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1 Abstract 

Empirical measurements of the use of space of an enclosure are important 
indicators of the enclosure’s appropriateness for the exhibited animal. By 
studying the animal’s use of space zoological parks are able to provide a 
more species-adequate environment. In this study the utilization of space 
by the Siberian tigers held at Kolmården Djurpark was analyzed. Data 
were collected using the scan sample method for a total of 120 
observation hours during 15 days. The tigers showed a marked difference 
in the utilization of different parts of the enclosure with the number of 
observations ranging from 1252 for the most popular zone to only 172 for 
the least popular one. The tigers showed a consistent preference for two 
of the 15 zones across all days of observation. Further analyses showed 
that these zones were preferred both during mornings and afternoons as 
well as during feeding days and non-feeding days. This study 
demonstrates that the tigers might display a preference for certain 
environmental features as a result of their behavioral needs that are no 
different from tigers in the wild.  

2 Introduction 

A notoriously difficult group of animals to provide an adequate captive 
environment for are the felids. Several species are solitary living with 
vast territories in the wild while in captivity they are often held at high 
population densities (Mellen & Shepherdson 1997, Mellen et al. 1998). 
While differences in behavior exist between groups of felids, the four big 
cats, lions, leopards, jaguars and tigers, all range over large areas in 
search for prey and exploring of their territories. In captivity, held at 
higher population densities with limited space available, they often 
habituate quickly to their surroundings and display stereotypic pacing as 
a redirected patrolling behaviour (Mellen et al. 1998).  

The Siberian tiger (Panthera tigris altaica) is the largest of the five big 
cats and also the largest of the five subspecies of tigers (Hurst et al. 
2008). Its habitat stretches from the eastern parts of China and Russia 
down towards North Korea (Sun et al. 2005). A single male can inhabit a 
territory of up to 2500 km2 overlapping one or more of female territories 
(Hurts et al. 2008). Both male and female tigers are territorial, although 
the lower limit of the territory is set by prey and female density for males 
and social intolerance for female territories (Sunquist 2010). As such, 
female territories usually don’t overlap with that of other neighboring 
females. A single tiger travels widely in search for food and hunts using 
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the stalk-rush-kill approach but rarely pursues its prey more than 150 
meters (Mellen et al. 1998, Sunquist 2010). 

The Siberian tiger is a solitary animal, though several findings suggest 
that during certain circumstances it can be social with or without 
aggression towards conspecifics (Schaller 1967, pp 250). Like most other 
felids, tigers communicate with conspecifics through urine scent marks, 
feces scrapes and claw sharpening (Mellen et al. 1998). Daily patrols of 
their territorial borders include examination of scent marks and replacing 
it with their own scent.  

The Siberian tiger is on the verge of extinction with only about 360-450 
tigers remaining in the wild (Xiaofeng 2011). Due to the increasing threat 
of extinction and the difficulties of reintroducing tigers bred in captivity 
to the wild most people will only experience a tiger in a zoo. Therefore a 
properly designed and enriched enclosure will provide a better experience 
for the visitors of a zoological park (Christie 2010). To be able to design 
a more species adequate enclosures the zoological parks need to analyze 
the enclosures by measuring how, when and where the exhibited animal 
utilizes its enclosure. By empirically measuring the use of space in the 
enclosure the zoo can provide information about the animal’s needs and 
preferences that can be used for further improvement of enclosures (Ross 
et al. 2009). Depending on how the enclosure is designed and used it 
might also be differently well suited for a variation of enrichments. By 
studying the behavior and use of space in different species of captive 
animals, zoological parks are able to introduce a more species-specific 
enrichment, which can match the animals’ biological requirements and 
improve their welfare (Ross et al. 2009). 

The purpose of this study is to analyze how the Siberian tigers kept in 
Kolmården utilize their enclosure and if they tend to share space with 
other tigers or stay apart from each other. The design of the tiger’s 
outdoor enclosure is thought to allow them to make an active choice 
regarding where to reside. This might create a bias in the sites of the 
enclosure used by the tigers. My ambition is to answer the question if 
there are any sites in the enclosure that are more frequently used than 
others. The aim is also to analyze whether the tigers held at Kolmården 
prefer to share space, since they are housed together in a group of six 
tigers, or if they tend to keep apart.  



