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Abstract

Franova S., Baldz L: Research of foraging and resting behaviour of European ground squirrel
(Spermophilus citellus) in conditions of zoological garden as a tool for its restitution back to the
wild. Ekolégia (Bratislava), Vol. 34, No. 2, p. 176-185, 2015.

We decided to focus our research on two basic forms of behaviour occurring in colonies of
ground squirrels in semi-natural conditions of zoological gardens—foraging and resting be-
haviour.

Our main goal was to perform an analysis of behaviour of ground squirrels living in captivity
and to compare these two categories of behaviour on a set timeline. Our research has been per-
formed throughout the span of years 2011and 2012, during which we were able to observe two
separate ground squirrel colonies (A, B). In the analytical part, we described the two main forms
of ground squirrels’ behaviour in Zoo Bojnice and we subjected the compiled information to a
thorough statistical analysis with the aid of main comparison tools. Based on long-term obser-
vation and the analysis of the results, we were able to gather detailed information about the two
behaviour categories and their duration within a time frame.

The results from the year 2011 confirmed that ground squirrel’s behaviour, bred in captivity, the
display of foraging behaviour is the most frequent during the day, as was also observed in wild
ground squirrels recorded by Ambros (Ambros, 1999). Within the year 2011 (without human
activity) foraging behaviour reaches two peaks with raised frequencies of display, in the daily
time periods, the first from 9 to 11 am and the second from 2.30 to 5 pm. We noted a change in
behaviour in 2012, when there was a reconstruction nearby the enclosures. These reconstructive
activities influenced the behaviour (significant decrease of activity) of the ground squirrels in
the presence of the assigned workers approximately until 3 pm, from which time-also in con-
nection with the lessening of the worker’s presence-the foraging behaviour of ground squirrels
began to rise rapidly, which held the peak on until 5 pm. Resting behaviour had only one peak
with rising trend during the day in dependence on rising temperature of bedding in the enclo-
sure, on which ground squirrels used to sunbathe. These findings give us valuable information
about ground squirrels’ behaviour in captivity as well as behaviour influenced by human pres-
ence, what can be used in behavioural research of ground squirrels in the wild.

Key words: European ground squirrel, behaviour, semi-natural conditions.
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Foreword

The last few years brought several attempts at restitution of ground squirrels into their natural
habitatin our country.However,theseattemptswereoftenmetwitharangeofobstaclespreventing
the ground squirrels from effectively adapting to the new habitat. The animals were often
disoriented in the new environment and became an easy prey for predators. Most of the
losses occurred immediately after the relocation (Matéji et al., 2010). However, a thorough
ethological research of these animals has been regularly overlooked until now, despite the
fact that understanding not only their needs, but also behaviour is a crucial element in as-
suring their survival.

In order to predict the reactions of ground squirrels in various situations, especially
around their catching and relocating, we perceive an urgent necessity to observe their be-
haviour both in their natural habitat as well as in captivity. As some forms of behaviour are
not observable in nature, or the collection of detailed information turns out to be impossible,
the observations in semi-natural conditions of zoological gardens are more than essential.
These reasons led us to the building of a breeding station in captivity that finally allowed us
to collect enough information about the behaviour of ground squirrels and their reactions to
various stimuli in a defined place. The two separate enclosures built for this purpose in Zoo
Bojnice became a suitable place for pursuing of this ethological study.

With the help of the results of this study, we are able to suggest effective solutions to vari-
ous problems that can occur in the future breeding in captivity, as well as their relocation
back into nature.

Material and methods

The breeding of ground squirrels in zoological garden Bojnice started in the year 2008 with the arrival of the first
individuals from the airport in Bratislava. The two colonies of ground squirrels were established in two separate
enclosures built especially for the needs of their breeding in the zoo. Each of these enclosures was around 17 m*and
we were able to count up to 17 individuals in each of them, which is approximately one ground squirrel for 1 m*

We started our observations in 2010 with approximately 16 individuals, 8 in each enclosure. The first prelimi-
nary year was necessary in order to gain the experience and skills needed for the catching and overall observation of
these animals. The number of ground squirrels in the following two years when the main part of the research took
place is shown in Table 1.

Observation is one of the most basic methods of data collection, but human observation is always selective
(Ferjencik, 2000). Isomorph description: This method is based on the observer’s attempt to record the complete
flow of behaviour in all its displays and natural succession, in the way each of the actions followed one another. In
addition, isomorph description is a good starting point for the orientation in the examined problem, and can also
serve for the later definition of behaviour categories. Duration presents time spam, during which the observed be-
haviour takes place. In our terms, “duration” presents the average length during which a certain behaviour occurred.

