increased levels of vigilance (Powell, 1974; Lima and Zollner 1996; Hunter and Skinner 1998; Childress
and Lung 2003) and vigilant animals have been shown to be safer from predation (FitzGibbon 1989;

1990).

A vigilant animal may be less at risk from predators, but vigilance comes at a cost to other behaviours.
Group living has been suggested as an antipredator strategy whereby an animal can potentially reduce
both its individual predation risk and its time spent vigilant through two principal mechanisms, the
dilution (Hamilton, 1971) and detection effects (Pulliam, 1973; Lima 1995). Individuals may also benefit
from increased predator detection through the greater collective vigilance of the group (Powell 1974;
Lazarus 1979; Boland 2003) (but see Fernandez et al. 2003). Collective vigilance also allows an
individual to reduce the amount of time it spends vigilant, and this has been shown for a range of taxa
including birds (Bertram 1980; Pdysa 1994; Boland 2003; Fernandez et al. 2003), ungulates (Berger
1978; Alados 1985; FitzGibbon 1990; Hunter and Skinner 1998), macropod marsupials (Heathcote,
1987; Blumstein et al. 2001), seals (Krieber and Barrette 1984), sciuromorph rodents (Holmes, 1984),
lagomorphs (Monaghan and Metcalfe 1985) and primates (Leighton-Shapiro 1986; de Ruiter 1986) (see
Elgar 1989 for review). Further, individuals can modify their vigilance based on the behaviour and
experience of conspecifics (Griffin and Evans 2003). In addition to the benefits accrued by conspecific
groups, species may also benefit from forming mixed-species groups which offer the potential of
increased predator detection through complimentary vigilance. This has been suggested for birds
(Metcalfe 1984), ungulates (FitzGibbon 1990), and primates (e.g. Pook and Pook 1982; Gautier-Hion et

al. 1983).

Following Hamilton (1971), a number of studies have highlighted the need to reconsider the role of
group size per se in vigilance and the need to consider other factors, such as the effect of neighbours

and inter-individual distance (Poysa 1987; 1994; Elgar 1989; Catterall et al. 1992; Bekoff 1995; Lima



1995; Roberts 1996; Steenbeek et al. 1999). Indeed, vigilance rates have been found to be lower for
individuals with nearer neighbours for an increasingly diverse number of taxa including birds (Pdyséa
1994; Rolando et al. 2001), ungulates (FitzGibbon 1989), macropod marsuials (Blumstein and Daniel
2003), sciuromorph rodents (Holmes, 1984), lagomorphs (Roberts 1988), and primates (e.g. Robinson
1981). Although as Treves (2000) notes, there is no evidence yet that closer individual spacing actually

results in reduced predation, despite theoretical grounds for expecting this to be the case (Hamilton 1971).

Like other group living species such as ungulates and birds, primates may benefit from collective
vigilance and the potential to reduce individual vigilance. Indeed, there is evidence that individuals in
larger groups devote less time to vigilance (Leighton-Shapiro 1986; de Ruiter 1986). Individuals with
nearer neighbours have also been shown to have lower levels of vigilance (Robinson 1981; van Schaik
and van Noordwijk 1989; Cords 1990; Rose and Fedigan 1995; Cowlishaw 1998; 1999; Treves 1998;
1999; 2000; Treves et al. 2001; Steenbeek et al. 1999; Rolando et al. 2001; Hirsch 2002), which may be
related to the dilution effect and a lower risk of predation. Primates, like ungulates (Hunter and Skinner
1998; Childress and Lung 2003) and birds (Powell, 1974; Lima and Zollner 1996), may alter their
vigilance in response to the perceived risk of predation. This can be influenced by many factors,

including the density of vegetation that could conceal a predator (Treves 2002).

Within primates, tamarins (Saguinus spp.) are a good model for studies of vigilance. They face a wide
range of potential predators (Moynihan 1970; Terborgh 1983, Sussman and Kinzey 1984, Peres 1993)
and rely on advanced detection to avoid predation (Peres 1993) since they are not well equipped to
retaliate against most of their predators (but see Shahuano et al. 2002). These small-bodied Neotropical
primates live in groups, with saddleback tamarins (S. fuscicollis) forming consistent mixed-species
troops with either moustached (S. mystax) (Castro and Soini, 1978; Heymann, 1990), red-bellied (S.
labiatus) (Pook and Pook, 1982; Buchanan-Smith, 1990) or emperor tamarins (S. imperator) Terborgh,
1983) or Snethlage’s marmosets (Callithrix emiliae) (Martins et al., 1987; Lopes and Ferrari, 1994) in
areas where they are sympatric. Further, a number of authors have commented on the potential for
increased predator detection within mixed-species groups of tamarins (see Heymann and Buchanan-
Smith 2000 for review). Indeed, it has been shown that saddleback tamarins are more adept at locating
terrestrial predators and moustached tamarins at locating aerial or arboreal predators in the wild (Peres

1993) or objects in captivity (Hardie and Buchanan-Smith 2000).



