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Abstract
Wild chimpanzees spend 50±80% of their time foraging, using tools and other forms of
manipulation, while captive chimpanzees cannot. In this study, a deviceÐhoney in a bottle to be
``®shed'' with arti®cial materialsÐthat elicits tool use was presented to six captive chimpanzees
housed in pairs. The task successfully reduced inactivity by about 52%, increased foraging
opportunity from 0 to around 31% and elicited tool use and manipulation. Dominants, who had
more access to the device, showed signi®cantly more behavioural changes than subordinates. There
was no statistical evidence of habituation to the device, though there was evidence of habituation to
the materials. The task effectively extended the subjects' behavioural repertoire in the direction of
that of wild chimpanzees.
# 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction
There is growing interest in environmental enrichment for the enhancement of
husbandry conditions in captivity, re¯ecting world-wide concern about animal
welfare. Enrichment should ideally bring the behavioural repertoire and activity
budget of captive animals closer to that of wild conspeci®cs. Generally, increases in
species-typical behaviour and decreases in atypical behaviour have been considered
*
Corresponding author. Tel.: 81-568-630546; fax: 81-568-629552.
E-mail address: malu@pri.kyoto-u.ac.jp (M.L. Celli).

0168-1591/02/$ ± see front matter # 2002 Elsevier Science B.V. All rights reserved.
doi:10.1016/S0168-1591(02)00257-5

