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1. Abstract 
 
The benefits gained by the presentation of environmental enrichment (EE) 
to captive animals are widely recognized. Few studies have, however, 
studied how to maximize the effect of EE. Repeated presentations of EE 
may cause a reduced interest towards the EE device, called habituation. To 
study the effect of habituation towards EE, behavioural data from 14 
captive Sloth bears (Melursus ursinus) were collected during two different 
EE treatments. In treatment one, honey logs were presented for five 
consecutive days (ConsEE). In treatment two, the logs were presented 
every alternative day for five days (AltEE). The different treatments both 
showed a significant effect on responsiveness toward the EE, however, 
leaving gap days inbetween presentations in AltEE showed no reliable 
reduction in habituation. Both treatments significantly reduced stereotypies, 
however, only ConsEE reduced levels of stereotypies in the long term. 
Explorative behaviours, which are the most prominent behaviours in the 
wild, increased during both treatments. This is consistent with previous 
findings (Fischbacher & Schmid 1999, Grandia et al. 2001) that EE 
increases natural behaviours, which has been described as an indication of 
improved welfare (Carlstead et al. 1991 etc.). Other behavioural categories 
such as social and passive behaviours were unaffected by the EE 
presentations. The results show that it is possible to increase the 
effectiveness of EE by simple means in order to ensure animal welfare. 
 
Keywords: Animal welfare, explorative behaviours, extrinsic reinforcer, 
honey logs, Sloth bears (Melursus ursinus) 
 
2. Introduction 

 
2.1 Issues with captive animals 
Animals in captivity are subjected to environments that may differ vastly 
from the environment and life for which they have evolved, causing a risk 
of reduced welfare (Carlstead 1996). Animal welfare is defined as the state 
of the animal with regards to ‘its attempt to cope with its environment’ 
(Fraser & Broom 1997). In order to cope with situations where the 
environment is not optimal, animals respond by different means. One way 
to cope is to perform stereotypic behaviours which are defined as 
behavioural patterns that are repetitive, relatively invariant in form and 
apparently functionless (Mason and Latham 2004), and are therefore 
considered abnormal (Mantauodouin & Le Pape 2004). The underlying 
internal reasons for stereotypies have been described to be ‘induced by 
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frustration, repeated attempts to cope and/or CNS dysfunction’ (Mason 
2006). To specifically assess which of these underlying reasons causes 
stereotypic behaviour is, however, difficult. 

The development of stereotypies may in some way help to keep the 
animal ‘within psychological or physiological limits’ (Fraser & Broom 
1997), thus reducing, for example, stress or frustration. If stereotypies 
develop, they can appear in different forms. Species that range large 
distances in the wild tend to perform stereotypic pacing (Clubb & Mason 
2001, Mason & Rushen 2006), which means that the animal is walking the 
same route over and over again. Captive ungulates mostly perform oral 
stereotypies (Bergeron et al. 2006). This may suggest that certain 
stereotypies are species-specific and that the performed stereotypies 
resemble behaviours from the natural repertoire (e.g. walking, chewing 
etc). 

In an attempt to put animal welfare into practicality for animals in 
captive care, the UK’s Farm animal welfare council set up their ‘five 
freedoms’ (see Young 2003). They state that animals, in order to 
experience good welfare, should have: 

1) freedom from hunger and thirst; 
2) freedom from discomfort; 
3) freedom from pain, injuries and disease; 
4) freedom from fear and distress; 
5) freedom to express normal patters and behaviours. 

 
There are however, implications to the five freedoms. Although all five 
criteria are met, there is no guarantee that the animals will experience good 
welfare. Firstly, abnormal behaviours such as stereotypies may arise due to 
e.g. previous unpleasant experiences (Swaisgood & Shepherdson 2005, 
Wiepkema & Koolhaas 1993). Therefore, they may not reflect present 
captive quality. Secondly, unsuitable enclosures may offer little or no 
stimulation to the animals, resulting in much “free time”, which may lead 
to the development of stereotypies (Mason 1991).  

It appears in general that the animals’ welfare in captive care highly 
depends on the quality of suitable enclosures and their ability to satisfy 
their behavioural needs. Historically, captive animals have generally been 
kept in small barren environments with no considerations for animal 
welfare (Hancocks 1996). There are, however, still today many animals 
being kept in enclosures that neglect the animals’ welfare. Barren 
enclosures offer no or few challenges that the animal is faced with in the 
wild (Young 2003). As behaviours such as foraging, exploring etc. are part 
of the natural behavioural repertoire, having no need to perform those 
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behaviours in captivity may cause much free-time (Veasey et al. 1996). 
Although, for example, feed is supplied on a regular basis, the animals’ 
behavioural need to forage has neither a chance nor any reason to be 
expressed in a concrete cage. It has been suggested that barren 
environments can induce stereotypies that become hard to abolish once 
they have established. 

 
2.2 Bears 
Members of the phylum Ursidae are in need of an improved situation in 
captivity (Clubb & Mason 2001). They have been described as one of the 
most notorious groups to perform stereotypic behaviours in the zoo 
community (Swaisgood & Shepherdson 2005). Approximately 60% of all 
Polar bears (Ursus maritimus) in captivity perform stereotypies (Carlstead 
et al. 1991), thus members from the phylum Ursidae represent a suitable 
family for studies on improving the situation in captivity. One group of 
bears that perform high levels of stereotypies in captivity are Sloth bears 
(Melursus ursinus) that have previously been ‘dancing bears’ in India 
(Grandia et al. 2001). The Indian tradition of dancing bears involves the 
bears being separated from their mother at a young age. Many bears get 
their canines destroyed for the keepers’ safety, whilst living and dancing 
with their keeper on the streets. The bears have a metal ring in their nose 
for the keepers’ control of the animal, which presumably causes a great 
deal of pain, thus the bears are subjected to limited welfare considerations. 
According to Swaisgood & Shepherdson (2005), this kind of maltreatment 
may cause a ‘mental scar’, resulting in the development of stereotypies. 

