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Abstract: It is important to examine the animal welfare implications of all aspects of zoo operations,
including out-of-hours public events. Research to date has indicated variable responses across species
and event types. The current research aimed to understand and quantify the impact of a Christmas
lights event. Four species: Rothschild giraffe (Giraffa camelopardalis rothschildi; n = 2) in one exhibit and
capybara (Hydrochoerus hydrochaeris; n = 4), lowland tapir (Tapirus terrestris; n = 3) and vicuña (Lama
vicugna; n = 5) in a mixed species exhibit were observed. Data were collected from 16:00–20:00 between
28 October 2021 and 11 January 2022. The event ran from mid-November to the end of December
2021. Five-minute behavioural observations were undertaken once per hour using instantaneous
scan sampling with a one-minute inter-scan interval. A further six days of 12 h observations were
conducted to enable a more detailed investigation post-event. Data collected were compared on non-
event and event days using Mann–Whitney U tests (event vs. non-event) and Kruskal–Wallis tests
(pre-event, event, post-event periods). Kruskal–Wallis tests and one-way ANOVAs were undertaken
to compare behaviours during three time periods (12:00–16:00, 16:00–20:00, 20:00–00:00) over 12 h.
Mixed behavioural responses were seen across the study species. Capybara spent more time in their
house from 16:00–20:00 on event nights compared to non-event nights (p < 0.001) and tapir only
engaged in vigilant behaviour from 16:00–20:00 when the event was held, (p = 0.044). There were no
differences in frequency of behaviour between pre-event, event, and post-event observation periods,
with the exception of capybara, who spent more time OOS in the pre-event period than during (p <
0.001) or after the event (p < 0.001). The results of the project, undertaken as part of an evidence-based
management programme, highlighted that the event did not have any overtly negative impacts on
the individuals studied. Except for the giraffe, all individuals had free access to inside and outside
environments, and it is believed this choice enabled animals to be active in managing their response
to the event. It is recommended that future work observe animals over 24 h to understand whether
events lead to behavioural changes the day after events or if animals reverted to normal activity once
the event ended.

Keywords: animal behaviour; Christmas lights; zoo animal welfare; evidence-based management

1. Introduction

The relationship between zoo animals and visitors is complex; visitors can be both
a source of enrichment and stimulation for animals. Animal responses to visitors are
variable, and even within species, individual responses to zoo visitors are observed [1].
Extending visitor hours within zoos is popular worldwide; many facilities host concerts
and other events outside of standard zoo visiting hours. Increased exposure to visitors
has the potential to disrupt animal activity patterns [2]. During these events, animals may
be exposed to high visitor numbers, altered routines and increased periods of artificial
light and loud noise, which have been identified as potential ‘stressors’ [3,4]. Events may
therefore have ramifications for animal welfare. Zoos must balance animal welfare with
increased footfall and income when holding these events [5,6]. Understanding the impact
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of these potential stressors is vital in developing an effective zoo management strategy [7],
which is required to maintain a high standard of animal welfare.

While there is a plethora of historic research which aims to understand the impact of
visitors in zoos on animal welfare, it is only relatively recently that attention has turned to
understanding the effects of out-of-hours events on animal behaviour and welfare. The
zoo environment is variable [8]; however, evening events provide a unique setting where
animals are exposed to additional environmental stimuli outside the conditions they usually
experience. The range of additional concurrent environmental stimuli makes the impact of
evening events challenging to predict.

Previous research has focused predominantly on sound (including music and fire-
works) in addition to light (e.g., [6,9–11]). These studies highlight mixed responses of
animals to evening events in zoos, with some animals changing behaviour and using enclo-
sures differently, whilst others are unaffected. Recent research has highlighted ‘risk’ factors
for species that may be most likely to be impacted behaviourally, including terrestrial,
herbivorous/omnivorous and diurnal species from closed habitats [12]. Behavioural as-
sessments have been more widely undertaken than any other measure, presumably due to
the ease of undertaking these non-invasive assessments and the opportunities for facilities
to undertake this without specialised equipment or significant financial investments. When
conducted in person or via camera feeds, behavioural observations have the added benefit
of enabling facilities to find out ‘instantly’ the impacts of evening events and act accord-
ingly to support good animal welfare. However, assessment of physiological measures,
principally analysis of faecal glucocorticoid metabolites (FGMs), has indicated that animals
are less affected by the presence of visitors than their behaviour signifies [13–15], which
may also explain the range of behaviour changes during evening events, with animals
adapting to reduce the impacts of stressors related to evening events.

Several behavioural changes have been observed within primate species. Macaques
(Macaca fuscata) exposed to increased noise displayed changes in affective state indica-
tive of anxiety [16]. Brown spider monkeys (Ateles hybridus) increased vigilance on event
nights, with some individuals also showing reductions in affiliative behaviour and in-
creases in locomotion and feeding behaviour [17]. Spider monkeys housed near a haunted
house event, where actors were scaring visitors (leading to scream responses from visi-
tors), spent longer outside, were generally more active and showed startle responses [18].
Drills (Mandrillus leucophaeus) increased vigilance and reduced feeding the day after some
evening events (Christmas parties and zoo-wide themed evenings), although this was not
consistently seen across different events [19]. Gorillas (Gorilla gorilla) increased abnormal
behaviours (regurgitation and reingestion) and reduced resting behaviour during events,
although there were no increases in FGMs [2,20].

Behaviour changes have also been seen in non-primate species. Fiordland penguins
(Eudyptes pachyrhynchus) and collared peccaries (Pecari tajacu) exposed to music during an
evening event used their enclosures differently. Penguins spent more time swimming, and
peccaries increased their time in nest boxes and out of sight [21]. Alpacas (Vicugna pacos)
were more active during a zoo concert and spent less time resting when sound pressure
levels were highest [6]. Tigers (Panthera tigris sondaica) increased resting behaviour and
reduced feeding, locomotion and play during event evenings. Furthermore, stretching,
spraying, rubbing, flehmen and glass banging increased when events were on at the
zoo. Tigers also increased their use of areas more distant from visitors during event
evenings [22]. Changes are not consistent over large carnivore species. In one study,
Asiatic lions (Panthera leo persica) displayed no change in activity or enclosure use during
evening summertime parties [22]. Some species that would typically be expected to respond
negatively to events according to their life history [23] showed no behavioural changes
during a zoo concert, e.g., reindeer (Rangifer tarandus) and guanaco (Lama guanicoe) [6].
Classical music also did not impact llamas (Llama glama), mara (Dolichotis patagonum) and
bison (Bison bison), although the same individuals were more nervous and attentive when
loud explosions were heard in a fireworks display [10].
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For some species, behavioural changes have been linked with other factors, and al-
though physiological changes occurred, this was no different to their response to other
stressors within their environment. Indian hornbills (Buceros bicornis) displayed altered af-
filiative behaviour and proximity to conspecifics during and after event periods. Ultimately
these were attributed to the onset of the breeding season rather than the event itself [11]. A
fivefold increase in FGMs in coyotes (Canis latrans) following a two-day national holiday
with fireworks was the same as their response to a newly installed fan [9]. In Hawaiian hon-
eycreepers (Drepanis coccinea), elevated FGMs the day after evening concerts at Honolulu
Zoo were the same level as when this was assessed following exposure to loud machinery
or social stimuli [23].

This brief overview of literature published to date indicates that there is potential
for evening events within zoological collections to impact the welfare of captive animals
negatively. It has been suggested that terrestrial, herbivorous/omnivorous, and diurnal
species from closed habitats are most likely to be affected by zoo visitors. Thus species
observed in this study could be particularly sensitive to the public [12], particularly during
periods when the public is within zoos outside of ‘normal’ opening hours.

The need to increase our understanding of the effect of evening events on animal
behaviour and welfare has been advocated [11,19,24]. Indeed, it is pivotal in ensuring
good welfare for zoo species. As part of the evidence-based management programme at
Knowsley Safari, research was undertaken to document animal behaviour during the an-
nual Christmas lights event, “Enchanted”, to ensure that any event impacts were accurately
documented and to enable the execution of appropriate mitigation strategies if required.
During this event, animals were exposed to music, lights and visitors in the foot safari area
of the park later into the evening than they would routinely experience.

