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Abstract: Visitor presence has been shown to affect the behavior of animals in zoos. However,
studies to date have not included a wide range of taxonomic groupings, and thus, the effect is poorly
understood for many species. Here, we compared the behavior of Nile crocodiles (Crocodylus niloticus)
in the presence and absence of visitors for the first time. Data were collected at Disney’s Animal
Kingdom® over two months during normal operating conditions and during the same two months
the following year when the park was closed due to the COVID-19 pandemic, totaling 158 observation
hours. Significant differences in crocodile behavior were observed between park operating conditions;
however, the direction of change varied by behavior and average differences were generally small. In
addition, we found that time of day, temperature and month significantly affected behavior, often
with greater magnitude than visitor presence. This highlights the importance of accounting for
environmental variables when evaluating and interpreting the behavior, and ultimately welfare, of
reptiles in zoos. Collectively, the data suggest the overall effect of visitors on crocodile behavior was
small and neutral from a welfare perspective. This study highlights the importance of taxonomic
diversity in studying the visitor effect.
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1. Introduction

Among many variables, the presence of other individuals in an animal’s environment
influences behavior [1], but to what extent is in need of continuing evaluation and research.
Animals in zoos can interact with both conspecifics and heterospecifics. The latter can
include humans, both familiar individuals such as animal husbandry staff and unfamiliar
individuals such as visitors that attend zoos daily. Visitors are a regular part of the lives
of animals in zoos and are thus a factor to consider when evaluating animal behavior,
generally labeled as the visitor effect [2,3]. Understanding how the behavior of animals in
zoos varies in the presence of visitors allows zoo professionals to interpret and provide
context for their day-to-day behavior, in addition to evaluating if visitors themselves are
influencing animal behavior in ways that may affect animal welfare.

The visitor effect has most often been regarded as a negative influence on animal be-
havior, having been associated with increased intra-group aggression [4,5], avoidance [6,7],
and stereotypic behavior [2,3,5,8,9]. Less commonly, visitor presence is associated with no
change in behavior [10-13] or changes that can be categorized as positive such as increased
play [14], attention-seeking [15-17], and overall behavioral diversity [18]. It is worth noting
that Sherwen and Hemsworth (2019) suggest findings presented in the literature may be
biased towards studies identifying potential welfare concerns or to studies capable of
producing a significant P value [3]. Thus studies showing no effect may be under reported.

An additional point to consider in the interpretation of results is that findings may
not be fully explained by the visitor effect alone. Environmental and social variables
are well known to affect animal behavior but are not often fully accounted for and/or
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considered as alternative explanations for behavior variation when studying the visitor
effect. Goodenough et al. (2019) recently reported that for ring-tailed lemurs (Lemur catta)
in a walk-through exhibit, a situation where a visitor effect may be greater compared to
traditional stand-and-view exhibits, time and weather were significant predictors of behav-
ior, and the presence of both reduced the overall statistical effect of visitor presence [19].
Similarly, Collins et al. (2017) found that visitors had limited effects on ring-tailed lemur
behavior, while season, weather and time of day had strong effects on behavior [20].

As zoos are dependent on the public to operate [21,22], the majority of studies evalu-
ating the visitor effect have compared varying levels of visitor presence [3] rather than the
presence or absence of visitors. Several studies have attempted to experimentally control
for visitor presence by moving animals between living spaces visible and not visible to the
public [23] or between exhibits exposed to different levels of visitors [24,25]. Experimental
evaluations are of significant value to understanding the behavior of animals in zoos, but
also create additional confounds, particularly that differences in behavior may not be solely
due to variation in visitor presence but also a result of being managed differently and /or
in a new environment. Understanding animal behavior in the true absence of visitors
within the same environment would provide meaningful insight into understanding the
visitor effect. Williams et al. (2021) recently was able to conduct such a study during the
recent closures of zoos and aquariums due to the COVID-19 pandemic [26]. They found
that during the closure, slender-tailed meerkats (Suricata suricatta) at three institutions
engaged in less alert behavior and had increased space use compared to when guests were
present and African penguins (Spehniscus demersus) at a single institution had no change in
behavior [26].

