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Wheel running is a behaviour that is very often observed in cap-
tive rodents. Running-wheels are provided for both laboratory 
animals and those kept as pets in private homes. Moreover, 
wheel running was proved to be performed also by wild ani-
mals in nature (Meijer & Robbers 2014). Majority of the inves-
tigated mammals voluntarily perform this behaviour and they 
are highly motivated to do it (Sherwin 1998). Although wheel 
running is widely used in rodent studies, interpretations of this 
behaviour are controversial (e.g. Richter et al. 2014; Mason & 
Würbel 2016). Wheel running has rewarding effects on animals 
that are dependent on brain reward systems (Werme et al. 
2002; Novak et al. 2012). Animals perform more wheel run-
ning after stress of different nature: social stress (Uchiumi et al. 
2008) as well as foot shocks (Sibold et al. 2011). Wheel running 
can cause a decrease in the occurrence of stereotypies (e.g. 
Howerton et al. 2008). There are hundreds of papers published 
on wheel running and its connections with different aspects of 

animals’ physiology and behaviour, for example, brain activity 
(e.g. Rhodes et al. 2003), reproduction (e.g. Gebhard-Henrich 
et al. 2005) and open field activity (e.g. Bronikowski et al. 
2001). However, papers investigating potential relationships 
between social position and wheel running in mammals kept in 
groups are not numerous (de Kock & Rohn 1971; Mondragón 
et al. 1987; Howerton et al. 2008; Vargas-Pérez et al. 2009; 
Howerton & Mench 2014). Majority of them were conducted 
solely on the same species, namely, different laboratory strains 
of house mouse (Mus musculus). Moreover, only male mice 
were studied as, in general, male animals are studied definitely 
more often in neuroscience (Beery & Zucker 2011). The aim 
of our study was to investigate if social dominance and wheel 
running are related in females of another small rodent often 
used as laboratory animal and kept as a pet: Djungarian ham-
ster (Phodopus sungorus) (Pallas 1773). Our results indicated 
that running-wheel use in female hamsters was positively cor-
related with social rank.
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Wheel running is a behaviour that has a rewarding effect on animals. There are not numerous papers investigat-
ing potential relationships between social rank and wheel running in mammals kept in groups, and the majority 
of published researches were conducted on male house mice (Mus musculus). The aim of our study was to 
investigate if social dominance and wheel running are related in female Djungarian hamsters (Phodopus sun-
gorus). Hamsters were kept in groups, and social position of every animal was expressed as dominance index 
calculated on the basis of agonistic behaviour. We found significant positive correlation between dominance 
index and wheel running (rs = 0.809, n = 18, P < 0.0001), thus dominants used wheel more often than subor-
dinates. Our results are consistent with those published on male mice. In conclusion, we claim that in majority 
of mammals (independent of their sex) kept in groups with restricted possibility of wheel running, dominants 
use wheel more often (or in optimal time) than subordinates, what is consistent with the fact that dominants 
have priority of access to resources.  
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1. MATERIALS AND METHODS
Randomly, 20 female Djungarian hamsters aged 3–4 weeks 
were bought at the animal market where animals for pet shops 
are sold. They were randomly divided into four groups (five 
hamsters per cage). To simulate pet hamsters’ life conditions, 
all animals were kept in a private home at a temperature of 
about 23°C. Animals were fed with seeds, vegetable and fruits 
as well as protein rich food (e.g. cheese). Hamsters were fed 
once a day in afternoon, and water was always available for 
them. Dimensions of cages were: 36.5 × 25 × 38, 44.5 × 27.5 × 
24, 36.5 × 25 × 20 and 44 × 27 × 35 cm. Sawdust was used as 
bedding, and all cages were equipped with one hamster wheel.

Animals were marked with nail polish to make it pos-
sible to individually recognise them.

Body weight was measured four times (every two 
weeks) during observations.

