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ABSTRACT: Intra- and inter-specific social learning was investigated in two species of

New World monkey, the saddle-backed tamarin {Saguinus fuscicoUis) and the red-

bellied tamarin {S. labiatus), which form stable and permanent mixed-species troops in

the wild. We explored whether improved food acquisition, through social learning, is a

potential advantage of mixed-species troop formation by allowing a pair of naive

observers to watch a pair of trained demonstrators complete a novel foraging task. The

aims of the study were (a) to determine if individuals succeeded at the task more

quickly after having observed demonstrators, (b) to investigate whether speed of

acquisition differed after observation of conspecific demonstrators as opposed to

congeneric demonstrators, and (c) to compare performance between species. The

number of trials taken by observers to succeed on the task was compared with that taken

by naive demonstrators to succeed on the task initially. Individuals succeeded on the

task more quickly if they had had the opportunity to watch demonstrators perform the

task, regardless of whether the demonstrator was a conspecific or congeneric. There was

no difference in performance between species. It is concluded that, for both species, the

learning of a new foraging technique is facilitated by the presence of both conspecifics

and congenerics and that the likely mechanism for this facilitation is a combination of

stimulus enhancement and response facilitation. Social learning of this kind is discussed

with respect its adaptive value in wild mixed-species tamarin troops.

Tamarins of the genus Saguinus are small bodied (300-550g:

Hershkovitz, 1977), diurnal, arboreal, South American primates which

feed primarily upon insects, ripe fruits, nectar, and plant exudates

(Snowdon and Soini, 1988; Garber, 1993). Their social lives are

characterised by high levels of co-operation, tolerance and adaptability

(Caine, 1993). When travelling and foraging troop members move in a

cohesive manner (e.g., Yoneda, 1984a; Goldizen, 1987 for S.

fuscicoUis; Garber, 1988a for S. mystax; Buchanan-Smith, 1989 for S.
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labiatus) and when palatable food is found, food calls are given which

are thought to recruit troop mates to the vicinity of the caller (Caine et

al., 1995 for S. labiatus). Tamarins also produce contact calls (Moody

and Menzel, 1976 for S. fuscicollis; Caine and Stevens, 1990 for S.

labiatus) which allow individuals to keep track of their troop mates,

thereby maintaining cohesiveness within the troop, enabling movement

in a co-ordinated manner and permitting co-operative ventures such as

infant care and vigilance (Caine and Stevens, 1990). Furthermore, intra-

troop aggression is rare (Goldizen, 1989; Buchanan-Smith, 1990 for S.

fuscicollis; Coates and Poole, 1983 for S. labiatus) and, in comparison

with squirrel monkeys (Sainiiri), tamarins are reported to be tolerant of

each other's presence at a newly discovered food source (Mayer et al.,

1992 for S. labiatus).

Not only do tamarins co-operate intra-specifically, but also inter-

specifically. S. fuscicollis forms stable and permanent mixed-species

troops with three other species with which it is sympatric. These are S.

mystax (Castro and Soini, 1977; Garber, 1988a,b; Heymann, 1990;

Norconk, 1990; Peres, 1991, 1992a,b, 1993), 5. labiatus {YonQd?i, 1981;

Pook & Pook, 1982; Buchanan-Smith, 1990; Hardie, 1998), and S.

imperator (Terborgh, 1983). The most stable association is that

between S. fuscicollis and S. mystax, that between .S". fuscicollis and S.

labiatus is intermediate, and 5". fuscicollis and S. imperator associate

the least (Heymann, 1997; Buchanan-Smith, in press). Associating

species defend a shared home range in parallel against neighbouring

mixed-species troops (e.g., Terborgh, 1983; Yoneda, 1984a; Garber,

1988b; Buchanan-Smith, 1990; Peres, 1991, 1992a) (each species

directing its aggression towards its conspecific rival: Pook and Pook,

1982; Buchanan-Smith, 1990, 1991; Peres, 1992b) and co-ordinate their

activity and movement to a remarkable degree, moving about the home

range as a single cohesive unit (typically within 20-50m of each other:

Buchanan-Smith, 1990; Heymann, 1990). Both species use vocal

communication to maintain this intratroop cohesion (Castro and Soini,

1977; Pook and Pook, 1982; Norconk, 1990) and are known respond to

each other's alarm calls (Buchanan-Smith, 1990 for S. fuscicollis and S.

labiatus; Heymann, 1987; Peres, 1993 for S. fuscicollis and S. mystax;

Terborgh, 1983; Windfelder, 1997 for S. fuscicollis and S. imperator).