172

M.L. Celli et al. / Applied Animal Behaviour Science 81 (2003) 171±182

indicative of psychological well-being (Line, 1987; Bloomsmith, 1989; Chamove,
1989a,b).
Long-term studies in Africa have shown that chimpanzees (Pan troglodytes) spend
considerable amounts of time engaged in feeding and foraging (Doran, 1997). This activity
includes tool use (Goodall, 1986; Yamakoshi, 1998), de®ned here as the use of a detached
object to achieve an immediate goal. An analysis of the behavioural repertoire of
chimpanzee communities across Africa described several forms of tool use as ``habitual''
or even ``customary'' (Whiten et al., 1999), such as the use of probes to extract ¯uids and
insects.
Foraging and feeding involve high levels of locomotion, cognitive skill and dexterity, but
in captivity are considerably less complex and time-consuming (Bloomstrand et al., 1986;
Chamove, 1989a,b), with tool use being mostly non-existent. The lack of social and
cognitive stimulation, and appropriate food/foraging opportunities, all contribute to the
reduction of feeding time, and characterise restrictive captive environments, associated
with stereotypic behaviours in primates (see Erwin et al., 1979; Fritz and Fritz, 1979;
Paquette and Prescott, 1988), as well as other animals (Spoolder et al., 1995; Cooper and
Jackson, 1996).
Regardless of the reasons for inactivity, stereotypic abnormal behaviours and the
reduction in feeding time, the current size of the captive population merits further the
improvement of husbandry conditions (Brent et al., 1991).
Several devices have been designed to provide animals with interesting activities that
reduce boredom, elicit exploration and promote a broader range of species-typical
activities. Feeding devices, in addition to inanimate objects, have been shown to be
effective enrichment alternatives, especially for socially restricted individuals (Schapiro
et al., 1991). These efforts allowed animals to exhibit more natural behaviours and
promoted desirable behavioural changes (Paquette and Prescott, 1988; Bayne et al., 1991).
In recent years, studies involving tool use have increased, in particular simulations of
behaviour observed in wild chimpanzees (Nash, 1982; Sumita et al., 1985; Maki et al.,
1989; Paquette, 1992). Even when their focus is on clarifying cognitive skills, these can
provide environmental enrichment. The simulation of a tool use activity observed in the
wild provides opportunities for the acquisition of species-typical behaviour. Moreover, it
stimulates the subjects' cognitive abilities while engaged in tasks, exercising their
problem-solving ability.
However, environmental enrichment attempts require detailed assessment of both the
activity budget of subjects prior to the application of the technique and of the consequent
behavioural responses to assess the feasibility of long-term implementation (Chamove,
1989a,b). This study, measuring response over a series of experimental phases, monitors
behavioural change invoked by the introduction of tool use, when alternative forms of
environmental enrichment (physical or social) were not available. Besides eliciting
behaviours similar to termite ®shing observed in the wild (Goodall, 1986; Boesch and
Boesch, 1990), the tool use task involves cognitive stimulation. The aims of the present
study were to assess the impact of the introduction of a tool use task, evaluating it as an
environmental enrichment effort and comparing it with similar studies. The effects of the
task on the psychological well-being of the subjects and its feasibility as a long-term
enrichment were tested and discussed.
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2. Methods
2.1. Subjects and housing conditions
The subjects were six adult female chimpanzees (Pan troglodytes), three born in Africa
(Sachi, Kanae and Kumiko) and the others with birth place unknown (Betie, Oumu and
Nikko), kept at Kumamoto Primates Park, Sanwa Kagaku Kenkyusho, Co. Ltd. They were
not kin and were housed in pairs as follows: Betie (30 years) and Oumu (28 years); Sachi
(24 years) and Kanae (22 years); Nikko (27 years) and Kumiko (24 years). They may have
had prior experience with tools, albeit under different conditions, as they were formerly
housed in social groups, in bigger compounds where arti®cial concrete termite mounds and
branches were available.
The facility consisted of a series of linked cages of 4.5 m in length, 2.0 m in width and
2.2 m in height, where pair subjects and others chimpanzees were kept during the day (and
the experiments conducted). During the night, pairs were con®ned in 3.5 m long by 2.0 m
wide cages. As the cages were lined up side by side, individuals could interact with the
chimpanzees in neighbouring cages (through the bars) in addition to the individual with
whom it was paired. The cages, with concrete ¯oors and steel bar walls, were provided with
tyres, tree trunks cut horizontally, and plastic water containers. Chimpanzees were never
deprived of food during the study, being fed twice daily with fruits, vegetables and chow,
inside the night cage. Water was provided ad libitum. To avoid the possibility of
observational learning, subject pairs were housed in cages adjacent to non-subject pairs,
alternately.
2.2. Materials and task
The task was a simulation of ant-®shing behaviour, using honey as a reward. Thirty
grams of honey were poured into 45 ml transparent polyethylene bottles, 60 mm
deep. These bottles were set up in small acrylic boxes, attached externally, and out
of the chimpanzees' reach, to acrylic panels. The panels were, in turn, attached to bars on
the front of the subjects' cage. In the centre of each panel was a 5.0 mm diameter hole,
providing access to a 3.0 cm2 opening at the top of the bottles. The distances from the
panel hole to the top and bottom of the honey were approximately 10 and 40 mm,
respectively.
Two sets of 20 different material types were presented in each cage during the
experiment (Fig. 1). The materials were simple objects, such as plastic brushes, wires,
metal chains, strings, bolts, vinyl pouches, plastic spoons, metal pins, rubber tubes, wooden
chopsticks, etc. ranging from 6.5 to 21 cm in length, and 1 to 20 mm in diameter. Materials
had to be inserted into the hole of the panel in order to obtain honey (part of the behavioural
sequence described as performance). Not all materials were appropriate for the task, as
they were thicker than the diameter of the hole, or not ¯exible/stiff enough to bend
towards the honey inside the bottle. Availability of inappropriate materials was important,
not only because of the assessment of learning processes involved in selecting ef®cient
tools (see Celli et al., 2001), but also because selection per se was considered a desirable
cognitive stimulation, and the time spent searching for appropriate materials represented
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Fig. 1. Set of 20 artificial materials presented to the subjects, to be used as tools for the honey-fishing task.