Observations were conducted from 14 December 
2010 to 25 January 2011 by one person. For every group, 30 h 
of observation were carried out (0.5–4 h per group per day of 
observation). Continuous recording method and sampling all 
occurrences of some behaviour were applied (Altmann 1974). 
Occurrence of climbing, wheel running and agonistic encoun-
ters as well as their outcomes were noted by hand. On the ba-
sis of agonistic behaviour, dominance index was calculated for 
every individual using the following formula:

di = a/a + b

where

a = number of animals dominated by the given hamster

b = number of animals dominating over the given hamster.

Spearman rank correlation and partial correlation were used 
to evaluate the potential relationships between social status 
(dominance index), body weight and wheel running and climb-
ing. Two specimens died before the end of observations, and 
data about the behaviour of these animals were not included 
in the analysis.

2. RESULTS

We found significant positive correlation between dominance 
index and wheel running (rs = 0.809, n = 18, P < 0.0001; Fig. 1), 
it was still highly significant if body mass was controlled in par-
tial correlation (r = 0.754, df = 15, P < 0.0001). However, to test 
how another kind of behaviour was related to dominance in-
dex, we also tested the correlation with climbing, and it was 
not statistically significant (rs = 0.207, n = 18, P = 0.41).

3. DISCUSSION
De Kock and Rohn (1971) studied bank voles (Clethrionomys 
glareolus, presently referred rather as Myodes glareolus) and 
Norway lemmings (Lemmus lemmus) and stated that ‘the 
lower the rank of animal the more it uses the wheel’. This 
statement is in striking contrast with later studies on domestic 
mice. Findings of de Kock and Rohn (1971) are very exceptional 
amongst the studies on  wheel running not only because of 
statement on negative relation of social rank and wheel run-
ning but actually Sherwin (1989) listed them as one of the very 
few examples of reports on animals that do not use running-
wheels when provided. Individually kept females in study by de 
Kock and Rohn (1971) used a wheel only when in oestrus and 
before parturition. It is unclear why wheels were not attractive 
for individually kept and dominant animals studied by de Kock 
and Rohn (1971).

Howerton et al. (2008) stated that after provision of 
running wheel-igloo, male house mice (CD-1) were more ag-
gressive and social structure of groups were probably disrupt-
ed. Yet we do not know if wheel running was related to social 
status of mice.

Mondragón et al. (1987) observed that in one of the 
three investigated inbred strains (namely, C57Bl/6j) dominant 
male mice showed higher rates of wheel running activity than 
subordinate ones. Vargas-Pérez et al. (2009) studied groups of 
males of laboratory mice (Balb/c) and stated that dominants 
ran more than subordinates when only one wheel per group 
was provided but subordinates ran more if two wheels were 
available. Howerton and Mench (2014) found that aggression 
of male mice (C57BL/6J) increased as the mice-to-wheels ratio 
increased. Moreover, mice of higher competitive ability had 
species typical nocturnally biased activity and wheel running 
patterns, whilst individuals of lower competitive ability were 
more active and use wheels during light phase. Thus, animals 
losing in aggressive interactions used wheels in suboptimal 
photophase, possibly to avoid aggression. Former studies did 
not reveal temporal partitioning of running-wheel use. How-

Figure 1. Social position (dominance index) and wheel running (number 
of entries to a wheel) in female Djungarian hamsters.

.



EUROPEAN JOURNAL OF ECOLOGY 

78

ever, all the above cited studies on male house mice demon-
strated that animals compete for possibility of running.

Our results are consistent with observations men-
tioned earlier, and we provided data showing that also in anoth-
er species of small rodents, namely, Djungarian hamster, social 
dominance can influence wheel running. The effects shown in 
our study are correlational, but we are convinced that calculat-
ed correlations reflected causal relationship. Such an interpre-
tation can be based on published literature and knowledge on 
social dominance, especially in the context of its influence on 
wheel running. Our results are in agreement with the results of 
studies cited earlier. We also stated that dominants used wheel 
more than subordinates but social status had no effect on an-
other form of exercise, climbing. Interestingly, Vargas-Pérez et 
al. (2009) wrote that ‘it is possible […] that wheel running is 
not reinforcing in hamsters’. It was a trial of interpretation of 
results by Davis et al. (1987) who stated that opposite sex Syr-
ian hamsters (Mesocricetus auratus) kept in the same cage but 
separated by a wire mesh barrier did not synchronise their ac-
tivity. Contrary to this suggestion, our results testify that wheel 
running is rewarding for Djungarian hamsters. Moreover, our 
data on female hamsters are in agreement with observations 
of male mice (Mondragón et al. 1987; Vargas-Pérez et al. 2009). 
In conclusion, we claim that as wheel running, in general, is 
rewarding for mammals, in majority of mammals (independent 
of their sex) kept in groups with restricted possibility of wheel 