Participating species also exhibit high overlap in the percentage of plant

species eaten (Terborgh, 1983; Garber, 1988a; Ramirez, 1989; Hardie,

1998). When feeding together at monopolisable food resources,

however, the smaller S. fuscicollis is often either supplanted by its

larger, dominant congeners (Terborgh, 1983; Heymann, 1990; Peres,
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1 ) or is forced to wait until its congeners have finished eating before

it can gain access to the resource (Hardie, 1998).

Given such high levels of co-operation and cohesion within and

between tamarin species, together with a tolerant nature towards others

with food (at least intra-specifically), one might expect that social

learning could play an important role in how these monkeys respond to

food related challenges in both single- and mixed-species troops. It is

generally accepted that there is a greater likelihood of social learning in

tolerant species/societies exhibiting high levels of behavioural co-

ordination (Cambefort, 1981; Coussi-Korbel and Fragaszy, 1995). For

example, Weigl and Hanson (1980) suggest that the intra-specific

tolerance shown by red-squirrels {Tamiasciurus hudsonicus) in

deciduous areas may be especially conducive to observational learning

and the efficient exploitation of diverse seasonal food resources.

We wished to investigate whether improved food acquisition,

through social learning, could constitute a potential advantage of

mixed-species troop formation. Although individual tamarins in mixed-

species troops may accrue foraging benefits in a number of ways (for

example, through increased insect capture rates: Klein and Klein, 1973;

Pook and Pook, 1982; Peres, 1992a; or avoidance of previously used

areas: Terborgh, 1983; Buchanan-Smith, 1990; Peres, 1992b), it is the

hypothesis that species in mixed-species troops can increase their

foraging efficiency by sharing or parasitising information regarding the

location and nature of local food resources (Pook and Pook, 1982;

Terborgh, 1983; Hardie, 1995; Peres, 1996) that lends itself most to

tests in captivity. Tests with captive mixed-species troops of tamarins

have proved useful in elucidating the costs and benefits of association.

Hardie (1995) was able to show that S. labiatus is facilitated to

approach objects placed low down in an enclosure after having

observed S. fuscicollis approaching them. He suggests that S. labiatus

may benefit in mixed-species troops from the increased responsiveness

of S. fuscicollis in the lower part of their environment by allowing S.

fuscicollis to expose itself to any potential danger first and/or by

displacing it should the novel object prove beneficial.

The majority of laboratory studies of social learning phenomena
have concentrated upon underlying mechanisms. Relatively few have

focused on social influences on the transmission of learned behaviours

in ways that inform us about the contributions of social learning to

group-living animals (Laland et ai, 1993; Adams-Curtis and Fragaszy,

1995; Coussi-Korbel and Fragaszy, 1995). Moreover, with the

exception of some ornithological studies, such as those by Krebs (1973)
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and Rubenstein et al. (1977), the majority of studies of social learning

have examined learning within species. Here we present data on social

learning of a novel food task both within and between-species.

METHOD

Study Animals

The study animals were taken from nine troops of S. fuscicollis

weddelli and nine troops of S. labiatus labiatus housed in separate,

adjacent, standard captive indoor/outdoor (2 x 1.75 x 1.5 m / 1.95 x

1.55 X 3.5 m) enclosures, off-exhibit from the public, at Belfast

Zoological Gardens, N. Ireland, U.K. The monkeys were allowed free

access between the indoor and outdoor areas, except when experimental

protocol dictated otherwise. Indoor and outdoor areas were well

furnished with a network of dead branches. In addition, the outdoor

areas supported live shrubbery. The monkeys were fed once daily a

mixed-diet of fresh-fruit and vegetables and primate pellets. Their diet

also contained a protein element of either marmoset jelly, chicken, eggs

or occasionally insects. Freshwater was provided daily. The monkeys'

ages were similar across species and ranged from 1 year to 13 years at

the time of testing. The mean age for S. fuscicollis was 4 years 7

months and for S. labiatus was 4 years 5 months. All individuals were

captive-bom.

