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Abstract: Understanding how the behavior of captive American alligator (Alligator mississippiensis)
congregations compares to wild congregations is essential to assessing the welfare of alligators in
captivity. Wild alligator congregations perform complex social behaviors, but it is unknown if such
behaviors occur in captive congregations as frequently. We observed the behaviors of a captive and
wild congregation of American alligators in Florida, USA in January 2021. Social behaviors were, on
average, 827% more frequent in the wild congregation than the captive, and the wild congregation
had a richer repertoire of social behaviors, with growling and HOTA (head oblique tail arched)
behaviors being particularly common. High walking, a nonsocial behavior, dominated the behavioral
repertoire of the captive congregation (94% of behaviors, excluding feeding) and may be a stereotypy
that can be used as an indicator of welfare. Both congregations experienced human disturbance
and displayed flushing as a species-specific defense reaction. Captive environments differ from
the wild with respect to size, structure, stocking density, resource availability, and human presence.
These differences translate into behavioral differences between wild and captive congregations. We
identified important behavioral differences between wild and captive alligator congregations that
can serve as a platform for more detailed investigations of alligator welfare in captivity.
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1. Introduction

The American alligator (Alligator mississippiensis) is a predatory species found through-
out the Southeastern region of the United States [1]. Within Southern Florida, American
alligators are both a keystone predator and an ecosystem engineer [2]. As of 2019, the
International Union for Conservation of Nature lists the American alligator as a species
“of least concern” [3]. Nonetheless, American alligators are categorized as a threatened
species under the Endangered Species Act [4] due to their similarity in appearance to
the threatened American crocodile (Crocodylus acutus). Thus, regulations in place for the
protection of American alligators (hereafter referred to as alligators) also serve to protect
American crocodiles [5].

Alligators perform complex social behaviors within congregate settings, both in the
wild and in captivity. However, their social behavior between settings has not been com-
pared in a singular study. Alligators can be successfully kept in a captive environment [6],
but the behaviors of animals can differ in types and frequency performed when in captivity
versus a natural environment [7].

Although there is a lack of published comparative studies in captive and wild al-
ligators, there are extensive comparative behavioral studies that have been previously
conducted on mammalian species. For example, chimpanzee (Pan troglodyte) groups in
captivity increase their time spent grooming, but decrease their time spent foraging relative
to wild groups [8]. Additionally, enclosure design and the number of human visitors that
captive cotton-top tamarins (Saguinus oedipus oedipus) receive correlate with significant
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differences in social interactions within the group [9]. These findings demonstrate that
social behavioral discrepancies can occur between captive and wild animal congregations.
As wild alligators commonly display social behavior, it is prudent to evaluate differences
in social behavior between captive and wild alligator congregations [10].

While alligator social behavior has not been compared between captivity and natural
settings, nesting behaviors have been compared between these settings. Rates of hatching
and nesting successes in wild and captive individuals were closely correlated, denoting
an insignificant difference between these groups [6]. However, congregation density and
stocking rates were significantly different [6].

Interest in reptile welfare in captive settings has been growing and the similarity
in reproductive success between captive and wild settings is positive but is only one
dimension of welfare. Behavioral expression, both general and social, is also an indicator
of animal health and wellbeing [7]. Alligator behaviors have been studied in a captive
environment, but they have not been directly compared between wild and captive settings
in a singular comprehensive study [6,10,11].

The objective of the current study was to assess social and general behavioral differ-
ences between alligator congregations in a captive and wild environment.

2. Materials and Methods
2.1. Wild Observation Site and Congregation

A congregation of wild alligators was observed at Myakka River State Park, Sarasota,
Florida. The study site, known as the Deep Hole, is an area containing a large freshwater
sinkhole located within the Park’s protected Wilderness Preserve [12]. Human visitation
is limited in the Wilderness Preserve to 30 permits per day to minimize interference. The
area is open and free from tree cover, with the exception of a small cluster of trees on the
Western basking area of the sinkhole (Figure 1). It provides alligators with a large prey
supply and many suitable basking areas around the sinkhole [12]. The sinkhole connects
the lower Myakka Lake and lower Myakka River [12]. During the dry season, when the
alligators were observed, the sinkhole was approximately 41 m deep and approximately
90 m in diameter [12].