Sherwen and Hemsworth (2019) reported that 90% of visitor effect studies focused
on mammals, and most commonly species within the primate order (53%) [3]. Though
mammals are popular in zoos, their frequency in the literature is not representative of
their frequency in zoo populations [27]. From a perspective of understanding the behavior,
and ultimately care and welfare, of animals in zoos, this leaves a large gap in knowledge
for non-mammalian taxa, particularly reptiles [28]. In relation to the visitor effect, only
one study has been conducted including a reptilian species. Freeland et al. (2020) looked
at the behavior of Galapagos tortoise (Chelonoidis nigra) when humans entered their ex-
hibit [29]. The results show that tortoise aggression was greater on days where zoo visitors,
accompanied by zoo employees, entered the enclosure and interacted with the tortoises
(including physical contact) compared to days with either normal husbandry staff presence
or days that included a veterinary staff visit [29]. This singular study, while beneficial as an
initial investigation on the potential relationships between visitors and reptilian behavior,
illustrates the need for further study to understand how visitor presence affects animal
behavior across diverse taxa.

On 16 March 2020, Disney’s Animal Kingdom® closed to the public in response to
the COVID-19 pandemic, reopening to the public on 7 July 2020. This closure provided
a unique opportunity to evaluate animal behavior in the true absence of visitors over
an extended period of time. Here we compared the behavior of a large group of male
Nile crocodiles (Crocodylus niloticus) living at Disney’s Animal Kingdom® during the park
closure to that during normal park operations. Since previous research has highlighted that
environmental variables may be better predictors of animal behavior than the visitor effect
alone [19,20], we also compared crocodile behavior to month, time of day, and temperature.

Social behavior and space use were identified as behavioral measures for this investi-
gation. The Nile crocodiles in this study lived in a relatively large group, thus changes in
social dynamics within the group in response to the presence or absence of visitors may
affect welfare, as has been reported in visitor effect studies of other species [8,30,31]. For
crocodiles, and all reptiles, the ability to thermoregulate is a significant biological func-
tion [32,33]. Space use is a major behavioral component of thermoregulation for crocodiles
and if external stimuli affect a crocodile’s ability to properly thermoregulate it may have
consequences to individual welfare. To date, crocodiles have received limited study in zoos
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and no studies have focused on the visitor effect. Thus a null hypothesis was developed
for this study in relation to the study measures and potential predictor variables.

The Nile crocodile exhibit at Disney’s Animal Kingdom® is unique in that visitors are
not continually present but rather view the crocodiles in two different experiences: (1) from
an open air safari style truck passing in front of the exhibit via an elevated road and (2) spe-
cialty small group tours that view the crocodiles from at the rear of the exhibit as well as via
rope bridges crossing over the exhibit. The visitor effect is ultimately a behavioral response
to the stimuli that visitors create within the zoo environment. Crocodilians are naturally
sensitive to and reliant on sound [34-37], vibration [36,38], and visual stimuli [38,39] to
navigate their environment. Even though these two viewing experiences are not typical
of most zoos, the sensory output of visitor presence, which encompasses both visitors
themselves and their transportation, create stimuli that are perceivable by the crocodiles,
and thus may have an effect on their behavior. Here it is not possible to separate how
stimuli from the visitors or trucks may differentially affect the crocodiles” behavior, thus we
are considering them both to be part of the collective visitor presence experience reported
in this study.

2. Materials and Methods

Twenty-two adult male Nile crocodiles living as a bachelor group at Disney’s Animal
Kingdom® Theme Park in Lake Buena Vista, Florida, were observed for this study. Individ-
ual ages ranged from 31 to 37 years, and all were born in human care. The crocodiles had
lived together as a group at Disney’s Animal Kingdom® since 1997. The crocodiles lived in
an outdoor exhibit consisting of open water, beaches and islands. Visitors primarily viewed
the crocodiles from a truck, as part of the Kilimanjaro Safari Ride experience, passing by
the exhibit via an elevated road/bridge overlooking the exhibit. Secondarily, the Wild
Africa Trek experience was also available as part of an additional paid experience where
visitors walked a rope bridge suspended above the exhibit and then viewed the crocodiles
from a secured ledge overlooking the back of the exhibit (see Figure 1).