manipulation rather than inactivity. Subjects had no prior experience of manipulating these
materials.
2.3. Procedure
Baseline data was initially gathered over 2 days, during which time, observations of all
behavioural patterns were recorded. For this condition, called A, materials were neither
available nor panels attached.
During subsequent conditions, one panel was attached to the bars of each cage and two
sets of materials presented, scattered below the panels, before the beginning of the session.
During the habituation condition, called B and conducted for 3 days, no honey was
provided. Again, all behaviours were recorded, focusing on the subjects' investigation of
the panel and manipulation of the two sets of materials.
In test condition C, conducted for 10 days, materials were scattered below the panel, and
a bottle containing honey was placed inside the acrylic box in each panel. All manipulation
of the materials, performance of the task, subjects' activity and interactions between the
paired subjects were recorded during experimental hours.
In the last test condition, termed D, only three of the six subjects, one from each
experimental pair, were present. Since the panel tended to be monopolised by one
chimpanzee, the individuals who spent more time performing in earlier sessions were

M.L. Celli et al. / Applied Animal Behaviour Science 81 (2003) 171±182

175

prevented from participating in condition D sessions (the hierarchy within each pair was
previously identi®ed by author KN, a caretaker, after long-term observation). These
subjects remained isolated in night cages during the 1-h experiments. Though separating
pairs and isolating animals might cause stress and not be ideal from a welfare standpoint,
the procedure was necessary to give less skilled individuals access to the tool use site, as
learning processes were also assessed in this study (see Celli et al., 2001). During this
condition, each subordinate subject was tested for 10 days.
All observations were conducted between 09:00 and 12:00 h, outside of normal feeding
times. A single 1-h session was run on each pair on each observation day, in a randomised
order. During all sessions of baseline, habituation and test condition C, the behaviour of
both chimpanzees in each cage, was recorded with two video cameras, one ®xed in front of
the honey-bottle and the other in front of another part of the cage. Test condition D was
recorded with only one video camera per cage, ®xed in front of the honey-bottle. For this
condition, the sessions were conducted simultaneously in all cages, in order to minimise
the time that dominant individuals were con®ned in the night cages.
2.4. Data analysis
We classi®ed the subjects' behaviours into several categories (see Table 1). To determine
the activity budget of the subjects, the videotapes were analysed using 1-h focal animal
sampling (Altmann, 1974) at 1-s intervals.
The total duration in seconds of each behavioural category, in each session, was
calculated in all conditions as a percentage of total time, including the category ``performance'', representing the honey-®shing behaviour. Performance was measured for each
subject of each pair for the sessions in test conditions C and D, and further divided into
subordinate and dominant performance, as described above. For the categories tool use
(other than honey-®shing) and aggression, the frequency of occurrence was also calculated.
Table 1
Categories of behaviours observed in the captive subjects
Categories

Description

Inactivity
Manipulation
Chewinga
Transformationa
Performancea
Self
Locomotion
Abnormal
Tool useb
Social
Observation
Aggression
Other

Sleeping, lying, standing or sitting with no directed actions
Investigation (sniffing, handling) of objects in the cage and materials provided
Materials being chewed with no apparent intention of transformation/tool use
Biting or breaking materials with the purpose of modifying it to use as tools
Use of materials provided as tools to fish for honey
Careful inspection of one's fur and body parts with hands or lips (grooming)
Non-repetitive walking on the ground or climbing (more than one meter)
Coprophagy; repetitive regurgitation; hair pulling; stereotyped locomotion
Use of materials given or previously available in the cage with a specific goal
Play, greetings, embracing, social grooming, sexual contact, reconciliation
Looking intently at a peer at less then 0.5 m
Display, threat or physical contact (fight) towards other chimpanzee
Other activities different from those described above (i.e. drinking water)

a
b

Categories observed only after presentation of materials and task.
Excludes the use of tools to perform the honey-fishing task.
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Although the number of subjects was relatively small, we used parametric statistical
tests. To equalise variance in the data between conditions, all percentage data were
transformed by arcsine root transformations. Transformed data were then used for
parametric tests. However, we use untransformed data for graphic presentations.