Figure 1. (a) The Deep Hole site in the Myakka Wilderness Preserve where wild alligators were
observed. The body of water pictured is the sinkhole. (b) The captive enclosure at Croc Encounters, a
wildlife sanctuary, where captive alligators were observed. The land area is utilized as basking space.

The Deep Hole site is occupied by a large congregation of alligators [12]. We estimated
the congregation density by dividing the average number of individuals observed with
binoculars each hour by the estimated area of the sinkhole (6362 m?). On average, 0.0150
alligators/m? are found within the sinkhole. However, the alligators were not evenly
distributed throughout the space, rather they were often clustered on or near the banks.
Additionally, the number of alligators varied over time during our study, averaging 95 +
4 individuals.
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2.2. Captive Observation Site and Congregation

A congregation of captive alligators was observed at Croc Encounters, a wildlife
sanctuary located in Tampa, Florida. This facility accepts and maintains various reptilian
species which have been surrendered to the institution or taken in after being deemed
nuisance wildlife. The alligator congregation was fed a dry crocodilian diet mix by passing
groups on guided tours and Croc Encounters employees. Guided tours typically occur one
to four times per day. The diameter of the captive enclosure was approximately 15.2 m,
providing an estimated 182.4 m? area.

The captive congregation was composed of 84 adult alligators that varied in size, sex,
and age; despite these differences, all were considered adults. The congregation density of
0.461 alligators/m? was higher at this site.

2.3. Behavioral and Environmental Data Collection

Two ethograms were created and used to quantify behavior of both the wild and cap-
tive alligator congregations. Both ethograms include behaviors previously described in the
literature and some behaviors observed during pilot observations. The first ethogram con-
sisted of “social” behaviors including bellowing, bellowing with water dancing, chumpfing,
fighting, food theft, growling, hissing, head colliding, headslapping, raised posture, raised
snout, roaring, HOTA (head oblique tail arched), and tail wagging (detailed descriptions of
the behaviors and associated sources can be found in Table S1) [10,11]. HOTA posturing
was included in the social behaviors ethogram due to its known function as a precursor to
other social behaviors in a congregation and performance in conjunction with other social
displays [11]. In a social context, this behavior can serve as a signifier of alertness [11].
The second ethogram consisted of “general” behaviors, including basking, death rolling,
group feeding, group basking, high walking, individual feeding, and low walking (detailed
descriptions of the behaviors and associated sources can be found in Table S2) [10,11].
Behavioral data were collected at each site for 5.5 h a day between 9:00 and 14:30 for seven
continuous days at each site (38.5 total hours per site). The wild alligators were observed
5-11 January 2021 and the captive alligators 14-20 January 2021. During behavioral ob-
servations, the occurrence of behaviors from both the general and social ethogram were
recorded with a time and date stamp. When the same behavioral event occurred multiple
times in succession, the time interval was recorded and the number of times this behavior
was performed. The identification of individual members of each congregation was not
feasible. Therefore, behavioral states and events were recorded without the identification
of the performing individual or individuals. However, the number of alligators performing
these behaviors was recorded.

Additionally, at the wild site, human presence and activity were documented throughout
the observational period. Human presences included the presence of park visitors in the vicinity,
activities performed by the visitors, and any observed reaction by the alligators. At the captive
site, we recorded every time a caretaker entered the interior area of the enclosure, any time
a tour group approached the exterior area of the enclosure, and any observed reaction by
the alligators. There was constant anthropogenic noise at this site that originated outside the
sanctuary, particularly from a nearby interstate with heavy vehicle traffic.

