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Abstract

Previous studies on captive giraffes have shown that an increase in foraging opportunities leads to reduced
abnormal behaviour. This study evaluates the nocturnal behaviours of six captive giraffes, housed in Aalborg Zoo
(N: 57.04°, E: 9.90°). The herd consists of one male giraffe (age 8), one male calf (age 1 ¥2), two femelle giraffe
(age 7; 20) and two female calves (age 8 months; 2 years). The observations lasted eight nights and compared
two observation periods (October and November) with different compositions of branches. The giraffes spent
approximately 30% of their nocturnal activity on feeding behaviour. An increase in feeding behaviour was
correlated with a decrease in oral stereotypy. It was observed that the type of branches influenced time spent on
browsing as it was consumed at different rates. Further studies are required to clarify questions left in this study,
such as studies with more observation days and known types of branches. .

Keywords: Giraffa camelopardalis rothschildi, Nocturnal Behaviour, Zoo,Stereotypical Behaviour, Feeding,
Enrichment, Ethology, Animal Welfare, Ruminants
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Introduction
In recent years, many zoos have strived to improve conditions to ensure more species-specific behaviour
of their animals. This includes the enlargement of enclosures and several alternative types of enrichment
with the goal of improving welfare (Claxton, 2011). Bashaw et al. (2001) collected behavioural data

from 257 giraffes housed at 71 different Northern-American zoos, in which as many as 80 % of the
individuals showed stereotypical behaviour. Stereotypical behaviour is defined as abnormal behaviour
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with “unvarying repetitive behaviour patterns that have no obvious goal or function in the context in
which they are performed” and is considered an indicator of stress (Fernandez et al., 2008).

In the wild, giraffes (Giraffa camelopardalis) spend about 60-80 % of their activity budget on feeding
and ruminating activity (Orban et al., 2016; Okabe et al., 2019). Their natural diet consists primarily of
leaves, forbs and woody plants, but when their nutritional needs are not fulfilled, they will also consume
grass (O’Connor et al., 2015; Munyaka & Gandiwa, 2018).

In captivity, the amount of browse may be limited due to practical and financial resources as especially
browsers require a diet that is not readily available (Young, 1997; Hatt et al., 2005). It is recommended
that 10-25 % of the diet consist of browse material for captive giraffes (Hatt et al., 2005).

Lack of natural environmental factors such as foraging facilities may result in abnormal behaviour and
thereby a decrease in animal welfare (Young, 1997; Fernandez et al., 2008). For larger herbivores in
captivity, abnormal behaviour is frequently expressed as oral stereotypy (Koene, 1999; Tarou et al.,
2000). Oral stereotypy is often interpreted as a sign of stress; however, it has been hypothesised that it
also serves to increase the flow of saliva to the rumen (Tarou et al., 2000; Bergeron et al., 2006). Feeds,
such as grains, fresh fruit and vegetables, provide a smaller amount of chewing and results in rapid
fermentation and lower pH (Griinberg et al., 2009; Gussek et al., 2017b). Fresh fruit and vegetables in
giraffes’ diets may result in a higher flow of saliva to the rumen from oral stereotypies thereby causing
rumen acidosis as a lower fibre intake result in a decrease in pH (Gussek et al., 2017b; Johansen, 2020).
This, combined with the fact that giraffes usually spend around 60 % of their time browsing in the wild
providing oral stimulation, could be the source of different observed oral stereotypies (Bashaw et al.,
2001; Baxter & Plowman, 2001). This is further supported by Robert et al. (1993) which argued that
oral stereotypy in animals is primarily caused by frustrated feeding motivation.

