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Life is organised in rhythms, that can be controlled 
exogenously or endogenously. Circadian rhythms, for 
example, are endogenous rhythms with a period length 
of approximately 24 hours. Despite the rigidity of these 
rhythms, a variety of external factors inþuence their 
expression (Aschoff 1954). The circadian rhythms in an 
organism have to be synchronized to its environment. 
This is done by periodic external signals, so-called 
zeitgebers, which inþuence the pacemaker, a neural 
structure that generates and sustains the endogenous 
rhythms of the circadian system (Aschoff 1954). The 
strongest zeitgeber known is light, but a variety of other 
factors (e.g. temperature, food, social contact, induced 
activity) can act as zeitgebers (Aschoff et al. 1982). One 
of the characteristics of zeitgebers is that they do not 
necessarily have a direct effect on the rhythm, but the 
organism needs some time to synchronise endogenous 
rhythms with the stimulus. This means that the rhythm 
does not change immediately after the stimulus is added 
or removed (Aschoff 1960). However, in some cases, a 
rhythm does change immediately after a stimulus is given 
or removed, by-passing the pace-maker. Such a direct 
inþuence is called masking. It does not synchronize the 
organism with the stimulus, but triggers a direct reaction 
as long as the stimulus is present (Aschoff et al. 1982).

Field studies on koalas (Phascolarctos cinereus) 
have shown activity periods during the afternoon and 
night are frequently interrupted by resting periods 
(Logan and Sanson 2002; Nagy and Martin 1985; 
Robbins and Russell 1978). However little research has 
been done on actual circadian activity rhythms. Because 
constant monitoring of free-ranging koalas is difýcult 
and time consuming, sample sizes in most studies are 
small and limited to short sampling periods (Logan and 
Sanson 2002; Nagy and Martin 1985). In the controlled 
environment of zoos it is possible to observe a number 

of koalas in controlled conditions and obtain complete 
rhythms over a long period of time.

In the artiýcial environment of a zoo, zeitgebers 
might not have their natural quality or have to compete 
with zoo-speciýc signals (e.g. keeperôs activity, 
food introduction, handling). Such a situation can 
result in competition of zeitgebers and ýnally in 
desynchronisation of the various endogenous rhythms 
in the animal (Kºhler and Fleissner 1978). Seidel et al. 
(1999) were able to show that this can lead to a decrease 
in well-being. The daily zoo routine (e.g. handling) 
might also mask the endogenous rhythm and disturb 
the physiological resting time. A study of daily activity 
patterns can be used to recognise desynchronisations 
and masking, and identify the factors inþuencing the 
animals (Benesch et al. 2005a,b; Schubert 2006).

To gain basic information on the activity pattern of 
captive koalas and factors inþuencing their behaviour 
(e.g. light, handling), four koalas from two zoos were 
observed for six weeks in winter. The ýrst zoo (Taronga 
Zoo, Sydney, Australia (151Á26ôE, 33Á84ôS)), lies within 
the natural distribution area of koalas. Here the koalas 
were held in an outdoor enclosure and experienced 
natural photoperiodic and climatic conditions. They also 
had little contact with their keepers. The koalas at the 
second zoo (Vienna Zoo, Austria (16Á23ôE, 48Á12ôN)) 
were kept in air-conditioned indoor-enclosures and 
were handled daily by the keeper.

At Taronga Zoo, one male (Ken, wild born, age 
unknown) and one female (Yindi, zoo born, 4 years 
old) koala (P. c. cinereus) were observed from 1 June 
to 9 July 2004 (39 days) (southern winter, shortest 
day length 9 h 53 min). Previous random observations 
had shown that these individuals had similar activity 
rhythms to those of ýve other koalas held at the zoo. 
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During the observations, the koalas (Ken and Yindi) 
were kept with another female (zoo born, 2 years old) 
in a fenced outdoor area containing three 5m high dead 
trees and one living non-food tree. The southern half 
contained a roof for shade and protection from adverse 
weather. Cleaning of the enclosure took place at 0700 
hours and between 1400 and 1500 hours. Fresh browse 
was provided at 1530 hours. Koalas were rarely touched 
or handled by the keeper.

