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Four species of bear are knowns that in their habitat natural manifest variable behaviors depending on the 

season. The objective of the present study was to assess if aberrant behaviors -as indicators of animal 

welfare- have annual and daily variations. Data were collected from two female brown bears (Ursus 

arctos) housed in the same facility at the Barcelona Zoo. Using a continuous sampling method, a total of 

63 hours of behavior was observed and recorded per individual. The results indicate that the aberrant 

behavior varied according to the seasons during the year. The occurrence of aberrant behavior in two 

females brown bears during spring was higher meanwhile in autumn was lower and summer showed 

intermediate values. Old female had greater dedication to aberrant behavior in the morning, whereas the 

occurrence per session peaked in the evening for young female. Old female’s aberrant behavior displays 

frequencies about 17%, whereas young female had a value about 5%.  

Correspondence should be sent to Ana Isabel Soriano Jiménez, Facultat de Biologia, Departament de 

Biologia Animal, Diagonal 643, 08028 Barcelona, Spain. Email: anaisabel_soriano@yahoo.es.
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Four species of bear are known (Stirling, 1993; Brown, 2009) that, in their natural habitat, 

manifest variable behaviors depending on the season (Fundación Oso Pardo & Márquez, 1998; 

Roth, 1983; Roth & Huber, 1986; Stelmock & Dean, 1986), with the most notable differences 

demonstrated in food habits (Mace & Jonkel, 1986) and reproduction. Little research has 

addressed the impact or influence of seasons on the brown bear (Ursus arctos) in captivity, but 

the seasons having an influence on aberrant behavior is indicated (Ames, 1993; Carlstead & 

Seidensticker, 1991; Kolter & Zander, 1995). These abnormal behaviors are characterized 

because they are not observed in the typical behavior patterns of wild or free animals (Criswell 

& Galbreath, 2005; Meyer-Holzapfel, 1968).

 Difficulty lies in defining stereotypies before unknowing the details about their 

causation. Stereotypies are defined as aberrant behavior observed in conditions of captivity 

characterized by morphologically identical movements repeated regularly and without any 

apparent motive (Mason, 1991; Mason & Rushen, 2006). 

 One of the important criticisms of this theory is that the stereotypies do have a real 

function if they represent symptoms of an illness or disequilibrated mental state (Hosey et al., 

2009). Symptoms are overt characteristics of the normal homeostatic reactions of an organism 

trying to restore a disturbed equilibrium. In this sense, stereotypies are devises for adapting in 

an inadequate environment (Ödberg, 1978; Rees, 2011). The problem is knowing whether any 

external stimuli play a role in the abnormal behavior or if it is caused by internal neurological 

factors. Some authors have suggested that an appetitive behavior elicited in captivity gets 

repeated because it is no longer guided, whereas in nature it is continuously directed by various 

external stimuli; stereotypies have also been suggested to be rewarding themselves, such as 

reducing anxiety. In order to diminish the stereotypies there are the enrichment program 

techniques in order to motivating the lives of bears in zoos (Law & Reid, 2010). 

 Several studies have evaluated aberrant behavior in the Ursidae family because these 

animals are more susceptible to exhibiting this kind of behavior (Carslstead, 1998; van Keulen-

Kromhout, 1976). Some studies in U. maritimus (Ames, 1993; Kolter & Zander, 1995) and U. 

americanus (Carlstead & Seidensticker, 1991) indicate seasonality in these species aberrant 
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behaviors. A large volume of research has focused on U. maritimus, and the most studied 

stereotypies are related to pacing (Wechsler, 1991, 1992) and the corresponding 

pharmacological treatment (Poulsen et al., 1995, 1996, 1997). Studies on Tremarctos ornatus

(Fischbacher & Schmid, 1999) and U. americanus (Carlstead & Seidensticker, 1991) were also 

focused on pacing.  

 In other species, such as Helarctos malayanus (Cheng, 2001) and U. thibetanus, two 

types of stereotypies have been researched: motor and oral (Vickery & Mason, 2004). In a study 

on Ailuropoda melanoleuca, the authors classified 11 different types of stereotypies, mainly 

motor and oral (Lindburg et al., 2001). And finally, in a study on Melursus ursinus, the authors 

studied the effect of environmental enrichment on stereotypies in order to improve bear welfare 

(Anderson et al., 2010). 

 The objective of the present study was to determine if the duration, occurrence, and 

intensity of stereotypies vary according to the time of day and season, as observed on feeding 

and reproduction in the wild conditions.  

MATERIALS AND METHODS 

Animals and Installations 

Two female European brown bears (Ursus arctos arctos) housed in the same facility at the 

Barcelona Zoo were used in this study. Both of the animals had come to the Barcelona Zoo 

from Parque de la Naturaleza de Cantabria (Cantabria, Spain) in November 2003. Young female 

was born in Cabárceno on March 1, 1994, and reared by her mother, but these details are not 

known for old female.

 During the observation period, the two bears were housed together in a moat-style, 

semi-naturalized enclosure with a structure originally made from cement (see Figure 1) and a 

total area of 230 m2. A wall divided the enclosure with an opening to connect the two parts. 

Each side had an aquatic zone for the animals to drink and bathe. The features in each of the 

enclosures were trees, bushes, several large stones, large overturned logs for climbing, and 
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several terraces at different levels with a natural substratum of gravel, sand, and bark. The 

indoor enclosures were cement cages out of sight from the public with a drinking trough and 

bath (total surface area of approximately 10 m2 each) (Soriano et. al., 2006). 