Ambient air temperature and humidity were recorded every hour during the obser-
vation periods using a digital thermometer. At no time during the study was any contact
made with an alligator in either congregation. Precautions were taken to minimize distur-
bance, including maintaining a minimum of approximately 30 m from all wild alligators,
maintaining a non-disruptive tone when speaking, and minimizing speaking when possi-
ble [13]. At the captive location, there was glass separating the enclosure and viewing area.
The observers were within 2 m of the glass and remained as still and quiet as possible. As
alligators moved around the enclosure, their proximity to the observers varied.
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2.4. Data Analysis

The mean £ SE number of social behaviors performed per individual per hour for
each congregation was calculated. Data from the 14:00-14:30 period were not included
in this analysis because it was not a full hour. We then calculated the difference between
the two means and conducted a permutation test using the statistical software R with the
perm package [14,15]. The test shuffles the data between conditions (“Captive” and “Wild”)
and calculates the difference in means for a set number of permutations (n = 100,000).
The p-value, then, is the proportion of those 100,000 values that are greater than our
observed value.

The difference in the frequency of the three most commonly observed social (growls,
HOTA, and fighting) and general (high walk, flushing, and feeding) behaviors between con-
gregations was compared using Wilcoxon Rank Sum tests. Because multiple comparisons
were performed, a Bonferroni correction was used to adjust the alpha level to 0.0083.

To determine the influence of air temperature and human interactions on alligator be-
havior, all behavior types (social and general) were combined, and behavior/alligator /hour
rates were calculated for each congregation. Data from the 14:00-14:30 period were not
included in these analyses because it was not a full hour. Linear models were fitted to
evaluate hourly trends in the frequency of alligator behaviors relative to air temperature
and human interactions. Human interactions at the wild site included the occurrence of
humans near the water and humans kayaking on the water. Human interactions at the
captive site were quantified as the number of tour groups (there were no human visitors
outside tour groups). Analyses and visualizations were performed in MATLAB unless
otherwise stated [16].

3. Results
3.1. Social Behaviors

The mean number of social behaviors performed per individual per hour was 0.0942
=+ 0.0245 (mean =+ SE) for the wild site and 0.0112 £ 0.0027 for the captive site. Of the
100,000 differences in means calculated by the permutation test, none were equal to or
greater than the difference in means observed in the current study (0.083). Therefore, the
mean number of social behaviors was significantly higher for the wild congregation than
the captive congregation (p < 0.001) (Figure 2).
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Figure 2. Frequency histogram of the 100,000 permutations of difference in mean social behav-
ior/alligator /hour. This parameter was calculated by subtracting the mean number of social behaviors
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per alligator per hour in the captive congregation from the same value in the wild congregation.
The permutations are created by randomly resampling the observed data to create hypothetical
mean social behavior/alligator /hour for each congregation and the difference in means between
congregations is calculated. All 100,000 permutations were higher than the observed difference in
means (red vertical line at 0.083).

In total, 320 social behaviors were observed at the wild site and 42 at the captive site.
The mean number of social behaviors performed by each congregation per hour was higher
at the wild site (8.71 £ 2.41 social behaviors/hour) than at the captive site (0.94 £ 0.23
social behaviors/hour). This increase in behaviors performed across sites indicates that,
on average, the wild alligators performed 827% more social behaviors than the captive
alligators during the observational periods of this study (Figure 3).
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Figure 3. Total number of specific social behaviors (color-coded) during each hour of the day summed
across days. The social behavior of the wild congregation is represented on the left and the social
behavior of the captive congregation on the right. The y-axis limits are the same for both plots to
facilitate comparison of the frequency of social behaviors between the wild and captive congregations.
Proportions of general behaviors performed within the wild and captive congregations can be found
in Table 1.