From what is known about their biology, a number of predictions can be made regarding factors
effecting vigilance in saddleback and moustached tamarins. Since they face a potentially high predation
risk, and their co-operative social structure reduces the need for social monitoring of conspecifics (Caine
and Marra 1988), vigilance in these species is primarily antipredatory in function. As such, it is predicted
to decrease with decreasing inter-individual distance if group size is constant (Hirsch 2002). Individuals
may be expected to be more vigilant when at higher levels in the forest since diurnal raptors are
reported to be their biggest threat, and as such predation risk may be greatest in the upper forest strata
(Peres 1993). Moreover, given the well-documented interspecific vertical stratification within mixed-
species groups of tamarins (e.g. Yoneda 1981; Terborgh 1983; Buchanan-Smith 1990; 1999; Peres
1993; Smith 1997) it may be expected that saddleback tamarins, found lower in the forest, would be less
vigilant than the moustached tamarins and other species with which they associate. Indeed, Peres
(1993) and Hardie and Buchanan-Smith (1997) have found moustached and red-bellied tamarins
respectively were more vigilant than saddleback tamarins. Similarly, Buchanan-Smith and Hardie (1997)
reported red-bellied tamarins looked-up more often than saddleback tamarins. Consequently it may also
be expected that moustached tamarins would look up with a greater frequency than saddleback

tamarins.

Male primates have been reported to devote more time to vigilance than females in a wide range of
primate species (Cheney and Seyfarth 1981; Boinski 1988; van Schaik and van Noordwijk 1989;
Fragaszy 1990; Koenig 1998; Rose 1998), including tamarins (Buchanan-Smith 1999). Although it has
been argued that this may represent investment in social monitoring by males (Cords 1990, Baldellou and
Henzi 1992; Rose and Fedigan 1995), this possibility may be reduced in species, such as tamarins, where
the main function of vigilance is antipredatory (Caine and Marra 1988). Moreover, differences in the visual
systems of male and female tamarins and the majority of other Neotropical primates (Mollon et al. 1984)
may mean that dichromatic males are not as adept as trichromatic females at detecting some predators,
such as felids with an orange / yellow coat against a green leaf back ground (Coss and Ramakrishnan
2000; Caine 2002). Since an individual can alter its vigilance in response to the ease with which
predators can be perceived due to obscuring foliage (Treves 2002), individuals that differ physiologically
in their perceptual capabilities may similarly be expected to differ in their vigilance levels. Consequently,

male tamarins, may be expected to be more vigilant than females.



Tamarins may be at particular risk to predators whilst in or emerging from a sleeping site since, like
other callitrichids, they spend over half their lives in them (Yoneda 1981; Buchanan-Smith 1991;
Heymann 1995; Smith 1997) and often sleep in enclosed cavities (Heymann 1995; Smith 1997). Further,
their level of alertness during the night may be decreased (Moynihan 1970; Hampton 1973; Erkert 1989;
Thompson et al. 1994) due to a reduction in their metabolism (Hetherington 1978; Thompson 1991;
Schnell and Wood 1993; Thompson et al. 1994). The risk from predation whilst in or entering a sleeping
site may be reduced through increased vigilance (Caine 1984), and there is anecdotal evidence of
increased vigilance prior to entering a sleeping site by wild tamarins (Neyman 1978; Dawson 1976;
Heymann 1995; Smith 1997). This is further supported by captive studies of red-bellied tamarins (Caine
1984; 1987). Similar extra vigilant behaviour may also be expected at dawn when leaving a sleeping site
in the morning, since light levels will be low and crepuscular predators may still be active. However, this

has not yet been examined.

This paper examines factors affecting vigilance in wild mixed-species troops of saddleback and
moustached tamarins. Following the rationale above, five hypotheses are made. Vigilance will increase
with distance to nearest neighbour (H1). Vigilance will increase with distance from the ground (H2).
Moustached tamarins will be more vigilant than saddleback tamarins (H3). Males will be more vigilant
than females (H4). Vigilance immediately prior to entry to, and following exiting from, sleeping sites will

be higher than at other times of the day (H5).