Whilst foraging is one of the most prominent behaviours in wild bears 
and can occupy the majority of the daily behavioural pattern (Carlstead et 
al. 1991), feeding routines in captivity strongly alter the behavioural time 
budget. Normal feeding in captivity consists of two to three meals per day 
served in a bowl, each meal occupying five to ten minutes of the bears’ 
time. This creates a large amount of ‘free-time’ for the bears, which, 
according to Mason (1991), may be associated with the development of 
abnormal behaviours such as stereotypies. This statement has been backed 
up by studies which have shown that increasing the complexity in the 
animals’ environment may decrease the amount of stereotypies (Ings et al. 
1997, Renner et al. 2000).  

Within bears, pacing appears to be the most common stereotypy 
(Carlstead et al. 1991) indicating that there is a great motivational 
background for locomotion. This suggests that a large enclosure may 
reduce stereotypic pacing. The costs of building enclosures of a size that 
would allow captive bears to range similar distances as in the wild would 
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be very expensive. It is therefore important to try to improve the situation 
for bears in captive care in other ways, possibly by the introduction of 
environmental enrichment. 
 
2.3 Environmental enrichment 
Presenting environmental enrichment (EE) to captive animals provides 
them with environmental stimuli. Any object or stimulus that attracts the 
animals’ interest can be considered as an EE (Shepherdson et al. 1998), and 
EE are generally designed to permit the animals to display their natural 
behavioural repertoire (Mellen & MacPhee 2001). The benefits gained by 
implementing EE are widely recognised. EE have been shown to reduce 
injurious behaviours and stereotypies, as well as enhancing the expression 
of behavioural patterns similar to those in the wild (Young, 2003, 
Zonderland et al. 2008). However, although the use of EE is costly in terms 
of time and resources, and it increases the work load for e.g. animal 
keepers (Newberry 1995, Tarou & Bashaw, 2007), there is still no practical 
framework on how to maximize the effects of EE. A few studies have 
discussed, and empirically assessed the effectiveness of EE from different 
points of view (e.g. Celli et al. 2003, Van de Weerd et al. 2003). There is 
still, however, much work to be done in order to fully understand how EE 
can be implemented to its full extent. 

One of the major problems with prolonged EE presentations is 
habituation, which is a decrease in responsiveness towards a repeatedly 
presented stimulus (Murphy et al. 2003). When there is a change in the 
environment, i.e. an introduction of EE, behavioural responses may occur. 
The result from the behavioural response will create a stimulus for the 
behaviour to appear again. This stimulus is called a reinforcer and, 
depending on the result of the performed behaviour, it may strengthen or 
weaken the chances of the behaviour being performed again.  

Behaviours performed due to EE may either intrinsically or 
extrinsically reinforce the animal to perform the behaviour again. An 
intrinsic reinforcement means that the reward from the behaviour itself will 
increase the likelihood that the behaviour will be performed again (e.g. 
play), whilst extrinsic reinforcement means that an external reward of the 
behaviour (e.g. finding food) will motivate the animal to repeat the specific 
behaviour (Tarou & Bashaw 2007). Decreases in those responses are 
therefore due to habituation. Some habituation towards an EE is, however, 
not always negative. According to Tarou and Bashaw (2007), we do ‘not 
want an animal to continuously engage in behaviour towards an enrichment 
device any more than we would expect a wild animal to continuously hunt 
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for food all days without breaks’. It is, however, important to understand 
how different EE may influence habituation. 

Behavioural changes due to intrinsically reinforcing EE have proved 
to be relatively short-lived. Renner et al. (2000) introduced two different 
children’s toys, holding no reward, to four different species of New World 
Primates. There was a reduction in interaction by half within 30 min.  

Extrinsic reinforcers generally appear to have a longer lasting effect 
than intrinsic reinforcers. Ings et al. (1997) found that a scattered feeding 
enrichment over 30 consecutive days only showed a decrease of 
approximately 20% from day one until day 30 in captive bush dogs 
(Speothos venaticus). It has also been stated that the reinforcer towards an 
EE may recover if the EE item is withheld for a period of time (Murphy et 
al. 2003). This has also has been suggested by Carlstead (1996) and 
Cannon and McSweeney (1998). When Renner et al. (2000) reintroduced 
EE after 14 days, the reinforcer spontaneously recovered to similar results 
compared to the first introduction in New World monkeys. This means that 
breaks between presentations may strengthen the reinforcer and allow the 
same EE to maintain high rates of expression of the rewarded behaviours. 

The literature describes methods to apply in order to maximise the 
effectiveness of EE. As extrinsic reinforcement appears to habituate more 
slowly than intrinsic EE, offering stimuli that result in an external reward, 
i.e. food, may make it possible to apply the same EE over time. This 
reduces the costs of inventing new EE as well as reducing construction 
time for animal keepers etc. The results found by Renner et al. (2000) may 
indicate how to achieve good results with cheaper EE presentations over 
time, as fewer EE items would be required.  
 
2.4 Welfare issues and EE 
There are a few welfare issues relating to ineffective EE presentations. It is 
important to maintain the efficiency of the enrichment to fully benefit from 
it. EE has been shown to reduce injurious behaviours such as feather 
pecking in hens (Jones et al. 2000) and tail biting in weaned piglets 
(Zonderland et al. 2008). Although effective in the presentation, overuse of 
an effective EE may eventually cause injurious behaviours to reappear, 
causing pain and, thus, violating one of FAWC’s five freedoms - that 
animals in captivity should have freedom from pain. 

