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Abstract: Brown bears (Ursus arctos) in zoos are often kept under sub-optimal conditions and have behavioral time-budgets that differ from their 
wild counterparts. We conducted 2 experiments using novel feeding conditions for captive European brown bears (scattering food rather than piling 
and increasing feeding frequencies from 3 to 6/day) in the Bear Forest (BF), a 2-ha forested enclosure in Rhenen, the Netherlands. No significant 
differences in any behavioral category were found when food was scattered rather than piled. We found significant differences in active and foraging 
behavioral categories when feeding was increased form 3 to 6 times daily, suggesting a more natural behavioral pattern. We speculate that this effect 
will increase when scattering food and increasing feeding frequency are combined into a new feeding condition. 
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When humans take care of the daily needs of captive 
animals, they obviate the need for the animals to forage 
and handle food themselves. Thus captive animals have 
more spare time than their wild counterparts (Veasey et 
al. 1996, Koene 1997). This often leads to unnatural be- 
havior patterns in captive animals, such as high percent- 
ages of time spent on inactive or stereotypic behavior. 

To fulfil their educational role and to improve animal 
welfare, zoos must stimulate their captive animals to be- 
have as their wild counterparts do (Forthman et al. 1992, 
Dobberstine 1994, Young 1997). Accurate education of 
the public about wild animals is difficult when their cap- 
tive representatives are maintained in enclosures that sub- 
stantially suppress or change natural behavior patterns. 
Animals in a more natural environment behave more natu- 
rally and are thus better promoters of habitat and species 
conservation. Inducing a more natural behavior pattern 
can also contribute to captive animal welfare (Veasey et 
al. 1996, Young 1997). 

Zoos can stimulate natural behavior in their captive 
animals through environmental enrichment. This is most 
successful when the complexity of the enclosures is in- 
creased with species-appropriate furnishings and when 
feeding encourages complex feeding behaviors 
(Markowitz 1982, Carlstead et al. 1991, Forthman et al. 
1992, Dobberstine 1994, Coulton et al. 1997). Spatial and 
temporal variability of the captive environment also con- 
tributes to enrichment (Markowitz 1982, Carlstead et al. 
1991, Forthman et al. 1992). Although too much 
unpredictability can reduce animal welfare, the absence 
of variability is highly artificial because the natural habi- 
tat also changes from day to day (Poole 1997). 

Brown bears in the wild spend approximately 50% of 
their time on active behaviors (Roth 1983), of which ap- 
proximately 50% is spent on foraging activities (Atwell 
et al. 1980, Phillips 1987). Because most brown bear food 

items are small, numerous, and scattered, bears need a 
large amount of time to collect and consume their food in 
sufficient quantities (Carlstead et al. 1991). Thus a major 
part of the natural behavioral repertoire of brown bears 
consists of foraging and food handling activities. By in- 
creasing the opportunities for brown bears in captivity to 
forage, their explorative and manipulative behavior is 
stimulated, consequently challenging the animals on a 
cognitive level. It is also likely that their time-budget will 
change to better resemble that of their wild counterparts. 

At least 3 quantitative studies of changing feeding con- 
ditions in captive bears have been published (Markowitz 
1982, Carlstead et al. 1991, Forthman et al. 1992). The 
feeding conditions reported in these studies mainly used 
man-made items to stimulate natural behavior in bears. In 
the enclosure for European brown bears in Ouwehand Zoo 
managed by the International Bear Foundation (IBF), we 
decided to implement a feeding regime eschewing feed- 
ing devices, because one of the purposes of IBF is to edu- 
cate the public about bears and their natural habitat. Our 
objectives were to test 2 feeding conditions based on the 
natural foraging behaviors of brown bears: varied spatial 
concentration of food (piled vs. scattered food) and var- 
ied frequency of feeding times. We hypothesized that 
changing these aspects of bears feeding regimen would 
alter time-budgets to become more similar to those in the 
wild. 

METHODS 

Enclosure 
The bears in this study live in a 2-ha forested enclosure 

called the Bear Forest (BF), in Ouwehand Zoo, Rhenen, 
The Netherlands. The BF provides shelter to confiscated, 
maltreated European brown bears, such as former danc- 
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ing bears, circus bears, and surplus bears. Bears share the 
BF with a pack of 6 wolves (Canis lupus). The BF emu- 
lates a natural environment due to the presence of soil, 
trees, shrubs, ground vegetation, a creek, and (artificial) 
dens. Most bears and wolves are out all day (they use the 
dens mainly during winter) and can be seen from the pub- 
lic walkway that divides the enclosure into 2 compart- 
ments. All bears and wolves have access to both 

compartments through 3 passages beneath the walkway. 
A double wire netted fence and a low electric fence bound 
the BF. A quarantine facility for veterinary care is adja- 
cent to the enclosure. 