For the purpose of data analysis gained from the observation, we have chosen qualitative and quantitative
means of evaluation. The behaviour occurring in ground squirrels was identified through observation during the
preparation phase. We created categories of behaviour that we later described verbally in an ethogram. For quantita-
tive processing, we were using statistic tools in Microsoft EXCEL 2010. Our main methods were the univariate and
bivariate analysis, used especially for the collected results concerning the behavioural “states” of ground squirrels in
captivity. We also measured the duration of the various states of behaviour that could be incorporated into a specific
interval scale, namely the proportional scale. The proportional scale has all attributes of an interval scale, but also
has a real null point and the name proportional scale is derived from the fact that the portion of each two measure-
ments is not dependant on the measurement unit (Martin, Bateson, 2009; Rimar¢ik, 2007).

177



Table 1. Number of ground squirrels in colony A and colony B in the years 2011 and 2012.

2011/2012 A A A B B B
spring | added | caught spring | added | caught
& adult 5/4 1/0 1/1 31 2 1/0 1/0
Q adult 3/3 0/0 0/1 Q 2/2 0/0 2/0
J suba. 2/5 0/0 2/3 31 34 2/0 4/3
Q suba. 4/4 0/0 0/1 Q 712 2/0 5/1
Final number &:Q 5:7/ 5:5 3:4/3:3

For the univariate analysis, our chosen measures of central tendency were the arithmetic mean and the median.
Arithmetic mean is the sum of a collection of numbers divided by the number of numbers in the collection, and a
median is the numerical value separating the higher half of a data sample from the lower half. The advantage of a
median when compared to the arithmetic mean is the fact that the median is not influenced by the extreme values,
as it often happens in the case of arithmetic mean (Rimar¢ik, 2007).

For the bivariate analysis, we used testing methods suitable for comparison. The results gained from the second
phase of the research were recorded as duration in minutes within an hour for each of the behaviour “states”. The
observations were compiled for each year and each seasons within the year (March, April, May/summarised as one
unit: “spring”/ = 21 days of observation and summer period split into two units: July and August = both 14 days of
observation) using the arithmetic mean. The resulting average values represent the average duration of a specific
behaviour within an hour during the day within the observed season. For comparison, we used the Friedman test,
the Wilcoxon test, the Mann-Whitney test and a student t-test for two independent selections (Rimar¢ik, 2007;
Markechovi et al., 2011; Reiterova, 2008).

The results are presented in the form of graphs and tables. For graphic purposes, we are using the line graph that
is put together from lines or curves gradually connecting individual points representing numerical values, and that
is suitable for one of the following feature only (Markechova et al., 2011).

Results
Foraging behaviour

This indicates behaviour during which the ground squirrels search for and consume food.
Plenty of food is crucial for the energy supply necessary for the next term of hibernation.
Ground squirrels in zoological garden Bojnice have plenty of food and don’t have to spend
time searching for it or moving to different locations for further food sources, and so they
spend most of their time outside of their burrow eating this offered food (ground squirrels
are fed daily, the base of the feeding mix consists of seeds, but it also contains apples and
other sorts of fruit and vegetables). This leads to quick fattening up of the young squirrels,
that were, as a result, of the same weight as the adult ones during the August measurements
(220 g on an average).

Foraging behaviour was one of the most often occurring types of behaviour. The average
values collected during the observation period were compiled in a graph. Figure 1 shows the
feeding behaviour of colony A in the year 2011; the highest activity in the observed seasons:
spring, July and August was from 9 to10 am, after which it declines and rises again from 4
to 5 pm.

We observed a change within the same colony between the years 2012 and 2011 (Fig. 2).
In spring 2012, the average values between 9 to 10 am are the highest, after which they decline
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Fig. 1. Foraging behaviour in colony A, year 2011.
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as well. As the p-value was
less than the predetermined
significance level of 0.05, we
can assume that there is no statistically significant difference between each observed period
in colony A in time that the ground squirrels use for feeding themselves (Table 2).

We also compared each year between each other through the comparison of each sea-
son. The difference was only recorded in the time between June 2011 and July 2012, in
favour of June 2011 in which year the feeding behaviour occurred more often than in July
2012 (Table 2).