The Foraging Task

The tamarins were required to learn how to obtain pieces of

banana, a highly preferred food, suspended from the roofs of their

enclosures by lengths of string. This task was considered to be a novel

one for the tamarins, in that they had not previously been presented

with food in this way and had no previous experience with this type of

apparatus, but it is related to the foraging behaviour of the species in

the wild. In their natural habitat, Saguinus take mainly small-sized or

pod-like fruit resources which are situated on the terminal branches of

the periphery of the tree crown (e.g., Inga spp., Brosimum spp.,

Pourouma spp.) or else hang down from moderate-sized branches (e.g.,

Cecropia spp.) (Garber, 1986, 1987, 1988a,b; Hardie, 1998 for S.

fuscicollis; Yoneda, 1981, 1984b; Hardie, 1998 for 5. labiatus). These

terminal branches are not sturdy enough to support an upright stance
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(indeed, their thinness probably prohibits larger primate competitors

from utilising these resources), so to reach the fruit the tamarins adopt a

'grasping' strategy whereby they hang upside down, suspended from

the thin branches of the tree, usually by their legs only, but occasionally

also using one of their arms, leaving the hands and mouth free for

manipulation of the fruit (Hardie, 1998; Prescott, pers. obs.).

The behavioural components required to reach the food item in the

experimental task were very similar to this grasping strategy. In order

to obtain the food item, the monkeys had to climb up one of the

enclosure sides to the roof, locomote by quadrapedal suspension across

it, and upon reaching the string, pull it up with their hands whilst

hanging bipedally (the length of the strings being longer than the length

of an extended monkey hanging by his/her legs). These behavioural

components were not assumed to be novel for the tamarins (bipedal

hanging, lifting and pulling being part of the behavioural repertoire of

all the study animals) but the specific sequence of these necessary to

succeed on the task (in its totality) was.

Experimental Design

The basic experimental design followed that of Thomdike ( 1 898)

in which a demonstrator animal performs a task in front of an observer,

the test then being whether the observer achieves some criterion of

success on the task more quickly than when compared with a naive

animal who has not been allowed to observe a demonstrator.

The experiment was designed so that both species acted as

demonstrators for their conspecifics and for their congeners, so that

comparisons could be made both intra- and inter-specifically between

demonstrators and observers. The experiment was designed in this way

because it may be that one or both species learn from their congeners

more quickly than they do from their own species, indicating an

additional advantage of forming mixed-species troops over and above

that due simply to an increase in troop size.

Such an experimental design also allows comparisons to be made
between species in their rates of asocial learning (independent

acquisition). If one of the demonstrator species, say S.fuscicollis, learns

the task solution asocially more quickly than the other, then S. labiatus

might benefit more from watching S. fuscicollis than they would from

observing their conspecifics. This too would constitute an additional

advantage to forming mixed-species troops for S. labiatus.

For the intra-specific condition, three male-female pairs of S.
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fuscicollis performed as demonstrators for three male-female pairs of S.

fuscicollis; and three male-female pairs of S. labiatus performed as

demonstrators for three male-female pairs of S. labiatus. Intra-specific

demonstrator and observer pairs were always related (usually parents

and offspring) because it is not advisable to house unfamiliar, unrelated

individuals of the same species next to each other. Due to the

territoriality of tamarins, they may fight viciously (Prescott, pers. obs.).

The pairs were normally maintained as family troops and separated

only for testing. To avoid confounding effects of age, the number of

pairs of parents or offspring acting as demonstrators and observers was

counterbalanced.

For the inter-specific condition, three male-female pairs of S.

fuscicollis performed as demonstrators for three male-female pairs of S.

labiatus; and three male-female pairs of S. labiatus performed as

demonstrators for three male-female pairs of S. fuscicollis. Interspecific

demonstrator and observer pairs were normally maintained as mixed-

species troops (and were therefore familiar with each other) and

separated only for testing.