Wild Africa Trek
Habitat Overlook ,

Figure 1. Schematic (not drawn to scale) of Nile crocodile exhibit, approximately 7380 ft? in size. Outer black line denotes

habitat containment walls, land areas are labeled as Beach/Island, water area is labeled by blue lines. The Kilimanjaro Safari

Ride (KSR) bridge is labeled by grey rectangle. Additional visitor viewing is possible from the Wild Africa Trek (WAT) rope
bridge suspended above the habitat and the WAT habitat overlook above the back habitat containment wall. To demonstrate
maximum spacing of crocodiles and visitors on KSR, linear distances from center of bridge to habitat edges are labeled by a

green, red and purple lines that span approximately 145, 85, and 40 linear feet, respectively.

Crocodile social behavior, social proximity, and space use were recorded. Social
behavior was recorded in three categories; agonistic, sociosexual, and conspecific bunting
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behavior (See Table 1). Each of these three social behavior groups were counted at the bout
level, where a bout began with the initiation of the behavior and ended after a period of
five seconds where no additional behaviors occurred.

Table 1. Ethogram of Nile crocodile behavior.

Behavior

Definition Collection Method

Agonistic Behavior

Aggressive or intolerant behaviors directed from one
crocodile towards a conspecific resulting in physical
contact [40] including bite and jaw clash. A bite was
defined as one crocodile closing one’s jaws around a All-occurrence sampling
conspecific, possibly including a roll or shake. Jaw clash
was defined as two crocodiles striking heads together
with their mouths open.

Sociosexual Behavior

The occurrence of mounting, defined as one crocodile
attempting to or successfully climbing onto a conspecific
dorsal-ventrally. Mounting may include the initiator All-occurrence sampling
curling their tail underneath the receiver and grasping
the receiver’s body with their feet.

Conspecific Bunting

One crocodile rubbing or pushing their head or body
against the head or body of a conspecific for at least All-occurrence sampling

Behavior three seconds.
In Contact The count of crocodlles in physu}a} contact (touching) Scan sampling
with a conspecific.
The count of crocodiles in the water of their exhibit. If a
crocodile had part of their body both in water and on .
Space Use Scan sampling

land they were counted as in water if the majority
(>50%) of their body was in water.

Data were collected in April and May 2019 at a time when the park was open to
visitors (Park Open) and in April and May 2020 when the park was closed to visitors (Park
Closed). At the beginning of the data collection period in April 2020, the park had been
closed to the public for fifteen days. April and May were selected for comparison because
they were the only two months where visitors were not present and ride vehicles were
not operating during the closure in 2020. Previous study of this group has demonstrated
distinct seasonality in the crocodiles’ social behavior (Disney’s Animal Kingdom®, un-
published data). The month by year approach to data collection utilized here served as a
match-control methodology to account for seasonality. Between the two study periods, one
crocodile passed away resulting in 21 crocodiles in the Park Closed condition.

Crocodiles were observed during one-hour observations between 0700 and 1600 up to
twice a day via video recordings. Video was collected via remote cameras set up throughout
the exhibit, covering greater than 90% of the exhibit space. This system provided greater
exhibit coverage than if conducting in person observations and removed observer presence
as a cofounding variable. A total of 158 h of observation were collected over the course of
the study balanced by time of day, month and year (See Table 2). All-occurrence sampling
was used to record bouts of social behavior at the group level. Social proximity and space
use were collected utilizing three group scans (0 min, 30 min and 60 min) within each
hour of observation. Data were collected by authors AR and AL, as well as four interns of
the Science Operations team at Disney’s Animal Kingdom®. Interobserver reliability was
established amongst all data collectors by double coding one hour videos and maintaining
at least 80% agreement.

Outcome variables for all-occurrence and scan sampling data within each observation
were collected as counts, thus generalized linear mixed models (GENLINMIXED; SPSS
V.24, IBM; Armonk, NY, USA) were used for analysis as this statistical test (1) accounts
for the non-normal distribution of count data and (2) allows for inclusion of random
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variables to account for non-independence of clustered data [41]. Models were run with
a Poisson distribution and a log link function. All dependent variables were weighted
within each model by the number of visible crocodiles as group visibility varied within and
between observations (1 = 14.8, SE = 0.12). Observation date was included as a random
variable utilizing a variance components covariance structure. Park status (park open
vs. closed), time of day (morning, 7AM through 10AM; midday, 11AM through 2PM;
late afternoon, 3PM through 5PM), month (April or May), and temperature (°F at end of
observation) were utilized as fixed factors. Degrees of freedom were determined using a
Sattherwaite approximation. Collinearity was undetected within models via inspection of
variance inflation factors (all values < 2; [42,43]). Stepwise model fitting was not utilized to
minimize the chance of Type I error and concerns associated with “data dredging” [44,45].
Rather full models were compared to a null model including only the random variable
using Akaike information criterion to assess model fit. Likelihood ratio tests found full
models had significantly better fits for the agonistic behavior (x? = 71.8, df = 9, p < 0.001),
social proximity (x?=273,df =9, p < 0.001) and space use models (x?> =2103, df =9,
p < 0.001) compared to their respective null model. Neither the sociosexual behavior model
(x?> =12.0, df = 9, p = 0.212) nor the conspecific bunting behavior model (x> = 3.8, df = 9,
p = 0.925) had a significantly stronger fit than their respective null model. Both sociosexual
and conspecific bunting behaviors were relatively infrequent which may have impacted
model fit. Though these two models do not significantly fit the dataset better than the null
model, they are still included in the Results section for general discussion purposes and
because these behaviors were identified as of interest at the initiation of this study, though
their outcomes are interpreted conservatively.