EE has also been shown to stimulate natural behaviours. Studies have 
shown that it is possible for EE to increase the behavioural diversity in, for 
example, bears (Renner & Lussier 2002) as well as in macaques (Mallapur 
et al. 2007) in order to simulate a time budget similar to the wild. It is, 
however, important to emphasize that a time budget similar to the one in 
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the wild must not automatically be assumed to mean improved welfare 
(Veasey et al. 1996). The time budget in the behavioural repertoire is a 
reflection of resources (Young 2003) thus in captivity, an animal’s time 
budget differs from its conspecifics in the wild. It seems, however, that 
there is overwhelming support in the literature that a time budget similar to 
those in the wild is, at least, a good indication of good welfare. 

Apart from injurious behaviours and natural behavioural patterns, 
stereotypies appear to get a lot of focus in EE studies (Carlstead 1998) as 
they are considered a good indicator of “bad welfare” (Mason & Latham 
2004, Newberry 1995, Veasey et al. 1996). They are generally affected by 
the presence of EE and in most cases the stereotypies are reduced. By 
scattering food for American black bears, Carlstead et al. (1991) managed 
to reduce stereotypic pacing by 77%, indicating that EE may be a practical 
remedy against stereotypies. However, the viewpoint that EE generally 
produces positive effects has been criticized - studies with negative results 
(e.g an increased or no difference in levels of stereotypies) are not 
published to the same extent as those with positive results (Tarou & 
Bashaw 2007, Young 2003).  

For EE to achieve its set goals, it is important to consider its efficiency 
in the long run and not just accept a successful introduction as a good EE. 
Not taking habituation into account as an important factor for EE 
presentations may result in animals having a reduced interest in the EE 
device. This may lead to an increase in injurious behaviours, stereotypies 
and an inhibited behavioural repertoire. These factors are considered to 
compromise welfare due to pain, stress and not being in a situation where it 
is possible to perform natural behaviours. 

 
2.5 Hypothesis and predictions 
The aim of this study is to test the hypothesis that offering honey logs to 
captive Sloth bears (Melursus ursinus) as an EE device will reduce 
stereotypic behaviours. Previous studies have shown that it is possible to 
reduce stereotypies in bears by introducing enrichment (Carlstead et al. 
1991, Fischbacher & Schmid 1999, Forthman et al. 1992), however, these 
studies have been conducted on a limited number of bears (max of four 
subjects). Therefore, this study predicted that introduction of EE would 
reduce levels of stereotypies. 

Carlstead et al. (1991) and Renner et al. (2000) have shown that 
overuse can cause a habituation towards the EE items. Therefore, this study 
will also test the prediction that leaving gaps between EE presentations will 
reduce habituation. 
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3. Materials and methods 
 
3.1 Animals and housing conditions 
Bannerghatta Bear Rescue Centre (BBRC) houses approximately 60 Sloth 
bears which are confiscated dancing bears. 14 of these bears were included 
in this study, seven males and seven females. Of the bears, all males were 
castrated but no females were. The age of the bears ranged from 
approximately 2 to 18 years of age. The ages were approximated due to 
non existing records of the bears from neither the previous rescue centre 
management, nor the Qualander Gypsies from whom the bears are 
confiscated. BBRC is located within Bannerghatta National Park in 
Karnataka State in south India. 

The enclosure (Fig. 1) for the 14 bears in the study was approximately 
1300m2 and contained four climbing structures, two water holes, a den and 
some trees and bushes. The ground was covered mainly by soil, small 
patches of grass and the enclosure was surrounded by a two meter high 
electrical fence.  

 
Figure 1. Map of the enclosure where data were collected for the study. 
Observation point is marked by X. Water holes are marked as W, the den is 
marked by a D and the climbing structures are marked with C. 
 
The bears in BBRC were offered food three times per day. The morning 
feed (10:00) and the evening feed (17:30) were offered indoors in a den. If 
bears rejected the morning or evening feed, it was recorded but no bears 
were forced to eat. The day feed (12:30), which consisted of fruits, was 
scattered in the enclosure and no record was kept of any individual feeding. 
For recipes and amounts of food, see appendix 1. The bears in the 
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enclosure were previously familiar with different kinds of enrichment such 
as wobble tree, scent enrichment etc. However, prior to the baseline 
observation, the bears were deprived of all kinds of enrichment for ten 
days. 
 
3.2 Environmental Enrichment 
For this study, honey logs were provided as EE devices. Each log was 
approximately 100 cm × 15-20 cm and designed in accordance with those 
used in a study be Carlstead et al. (1991) and chosen due to their success in 
occupying the bears. Four three-armed wells were drilled around the 
circumference of the log so that they met in the middle (Fig. 2). Each log 
contained four such wells, 20 cm apart starting 20 cm from each side. The 
logs had a diameter of approximately 18 cm and weighed 15-18 kg. Before 
the logs were introduced into the enclosure, each well was filled with 
approximately 50 g of honey adding up to 1.4 kg in total for all logs. The 
twelve holes on each log were then plugged with wooden plugs. On days in 
the treatments when no honey logs were present, 100 g of honey was added 
into each bear’s feed bowl for the evening feed. Seven logs were used in 
this study for the 14 bears, thus, one log for two bears on average. The 
number of honey logs was chosen for two reasons. Firstly, a larger number 
of logs would prove expensive as larger amounts of honey would be 
required. Secondly, as previous studies have described EE as resources of 
high value (Nevison et al. 1999, Nijman & Heuts 2000), a smaller number 
of logs may induce territorial responses such as aggression (Young 2003). 
However, no such results have previously been described in bears. Prior to 
the study, the bears were allowed to familiarize with the honey logs for 
three consecutive days to reduce the novelty effect (Young 2003) that may 
have affected the data.  
 