Testing was carried out between July and September, 1996, and

between April and June, 1997. Species were tested in male-female pairs

to minimise the stress of separation and to more closely resemble the

social foraging environment of the wild. However, this meant that, in

both the intra- and inter-specific conditions, the second monkey of each

male-female pair to complete the task had had the opportunity to

observe its pair-mate. Consequently, only the data for the first monkey

of each pair to complete the task are used in the analysis. This means,

also, that the data are not confounded by the possible presence of

individuals who simply exploit the skills of others (in this case, steal

the food from the successful individual) without learning those skills

themselves, and as such block social learning and transmission

(Giraldeau and Lefebvre, 1987; Fragaszy and Visalberghi, 1990;

Beauchamp and Kacelnik, 1991),

Procedure

All tests were conducted before the tamarins' daily feed, to ensure

they were motivated to obtain the food reward. The experimental

procedure was as follows:

1 . Two strings (50 cm in length) were suspended from the centre of

the wire mesh roof of the outdoor portion of the enclosure of the male-
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female pair to be tested, and each loaded with a piece of banana (2 cm
in width), while the monkeys housed in all other cages were shut inside

the indoor portions of their enclosures. The pair acting as demonstrators

were then allowed to exit the indoor portion of their enclosure, after

which the connecting door between the indoor and outdoor portions of

the enclosure was closed. Recording started the moment the door was

opened and continued for 30 minutes, or until both food items had been

eaten, after which the strings were removed.

The pairs were presented with the task in this way, once per day,

until both individuals had succeeded in obtaining the food at least

twice. These animals were then considered to be 'trained

demonstrators'. Data documenting their asocial learning of the task

were termed 'naive demonstrator data' and were later compared to that

of observers.

2. Subsequent, daily trials involved shutting out the second pair

(those in the role of observer), into the outdoor portion of an adjacent

enclosure and allowing them to observe, through the mesh enclosure

sides, the demonstrator-pair complete the task in a further three 30

minute trials. In each case, at least one of the demonstrators completed

the task in each of the three trials.

3. Immediately following the third observed successful trial, the

observers were presented with the task themselves in the outdoor

portion of their own enclosure, with the adjacently housed

demonstrators (and all other troops) shut indoors (to prevent

'interference' effects: see Zajonc, 1985; Zentall and Galef, 1988).

Recording Methods

Data were recorded directly onto a hand-held computer using THE
OBSERVER 3.0 event recording program (Noldus, 1993). The time at

which each individual approached within 15 cm of the string, touched

the string, and obtained the food item were recorded.

Data Analysis

From the data collected, the latencies (in seconds) from exiting the

indoor portion of the home enclosure to approach within 15 cm of the

string, touch the string, and to obtain the food item, were determined

for each individual in each trial. The latency for the first individual of
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each pair to obtain the food item on its first successful trial was added

to the number of preceding unsuccessful 30 minute trials for that

individual. This corrected, 'true', latency was used for analysis.

Statistical comparisons between role (naive demonstrator or observer),

species, or condition (intra-specific or intra-specific) were made using

non-parametric Mann-Whitney U-tests (with significance set at alpha <

0.05) because of sample-size limitations and deviations from normality.

RESULTS

Overall (pooling both species intra- and inter-specifically)

observers, which had had the opportunity to observe completion of the

task by trained demonstrators of either species, successfully obtained

the food item significantly faster than those that had not observed (the

naive demonstrators) (z = - 3.32, /? < 0.01; Figure 1).
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Figure 1. Median latencies (with interquartile ranges) to obtain food item for

naive demonstrators and observers, pooling species intra- and inter-

specifically.

Collapsing across species, but splitting the data according to intra-

and inter-specific conditions, it is found that, for both the intra- and

inter-specific conditions, observers were significantly faster to obtain

the food item than were their respective naive conspecific and

congeneric demonstrators (z = - 2.3 1 , /;> < 0.05, and z = - 2.02, p < 0.05;

Figure 2).
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latency to obtain the food item by observer S. fuscicollis after having

observed S. labiatiis demonstrators and observer S. labiatus after

having observed S. fuscicollis demonstrators (z = - 0.40, p > 0.05;

Figure 3).