 4 

3 Material & methods 

3.1 Study site and animals 
The study took place at Kolmården’s Djurpark, Sweden. There are six 
tigers held at Tiger World, all of them Siberian tigers (Panthera tigris 
altaica). Four of the tigers, three females (two born in 2008 and one in 
2010) and one male (born in 2007), are bred at Kolmården. The other 
two, both males (born in 2001), are derived from Ouwehands Dierenpark, 
Netherlands. The tigers are all related to each other either as siblings, 
half-siblings or parent-offspring. The two males derived from Ouwehands 
Dierenpark are not castrated while the tigers bred at Kolmården are all 
castrated, except for one that soon will be. The tigers are provided with 
toys, novel objects, clicker training and alternative feeding methods like 
hidden pieces of meat in buckets of ice or cages simulating a prey’s 
ribcage as enrichment at a regular basis. The only physical contact 
between caretakers and tigers takes place during the first three months 
after the tigers are born. This is done as a means of making the tigers able 
to interact with humans at a later stage when physical contact is no longer 
possible (oral communication with Marie Erlandsson, Kolmårdens 
Djurpark). 

3.2 Housing conditions 
In this study all six of the Siberian tigers were housed together in an 
outdoor enclosure of about 5000 m2.There was a small indoor enclosure 
of about 100 m2 accessible to the tigers through three hatchways (Figure 
1) that were open 24 hours a day except for when the caretakers were 
preparing food for the tigers. The tigers were fed three times every week 
at irregular hours (oral communication with Marie Erlandsson, 
Kolmårdens Djurpark). 

3.3 Data collection 
Data were collected for a total of 15 days between March 26th and April 
22nd during a total of 120 hours. The observations took place from 8.30 
A.M – 4.30 PM.  
 
A hand drawn map of the outdoor enclosure was covered with a grid 
which subdivided it into 15 zones of about equal size (Figure 1). The 
subdivision was based on visual landmarks in the enclosure consisting of 
trees, rocks, waterfalls, huts and logs. There was also a difference in 
substrates, structures and other environmental features between the zones 
that provided some natural subdivision (Table 1). For a complete 
overview of the enclosure the two observers were positioned at two 
different observations sites (Figure 1) which allowed for a complete 
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overview over the western or the eastern parts of the enclosure. At five 
minutes intervals, scan samples of the location of the six tigers and, in the 
case of a moving animal its direction of movement was registered in each 
zone with a dot and an arrow indicating the direction of movement on a 
map of the enclosure. If there was more than one tiger located in the same 
zone at the same time differently colored dots were used to distinguish 
between individual tigers.  For every hour one map was used to register 
the locations of the tigers, the date and time of the observation and any 
other event that may affect their behavior such as feeding, change in 
weather conditions, presence of visitors and if any of the tigers leaves the 
outdoor enclosure for the indoor enclosure (which is not included in the 
study).   
 
 

 

 

 

 

 

 

 

 

	  
 
 
 
Figure 1. Subdivision into 15 zones of a hand drawn map of the Tiger World at 
Kolmårdens Djurpark. 
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Table 1. Description of the environmental features and area of the 15 zones. 
The area for each zone is an approximation derived from the hand drawn map 
of the enclosure. 

 

3.4 Statistical analysis 
The collected data was analyzed using Analysis of variance (ANOVA) to 
test whether there was a significant difference in utilization of the zones. 
Paired Wilcoxon tests were used for comparison of the single zones 
against each other. Wilcoxon tests were also used for both the 
comparison between feeding-day and non-feeding day and for the pooled 
data of all 15 days. All of the statistical analyses were made using a 
significance level of 0.05.   

4 Results  

4.1 Utilization of zones 
The number of observations made across the 15 days of observation 
ranged from 1252 for zone E1 to only 72 for zone B1. The zones E1 and 
E2 accounted for 16% and 15% of the total number of observations, 
respectively, while zone B1 accounted for only 1% (Figure 2).  
 
 
 
 
 

Zones Environmental features Area (m2) 
A1 
A2 
A3 

 
B1 
B2 
B3 

 
C1 
C2 

 
C3 

 
 

D1 
D2 

 
D3 

 
E1 

 
E2 

 
E3 

 

Mountain area with rock ledges at different levels. 
Pebbly forest area with a single rock ledge. 
Open grassland area with access to water (depth of about 30 cm) and a pathway ranging across 
the entire zone. 
Steep mountain area. 
Pebbly area with trees and a climbable tree hut with two openings. 
Sloping area with a pathway ranging across the entire zone and access to water (depth of about 5 
cm) with an adjacent tunnel. 
Mountain area with rifts. 
Sloping area containing shrubs and a glade with complete overview over the enclosure. The 
passage from D2 divides into three pathways. 
Grassland area with two pathways surrounding a large rock. Access to water (depth of about 10 
cm). Zone restricted on one side by a climbable stone wall with passage to D3 possible. 
 