Methods

A mixed-species troop of saddleback and moustached tamarins were observed (by ACS) for 112 full
days from January 2000 until December 2000 at the Estacion Biolégica Quebrada Blanco (EBQB)
(4°21'S, 73°09'W). The site is located approximately 1 km northwest from the right bank of the Quebrada
Blanco in north-eastern Peru (for details see Heymann and Hartmann 1991). The annual rainfall at
EBQB is 2740 + 454mm (n=5 years). The climate at EBQB can be divided into wet and dry seasons.
The wet season, characterized by higher rainfall, runs from February until May and the dry season from
June to January. Mean daily maximum and minimum temperatures were 28.5 £+ 2.2°C (n=634 days) and

22.1 +1.4°C (n=384 days).

At the beginning of the study the troop consisted of four saddleback tamarins (one adult female, one
subadult female, and two adult males) and five moustached tamarins (two adult females, two adult
males, and one subadult male). Neither of the female saddleback tamarins was observed to be pregnant
during the study, whereas both of the female moustached tamarins gave birth in February. Female 1
was seen with a single infant that died on the same day it was born. Female 2 gave birth to twin males
the following day that were raised by both their mother and female 1 (see Smith et al. 2002). Female 2
emigrated 15" October 2000. The composition of the saddleback tamarin group did not alter over the
course of the study. Differences in body size, genital size and colour, ear nicks and the pattern of pelage
facilitated the identification of individuals. The tamarins were habituated to the presence of human

observers for at least 2 years prior to the reported observations being made.

The tamarins were observed from February until December 2000. They were observed for
approximately 14 days each month from February until June, and for 8 days each month from July until
December. Each species was the focus of observations for half the time. The tamarins were followed
from when they left their sleep tree in the morning until they entered their next sleep tree in the
afternoon. The two species spent 93.0% of their active period (n=2268 scans) over the year in

association with each other, i.e. were within 50m of one another.

Vigilance was examined using two methods, scan samples of all observed animals and focal animal all

occurrences sampling. For the first method the behaviour of all visible tamarins of the focal species,



whether vigilant or not, was recorded every 30 minutes, at zero and 30 minutes past the hour (by ACS).
A vigilant animal was stationary and actively attending to the surrounding environment, through
observable head and eye movements. The height and the distance from each tamarin's nearest
conspecific neighbour were also noted. These data were used to examine the effects of month, species,
sex, height, and distance of nearest neighbour on vigilance. For the second method a single vigilant
tamarin was observed for one minute and the number of times it looked-up and swept its head from side
to side was noted (by SK). Look-ups were defined as the tamarin raising its head in the vertical plane to
focus its attention on the space above it, whereas sweeps were defined by head movements in the
horizontal plane enabling the tamarin to look left and right. These two components behaviours of
vigilance may serve different functions, look-ups to detect aerial predators and sweeps to detect
terrestrial or arboreal predators. The tamarin's height and distance from its nearest conspecific
neighbour were noted. Between 18-30 focal samples were recorded for each tamarin. The tamarins’
activity period was divided into quarters, and observations were distributed evenly across quarters. On a
given day each animal was sampled no more than once in any quarter. All focal samples were collected
in August. These data were used to examine the component behaviours of vigilance, sweeps and look-
ups. For both methods only the distance to the nearest conspecific, as opposed to heterospecific,

neighbour was recorded for the sake of simplicity.

Data sets were tested for normality and homogeneity of variance, and analysed using parametric
statistics (ANOVA). Data from infants or those that were infants at the beginning of the study were
excluded in analyses, as was that from unidentified individuals. Individual identification was possible for
64.5% of the 4679 scans for the moustached and 83.4% of the 3602 scans for the saddleback tamarins.
An ANOVA with species and month as factors was used to examine the effect of month on the
proportion of the daily scans spent vigilant. Since the result of the ANOVA showed a significant effect of
month, monthly variation in vigilance and variation in the number of monthly observations was controlled
for in subsequent analyses by a repeated measures ANOVA using monthly mean values for individual
tamarins. Differences in the height and nearest neighbour distance of vigilant and non-vigilant
individuals were examined using ANOVAs with species, sex and behaviour (vigilant or not) as factors.
Species and sex differences in the two component behaviours of vigilance were examined with a
MANOVA using the number of sweeps and look-ups in focal samples for individual tamarins with height

and nearest neighbour distance as co-variables.