Table 2. Number of observations, mean temperatures, and standard errors across all variable

conditions.
Variable Number of Observations Mean Temperatures (°F)
All Observations 158 80.4 (SE = 0.60)
Park Open 79 80.5 (SE = 0.82)
Park Closed 79 80.3 (SE = 0.88)
April 82 77.7 (SE = 0.86)
May 76 83.3 (SE = 0.69)
April 2019 41 76.9 (SE = 1.22)
May 2019 38 83.9 (SE = 0.96)
April 2020 41 78.4 (SE =1.21)
May 2020 38 82.7 (SE = 1.02)
Morning 58 74.7 (SE = 0.88)
Midday 56 83.9 (SE = 0.66)
Afternoon 44 83.4 (SE =1.04)
3. Results

3.1. Social Behavior

Park status (Fy 152 = 6.603, p = 0.011), month (Fy 15, = 4.063, p = 0.046), and time of day
(F2,152 = 31.196, p < 0.001) significantly predicted bouts of agonism (Figure 2). Temperature
was not significant (Fq 150 = 0.032, p = 0.859). Agonism was more frequent in the park
closed condition (u = 0.27, 95% CI = 0.12-0.55) than the park open condition (i = 0.07, 95%
CI = 0.03-0.15) and more frequent in the month of April (u = 0.23, 95% CI = 0.11-0.47) than
month of May (i = 0.08, 95% CI = 0.04-0.17). Pairwise comparisons with a least significant
difference adjustment found that bouts of agonism were more frequent in the morning
(1 =0.20, 95% CI = 0.12-0.35) than midday (p = 0.10, 95% CI = 0.06-0.16; t = 3.302, df = 152,
p < 0.001) and late afternoon (1 = 0.12, 95% CI = 0.07-0.21; t = 2.911, df = 152, p = 0.004).
Bouts of agonism were also more frequent in the late-afternoon than midday (t = 2.301,
df =152, p = 0.023).
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Figure 2. Estimated marginal mean (EMM) £ 95% confidence interval (CI) for rate of agonistic
behavior per observation for (a) park status, (b) month, and (c) time of day. Asterisk (*) denotes
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Month (Fq 152 = 13.840, p < 0.001) and time of day (Fy15, = 51.814, p < 0.001) signifi-
cantly predicted bouts of sociosexual behavior. Park status (Fy 15, = 2.432, p = 0.121) and
temperature (Fy 15, = 0.829, p = 0.364) were not significant. Sociosexual behavior was more
frequent in April (1 = 0.05, 95% CI = 0.02-0.11) than May (u = 0.002, 95% CI = 0.001-0.01).
Pairwise comparisons with a least significant difference adjustment found that sociosex-
ual behavior was more frequent in midday (n = 0.03, 95% CI = 0.01-0.07) than morning
(1 =10.01,95% CI =0.003-0.02; t = 2.278, df = 152, p = 0.024) and late-afternoon (i = 0.01,
95% CI =0.002-0.01; t = 2.420, df = 152, p = 0.017). There was no difference between the
morning and late-afternoon frequency (t = 0.987, df = 152, p = 0.325).