The most frequently observed social behavior performed within the wild congregation
was growls (46.6% of social behaviors; n = 149) and the second most frequently observed
social behavior was HOTA posturing (30.0% of social behaviors; n = 95) (Table 1). Growls (Z
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=3.54, p < 0.0001) and HOTA (Z = 5.32, p < 0.0001) were observed significantly more often
in the wild congregation compared to the captive congregation (Figure 4). Growl choruses,
in which multiple individuals growl in close succession, occurred in the wild congregation
but not the captive. Within the captive congregation, fighting (50% of social behaviors; n
= 21) was the most frequently observed social behavior followed by chumpfing (21.4% of
social behaviors; n = 9) (Table 1). Fighting was the only social behavior observed more
often at the captive site than the wild site (n = 21 at the captive site and n = 10 at the wild
site), however the difference was not statistically significant. Roar and water dance were
the only social behaviors not observed at either site.

Table 1. The proportion of each social behavior at each site, presented as the percentage of each
type of social behavior divided by the total number of social behaviors performed at that site with
behavior counts in parentheses (n = 320 for the wild site and n = 42 for the captive site; data collected
09:00-14:30).

Behavior Performed Wild Site Captive Site
Bellow 0.94% (n = 3) 0.00% (n =0)
Chumpf 5.31% (n =17) 21.43% (n=9)
Fighting 3.13% (n = 10) 50.00% (n = 21)
Food theft 1.25% (n=4) 0.00% (n = 0)
Growl 46.56% (n = 149) 2.38% (n=1)
Head colliding 3.75% (n =12) 2.38% (n=1)
Headslapping 2.81% (n =9) 0.00% (n =0)
HOTA 29.69% (n =95) 19.05% (n = 8)
Raised posture 1.88% (n = 6) 0.00% (n =0)
Raised snout 3.44 % (n=11) 4.76% (n =2)
Roar 0.00% (n =0) 0.00% (n =0)
Tail wagging 1.25% (n = 4) 0.00% (n =0)
Water dance 0.00% (n = 0) 0.00% (n =0)
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Figure 4. The frequency of the three most commonly observed social behaviors compared between
the captive and wild congregations.
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3.2. General Behaviors

At the wild site, a total of 422 general behaviors were recorded. The most frequently
observed general behavior within the wild congregation was flushing (72.27% of general
behaviors; n = 305 at the wild site and 2.70% of general behaviors; n = 74 at the captive site),
which most often occurred at the same time as human visitor presence at the Deep Hole site.
The death roll behavior was recorded at the wild site while no instances were observed at
the captive site (n = 3 at the wild site and n = 0 at the captive site). At the captive site, 2736
general behaviors were recorded. The most frequently observed general behavior within
the captive congregation were individuals performing high walks (Figure 5; Table 2). In
total, 1973 individual instances were observed of high walking (72.11% of general behaviors;
n =1973).
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Figure 5. The total number of specific general behaviors (color-coded) during each hour of the day
summed across days. The general behavior of the wild congregation is represented in the left plot
and the general behavior of the captive congregation in the right plot. Note that the y-axis limits
are different between the wild and captive congregation plots. Feeding is excluded because food
offerings only occur between 11:30 and 13:27 in the captive congregation, whereas in the wild feeding
may occur at any time.
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Table 2. The proportion of each general behavior at each site, presented as the percentage of each
type of general behavior divided by the total number of general behaviors performed at that site
with behavior counts in parentheses (n = 422 for the wild site and n = 2736 for the captive site; data
collected 09:00-14:30).

Behavior Performed Wild Site Captive Site
Deathroll 0.71% (n = 3) 0.00% (n =0)
Feeding 2.61% (n=11) 25.07% (n = 686)
Flushing 72.27% (n = 305) 2.70% (n = 74)
High walk 18.01% (n = 76) 72.11% (n = 1973)
Low walk 6.40% (n =27) 0.11% (n =3)

High walking (Z = —4.21, p < 0.0001) was observed significantly more often in the
captive congregation compared to the wild congregation (Figure 6). Flushing (Z = 4.55, p <
0.0001) was observed significantly more often in the wild congregation compared to the cap-
tive congregation (Figure 6). The frequency of feeding events was not statistically compared
between congregations, because feeding is regulated by caretakers in the captive setting.