Corned grassland area restricted by a non-climbable stone wall. 
Open grassland area with a climbable statue and a pathway ranging across the zone.  Access to 
water (depth of about 50 cm) 
Small area with passage to C3 possible over the stone wall. Access to water (depth of about 50 
cm). 
Area with three hatchways to the indoor enclosure and a glass partition. An asphalted pathway 
stretching along the glass partition.  
Open flat grassland area restricted on the side facing the visitors by bars and a glass partition. 
 
Glass partition separating the tigers from the visitors. Flat grassland with a lowered bus. Feeding 
took place from the balcony above the zone. 

390 
300 
800 

 
390 
275 
500 

 
325 
316 

 
588 

 
 

540 
454 

 
200 

 
293 

 
450 

 
383 
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Figure 2. Mean utilization of the 15 zones across the 15 days of observation. 

All zones except for A1, B1 and B3 had a noticeable location within the 
zone where the major part of observations had been made.  This is 
illustrated as the hot spot of each zone (Figure 3). 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Number of observations made in each zone and the location of hot 
spots. 
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When comparing the utilization between the zones across the 15 days of 
observation significant differences were found. This resulted in the 
ranking of zones from the highest to the lowest number of observations 
made (Figure 4). Significant differences in utilization between zones are 
indicated by the “>” symbol, and a lack of significant difference between 
zones is indicated by a slash.  

E1/E2>B2/D2/E3>D1>C2/D3>A1/A2/C3>B3>A3/C1>B1 

P-value A1 A2 A3 B1 B2 B3 C1 C2 C3 D1 D2 D3 E1 E2 E3 

A1 - 0.22 0.14 0.00 0.00 0.53 0.01 0.17 0.89 0.00 0.00 0.13 0.00 0.00 0.00 
A2 

 
- 0.00 0.00 0.00 0.00 0.00 0.46 0.06 0.07 0.00 0.46 0.00 0.00 0.02 

A3 
  

- 0.00 0.00 0.17 0.36 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 
B1 

   
- 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

B2 
    

- 0.00 0.00 0.00 0.00 0.12 0.91 0.00 0.01 0.19 0.47 

B3 
     

- 0.03 0.00 0.39 0.00 0,00 0,04 0,00 0,00 0,00 
C1 

      
- 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

C2 
       

- 0.02 0.01 0.00 0.44 0.00 0.00 0.00 
C3 

        
- 0.00 0.00 0.14 0.00 0.00 0.00 

D1 
         

- 0.00 0.01 0.00 0.00 0.10 

D2 
          

- 0.00 0.00 0.00 0.25 

D3 
           

- 0.00 0.00 0.00 
E1 

            
- 0.13 0.00 

E2 
             

- 0.00 
E3 

              
- 

Figure 4.Results of the Wilcoxon analysis between utilization of zones across 
the 15 days of observation. Values highlighted in grey show a significant 
difference (p<0.05). Hyphens illustrate no test performed. 

 

4.2 Utilization of zones during one feeding day 
When comparing the utilization between the zones during one feeding 
day (April 16th) the tigers showed a significantly larger frequency of use 
of the zones E1 and E2. The zones E1 and E2 accounted for 17% and 
47% of the total number of observations, respectively, while the zones A1 
and B1 were not used at all (Figure 5).  
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Figure 5. Mean utilization of the 15 zones during one feeding day.  

In the comparison of utilization between the zones during this feeding 
day the significant differences between the zones resulted in the ranking 
of zones from the highest to the lowest number of observations made 
(Figure 6). Significant differences in utilization between zones are 
indicated by the “>” symbol, and a lack of significant difference between 
zones is indicated by a slash.  