running, dominants use wheel more often (or in optimal time) 
than subordinates, what is consistent with the fact that domi-
nants have priority of access to resources. More studies car-
ried out on other mammalian (especially non-rodent) species 
would verify this suggestion.

Acknowledgements: This work was financed from statutory ac-
tivity. All applied procedures are in accordance with Polish Law.

References

Altmann, J. (1974) Observational study of behaviour: sampling meth-
ods. Behaviour, 49, 227–267.

Beery, A.K. & Zucker, I. (2011) Sex bias in neuroscience and biomedical 
research. Neurosci. Biobehav. Rev., 35, 565–572.

Bronikowski, A.M., Carter, P.A., Swallow, J.G., Girard, I.A., Rhodes, J.S. 
& Garlan, T.Jr. (2001) Open-field behavior of house mice selec-
tively bred for high voluntary wheel running. Behav. Genet., 31, 
309–316.

Davis, F.C., Stice, S. & Menaker, M. (1987) Activity and reproductive 
state in the golden hamster: independent control by social 
stimuli and a circadian pacemaker. Physiol. Behav., 40, 583–590.

de Kock, L.L. & Rohn, I. (1979) Observations on the use of the exercise-
wheel in relation to the social rank and hormonal conditions in 
the bank vole (Clethrionomys glareolus) and the Norway lem-
ming (Lemmus lemmus). Z. Tierpsychol., 29, 180–195 

Gebhardt-Henrich, S.G., Vonlanthen, E. M. &  Steiger, A. (2005)  How 
does the running wheel affect the behaviour and reproduction 
of golden hamsters kept as pets? Appl. Anim. Behav. Sci., 95, 
199–203.

Howerton, C.L., Garner, J.P. & Mench, J.A. (2008) Effects of a running 
wheel-igloo enrichment on aggression, hierarchy linearity, and 
stereotypy in group-housed male CD-1 (ICR) mice. Appl. Anim. 
Behav. Sci., 115, 90–103.

Howerton, C.L. & Mench, J.A. (2014) Running around the clock: com-
petition, aggression and temporal partitioning of running wheel 
use in male mice. Anim. Behav., 90, 221–227.

Mason, G. & Würbel, H. (2016) What can be learnt from wheel-running 
by wild mice, and how can we identify when wheel-running is 
pathological? Proc. R. Soc. B, 283, 20150738.

Meijer, J.H. & Robbers, Y. (2014) Wheel running in the wild. Proc. R. 
Soc. B, 281, 20140210.

Mondragón, R., Mayagoitia, L., López-Lujan, A. & Diaz, J.L. (1987) So-
cial structure features in three inbred strains of mice, C57Bl/6J, 
Balb/cj, and NIH: a comparative study. Behav. Neural. Biol., 47, 
384–391.

Novak, C.M., Burghardt, P.R. & Levine, J.A. (2012) The use of running 
wheel to measure activity in rodents: Relationship to energy 
balance, general activity, and reward. Neurosci. Biobehav. Rev., 
36, 1001–1014. 

Rhodes, J.S., Garland, T.Jr. & Gammie, S.C. (2003) Patterns of brain ac-
tivity associated with variation in voluntary wheel-running be-
haviour. Behav. Neurosci., 117, 1243–1256.

Richter, H.S., Gass, P. & Fuss, J. (2014) Resting is rusting: a critical view 
on rodent wheel-running behaviour. The Neuroscientist, 20, 
313–325. 

Sherwin, C.M.  (1998) Voluntary wheel running: a review and novel in-
terpretation. Anim. Behav., 56, 11–27.