 
Figure 2. Each honey log contained four three-armed wells meeting in the 
centre of the log. 
 
3.3 Experimental procedure 
First, the baseline data were collected. To establish the experimental 
control, the baseline schedule was repeated three times, as recommended 
by Saudargas and Drummer (1996). Baseline as well as the two enrichment 
treatments were all repeated three times to enhance statistical power as well 
as reducing the effects of random measurement error (Martin & Bateson 
1993). Two different treatments (Table 1) were given to the subjects and 
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the treatments were repeated alternatively in order to reduce possible 
seasonal influence over the data. 
 
Table 1: Experimental Treatments 
• Treatment I: Bears receive honey logs for five consecutive days (ConsEE). The 

bears are observed on day six to ten without any enrichment (ConsPost). 
• Treatment II: Over the first five days (AltEE), the bears receive honey logs on day 

one, three and five. Behavioural data is collected on day two and four as well. The 
bears are observed on day six to ten without any enrichment (AltPost). 

 
3.4 Behavioural observations 
Behavioural observations were obtained between 15:00-17:30 each day of 
the study which was conducted from July to November 2007 at BBRC. The 
daily timing of the observation was chosen for two reasons. As described in 
the literature (Landrigan et al. 2001, Wechsler 1991), stereotypies tend to 
peak prior to feeding. This was also the case in BBRC from general 
observations. Secondly, the bears’ dens were open during mid-day in case 
of rain, hot sun etc., and this would lead to inconsistent data if a large 
number of bears were out of sight. On days when honey logs were part of 
the study, the logs were introduced ten minutes before data collection 
commenced and removed each evening. Observations prior to the morning 
feed could not be conducted as times of feeding as well as arrival time to 
BBRC each morning were too inconsistent. 

Prior to any data collection, approximately 14 days were spent 
observing the group to understand behaviours, activity patterns and 
practical considerations for the study. The behaviours were classified into 
20 categories and described by an ethogram (Table 2). These 20 categories 
were separated into six different groups.  

As pacing may be difficult to distinguish from walking (Fischbacher 
and Schmid 1999), three successive identical repetitions were set as the 
criterion, following previous studies (Forthman & Bakeman 1992, Vickery 
& Mason 2004). Only two bears were prone to pacing, making it possible 
to follow those two subjects between the scans, however, this would prove 
difficult if a larger number of bears were to pace. 

Behavioural data was collected every two minutes using a 
combination of scan sampling and instantaneous sampling. Prior to the data 
collection, a pilot study was conducted over three consecutive days to 
assess any practical implications. The observation point (Fig. 1) was 
located 2.7 meters above the ground on the roof of one of the feeding 
buildings. 
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Table 2: Ethogram  (modified after Vickery & Mason 2004, Forthman & 
Bakeman 1992) 
 
1. Active 
1.1 Social interactions 
Aggression. Bear normally standing bipedal facing another 

bear, shouting and pushing other bear with 
paws. 

Non-aggression  Bear embraces or sniffs another bear. 
1.2 Explorative behaviours 
Enrichment Sniffing at or consuming honey from the 

enrichment honey log. Lifting and rotating of 
the log. 

Exploring   Sniffing or digging in the ground. 
Exploring objects  Bear is sniffing objects in the enclosure such as 

grass, twigs etc. Ground excluded. 
Vigilance Bear is observing the surrounding area or other 

bears. 
1.3 Other active behaviour 
Climbing  Bear stands or locomotes above ground level in 

tree or on climbing structure. 
Foraging   Bear is consuming food or liquid item. 
Locomotion  Quadrupedal walk, bipedal walk or 

quadrupedal run. 
Scratching  Bear is rubbing the body with its paws or 

rubbing the body against a structure such as a 
wall or a tree. 

2. Passive 
Laying  Body is not supported by the legs and 

positioned on the ground ventrally, laterally or 
dorsally. 

Sitting  Bear body is supported by hind legs, upper 
body in the air, alternative leaning against wall 
or a tree. 

3. Abnormal / Stereotypies 
Self biting   Bear bites part of body such as arm, paw etc. 
Forepaw hopping  Bear is jumping up and down with its forepaws 

while rear legs are still in the ground. 
Masturbation Sucking genitalia, often accompanied by a 

humming sound. 
Pacing Bear walks the same straight path repetitively, 

with turning points at the same location each 
time. 

Sway Bear stands with all legs on the ground moving 
head from left to right. Included or excluded a 
small side step with either front or hind legs. 

Paw sucking Repetitive sucking of a body area, often 
accompanied by a ‘humming’ vocalization. 
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4. Other 
Not visible  Bear is out of sight or its behaviours are not 

possible to identify. 
Observer interaction Bear is trying to reach or approach the 

observer. 

 
3.5 Statistical analysis 
Scan sampling yielded 75 data points of behavioural sampling for each of 
the 75 days. Each of the 25 days in the study was repeated three times, thus 
the total of 75 days. The average proportions of the behaviours were taken 
from the three repeated days. All data were tested for normality and similar 
variance. For finding differences between the different treatments, one-way 
repeated measure ANOVA was used for statistical analyses. Within factor 
was treatment and sex was set as between factor. For the one-way repeated 
measure ANOVA tests SPSS 14.0 was used. Sphericity was assumed in all 
tests. For post hoc tests and tests of normality and similar variance Minitab 
15 was used. For the post hoc tests a paired t-test was used. In this report, 
data are presented as mean values ± SEM. For all tests the level of a 
statistical significance was set to p<0.05.  
 