The current study aimed to examine the effect of a Christmas evening event at
Knowsley Safari on the behaviour of a selection of species housed in the foot safari area of
the zoo, the focus area of the event. To do this, we pose the following research questions:

(1) Did the study species display differences in behaviour during event hours (16:00–20:00)
on days when the event was running compared to days when the event was not running?

(2) Did the study species display differences in behaviour within a 12 h period (12:00–00:00)
on a selection of days throughout the study period?

(3) Did the study species display differences in behaviour within that 12 h period on days
when the event was running compared to days when the event was not running?

2. Materials and Methods
2.1. Study Site and Subjects

Subjects were housed in the foot safari section of Knowsley Safari. Subjects were
Rothschild giraffe (Giraffa camelopardalis rothschildi), (n = 2, 2 × male) in one exhibit and
capybara (Hydrochoerus hydrochaeris), (n = 4, 2 × male and 2 × female), lowland tapir
(Tapirus terrestris), (n = 3, 3 × male) and vicuña (Lama vicugna) (n = 5, 5 × male) in a mixed
species exhibit. The event and light trail were in the vicinity of all the species enclosures
included in this study (Figure 1). Giraffes were locked in their house at approximately
15:30 daily; this is standard winter management practice as giraffes are not cold tolerant [25].
The giraffe had free choice access to their house and paddock during daylight hours when
temperatures were above 5 ◦C. Below this temperature they were housed inside. All other
species had access to their house and their paddock at all times.



J. Zool. Bot. Gard. 2023, 4 24J. Zool. Bot. Gard. 2023, 4, FOR PEER REVIEW 4 
 

 

 
Figure 1. Map of the event space at Knowsley Safari. Areas featured in the present study are shaded 
and the light trail is marked, including recommended direction of travel. Visitors have access to the 
light trail and the blue area with visitor facilities. CCTV cameras were located in the houses of each 
species, and did not cover either paddock. 

2.2. Data Collection 
Behavioural observations were conducted using pre-recorded CCTV video footage. 

Footage was gathered from pre-existing cameras (Hikvision DS-2CD2347G2-LU, Hang-
zhou, sourced United Kingdom), two in the giraffe house and four in the house of the 
mixed species exhibit. Using remote video monitoring enabled the opportunity to collect 
data when no people were in the zoo and without influencing animal behaviour through 
observer presence. 

The Christmas lights event (henceforth known as the event) ran from mid-November 
to the end of December 2021. Behaviour was recorded from 16:00–20:00 over 21 days from 
28 October 2021 to 11 January 2022. The breakdown of dates in relation to event status and 
hours observed can be found in Table 1. One five-minute observation period was under-
taken per hour of observations, with a random number generator used to identify the start 
time within the hour. Behavioural observations were conducted using instantaneous scan 
sampling (with a one-minute inter-scan interval) over the five-minute sampling period 
with a pre-defined ethogram (Table 2). This approach was taken to capture a snapshot of 
behaviour, a method advocated as an easy means of reliably capturing data on animal 
behaviour in a relatively short time that can be used readily within zoological collections 
[26]. 

Table 1. The dates and time of behavioural observations throughout the study period. 

Pre Event Event Post Event 
Date Time Date Time Date Time 

28 October 2021 16:00–20:00 11 December 2021 24 h 5 January 2022 24 h 
29 October 2021 16:00–20:00 12 December 2021 16:00–20:00 6 January 2022 16:00–20:00 
30 October 2021 16:00–20:00 13 December 2021 16:00–20:00 7 January 2022 16:00–20:00 
31 October 2021 24 h 14 December 2021 16:00–20:00 8 January 2022 24 h 

16 November 2021 16:00–20:00 15 December 2021 16:00–20:00 9 January 2022 16:00–20:00 

Figure 1. Map of the event space at Knowsley Safari. Areas featured in the present study are shaded
and the light trail is marked, including recommended direction of travel. Visitors have access to the
light trail and the blue area with visitor facilities. CCTV cameras were located in the houses of each
species, and did not cover either paddock.

2.2. Data Collection

Behavioural observations were conducted using pre-recorded CCTV video footage.
Footage was gathered from pre-existing cameras (Hikvision DS-2CD2347G2-LU, Hangzhou,
sourced United Kingdom), two in the giraffe house and four in the house of the mixed
species exhibit. Using remote video monitoring enabled the opportunity to collect data
when no people were in the zoo and without influencing animal behaviour through ob-
server presence.

The Christmas lights event (henceforth known as the event) ran from mid-November
to the end of December 2021. Behaviour was recorded from 16:00–20:00 over 21 days
from 28 October 2021 to 11 January 2022. The breakdown of dates in relation to event
status and hours observed can be found in Table 1. One five-minute observation period
was undertaken per hour of observations, with a random number generator used to
identify the start time within the hour. Behavioural observations were conducted using
instantaneous scan sampling (with a one-minute inter-scan interval) over the five-minute
sampling period with a pre-defined ethogram (Table 2). This approach was taken to capture
a snapshot of behaviour, a method advocated as an easy means of reliably capturing data
on animal behaviour in a relatively short time that can be used readily within zoological
collections [26].
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Table 1. The dates and time of behavioural observations throughout the study period.

Pre Event Event Post Event

Date Time Date Time Date Time

28 October 2021 16:00–20:00 11 December 2021 24 h 5 January 2022 24 h
29 October 2021 16:00–20:00 12 December 2021 16:00–20:00 6 January 2022 16:00–20:00
30 October 2021 16:00–20:00 13 December 2021 16:00–20:00 7 January 2022 16:00–20:00
31 October 2021 24 h 14 December 2021 16:00–20:00 8 January 2022 24 h

16 November 2021 16:00–20:00 15 December 2021 16:00–20:00 9 January 2022 16:00–20:00
18 November 2021 16:00–20:00 16 December 2021 16:00–20:00 10 January 2022 16:00–20:00
19 November 2021 24 h 17 December 2021 24 h 11 January 2022 16:00–20:00

Table 2. Ethogram of behaviours (Adapted from [6]).

Behaviour Description

Locomotion Actively moving around enclosure at any speed

Resting Inactive and stationary; eyes may be closed or open. May be
standing, sitting, or lying down

Vigilant Stationary paying attention to the environment or scanning/
checking environment

Ruminating (giraffe only) Repeatedly chewing the cud
Eating Actively eating, drinking, foraging, grazing, or browsing

Abnormal Repetitive Pacing (repetitive, fixed pattern), repeated licking, head rolling,
excessive locomotion (restlessness/agitated at any gait)

Locomotion Actively moving around enclosure at any speed

Resting Inactive and stationary; eyes may be closed or open. May be
standing, sitting, or lying down

There were 56 observation periods on nights when the event was not running (non-
event nights) and 28 on days when the event was running (event nights). All behaviours
occurring at each scan point were recorded, but were not attributed to uniquely identified
individuals. Data were pooled to calculate the total number of behaviour frequencies per
scan point for the whole group (i.e., the maximum frequency of behaviours per sampling
period was five times the number of individuals in the group).

2.3. Data Analysis

All data were assessed for normality using a Shapiro–Wilk test. The majority of
the data were not normally distributed (p < 0.05). A Mann–Whitney U test was used to
investigate the differences between frequency of behaviour on event nights and non-event
nights during the 16:00–20:00 data observation period and between event nights and non-
event nights for the 12:00–16:00 and 20:00–00:00 observation periods. With the exception
for rumination in the giraffe, a Kruskal–Wallis test was used to determine whether there
were differences in behaviour frequency between the three time periods within the 12 h
observation period (i.e., 12:00–16:00, 16:00–20:00, 20:00–00:00). A one-way ANOVA was
used to assess rumination behaviour in giraffes during this time period owing to this
data being normally distributed (p > 0.05). Bonferroni corrected post hoc tests were used
where appropriate to determine where the differences lay between these time periods.
Kruskal–Wallis tests with Bonferroni corrected post hoc tests where appropriate were used
to determine whether there was an impact of data collection period on behaviour (before
the event period, during the event period, after the event period).

Out of sight was not analysed for the giraffe from 16:00 as they were locked into the
interior aspect of their enclosure.