In a study including 12 German zoos, the type of forage was shown to influence the giraffe behaviour
(Gussek et al., 2017a). A less energy-rich diet led to a higher level of foraging along with a decrease in
oral stereotypy (Gussek et al., 2017a). This was further investigated by Monson et al. (2018) in which
an experimental feed was given to six giraffes in Cleveland Metropark Zoo. The feed composition was
changed from a 1:1 ratio between hay and grain (Mazuri® Wild Herbivore Diet Hi-Fiber) to a 9:1 ratio,
along with added supplemental browsing material. This resulted in a reduction in the expression of oral
stereotypy along with a decrease in salivary production (Monson et al., 2018). Hummel et al. (2006b)
found, that during fermentation, browse material has the lowest gas production when compared to grass,
herbs and legumes. On top of this, twig browse material also had the lowest nutritional value compared
to grass, herbs, legumes, and leaf browse. These factors contribute to the idea that a diet including a
sufficient amount of browse material, are the most beneficial for their digestion and tongue stimulation
(Hummel et al., 2006b; Fernandez et al., 2008; Okabe et al., 2019).

It is generally important for captive giraffes that enough foraging opportunities are available as part of
an attempt to achieve optimal living conditions (Young, 1997; Fernandez et al., 2008; Berthelsen et al.,
2021). In wintertime, northern zoos (N: 52°) may have problems providing enough leaves for the
browsing animals. Therefore, natural browsing opportunities cannot be supplied equally year-round.

The nocturnal behaviour of giraffes has not yet been thoroughly researched, leaving the amount of
foraging during this time of day to be questioned (Rose & Croft, 2018).

The aim of this study was to evaluate how much time captive giraffes spend feeding at night and if the
amount of leafy browsing material influenced giraffe behaviour. It was hypothesized that an increase in
leafy matter will cause more time spent feeding and a decrease in the expression of oral stereotypy.

Materials and Methods

Subjects

This study examines the nightly behaviour of six giraffes (G. camelopardalis rothschildi) from Aalborg
Zoo in Denmark using surveillance cameras. The herd consists of one bull (Giraffe B), one male calf
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(Giraffe D), two cows (Giraffe C and Giraffe F) and two female calves (Giraffe M and Giraffe Q). One
of the two cows was heavily pregnant (Giraffe F). The bull was born in Zoologischer Garten Magdeburg
and transferred to Aalborg Zoo in 2015 while the remaining herd was born at Aalborg Zoo. The age
range spanned from eight months to 20 years (Appendix A).

Enclosure

The observed indoor enclosure was around 146 m? and was divided by a fence into a larger and a smaller
fold. The oldest bull (Giraffe B) occupied the smaller fold, while the others occupied the large fold. One
plastic trough was hanging from the bars of the enclosure in the smaller fold, while the larger fold
contained six plastic troughs at the front. These were out of sight for the camera due to the position in
the upper corner at the front of the enclosure. Of the three hay racks, two of them hung from the ceiling,
while the last one was mounted low on the wall so the younger giraffes could reach. One roof hay rack
was accessible from the smaller fold and the other hung inside the larger. On each side of the room,
branches were hung for browsing opportunities. Two drinking fountains were located inside the larger
fold and one inside the smaller.

The giraffes were led inside between 14:00-16:00 and led outside at around 09:00-11:00 depending on
the weather. In the outside enclosure, the giraffes had access to branches and hay though this was not
observed. In the indoor enclosure, the light got turned off from 22:00 until 7:00, leaving the perceived
night-time for the giraffes consistent at nine hours a day with zero natural light exposure during autumn
nights.

Feeding

A mix of 1/3 browser ruminant cubes (Dodson&Horrell, Nantwich, Great Britain), 1/3 browser pellets
(Kaspers FaunaFood, Woerden, Netherlands) and 1/3 Boscos (WESenterprises, Thabazimbi, South
Africa) were given to the herd daily.

In the morning, prior to letting the giraffes out into the outdoor enclosure, half a bucket of the mix was
given to the bull and one bucket for the rest of the herd. During the afternoon, before the giraffes were
moved into the indoor enclosure, the bull was given % of a bucket with concentrate while the rest of the
herd were given two full buckets. In addition to the concentrate, each metal feeder was filled with alfalfa
and thoroughly shaken. Each of the hanging feeders also received a bucket of extra leaves
(Fodergrossisten, Hjarring, Denmark). The branches got changed in accordance with the observed need,
with a preference for several branches in each hoist.