Animals 
We used 13 bears (6 males and 7 females) in the first 

experiment and 11 (5 males and 6 females) in the second. 
All male bears and male wolves were sterilized to prevent 
reproduction. Two male bears and 1 female bear (all danc- 

ing bears) were blinded by their former owners. The sec- 
ond experiment had a lower sample size because 2 animals 
died between the experimental periods (1 blind female, 1 

male). 

Experimental Procedure 
The first experiment was designed to assess the effects 

of spatial concentration of food, and the second experi- 
ment tested the effects of a change in frequency of feed- 

ing. Each 10-day experiment consisted of 5 days of the 
control (normal) condition and 5 days of one of the en- 
riched (new) condition. Control days and enriched days 
were randomized (within the 10-day period) to minimize 
the confounding effects of extraneous variables (e.g., 
weather conditions) on bear activity. All bears within the 
enclosure were exposed to identical feeding regimens on 

any given day. Within each experiment, the amount of 
food and the contents of the diet did not vary between 
control and enriched days. However, because the bears 
are fed a 'natural' diet that changed every few weeks, the 
amount of food increased and the contents of the diet 

changed between the 2 experiments. 
We classified behavior into 33 categories, which were 

further grouped into 6 main categories during analysis: 
active (e.g., walking, running, sniffing while walking); 
inactive (e.g., lying down, grooming); food (e.g., eating, 
drinking, manipulating food items); interaction (e.g., play- 
ing, fighting, chasing); stereotypy (e.g., stereotypic loco- 

motion, stereotypic head tossing); and other (e.g., behavior 
other than described or bear temporarily out of sight). 
Additionally, 2 behavioral categories were analysed sepa- 
rately: sniffing while walking, and manipulating food 
items. 

Separate analyses were conducted of behavior during 
each day (including and excluding feeding times) and 

during each feeding time (from food distribution until /2 
hour afterwards). In all cases, scores for each behavior 
were calculated as the mean number of instances per bear 
per observation period. Control and experimental condi- 
tions were compared using the Wilcoxon rank test (SAS 
Institute, Inc. 1990), and significance was considered P < 
0.05. 

Spatial Concentration of Food 
During the 5 control days, food was offered to all bears 

at the locations they normally gathered during feeding time 
(piled food), 3 times/day (830, 1315, and 1630). During 
the 5 enriched days, bears were fed at the same 3 times a 
day, but the food was scattered around the usual 
locations.The experiment took place from 8-17 April 
1999. We observed bear behavior every 10 minutes from 
800 until 1730 using instantaneous scan sampling (Mar- 
tin and Bateson 1993), during 80 hours of observations. 

Frequency of Feeding Times 
During the 5 control days, food was offered to bears 3 

times/day (830, 1315, and 1615) at the locations they nor- 

mally gathered during feeding time. During the 5 enriched 

days, food was offered at the same locations an additional 
3 times (extra feeding times at 1000, 1130, and 1430; to- 
tal of 6 feeding periods). The total quantity of food per 
day was unchanged between control and experimental 
regimes. The experiment took place from 15-24 June 
1999. We observed bears' behaviors every 10 minutes 
from 800 until 1700 (Martin and Bateson 1993), resulting 
in 80 hours of observations 

RESULTS 

Spatial Concentration of Food 
We observed no significant differences between con- 

trol (piled food) and enriched (scattered food) conditions 
for any of the 6 behavioral categories (P > 0.050, Table 

1). We did not observe significant differences when con- 

sidering the 2 species-typical behaviors 'sniffing while 

walking' and 'manipulating food items' (P > 0.050, Table 

2). 

Frequency of Feeding Times 
Mean time bears were active was significantly higher 

during the experimental periods (6 feeding times) than 
control periods when including observations of the entire 

day (P = 0.016, Table 3). During all 3 extra feeding times 
the bears spent significantly more time on food-related 
behavior (P = 0.009, P = 0.008, and P = 0.036, respec- 
tively) and less on inactive behavior (P = 0.009, P = 0.016, 
and P = 0.009, respectively) than during the correspond- 
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Table 1. Mean percent time spent by captive brown bears on behavioral categories for control (piled food; A) and enriched 
(scattered food; B) conditions. Differences between control and enriched conditions were all not significant (P> 0.05). Feeding 
times 1-3 were respectively 0830, 1315 and 1615. 