The comparison of each period in both years took place in the colony B. As the p-value
was less than the predetermined significance level of 0.05, we can assume that there is no
statistically significant difference. By comparing the same duration between 2011 and 2012

Fig. 4. Foraging behaviour in colony B, year 2012.
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Table 2. Foraging behaviour comparison in colony A during

each time period in the years 2011 and 2012.

Index L
AM SD Mdn Significance

Season
Spring 2011 255 12.79 255 071
Spring 2012 24.9 12.2 26 '
July 2011 36.5 14.52 38.5

0.013*
July 2012 19.2 16.44 12
August 2011 30.4 14.51 30

0.059
August 2012 20.4 15.28 14.5

Notes: AM-arithmetic mean; SD-standard deviation; Mdn-median; *

P <0.05;** p < 0.01;** p < 0.001.

Table 3. Foraging behaviour comparison in colony B during each

time period in the years 2011 and 2012.

Index L
AM SD Mdn Significance
Season
Spring 2011 25.2 12.77 24.5
- 0.765

Spring 2012 25 13.17 26
July 2011 34.8 13.67 36.5

0.012*
July 2012 18.5 16.16 11.5
August 2011 30 13.75 30

0.074
August 2012 19 17.21 11

Notes: AM-arithmetic mean; SD-standard deviation; Mdn-me-

dian; * p < 0.05; ** p < 0.01; *** p < 0.001.

Table 4.Feedingbehaviour comparison between colonies A and
B in each time period of the years 2011 and 2012.

Season Significance
Spring 2011 0.959
July 2011 0.791
August 2011 0.950
Spring 2012 0.986
July 2012 0.733
August 2012 0.481

(Table 3), we found out that the
statistically significant difference
exists only between July 2011 and
July 2012.

Finally, we compared both col-
onies and their feeding behaviour
(Table 4). Based on the resulting
evidence, we couldn't find a statis-
tically significant difference in the
feeding behaviour in the observed
time periods.

Resting behaviour

Another category identified dur-
ing the observation of the ground
squirrels in Zoo Bojnice was the
resting behaviour. Any resting pe-
riod occurring outside of the bur-
row in the form of lying or sitting
down, without any other accompa-
nying activity, occurs very rarely.
Especially during the hot days (air
temperature above 25 °C) do ani-
mals lie down on the heated surface
of their enclosure with their body
stretched and limbs slightly spread.
This behaviour can occur from just
a few minutes, often until a minor
disturbance occurs, although we
have recorded some rare instances
where this resting phase took long-
er (up to 30 min).

For the description of this rest-
ing behaviour, we once again con-

centrated on each colony separately. In the colony A for the year 2011, we noted the highest
average value of resting time in minutes between 2 and 3 pm, and in July, between 1 and 2

pm (Fig. 5).

The following graph presents the average values of time in minutes of the resting period in
colony A in the year 2012. In spring, the highest values of the resting behaviour were recorded in
the time between 1 and 4 pm. In July, the highest rate was between 2 and 3 pm, and in August,
between 12 and 1 pm, after which the behaviour ceased and appeared again between 3 and 4 pm,

rising to its second peak (Fig. 6).
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The colony of ground
squirrels B was also observed
during the resting period.
In the year 2011 the average
resting period was lower at
the beginning of each day, in-
creased gradually throughout
the day to peak in all observed
seasons in the time between 2
and 3 pm, after which it de-
clined again (Fig. 7).

In the year 2012, the rest-
ing period differed within the
observed seasons. In spring
2012 at the beginning of the
day, the values of this behav-
iour were low and gradually
rose, peaking between 2 and
3 pm (8 min). In July 2012,
they increased gradually as
well, but the ground squirrels
rested on average between
12 am and 1 pm, after which
the values dropped and rose
again by one minute on an
average. However, the second
peak didn't reach the highest
value of the highest average
observed during the day. In
August 2012, we observed the
two highest values of the aver-
age time spent resting, that be-
ing between 12 and 1 pm and
between 4 and 5 pm (Fig. 8).

The differences between
the observed seasons in years
2011 and 2012 were statisti-
cally tested. Between each
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Fig. 7. Resting behaviour in colony B in the year 2011.
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Fig. 8. Resting behaviour in colony B in the year 2012.
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season, there exists a statistically significant difference in the resting behaviour of the colony A.