Park status (Fy 150 = 6.049, p = 0.015) and time of day (Fy 150 = 18.050, p < 0.001)
significantly predicted conspecific bunting behavior. Month (Fy 15, = 1.632, p = 0.203) and
temperature (Fy 15, = 0.137, p = 0.712) were not significant. Conspecific bunting behavior
was more frequent in the park closed condition (= 0.05, 95% CI = 0.02-0.10) than park open
condition (i1 = 0.01, 95% CI = 0.004-0.027). Pairwise comparisons with a least significant
difference adjustment found that conspecific bunting behavior was more frequent midday
(1= 10.05,95% CI = 0.02-0.09) than in late-afternoon (i = 0.01, 95% CI = 0.003-0.02; t = 3.001,
df =152, p = 0.003), and more frequent in the morning (1 = 0.03, 95% CI = 0.02-0.07) than
late-afternoon (t = 2.586, df = 152, p = 0.011). There was no difference between the morning
and midday rates (t = 1.290, df = 152, p = 0.199).

3.2. Social Proximity

Park status (Fq467 = 4.158, p = 0.042), month (Fj 467 = 10.043, p = 0.002), time of
day (Fp 467 = 25.407, p < 0.001), and temperature (Fy 467 = 21.451, p < 0.001) significantly
predicted the number of crocodiles in contact with conspecifics (Figure 3). More crocodiles
were observed lying in contact with a conspecific when the park was open (u = 4.41,
95% CI = 3.51-5.55) than closed (i = 3.15, 95% CI = 2.51-3.96), and more crocodiles were
observed in contact with a conspecific in May (i = 4.85, 95% CI = 3.83-6.13) than April
(1 =2.87,95% CI = 2.30-3.59). Pairwise comparisons with a least significant difference
adjustment found the number of crocodiles in contact with a conspecific was greater in
both the morning (i = 4.07, 95% CI = 3.45-4.79) and midday (n = 3.79, 95% CI = 3.22-4.47)
than late-afternoon (p = 3.37, 95% CI = 2.86-3.97; t = 5.798, df = 467, p < 0.001; t = 5.104,
df = 467, p < 0.001), and morning was greater than midday (t = 2.652, df = 467, p = 0.008).
Temperature was positively associated with proximity with the model estimating a 4.0%
(95% CI = 3.0-6.0%) increase in the number of crocodiles in proximity for every 5°F increase
in temperature.

3.3. Space Use

Month (F; 467 = 4.051, p = 0.045), time of day (F 467 = 121.794, p < 0.001), and tempera-
ture (Fp 467 = 52.861, p < 0.001) were significant predictors of crocodile space use (Figure 4).
Park status (Fy 467 = 0.730, p = 0.393) was not significant. More crocodiles were observed in
the water in April (i = 8.11, 95% CI = 7.48-8.80) than May (n = 7.18, 95% CI = 6.59-7.83).
For time of day pairwise comparisons with a least significant difference adjustment found
that number of crocodiles in the water significantly decreased from morning (i = 8.88, 95%
CI = 8.34-9.46) to midday (u = 7.84, 95% CI = 7.38-8.34; t = 6.518, df = 467, p < 0.001) and
late-afternoon (u = 6.38, 95% CI = 5.99-6.81; t = 13.745, df = 467, p < 0.001) and from midday
to late-afternoon (t = 11.408, df = 467, p < 0.001). Temperature was positively associated
with space use predicting a 6% (95% CI = 4.5-7.5%) increase in crocodiles in water for every
5 °F increase in temperature.
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Figure 3. Estimated marginal mean (EMM) £ 95% confidence interval (CI) for number of individuals
in contact per scan for (a) park status, (b) month, and (c) time of day. Asterisk (*) denotes statistical

significance (p < 0.05).
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4. Discussion

Here we evaluated the presence and absence of visitors on the behavior of a large
all-male group of Nile crocodiles. This study represents only the second evaluation of
visitor presence on the behavior of a reptilian species and the first to evaluate reptilian
behavior in relation to a passive visitor presence. Crocodile behavior did vary between
visitor conditions; however, behavior did not follow a consistent pattern, suggesting no
obvious positive or negative effect. In addition, the magnitude of difference between
conditions was generally low, suggesting any statistical difference may result in limited
practical differences in behavior. Environmental variables were also significant predictors
of crocodile behavior highlighting the importance of evaluating alternative explanatory
variables when investigating the visitor effect on animal behavior, particularly reptiles.