4. Results 
 
4.1 Habituation 
 
4.1.1 Consecutive presentation of EE 
When the EE was introduced for five consecutive days (Fig. 3), there was a 
significant effect of day on exploration of EE (F(4,48)=10.393, P<0.001), 
shown by a decrease in responsiveness each day. There was no effect of 
sex on the results (F(1,12)=0.793, P=0.391). The post hoc tests showed that 
day one and day two were both significantly different to the three 
remaining days, but showed only a trend for a difference between 
themselves (T(13)=1.90, P=0.080). Day three, four and five showed no 
difference between themselves, indicating a stabilisation in the 
responsiveness toward the EE. 
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Figure 3. Percent of time spent exploring EE in ConsEE. Data as mean (SEM) 
N=14. Hangers represent a significant difference (p<0.05). 
 
4.1.2 Alternative day presentation of EE 
In AltEE (Fig. 4), there was a significant effect of day on exploration of 
introduced EE (F(2,24)=10.514, P=0.001). Again, there was no effect of sex 
on the results (F(1,12)=0.430, P=0.525). The post hoc tests showed no 
difference between day one and day three, but both were significantly 
different from day five (T(13)=3.71, P=0.003 and T(13)=3.90, P=0.002 
respectively). 

 
Figure 4. Percent of time spent exploring EE in AltEE. Data as mean (SEM) 
N=14. Hangers represent a significant difference (p<0.05). 
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4.1.3 Comparison between treatments 
In a comparison between treatment ConsEE and AltEE (Fig. 5) there was 
no difference between either day one (T(13)=1.42, P=0.178) or day five 
(T(13)=1.42, P=0.180) in exploration of EE. There was, however, a 
significant difference on day three (T(13)=3.70, p=0.003). By comparing the 
second day of introduced EE in both treatments, thus day two in ConsEE 
and day three in AltEE, there was also a significant difference (T(13)=3.0, 
P=0.010). There was no significant difference on the third day of 
introduced EE, thus day three in ConsEE and day five in AltEE. 
 

 
Figure 5. Comparison between the percent of time spent exploring the EE. 
Data as mean (SEM) N=14. Hanger represents a significant difference (p<0.05). 
 
4.2 Stereotypies 
With regards to stereotypies (Fig. 6) there was a significant effect of 
treatment on the amount of stereotypic behaviours (F(4,48)=5.115, P=0.002). 
There was also an effect of sex on the result (F(1,12)=4.249, P=0.062) in that 
females had in general a higher level of stereotypies. The post hoc tests 
showed that the control was significantly different from all of the other 
treatments apart from the post enrichment treatment (AltPost). There was a 
significant difference between ConsPost and AltPost (T(13)=2.73, P=0.017). 
There was also a trend of a difference between AltEE and AltPost 
(T(13)=1.9, P=0.079). Both ConsEE and ConsPost were significantly 
different from the control and both showed a similar time budget level of 
stereotypies. AltEE was also on the same level, but AltPost showed an 
increase after the removal of the EE raising to a level that was not 
significantly different from the control. 
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Figure 6. Percent of time spent performing stereotypic behaviours between the 
different treatments. Data as mean (SEM) N=14. Hanger represents a 
significant difference (p<0.05). 
 
4.3 Other behaviours 
The only one of the remaining behavioural groups to show a significant 
effect of different treatment was explorative behaviours (Fig. 7a) 
(F=(4,48)4.457, P<0.001). There was also an effect of sex on the result 
(F(1,12)=9.019, P=0.011). Females in general showed a lower level of 
explorative behaviours. None of the three groups “passive behaviours” 
(Fig. 7b), “social behaviours” (Fig. 7c) or “other active behaviour” (Fig. 
7d) showed any significant difference. Within passive behaviours, there 
was a reduction when the EE was present. The reduction in time budget for 
passivity was, however, relatively small compared to the control. Within 
explorative behaviours, the post hoc tests showed that both the control and 
ConsEE were both significantly different from the three remaining 
treatments. There was neither a difference between the control and 
ConsEE, nor were there any differences between ConsPost, AltEE and 
AltPost. The significant difference between ConsEE and ConsPost 
appeared relatively strong (T(13)=3.15, P=0.008). 
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c,  
 

d,  
Figure 7. The effect on explorative behaviours (a), passive behaviours (b), 
social behaviours (c) and other active behaviours (d) in the different treatments. 
Data as mean (SEM) N=14. Hangers represent a significant difference (p<0.05). 
 
5. Discussion 

 
The results clearly showed a habituation towards the enrichment. Leaving 
gap days between EE presentations showed no reliable results of a reduced 
habituation compared to ConsEE. Therefore the hypothesis that leaving 
gaps between EE presentations will reduce habituation should be rejected 
in this study. The hypothesis that EE would significantly reduce 
stereotypies was supported. Both treatments reduced levels of stereotypies 
but only ConsEE showed to have a positive long term effect. Explorative 



- 17 - 
 

behaviours increased due to the EE but no other behaviour groups showed 
any significant difference in their time budget. 
 
5.1 Habituation towards the EE 
The results of the present study showed that habituation in responsiveness 
towards EE occurred in both treatments. The habituation, however, differed 
between the different presentations of EE. 