There was no significant difference between species in the rate of

asocial learning by naive dempnstrators (z = - 0.12, /? > 0.05).

Collapsing intra- and inter-specific conditions, there was no significant

difference between species in the rate of social learning by observers (z

= - 0.06, p > 0.05; Figure 4). So, in addition to the absence of an effect

for demonstrator species, species did not differ in their rates of learning

either as naive demonstrators or observers.
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Table 1. Median latencies (seconds) to approach within 15 cm of

apparatus. P-values refer to Mann-Whitney U-test. Bold indicates a

significant result.

Variable Variable 2 Z value
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within 15 cm of the apparatus (Table 1) and to touch the apparatus

(Table 2) all followed a similar pattern to the latencies to obtain the

food item, with the exception of an absence of a significant difference

in the latency to touch the apparatus for inter-specific naive

demonstrators and observers (Table 2). To examine whether the

tamarins actually learnt how to complete the task, the following inter-

behaviour latencies were calculated: (a) the latency to approach within

15 cm of the apparatus was subtracted from that taken to touch the

apparatus to give the approach-touch latency; (b) the latency to

approach the apparatus was subtracted from the latency to obtain the

food item to give the approach-obtain latency; and (c) the latency to

touch the apparatus was subtracted from the latency to obtain the food

item to give the touch-obtain latency.

It was found that, overall (pooling both species intra- and inter-

specifically) observers were facilitated to obtain the food item once

within proximity to the apparatus (z = - 2.26, p < 0.05) and once having

touched the apparatus (z = - 2.33, p < 0.05). Latency to touch the

apparatus once within proximity to it was not facilitated by observation

(z = - 1.74, p> 0.05; Figure 5).

JUUU -
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DISCUSSION

The aim of this study was to investigate whether observation of an

experienced conspecific or congener has any influence on the rate at

which an individual tamarin learns how to access food in a novel food

task. The opportunity to observe an experienced individual clearly did

lead to faster successful completion of the task than did asocial

learning. Such a facilitatory effect may have considerable adaptive

value in wild tamarin troops, in that individuals can benefit by learning

about their changing environment more quickly, through observation of

experienced troop members, than by asocial learning alone. Saguinus

inhabit tropical rain-forests. These are generally characterised by high

species diversity but low species density (Milton, 1988) and thus it is

probable that foraging individuals will come across potentially

exploitable but novel food resources. In addition, each new generation

is likely to come into contact with foods not previously encountered. If

learning how to exploit these resources can be facilitated by

observation, then social learning will be an adaptive strategy in

enabling the rapid, effective and safe exploitation of the novel food

resources, possibly at reduced energy cost and predation risk. Rapid

exploitation of fruit resources requiring the grasping strategy may be

important for Saguinus as they are especially vulnerable on the thin,

terminal branches of tree crowns, particularly to their main predators,

raptors (Peres, 1993). Provided species can learn from each other,

association, through an increase in troop size, would increase the

opportunity for information transfer between individuals accordingly.

Social learning of this kind may be particularly important for the

younger members of the troop who, in their naive immaturity, face a

host of new environmental challenges for which the need to rapidly

acquire the behavioural solutions necessary for survival may be

particularly acute (Galef, 1976).

With regards to the adaptivity of mixed-species troops per se,

neither species showed a significant difference in their latency to

complete the task after having observed a conspecific demonstrator as

opposed to a congeneric demonstrator. This is perhaps surprising given

that, in all mixed-species troops studied to date, inter-specific social

interactions are rare in comparison to intra-specific ones (Pook and

Pook, 1982 for S. fuscicollis and S. labiatus; Norconk, 1986; Heymann,

1990 for S. fuscicollis and S. mystax). Those inter-specific interactions

that do occur are most often agonistic and associated with the

exploitation of monopolisable plant food resources. This lack of an

effect for demonstrator species may simply be an indication of the
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considerable cohesion, integration and tolerance of tamarin mixed-

species troops in the wild and in captivity. It is reported that more

affiliative inter-specific interactions occur in captivity (e.g., grooming

and social play: Heymann and Sicchar-Valdez, 1988; Heymann et al.,

1996; Hardie, 1997). Certainly both species of observer in this study

spent brief but frequent periods of time intently observing their

demonstrators behaviour at the apparatus, regardless of their species.