Crocodile behavior significantly differed between visitor presence conditions for three
of our five study variables. Of particular note, the direction and magnitude of change
varied for each behavior. Agonistic behavior has typically been positively associated with
visitor presence [4,30,31]; however, here we found that agonistic behavior was greater
when visitors were absent. An increase in conspecific bunting behavior when visitors were
absent was also observed. Similar behaviors have been described as relating to courtship
in crocodilians [38]; however, the functionality of this behavior in this all-male group and
this specific species needs further evaluation. An increase in both of these behaviors when
visitors were absent could suggest that visitor presence had an overall suppressive effect on
crocodile social behavior, though how and why visitor presence would have a suppressive
effect is unclear, particularly since multiple studies, albeit in other taxa, have reported
meaningful increases in agonism [4,30,31] and decreases in affiliation [14,30,46] with visitor
presence. Environmental variables, discussed in more detail later in the discussion, may be
a better explanation for behavioral variation in crocodiles, though further detailed study
on the social behavior of crocodiles may also provide additional context for understanding
the data reported here.

Time in proximity increased when visitors were present. Generally, the tolerance of
conspecifics within close proximity can be considered a positive indicator of welfare for
group-living species [47,48]; however, increased proximity has also been observed to be
associated with the presence of a stressor in some group-living species [49-51]. To better
interpret our finding, an increased understanding of crocodile social behavior is needed,
though it does appear unlikely that increased social proximity would be a stress coping
mechanism given their natural territoriality [52,53]. Anecdotally, crocodiles in proximity
were often observed on the beach furthest from where the visitors travelled past the
exhibit. Thus the increased proximity could also potentially be a function of a desire to be
furthest away from visitors, with the increased proximity being an unintentional behavioral
outcome. It is worth noting that the mean difference between visitor presence conditions
was approximately one more crocodile in proximity to conspecifics when visitors were
present. Though statistically significant, this difference may not be biologically significant
for a group of 21 individuals. Further evaluations of the individual relationships that
crocodiles develop and how those may change in the presence of stressors will be highly
informative to better understanding the behavior and welfare of crocodiles in human care.
Furthermore, more refined measures of proximity, rather than relying solely in physical
contact, may provide additional detail in future evaluations.

Crocodile space use and sociosexual behavior were not affected by visitor presence.
Variation in space use has been used to evaluate visitor effect in previous studies [17,54,55].
For crocodiles, the ability to regularly spend time on land is important for thermoreg-
ulation [32,56]. If, in human care, crocodiles are exposed to stressors that inhibit their
choices to properly thermoregulate, then their welfare could be compromised. Thus the
unobserved difference in space use behavior here suggests any effect(s) visitors may have
on crocodiles does not affect their choices in space, which is significant to their proper bio-
logical functioning. Similar to the earlier discussed conspecific bunting behavior, the exact
function of the sociosexual behavior in this all-male crocodile group is not fully understood,
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but similar behaviors have been associated with dominance [57,58] and stress [59] in other
species. Thus it is likely that the lack of effect on sociosexual behavior observed in relation
to visitor presence is similarly a positive indicator for the welfare of these individuals.

Overall, visitor presence on crocodile behavior can be summarized as neutral, rather
than positive or negative, given individual behaviors were observed to have no consistent
pattern of influence. Furthermore, magnitude of differences were generally small and
likely better explained by environmental variables. These findings are significant as they
suggest, for the first time, that a passive visitor viewing experience does not negatively
affect the behavior and welfare of a reptilian species. The Nile crocodiles studied here are
an apex predator [60] and thus may be biologically less sensitive to the presence of visitors
or other animals within their environment. Future studies that include reptilian species
with different natural histories will be informative to better understanding how natural
history relates to the visitor effect.

Environmental variables (month, temperature, time of day) were also associated with
variation in crocodile behavior. Previous study of this group of crocodiles has found
seasonal increases in social behavior (Disney’s Animal Kingdom®, unpublished data),
with the months of March and April demarcating approximately when rates of social
behavior begin to decrease. In the wild, Nile crocodiles are observed to exhibit seasonal
differences in reproductive behavior and space use [38,61,62]. Here we found that rates of
agonism and sociosexual behavior and the number of individuals in social proximity were
all greater in the month of April than May. These data suggest that seasonality may play
a role in the behavior of Nile crocodiles in zoos, though additional study in both nature
and zoological settings are needed. A challenge for future studies will be that for many
reptilian species, seasonal behavior may also be dependent on other external factors such
as exhibit design (e.g., indoor vs. outdoor) or group type (e.g., breeding vs. nonbreeding),
further complicating the interpretation of results. Regardless of challenges, seasonality
should be considered and accounted for, when applicable, when studying the behavior of
reptiles in zoos.