Data collection

The behaviour of the giraffes was taped with a permanently installed camera at Aalborg Zoo running 24
hours per day. The camera had night vision, which allowed the study to take place at night-time. The
indoor camera covered the majority (>80 %) of the enclosure, except for blind angles behind objects
and the front part of the enclosure. The filming of the giraffes took place from 17:00 to 07:00 on each
of the researched days. The first observation period (OBS1) occurred from the 2™ of October 2021 to
the 6" of October 2021, when leaves were still present on the branches. The second observation period
study (OBS2) occurred from the 1t of November 2021 to the 5" of November 2021, when most branches
were without leaves. The differences in the amount of branches with and without leaves in the
observation periods were noted and assessed as estimates (Appendix B).

During a pilot study, an ethogram was adapted and modified after Seeber et al. (2012) for the analysis
of the behaviours (Table 1).

Inspired by the work of Seeber et al. (2012)

The videos were viewed by six observers (the first six authors of this paper), equal to the number of
giraffes in the enclosure. This method allowed each observer to observe a single giraffe throughout the
process. To assure agreeability among the observers, the team split into three teams of two observers
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for a pilot study performed on 29" of September 2021. These observers reviewed two giraffes each
and compared their results.

Table 1. Ethogram with the description of the chosen behaviours.

Behaviour categories Behaviour Description

individual behaviour Standmg_Stlll (SS) Stano_nary posmor_l without locomotive activity (min. 5 sec).
Locomotion (LO) Walking and running.

Feeding behaviour Browsing (BR) The ingestion of branches, bark and leaves.
Hay Feeding (HF) The ingestion of hay from the hay racks, ground or elsewhere.

Resting behaviour Lying Down (LD) Lying down. Other behaviour can take place at the same time.
Paradoxal Sleep (PS) Lying down and resting its head on the flank of a hind leg.

Performing occurring in a repeated locomotive activity in a

Pacing (PA) pattern (ex. straight line or circle) between two locations —

Stereotypy without purpose).

Repetitive licking of objects/mane. Swinging/keeping the tongue
outside the mouth for a long time.

When the giraffe is out of sight and/or the behaviour is
unidentifiable.

Oral Stereotypy (OS)

Other Out of Sight (OOS)

Statistical analysis

The R?-value was calculated to evaluate the correlation between the observers for the start- and
endpoints. Half of the observers have previously conducted similar studies of giraffe behaviour
(Berthelsen et al., 2021).

Correlation values (R?) ranging from 0.9 to 1.0 were achieved (R? >0.90 was considered
acceptable).

Cumulative graphs were constructed using “integral (running sum)” in Past for each behaviour in each
study period. Subsequently, the data were processed with log(y) to reduce the scaling effect regarding
the variance in the mean. This method was used to confirm the saturation of data and is not further
mentioned.

Stacked bar charts were created to visualize the distribution of the activity budget (Figure 1).

As the data was not normal distributed, a pairwise non-parametric Mann-Whitney was used to test
difference in median of behaviour between individuals. This further provided a way to describe the
comparison between a given behaviour and the observation periods (Table 2, 3 & 4).

EEINT3

Spearman’s rank test was conducted to analyse if the three behaviours “hay feeding”, “browsing” and
“oral stereotypy” Were correlated to each other. The test was performed pairwise: “hay feeding” versus
“browsing”, “hay feeding” versus “oral stereotypy” and “browsing” versus “oral stereotypy”. Since
the observers were only able to compare four days for each behaviour the p-value was ignored
(Appendix C).

For statistical analysis the software Past (ver. 4.03), www.socscistatistics.com and RStudio (2021), was
used.