3. Results
3.1. Capybara

Capybaras spent most of the time in sight between 16:00 and 20:00 resting, followed by
eating and locomotion, regardless of whether it was an event or non-event night. Vigilance
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and ARBs were never observed (Figure 2). There was no difference in the average number
of occurrences of locomotion (U = 675.000, Z = −1.646, p = 0.100), resting (U = 685.000,
Z = −0.957, p = 0.338) or eating (U = 704.000, Z = −0.818, p = 0.413) between event nights
and non-event nights. Average number of occurrences of capybara being out of sight
significantly decreased during event nights compared to non-event nights (U = 429.000,
Z = −3.431, p < 0.001). There was a significant difference in OOS behaviour across the three
data collection points (before, during, and after the event; H = 35.063, df = 2, p < 0.001). Post
hoc tests indicated that period of time spent OOS of the observer (i.e., within the outside
paddock) was higher before the event season than during the event season (U = 34.464,
p < 0.001) or after the event season (U = 30.893, p < 0.001). There were no other significant
differences in behaviour across the three data collection points.
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Figure 2. Activity budget data from 16:00 to 20:00 for four capybara (average number of occurrences
of each behaviour within the group per observation period ± standard deviation) on event nights
and non-event nights at Knowsley Safari. ARB: abnormal repetitive behaviour, OOS: out of sight of
the observer.

Across the 12 h period, there was no difference in the average number of occurrences
of any behaviours during the 12:00–16:00 (locomotion: U = 60.500, Z = −0.330, p = 0.834;
resting: U = 59.000, Z = −0.472, p = 0.787; eating: U = 55.000, Z = −0.776, p = 0.610,
OOS: U = 46.500, Z = −1.281, p = 0.291; vigilance and OOS not observed) and 20:00–00:00
(locomotion: U = 61.000, Z = −0.260, p = 0.881; resting: U = 44.000, Z = −1.258, p = 0.238;
eating: U = 62.500, Z = −0.100, p = 0.928; OOS: U = 60.000, Z = −0.282, p = 0.834; vigilance
and OOS not observed) time periods between event nights or non-event nights.

Within event nights and non-event nights, behaviour varied throughout the 12 h period
(Figure 3). For data collected during non-event nights, there was a significant difference
in average number of occurrences of resting (H = 26.705, df = 2, p < 0.001) and time spent
OOS (H = 19.804, df = 2, p < 0.001). Resting was significantly lower from 12:00–16:00 than
16:00–20:00 (U = −11.562, p = 0.046) and 20:00–00:00 (U = −24.625, p < 0.001), and it was
also lower during 16:00–20:00 than 20:00–00:00 (U = −13.062, p = 0.018). OOS behaviour
was more frequent 12:00–16:00 than between 20:00–00:00 (U = 21.281, p < 0.001). The same
differences were reflected in resting behaviour (H = 15.664, df = 2, p < 0.001) and periods
of time spent OOS on event nights (H = 14.380, df = 2, p < 0.001). Resting was higher
from 20:00–00:00 than from 12:00–16:00 (U = 13.562, p < 0.001). Average number of times
the capybara were OOS were higher between 12:00 and 16:00 than between 20:00–00:00
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(U = 12.688, p = 0.001). There was no difference in locomotion (H = 0.270, df = 2, p = 0.874)
or eating (H = 5.812, df = 2, p = 0.055). Vigilance and ARBs were not observed regardless of
whether or not the event was running.
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and non-event nights at Knowsley Safari. Each 12 h was split into three time periods. ARB: abnormal
repetitive behaviour, OOS: out of sight of the observer.

3.2. Vicuna

The vicuna spent most of their evenings from 16:00 to 20:00 out of sight of the observer,
regardless of whether or not it was an event night (Figure 4). The vicunas were never
observed performing ARBs. There were no differences in any of the recorded behaviours be-
tween 16:00 and 20:00 during event nights and non-event nights (locomotion: U = 782.000,
Z = −0.758, p = 0.448; resting: U = 783.000, Z = −0.659, p = 0.510; vigilant: U = 783.000,
Z = −1.439, p = 0.150; eating: U = 783.000, Z = −0.732, p = 0.464; OOS: U = 786.000,
Z = −0.476, p = 0.634) (Figure 4). There were no other significant differences in behaviour
across the three data collection points (before the event period, during the event period,
after the event period).

There was some variation in behaviour throughout the 12 h period (Figure 5). Al-
though statistically insignificant, more eating behaviour was observed, and periods out
of sight of the observer were reduced (U = 32.000, Z = −3.019, p = 0.052 and U = 32.000,
Z = −3.019, p = 0.052, respectively) between 20:00 and 0:00 on event nights as compared
to non-event nights. There was no difference between event and non-event nights for
locomotion (U = 56.000, Z = −1.414, p = 0.653) or resting (U = 40.000, Z = −2.558, p = 0.153).
Vigilance and ARBs were not observed. From 12:00 to 16:00, there were no differences
between the frequency of behaviours on event or non-event nights (locomotion: U = 62.000,
Z = −0.162, p = 0.928; resting: U = 48.000, Z = −1.509, p = 0.350; vigilant: U = 60.000,
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Z = −0.707, p = 0.834; eating: U = 58.500, Z = −0.419, p = 0.742; time spent OOS: U = 63.500,
Z = −0.036, p = 0.971). ARBs were not observed on either event nights or non-event nights.
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Figure 4. Activity budget data from 16:00 to 20:00 for five vicunas (average number of occurrences
of each behaviour within the group per observation period ± standard deviation) on event nights
and non-event nights at Knowsley Safari. ARB: abnormal repetitive behaviour, OOS: out of sight of
the observer.

During non-event nights, time spent OOS varied throughout the evening (H = 6.235,
df = 2, p = 0.044), with the vicuna spending more time out of sight from 20:00 to 00:00 than
12:00 to 16:00 (U = −7.531, p = 0.04). Locomotion varied slightly across time (H = 5.832,
df = 2, p = 0.054). There were no other significant changes in behaviour throughout the
evening (resting: H = 5.344, df = 2, p = 0.069; vigilance: H = 2.000, df = 2, p = 0.368; eating:
H = 5.501, df = 2, p = 0.064). There were no differences in behaviour throughout the three
time periods during the evening on event nights (locomotion: H = 0.575, df = 2, p = 0.750;
resting: H = 4.442, df = 2, p = 0.109; vigilance: H = 2.000, df = 2, p = 0.368; eating: H = 1.736,
df = 2, p = 0.420, time spent OOS: H = 1.868, df = 2, p = 0.393).

3.3. Tapir

There were no significant differences in average numbers of occurrences of locomotion
(U = 741.000, Z = −0.596, p = 0.551), rest (U = 742.500, Z = −0.405, p = 0.685), eating
(U = 648.000, Z = −1.406, p = 0.160) or time spent OOS (U = 682.500, Z = −1.137, p = 0.255)
on event nights compared to non-event nights between 16:00 and 20:00 (Figure 6). Vigilant
behaviour was only observed during event nights and was significantly higher than during
non-event nights (U = 728.000, Z = −2.012, p = 0.044). There were no other significant
differences in behaviour across the three data collection points (before, during, and after
the event period).
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Figure 6. Activity budget data from 16:00 to 20:00 for three tapir (average number of occurrences
of each behaviour within the group per observation period ± standard deviation) on event nights
and non-event nights at Knowsley Safari. ARB: abnormal repetitive behaviour, OOS: out of sight of
the observer.
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Throughout the 12 h period there was no difference in average number of occurrences
of behaviour between 20:00 to 00:00 on event nights and non-event nights (Figure 7;
locomotion: U = 27.000, Z = −0.770, p = 0.645; resting: U = 18.000; Z = −1.539, p = 0.161;
eating: U = 18.500, Z = −1.517, p = 0.161; time spent OOS: U = 30.000, Z = −0.256, p = 0.878).
Vigilance and ARBs were not observed from 20:00 to 00:00. Reduced rest was observed
from 12:00 until 16:00 on evenings when there were no events, although this was not
statistically significant (U = 18.000, Z = −1.539, p = 0.051). There were no other differences
in average number of occurrences of behaviours during non-event nights and event nights
between 12:00 and 16:00 (locomotion: U = 102.500, Z = −1.521, p = 0.341; eating: U = 124.000,
Z = −0.170, p = 0.897; time spent OOS: U = 96.500, Z = −1.405, p = 0.239). Vigilance and
ARBs were not observed from 12:00 to 16:00.
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Figure 7. Activity budget data for three tapir (average number of occurrences of each behaviours
within the group per observation period ± standard deviation) from 12:00–00:00 during event nights
and non-event nights. Each 12 h period was split into three time periods. ARB: abnormal repetitive
behaviour, OOS: out of sight of the observer.