The years 2011 and 2012 have been compared in the following way; spring 2011 was compared
with spring 2012, July 2011 with July 2012 and August 2011 with August 2012. In the comparison
between July 2011 and 2012 as well as between August 2011 and 2012, the p-value was less than
the predetermined significance level of 0.05, which means there exists a statistically significant
difference between them. In July and August 2011 the resting period on an average was present
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Table 5. Comparison of resting behaviour in colony A during

the years 2011 and 2012.

Index o
AM SD Mdn Significance

Season
spring 2011 1.1 1.37 0.5 0.18
spring 2012 1.4 1.35 15 )
July 2011 33 3.16 2

0.028*
July 2012 1.9 1.73 1
August 2011 2.6 2.37 2

0.041*
August 2012 1.3 1.49 1

Notes: AM-arithmetic mean; SD-standard deviation; Mdn-median; *
p < 0.05;** p < 0.01; ** p < 0.001.

Table 6. Comparison of resting behaviour in colony B during the
years 2011 and 2012.

Index -
AM SD Mdn Significance
Season
spring 2011 1.3 1.57 0.5
- 0.027*

spring 2012 3.1 3.11 3
July 2011 4.3 4.14 2.5

0.017*
July 2012 1.3 1.25 1
August 2011 3.7 3.43 2.5

0.017*
August 2012 1.2 1.23 1

Notes: AM-arithmetic mean; SD-standard deviation; Mdn-me-

dian; * p < 0.05; ** p < 0.01; *** p < 0.001.

Table 7. Comparison of resting behaviour in colony A and colo-

ny B in each season, years 2011 and 2012.

Season Significance
spring 2011
e 0.807
uly 2011
July 0.579
August 2011

0.415
spring 2012
g 0.237
uly 2012
July 0.507
August 2012 1

more than in the same seasons of the
year 2012 (Table 5).

The p-value of all observed sea-
sons during both years together in
B colony was less than the prede-
termined significance level of 0.05
(Table 6). Based on this result we can
assume that there is a statistically sig-
nificant difference in the colony B’s
resting behaviour between the years
2011 and 2012.

Comparison of years 2011 and
2012 led us to the result that the p-
value between the compared seasons
was less than the predetermined
significance level of 0.05 (Table 6).
Ground squirrels in a colony rested
more in spring 2012 than in spring
2011, but at the same time more in
July 2011 than in July 2012, the val-
ues being higher in August 2011 than
in August 2012.

Both colonies were compared
between each other and within each
other. As the p-value was lower than
the predetermined significance level
of 0.05 (Table 7), we can assume that
there is no statistically significant dif-
ference between colony A and colony
B in resting period during the ob-
served seasons.

Discussion

Animal behaviour is influenced
by various factors. Outer factors,
such as weather, light conditions
and, naturally, the activity of oth-
er animals around their burrows,
as is confirmed by many authors

observing animals in their natural habitat like McCarley, Hut and others (McCarley, 1966;
Vispo, Bakken, 1993; Hut et al., 1999; Spoelstra et al., 2000).

Observations were carefully selected so that the changes in outer influences were mini-
mal during the whole research period. In the first year (2011), we were able to plan the obser-

182



vations in undisturbed conditions. However in the second year (2012) the last three months
(June, July, August) were interrupted by the building of a road around the enclosures. On the
other hand, this disturbing element allowed us to collect information about the behaviour of
ground squirrels in the changing conditions in their environment, which may have a deep
significance in their future research. The importance of this research is further stressed by
Van Horne and Sharpe (1998), both specialists in the influence of human activity on ground
squirrels in wild nature.

Inner factors of the behaviour of ground squirrels, as confirmed by various authors, are
such elements as hormonal changes, ontogenesis of behaviour influenced by their ageing and
instinctive behaviour (Everst et al., 2004).

Our results show that there is no significant difference between the two observed colonies
of ground squirrels (A, B) in Zoo Bojnice, which at the same time confirms the behaviour of
each colony.

Further analysis of the results confirmed differences between each season of the year,
particularly in spring (when the mating and the following care for offspring occurred), as
opposed to the summer season (July, August-with the offspring grown up), which confirmed
the observations from nature (Hut et al., 1999; Everst et al., 2001).