FIGURE 1 A plan of the brown bear enclosure. S=stones, T=tree, L=logs, BS=bark substrate, CAS= 

water fall, CRS=crushed stone substrate, SS=sand substrate, COS=concrete substrate, P=PVC pipe, AU= 

honey dispenser. 

 The study period was March to December 2004. The guidelines for allowing the bears 

out into their outdoor enclosures depended on the hours of daylight (between 9 am and 4 pm in 

the spring, to 8 pm in the summer and 7 pm in the autumn). The animals’ diet consisted of fruit, 

vegetables, and meat once a day when they came into their indoor enclosures in the evening. 

Old female and young female slept in the interior enclosures alone. These animals were took 

part in two-day enrichment session. 

Method 

Data sampling was continuous recording of stereotypy behavior by both subjects (Martin & 

Bateson, 1991). The observation sessions were 1 hour in duration. A total of 63 hours of 

observation were recorded for both females.  
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 The data collected in each session was 1) the season, spring, summer, or autumn, with a 

total of 21 h for each seasonal period; 2) the time of day, morning (from 9 am to 1 pm), midday 

(from 1 pm to 4 pm), or afternoon (from 4 pm to 5 pm in November and December, to 7 pm in 

March to October, and to 8 pm from June to September), with the same number of registered 

sessions for each period, though they varied with the daily hours of light. 

 Each bear displayed a different kind of stereotypy, and for this reason the data 

collection was different. Old female displayed aberrant bouts that consisted of biting the trunk. 

The morphology of this kind of stereotypy was the animal, in a four-legged position, partly 

introduced its mouth over the trunk and repeatedly opened and closed its mouth, tightening its 

jaw against the base of the furniture. Thus, the variables gathered during each session of 

observation for this female were: start time, end time, average duration of the aberrant bouts 

(duration), number of abnormal episodes per session (occurrence), and the time between one 

aberrant bout and the next (intensity).  

 Young female had a different type of stereotype, consisting of an aberrant turn of the 

head anti-clockwise in the vertical plane. The duration of this stereotype was very short, five 

seconds, and the variables to record were the time she started, the duration between one turn of 

the head and the next (intensity), and the number of episodes per hour (occurrence). 

Data Analysis 

All data analyses were performed using SPSS 15.0. Normality was assessed using Kolmogorov-

Smirnov single-sample tests and logarithmic transformation of intensity. A rejection criteria of 

p=0.05 was applied to all tests. The relationship between numerical variables as the duration, 

occurrence, and intensity of the aberrant behaviors was obtained using the analysis of partial 

correlations. Two-way ANOVA test was used to determine the relation between numerical 

variables (duration, occurrence and intensity) with the season (spring, summer and autumn) and 

the time of day (morning, midday and afternoon). However, Kruskal-Wallis test was used to 

determine the relation between young female’s intensity anormal behaviors with the seasonal 

cycle. 
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RESULTS 

Table 1 shows the occurrence of the 137 aberrant episodes analyzed for old female and 4283 

aberrant points for young female. The relationship between the duration, occurrence, and 

intensity of the aberrant behaviors was obtained using the analysis of partial correlations. When 

the occurrence diminished, the average duration of the episodes per session increased (r= -0.67, 

p<.05, N= 137) and the intensity increased (r= -0.3, p<.05, N= 137). Therefore, within a same 

session, episodes of greater duration corresponded with fewer episodes, whereas fewer episodes 

had greater intensity (less time passed between episodes), indicating that the aberrant behavior 

would become more continuous. However, we identified no relationship between the average 

duration of the episodes and intensity (r= -0.13, p>.05, N = 137). 

TABLE 1  

The occurrence of brown bear’s aberrant behaviors 

 Table 2 shows that only the duration depended on time of day and season, the intensity 

depended on time of day and occurrence was not influenced. The highest aberrant’s behavior 

duration was in spring and summer mornings meanwhile in autumn was in afternoon. The 

intensity is highest in midday (see Figure 2 and Figure 3). 

OLD FEMALE YOUNG FEMALE 
� Mean ± SD  Mean ± SD 

SPRING 
Morning 1448.2 ± 255.8 47.5 + 114 
Midday 1112.8 ± 389.7 42 + 86.8 

Afternoon 684 ± 554.2 35.4 + 41.4 

SUMMER 
Morning 596.4 ± 180.2 55.3 + 137.4 
Midday 282.7 ± 243 43.9 + 111.9 

Afternoon 244.7 ± 282.3 65.2 + 193.3 

AUTUMN 
Morning 234 ± 259.4 70.7 + 165.5 
Midday 213.3 ± 447.2 72.5 + 174.1 

Afternoon 397.3 ± 389.6 49 + 93 
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TABLE 2 

Old female’s values for two-way ANOVA to determine the influence of season and time of day   

FIGURE 2 The mean (` SD) duration of old female’s aberrant episodes by different daily and seasonal 

periods. 

  

FIGURE 3 The mean (` SD) intensity old female’s aberrant episodes by different daily periods.
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 In order to determine the relationship between the occurrence and the intensity for 

young female, a correlation between the two variables was obtained (r= -0,21, p<.05, N= 4283). 

Thus, greater occurrence coincided with greater intensity, as in the case we described for old 

female.  