The reduction in responsiveness of the bears to the honey logs during 
ConsEE showed a similar decrease over five days to that found in Ings et 
al. (1997). They showed that introducing wood-pile feeders in bush dogs 
over 30 consecutive days only decreased the responsiveness by 
approximately 20%. It is, however, difficult to assess whether the level of 
exploration of the EE would have continued on a long term basis in the 
same pattern as in their study. The relatively small drop in the honey logs’ 
ability to occupy the bears in this study may be consistent with Ings et al.’s 
(1997) statement that enrichments that offer a food reward are of greater 
practical use on a long term basis compared to EE that offer no reward. It 
would, however, be difficult to make an assessment of the difference 
between extrinsic and intrinsic EE, as literature on intrinsic EE in captive 
bears is scarce.  

The similar level of exploration towards the EE in day one and day 
three in AltEE may be explained by a spontaneous recovery in the 
responsiveness. The literature shows that both short (15 minutes) breaks 
(Cannon & McSweeney 1998) and long (14 days) breaks (Renner et al. 
2000) may cause this recovery. The long term effect of these relatively 
short breaks in this study must, however, be considered with some caution. 
There is a chance that withholding the EE for a longer duration may have 
strengthen the recovery. Renner et al. (2000) withheld their EE for 14 days 
causing a recovery to primary values in responsiveness. Their break was, 
however, not re-introduced more than once. It appears that various time 
spans of removing the EE show a recovery in the responsiveness. However, 
a repeated removal/reintroduction of EE may reduce the recovery thus 
increase the habituation. There is, however, a need for more studies similar 
to the present one to support this statement further. 

In a comparison between the two treatments, day one, as expected, 
showed a similar result. It becomes clear, however, that the benefits gained 
by leaving gaps had no long term effect. However, both treatments 
appeared to affect stereotypies and explorative behaviours in a way that 
indicated an improved welfare. 
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5.2 Stereotypies 
The results of this study showed that the presentation of EE significantly 
reduced stereotypic levels, thus, supporting the hypothesis. The results 
showed, however, a smaller reduction compared to previous findings 
(Carlstead et al. 1991) where stereotypies have been reduced by 
approximately 80% by presenting honey-logs similar to those used in the 
present study. Carlstead et al.’s study (1991), however, only consisted of a 
total of three bears from three different species (American black bear 
(Ursus americanus), Brown bear (Ursus arctos middendorffi) and Sloth 
bear), thus questioning the statistical power. 

The results in this study show that it is possible to reduce stereotypies 
with a reduced frequency of EE presentations. This correlates with Cannon 
and McSweeney’s study (1998) that showed that withholding the EE item 
on short breaks recovered the interest toward the EE device, which in this 
study, possibly led to the reduction in stereotypies. In order to fully study a 
possible spontaneous recovery in the gap days, AltEE would have needed 
to be considered more in detail to assess how levels of stereotypies 
fluctuated within AltEE. 

ConsEE appeared, however, to have an advantage compared to AltEE 
in terms of any possible long term effect. Both ConsEE and AltEE reduced 
levels of stereotypies significantly, however, AltPost only showed a 
numerical difference compared to the control. It was shown that ConsEE 
affected the bears so that stereotypies remained reduced even after the EE 
was removed. Only presenting EE every alternative day may not be 
sufficient to maintain the reduced levels of stereotypies after the removal of 
EE. 

In the present study, the male bears showed less stereotypies than the 
females. It has been suggested that females that do not interact with males 
in the same housing may be an underlying motivation for the development 
of stereotypies in male bears (Fischbacher and Schmid 1999), as social 
deprivation has been suggested to cause stereotypies (Lewis et al. 2006). 
This suggestion was, however, based on results with a non-castrated male 
(Fischbacher and Schmid 1999). In the present study, all male bears were 
castrated which may have affected the levels of stereotypies. It is, however, 
difficult to assess the impact of castration as the motivational background 
for stereotypies is poorly understood (Vicker & Mason 2004).  

Although there were significant reductions in levels of stereotypies in 
all treatments apart from AltPost, the reductions were still relatively small. 
The difficulty in reducing stereotypic behaviours further may be for two 
reasons. First, both Swaisgood and Shepherdson (2005) and Wiepkema and 
Koolhaas (1993) have stated that stereotypies may be a “scar” from 
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previous unpleasant experiences. As these bears were all confiscated 
dancing bears, there is a chance that previous maltreatment may have been 
a factor for the stereotypies. It was, however, impossible to assess how 
much maltreatment each bear had been subjected to and different amounts 
of previous maltreatment may have had an effect on the levels of 
stereotypic behaviours. 

Secondly, once stereotypic behaviours have been established, they can 
become emancipated from their original causation, thus becoming 
independent from their original stimuli (Mason 1991). As different bears in 
this study had been housed by BBRC for a large variety of time, and if 
stereotypies become independent from their original cause when the 
behaviour has been established, there is a chance that a longer time the 
bears had been in BBRC, the greater the risk of emancipated stereotypies. 
Speculatively, these two background theories may have been factor causing 
the relatively small decreases in stereotypies. 

 
5.3 Other behaviours 
Passive behaviours, social behaviours and other active behaviours were not 
significantly affected by the different EE treatments. This correlates 
relatively well with results found by Fischbacher and Schmid (1999) in 
their study on feeding enrichment in Spectacled bears (Tremarctos 
ornatus). They showed that by altering the feeding routines, explorative 
behaviours increased, but there was no effect on any other groups of 
behaviours. Their study, however, only consisted of three bears (two 
females, one male), questioning the statistical power. 