Behavioral category 

Inactive Active Food Interaction Stereotype Other 

Time of day A B A B A B A B A B A B 
All day 50.7 49.0 21.0 21.1 8.7 9.3 9.2 8.2 4.6 3.2 5.8 9.3 
(including 
feeding times) 
All day 56.5 55.7 17.7 15.9 4.5 4.7 10.5 9.1 5.1 3.5 5.6 11.1 
(excluding 
feeding times) 
Feeding time 1 41.2 30.8 25.8 28.1 19.6 28.8 4.6 6.2 1.5 1.9 7.3 4.2 
Feeding time 2 33.4 27.7 32.3 38.5 18.1 22.7 7.3 4.6 4.2 1.5 4.6 5.0 
Feeding time 3 25.8 27.7 33.8 43.5 25.8 17.3 3.8 6.2 3.8 3.1 6.9 2.3 

Table 2. Mean percent time spent by captive brown bears on 
species-typical behaviors for control (piled food; A) and 
enriched (scattered food; B) conditions. Differences 
between control and enriched conditions were all 
insignificant (P > 0.05). Feeding times 1-3 were respectively 
0830, 1315, and 1615. 

Species-typical behavior 

Sniffing 
while Manipulating 

walking food items 

Time of day A B A B 
All day (including feeding times) 2.7 3.1 0.3 0.7 
All day (excluding feeding times) 2.3 2.0 0.3 0.2 
Feeding time 1 1.2 5.0 0.4 4.2 
Feeding time 2 6.2 8.5 0.0 2.3 
Feeding time 3 4.6 6.2 1.5 3.1 

ing time periods for the control. During 2 of the extra 3 
feeding times, bears also spent significantly more time on 
active behavior (both P = 0.009) than the corresponding 
control period. During feeding time 4, the time spent on 
food-related behavior was significantly lower (P = 0.036, 
Table 3) than in the control. 

A significant increase was found during the enriched 
conditions for the species-typical behavior 'sniffing while 
walking' during feeding times 1, 2 (extra), and 3 (extra; P 

= 0.014, P = 0.017, and P = 0.016, respectively, Table 4). 
No significant difference was found for 'manipulating food 
items' between control and enriched (extra feeding times) 
considered during the entire day or per feeding time (P > 
0.050, Table 4). 

DISCUSSION 
When the spatial distribution of food was changed, no 

significant difference was found in any behavioral cat- 
egory. We noted a tendency toward more time spent on 
'sniffing while walking' and 'manipulating food items' 
during feeding times, although these were not statistically 
significant at P < 0.05 (Table 2). We believe scattering of 
food contributed toward this tendency, because bears were 
forced to sniff, manipulate, and walk more to find their 
food. The lack of significant differences might be due to 
the method of offering food during this experiment. Be- 
cause the scattered food was thrown from the public walk- 
way by an animal caretaker wearing a green jacket (just 
as in the control condition), the bears may have reacted to 
the caretaker's movements and relatively quickly found 
food wherever it was distributed. The difference in dis- 
tances the bears had to cover to find food also may have 
been too small between control and enriched conditions. 

Table 3. Mean percent time spent by captive brown bears during control (3 feedings/day; A) and enriched (6 feedings/day; B) conditions. Feeding times 1-6 were respectively 0830, 1000, 1130, 1315, 1430, and 1615. 

Behavioral category 
Inactive Active Food Interaction Stereotype Other 

Timeofday A B A B A B A B A B A B 
All day (including feeding times) 54.0 51.0 21.6 25.3a 11.6 13.9 7.3 5.4 0.1 0.1 5.4 4.3 All day (excluding feeding times) 62.7 69.2 17.9 14.4 5.3 4.3 7.7 5.8 0.1 0.0 6.3 6.3 
Feeding time 1 35.9 30.9 36.4 44.1 17.3 9.1 3.6 2.7 0.4 0.0 6.4 3.1 
Feeding time 2 (extra) 83.0 32.1a 4.8 35.1a 3.0 23.0' 3.6 6.1 0.0 0.0 55 3.6 
Feeding time 3 (extra) 65.0 30.5a 17.3 30.5 3.6 30.5a 10.5 7.3 0.0 0.0 3.6 1.4 
Feeding time 4 15.9 32.3a 35.9 39.5 40.9 22.3 5.5 4.5 0.0 0.5 1.8 0.9 
Feeding time 5 (extra) 66.4 23.9a 13.0 44.5a 4.2 26.7a 8.5 3.0 0.0 0.0 7.9 1.8 Feeding time 6 12.3 24.1a 39.1 37.3 37.3 31.8 9.1 5.0 0.0 0.0 2.3 1.4 

a P < 0.05 
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Table 4. Mean percent time spent by captive brown bears on 
species-typical behaviors during control (3 feedings/day; A) 
and enriched (6 feedings/day; B) conditions. Feeding times 
1-6 were respectively 0830, 1000, 1130, 1315, 1430 and 
1615. 