 However, the occurrence of young female’s per session not depended on the season (F

(2,54)= 0.54, p>.05, N= 4283) and on the season* daily period (F (4,54)= 1.38, p>.05, N= 

4283), only depended on the daily period (F (2,54)= 4.80, p<.05, N= 4283), as they were more 

frequent in the evening (Figure 4). The intensity only depended on the season (H(2) = 20.98, 

p<.05, N= 4283) and not on the time of day (H(2) = 2.58, p>.05, N= 4283 ); in spring they were 

shorter (greater intensity) and in autumn they were longer (Figure 5).   

FIGURE 4 The mean (± SD) occurrence of young female’s stereotype based on the time of day. 
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FIGURE 5 The mean (± SD) intensity of young female’s stereotypies based on season. 

DISCUSSION 

Despite the two daily enrichment sessions aimed at improving the wellbeing of these animals, 

the present work shows that old female´s aberrant behavior displays frequencies superior to the 

10% (17%) undesirable value espoused by Shepherdson (1989), whereas young female had a 

desirable value (5%). 

 The welfare of the Ursidae depends on many factors, including daily management and 

composition of the diet (Grandia et al., 2001; Larsson & Tove, 1995; Morimura & Ueno, 1999), 

enrichment programs (Hare, 1995), facility design (Soriano et al., 2006; Spendrup & Larsson, 

1997), and public affluence (Montaudouin & Le Pape, 2005). All of these factors contribute to 

the occurrence of aberrant behaviors. Studying all of these aspects would be necessary to 

discern which conditions are suitable for the maintenance of these animals in the best captivity 

conditions (Swaisgood & Shepherdson, 2005) and for considering the reintroduction of 

individuals of this species, as proposed by Vickery and Mason (2003), because we are talking 

about a species in serious danger of extinction.  

 The design of the facilities should closely resemble the animals’ natural habitat 

(Seidensticker & Doherty, 1996), and the use of cement should be minimized because this could 
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influence aberrant behavior, as seen in one of the bears in the present study. Other authors have 

indicated a crucial relationship between the size of the enclosure and the number of stereotypies 

manifested (Spendrup & Larsson, 1997). 

 The results of this study demonstrate that, in general, the aberrant behaviors of these 

two females varied according to the seasons, with a longer duration in spring, similar to 

observations made in the polar bear (U. maritimus) by Ames (1993) and Kolter and Zander 

(1995), and in contrast to the observations made in the American black bear (U. americanus) by 

Carlstead and Seidensticker (1991), who reported an elevated proportion of aberrant behavior 

during summer. The increased frequency of episodes observed in spring in the brown bear and 

polar bear could be related to the hormonal changes that take place during the zeal period, 

which increases the activity of adults (Fundación Oso Pardo & Márquez, 1998; Ward & 

Kynaston, 2003). Studying the winter period would have been interesting to identify variation in 

the aberrant behaviors at a time that entails diminished activity in this species in its natural 

habitat. 

 With respect to the daily variation of some aspects related to aberrant behavior, old 

female exhibited a peak in the average duration per session in the morning and young female an 

increase in the occurrence per session during the afternoon. The results indicated strong 

individual variation as both subjects remained equally active at any time of the day, similar to 

previous findings for the same species (Roth, 1983), without displaying peaks of activity-

inactivity throughout the day as happens in other Ursidae species (Mainka & Zhang, 1994). 

Cheng (2001) and Weschler (1991) focused on two daily periods (morning and midday) in 

different species of bears. These investigators observed that a variation in the proportion of 

aberrant behavior occurred at midday, being greater in some cases and constant in others. 

However, we only observed an increase in the intensity at midday in old female. Vickery and 

Mason (2004) also observed a peak of aberrant behavior in two bears as occurring in the 

morning and afternoon. Comparing this study with ours, we found differences in the time of day 

in which the bears performed the behavior. Thus, old female had greater dedication to biting the 

trunk in the morning, whereas the occurrence per session peaked in the evening for young 
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female. This greater occurrence of aberrant behavior in the morning perhaps reflecting an 

increased motivation to locomote and explore at this time of day. In the wild, many diurnal 

species begin the day with an intense period of feeding or locomotion (Brown, 2009).This 

greater occurrence of aberrant behavior in the afternoon was associated with conditional 

learning (cause-effect) due to the manifestation of this behavior at the moment of acceding to 

the indoor facilities where the food is located, an aspect demonstrated in the works by 

Montaudouin & Le Pape (2005) and Wechsler (1991). 

 In order to guarantee the well-being of the captive animals and reduce aberrant 

behavior, considering factors that can be key in the appearance and fixation of stereotypy 

behaviors is necessary, including the origin and age of subjects before transfer. In the present 

study these factors were not considered, which may impact the appearance and persistence of 

these behaviors despite the application of an enrichment program. 
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RESEARCH ARTICLE 

Four Models to Assess the Effectiveness of Environmental 

Enrichment: the Brown Bear (Ursus arctos) as a Case Study 

Ana I. Soriano, 1* Dolors Vinyoles, 1 and Carme Maté 2 

1Biology Animal Department, Barcelona University, Barcelona Spain 
2Ecology Urban Agency of Barcelona, Barcelona, Spain

Environmental enrichment programs seek to improve the well-being of animals in captivity, to promote 

species-typical behavior, and to decrease abnormal behaviors through changes in enclosure design or 

daily management. We designed, implemented, evaluated, and compared the effectiveness of different 

enrichment programs. The subjects studied included 1 male and 2 female brown bears (Ursus arctos) 

housed at Barcelona Zoo. The efficacies of 6 types of enrichment devices, including 4 feeding (sack of 

fruit, juicesicle, fishsicle, and live grasshoppers), 1 sensorial (deer feces), and 1 occupational device 

(ball), were evaluated over 9 enrichment sessions. We evaluated device enrichment using 2 criteria: the 

time invested on the animal-device interaction in enrichment sessions; and the device variation over time, 

which was analyzed through fluctuation, continuity, habituation, and device efficacy models. The new 

fluctuation model was observed for interactions with the juicesicle and deer feces (for the young female 

bear) and with the fishsicle (for the young female and male bears). The devices that were most used (sack 

of fruit) and less used (live grasshoppers) by the bears followed a continuity model, with important 

differences in the time that animals invested on interactions between these 2 devices. Other devices 

(juicesicle and ball) showed decreased enrichment efficacy with an increasing number of enrichment 

sessions and adjusted to a habituation model. None of the devices in this study showed the increased 

device efficacy model. 