3. Results
3.1. Changes in behavioural patterns across baseline (A), habituation (B) and
test (C)
Fig. 2 presents changes in the rates of each behavioural category as a function of subjects'
social rank (dominant/subordinate) and experimental condition A, B, and C. As the ®gures
show, the patterns of behaviour clearly changed with experimental condition. We conducted
separate two-way (Social rank X Condition) analyses of variances (ANOVAs) for each
behavioural category averaged across sessions for each condition. In categories Chewing and
Observation, there were two levels of Condition factor (B and C), while there were three
levels (conditions A, B, and C) in all other categories except Transformation and Performance (task-related categories). Since these task-related categories were seen only in test
condition C, we conducted two-tailed t-tests to determine the effect of social rank.
As shown in Fig. 2, the main effect of Condition was signi®cant for the behaviour
categories Inactivity (F2;8  55:59, P < 0:001), Social (F2;8  6:50, P < 0:05), Manipulation (F2;8  15:62, P < 0:01), and Chewing (F1;4  14:00, P < 0:05). Fisher's LSD
tests further revealed that the amount of time spent inactive was higher in baseline
(condition A) than habituation (B) and test (C) (PS < 0:001), and time spent in Social was
signi®cantly higher in baseline than test condition C (P < 0:01) and marginally higher than
habituation (P  0:056). The subjects showed more manipulation of materials during
habituation than test condition (P  0:051). There was no effect of social rank on non taskrelated categories except that subordinates showed marginally more chewing behaviour
than dominants (F1;4  5:63, P  0:077).
For the two task-related categories, no difference was found between subordinates and
dominants in Transformation of objects (t4  0:248), but there was a signi®cant difference
in Performance (t4  3:524, P < 0:05). Dominants spent more time engaged in tool use
than subordinates in test condition C.
3.2. Behavioural changes within habituation sessions (condition B)
Some behavioural categories showed positive or negative trends during the three
sessions of habituation. Thus, we conducted separate two-way (Social rank (2) X Sessions
(3)) ANOVAs for each category. Overall, there was no main effect of Social rank, but we
found a signi®cant effect of Session on Manipulation (F2;8  13:00, P < 0:01). Object
manipulation decreased across experimental days, from 36.57% in the ®rst session to
29.2% in the second session and 8% in the third session.
Although there were no signi®cant trends in other categories, additional analyses
revealed that Manipulation and Inactivity were negatively correlated. The Pearson's
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Fig. 2. Percentage of major behavioural category for dominants and subordinates in conditions A (baseline), B
(habituation) and C (test). Error bars represent the standard deviation across subjects. Note that the categories
``transformation'', ``chewing'' and ``performance'', could only occur after presentation of materials and task.

correlation coef®cient between these two categories was 0.58, showing signi®cant
difference from noncorrelation (t16  2:849, two-tailed, P < 0:05).
3.3. Activity budget in condition D (subordinates' test)
During test condition D, the occurrence and duration of the behaviours of subordinates
was analysed focusing on honey-®shing performance and categories Transformation and
Manipulation, related to the task. Other categories (Table 1) were labelled as ``Other''.
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Fig. 3. Comparisons of different behavioural categories for dominants and subordinates in test condition C; and
among subordinate subjects in test condition C and D (error bars represent the standard deviation across
subjects).