As ectotherms, crocodiles rely on external sources of energy and pay the energetic
costs of thermoregulation through behavioral processes [32,33]. Thus it is not surprising
that temperature and time of day were significantly associated with behavior in this
study, as these factors are key environmental variables associated with thermoregulation
in reptiles [56,63]. Of particular note, time of day was the only variable in this study
that was a significant predictor of all five behaviors measured. Similar to season, these
findings highlight the importance of accounting for environment in the study of reptile
behavior. Recently, both Collins et al. (2017) and Goodenough et al. (2019) reported that the
behavior of ring tailed lemurs was better predicted by weather and time of day than visitor
presence alone [19,20]. Furthermore, as many studies of visitor effect are correlational, it is
also important to consider that visitor presence itself may be predicted by environmental
variables such as temperature and time of day, thus evaluating environmental variables may
provide additional context for understanding the nuances associated with visitor presence.
In this study, the environmental variables accounted for were relatively simple. As the
crocodile exhibit was large and complex, it is likely that microclimates existed within the
exhibit, further affecting behavior at an individual level. Future studies may benefit from
including more specific environmental measures, such as sampling environmental variables
throughout an animal’s living space and/or measuring more detailed environmental
variables such as sun/light intensity.

Evaluations of reptile behavior and welfare, though increasing [64-66], are still infre-
quent, occurring at rates well below those of other taxa [28]. With such a strong need to
evaluate the welfare of reptiles within zoological parks, one overarching question is where
to begin? One approach, and the one we took here, is to identify a research topic that has
not emphasized the inclusion of reptilian taxa and develop a comparable methodology
with a reptilian species. This approach has similarly been used by other institutions, most
recently by Spain et al. (2020) who evaluated the behavior of Madagascar giant hognose
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snakes (Leioheterodon madagascariensis) in relation to exhibit modifications, a topic that
has been well evaluated in mammals [15,64,67,68]. This suggestion is neither new nor
groundbreaking, but one that has not been utilized widely in the field. Such an approach
is significant for several reasons. First, the behavior of understudied species are often
understudied because it is perceived as difficult to interpret their behavior, particularly
in relation to welfare. By evaluating their behavior in contexts that are well studied in
other species, an initial comparison point is created to put their behavior, and ultimately
welfare, into context. Second, studying their behavior in broader contexts should identify
species-specific patterns of behavior that spurs more taxa focused inquires. Finally, this
approach strengthens the understanding of these broader topics. Binding et al. (2020)
highlighted that 75% of welfare research published between 2008 and 2017 focused on
mammalian species [28]. This translates into poor understanding, broadly speaking, of
how topics such as social influences, visitor presence, transportation, and enrichment (to
only name a few of the topics summarized in Binding et al. (2020)) relate to the behav-
ior and welfare of non-mammalian animals in zoos [28]. Inclusion of more diverse taxa
strengthens the scientific knowledge of the zoo industry. For those looking to evaluate the
behavior, and ultimately welfare, of reptiles and other understudied taxa in zoos, a strong
recommendation can be made to identify common areas of study and develop studies that
can include such taxa.

Understanding if and how visitors affect animal behavior in zoos is significant to
interpreting animal behavior and providing optimal care. What makes this topic complex
is how diverse the visitor effect can be, not only between zoos but even between individual
exhibits within the same institution. Furthermore, the continual evolution of the zoo
experience regularly creates novel contexts in which visitors and animals interact. Here we
contributed to this area of study by (1) evaluating animal behavior in the true absence of
visitors and (2) including a poorly studied species and taxa as the study focus. Collectively,
the data reported show inconsistent and minor effects of visitor presence on crocodile
behavior, suggesting a generally neutral effect in terms of welfare. Evaluating the behavior
of animals in zoos in the absence of visitors is an approach that provides the foundation for
ultimately understanding how visitors affect the behavior of animals in human care. With
the widespread closures of zoos and aquariums due to COVID-19 in 2020, it is likely that
this methodological approach will continue to be explored more in future publications,
findings from which should be informative to the field. As this is one of two such studies
in reptiles, we hope this study contributes to an increased focus on behavioral research of
reptiles in zoos.
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