Behavioural changes were observed across the time period. During non-event nights,
occurrences of the tapir being out of sight varied throughout the 12 h period (H = 9.080,
df = 2, p = 0.011), with time spent out of sight being higher from 12:00 until 16:00 than
16:00 to 20:00 (U = 10.969, p = 0.008). Locomotion, resting and eating did not differ across
time (locomotion: H = 3.771, df = 2, p = 0.152; resting: H = 4.581, df = 2, p = 0.101; eating
(H = 2.228, df = 2, p = 0.328). Vigilance was not recorded on non-event nights. Within event
night observations, there were no significant differences in any of the behaviours over time
(locomotion: H = 1.705, df = 2, p = 0.426; resting: U = 3.888, df = 2, p = 0.143; vigilant:
H = 2.000, df = 2, p = 0.368; eating: H = 3.673, df = 2, p = 0.159; time spent OOS: H = 3.466,
df = 2, p = 0.177). ARBs were not recorded on event or non-event nights.

3.4. Giraffe

The giraffe spent most of the time between 16:00 and 20:00 eating, regardless of
whether it was an event or non-event night (Figure 8). There was no difference in the aver-
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age number of occurrences of locomotion (U = 757.500, Z = −0.293, p = 0.769), ruminating
(U = 682.500, Z = −1.713, p = 0.087), vigilance (U = 756.000, Z = −1.414, p = 0.157), eating
(U = 652.500, Z = −1.357, p = 0.175) or ARBs (U = 756.000, Z = −1.414, p = 0.157) between
event nights and non-event nights (Figure 4). Giraffes were never observed engaging in
resting behaviour between 16:00 and 20:00, and there were very few overall observations
of ARBs or vigilance behaviour. There were no other significant differences in behaviour
across the three data collection points (before, during, and after the event period).

J. Zool. Bot. Gard. 2023, 4, FOR PEER REVIEW 12 
 

 

 
Figure 8. Activity budget data from 16:00 to 20:00 for two giraffes (average number of occurrences 
of each behaviour within the group per observation period ± standard deviation) on event nights 
and non-event nights at Knowsley Safari. ARB: abnormal repetitive behaviour, OOS: out of sight of 
the observer. 

There was no difference in the average number of occurrences of any behaviours be-
tween 12:00 and 16:00 (locomotion: U = 46.000, Z = −1.204, p = 0.291; ruminating: U = 59.500, 
Z = −0.288, p = 0.787; vigilant: U = 60.500, Z = −0.447, p = 0.834, eating: U = 43.500, Z = −1.404, 
p = 0.214; ARBs: U = 56.000, Z = −1.414, p = 0.653; resting was not observed) and 20:00 and 
00:00 (locomotion: U = 60.000, Z = −0.379, p = 0.834; ruminating: U = 47.500, Z = −1.106, p = 
0.320; vigilant: U = 56.000, Z = −1.414, p = 0.653, eating: U = 57.000, Z = −0.534, p = 0.697) 
when comparing event nights to non-event night. ARBs and resting were not observed. 

Behaviour varied throughout the 12 h period (Figure 9). For data collected during 
non-event nights there were significant differences in the average number of occurrences 
of locomotion (H = 6.123, df = 2, p = 0.047), ruminating (H = 6.235, df = 2, p = 0.044), resting 
(H = 27.484, df = 2, p < 0.001) and eating (H = 19.851, df = 2, p < 0.001). Locomotion was 
greater between 12:00 and 16:00 than between 20:00 and 00:00 (U = 10.438, p = 0.049). Ru-
mination activity was greater between 12:00 and 16:00 than from 16:00 to 20:00 (U = 9.906, 
p = 0.044). Resting was not observed between 12:00 and 20:00. Resting was significantly 
higher between 20:00 and 00:00 than both 12:00–16:00 and 16:00–20:00 (U = −16.500, p < 
0.001). Eating had a higher average number of occurrences between 12:00 and 16:00 and 
20:00 and 00:00 than between 16:00 and 20:00 (U = −17.906, p < 0.001 and U = 17.813, p < 
0.001, respectively). For data collected during event nights differences were seen in resting 
(H = 18.251, df = 2, p < 0.001), eating (H = 12.431, df = 2, p = 0.002) and ruminating (F = 4.581, 
df = 2, p = 0.022). Resting was not recorded between 12:00 and 20:00 and was significantly 
higher between 20:00 and 00:00 than either of the earlier periods (U = −10.500, p = 0.01). 
Eating was higher between 16:00 and 20:00 than between 20:00 and 00:00 (U = 11.750, p = 
0.002). Ruminating was higher from 20:00 to 00:00 than from 16:00 and 20:00 (p = 0.028). 
There was no difference in vigilance (H = 1.045, df = 2, p = 0.593), locomotion (H = 1.799, 
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Figure 8. Activity budget data from 16:00 to 20:00 for two giraffes (average number of occurrences
of each behaviour within the group per observation period ± standard deviation) on event nights
and non-event nights at Knowsley Safari. ARB: abnormal repetitive behaviour, OOS: out of sight of
the observer.

There was no difference in the average number of occurrences of any behaviours
between 12:00 and 16:00 (locomotion: U = 46.000, Z = −1.204, p = 0.291; ruminating:
U = 59.500, Z = −0.288, p = 0.787; vigilant: U = 60.500, Z = −0.447, p = 0.834, eating:
U = 43.500, Z = −1.404, p = 0.214; ARBs: U = 56.000, Z = −1.414, p = 0.653; resting was not
observed) and 20:00 and 00:00 (locomotion: U = 60.000, Z = −0.379, p = 0.834; ruminating:
U = 47.500, Z = −1.106, p = 0.320; vigilant: U = 56.000, Z = −1.414, p = 0.653, eating:
U = 57.000, Z = −0.534, p = 0.697) when comparing event nights to non-event night. ARBs
and resting were not observed.

Behaviour varied throughout the 12 h period (Figure 9). For data collected during
non-event nights there were significant differences in the average number of occurrences
of locomotion (H = 6.123, df = 2, p = 0.047), ruminating (H = 6.235, df = 2, p = 0.044),
resting (H = 27.484, df = 2, p < 0.001) and eating (H = 19.851, df = 2, p < 0.001). Loco-
motion was greater between 12:00 and 16:00 than between 20:00 and 00:00 (U = 10.438,
p = 0.049). Rumination activity was greater between 12:00 and 16:00 than from 16:00 to
20:00 (U = 9.906, p = 0.044). Resting was not observed between 12:00 and 20:00. Resting
was significantly higher between 20:00 and 00:00 than both 12:00–16:00 and 16:00–20:00
(U = −16.500, p < 0.001). Eating had a higher average number of occurrences between 12:00
and 16:00 and 20:00 and 00:00 than between 16:00 and 20:00 (U = −17.906, p < 0.001 and
U = 17.813, p < 0.001, respectively). For data collected during event nights differences were
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seen in resting (H = 18.251, df = 2, p < 0.001), eating (H = 12.431, df = 2, p = 0.002) and
ruminating (F = 4.581, df = 2, p = 0.022). Resting was not recorded between 12:00 and 20:00
and was significantly higher between 20:00 and 00:00 than either of the earlier periods
(U = −10.500, p = 0.01). Eating was higher between 16:00 and 20:00 than between 20:00 and
00:00 (U = 11.750, p = 0.002). Ruminating was higher from 20:00 to 00:00 than from 16:00
and 20:00 (p = 0.028). There was no difference in vigilance (H = 1.045, df = 2, p = 0.593),
locomotion (H = 1.799, df = 2, p = 0.407) or ARBs (H = 2.000, df = 2, p = 0.368) over the 12 h.
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Figure 9. Activity budget data for two giraffes (average number of occurrences of each behaviour
within the group per observation period ± standard deviation) from 12:00–00:00 during event nights
and non-event nights. Each 12 h period was split into three time periods. ARB: abnormal repetitive
behaviour, OOS: out of sight of the observer.