Although the occurrence of behaviours such as performance and manipulation was
variable, no speci®c trends, either increasing or decreasing, within sessions, were found.
However, substantial changes in the behavioural patterns of subordinate subjects between
the test conditions C and D were found (Fig. 3), and separate one-way (three condition)
ANOVAs for each behavioural category were conducted. To compare the behavioural
patterns of subordinates, we included the data of dominants in test condition C in these
analyses, so that each factor had three levels: dominants in C, subordinates in C, and
subordinates in D.
The duration of Manipulation and Transformation was not signi®cantly different
between conditions. In contrast, there were signi®cant differences in Performance
(F2;6  9:84, P < 0:05) and Other (F2;6  10:72, P < 0:05). Post hoc LSD tests revealed
that the proportion of subordinates' task performance increased signi®cantly from test
conditions C to D (P < 0:01) and was comparable to that of dominants in C. Not
surprisingly, the proportion of Other behaviour by subordinates decreased from C to D
(P < 0:01), reaching that of dominants in C.
3.4. Other behaviour
Aggressive behaviour occupied a small portion of the subjects' activity budget (0.9, 0.8,
and 1.5% on average for baseline (condition A), habituation (B), and test condition C,
respectively), but as behaviours were of brief duration, frequency was recorded. From a
total of 261 episodes observed, 221 (84.7%) were in the context of possession of the
materials (B and C), and only occurred between subjects and non-subjects from neighbouring cages, never among the paired subjects. The non-subjects involved were juveniles
with no access to materials, who attempted to reach them and spat water, triggering ®ghts
through the bars.
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Af®liative behaviours such as social grooming and play were observed at low frequency
amongst subjects and between subjects and non-subjects (0.9% during habituation and
1.7% in test condition C, while none was observed during baseline).
Tool use behaviours other than the task were recorded. The introduced materials were
used to clean body parts four times (total of 2.2 min). The larger objects previously in the
cage were preferred to enhance display, observed 13 times (total of 150 min) and used 20
times (2.8 min), by a subject suffering knee/joint contracture, to aid locomotion.
Abnormal behaviours remained constant through the experiment, but although rates
were low (2.5, 2.1, and 2.5% in baseline, habituation, and condition C), they were as high as
15.3% for one subject in one baseline session. Two of the four individuals showing
abnormal behaviours, mainly responsible for the data, were subordinates. Limitations to
the experimental design prevented careful analyses of activity budget in test condition D,
when subordinates had free access to the task, nevertheless stereotypies were also observed
then.