Results

Activity time budgets

In all giraffes, “browsing” behaviour increased from observation period 1 to observation period 2
except for Giraffe D (Figure 1). In both observation periods, Giraffe B and C displayed more “hay
feeding” than “browsing”. All giraffes spent between 33.20% (Giraffe C) and 59.37% (Giraffe M) of
their activity budget on “lying down”. Resting behaviour made up between 35.66% (Giraffe C) and
60.73% (Giraffe M) of the giraffes’ activity budget. “Out of sight” ranged between 0% (Giraffe B) and
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22.28% (Giraffe C) but made up less than 10% of the activity budget for most giraffes (Figure 1,

Appendix C).
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Figure 1. Stacked bar charts for each of the six giraffes. Along the x-axis, the percentage of each
expressed behaviour is shown, while the y-axis shows the two observed periods (1 and 2). Light blue
shows “browsing” (BR). Dark blue shows “hay feeding” (HF). Light green shows “lying down” (LD).
Dark green shows “locomotion” (LO). Salmon shows “out of sight” (OOS). Red shows “oral
stereotypy” (OS). Light orange shows “pacing” (PA). Orange shows “paradoxal sleep” (PS). Light
purple shows “standing still” (SS).

Behavioural differences between observation periods

Medians for each individual’s behaviour in the observation periods were compared with a pairwise
Mann Whitney test (Table 2).

Comparing observation period 1 and 2 Giraffe B spent significantly (p < 0.05) less time on the
behaviours “hay feeding” and “locomotion”. Giraffe C spent significantly (p < 0.05) less time during
observation period 2 in the behaviours “hay feeding” and “locomotion”, while spending significantly
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(p <0.05) more time on “browsing”, “oral stereotypy”, “paradoxal sleep” and “out of sight”. During
observation period 2, Giraffe D spent significantly (p < 0.05) more time on “locomotion”. For Giraffe
F, a significantly (p < 0.05) longer amount of time was spent on “browsing” while significantly less
time was spent on “locomotion”.

Giraffe M spent significantly (p < 0.05) less time during observation period 2 on the behaviours
“locomotion” and “lying down”, while spending significantly (p < 0.05) more time on “browsing”.
Lastly, Giraffe C spent significantly (p < 0.05) less time on “standing still”” during observation period 2
(Table 2).

Table 2. P-values for comparing the frequency of different behaviours (medians of observation period
1 versus observation period 2) using Mann-Whitney for the nine different behaviours.

OBS1vs. OBS2 Giraffe B Giraffe C Giraffe D Giraffe F Giraffe M Giraffe Q
Hay Feeding 3.028E-06 0.0175 0.206 0.987 0.577 0.827
Browsing 0.769 0.00175 0.665 0.0164 0.0300 0.644
Locomotion 0.0398 0.0419 0.0038 0.000155 0.0170 0.791
Standing Still 0.196 0.0720 0.215 0.0628 0.114 0.000703
Oral Stereotypy  0.511 1.826E-07 0.421 0.253 0.928 0.510
Pacing 0.511 0.00114 — — — —

Lying Down 0.823 0.971 0.0835 0.155 0.0428 0.503
Paradoxal Sleep  0.206 0.0499 0.665 0.365 0.887 0.521
Out Of Sight — 2.531E-09 0.234 0.368 0.878 0.329

Significant p-values (p < 0.05) are marked with bold. Behaviours with a lack of data and therefore unable to compute the test
are marked with -.

Behaviour correlations

A negative correlation was found between "hay feeding" and "oral stereotypy" during observation period
1 for three out of six giraffes. Giraffe F showed a strong positive correlation between these two
behaviours (table 3). During observation period 2, a negative correlation was found between behaviours
"hay feeding" and "oral stereotypy" for three giraffes. Positive correlations were found for giraffes Q
and F (table 4).

Table 3. Calculated spearman’s correlation when comparing “hay feeding” (HF) versus “browsing”
(BR), “hay feeding” (HF) versus “oral stereotypy” (OS) and “browsing” (BR) versus “oral stereotypy”
(OS) during observation period 1 (OBS1).

HF OBS1 vs. OS OBS1 BR OBS1 vs. OS OBS1
Giraffe B -0.2 0.2
Giraffe C -0.2 1
Giraffe D -0.4 -0.2
Giraffe F 0.8 -0.8
Giraffe M -0.4 -0.4
Giraffe Q -0.4 -0.8

An association is marked with cursive and a high association with bold text for each giraffe.