Species-typical behavior 

Sniffing 
while Manipulating 

Time of day walking food items 

A B A B 
All day (including feeding times) 2.4 3.8 1.0 0.6 
All day (excluding feeding times) 1.5 1.6 0.8 0.4 
Feeding time 1 3.6 8.6a 1.8 0.9 
Feeding time 2 (extra) 0.0 4.2a 1.8 1.2 
Feeding time 3 (extra) 1.4 5.4a 0.0 0.5 
Feeding time 4 6.4 8.1 1.4 0.9 
Feeding time 5 (extra) 0.6 5.5 0.6 1.2 
Feeding time 6 6.4 5.5 1.8 0.0 

a P < 0.05 

When compared to their wild counterparts, BF bears had 

easy access to their food under both conditions. It may 
have been more effective to hide food items throughout 
the entire enclosure, thereby stimulating bears to explore 
their enclosure, to use their sense of smell, and to work 
for their food. However, hiding food has had mixed re- 
sults (Ames 1998), and would in any case require keepers 
to place food in a wide variety of places. 

When frequency of feeding times was increased from 3 
to 6, percent time spent 'active' was higher daylong. The 

species-typical behavior 'sniffing while walking' also in- 
creased during 3 of the 6 periods. During extra feeding 
times an increase in food-related behaviors and a decrease 
in inactive behavior was found. This affected the mean 
time spent on food-related and inactive behaviors. In to- 

tal, bears spent 44.6% of their time on active type behav- 
iors (summing active, foraging and interactions) during 
the enrichment experiments, compared to 40.5% in the 
control condition. This is closer to the 50% of time-bud- 

gets spent on active behaviors in wild bears (Roth 1983), 
and thus we interpret the second experiment to have stimu- 
lated more natural behavior. 

We speculate that bears at the BF would have shown 

yet greater activity had scattered food and increased fre- 

quency of feeding times been combined in one new feed- 

ing condition. This new feeding condition, together with 
a diet composition that resembles a 'natural' diet, is now 

implemented in the feeding schedules of IBF. 

ACKNOWLEDGMENTS 
We thank the animal caretakers of Ouwehand Zoo, with- 

out whom this study could not have taken place. We also 

thank M. Schatteleijn for helping us with the observations. 

LITERATURE CITED 
AMES, A. 1998. Ursidae feeding and foraging in practice, 

principle, and review. Pages 108-111 in V.J. Hare and K.E. 
Worley, editors. Third International Conference on 
Environmental Enrichment. The Shape of Enrichment, Inc., 
San Diego, California, USA. 

ATWELL, G.C., D.L. BOONE, J. GUSTAFSON, AND V.D. BERNS. 1980. 
Brown bear summer use of alpine habitat on the Kodiak 
National Wildlife Refuge. International Conference on Bear 
Research and Management 4:297-305. 

CARLSTEAD, K., J. SEIDENSTICKER, AND R. BALDWIN. 1991. 
Environmental enrichment for zoo bears. Zoo Biology 10:3- 
16. 

COULTON, L.E., N.K. WARAN, AND R.J. YOUNG. 1997. Effects of 

foraging enrichment on the behaviour of parrots. Animal 
Welfare 6:357-363. 

DOBBERSTNE, J. 1994. Food-scattering for zoo bears: does it really 
work? The shape of enrichment 3:9-10. 

FORTHMAN, D.L., S.D. ELDER, R. BAKEMAN, T.W. KURKOWSKY, 
C.C. NOBLE, AND S.W. WINSLOW. 1992. Effects of feeding 
enrichment on behavior of three species of captive bears. 
Zoo Biology 11:187-195. 

KOENE, P. 1997. Time budgets of zoo mammals in relation to 

housing. Pages 179-187 in B. Holst, editor. Second 
International Conference on Environmental Enrichment. 

Copenhagen, Denmark. 
MARKowrrz, H. 1982. Behavioral enrichment in the zoo. Van 

Nostrand Reinhold Company, New York, USA. 
MARTIN, P., AND P. BATESON. 1993. Measuring behaviour, an 

introductory guide. Second edition. Cambridge University 
Press, Cambridge, United Kingdom. 

PHILLIPS, M.K. 1987. Behavior and habitat use of grizzly bears 
in northeastern Alaska. Pages 159-167 in P. Zager, editor. 
Seventh International Conference on Bear Research and 

Management. Williamsburg, Virginia, USA. 
POOLE, T. 1997. Behavioral problems in captivity in general and 

their management. Pages 118-130 in B. Hoist, editor. Second 
International Conference on Environmental Enrichment. 