4. Discussion
4.1. Behavioural repertoire
Several behaviours emerged with the introduction of the task. Materials were used to ®sh
for honey, similar to ant/termite ®shing (Goodall, 1986), and to clean body parts, similar to
the observed use of leaf-napkins to wipe dirt from the body (Van Lawick-Goodall, 1968) or
sticks to clear the nasal passage (Nishida and Nakamura, 1993) in the wild.
The materials enhanced manipulation patterns throughout the conditions, involving not
only the selection of materials and performance of the task per se, but also transformations
of materials for their use as tools. All subjects displayed spontaneous interest in
manipulating the materials and performing the task.
Maki et al. (1989) also found an increase in aggression after the introduction of a food
device that simulated termite ®shing. Nevertheless, in this experiment, these episodes were
mild and instigated by the juvenile non-subjects, interested in, but with no access to the
materials. This led to episodes of sharing (Celli and Tomonaga, submitted) and further
social interaction and could be considered a positive stimulation for the individuals
(Moodie and Chamove, 1990).
4.2. Activity budget
Although the amount of honey consumed during experimental sessions represents
an insigni®cant portion of the subjects' diets, the task increased the opportunity for
the animals to forage in the day cage, previously absent, to an average of 31.4%.
Moreover, time allocated to tool use and manipulation increased from the average 0.7%
during baseline (condition A) to 8.6% during test conditions. These changes in
manipulation, tool use and foraging levels, despite being limited to experimental hours
were considered bene®cial to developing a species-normative activity budget (see
Doran, 1997).
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As observed by Paquette and Prescott (1988), presentation of novel objects and task
increased the duration of manipulation and simultaneously decreased inactivity levels.
Maki et al. (1989) describes a reduction of 74% in mean inactivity time on the phase
including the device. Other studies have also described increases in activity (Chamove and
Anderson, 1979; Bloomsmith et al., 1988; Boccia, 1989; Brent et al., 1991). In our study,
the bene®cial results were not equally observed in both groups of subjects. Subordinates
showed reduced performance and higher rates of inactivity in test condition C, but not in D,
nevertheless the average inactivity time for both groups reduced approximately 52%.
As in other studies, abnormal behaviour was resistant to change (Brent and Eichberg,
1991; Lambert and Bloomsmith, 1994; Lutz and Farrow, 1996). While frustrated competition to access a device led to increased abnormalities (Bloomstrand et al., 1986), some
attempts successfully reduced them (Chamove et al., 1982; Bloomsmith et al., 1988; Maki
et al., 1989; Bayne et al., 1991). The absence of signi®cant changes here might be due to the
relatively short period that the enrichment was tested in comparison with the studies
mentioned above, where devices/procedures where employed from 2 to 6 months or longer.
Also, because most of the subjects who performed the abnormal behaviours were subordinates who had restricted access to the task, they consequently could bene®t less from it.
4.3. Maintenance of the activities
Reduced manipulation rate and consequent increases in inactivity across sessions in
condition B demonstrated clear habituation to the materials provided within only three
experimental sessions, because the materials were not physically complex enough to sustain
high rates of manipulation after the novelty effect wore off. Severe loss of motivation and
decreased activity towards toys has been described previously by Line (1987), Paquette and
Prescott (1988), Bloomsmith et al. (1990), and Pruetz and Bloomsmith (1992). Line et al.
(1991) reported that sticks and toys did not alter rates of activity or abnormal behaviour in
aged rhesus monkeys after the second day of presentation, indicating that materials
successfully elicit behavioural changes, but are effective only for short periods of time.
The reduction of manipulation rates between conditions B to C, besides habituation, can be
accounted for by presentation of the task and the learning process itself, as manipulation was
more for selection of tools and less in a free-context, than as investigation or solitary play.
Time spent in manipulation and performance was not uniform across sessions of test
conditions C and D, but the ¯uctuation observed could be explained by motivational issues,
such as satiation. Reduced use of a feeding board over time was not observed in previous
studies, suggesting that tasks with food rewards are more likely to elicit continuous
exploitation than other categories of physical enrichment (Bloomstrand et al., 1986;
Bloomsmith et al., 1988; Maki et al., 1989; Bayne et al., 1991; Brent et al., 1991; Lutz
and Farrow, 1996).
As part of the husbandry procedure, we recommend that the device be made available for
longer periods, with larger amounts of reward, to give the animals the opportunity to
exploit it at their own convenience. The provision of a second device per cage should also
be bene®cial, so both can be used simultaneously, reducing undesired monopolisation,
which limits the enrichment effect for some animals. Moreover, since proved effective, the
device should be made available in all cages and not just to selected pairs.
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4.4. Conclusions and animal welfare implications
From an environmental enrichment perspective, the honey-®shing task had several
advantages. The introduction of the materials and task increased cage complexity,
opportunity for social contact, activity and served as cognitive stimulation (Schapiro
et al., 1991). Changes in these features are considered reasonable candidates for the
promotion of psychological well-being in nonhuman primates (Bowden, 1988).
The task represented an opportunity to acquire and perform a species-typical behaviour,
approximating the repertoire of wild chimpanzees. Although no reduction in abnormal
behaviour was noted, the subjects spent more time foraging and manipulating tools and less
time inactive in the day cage. These factors alone demonstrate the bene®ts of the task.
Since subjects engaged in the task consistently over time, it may be practical for long-term
implementation. Once available for an extended period, individuals can access the task
voluntarily, thus, enhancing their activity budget. Another positive aspect is its practicality,
easy maintenance and adaptability in size and shape, making it an ef®cient source of
potentially long-term enrichment at a relatively low cost. The implementation of environmental enrichment techniques has limitations such as budget constraints, hygiene and health
concerns, and effectiveness; nevertheless the current captive population requires attention.
We conclude that this simulation of tool use in the wild positively stimulated the
subjects, enhancing their psychological well-being and is a feasible form of enrichment for
chimpanzees caged in impoverished captive conditions.