4. Discussion

The Christmas light event at Knowsley Safari ran from mid-November to the end of
December 2022. During the event, the focal animals (a selection of four species housed in
the foot safari area) were exposed to a range of external stimuli, both from the event itself
(e.g., music and lights) and also from the visitors (e.g., visitors in the zoo later than usual).
Some behavioural changes were observed when comparing between 16:00 and 20:00 on
nights when the event was held and nights when events were not; however, these were
limited, and there were no particular indicators of negative implications of the event across
the study species. A small set of data analysed over a 12 h period indicated behavioural
variation across the 12 h, but no particular patterns across all species in relation to whether
or not an event was being held. These findings mirror the mixed behavioural responses
seen in other species in relation to zoo events [6,9–11]. Reasons for these changes, or lack
thereof, are explored in more detail at a species level below.

4.1. Behavioural Changes

Several factors may impact animal behavioural response to zoo visitors, including
individual personality and previous experiences [27]. Evening events, and events outside
of regular operating hours can provide increased exposure to stressors to zoo animals;
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in the form of visual and auditory stimuli, plus visitors outside of zoo opening hours.
Evening events have had various impacts on zoo species, with different event types eliciting
varied responses across species [6,9–11]. Recent research has highlighted ‘risk’ factors for
species that may be most likely to be impacted [12]. Species identified at greater risk
of being negatively affected by zoo visitors are terrestrial, herbivorous/omnivorous and
diurnal species from closed habitats. Drivers influencing these risks include species from
closed habitats, which are less accustomed to humans; diurnal species which have their
routines altered by the presence of people during zoo opening hours; herbivorous species
(flight/prey species) and terrestrial animals, which are typically more exposed within their
enclosures than arboreal species [12]. The species in this study predominantly fall into
these ‘high-risk’ categories. However, with the exception of the giraffe, all animals had the
choice of moving closer to or further from the event stimuli by changing their position in
their enclosures and moving from outside areas to inside areas. Furthermore, zoo species
are used to the presence of humans. Recent research during the COVID-19 pandemic
has suggested that they are habituated to these environments and can control their own
experiences through modified behaviour in the presence and absence of zoo visitors [15].

Activity patterns in wild animals are predominantly driven by competition and preda-
tor/prey interactions [12]. Using the framework of likelihood of disturbance owing to
animal activity, as the event is in the early evening and after sunset, it is most likely to
theoretically impact on crepuscular and nocturnal species. Wild capybaras are generally
crepuscular but able to adapt to a nocturnal lifestyle in areas of high predation or human
impact [28,29]. Tapirs are generally crepuscular and nocturnal but may be active during
the day [30]; giraffes and vicuna are typically diurnal, with giraffes spending much of the
day feeding [31,32]. Within the zoo environment, all these species are diurnal and often
seen by the public during zoo opening hours. Whilst this may be different to their natural
behavioural ecology, this behaviour shift is likely due to the change in active hours owing
to the lack of predators and the presence of keepers and visitors during daylight hours.
Diurnal activity can thus be considered normal for these species.

4.1.1. Capybara

OOS was a common observation, and capybaras spent significantly less time out of
sight during event nights. No other significant behavioural changes were observed in the
capybara between event night and non-event nights between 16:00 and 20:00. Resting
followed a similar pattern throughout the 12 h period observations between 12:00 and
00:00, increasing as the day progressed. Vigilance and ARBs were never recorded. Owing
to the position of the cameras and the design of the enclosures, for the capybara (and the
other species in the exhibit, the tapir and vicuna), animals being out of sight meant the
animals were in the outside paddock where they could more clearly see and hear the event,
rather than being in their house (Figure 1).

The observed reduction in observations of the capybara being OOS during event nights
meant that the capybaras were spending more time within the inside areas of their enclosure
between 16:00 and 20:00 on event nights. In the 12 h observation periods, capybaras were
OOS more between 12:00 and 16:00 than between 20:00 and 00:00, regardless of whether
an event was on. This suggests they are utilising their outdoor paddock more during the
daytime than the evening time, which is to be expected at the time of year in which the study
was undertaken and may not be directly related to the event. The outside paddock is in full
view of the range of stressors identified as potential impacts of evening events (e.g., lights,
large groups of visitors, noise). It could therefore be suggested the capybara were choosing
to make more use of the house, which is off-show and fully enclosed, as a result of the event
disrupting their outside space. The importance of enabling captive animals to make choices
over their own environments has been highlighted in the literature [33–35]. Species have
been recorded using indoor, off-show spaces preferentially to avoid noise, even when other
welfare indicators remained unchanged [36], and the ability to move to an area without
visitors can reduce stress associated with visitors [37,38]. Considering this, it is possible
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that the evening event was stressful for the capybara, but the opportunity to choose to
avoid the event prevented an overall negative impact. Similar changes to enclosure use
have been observed in some species when zoological facilities opened after the COVID-19
facility closures [39,40]. However, behavioural changes did not always correspond with
increased cortisol, which suggested animals were behaviourally controlling their stress
levels caused by the changing environmental situations [13,15]. This research further
supports the importance of enabling animals to make choices within their environments.
It is impossible to ascertain what the capybaras were doing when they were out of sight
of the observer. Having fuller views of the enclosure is advocated for future research to
capture behavioural changes alongside enclosure-use data.

4.1.2. Vicuna

The period of time the capybara spent OOS contrasts with that of the vicunas. Despite
the vicuna having similar choices available to them, they were almost exclusively out of
sight for the duration of the research, regardless of whether it was an event or non-event
night or whether it was the focus 16:00–20:00 period or the twelve-hour observation period.
Without being able to observe the vicunas, it is impossible to draw further conclusions
about the impact of the event on their activity budget, but the similarity between event
nights and non-event nights is suggestive that their fundamental enclosure use was not
impacted. This highlights the importance of considering species differentiation when
making management plans for such events. As with the capybara, undertaking research to
understand what they were doing whilst out of sight is of paramount importance to ensure
they were still undertaking a range of species-typical behaviours during observations and
the only way to conclude there are no negative implications for this species.

4.1.3. Tapir

Tapir were predominantly recorded resting, and there was no difference in duration of
rest regardless of whether it was an event night or not during the focal 16:00–20:00 period.
Vigilance was only recorded on event nights during both the 16:00–20:00 focal observations
and the 12 h observations. This was significantly higher on event nights than non-event
nights during the 16:00–20:00 focal observation periods, but the rates of vigilance were
still very low. There was no significant difference from 12:00–16:00, and no vigilance was
observed after 20:00 in any condition. During the 12 h observation periods, there was
reduced rest from 12:00 until 16:00 on evenings when there were no events. In the 12 h
recordings, time spent OOS varied over time on non-event nights, with more time spent
out of sight (i.e., tapir in the outside paddock) between 12:00–16:00 than 16:00 and 20:00.
This would be expected from a diurnally active species, given that event was hosted and
the study was undertaken in the winter and may be more reflective of animal response to
natural environmental conditions than the event itself. Zoo animals have been observed to
change their behaviour and enclosure use seasonally [41].

The valence of the observed vigilance behaviour is unknown. It could be a sign of
intrigue or interest rather than an indicator of stress, particularly as no other behavioural
indicators of compromised welfare were observed. Although not significant, descriptively,
more time was spent OOS (i.e., the tapir utilising the outside paddock) from 16:00 to 20:00
on event nights than non-event nights, which supports the hypothesis of intrigue in relation
to the event and associated visitors rather than a negative stressor. When stimulating
behaviours such as vigilance that would be common in the wild, eustress can be positive
for behavioural diversity in captive animals [42]. Whilst behavioural diversity alone cannot
be used as a reliable indicator of positive welfare [43], it is important to acknowledge the
potential benefits of stimulating behaviour that may not arise regularly.