The differences in behaviour were also recorded between the years 2011 and 2012. In the
year 2011, the conditions around the ground squirrel enclosure were free of human activity,
and therefore similar to their natural habitat. In 2012, the road building taking place out-
side of the enclosure meant an almost constant presence of the construction workers during
working hours from 9 am to 4 pm (on workdays). This human factor influenced the be-
haviour of the ground squirrels significantly throughout the day, since they are not adapted
to the presence of people in their surroundings, as observed by Katona et al. (2002). The
frequency of most of their behaviour in this year was significantly lower as compared to the
previous year (2011) during the day up to 4 pm, as the ground squirrels came out of their
burrows less frequently and were also more often disturbed by the presence of humans.

In 2011, we could record in most cases, the typical two-peak behaviour (with two peaks
of activity—one in the morning and one late in the afternoon), with the lowering of activity
around noon, as also confirmed by (McCarley 1966; Aschoff, 1966; Vispo, Bakken, 1993;
Ambros, 1999; Strauss et al., 2007). The decline of activity around noon is presumably
caused by the attempt to hide from the heat, as confirmed by Vaczi (Vaczi, 2005; Vaczi et
al., 2006).

Feeding behaviour

Feeding behaviour throughout the day (year 2011) reaches two main peaks with a signifi-
cantly higher occurrence of this behaviour, namely from 9 to 11 am and 3:30 to 5 pm. These
displays are very similar to the results from Slovak nature, where the two activity peaks were
measured from 7 to 11 am, and from 1 to 6 pm (Ambros, 1999). We explain the shorter
peak hours recorded in ground squirrels kept in captivity with the amount of food they are
offered, which means they don't have to look out for it on a larger scale and can process the
food much quicker.
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During the two observed years, we noted changes in their behaviour caused by outer
factors. In the year 2011 barely any human activity occurred around the enclosure (only the
occasional passing of the breeders around the enclosure), which is why we can consider this
behaviour as representative in the given breeding conditions. In the year 2012, with the con-
struction work taking place close to the enclosure, it caused a modification in the behaviour
of the ground squirrels throughout the day, and their adaptation to this outer factor. This was
particularly notable in their feeding behaviour, which was significantly lowered up to 4 pm,
after which it increased rapidly due to the absence of disturbing elements—the leaving of the
workers. The first peak observed in 2011 didn't occur, but we recorded a different activity
peak between 12 am and 1 pm (lunch break), when the ground squirrels used the temporary
absence of the workers.

We weren't able to confirm the fact mentioned by Ambros (1999) about ground squirrels
taking food supplies into their burrows.

Resting behaviour

Resting behaviour is proportional to the rise of air temperature throughout the day and the
additional temperature change in the substrate. This behaviour reaches one peak throughout
the day between 11:30 am to 16:30 pm, when the resting periods are the longest. A short-
ening of the resting phases occurred during the summer (July, August) 2012, caused, pre-
sumably, by the presence of workers around the enclosure. The resting behaviour of ground
squirrel is barely getting any attention in research, which makes our result the first complex
recording on the subject.

Conclusion

Our research was focused on two basic behaviours of ground squirrels in captivity: feeding
behaviour and resting behaviour. One of the goals of our research was to collect and analyse
information about the behaviour of ground squirrels, as well as to study outer and inner fac-
tors influencing this behaviour.

After collecting the data through the methods of observation and description, we pro-
ceeded with their processing. As the method for the analysis of animal behaviour is not ex-
actly set, we used qualitative and quantitative methods in order to receive as detailed infor-
mation as possible with the highest informative value. We came to the conclusion that there
is no significant difference between the two colonies within a year or during each observed
season. A difference, however, was found between each year during which our research took
place. This fact can be explained through the outer factors differing greatly during the years,
namely human activity in the immediate vicinity of the enclosure. Feeding behaviour was
during the year 2011 (no human activity) clearly two-peaked, with the first peak in morning
hours and the second during the afternoon. In the second year (2012), this behaviour was
subsided by the presence of people in the vicinity of the enclosure throughout the day, when
the values of this behaviour were low up to 3 pm, after which they soared with the absence
of humans. In this year, the feeding behaviour influenced by humans resulted with only one
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peak between 3 and 5 pm. Resting behaviour was one-peaked, with a rising tendency de-
pendant on the growing heat of the soil in the enclosure, which the ground squirrels used
to bask on. These observations give us valuable information about the natural behaviour of
ground squirrels, as well as about their behaviour influenced by humans, both of which could
be extremely useful for the purposes of the research of ground squirrels in nature.

Lastly, we focused on the comparison of our own results with the already existing, albeit
limited information about ground squirrel behaviour in wild nature, all of which confirmed
corresponding data in all main aspects of behaviour.
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