Acknowledgements
This research was ®nanced by grant from the Ministry of Education, Science, Sports, and
Culture, Japan. We would like to thank I. Hayasaka and the staff of Kumamoto Primates
Park, Sanwa Kagaku Kenkyusho Co. Ltd., for the care and support in conducting the
experiment. We also gratefully acknowledge Y. Ueno and D. Castles for helpful comments.
References
Altmann, J., 1974. Observational study of behavior: sampling methods. Behaviour 49, 213±266.
Bayne, K., Mainzer, H., Dexter, S., Campbell, G., Yamada, F., Suomi, S., 1991. The reduction of abnormal
behaviors in individually housed rhesus monkeys (Macaca mulatta) with a foraging/grooming board. Am. J.
Primatol. 22, 23±35.
Bloomsmith, M.A., 1989. Feeding enrichment for captive great apes. In: Segal, E.F. (Ed.), Housing, Care and
Psychological Wellbeing of Captive and Laboratory Primates. Noyes Publications, Park Ridge, pp. 336±356.
Bloomsmith, M.A., Alford, P.L., Maple, T.L., 1988. Successful feeding enrichment for captive chimpanzees.
Am. J. Primatol. 16, 155±164.
Bloomsmith, M.A., Finlay, T.W., Merhalski, K., Maple, T.L., 1990. Rigid plastic balls as enrichment for captive
chimpanzees. Lab. Anim. Sci. 40, 319±322.
Bloomstrand, M., Riddle, K., Alford, P., Maple, T.L., 1986. An objective evaluation of a behavior enrichment
device for captive chimpanzees (Pan troglodytes). Zoo Biol. 5, 293±300.
Boesch, C., Boesch, H., 1990. Tool use and tool making in wild chimpanzees. Folia Primatol. 54, 86±99.
Boccia, M.L., 1989. Preliminary report on the use of a natural foraging task to reduce aggression and
stereotypies in socially housed pigtail macaques. Lab. Primate Newslett. 28 (1), 3±4.