Being able to learn from congeners as well as conspecifics may lead to

an additional advantage to mixed-species troops over single-species

troops, in that individuals can benefit from an increased knowledge

base (i.e., the species-specific experience of their own species and that

of their congeners). This possibility is important for tamarins given

that, in all mixed-species troops studied thus far, there is vertical

stratification between the associating species (with S. fuscicollis

occupying a lower height than their congeners: Yoneda, 1981; Pook and

Pook, 1982; Terborgh, 1983; Norconk, 1986; Buchanan-Smith, 1990)

and thus the potential for differential knowledge regarding separate

forest strata.

In this experiment, in addition to the absence of an effect for

demonstrator species, there were no differences between species in

their rates of learning, either as naive demonstrators or observers. Thus

it cannot be concluded that mixed-species troops confer any additional

advantage above that which would be accrued in monospecific troops

of the same size. In any case, in the wild, large monospecific troops

may be unattainable due to feeding competition and intra-sexual

conflict between reproductive competitors (Buchanan-Smith and

Hardie, 1997). Moreover, since there were no differences between the

species in their rates of learning, and since S. labiatus having observed

S. fuscicollis were no faster to complete the task than were S. fuscicollis

after observing S. labiatus, the advantage accrued to each species from

observing appears symmetrical.

Although we wished to concentrate upon the adaptive function of

the monkeys' learning, in the context of mixed-species association,

rather than the means by which it was achieved, we can speculate upon

the mechanism at work. Identification of a mechanism is important in

order to further our understanding of comparative primate intelligence.

We are faced with the difficult task of sorting out a variety of processes

occurring in social situations which can influence an observer's

behaviour and lead to similar behaviours in the observer and observed.

Our problem is thus one of exclusion of alternative mechanisms, an

especially difficult problem given that there is no uniformly accepted

classification of social learning mechanisms at present (e.g., Galef,
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1988; Whiten and Ham, 1992; Heyes, 1993, 1994).

Since the observers did not have the opportunity to interact with the

stimulus at the same time as the demonstrators, we can discard social

facilitation (an indiscriminate increase in general activity as a result of

observation: Zajonc, 1965) as a potential mechanism. Furthermore, in

separating the demonstrator's apparatus from that of the observer by the

use of duplicate cages we controlled for local enhancement, whereby

the demonstrator's behaviour increases the probability that the observer

will attend to the locale with which the demonstrator interacted

(Thorpe, 1963). Instead, we need be concerned with four types of social

learning, namely stimulus enhancement (Spence, 1937), imitation

(Thomdike, 1898; Morgan 1900), goal emulation (Tomasello, 1990;

Whiten and Ham, 1992), and response facilitation (Byrne, 1994).

For our purposes, stimulus enhancement refers to the

demonstrator's behaviour increasing the probability that the observer

will attend to/interact with stimuli of the same physical type as those

with which the demonstrator interacted. Imitation refers to cases in

which, as a result of observation, the observer acquires a novel

behaviour from the repertoire of the demonstrator. Goal emulation

refers to the observer duplicating the results of the demonstrator's

behaviour (the goal) but not its methods. Response facilitation refers to

the increased probability of the observer performing a particular

behaviour (already in its repertoire) as a result of observing the

demonstrator performing the same behaviour.

Since observers were facilitated to approach the apparatus, and to

touch it once in proximity to it, one mechanism at work here appears to

be stimulus enhancement, whereby the observer completes the task by

simple trial and error learning but learns from the demonstrator to

direct its appetitive actions towards the apparatus. However, since the

categories of social learning are not mutually exclusive it is possible, in

principle, that the demonstrator played several roles simultaneously.