Negative correlations between "browsing™ and "oral stereotypy" during observation period 1 were found
for three giraffes, whereas a strong positive correlation was found for Giraffe C (table 3). For
observation period 2, negative correlations were found for three giraffes. A weak positive correlation
was found for Giraffe Q while a strong positive correlation was found for Giraffe C (table 4).
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Table 4. Calculated spearman’s correlation when comparing “hay feeding” (HF) versus “browsing”
(BR), “hay feeding” (HF) versus “oral stereotypy” (OS) and “browsing” (BR) versus “oral stereotypy”
(OS) during observation period 2 (OBS2).

HF OBS2 vs. OS OBS2 BR OBS2 vs. OS OBS2
Giraffe B -0.8 0.2
Giraffe C 0.2 0.8
Giraffe D -0.4 -0.4
Giraffe F 0.949 -0.949
Giraffe M -0.4 -0.8
Giraffe Q 0.4 0.4

An association is marked with cursive and a high association with bold text for each giraffe.
Discussion
The impact of change in leafy matter

Five out of six giraffes showed an increase in the expression of “browsing” behaviour from observation
period 1 to observation period 2 (Figure 1). For giraffes C, F and M, these changes were significant (p
< 0.05) (Table 2). Hence, an increase in leafy matter did not correlate with an increase in “browsing”
behaviour. It was noted that willow was consumed at a faster rate than other types of branches in this
study (Appendix B). There was still bark left on the branches 07:00:00 most mornings during
observation period 1, and thus no lack of browsing material (Appendix B). The type of branches given
to the giraffes may influence browsing activity. Shorter browsing periods have been found to decrease
oral stimulation, and thus increase oral stereotypy (Monson et al., 2018). Different branches in the
browsing feed for giraffes may prolong browsing periods. Hawthorne has been found to increase the
browsing time when compared to willow and cherry branches, which in turn led to a reduced expression
of oral stereotypy (Monson et al., 2018; Okabe et al. 2019). Branches without leaves will be more
dominated by fibres (Ngaha et al., 2016; Gussek et al., 2017b). As a previous study has found, a high
fibre diet can be beneficial to the welfare of giraffes, as the high fibre intake leads to a prolonged
rumination and therefore less time to perform oral stereotypies (Baxter & Plowman, 2001; SchuBler &
Greven, 2017). This corresponds with the observation of the quantity of bark left on the browsing
material during the two observation periods since there was less bark left in observation period 2
(Appendix B). Therefore, it would be beneficial for giraffes to have access to additional branches rich
in fibre during colder season, as branches with a sufficient amount of leaves will not be available.
Another possibility is conservation of willow by ensiling it, giving the opportunity of use all year round
(Sauer, 2015; Duggan et al., 2015).

Previous studies have found a connection between proximity to winter and increased “oral stereotypy”,
but this study found “oral stereotypy” to decrease from observation period 1 to observation period 2
(Okabe et al., 2019). An explanation for the decrease could be the fact that the giraffes were fed primarily
willow during observation period 1, while the branches were unidentifiable during observation period
2.

Despite the fact that decreases in “oral stereotypy” were not significant (p > 0.05) for the giraffes, the
time spent on “oral stereotypy” decreased from observation period 1 to observation period 2 in four
giraffes (Table 2; Figure 1). This connection between an increase in “browsing” and a decrease in “oral
stereotypy” is supported by Spearman's correlation, where a negative correlation (rs < -0.3) was found
in half of the giraffes in both observation period 1 and 2 (Appendix C). In general, there is a correlation
between time spent on feeding and time spent on “oral stereotypy”, since the time spent on “oral
stereotypy” decreases as time spent on feeding increases (Bashaw et al., 2001; Baxter & Plowman,
2001; Facey, 2017; Duggan et al., 2015). This correlation is supported by other studies, wherein a
connection between overall feeding-related behaviour and decreases in stereotypies was found
(Wagman et al. 2018; Fangmeier et al. 2019).
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Only Giraffe C experienced a significant (p < 0.05) increase in “oral stereotypy”, despite also having a
significant increase in “browsing”. This is further supported by a strong positive correlation for
“browsing” and “oral stereotypy” in both observation period 1 (rs = 1) and 2 (rs = 0.8). A possible
explanation could be unidentified sub-optimal conditions unrelated to browsing opportunities, which
could cause “oral stereotypy” (Veasey et al., 1995). Furthermore, Giraffe C is the oldest giraffe in the
herd and had a high level of “oral stereotypy” during both observation periods. No big impact on Giraffe
C's oral stereotypy was expected, as stereotypical behaviours are thought to become more entrenched
as animals get older (Mason, 1991).