Results

Based on the half hourly behavioural scans, the proportion of time spent vigilant each month varied
significantly over the course of the year (F1090=2.99, p=0.003) (Figure 1). Saddleback tamarins were
significantly more vigilant than moustached tamarins (10.7 + 7.4% vs 5.8 £ 4.9 % scans; F990=15.17,
p<0.001). This contradicts H3. The monthly pattern did not differ between species (Fggs=1.71, p=0.090),

however both species were most vigilant in August.

INSERT FIGURE 1 ABOUT HERE

The data were then collapsed and analysed using a repeated measures ANOVA. Saddleback tamarins
were more vigilant than moustached tamarins (F; ,=34.96, p=0.004) (Figure 2). There was no effect of
sex (F14=0.04, p=0.852) nor the interaction of sex and species (F; ,=2.61, p=0.181) on the proportion of

time vigilant. That neither sex was more vigilant does not support H4.

INSERT FIGURE 2 ABOUT HERE

Saddleback tamarins were significantly closer to their nearest conspecific neighbour than moustached
tamarins (F.,=170.97, p=0.006) (Figure 3). Vigilant tamarins were significantly further from their nearest
neighbour than their non-vigilant counterparts (F;,=183.61, p=0.005). This supports H1. There was also
a significant interaction effect of species and behaviour on nearest neighbour distance (F;,=41.87,
p=0.023). There was no effect of sex on nearest neighbour distance (F, ,=0.001, p=0.987), nor were the
interactions of behaviour and sex (F;,=0.007, p=941), and sex and species (F; ,=1.04, p=0.415)

significant.

INSERT FIGURE 3 ABOUT HERE



Moustached tamarins were higher in the forest than saddleback tamarins (F; ,=84.83, p=0.012) (Figure
4). Vigilant tamarins were significantly closer to the ground than their non-vigilant counterparts.
(F1,=53.38, p=0.018) (Figure 4). This contradicts H2. Sex (F;,=0.19, p=0.708), and the interactions of
behaviour and sex (F,=0.13, p=0.785), behaviour and species (F;,=0.27, p=0.655), and sex and

species (F;,=0.116, p=0.766), had no significant effect on height in the forest.

INSERT FIGURE 4 ABOUT HERE

Next, a MANOVA using the data from the focal animal samples was conducted to examine differences
in the two principal vigilance behaviours, look-ups and sweeps. Given the effect of height and distance
from nearest neighbour mean values for each individual for these were included as covariables. When
look-ups were considered, H4 was not supported since males did not look up significantly more than
females (F1215=3.37, p=0.068). Saddleback tamarins looked-up significantly more often than
moustached tamarins (Fy 215=31.05, p<0.001). This contradicts H3. There was no significant interaction
of sex and species (F115=1.59, p=0.209) (Figure 5). Height and neighbour distance had no significant

effect (F1218=0.37, p=0.543; F; 215=0.05, p=0.818). This does not support H1 and H2

INSERT FIGURE 5 ABOUT HERE

Neither species (F; 215=0.39, p=0.534), nor sex, (F1215=0.66, p=0.417) nor their interaction (F; 2;5=0.46,
p=0.498) had a significant effect on the frequency of sweep scans (Figure 6). This does not support H3
and H4. Tamarins with further nearest neighbours had a significantly greater frequency of sweep scans
(F1,218=5.58, p=0.019). Height did not effect the frequency of sweep scans (F15=0.86, p=0.355). This

supports H1 but not H2.



INSERT FIGURE 6 ABOUT HERE

The proportion of time spent vigilant in the 10 minutes immediately before entering and after exiting a
sleeping site was compared using t-tests to that at all other times using the data from the scan samples.
Saddleback tamarins were significantly more vigilant both in the first (t; ,=29.85, p=0.001) and last (t=-
4.51, 3df, p=0.02) ten minutes of their activity period than during the rest of the day (Figure 7).
Moustached tamarins were also significantly more vigilant in the first ten minutes (ts s=5.79, 4df,
p=0.004), but were less vigilant in the last (t=0.85, 4df, p=0.446) but not significantly so. This generally
supports H5. This hypothesis was not tested using the focal observations due to sample size

constraints.