Keywords: animal-device interaction, fluctuation, continuity, habituation, increased device efficacy 

model 
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INTRODUCTION 
Environmental enrichment programs seek to improve animal well-being through the preservation 

of species-typical behaviors, development of conservation programs, and improvement of zoo visits by 

patrons in terms of education and enjoyment [Shepherdson, 2001]. In the 25 last years, enrichment 

techniques have been widely applied in many zoos for various animal species [Young, 2003], especially 

ursids [Law and Reid, 2010]. There are 6 types of environmental enrichment programs, many of which 

have been applied to ursids in captivity. These programs are classified as social (i.e., involving changes in 

animal group composition) [Winhall, 1997], structural (i.e., involving changes in enclosures or furniture) 

[Spendrup and Larsson, 1997; Soriano et al., 2006], feeding (i.e., involving changes in animal diet) [Hare, 

1995; Larsson and Tove, 1995], sensorial (i.e., involving sensory stimulation), occupational (i.e., 

involving physical or psychological stimulation) [Altman, 1999], and training enrichment programs (i.e., 

involving zoo personnel interaction with educational or veterinary aims) [Bloomsmith et al., 2003; 

Rotherham, 2006].  

 The purpose of environmental enrichment evaluations is to determine whether an enrichment 

program or device improves the physical and psychological state of animals [Mellen and Sevenich, 1997; 

Morrow-Tesch, 1997; Oliva-Purdy, 1997; Morgan et al., 1998; Hawkins, 1999; 2006; 2009; Roberts, 

2005]. Enrichment program evaluations may be divided into 2 types. The first group evaluates 

environmental enrichment in terms of daily activity patterns, abnormal behaviors, social interactions, and 

use of space. The second group classifies enrichment devices using various analytical parameters 

(latency, intensity, and duration, among others). Loss of device efficacy occurs due to learning through 

animal habituation [Platt and Novak, 1997; Plowman and Knowles, 2001; Kuczaj et al., 2002]. In other 

words, the animals lose interest in the device due to prolonged and repeated device exposure [Domjan, 

2005]. 

 Plowman and Knowles [2001] established a feeding, occupational, and sensorial enrichment 

program in 2 individuals of Sumatran tiger and observed a decrease in abnormal behavior on the first but 

not the second day. The objective of 2 studies about feeding enrichment programs in Asian small-clawed 

otters was to promote hunting behavior with live prey [Foster-Turley and Markowitz, 1982]. These 

studies found a decrease in abnormal behavior [Ross, 2002]. With regard to environmental enrichment of 

the Ursidae family, use of a feeding, sensorial, and occupational environmental enrichment program 

resulted in decreased stereotypical behavior and increased vigilance among giant pandas (Ailuropoda 

melanoleuca) [Tepper et al., 1999]. The percentage of activity observed in the male brown bear (Ursus 

arctos) was very similar to that of individuals of this species in the wild, and their use of space was more 

homogeneous after a structural enrichment program [Soriano et al., 2006]. Loss of interest in animal 

feeding devices has been reported in sloth (Melursus ursinus), American black (U. americanus), 

and brown bears (U. ursinus) over 6 sessions [Carlstead et al., 1991] and in sloth bears (M. 

ursinus) over 5 sessions [Anderson et al., 2010]. 
According to enrichment evaluations, enrichment devices may not always be effective [Rosier 

and Langkilde, 2011] or may be dangerous to animals due to the materials used for device construction 
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[Hare et al., 2007]. In other cases, the results obtained when environmental enrichment programs are used 

may not address the initially established objectives. For example, research in rhesus macaques showed 

that toy manipulation decreased with repeated toy presentation [Crockett, 1998]. Other studies found no 

decrease in abnormal behaviors, despite an increase in enclosure size [Line et al., 1991] or use of 

occupational and feeding enrichment [Line and Morgan, 1991]. Hawkins [1997] and Hogan et al. [2010], 

who studied different marsupial species with a feeding and occupational enrichment program, did not 

observe a decrease in stereotypical behavior or an increase in the activity or visibility of animals. 

 The aim of the present work was to determine the efficacy of different types of enrichment 

devices (feeding, occupational, and sensorial) in 3 brown bears (2 females and 1 male) housed at 

Barcelona Zoo. To achieve this goal, we monitored the time invested on the animal-device interaction 

during the enrichment sessions, and also analyzed the efficacy of the enrichment devices over time with 4 

different models (fluctuation, continuity, habituation, and increase of device efficacy). 

MATERIALS AND METHODS  

Animals and housing conditions 
The subjects included in this study were 3 brown bears (1 male, 1 old female, and 1 young 

female) housed at the Barcelona Zoo (Table 1). 