4.1.4. Giraffe

The giraffe spent most of the 16:00–20:00 focal observations eating, regardless of
whether or not an event was being held. This can be attributed to the provision of hay
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just before observations started each day. There was no difference in giraffe behaviour
during the 16:00–20:00 focal period or between 12:00 to 16:00 and 20:00–00:00 on event
nights or non-event nights. However, behaviour was variable throughout the 12 h period,
and the differences within the 12 h period varied according to event nights or non-event
nights. Locomotion was greater before 16:00 than after 20:00. On non-event nights, eating
was more frequent between 12:00–16:00 and 20:00–00:00 than from 16:00–20:00, with more
rumination between 12:00–16:00 than 16:00–20:00. On event nights, giraffes spent more time
eating from 16:00–20:00 than 20:00 to 00:00 and rumination was greater between 20:00 and
00:00 than 16:00–20:00. Resting increased after 20:00 on both event nights and non-event
nights. This likely reflects their usual resting patterns and activity [44].

During our observations, the giraffe did not have access to their outside paddock.
Limiting the giraffe’s access to the outside enclosure is part of standard winter management
practices and best practice recommendations (due to the cold, wet weather conditions in
northwest England from November to February) [44,45]. This likely reduced the exposure
of the giraffe to the event and any possible stressors the event may have presented. The lack
of negative behavioural responses and minimal behaviour change supports this concept,
with behaviours observed likely being a product of management/husbandry (e.g., food
provision) than responses to the altered environment during events.

4.2. Limitations and Areas for Future Research

Evening events may disrupt animal routines and expose them to novel stressors. As
long as no indicators of extreme poor welfare are present, changes to behavioural patterns
are not considered a problem per se. However, impact on species needs to be more clearly
understood. The results of this work indicated relatively minimal impact of the evening
event, which mirrors research outputs on this area, particularly on events such as this
with a focus on lights [46]. The greatest impacts in other research were seen in response
to loud fireworks rather than music, and when screams were made by members of the
public [10,18]. Whilst the zoo soundscape is variable, low-level background noise created
by zoo visitors is unlikely to cause negative implications for zoo animals. Rather it is the
more extreme noise levels which can cause more of an issue. During this event, the decibel
level was not assessed. However, this would be a recommended area for further research
as some music is featured. Here, time spent OOS was used as a rudimentary measure
of proximity to the event. More detailed information on space use and how that relates
to the sound environment and visitor details at the enclosure during the event would be
beneficial in fully understanding the event’s impact.

The data collection methods were designed to be simplistic to enable this research
to be undertaken in a timely fashion throughout the period of the event. Whilst this may
have led to a loss of highly detailed data, loss of data is more likely to be a problem for the
accuracy of recording event behaviours rather than state behaviours [26]. Indeed the use
of regular sampling over more extended periods has been advocated for use in zoo and
aquarium settings to estimate behavioural patterns [26]. The use of hourly scans has proven
suitable for capturing behavioural changes in relation to specific events in zoo-housed
species [6], and five-minute observation periods have been utilised in other ‘visitor effect’
literature to gather general behavioural overviews [47–49], as was the aim of this research.
Infrequent and brief monitoring has been identified as a valuable monitoring tool that can
be used as a suitable starting point for tracking basic activity and identifying changes in
behaviour [50]. Therefore, its application enables a better understanding of the impacts
of evening events on zoo animals in a quick and manageable time frame. However, it is
important to validate such methods in terms of understanding the degree to which they
represent fuller behavioural patterns. The development of validated protocols which enable
‘snapshot’ welfare assessments during events would provide the opportunity for evidence-
based, animal-focused approaches to event management on a bigger scale. To thoroughly
investigate impacts on behavioural rhythms and wider implications for animals, it is
recommended that future research gather data over a more extended period. We suggest
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animal behaviour is monitored across a 24 h period in recognition of the potential for a
‘lag’, with impacts of events on animal behaviour potentially being observed more the day
following the event [17]. Additionally, 24 h observations would enable us to determine
whether there are impacts from the evening events in terms of the presence of displacement
behaviours, as has been observed in human–animal interaction research [51]. Corroborating
behavioural observations with physiological indicators of stress throughout the 24 h period
would also be beneficial to ensure that behavioural changes, even minor, are not being
mirrored physiologically. We recommend collections seek to maximize choice available
to animals during out of hours events and suggest further mitigation is considered when
evidence suggests it is necessary, e.g., soundproofing, screening, provision of additional
retreat spaces, etc. While these data cannot be automatically extrapolated to other species or
other events, this work is an important contribution to our understanding of the potential
impacts of evening events on zoo animals, and it adds further knowledge in terms of which
aspects of events may or may not be impacting animals in different ways.

5. Conclusions

Proactive evidence-based management is vital to continue to maintain and increase
the positive welfare experiences of zoo animals. Evening events are becoming increasingly
popular as zoos actively market to increase visitor footfall and alternative revenue streams.
However, unique stressors, including disrupted routines, large numbers of visitors and
loud, unexpected or unpredictable noises may accompany evening events. Thus, there
is the potential for animals to be adversely affected by evening events. Research to date
has highlighted the mixed response of animals to evening events, and it is possible that
this relates to the behavioural ecology of species. Here, the study species were considered
to be at the highest risk of disturbance based on their behavioural ecology. Behavioural
changes were seen in the study species, but no overt signs of a negative impact of the events
were observed. It is likely that they are behaviourally adapted to the range of different
environmental conditions experienced at the zoo, and that by providing the animals with
choice they were supported in undertaking behaviours which provided them with the most
comfortable environment, thus minimising negative impacts of the event. It is advocated
that future research builds on this data set by undertaking more detailed observations
throughout the 24 h period both during events and on days/nights when no events are
being held.

Author Contributions: Conceptualisation, B.J., J.J.H. and N.D.W.; methodology, B.J., J.J.H., N.D.W.
and T.F.; formal analysis, E.W.; investigation, T.F.; data curation, T.F.; writing—original draft prepara-
tion, B.J., E.W. and T.F.; writing—review and editing, B.J., N.D.W., J.J.H., T.F. and E.W.; supervision,
B.J., N.D.W. and E.W.; project administration, B.J. and E.W. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Research protocols were approved by the Harper Adams
University ethical review committee (project number 0903-202111-STAFF). Permission to conduct the
study was granted by Knowsley Safari prior to the commencement of data collection, and all data
collection followed Knowsley Safari’s Research policy.

Data Availability Statement: Data are available from the corresponding author upon reasonable request.

Acknowledgments: The authors would like to thank Knowsley Safari for supporting this research.
We would also like the thank the two anonymous reviewers, who provided useful guidance to
improve the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.



J. Zool. Bot. Gard. 2023, 4 37

References
1. Melfi, V. There Are Big Gaps in Our Knowledge, and Thus Approach, to Zoo Animal Welfare: A Case for Evidence-based Zoo

Animal Management. Zoo Biol. 2009, 28, 574–588. [CrossRef] [PubMed]
2. Davey, G. Visitors’ Effects on the Welfare of Animals in the Zoo: A Review. J. Appl. Anim. Welf. Sci. 2007, 10, 169–183.

[CrossRef] [PubMed]
3. Hosey, G.; Melfi, V.; Formella, I.; Ward, S.J.; Tokarski, M.; Brunger, D.; Brice, S.; Hill, S.P. Is Wounding Aggression in Zoo-Housed

Chimpanzees and Ring-Tailed Lemurs Related to Zoo Visitor Numbers? Zoo Biol. 2016, 35, 205–209. [CrossRef] [PubMed]
4. Meade, J.; Formella, I.; Melfi, V. A Note on the Effect of Concerts on the Behaviour of Domestic Dogs (Canis lupus familiaris) at

Taronga Zoo, Sydney. Int. Zoo Yearb. 2016, 51, 225–231. [CrossRef]
5. Davey, G. An Hourly Variation in Zoo Visitor Interest: Measurement and Significance for Animal Welfare Research. J. Appl. Anim.