INSERT FIGURE 7 ABOUT HERE



Discussion

That vigilant tamarins had a further nearest conspecific neighbour supports H1 (vigilance will increase
with distance to nearest neighbour) and suggests the function of vigilance is anti-predatory (Hirsch
2002) and is consistent with findings for other primates (e.g. Rose and Fedigan 1995;Treves 1998;
1999; Treves et al. 2001) and other taxa (Holmes, 1984; FitzGibbon 1989; Pdysa 1994; Blumstein and
Daniel 2003). This increasing evidence has prompted the suggestion that for primates nearest
neighbour distance may be a more important factor in determining vigilance than group size (Treves
1998; Treves et al. 2001). However, some studies have not found the same effect. Cords (1990) found
that the presence or absence of con- or heterospecifics in a tree did not affect vigilance of blue monkeys
(Cercopithecus mitis). Hirsch (2002) found that vigilance increased with increasing numbers of near
neighbours in brown capuchins (Cebus apella), although, as he argues the reason for this latter finding
was that in the population under study the main function of vigilance was social monitoring of
conspecifics rather than anti-predation. The comparative effects of conspecific and heterospecific
neighbours on vigilance would be of interest given that complimentary vigilance has been proposed as a
function of these mixed-species groups and that captive studies have found that the vigilance is altered
presence or absence of heterospecific congeners (Hardie and Buchanan-Smith 1997) but the data did

not permit this analysis.

That vigilant tamarins were lower in the forest, and that saddleback tamarins were significantly more
vigilant than moustached tamarins, both in terms of time spent in general vigilance and in the number of
look-ups, contradicts H2 (vigilance will increase with distance from the ground) and H3 (moustached
tamarins will be more vigilant than saddleback tamarins). Previously reported findings of greater
vigilance in moustached (Peres 1993) and red-bellied tamarins (Hardie and Buchanan-Smith 1997) have
been explained by these species' use of higher strata (e.g. Yoneda 1981; Buchanan-Smith 1990; Peres
1991; Smith 1997), it being argued that this would put them at greater risk from raptors, which have
been suggested to represent their greatest threat (Peres 1993). Consequently vigilance would be
expected to be greater at higher rather than lower strata. Indeed, Buchanan-Smith (1999) found that

red-bellied tamarins detect objects located at higher levels more frequently than saddleback tamarins.

Although the present findings contradict H2 (vigilance will increase with distance from the ground), they

are in line with studies of other primate species which show vigilance decreases with increasing height



from the ground (de Ruiter 1986; van Schaik and van Noordwijk 1989; Steenbeek et al. 1999; Hirsch
2002). There are two important points to consider. First, is the possibility that the greater level of
vigilance at lower strata was a reaction to the terrestrial human observer, albeit with a non-overt
predator response. Indeed, all but exceedingly habituated groups of moustached tamarins are reticent to
come to the ground to retrieve flushed prey or to feed on soil in the presence of an observer (ACS pers.
obs.). This factor was minimised in the present study, with both species descending to the ground on
occasions within 5m of the observer. Moreover, the saddleback tamarins, the more vigilant of the two
species, were frequently observed on the ground within 2m of the observer. Even if an observer has
minimal effect on the behaviour of the primate it would certainly effect that of any terrestrial predator.
Consequently the threat of cats and other terrestrial carnivores to primates may be underestimated
(Peres 1993). Second, and perhaps more importantly, the raptors that could take tamarins (e.g. harpy
eagle, Harpia harpyja, ornate hawk eagle, Spizaetus ornatus, and crested eagle, Morphnus guianensis)
are typically ambush predators, taking their prey from a stationary perch rather than flying over the
canopy (Hilty and Brown 1986). A perched raptor will gain most attack velocity if it includes a component
of vertical drop. As a consequence the upper strata may not be as dangerous as first supposed. In fact
the lower strata may be more dangerous since the amount of vertical space above a given monkey in
which a swooping raptor can hide and gain attack velocity increases as the monkey's height in the forest
decreases. This is supported by the finding that saddleback tamarins, which occupied lower strata than
the moustached tamarins, looked up more often, suggesting a greater investment in detection of
predators above them. Individuals at lower heights may also be at greater risk due to their closer
proximity to the four, predominantly terrestrial, cat species that may prey on tamarins, namely ocelot
(Felis pardalis), margay (F. wiedii), oncilla (F. tigrina), jaguarundi (F. yagouaroundi) (Emmons and Feer
1990). The hypothesis that the lower levels are more dangerous is supported by the fact that for other
primates vigilance, and hence perceived predation risk, decreases with increasing height from the forest

floor (de Ruiter 1986; van Schaik and van Noordwijk 1989; Steenbeek et al. 1999; Hirsch 2002).