Copenhagen, Denmark. 
ROTH, H.U. 1983. Diel activity of a remnant population of 

European brown bears. International Conference on Bear 
Research and Management 5:223-229 

SAS INSTITUTE, INC. 1990. SAS/ETS user's guide, version 6. 
SAS Institute, Cary, North Carolina, USA. 

VEASEY, J.S., N.K. WARAN, AND R.J. YOUNG. 1996. On comparing 
the behaviour of zoo housed animals with wild conspecifics 
as a welfare indicator. Animal Welfare 5:13-24. 

YOUNG, R.J. 1997. Designing environmental enrichment devices 
around species-specific behaviour. Pages 195-204 in B. 

Hoist, editor. Second International Conference on 
Environmental Enrichment. Copenhagen, Denmark. 


	Article Contents
	p. [199]
	p. 200
	p. 201
	p. 202

	Issue Table of Contents
	Ursus, Vol. 12 (2001), pp. i-viii+9-248
	Front Matter [pp.  iii - vi]
	Status of Bears
	Status and Management of the Brown Bear in Europe [pp.  9 - 20]
	Status and Management of Asiatic Black Bear and Himalayan Brown Bear in India [pp.  21 - 29]
	The Brown Bear Population in Estonia: Current Status and Requirements for Management [pp.  31 - 35]

	Life History
	Denning Chronology of Female Brown Bears in Central Sweden [pp.  37 - 45]
	Use of Stone Pine Seeds and Oak Acorns by Asiatic Black Bears in Central Japan [pp.  47 - 50]
	Effect of Feeding Stations on the Home Ranges of American Black Bears in Western Washington [pp.  51 - 53]
	Long Distance Movement of a Florida Black Bear in the Southeastern Coastal Plain [pp.  55 - 58]

	Population Dynamics
	Demographic Response of Black Bears at Cold Lake, Alberta, to the Removal of Adult Males [pp.  59 - 67]
	Factors Associated with Loss of Brown Bear Cubs in Sweden [pp.  69 - 80]
	Intraspecific Predation in Scandinavian Brown Bears Older than Cubs-of-the-Year [pp.  81 - 91]
	Prediction of Litter Size in American Black Bears [pp.  93 - 102]
	Brown Bear Litter Sizes in Croatia [pp.  103 - 105]
	Reproductive Biology of Captive Polar Bears [pp.  107 - 108]

	Habitat Use and Security
	Habitat Use by American Black Bears in the Sandhills of Florida [pp.  109 - 114]
	Preliminary Results of the First Transplantation of Brown Bears in the French Pyrenees [pp.  115 - 120]
	Managing for Grizzly Bear Security Areas in Banff National Park and the Central Canadian Rocky Mountains [pp.  121 - 129]
	Identifying Passages in the Southeastern Italian Alps for Brown Bears and Other Wildlife [pp.  131 - 134]
	Effects of Recreation Activities on a Brown Bear Family Group in Spain [pp.  135 - 139]

	Bears, Culture and Economics
	Grizzlies, Eskimos, and Biologists: Cross-Cultural Bear Management in Southwest Alaska [pp.  141 - 152]
	Attitudes of Landowners toward American Black Bears Compared between Areas of High and Low Bear Populations [pp.  153 - 160]
	Banff National Park: Science and Policy in Grizzly Bear Management [pp.  161 - 167]
	Black Bear Forest Damage in Washington State, USA: Economic, Ecological, Social Aspects [pp.  169 - 172]
	Economic Aspects of Large Carnivore-Livestock Conflicts in Romania [pp.  173 - 180]

	Bear Behavior and Activity
	Measuring Levels and Patterns of Activity in Black Bears [pp.  181 - 187]
	Grizzly Bear Activity Budget and Pattern in the Firth River Valley, Yukon [pp.  189 - 198]
	Stimulating Natural Behavior in Captive Bears [pp.  199 - 202]

	New Methodologies
	Use of Dogs and Mark-Recapture Techniques to Estimate American Black Bear Density in Northeastern Oregon [pp.  203 - 209]
	Differential Vulnerability of Black Bears to Trap and Camera Sampling and Resulting Biases in Mark-Recapture Estimates [pp.  211 - 225]
	Power Analysis of Bait Station Surveys in Idaho and Washington [pp.  227 - 235]
	Fecal DNA Methods for Differentiating Grizzly Bears from American Black Bears [pp.  237 - 240]

	Back Matter [pp.  241 - 247]