Figure 2. Wheel running

http://www.eeob.iastate.edu/faculty/BronikoA/annespdfs/Bronetal2001BG.pdf
http://www.eeob.iastate.edu/faculty/BronikoA/annespdfs/Bronetal2001BG.pdf
http://www.sciencedirect.com/science/article/pii/S0168159105001140?_alid=1863663837&_rdoc=4&_fmt=high&_origin=search&_docanchor=&_ct=18&_zone=rslt_list_item&md5=26e3f434c73a722ae1eb617b4479a2f8
http://www.sciencedirect.com/science/article/pii/S0168159105001140?_alid=1863663837&_rdoc=4&_fmt=high&_origin=search&_docanchor=&_ct=18&_zone=rslt_list_item&md5=26e3f434c73a722ae1eb617b4479a2f8
http://www.sciencedirect.com/science/article/pii/S0168159105001140?_alid=1863663837&_rdoc=4&_fmt=high&_origin=search&_docanchor=&_ct=18&_zone=rslt_list_item&md5=26e3f434c73a722ae1eb617b4479a2f8
http://www.sciencedirect.com/science/article/pii/S0168159108001445?_alid=1863659716&_rdoc=1&_fmt=high&_origin=search&_docanchor=&_ct=1&_zone=rslt_list_item&md5=8eea738887093a4b73ef8fe3984cdb7c
http://www.sciencedirect.com/science/article/pii/S0168159108001445?_alid=1863659716&_rdoc=1&_fmt=high&_origin=search&_docanchor=&_ct=1&_zone=rslt_list_item&md5=8eea738887093a4b73ef8fe3984cdb7c
http://www.sciencedirect.com/science/article/pii/S0168159108001445?_alid=1863659716&_rdoc=1&_fmt=high&_origin=search&_docanchor=&_ct=1&_zone=rslt_list_item&md5=8eea738887093a4b73ef8fe3984cdb7c
http://www.sciencedirect.com/science/journal/01631047
http://www.ncbi.nlm.nih.gov/pubmed/9710457


EUROPEAN JOURNAL OF ECOLOGY 

79

Vargas-Pérez, H., Sellings, L., Grieder, T. &  Díaz, J.L. (2009)  Social domi-
nance rank influences wheel running behavior in mice. Neurosci. 
Lett., 457, 137–140.

Werme, M., Messer, C., Olson, L., Gilden, L., Thoren, P., Nestler, E.J. & 
Brene, S. (2002) ΔFosB regulates wheel running. J. Neurosci., 22, 
8133–8138.

Sibold, J.S., Hammack, S.E. & Falls, W.A. (2011) C57 mice increase 
wheel-running behaviour following stress: preliminary findings. 
Percept. Motor. Skill., 113, 605–618.

Uchiumi, K., Aoki, M., Kikusui, T., Takeuchi, Y., & Mori ,Y.  (2008) Wheel-
running activity increases with social stress in male DBA mice. 
Physiol. Behav., 93, 1–7.

http://www.google.pl/url?sa=t&rct=j&q=vargas social dominance&source=web&cd=4&sqi=2&ved=0CDkQFjAD&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F19429180&ei=toXrTtiCIIOG-waYkJTMCQ&usg=AFQjCNFZxHwATlchSbQL6-ARENE6ef4eMA&cad=rja
http://www.google.pl/url?sa=t&rct=j&q=vargas social dominance&source=web&cd=4&sqi=2&ved=0CDkQFjAD&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F19429180&ei=toXrTtiCIIOG-waYkJTMCQ&usg=AFQjCNFZxHwATlchSbQL6-ARENE6ef4eMA&cad=rja
http://www.sciencedirect.com/science/article/pii/S0031938407002867?_alid=1863665886&_rdoc=1&_fmt=high&_origin=search&_docanchor=&_ct=2&_zone=rslt_list_item&md5=d06e412db153238bebaf83095e8f53b5
http://www.sciencedirect.com/science/article/pii/S0031938407002867?_alid=1863665886&_rdoc=1&_fmt=high&_origin=search&_docanchor=&_ct=2&_zone=rslt_list_item&md5=d06e412db153238bebaf83095e8f53b5

	OLE_LINK1
	baff2
	b