TABLE 1. Demographic data for brown bears in the study at the Barcelona Zoo

Name Sex Birth date Born Rearing condition Arrival date at zoo 

Bubu Female January 1987 In captivity Mother Since birth 

Keiko Male June 1995 In the wild Hand December 18, 1999 

Miskha Female May 2000 In the wild Mother December 28, 2000 

 During the observations, the brown bears were housed singly in 2 semi-naturalistic, original 

concrete, and pit enclosures (Fig. 1). Each enclosure had a partition wall in the middle, with an opening 

for access between the 2 halves of each enclosure. The areas of the 2 yards were 150 and 230 m2, 

respectively (Fig. 1). Each yard contained a water area for drinking and bathing. Furnishings consisted of 

trees, bushes, several large stones, large felled logs, and various elevated terraces at different heights with 

natural substrates of crushed stone, sand, and bark. Indoor cages, which were out of the view of visitors, 

were made of concrete substrate, with a drinking trough and bath (approximately 10 m2 each) [see 

Soriano et al., 2006 for more details]. 
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Fig. 1. Plan of enclosures for the young female (1) and the old female and male (2) brown bears. S = 

Stones, T = Tree, L = Logs; BS = Bark substrates; CRS = Crushed stone substrates; SS = Sand substrates; 

COS = Concrete substrates; AU = Honey dispenser; P = PVC tube. 

The animals considered in the study were individually housed because as a species they are 

solitary and only interact during reproduction periods [Stirling, 1993]. The hours during which the bears 

were allowed into their outdoor facilities varied with the time of year (between 09:00 and 17:00 from 

December through February, between 09:00 and 18:00 in March, October and November, and between 

09:00 and 19:30 from April through August). Enclosure 1 was used for the young female that went out on 

all of the days. Enclosure 2 was used for the male and the old female that went into the outdoor enclosure 

on alternate days of the week (Tuesdays, Thursdays, and Saturdays for the male; Mondays, Wednesdays, 

Fridays, and Sundays for the old female). The diet of the animals consisted of fruit, vegetables, and meat 

once a day when they came into their indoor facilities in the evening.  

Environmental enrichment 
From December 2001 through November 2003, the animals participated in a daily feeding, 

occupational, or sensorial enrichment program. The enrichment was classified by the objective: feeding 

enrichment applied to elements containing food; sensorial enrichment was imparted in the form of feces; 

and occupational enrichment was achieved with objects, such as balls. Different areas of the enclosure 

were randomly chosen in which to hide the devices. The enrichment session was begun by the keeper 

around 1 pm. The caretaker threw the item into the same zone as the visitors. The schedule of different 

kinds of devices for the sessions consisted of 31 elements, one for each day of the month, following the 

same pattern during all months of the study.  

Four feeding-type devices were evaluated: “sack of fruit,” a burlap sack containing 1 kg of fruit 

tied with cord of esparto grass; “juicesicle,” a brick of frozen fruit juice; “live grasshoppers,” 15 live 
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grasshoppers; and “fishsicle,” a 5-liter basket with 3 liters of water and 2 herrings or sardines congealed. 

One sensorial device was evaluated: “deer feces,” 5 scattered handfuls of red deer feces. One 

occupational device was tested: “Boomer® ball,” a ball. These devices were applied consecutively from 

days 1 to 6 for each month as follows: sack of fruit, juicesicle, live grasshoppers, fishsicle, deer feces, and 

ball. 

  

Behavioral recording 
Data sampling involved the continuous recording of animal-device interaction behavior by the 3 

subjects according to Martin and Bateson [2007]. The observations included nine 1-hour sessions for the 

first 6 devices (1st to 6th day). A total of 99 hours were recorded, distributed as follows: 9 h (one item), 36 

h (four items), and 54 h (six items) for the male, old female, and young female, respectively. The data 

collected for each subject and observational sessions were: enrichment type (sensorial, feeding, and 

occupational), enrichment device (sack of fruit, juicesicle, live grasshoppers, fishsicle, deer feces, and 

ball), and duration (in seconds) of the subject interacting with the device. The male was observed with the 

fishsicle. The old female was observed with the sack of fruit, juicesicle, live grasshoppers, and ball. The 

young female was observed with the sack of fruit, juicesicle, live grasshoppers, fishsicle, deer feces, and 

ball. Due to the study design, only the devices with the most number of sessions were studied. Holidays, 

weekends, and the deaths of the male and old female bears prohibited the study of more devices and 

sessions.   

Enrichment models 
To evaluate the different enrichment devices over 9 consecutive sessions, 2 factors were studied: 

the duration of the animal-device interaction in each enrichment session (designated the animal-device 

interaction time) and the enrichment device efficacy. Four models of enrichment device efficacy were 

used. The fluctuation efficacy (fluctuation) model states that a significant relation does not exist between 

the session order and the animal-device interaction time, which shows pronounced fluctuations over 

session order (high-range variation). The continuous efficacy (continuity) model states that a significant 

relation does not exist between the session order and the animal-device interaction time, which is more or 

less constant over time (low-range variation). The loss of efficacy model (habituation) model states that 

the animal-device interaction time decreases with increasing session order. In other words, session order 

is inversely correlated with the animal-device interaction time. The increase of efficacy model states that 

the animal-device interaction time increases significantly with session order. In other words, session order 

is directly correlated with the animal-device interaction time.  