Passive behaviours, although just numerically different, appeared to be 
reduced when the honey logs were present in ConsEE and AltEE. One 
could expect that as there was an increase in explorative behaviours both 
towards the environment and the EE, there must have been a decrease in at 
least one other behavioural category. As passive behaviours in captivity 
appear to be the behavioural category that differs most compared to the 
wild (Veasey et al. 1996), there is a chance that an increased complexity in 
the enclosure would “steal” from the passive time budget as, for example, 
social behaviours and other active behaviours are part of the natural 
behavioural repertoire, while passivity may be a result of too much “spare 
time” (Mason 1991). The differences were, however, relatively small, 
indicating that the EE had no major effect on passivity. 

Although not significant, EE led to an increase in explorative 
behaviours in all treatments, indicating similar results to those found by 
Fischbacher and Schmid (1999) and Grandia et al. (2001), who both have 
shown that the presentation of EE to bears increases explorative 
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behaviours. ConsEE was not significantly different from the control, but 
the remaining three treatments were. As there was an increase in exploring 
in ConsPost after ConsEE, the result strongly suggests that the presentation 
of EE stimulated explorative behaviours. The difference between ConsEE 
and ConsPost may be due to a need for exploration, but during ConsEE, a 
big proportion of that need to explore was directed to the EE device. On the 
removal of the EE, all explorative behaviours were directed to the 
environment, thus the significant difference between ConsEE and 
ConsPost. 

Between AltEE and AltPost there was no difference in explorative 
behaviours which suggests that explorative behaviours may remain high 
after the EE device has been removed. The results of this study do not, 
however, show if there was a difference between explorative behaviours 
just after the removal of EE and the last day of behavioural observation, 
which would be required to assess the long-term effect of EE more in 
detail. 

Alteration of the time budget must, however, be considered with some 
attention, to assess whether there is an actual increase in the welfare of the 
animals. As stated by Veasey et al. (1996), a time budget may merely be a 
reflection of the resources and their availability. However, there appears to 
be overwhelming support in the literature (Young 2003, Carlstead et al. 
1991 etc.) that a time budget similar to that in the wild may at least be an 
indication of an improved welfare. It is, difficult to draw any conclusions 
from the results in this study as there is no published data on time budgets 
for Sloth bears in the wild. However, other bear species from Ursidae 
spend the majority of their time foraging (Carlstead et al. 1991). The 
increase in explorative behaviours and possibly the small decreases in 
passive behaviours should therefore be considered as an improvement in 
welfare due to the presented EE. 

 
5.4 Evaluation of the honey logs in this study 
The use of honey logs as an environmental enrichment in this study was 
chosen due to the possibilities to resemble a “natural” foraging time budget 
vs. reward ratio. Bears in the wild spend considerable amounts of time 
foraging (Carlstead et al. 1991) for relatively small food rewards (Joshi et 
al. 1997). The bears in this study appeared to show interest in the honey 
logs although the reward was small (200g of honey per log). 

The EE significantly altered behaviours other than just exploring of 
the honey logs. Whilst social, passive and other active behaviours were not 
significantly different, the provision of honey logs altered the behaviours in 
focus for the bears’ welfare, namely stereotypies and explorative 
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behaviours. The explorative behaviours increased and the stereotypies were 
reduced. As these two changes are indications of improved welfare (Veasey 
et al. 1996, Young 2003) the results indicate that the presentation of EE 
may have improved the welfare of the bears. If a ‘natural’ time budget is 
considered to reflect improved welfare, it is possible that a decrease in 
passive behaviours would have further indicated an improvement in the 
welfare of the bears. The passive behaviours showed some decrease in both 
ConsEE and AltEE, and increased to control levels when the EE was 
removed (ConsPost and AltPost), although these results were only shown 
numerically. 

The amount of time the bears spent exploring the honey logs in this 
study was smaller than that found in Carlstead et al. (1991). Even though 
the honey logs for the present study were constructed in accordance with 
their honey logs, Carlstead et al. found that honey logs attracted the bears’ 
attention for approximately one third of the total time. There is a chance 
that a reduction in responsiveness towards the honey logs could have been 
caused by the fact that all honey had been extracted. In Carlstead et al’s 
study (1991), the habituation towards the honey logs may have been 
explained by consumption of all honey. The bears in their study (1991) 
were presented with honey logs for four consecutive days. However, on, 
for example, the second day, the logs were presented without being refilled 
with honey. Therefore there is a possibility that the reduced responsiveness 
towards the logs on day two may have been explained by no food reward, 
which may have been supported by the increased interest after the logs 
were refilled with honey. The honey logs in the present study may have 
been completely extracted of honey. It was difficult to assess whether 
honey was still in the logs at the time of removal as the keepers removing 
the logs were occupied with other duties, and because dusk arrived shortly 
after the sampling had finished each day. This is, however, not likely as 
there were differences in the amount of time the bears spent manipulating 
the logs between the different days in ConsEE and AltEE. The amount of 
time exploring the EE also showed similar levels between the repeated 
treatments. The results therefore indicate that the limited amount of time 
spent exploring the EE was not due to the fact that all honey had been 
consumed, thus supporting habituation as the factor for the decrease in 
responsiveness. 
 
5.5 Consequences due to the experimental setup 
There may have been disadvantages in the experimental setup. The 
repeated baselines were all conducted prior to the repetitions of the two 
different treatments, which reduced seasonal variation in the baseline. The 
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baselines were conducted in July, while the two different treatments were 
spread out over a longer time span (August to November). Carlstead and 
Seidensticker (1991) found that stereotypic pacing was significantly higher 
in May and June in their study from April to December in captive 
American black bear. Their study (1991), however, only consisted of one 
individual. The data collection in the present study was collected from July 
to November 2007. There are, however, differences in biology between 
American black bear and Sloth bear. The American black bear lives in 
North America whilst Sloth bears are found only on the sub Indian 
continent. Forthman and Bakeman (1992) have also shown that season 
affected activity levels but not stereotypies.  