Male tamarins were not significantly more vigilant than females in either species. This does not support
H4 (males will be more vigilant than females), although greater levels of male vigilance have been
reported in captive studies (e.g. Buchanan-Smith 1999). Factors other than sex per se, may play a role.
Within tamarins, and other Neotropical primates this may include their sex-linked polymorphic visual

system where heterozygous females are trichromatic and homozygous females, like all males, are



dichromatic (Mollon et al. 1984), since it will affect an individual's ability to perceive predators. Although
trichromacy may be advantageous for detecting orange / yellow predators against a leaf background
(Coss and Ramakrishnan 2000), dichromacy has been shown to be advantageous in the detection of
camouflaged objects where texture is masked by hue (Morgan et al. 1992). This has led to the
suggestion that dichromats may better at detecting cryptic predators (Caine 2002). Given the potential
advantages to both di- and trichromats in predator detection, and that not all female tamarins are
trichromats, the effects of sex and colour vision status must be examined carefully. The distribution of

the visual phenotypes among the study animals did not permit this analysis.

That the variation over the course of the year in the proportion of time spent vigilant each month differed
between the two species is surprising given that both were exposed to the same environmental
variables. The birth of infants may be expected to raise vigilance levels, but this was not observed for
the moustached tamarins, although the saddleback tamarins’ vigilance did increase following the arrival
of moustached infants. That vigilance for both species was highest in August may be related to a
reduction in fruit resources, a known ecological change at the field site (Tirado Herrera and Heymann,
unpublished data), or perhaps an unknown change in the behaviour of the predators. That two
observers made observations in this month is unlikely to be a factor, since observers working on

different projects were also present in other months.

The increase in vigilance ten minutes prior to entry to a sleeping site for saddleback tamarins is in line
with captive studies of red-bellied tamarins (Caine 1987) and supports H5 (vigilance immediately prior to
entry to, and following exiting from, sleeping sites will be higher than at other times of the day). In
contrast, Peres (1993) found a decrease in vigilance in the hour before entry to sleeping sites for
saddleback tamarins, although he notes that the tamarins were more sensitive to disturbance and
potential threats at this time. The difference in the pre-retirement period analysed (1 hour vs 10 minutes)
may be key to these differences. Peres noted that social behaviours increased before retirement. A
similar increase was noted in the present study, but the increased social grooming is terminated before
the tamarins make a more vigilant progression to their sleeping site during the last ten minutes. The
interspecific difference, with the moustached tamarins showing a decrease in vigilance, may be linked to
their respective modes of progression to sleeping sites. In comparison to saddleback tamarins that

typically follow a steady cling-and-leap progression at relatively low heights with frequent and



occasionally long pauses, moustached tamarins progress quadrupedally, at a faster rate using the upper

strata.

The high level of vigilance in both species after leaving the sleeping sites may reflect the need to visually
check the surroundings for predators before progressing to the day's first fruit tree. Moreover, since the
tamarins exit their sleeping trees within a few minutes of sunrise (Smith 1997) the light level in the forest
is low, reducing visual acuity, and predators may be more difficult to detect. Tamarins have been found
to alarm call to either real or perceived threats more frequently in the first hours of the day (Peres 1991,
Smith 1997). This supports the finding of the present study of a greater perceived risk of predation early

in the day, which may associated with low light levels and or the activity cycles of the predators.
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Figure legends

Figure 1 Monthly variation in the proportion of time spent vigilant by saddleback and moustached

tamarins

Figure 2 The effect of species and sex on the proportion of time spent vigilant (bars indicate SD)

Figure 3 Effect of species, sex, and behaviour on mean distance to nearest neighbour during vigilant

and non-vigilant behaviour (bars indicate SD)

Figure 4 Effect of species, sex, and behaviour on mean height during vigilant and non-vigilant behaviour

(bars indicate SD)

Figure 5 Effect of species and sex on the number of look-ups (bars indicate SD)

Figure 6 Effect of species and sex on the number of sweeps (bars indicate SD)

Figure 7 Proportion of time spent vigilant during the first and last ten minutes of the active period versus

that at other times (bars indicate SD)
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Figure 1 Monthly variation in the proportion of time spent vigilant by saddleback and moustached

tamarins
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Figure 2 The effect of species and sex on the proportion of time spent vigilant (bars indicate SD)
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Figure 3 Effect of species, sex, and behaviour on mean distance to nearest neighbour during vigilant

and non-vigilant behaviour (bars indicate SD)
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Figure 7 Proportion of time spent vigilant during the first and last ten minutes of the active period versus

that at other times (bars indicate SD)