E1/E2>D2>E3>D1>C2/D3/B2/C3/A2/B3/C1/A3/A1/B1 

P-value A1 A2 A3 B1 B2 B3 C1 C2 C3 D1 D2 D3 E1 E2 E3 

A1 - 1.00 0.37 - 0.06 0.18 0.18 0.18 0.18 0.01 0.02 0.10 0.01 0.01 0.02 
A2 

 
- 1.00 1.00 0.06 0.37 0.20 0.20 0.37 0.02 0.02 0.23 0.01 0.01 0.02 

A3 
  

- 0.06 0.37 0.28 0.28 0.28 1.00 0.02 0.02 0.40 0.01 0.01 0.02 
B1 

   
- 0.06 0.18 0.18 0.18 0.18 0.01 0.02 0.10 0.01 0.01 0.02 

B2 
    

- 0.35 1.00 0.75 0.06 0.09 0.02 0.10 0.01 0.03 0.06 

B3 
     

- 0.58 0.68 0.79 0.04 0.02 1.00 0.01 0.01 0.02 
C1 

      
- 0.69 0.46 0.08 0.21 0.50 0.04 0.03 0.14 

C2 
       

- 0.46 0.01 0.08 0.28 0.01 0.01 0.11 

C3 
        

- 0.02 0.02 0.83 0.01 0.01 0.02 
D1 

         
- 0.80 0.02 0.11 0.11 0.53 

D2 
          

- 0.02 0.01 0.16 0.92 

D3 
           

- 0.01 0.01 0.04 
E1 

            
- 0.73 0.11 

E2 
             

- 0.33 

E3 
              

- 

Figure 6. Results of the Wilcoxon analysis between utilization of zones during 
April 16th. Values highlighted in grey show a significant difference (p<0.05). 
Hyphens illustrate no test performed.  
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4.3 Utilization of zones during one non-feeding day 
When comparing the utilization between the zones during one day when 
the tigers were not fed the tigers showed a significantly higher frequency 
of use of zone E2 above all other zones. The zones E1 and E2 accounted 
for 24% and 25% of the total number of observations, respectively, while 
the zones A1, A2, A3 and B1 were not used at all (Figure7). 

Figure 7. Mean utilization of the 15 zones during one non-feeding day. 

In the comparison of utilization between the zones during April 16th the 
significant differences between the zones resulted in the ranking of zones 
from the highest to the lowest number of observations made (Figure 8). 
Significant differences in utilization between zones are indicated by the 
“>” symbol, and a lack of significant difference between zones is 
indicated by a slash.  

 E2>E1>E3/D2/D1>C1/B2>C2>B3/D3/C3/A3/A2/A1/B1 
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P-value A1 A2 A3 B1 B2 B3 C1 C2 C3 D1 D2 D3 E1 E2 E3 

A1 - 0.18 1.00 - 0.18 1.00 1.00 0.02 0.18 0.06 0.01 0.06 0.01 0.01 0.02 
A2 

 
- 0.37 0.18 0.58 0.36 0.36 0.12 1.00 0.09 0.01 0.61 0.01 0.01 0.03 

A3 
  

- 1.00 0.18 1.00 1.00 0.04 0.36 0.08 0.01 0.14 0.01 0.01 0.03 
B1 

   
- 0.18 1.00 1.00 0.02 0.18 0.06 0.01 0.06 0.01 0.01 0.02 

B2 
    

- 0.18 0.20 0.40 0.69 0.18 0.02 0.67 0.01 0.01 0.14 

B3 
     

- 1.00 0.04 0.36 0.06 0.01 0.06 0.01 0.01 0.02 
C1 

      
- 0.02 0.36 0.06 0.01 0.10 0.01 0.01 0.02 

C2 
       

- 0.15 0.94 0.21 0.46 0.04 0.01 0.53 

C3 
        

- 0.18 0.05 0.80 0.01 0.01 0.04 
D1 

         
- 0.08 0.59 0.02 0.01 0.89 

D2 
          

- 0.04 0.44 0.01 0.27 

D3 
           

- 0.01 0.01 0.25 

E1 
            

- 0.02 0.06 

E2 
             

- 0.01 
E3 

              
- 

Figure 8.  Results of the Wilcoxon analysis between utilization of zones during 
April 18th. Values highlighted in grey show a significant difference (p<0.05). 
Hyphens illustrate no test performed.  

4.4 Utilization of zones during one day 
No statistical analyses were made for comparing the utilization of zones 
between the hours of one observation day (April 18th). The data were 
pooled for the first four hours (8.30-12.30 AM) and the last four hours 
(12.30-16.30 PM) (Table 2).    

Table 2. Mean utilization (observations/zone/four hours) during April 18th. 