Welf. Sci. 2006, 9, 249–256. [CrossRef]
6. Harley, J.; Rowden, L.; Clifforde, L.; Power, A.; Stanley, C. Preliminary Investigation of the Effects of a Concert on the Behavior of

Zoo Animals. Zoo Biol. 2022, 41, 308–327. [CrossRef]
7. Wolfensohn, S.; Shotton, J.; Bowley, H.; Davies, S.; Thompson, S.; Justice, W.S. Assessment of Welfare in Zoo Animals: Towards

Optimum Quality of Life. Animals 2018, 8, 110. [CrossRef]
8. Morgan, K.N.; Tromborg, C.T. Sources of Stress in Captivity. Appl. Anim. Behav. Sci. 2007, 102, 262–302. [CrossRef]
9. Schell, C.J.; Young, J.K.; Lonsdorf, E.V.; Santymire, R.M. Anthropogenic and Physiologically Induced Stress Responses in Captive

Coyotes. J. Mammal. 2013, 94, 1131–1140. [CrossRef]
10. Rodewald, A.; Ganslosser, U.; Koelpin, T. Influence of Fireworks on Zoo Animals: Studying Different Species at the Zoopark

Erfurt during the Classic Nights. Int. Zoo News 2014, 61, 264–271.
11. Readyhough, T.; Joseph, S.; Vyas, K.; Schreier, A. The Effects of Zoo Lights on Animal Welfare: A Case Study of Great Indian

Hornbills at Denver Zoo. Zoo Biol. 2022, 41, 263–270. [CrossRef] [PubMed]
12. Queiroz, M.B.; Young, R.J. The Different Physical and Behavioural Characteristics of Zoo Mammals That Influence Their Response

to Visitors. Animals 2018, 8, 139. [CrossRef] [PubMed]
13. Edes, A.N.; Liu, N.C.; Baskir, E.; Bauman, K.L.; Kozlowski, C.P.; Clawitter, H.L.; Powell, D.M. Comparing Space Use and Fecal

Glucocorticoid Concentrations during and after the COVID-19 Closure to Investigate Visitor Effects in Multiple Species. J. Zool.
Bot. Gard. 2022, 3, 328–348. [CrossRef]

14. Boultwood, J.; O’Brien, M.; Rose, P. Bold Frogs or Shy Toads? How Did the COVID-19 Closure of Zoological Organisations Affect
Amphibian Activity? Animals 2021, 11, 1982. [CrossRef]

15. Williams, E.; Carter, A.; Rendle, J.; Fontani, S.; Walsh, N.D.; Armstrong, S.; Hickman, S.; Vaglio, S.; Ward, S.J. The Impact of
COVID-19 Zoo Closures on Behavioural and Physiological Parameters of Welfare in Primates. Animals 2022, 12, 1622. [CrossRef]

16. Cronin, K.A.; Bethell, E.J.; Jacobson, S.L.; Egelkamp, C.; Hopper, L.M. Evaluating Mood Changes in Response to Anthropogenic
Noise with a Response-Slowing Task in Three Species of Zoo-Housed Primates. Anim. Behav. Cogn. 2018, 5, 209–221. [CrossRef]

17. Hunton, V. Effects of Evening Zoo Events on the Behaviour and Faecal Consistency of Brown Spider Monkeys (Ateles Hybridus)
at Bristol Zoo. Master’s Thesis, University of Bristol, Bristol, UK, 2019.

18. Proctor, D.; Smurl, M.; Birkett, M. The Effect of a Nighttime Zoo Event on Spider Monkey (Ateles Geoffroyi) Behavior. Exp.
Results 2020, 1, e50. [CrossRef]

19. Williams, E.; Clark, F.E. Assessing the Impact of Evening Events in the Zoo: Advocating a Pro-Active Management Approach; Welsh
Mountain Zoo: Colwyn Bay, UK, 2019.

20. Bastian, M.L.; Glendinning, D.R.; Brown, J.L.; Boisseau, N.P.; Edwards, K.L. Effects of a Recurring Late-night Event on the
Behavior and Welfare of a Population of Zoo-housed Gorillas. Zoo Biol. 2020, 39, 217–229. [CrossRef]

21. Fanning, L.; Larsen, H.; Taylor, P. A Preliminary Study Investigating the Impact of Musical Concerts on the Behavior of Captive
Fiordland Penguins (Eudyptes Pachyrhynchus) and Collared Peccaries (Pecari Tajacu). Animals 2020, 10, 2035. [CrossRef]

22. Quintavalle Pastorino, G.; Viau, A.; Curone, G.; Pearce-Kelly, P.; Faustini, M.; Vigo, D.; Mazzola, S.M.; Preziosi, R. Role of
Personality in Behavioral Responses to New Environments in Captive Asiatic Lions (Panthera Leo Persica). Vet. Med. Int. 2017,
2017, 6585380. [CrossRef]

23. Shepherdson, D.; Carlstead, K.; Wielebnowski, N. Cross-Institutional Assessment of Stress Responses in Zoo Animals Using
Longitudinal Monitoring of Faecal Corticoids and Behaviour. Anim. Welf. 2004, 13, 105–113.

24. Clifforde, L.M.; Harley, J.J. Animal Welfare Toolkit: Zoo Events and Animal Management; BIAZA: London, UK, 2021.
25. Potter, J.S.; Clauss, M. Mortality of Captive Giraffe (Giraffa Camelopardalis) Associated with Serious Atrophy. J. Zoo Wildl. Med.

2005, 36, 301–307. [CrossRef] [PubMed]
26. Margulis, S.W.; Westhus, E.J. Evaluation of Different Observational Sampling Regimes for Use in Zoological Parks. Appl. Anim.

Behav. Sci. 2008, 110, 363–376. [CrossRef]
27. Sherwen, S.L.; Hemsworth, P.H. The Visitor Effect on Zoo Animals: Implications and Opportunities for Zoo Animal Welfare.

Animals 2019, 9, 366. [CrossRef]
28. Campos-Krauer, J.M.; Wisely, S.M.; Benitez, I.K.; Robles, V.; Golightly, R.T. Home Range and Habitat Use of Capybara in Newly

Invaded Pastureland in the Dry Chaco Region of Paraguay. Therya 2014, 5, 61–79. [CrossRef]
29. de Barros Ferraz, K.M.P.M.; de Barros Ferraz, S.F.; Moreira, J.R.; Couto, H.T.Z.; Verdade, L.M. Capybara (Hydrochoerus

Hydrochaeris) Distribution in Agroecosystems: A Cross-Scale Habitat Analysis. J. Biogeogr. 2007, 34, 223–230. [CrossRef]

http://doi.org/10.1002/zoo.20288
http://www.ncbi.nlm.nih.gov/pubmed/19876912
http://doi.org/10.1080/10888700701313595
http://www.ncbi.nlm.nih.gov/pubmed/17559323
http://doi.org/10.1002/zoo.21277
http://www.ncbi.nlm.nih.gov/pubmed/26928968
http://doi.org/10.1111/izy.12141
http://doi.org/10.1207/s15327604jaws0903_7
http://doi.org/10.1002/zoo.21676
http://doi.org/10.3390/ani8070110
http://doi.org/10.1016/j.applanim.2006.05.032
http://doi.org/10.1644/13-MAMM-A-001.1
http://doi.org/10.1002/zoo.21681
http://www.ncbi.nlm.nih.gov/pubmed/35084058
http://doi.org/10.3390/ani8080139
http://www.ncbi.nlm.nih.gov/pubmed/30110894
http://doi.org/10.3390/jzbg3030026
http://doi.org/10.3390/ani11071982
http://doi.org/10.3390/ani12131622
http://doi.org/10.26451/abc.05.02.03.2018
http://doi.org/10.1017/exp.2020.56
http://doi.org/10.1002/zoo.21553
http://doi.org/10.3390/ani10112035
http://doi.org/10.1155/2017/6585380
http://doi.org/10.1638/03-097.1
http://www.ncbi.nlm.nih.gov/pubmed/17323573
http://doi.org/10.1016/j.applanim.2007.05.001
http://doi.org/10.3390/ani9060366
http://doi.org/10.12933/therya-14-177
http://doi.org/10.1111/j.1365-2699.2006.01568.x