Thus the possibility remains that, through its behaviour at the string, the

demonstrator increased the probability that the observer would interact

with the apparatus (stimulus enhancement), and furthermore, may have

acted as a model regarding the actions necessary to obtain the food item

(imitation). Unfortunately, in recording simply the latency to perform

the various behavioural components necessary to succeed on the task,

we are ill-prepared to confirm the presence of imitation. As described

by Whiten and Ham (1992) for the observer-demonstrator paradigm

used here, "while speed of learning can be easily and objectively

measured, it is insufficient to discriminate between stimulus

enhancement and imitation" (p. 242). In order to distinguish explicitly
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between these two categories of social learning, one must use a 'two-

action method' (Dawson and Foss, 1965), where there are two possible

ways in which to complete the experimental task and one looks to see if

the observers tend to complete the task using the method which their

demonstrators used, in preference to the alternative method. Using this

technique, Bugnyar and Huber (1997) have found common marmosets

{Callithrix jacchus) able to imitate their conspecifics either pushing or

pulling a pendulum door to open a wooden box (or at least 'mimic',

excluding insight or any perception or understanding of how the copied

behaviour is designed to bring about the goal). The task we are

concerned with here could be completed successfully in one way only

and so cannot provide evidence for imitation. Furthermore, because of

an absence of data on differences in action pattern, we are also unable

to draw any conclusions regards goal emulation.

With regard to our remaining mechanism, response facilitation, it is

interesting to note that, although observers were facilitated to approach

and to touch the string, they were also facilitated to complete the task

once having done so. This suggests that they learned something about

the actions necessary to succeed on the task and obtain the food item,

apart from any intrinsic orienteering to the stimulus. So, in addition to

having their attention and subsequent manipulations directed to the

apparatus, the observers were also selectively enhanced to apply

particular matching behaviours already in their repertoire (response

facilitation) to solve the problem rapidly, giving the impression of

imitation. Byrne (1995) writes that such a combination of stimulus

enhancement and response facilitation is a powerful one, quite apart

from the possibility of goal emulation.

We appear, then, to have an ecologically-orientated example of

stimulus enhancement and response facilitation in two species of

Saguinus. In past experiments, captive monkeys have often failed to

show forms of social learning such as these (see Whiten and Ham,

1992: Table IV). The slow rate of learning described in previous

captive studies may reflect irrelevance of the testing environment to the

monkeys natural habitat, pronounced hierarchical differences among
dyads, or may be a result of traditional fixed-trial procedures which

allow only limited periods of interaction between individuals. In the

field, where animals have the freedom to interact continuously, learning

processes may be much more rapid (Galef, 1976).

Other reports of rapid learning exist for captive Saguinus. Hardie

(1995) found that, after a single trial, troops of S. fuscicollis and S.

labiatus respond differentially to objects paired with food and those not

paired with food. Furthermore, this information could be retained for a
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period of at least 7 weeks and could be transferred between the species.

Similar swift learning was again demonstrated in an eight-member

family of S. fuscicollis (Menzel and Juno, 1982, 1984) who, on a single

exposure to objects associated with food, increased their frequency of

approach to those objects on the next trial. Such rapid learning in

tamarins may reflect species-specific propensities for particular kinds

of learning or learning capacity in relation to social structure (Goodall,

1973; Itani and Nishimura, 1973; Cambefort, 1981), social dynamics

(Coussi-Korbel and Fragaszy, 1995), or to the distribution pattern of

major food resources (Milton, 1988). For example, Coussi-Korbel and

Fragaszy (1995) suggest that, squirrel monkeys (Saimiri at al.) would

be less likely than tamarins to acquire information from one-another

about the non-social environment, because, owing to competing

attentional demands arising from a modest hierarchical organisation,

they are less likely to focus their attention upon one-another for more

than brief moments. This brings us back to the proposition that the

transmission of information through ongoing behaviour will be greater

in species exhibiting a high degree of tolerance and co-ordination in

time and space. These are characteristics of both single and mixed-

species tamarin troops.

Tamarins spend a great deal of their time foraging for food {S.

fuscicollis, for example, are reported to spend around 60 % of their

daily activity period foraging for plant food and insects: Soini, 1987;

Terborgh, 1983). The identification and acquisition of food is likely to

constitute one of their greatest environmental challenges. Foraging in a

cohesive troop can, through social learning, convey important

information about the availability, location, stimulus characteristics and

method of acquisition of food to individual members. Mixed-species

troop formation, by increasing troop size, is likely to facilitate the

transfer of socially learned foraging information accordingly.
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