Zone Morning  
8.30-12.30 AM 
(standard deviation) 

Afternoon 
12.30-16.30PM 
(standard deviation) 

A1 0 (0) 0 (0) 

A2 0.3 (0.5) 0 (0) 

A3 0.5 (0.6) 0 (0) 

B1 0 (0) 0 (0) 

B2 2.0 (1.6) 2.3 (3.3) 
B3 1.5 (1.3) 0 (0) 

C1 0.5 (1.0) 5.3 (6.4) 

C2 2 (4.0) 1.3 (1.5) 

C3 0.5 (0.6) 0.5 (1.0) 

D1 5.0 (6.2) 7.8 (4.1) 
D2 9.3 (4.7) 5.3 (5.7) 

D3 0.8 (1.0) 0.5 (0.6) 
E1 17.5 (6.7) 10.3 (6.8) 

E2 16.8 (7.0) 12.5 (14.6) 
E3 4.8 (3.0) 10.3 (10.2) 
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During the morning of April 18th the utilization of the 15 zones differed 
and ranged from 29% to 0% of the total number of observations made 
during that period of time. The zones E1 and E2 accounted for 29% and 
27% of the total number of observations, respectively, while the zones A1 
and B1 were not used at all (Figure 9).  

Figure 9. Mean utilization of the 15 zones the first four hours (8.30-12.30) of 
observation for April 18th. 
 
During the afternoon of April 18th the utilization were more evenly 
distributed, between those zones that were used, than the utilization 
during the morning. Zone E2 accounted for 22% of the total number of 
observations made during that period of time, while the zones A1, A2, 
A3, B1 and B3 were not used at all (Figure 10). 

Figure 10. Mean utilization of the 15 zones the last four hours (12.30-16.30) of 
observation for April 18th. 
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4.5 Pathways 
No statistical analyses were made for comparing between direction or 
number of arrows in each zone. Data were pooled for all observation days 
indicating where the most frequently used pathways were located and 
their direction ranging across the entire zone (Figure 11). All of the 
frequently used pathways were used in both directions. The tigers showed 
a tendency for utilizing the already existing pathways in the enclosure 
(Figure 1). The zones C2 and D3 were used as passageways to a great 
extent with pathways ranging across the entire zones in different 
directions.   

 

 

 

 

 

 

 

 

 

Figure 11.Frequently used pathways and their directions.    

4.6 Tendency to share space 
No statistical analyses were made for comparing the tiger’s tendency to 
share space. During each observation of one hour the mean of the number 
of tigers located in the same zone was calculated as well as the total 
number of hours the tigers shared space across the 15 days of 
observation. The probability of the tigers sharing the same zone out of 15 
possible zones ranged from 0.0002% for six tigers to 13.3% for two tigers 
(Table 3).   
The tigers showed a tendency to share space, with the number of tigers 
observed in the same zone ranging from two to five. In all of the 15 zones 
there were at least two tigers sharing space during each observation for 
one of the 120 hours of observation. In the zones A1 and B2 there were 
five tigers sharing space during each observation for one of the 120 hours 
of observation. No observations were made with six tigers sharing space.  
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Table 3.Total number of hours the tigers shared space with an average of 
2,3,4,5 and 6 tigers during each observation of one hour and the probability of 
tigers observed in the same zone of the 15 possible zones. 
Zones Number of tigers sharing space and probability (%) 

  
2 

(13.3%) 
3 

(3.6%) 
4 

(0.14%) 
5 

(0.003%) 
6 

(0.0002%) 

A1 5 5 3 1 0 

A2 10 2 0 0 0 

A3 2 0 0 0 0 

B1 1 0 0 0 0 

B2 9 11 4 1 0 

B3 1 0 0 0 0 

C1 1 0 0 0 0 

C2 1 0 0 0 0 

C3 3 0 0 0 0 

D1 11 2 0 0 0 

D2 17 0 0 0 0 

D3 2 0 0 0 0 

E1 34 11 0 0 0 

E2 27 11 2 0 0 

E3 15 5 0 0 0 

 
 

5 Discussion 

Empirical measurements of the use of space of an enclosure are important 
indicators of the enclosure’s appropriateness for the exhibited animal. 
This study aimed to analyze the utilization of space by the Siberian tigers 
held at Kolmården Djurpark. The major parts of the analysis consisted of 
determining whether there were any locations or pathways more 
frequently used than others in the enclosure and if the animals preferred 
to share space or stay apart.  