Additional observations

It was observed that the hay rack in the corner of the enclosure, which was the only one available for
the three calves, was emptied ~3.8 hours (SD £ ~2.28 hours) after 17:00 leaving the calves to spend
most of the night without opportunity to express optimal feeding behaviour. Only a few data points of
“oral stereotypy” were collected for giraffes D and Q while they still have access. Therefore, most
recorded entries of “oral stereotypy” were observed after the primary opportunity for “hay feeding” ran
out. A correlation between an insufficient amount of roughage intake and increased oral activity has
been found (Hummel et al., 2006a). To the calves' needs for more hay, additional or a larger hay rack
could be introduced into the enclosure. It might be beneficial to add a large plate under the hay rack to
catch falling hay, that would otherwise end up as waste on the floor. This would also minimize clean-
up for the zookeepers.

During the two observation periods, the average time consumption of “paradoxal sleep” (2.35%-
2.65%) and “feeding” (29.61%-30.11%) which correlates with the nocturnal behaviour study by Burger
et al. (2021) who found 2% and 27%, respectively. Notably less time spent on “locomotion” and
“standing still” in this study when compared Burger et al. (2021) in which 39 individual Rothschilds
giraffes were observed. However, those two behaviours were more equal to the time budgets for the
reticulated giraffes examined by Burger et al. (2021). The observed differences are thought to be derived
from age, environmental and social factors (Sicks, 2012; Appendix D).

Data reliability

Only a few behaviours did not reach data saturation due to the limited number of times the behaviour
was observed. This was the case for behaviours such as “paradoxal sleep”, as the behaviour is highly
continuous compared to “hay feeding”, that is more often interrupted.

Approximately 1.33 hours were missing from the total amount of ~112 hours (~1.2%) of videos. These
were marked as “out of sight” as the observers were unable to observe the performed behaviour during
this time.

While it would have been preferred to see every day continuously, electrical errors in the form of
electrical shortage and failure to turn off the light at night made this impossible. This study argues these
errors to be negligible, because ~112 hours of video were watched during the observation periods per
giraffe, giving a total view count of ~672 hours for the entire study, which is more view time than several
other behavioural studies (Bertelsen et al., 2020; Dahl et al., 2020; Olsen et al., 2020; Ottosen et al.,
2020; Thomsen et al., 2020).

Conclusion

The nocturnal activity of six Rothschild giraffes in Aalborg Zoo showed that:
e The giraffes spend between 29.61 and 30.11 % of their night on feeding.
e Anincrease in feeding behaviour correspondingly reduced the time spent expressing stereotypic
behaviours.
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e Type of branches available to the giraffes had an influence on the expression of “oral
stereotypy” and “browsing”, presumably because different branch types were consumed at
different rates.

e Further studies with more observation days across seasons with browsing material of known
types of branches with and without leaves and measured quantities of browse would clarify
many of the questions left in this study.
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Appendix
A. Giraffe overview
Table 5. Basic information about the giraffes at Aalborg Zoo during the observational period.