To differentiate between the fluctuation and continuity models, the coefficient of variation (CV, 

%) was used. This term is defined as: CV = �/X (× 100), where � is the standard deviation and X is the 

mean of the animal-device interaction time (in seconds) over the 9 enrichment sessions. A device showed 

a fluctuation model when CV was �75% and a continuity model when CV was <75%. All of the models
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reflected the efficacy with respect to the time invested in the animal-device interaction (total duration [s] 

and %) during enrichment sessions.

Statistical analysis 
All data analyses were performed with SPSS 15.0. A rejection criteria of P = 0.05 was applied to 

all tests. Lilliefor’s test was used to verify the normal distribution of the results of each variable. 

Pearson’s correlation was used to determine the relation between the (log) animal-device interaction time 

and the (log) session order over the 9 enrichment sessions for each animal. 

RESULTS 

Animal-device interaction times per session 
Table 2 summarizes the results of the animal-device interaction times for the 3 animals for all 

devices. The sack of fruit had the greatest mean interaction time per session in both females. Bears 

showed the least interaction time with the ball, live grasshoppers, and deer feces. Overall, the greatest 

interaction time of animals was seen with the feeding devices (97.6% of total time in animal-device 

interactions), followed by the occupational (2.1%) and sensorial (0.3%) enrichment programs.  

TABLE 2. Total time (s) invested on animal-device interactions, mean duration ± SD (s), and coefficient 

of variation (CV, %) for the 9 enrichment sessions applied for the 3 brown bears of this study 

   Enrichment item Total duration (s) Mean duration ± SD (s)  CV (%) 

OLD FEMALE 

Sack of fruit 12131 1347.89 ± 684.921 50.81 

Juicesicle 5050 561.11 ± 570.5 101.7 

Ball 1099 122.11 ± 147.062 120.43 

Live grasshoppers 2027 225.22 ± 150.99 67.04 

YOUNG FEMALE 

Sack of fruit 7596 844.00 ± 563.955 66.81 

Juicesicle 5003 555.89 ± 512.136 92.13 

Ball 4504 500.44 ± 935.711 186.97 

Live grasshoppers 2664 296.00 ± 203.931 68.90 

Fishsicle 8467 870.80 ± 702.963 80.73 

Deer feces 781 86.78 ± 119.292 137.46 

MALE Fishsicle 1852 205.78 ± 179.904 87.42 

In the case of the old female, the sack of fruit was the most entertained device (59.7% of total 

time), followed by the juicesicle (24.9%), live grasshoppers (10%), and ball (5.4%). Feeding devices 

(94.6%) occupied more time than occupational devices (5.4%). In the case of the young female, the 

maximum interaction time was observed with the fishsicle (29.2% of time), followed by the sack of fruit 
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(26.2%), juicesicle (15%), ball (15%), live grasshoppers (9.2%), and deer feces (2.7%). Feeding devices 

(81.8%) occupied more time than occupational (15.5%) or sensorial devices (2.7%).  

Figures 2-4 show the results for the interactions times of each animal with the different devices 

in each enrichment session. The old female showed the longest and shortest interaction times with the 

juicesicle in the first session (1984 s) and fourth sessions (0 s), respectively, and with the ball in the first 

session (473 s) and sixth session (0 s), respectively (Fig. 4). The young female showed the longest and 

shortest interaction times with the fishsicle in the first session (2054 s) and fourth session (27 s), 

respectively; with the juicesicle in the seventh session (1829 s) and first session (156 s), respectively (Fig. 

2); and with the ball in the first session (2873 s) and fifth session (12 s), respectively (Fig. 4).  

Fig. 2. Time spent on device interaction over 9 enrichment sessions with the fluctuation model (solid line: 

male; dashed line: young female).  

Fig. 3. Time spent on device interaction over 9 enrichment sessions with the continuity model (solid line: 

old female; dashed line: young female).  
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Fig. 4. Time spent on device interaction over 9 enrichment sessions with the habituation model (solid 

line: old female; dashed line: young female). 

Enrichment device efficacy 
The efficacy of the enrichment devices was evaluated according to fluctuation, continuity, 

habituation, and increase of device efficacy models (Figs. 2-4). None of enrichment devices evaluated in 

this study showed an increase of device efficacy model; in other words, no device showed progressively 

increased use over the 9 sessions of enrichment.  

The fishsicle (for the male and young female) and the juicesicle and deer feces (for the young 

female) showed a fluctuation model (Fig. 2). The fluctuation model was characterized by marked 

oscillations in use over time and the lack of a significant correlation between the (log) animal-device 

interaction time (seconds) and the (log) session order (in all cases, P > 0.05). Some devices showed 

higher interaction times (fishsicle and juicesicle in the young female) and others showed lower interaction 

times (fishsicle in male and deer feces in young female) (Table 2, Fig. 2). 

The sack of fruit and live grasshoppers for both females showed a continuity model (Fig. 3). The 

continuity model was characterized by more or less constant and sustained use over time and the lack of a 

significant correlation between the (log) animal-device interaction time (seconds) and the (log) session 

order (in all cases, P > 0.05). Some devices showed higher interaction times (sack of fruit) and others 

showed lower interaction times (live grasshoppers) (Table 2, Fig. 3). 