The results of this study showed a marked difference in the tiger’s 
utilization of different parts of the enclosure. This is consistent with 
findings in studies examining the habitat use in captive felids like the 
puma (Felis concolor) and snow leopard (Panthera uncia) (Meiers 1992). 
The tiger enclosure at Kolmården Djurpark is designed to meet the 
behavioral needs of the Siberian tiger and is thought to allow the tigers to 
make an active choice regarding where to reside. Depending on the 
behavior performed the tigers might prefer to use different habitats 
(Mellen et al. 1998). The preferred use of substrate in an enclosure as 
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well as horizontal and vertical use differs greatly among mammalian 
species (Seidensticker & Doherty 1996) and although some felids are 
arboreal they are all good climbers and use both horizontal and vertical 
pathways to a great extent (Mellen et al. 1998). Behavioral studies of 16 
taxa of small captive felids demonstrated that they spend on average more 
than 57 % of the daylight hours inactive, defined as resting or resting but 
alert. This was also found to be consistent with wild felids (Mellen et al. 
1998). 

Although there was not a significant difference in utilization between all 
zones in the enclosure, the zones could be ranked from the highest to the 
lowest number of observations made. The ranking resulted in zones E1 
and E2 as the most used zones to zone B1, as the least used zone 
(Subheading 4.1). When comparing the utilization of zones during one 
feeding day and one non-feeding day the results were in accordance with 
the previous comparison of all observation days, suggesting a preference 
for zone E1 and E2 in utilization (Subheadings 4.2 and 4.3). As the zones 
E1 and E2 were utilized the most the tigers showed a tendency to prefer 
environmental features such as an open grassland area and the glass and 
bar partition that faced the visitors (Table 1). A contributing factor to the 
displayed preference might have been that the caretakers feed the tigers 
pieces of meat through the partition of bars as a part of the guided tours 
of the Tiger World. The glass partition also provided a possibility for the 
tigers to see when visitors and caretakers approached the enclosure. The 
three hatchways, located in zone E1, to the indoor enclosure were open 
24 hours a day (with some exceptions) where the caretakers often 
performed their daily tasks such as designing enrichments and preparing 
tours. Both the results on the most frequently used pathways and zones 
showed a high number of observations in the area surrounding the three 
hatchways (Figure 3 and 11). These results might be explained by the fact 
that felids, as many other mammals, are exploratory animals and often 
patrol their territories in search for any changes in their environment. 
Even if no novel objects are introduced the felid will most likely keep 
patrolling its surrounding (Mench 1998). Mench (1998) explained this 
behavior as a means for the animal to make sure that it will gain the 
information needed to take advantage of any future changes in its 
environment.   

Novel sights, sounds or smells coming from the indoor enclosure might 
have generated the tiger’s interest, resulting in the walking back and forth 
between the indoor and outdoor enclosure in an effort to gain information 
about what changes the caretakers might do provide. 
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In contrast to the zones E1 and E2, zone B1 was made up of a steep 
mountain area and had no open flat grassland (Table 1). Although some 
climbing was possible in the mountain area there were no rock ledges that 
allowed the tigers to remain in the zone resting. As previously mentioned, 
studies have shown that captive felids spend the major part of their day in 
an inactive state. The hot spots of each zone (Figure 3) demonstrated the 
locations used the most but are also an indication of the locations used for 
inactive behavior such as resting. Zone B1 had no observed hot spot 
opposed to both zone E1 and E2. This suggests that these two zones, 
along with several of the other zones, had environmental features that 
were preferred by the tigers as a place to rest. The three most utilized 
zones were all more or less open grassland areas and located in the 
eastern parts of the enclosure. The exception to this was zone B2 which 
was located in the western part but contained a much used tree hut. The 
hot spots in the top three used zones were all located at sites where the 
tigers were observed to be resting and to some extent eating. Although 
the sites were used for resting they differed in type of substrate or object 
and ranged from open grassland to the flat top of a statue, hut or a stone 
block. Demonstrated by the pathway analysis these top three used zones 
displayed no markedly high number of pathways compared to other zones 
(Figure 11). In contrast the two zones, C2 and D3, sharing the fourth 
place in utilization were used as passageways to a great extent. These 
findings suggest that the tigers used the three most utilized zones for 
resting rather than walking and the opposite for zones C2 and D3 where 
the presence of several pathways indicate that they were used primarily 
for active behaviors, such as walking.  