J. Zool. Bot. Gard. 2023, 4 38

30. Oliveira-Santos, L.G.R.; Machado-Filho, L.C.P.; Tortato, M.A.; Brusius, L. Influence of Extrinsic Variables on Activity and Habitat
Selection of Lowland Tapirs (Tapirus Terrestris) in the Coastal Sand Plain Shrub, Southern Brazil. Mamm. Biol. 2010, 75,
219–226. [CrossRef]

31. du Toit, J.T.; Yetman, C.A. Effects of Body Size on the Diurnal Activity Budgets of African Browsing Ruminants. Oecologia 2005,
143, 317–325. [CrossRef]

32. Vilá, B.L.; Roig, V.G. Diurnal Movements, Family Groups and Alertness of Vicuña (Vicugna Vicugna) during the Late Dry Season
in the Laguna Blanca Reserve (Catamarca, Argentina). Small Rumin. Res. 1992, 7, 289–297. [CrossRef]

33. Brando, S.; Buchanan-Smith, H.M. The 24/7 Approach to Promoting Optimal Welfare for Captive Wild Animals. Behav. Process.
2018, 156, 83–95. [CrossRef]

34. Kagan, R.; Carter, S.; Allard, S. A Universal Animal Welfare Framework for Zoos. J. Appl. Anim. Welf. Sci. 2015, 18, S1–S10.
[CrossRef] [PubMed]

35. Bacon, H.; Vigors, B.; Shaw, D.J.; Waran, N.; Dwyer, C.M.; Bell, C. Is Animal Welfare an Internationally Understood Concept in
the Zoo World? Thematic Analysis of Two Regional Groups of Zoo Staff. Animals 2021, 11, 2059. [CrossRef] [PubMed]

36. Wark, J.D.; Schook, M.W.; Dennis, P.M.; Lukas, K.E. Do Zoo Animals Use Off-exhibit Areas to Avoid Noise? A Case Study
Exploring the Influence of Sound on the Behavior, Physiology, and Space Use of Two Pied Tamarins (Saguinus Bicolor). Am. J.
Primatol. 2022, e23421. [CrossRef] [PubMed]

37. Fernandez, E.J.; Tamborski, M.A.; Pickens, S.R.; Timberlake, W. Animal–Visitor Interactions in the Modern Zoo: Conflicts and
Interventions. Appl. Anim. Behav. Sci. 2009, 120, 1–8. [CrossRef]

38. Hosey, G.R. How Does the Zoo Environment Affect the Behaviour of Captive Primates? Appl. Anim. Behav. Sci. 2005, 90,
107–129. [CrossRef]

39. Fink, L.B.; Scarlata, C.D.; VanBeek, B.; Bodner, T.E.; Wielebnowski, N.C. Applying Behavioral and Physiological Measures to
Assess the Relative Impact of the Prolonged COVID-19 Pandemic Closure on Two Mammal Species at the Oregon Zoo: Cheetah
(A. Jubatus) and Giraffe (G. c. Reticulata and G. c. Tippelskirchii). Animals 2021, 11, 3526. [CrossRef] [PubMed]

40. Finch, K.; Leary, M.; Holmes, L.; Williams, L.J. Zoo Closure Does Not Affect Behavior and Activity Patterns of Palawan Binturong
(Arctictis Binturong Whitei). J. Zool. Bot. Gard. 2022, 3, 398–408. [CrossRef]

41. Rose, P.E.; Brereton, J.E.; Croft, D.P. Measuring Welfare in Captive Flamingos: Activity Patterns and Exhibit Usage in Zoo-Housed
Birds. Appl. Anim. Behav. Sci. 2018, 205, 115–125. [CrossRef]

42. Rose, P.; Riley, L. The Use of Qualitative Behavioural Assessment to Zoo Welfare Measurement and Animal Husbandry Change.
J. Zoo Aquar. Res. 2019, 7, 150–161. [CrossRef]

43. Cronin, K.; Ross, S. Technical Contribution: A Cautionary Note on the Use of Behavioural Diversity (H-Index) in Animal Welfare
Science. Anim. Welf. 2019, 28, 157–164. [CrossRef]

44. Tobler, I.; Schwierin, B. Behavioural Sleep in the Giraffe (Giraffa Camelopardalis) in a Zoological Garden. J. Sleep Res. 1996, 5,
21–32. [CrossRef] [PubMed]

45. EEPs, EAZA Giraffe. EAZA Husbandry and Management Guidelines for Giraffa Camelopardalis; European Association of Zoos and
Aquaria: Arnhem, The Netherlands, 2006.

46. Goodenough, A.E.; McDonald, K.; Moody, K.; Wheeler, C. Are “Visitor Effects” Overestimated? Behaviour in Captive Lemurs Is
Mainly Driven by Co-Variation with Time and Weather. J. Zoo Aquar. Res. 2019, 7, 59–66. [CrossRef]

47. Williams, E.; Carter, A.; Rendle, J.; Ward, S.J. Understanding Impacts of Zoo Visitors: Quantifying Behavioural Changes of Two
Popular Zoo Species during COVID-19 Closures. Appl. Anim. Behav. Sci. 2021, 236, 105253. [CrossRef] [PubMed]

48. Frost, N.; Carter, A.; Vernon, M.; Armstrong, S.; Walsh, N.D.; Colwill, M.; Turner-Jepson, L.; Ward, S.J.; Williams, E. Be-
havioural Changes in Zoo Animals during the COVID-19 Pandemic: A Long-Term, Multi Species Comparison. JZBG 2022, 3,
586–615. [CrossRef]

49. Williams, E.; Carter, A.; Rendle, J.; Ward, S.J. Impacts of COVID-19 on Animals in Zoos: A Longitudinal Multi-Species Analysis. J.
Zool. Bot. Gard. 2021, 2, 130–145. [CrossRef]

50. Margulis, S.W.; Pruett-Jones, M. Integrating Science and Husbandry: Less Is More. In The Well-being of Animals in Zoo and
Aquarium Sponsored Research: Putting Best Practices Forward; Bettinger, T., Bielitzki, J., Eds.; Scientists Centre for Animal Welfare:
Bend, OR, USA, 2008.

51. Freeland, L.; Ellis, C.; Michaels, C.J. Documenting Aggression, Dominance and the Impacts of Visitor Interaction on Galápagos
Tortoises (Chelonoidis Nigra) in a Zoo Setting. Animals 2020, 10, 699. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.mambio.2009.05.006
http://doi.org/10.1007/s00442-004-1789-7
http://doi.org/10.1016/0921-4488(92)90163-X
http://doi.org/10.1016/j.beproc.2017.09.010
http://doi.org/10.1080/10888705.2015.1075830
http://www.ncbi.nlm.nih.gov/pubmed/26440493
http://doi.org/10.3390/ani11072059
http://www.ncbi.nlm.nih.gov/pubmed/34359187
http://doi.org/10.1002/ajp.23421
http://www.ncbi.nlm.nih.gov/pubmed/35912801
http://doi.org/10.1016/j.applanim.2009.06.002
http://doi.org/10.1016/j.applanim.2004.08.015
http://doi.org/10.3390/ani11123526
http://www.ncbi.nlm.nih.gov/pubmed/34944302
http://doi.org/10.3390/jzbg3030030
http://doi.org/10.1016/j.applanim.2018.05.015
http://doi.org/10.19227/jzar.v7i4.423
http://doi.org/10.7120/09627286.28.2.157
http://doi.org/10.1046/j.1365-2869.1996.00010.x
http://www.ncbi.nlm.nih.gov/pubmed/8795798
http://doi.org/10.19227/jzar.v7i2.343
http://doi.org/10.1016/j.applanim.2021.105253
http://www.ncbi.nlm.nih.gov/pubmed/36540094
http://doi.org/10.3390/jzbg3040044
http://doi.org/10.3390/jzbg2020010
http://doi.org/10.3390/ani10040699

	Introduction 
	Materials and Methods 
	Study Site and Subjects 
	Data Collection 
	Data Analysis 

	Results 
	Capybara 
	Vicuna 
	Tapir 
	Giraffe 

	Discussion 
	Behavioural Changes 
	Capybara 
	Vicuna 
	Tapir 
	Giraffe 

	Limitations and Areas for Future Research 

	Conclusions 
	References