The juicesicle for the old female only and the ball for both females showed a loss of efficacy 

model over enrichment sessions (Fig. 4). The loss of efficacy model was characterized by a significant 

negative relation between the (log) duration of the animal-device interaction (seconds) and the (log) 

session order (old female with juicesicle: rp= -0.899; P = 0.034; old female with ball: rp = -0.745, P = 

0.002; young female with ball: rp = -0.700, P = 0.036). In these cases, the animals showed a gradual loss 

of interest toward device enrichment.  
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DISCUSSION  
Studies comparing the efficacy of feeding and sensorial enrichment devices in Goeldi’s monkeys 

[Gibbs, 2003] and Sumatran tigers [Plowman and Knowles, 2001] have indicated that sensorial 

enrichment has less of an effect on animals than feeding enrichment. This observation is consistent with 

our results obtained in the young female brown bear. Studies evaluating differences between feeding and 

occupational enrichment devices in chimpanzees [Brent and Eichberg, 1991] and in three species of 

macaques [Crockett et al., 1989] showed that feeding devices are more entertaining for animals than 

occupational devices. This finding is also in agreement with results observed in both females of the 

present study.  

 Kessel and Brent [1998] determined that the time spent by a group of pigtail macaques with a toy 

(occupational) enrichment device was 27%. This percentage is higher than that obtained in occupational 

enrichment for the 2 brown bears in the present study. One explanation for this fact is that the 2 species 

reflect different evolutionary adaptations. Primates have biological adaptations to object manipulation, 

and their sensorial systems are mainly visual and auditory. In contrast, the sensory system in bears is 

predominately olfactory. It may be that the olfactory sense development of bears renders sensorial 

enrichment devices as more effective than occupational devices. However, this aspect was not addressed 

in the present study.   

 In our comparison of the durations of animal-device interactions, the only differences observed 

were in the popsicles: between the male and young female for the fishsicle, and between the young and 

old female for the juicesicle. Three previous studies examined occupational enrichment in a group of 

chimpanzees. Bloomsmith et al. [1990] found no differences between males and females but did find 

increased interest among young animals for balls. Brent and Eichberg [1991] observed that females had a 

greater interest for feeding puzzles than males. Similarly, in Platt and Novak [1997], females had a 

greater interest for a videotape and video game. Females and young animals seem to have a larger 

predisposition to device interaction than males, as the fishsicle case of this study would indicate; 

nevertheless, more studies are needed to address this issue. The females did not respond in different ways 

to feeding and occupational enrichment devices. However, differences in the response to the fishsicle 

were seen between the male and young female, as was also previously observed in structural enrichment 

for a couple of brown bears [Soriano et al. 2006]. 

 After evaluating the environmental enrichment devices over sessions, we obtained a new model 

different from the 3 models that have been described in previous publications. The new fluctuation model 

described in this study showed increases and decreases (or vice versa) of device interest over time. This 

model was observed with the fishsicle for the young female and male, and with the juicesicle and deer 

feces for the young female.  

The increased efficacy model is a panacea that could result in the other 3 models over time. It 

would be interesting to determine whether, over time, one model transforms into another, and whether 

such transformation is gradual; more studies about this concept are needed. We were unable to affirm that 

the enrichment efficacy increased over the 9 sessions for brown bears at the Barcelona Zoo, but this effect 
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was previously observed in feeding and other types of enrichment devices applied to a group of Goeldi’s 

monkeys [Gibbs, 2003].  

A habituation model was observed with an occupational device (ball) in both females and with a 

feeding enrichment device (juicesicle) in the old female. This model was also observed with some 

occupational devices in different species of primates [Paquette and Prescott, 1988; Bloomsmith et al., 

1990; Line and Morgan, 1991; Brent and Belik, 1997; Platt and Novak, 1997; Kessel and Brent, 1998; 

Renner et al., 2000] and with feeding devices in 3 species of bears [Anderson et al., 2010; Carlstead et 

al.,1991], in leopards [Markowitz et al., 1995], and in different species of primates [Crockett et al., 1989; 

Brent and Eichberg, 1991; Bayne et al., 1993; Novak et al., 1998]. Unlike our observations of the model, 

habituation models have also been observed with some sensorial devices in other species of mammals 

[Calderisi, 1997; Clark et al., 2005].  

The continuity evaluation model has only been described in a group of rhesus macaques for a 

feeding device [Line et al., 1991a]. In the present study, it was observed for the sack of fruit and live 

grasshoppers in both females. The brown bears were most entertained by the feeding-related enrichment 

devices, except for the live grasshoppers, especially those with some complexity for access to food (e.g., 

inside a sack or in a popsicle). This finding has also been observed in other primate species [Tripp, 1985; 

Vick et al., 2000; Maloney et al., 2006].  

In this study, which was performed on concrete, the more natural live grasshopper device 

followed a continuity model and was associated with less interest. This observation is in contrast to 

observations among Asian small clawed river otters with live grasshoppers in front of cat food, dead 

crickets, and gelatin capsules [Foster-Turley and Markowitz, 1982] and rhesus macaques with wooden 

sticks in front of some dog toys [Line and Morgan, 1991]. In these previous studies, less interaction was 

found with the artificial elements than with the natural ones. More studies are needed to determine 

whether a relationship exists between enrichment origin and the effect on animals.   

 The schedule of device presentation influences enrichment efficacy, as shown by research in 

primates [Berrill, 2006], in 8 species of marine mammals and 2 species of birds [Kuczaj et al., 2002], and 

in some big cats [Plowman and Knowles, 2001]. The repetition and novelty of enrichment devices are 

important, as is the time elapsed between presentations of the same device. According to Plowman and 

Knowles [2001], device enrichment efficacy in big cats is larger when the time elapsed between the same 

device is 3 weeks. The present study used a 4-week schedule, which is the same as that applied previously 

in a feeding enrichment program for a female leopard, in which habituation was not observed [Markowitz 

et al, 1995]. Berrill [2006] proposed the removal of an enrichment device when the duration of the 

animal-device enrichment interaction decreases by 25% with respect to the first presentation.  