As previously mentioned hot spots in the three most utilized zones were 
used both for resting and eating. During each feeding day the tigers used 
the same sites for eating their piece of meat thrown to them from the 
balcony in zone E3. The results from the feeding day did not show a 
preference for use of zone E3 even if the tigers spent several minutes 
circulating around the lowered bus and below the balcony waiting for the 
food. This might be explained by the fact that when the tigers each got 
their piece of meat thrown to them they quickly dragged it to a secluded 
place guarding it from the other tigers. This is a behavior also seen in 
wild tigers (Sunquist 2010).  The tigers were fed three times each week at 
irregular hours. During the days of feeding the tigers seemed to be 
restless and anticipating the arrival of food.  A tendency to patrol the 
eastern parts of the enclosure and investigate the indoor enclosure 
repeatedly was observed but not quantified. After the tigers had been fed 
they remained inactive at the same sites for a long period of time. This 
behavior has been seen in other captive mammals learning to anticipate 
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the arrival of food displaying periods of repeated active behavior before 
feeding followed by long periods of inactivity (Seidensticker & Doherty 
1996). Mellen et al. (1998) suggests that carnivores, like the tiger, display 
these periods of behavioral activity and inactivity as a result of their large 
ingested meals with slowly digestible meat. 

The results from utilization of zones during the entire observation period 
and the feeding and non-feeding day analysis indicated a preference for 
zone E1 and E2. So did the comparison of the morning (8.30-12.30 AM) 
and the afternoon (12.30-16.30 PM) of one day of observations. The 
tigers at Kolmården did not show a marked difference in use of zones 
between morning and afternoon. During the morning the tigers did not 
use the zones A1 and B1 at all and during afternoon they did not use the 
zones A1, A2, A3, B1 or B3 at all. The large number of zones not used 
suggests that the tigers were more inactive during the afternoon than the 
morning.  

At the same hot spots where the tigers tended to rest, they also showed a 
tendency to share space with each other (Figure 3 and Table 3). All of the 
15 zones had at least an average of two tigers sharing the same zone for 
each observation during one hour. Zone E1 had at 34 out of 120 hours an 
average of two tigers located in the zone at each observation. The 
probability of four tigers being located in the same zone was 0.14% and 
that of five tigers was merely 0.003%. Although the low likelihood of the 
tigers sharing space, there were during 3, 4 and 2 hours four tigers 
located, at the same time, in the zones A1, B2 and E2, respectively. 
During one hour even an average of five tigers was located in zone A1 
and B2 at the same time. These findings suggest that the tigers have a 
tendency to share space and do not actively avoid each other. The tigers 
seemed to share space at a regular basis, mostly sleeping or resting close 
to each other. Although the social behaviors of the tigers were not 
quantified they seemed to show little aggression towards each other and 
were even playful at times. The six tigers held at Kolmården are all 
related to each other and most of them have been brought up together. 
These two factors have been shown to be of great importance when 
investigating aggressive behaviors between related housecats (Bradshaw 
& Hall 1999). It seems that even though tigers are usually regarded as 
solitary living they are capable of a flexible social structure. The social 
structure of animals is a result of several environmental and ecological 
factors and there is no fixed species-specific structure that is applied 
under all conditions. However, there are certain social structures that are 
used at a higher frequency for different groups of animals and being 
solitary is a widely applied structure for tigers (Berger & Stevens 1996). 
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Wild tigers inhabit large territories that usually do not overlap with 
territories of the tigers of the same sex. The lower limit of the territory is 
then often set by prey density (Sunquist 2010). As found by Price and 
Stoinski (2007) species regarded as solitary with their primary constraint 
for sociality being access to food tend to be more flexible than other in 
their social structure when provided with regular access to food.  

5.1 Conclusion 
By measuring the use of space in the enclosure it is possible to gain 
knowledge about the needs and preferences of captive animals. As 
demonstrated with this study tigers display a preference for certain 
environmental features as a result of their behavioral needs that are no 
different from tigers in the wild. The findings of this study suggest that 
the tigers preferred environmental features like the flat top of an elevated 
object and open grassland with access to other parts of the enclosure. 
These features are probably preferred for resting and exploratory 
behaviors. The findings of this study also suggest that the tigers tend to 
share space and do not actively avoid each other. By expanding the study 
to include measurements of the behavior performed at different locations 
the use of space can be useful as one of a number of measurements for an 
increased animal welfare.  
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