Giraffe Age Gender Born at

Basse (Giraffe B) 8 years Male Zoologischer Garten Magdeburg
Caroline (Giraffe C) 20 years Female Aalborg Zoo

Dumisani (Giraffe D) 1% years Male Aalborg Zoo

Frida (Giraffe F) 7 years Female Aalborg Zoo

Maseke (Giraffe M) 8 months Female Aalborg Zoo

Qolile (Giraffe Q) 2 years Female Aalborg Zoo

B. Browsing material and hay availability

Table 6: Noted times for when the leaves and bark were fully eaten from the branches given in the left
and the right side of enclosure.

Date and type of Leaves eaten - Left Bark eaten - Leaves eaten - Right Bark eaten - Right
branch (time) Left (time) (time) (time)

2/10 - Birch 17:57:47 35% remaining 17:00:04 (4) 65% remaining
3/10 - L: elm tree 18:30:38 85% remaining - 25% remaining

R: birch

5/10 - Willow 17:14:38 21:48:55 (17335) 17:34:28 (2068) 21:20:38 (15638)
6/10 - Birch 17:15:37 60% remaining 17:06:08 (368) 85% remaining
1/11 - Unknown - 03:45:25 (38725) - 20:00:32 (10832)
3/11 - Unknown - 04:05:54 (39954) - 00:50:22 (28222)
4/11 - Unknown - 21:12:49 (15169) - 00:20:43 (26443)

5/11 - Unknown — — — —
A line indicates that no time could be noted, due to no leaves in the beginning or unidentifiable quantity of bark.

C. Distribution in percent

Table 7: Percentages of time spent expressing each behaviour for each giraffe in each period,;
observation period

HF BR LO SS 0Ss PA LD PS 00S
Giraffe B
OBS1 29.37% 9.82% 0.88% 6.64% 1.44% 0.63% 45.61% 3.08% 2.52%
0OBS2 23.39%  11.96% 1.43% 9.60% 0.46% 3.31% 45.71% 4.14% 0%
Giraffe C
OBS1 29.75% 2.41% 2.99% 8.68% 4.80% 0.53% 34.63% 1.03% 15.18%
0OBS2 22.16% 2.68% 2.31% 8.65% 6.20% 0.04% 33.72% 1.95% 22.28%
Giraffe D
OBS1 11.69% 14.67% 1.85% 8.70% 1.51% 0% 49.72% 3.97% 7.89%
OBS2 11.11%  11.64% 2.00% 7.04% 1.46% 0% 54.97% 3.67% 8.11%
Giraffe F
OBS 1 20.66% 17.26% 1.37% 5.83% 0.63% 0% 47.75% 2.75% 4.02%
OBS2 17.53% 26.78% 1.51% 5.53% 0.053% 0.040% 36.74% 1.15% 10.67%
Giraffe M
OBS1 12.28% 6.42% 2.31% 3.06% 8.05% 0% 59.37% 1.36% 7.16%
OBS2 10.35%  15.93% 1.91% 4.22% 4.11% 0% 55.89% 2.80% 4.80%
Giraffe Q
OBS1 10.27%  13.56% 2.05% 11.40% 3.36% 0% 50.89% 1.93% 6.55%
0OBS2 1258% 14.57% 1.70% 10.65% 1.23% 0% 51.41% 2.95% 4.90%

1 (OBS1) and observation period 2 (OBS2). Behaviours consist of the following, “hay feeding” (HF),
“browsing” (BR), “locomotion” (LO), “standing still” (SS), “oral stereotypy” (OS), “pacing” (PA), “lying
down” (LD), “paradoxal sleep” (PS) and “out of sight” (OOS).

D. Average time spent
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Table 8: Average time spent (expressed as percentages) on the behaviours “locomotion” (LO),
“standing still” (SS), “lying down” (LD), “paradoxal sleep” (PS) and Feeding (which includes “hay
feeding” (HF) and “browsing” (BR) merged) for all six studied giraffes during the observation period 1
(OBS1) and observation period 2 (OBS2).

Feeding LO SS LD PS
OBS1 29.61 % 1.86 % 8.09 % 48.00 % 2.35%
OBS2 30.11 % 2.21% 7.62 % 46.41 % 2.69 %
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