At Vienna Zoo, one male (Bilyarra, zoo born, 6 years 
old) and one female (Mirra Li, zoo born, 4 years old) 
koala (P. c. adustus) were observed from 1 December to 
8 January 2004 (42 days) (northern winter, constant day 
length of 8 h 20 min). The animals were kept individually 
in two indoor enclosures separated by a medium-high 
glass wall. They were able to see, hear and smell each 
other. Natural light entered through large skylights and 
additional artiýcial light was provided to prolong day 
length and maintain constant day length. Twilight was 
simulated by ýve changes in light intensity.

Both enclosures had a concrete þoor and contained 
three 2m high vertical tree trunks connected by long 
horizontal branches, and three small plant areas with 
shrubs. Visitors were separated from the koalas by 
sound mufþing glass windows. The keeper entered 
the enclosure several times between 0700 and 0900 
hours for cleaning and providing some fresh eucalypt 
branches. Contact with the koalas was frequent. Koalas 
were weighed daily at 1015 hours, which was followed 
by the main feeding.

Animals were videographed 24 hours each day by 
time-lapse recording (two pictures per second). At night, 
infrared lights were used to allow ýlming. Videotapes 
were analysed visually; feeding and locomotion of 
each individual was assessed in ýve minute intervals. 
Feeding was recorded when the koala fed for more than 
two minutes per intervals, locomotion when it moved 
more than two body lengths. If feeding and locomotion 
occurred in one interval, only feeding was recorded. 
The behaviour was plotted colour-coded as 48-hours 
double-plot actograms (48h time scale with every day 
repeated once).

Both Sydney koalas had a distinct day-night pattern. 
In the male there was little activity during the morning 
(Fig. 1a). Short feeding bouts and some locomotor 
activity occurred during the early afternoon. Feeding 
bouts were generally longer than locomotion bouts. 
On most days locomotor activity increased after 1400 
hours until the beginning of the main feeding time at 
around 1530 hours. This was usually followed by a long 
feeding bout. Frequent feeding was observed during 
the rest of the afternoon and early night. After this, 
irregular activity bouts (mainly feeding interspersed 
with locomotion) of various duration were exhibited 

until sunrise.

The Sydney female showed almost no activity 
between 0700 and 1530 hours (Fig. 1b). Occasionally 
she showed some locomotion for changing roosts. 
Feeding was observed only once during the morning. 
As in the male, a band of feeding was observed at 1530 
hours (feeding time), but it was smaller than and not as 
regular as that of the male. A clearer band of feeding 
and locomotor activity occurred during the evenings. 
Several feeding bouts were recorded during the night 
until dawn. Prior and during dawn, activity (mainly 
locomotion) increased again and lasted until sunrise.

The Vienna male produced frequent activity during 
the morning (Fig. 1c). There are two bands visible. The 
ýrst band, which occurred during the morning cleaning 
between 0800 and 0930 hours was mainly linked to 
feeding. The second, smaller band between 1000 and 
1100 hours was caused by locomotor activity after 
weighing; it was rarely followed by feeding activity. 
Feeding bouts at this time were usually brief and did not 
occur every day. More activity, mainly feeding, occurred 
after 1500 hours. About an hour before the lights were 
turned off and 1.5 hours after natural sunset feeding was 
obvious again. Several short feeding bouts followed 
during the night until approximately 0630 hours.

Aside from a tendency of low activity during 
midday the activity of the Vienna female was distributed 
almost equally in short activity bouts over the whole 
day (Fig.1d). If the keeper was inside the enclosure, 
the koala often approached her and initiated contact. 
There was only one obvious band of locomotor activity 
and feeding between 1015 and 1100 hours. The female 
fed every day after weighing and after receiving fresh 
leaves. She produced little activity between 1200 and 
1530 hours.

The activity patterns of all koalas showed a strong 
regularity between single days. The koalas in Sydney 
discriminated in their activities clearly between day 
and night, and the overall activity patterns were similar 
to those reported from free-ranging koalas (Robbins 
and Russell 1978; Nagy and Martin 1985). No koala 
was strictly nocturnal, although the female produced 
most of her activity in the late afternoon and during 
the night. The male responded strongly to the feeding 
event at 0330 hours. This was immediately followed 
by feeding and usually preceded by locomotor activity, 
which indicated that the introduction of food might be a 
zeitgeber. The reaction of the female was not as strong; 
she rarely fed at 0330 hours, but waited till dusk. The 
presence of the keeper in the morning appeared to have 
little effect on the koalas.

In Vienna, the koalas showed individual differences. 
While the male had a day-night pattern similar to the 