182

M.L. Celli et al. / Applied Animal Behaviour Science 81 (2003) 171±182

Bowden, P., 1988. Primate research and psychological well-being. Science 240, 12.
Brent, L., Eichberg, J.W., 1991. Primate puzzleboard: a simply environmental enrichment device for captive
chimpanzees. Zoo Biol. 10, 353±360.
Brent, L., Lee, D.R., Eichberg, J.W., 1991. Evaluation of a chimpanzee enrichment enclosure. J. Medic.
Primatol. 20, 29±34.
Celli, M.L., Tomonaga, M., Udono, T., Teramoro, M., Nagano, K., 2001. Learning processes in the acquisition
of a tool using task by captive chimpanzees. Psychologia 44 (1), 70±81.
Celli, M.L., Tomonaga, M. Object transfer and sharing in captive chimpanzees: a case report. Primates,
submitted for publication.
Chamove, A.S., 1989a. Enrichment in chimpanzees: unpredictable ropes and tools. Ratel 16, 139±141.
Chamove, A.S., 1989b. Environmental enrichment: a review. Anim. Technol. 40 (3), 155±178.
Chamove, A.S., Anderson, J.R., 1979. Woodchip litter in macaque groups. J. Instit. Technicians 3, 69±72.
Chamove, A.S., Anderson, J.R., Morgan-Jones, S.C., Jones, S.P., 1982. Deep woodchip litter: hygiene, feeding
and behavioral enhancement in eight primate species. J. Study Anim. Prob. 30 (2), 308±318.
Cooper, J., Jackson, R., 1996. A comparison of the feeding behaviour of sheep in straw yards and on slats. Appl.
Anim. Behav. Sci. 49 (1), 99.
Doran, D., 1997. Influence of seasonality on activity patterns, feeding behavior, ranging, and grouping patterns
in Tai Chimpanzees. Internat. J. Primatol. 18 (2), 183±206.
Erwin, J., Maple, T.L., Mitchell, G. (Eds.), 1979. Captivity and Behavior: Primates in Breeding Colonies,
Laboratories and Zoos. Van Nostrand Reinhold, New York.
Fritz, P., Fritz, J., 1979. Resocialization of chimpanzees. J. Med. Primatol. 8, 202±221.
Goodall, J., 1986. The Chimpanzees of Gombe: Patterns of Behaviour. Belknap, Cambridge.
Lambert, S.P., Bloomsmith, M.A., 1994. A grass foraging device for captive chimpanzees (Pan troglodytes).
Anim. Welfare 3, 13±24.
Line, S.W., 1987. Environmental enrichment for laboratory primates. J. Am. Veter. Med. Assoc. 190, 854±859.
Line, S.W., Morgan, K.N., Markovitz, H., 1991. Simple toys do not alter the behavior of aged rhesus monkeys.
Zoo Biol. 10, 473±484.
Lutz, C.K., Farrow, R.A., 1996. Foraging device for singly housed longtail macaques does not reduce
stereotypies. Contemporary topics in laboratory animal science 35 (3), 75±78.
Maki, S., Alford, P.L., Bloomsmith, M.A., Franklin, J., 1989. Food puzzle device simulating termite fishing for
captive chimpanzees (Pan troglodytes). Am. J. Primatol. 1 (Suppl.), 71±78.
Moodie, E.M., Chamove, A.S., 1990. Brief threatening events beneficial for captive tamarins? Zoo Biol. 9, 275±286.
Nash, V.J., 1982. Tool use by captive chimpanzees at an artificial termite mound. Zoo Biol. 1, 211±221.
Nishida, T., Nakamura, M., 1993. Chimpanzee tool use to clear a blocked nasal passage. Folia Primatol. 61,
218±220.
Paquette, D., 1992. Discovering and learning tool-use for fishing honey by captive chimpanzees. Hum. Evol. 7
(3), 17±30.
Paquette, D., Prescott, J., 1988. Use of novel objects to enhance environments of captive chimpanzees. Zoo Biol.
7, 15±23.
Pruetz, J.D., Bloomsmith, M.A., 1992. Comparing two manipulable objects as enrichment for captive
chimpanzees (Pan troglodytes). Anim. Welfare 1, 127±137.
Schapiro, S.J., Brent, L., Bloomsmith, M.A., Satterfield, W.C., 1991. Enrichment devices for nunhuman
primates. Lab. Anim. 20 (6), 22±28.
Spoolder, H.A.M., Burbidge, J.A., Edwards, S.A., Simmins, P.H., Lawrence, A.B., 1995. Provision of straw as a
foraging substrate reduces the development of excessive chain and bar manipulation in food restricted sows.
Appl. Anim. Behav. Sci. 43 (4), 249±262.
Sumita, K., Kitahara-Frisch, J., Norikoshi, K., 1985. The acquisition of stone-tool use in captive chimpanzees.
Primates 26 (2), 168±181.
Van Lawick-Goodall, J., 1968. Behaviour of free-living chimpanzees of the Gombe Stream Reserve. Anim.
Behav. Monogr. 1, 65±311.
Whiten, A., Goodall, J., McGrew, W.C., Nishida, T., Reynolds, V., Sugiyama, Y., Tutin, C.E.G., Wrangham,
R.W., Boesch, C., 1999. Cultures in chimpanzees. Nature 399, 682±685.
Yamakoshi, G., 1998. Dietary responses to fruit scarcity of wild chimpanzees at Bossou, Guinea: possible
implications for ecological importance of tool use. Am. J. Phys. Anthropol. 106, 283±295.