There is also a possibility that there was a carryover effect from the 
previously presented EE. As there was a gap between each post-enrichment 
and a new enriched treatment of at least four days, there was always a total 
of at least nine days of no EE. This experimental setup was pre-set and it 
was expected to be time enough to re-stabilise behavioural levels to the 
same as in the control. However, as the results showed to have a relatively 
long term effect, and in particular on stereotypic behaviours and 
explorative behaviours, there is still a chance that there could have been a 
carryover effect. It was, however, only possible to conduct all three 
controls prior to all EE treatments as there was a delay in the construction 
of the honey logs. This resulted in a limited time budget for the present 
study. 

 
5.6 Independence of data 
Although the bears were not independent replicates, they have for the 
statistical analysis been considered so, justified by a few reasons. 
Considering space, the bears were able to be out of sight from each other. 
The enclosure had several bushes behind which the bears could hide from 
each other. The constructed den also provided possibilities to hide from the 
other bears. The gates into the feeding house had short tunnels in which the 
bears could stand or sit alone. Second, the behaviours observed, and in 
particular the stereotypies, showed no indication to “behaviourally 
contaminate” the other individuals in the enclosure. The social behaviours, 
must, however, be assessed with more attention. Social behaviours must be 
considered highly non-independent as one bear, most certainly, always 
affected the recipient bear’s behavioural repertoire. 

The ideal experimental design for a study such as the present one 
would have been to have different identical enclosures with one or more 
bears in each enclosure. Ideally, the different enclosures would also have to 
be separated so that the bears could not affect each other by e.g. seeing, 
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smelling bears from the other enclosures. To gain a sufficient statistical 
power, at least six enclosures would be required (Petrie & Watson 1999). 
This would, with the same statistical analysis as in this study, result in 
independent replicates filling the requirements for an ANOVA (Fowler et 
al. 1998). This experimental setup is, however, impossible to obtain. Most 
bear housing appears to have a limited number of bears. Therefore, the 
literature on EE in bears includes studies with e.g. just one sample 
(Carlstead & Siedensticker 1991). Bear rescue centres, that house a larger 
number of bears, are located in areas where funding is a limiting factor, 
which results in bears being housed in groups. This means there are 
problems setting up studies rendering statistical power and adequate sample 
sizes, which may be a reason for the limited number of studies in bears. 

The mentioned limitations for this study appear common to this type 
of research, where complete control over every factor is difficult, if not 
impossible, to achieve. This problem, however, appears to be overcome 
through repeated examples which, over time, will result in a consensus of 
opinion. 

 
5.7 General implications and future research 
Although the results in this study indicated the effectiveness of gap days 
with no enrichment, or possible, different enrichments, putting the 
experimental setup in this study into practical use may be difficult. As the 
Sloth bears in this study had been brought up in human care, it was possible 
to enter the enclosure with limited risk of attack. Many species, and in 
particular those species in need of an improved situation in captivity such 
as many species from the families Felidae and Ursidae (Swaisgood & 
Shepherdson, 2005), are aggressive animals where introduction and 
removal of enrichments on a daily basis may be difficult. It is, however, 
important to have the knowledge gained from this kind of study to be able 
to develop suitable EE presentations even for these aggressive species. 

Although the benefits gained from EE have been recognized for a long 
time, methods to increase the effectiveness of the EE are still poorly 
understood (see Tarou & Bashaw 2007). A greater understanding of e.g. 
habituation may benefit animals housed by humans, reduce the work load 
for animal keepers and possibly reduce costs of EE presentations. These 
may be issues of particular importance to the welfare status of captive 
animals in areas where financial aspects are a limiting factor. 
 
5.8 Conclusion 
In conclusion, presenting EE to animals with breaks in between showed no 
recovery in responsiveness towards the honey logs. Both treatments 
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showed to reduce stereotypies, supporting the prediction, although 
presenting EE for five consecutive days had a longer lasting positive effect. 
The reduction of stereotypies as well as the increase in explorative 
behaviours in both treatments may suggest that a reduced frequency of EE 
presentations can result in similar positive results as a more frequent 
presentation, regarding behaviours associated with animals’ welfare. 
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Appendix 1                
 
Morning feed - 09:30-10:00 - Ragi porridge 
 
1 part Ragi flour 
20 parts water 
1 part boiled milk 
10-20 ml feed additives per bear such as: 

-Liver tonic 
-Birinal 
-Health tonic 
-Caldipet 
-Vimeral 
-Sherkofferal 

 
The Ragi flour and water are boiled. When the porridge is finished, the milk and 
feed additives are added into the feed bowl. Each bear are fed approximately 
7kg each of the porridge and milk + additives. 
 
Day feed - 12:00-12:30 - Scattered fruit 
2 kg of fruit per bear scattered in the enclosure. 
Examples of fruits: Water melon, Papaya, Jack Fruit, Coconut (depending on 
seasonal availability). 
 
 
Evening feed - 17:30 - Jowar porridge 
1 part Jowar flour 
20 parts water 
1 part boiled milk 
1 Egg 
100 g vegetables 
1 kg fruit 
10 ml sun flower oil 
 
The Jowar flour and water are boiled. When the porridge is finished, the milk is 
added. Each bear are fed approximately 7kg each of the porridge and milk. 1 
egg, 100 g of vegetables, 1 kg of fruit and sun flower oil is added into feeding 
bowl. 
 
 
 

 