We considered device enrichment to be effective when 2 conditions were met: 1) the device 

adjusted to a model of fluctuation, continuity, or efficacy increase over time, and 2) the time invested on 

the animal-device interaction was large (in this study, a maximum of 3600 s during the first hour of 

device presentation). The fluctuation model was observed under 2 conditions: with higher durations (i.e., 

greater efficiency) with the fishsicle and juicesicle for the young female; and with lower durations (i.e., 

less efficiency) with the fishsicle for the male and with the deer feces for the young female. Similarly, the 
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continuity model was observed with higher durations (i.e., greater efficiency) with the sack of fruit for 

both females, and it was observed with lower durations (i.e., less efficiency) with the live grasshoppers 

for both females.  

Enrichment devices should also be evaluated for whether they improve animal well-being. Long-

term evaluation is needed to remove devices from the routine when they do not elicit desirable changes in 

animal behaviors [Hogan et al. 2010]. These findings and others indicate that the schedule of device 

presentation may cause loss of enrichment efficacy [Quirke and O’ Riordan, 2011]. When habituation to 

the device occurs, it must be replaced with another device or the presentation must be postponed 

[Anderson et al., 2010]. However, when a device follows a continuity model—which is related to the 

variety and novelty of the enrichment device—and a short duration is used, it is easier to modify the 

device qualitatively and quantitatively to increase the animal-device interaction time. 

 Future research must be done to evaluate enrichment programs and devices systematically, such 

that some relevant indicators about animal well-being may be established [Ross, 1999]. The integration of 

these animal welfare indicators into an index must allow intra- and inter-specific comparisons. 

Standardized sampling, analysis, and evaluation recording methods are needed for enrichment programs 

and their devices, to study models of enrichment program evaluation and the relationships among device 

type, presentation frequency, natural history of the species, and other variables, such as the presence of 

visitors, abnormal behaviors, social interactions, etc.  

CONCLUSIONS 
• Feeding enrichment devices entertained brown bears longer than occupational and sensorial devices. 

• The most effective enrichment device was the sack of fruit, which was associated with longer 

interaction durations and with a continuity model. 

• The new fluctuation model was observed with the juicesicle, deer feces (young female), and fishsicle 

(young female and male).  

• The continuity model was observed with the live grasshoppers and sack of fruit for both females. 

• The habituation model was observed with the ball (both females) and the juicesicle (old female). 

• None of devices studied showed the increased device efficacy model.  
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En la actualidad, los cuatro objetivos de los zoos modernos son la educación, la investigación, 
la conservación y el ocio. Esta tesis se centró en la evaluación de algunos indicadores de 
bienestar animal en cuatro especies de mamíferos en condiciones de cautividad (el patrón de 
actividad diario, la ocurrencia de conductas aberrantes, el uso del espacio y las interacciones 
sociales). Los principales resultados obtenidos en este estudio pueden resumirse en: 1) Las 
conductas aberrantes de dos hembras de oso pardo (Ursus arctos) mostraron variaciones 
estacionales, al igual que lo observado en las conductas típicas de la especie en condiciones de 
libertad; 2) En el oso pardo (U. arctos) la presencia de público provocó un aumento en la 
ocurrencia de estereotipias y un uso del espacio más homogéneo, mientras que en el oso panda 
gigante (Ailuropoda melanoleuca) no se observaron estereotipias ni una influencia del público 
en el uso del espacio; 3) La seminaturalización de las instalaciones de dos individuos de oso 
pardo (U. arctos), un macho y una hembra, provocó que únicamente el macho alcanzara un 
nivel de actividad similar al observado en sus conspecíficos en libertad y para la misma época 
del año (verano), haciendo un uso más homogéneo del espacio disponible. Los dos ejemplares 
de oso pardo (un macho y una hembra) estudiados respondieron de forma diferente al 
enriquecimiento estructural; 4) El estudio de la eficacia de un programa de enriquecimiento 
alimentario, sensorial y ocupacional en tres individuos de osos pardo (U. arctos), puso de 
manifiesto cuatro modelos de evaluación de dichos programas: el modelo de la ganancia, el de 
la habituación, el de la continuidad y el la fluctuación de la eficacia del ítem; 5) La muerte del 
macho alfa en una manada de lobos ibéricos (Canis lupus signatus) provocó un aumento de las 
conductas de "vigilancia" y "no visible" así como un uso del espacio menos homogéneo; 6) Las 
interacciones maternofiliales entres madres y tres crías de león marino de California  (Zalophus 

californianus) en cautividad, mostraron varias semejanzas con las que presenta la especie en 
libertad (los individuos se mantuvieron inactivos durante la mayor parte del tiempo y las crías 
macho presentaron mayores episodios lúdicos que las hembras).  
Los factores que influyen en el bienestar de los animales de este estudio deberían tenerse en 
cuenta para garantizar que las condiciones de cautividad son adecuadas para los animales. 
Estos factores son las condiciones sociales de la especie, el tamaño y el diseño idóneo de la 
instalación,la composición de la dieta, la estimulación física y/o psicológica, la influencia del 
público y los cuidados veterinarios. La clave para garantizar el bienestar de los animales, radica 
en estudiar minuciosamente las necesidades físicas y psicológicas de los mismos a través del 
conocimiento tanto de la historia natural de las especies, como de los trabajos realizados en 
otros zoos.