T
I \Vid
I Captive

High Walk Flushing Feeding
General behaviors

Figure 6. The frequency of the three most commonly observed general behaviors compared between
the captive and wild congregations. Feeding opportunities in the captive congregation are regulated
by caretakers.

3.3. Environmental and Human Impacts on Behavior

The frequency of behavioral events, including both social and general behaviors, gen-
erally increased from 9:00 to 12:00 and then decreased in the wild congregation (Figure 7A).
In the captive congregation, the frequency of behavioral events increased from 9:00 to 14:00
(Figure 8A).
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Figure 7. A comparison of trends in behavior, human interactions, and temperature by hour in the
wild congregation. (A) The mean (+SE) number of behaviors (including social and general) divided
by group size per hour by hour of day. (B) The mean (£SE) number of human events (including
humans walking near the water or kayaking) per hour by hour of day. (C) The mean (£SE) hourly
temperature (°C) by hour of day. (D) Relationship between the frequency of alligator behavior
compared to the frequency of human events. The solid line represents a fitted linear model with the
dashed lines representing the 95% confidence interval. (E) Relationship between the frequency of
alligator behavior compared to the air temperature. The solid line represents a fitted linear model
with the dashed lines representing the 95% confidence interval.

Human presence at the wild site (from land or water) generally decreased from the
morning to the afternoon (Figure 7B). Aggressive social behaviors were not observed in
association with human presence at the wild site. Instead, the wild alligators were often
recorded flushing due to human presence. Flushing bouts, that involved more than one
alligator, in response to human interaction occurred an average of 9.9 times per day at
the wild site. A mean of 43.9 individual alligators flushed per day in response to human
activity at this location.

At the captive site, tour groups only occurred between 11:00 and 14:00 (Figure 8B). At
the captive site there was an increase in aggressive social behaviors between the alligators,
such as fighting, when a human caretaker had entered and exited the enclosure. While
the caretaker was present inside the enclosure, the alligators showed defensive behavior
that included but was not limited to hissing, posturing, and flushing. The mean period
of time between the caretaker exiting the enclosure and the first sign of aggressive social
interactions between the alligators was 10 min.

The mean hourly temperature at the wild site was 20.3 &= 0.6 °C and the mean hourly
humidity level was 46.6%. The mean hourly temperature at the captive site was 17.3 + 0.5
°C and the mean hourly humidity level was 52.5%. Temperature generally increased from
9:00 to 14:00 at both sites (Figures 7C and 8C).

At the captive site, there was a positive correlation between human presence and the
frequency of alligator behavioral events, but no statistically significant correlation at the
wild site (Figures 7D and 8D). There was also a positive correlation between the frequency
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of alligator behavioral events and air temperature at the captive site, but no statistically
significant correlation at the wild site (Figures 7E and 8E).
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Figure 8. A comparison of trends in behavior, human interactions, and temperature by hour in
the captive congregation. (A) The mean (£SE) number of behaviors (including social and general)
divided by group size per hour by hour of day. (B) The mean (£SE) number of tour groups per
hour by hour of day. (C) The mean (£SE) hourly temperature (°C) by hour of day. (D) Relationship
between the frequency of alligator behavior compared to the frequency of tour groups. The solid line
represents a fitted linear model with the dashed lines representing the 95% confidence interval. (E)
Relationship between the frequency of alligator behavior compared to the air temperature. The solid
line represents a fitted linear model, with the dashed lines representing the 95% confidence interval.

4. Discussion

Social behaviors were consistently observed more often at the wild site than the
captive site (Figures 2 and 3; Table 1). In particular, growls and HOTA were observed more
often in the wild congregation than the captive (Figure 4). The wild congregation also
exhibited a more diverse social behavior repertoire compared to the captive congregation
(Figure 3; Table 1). More general behaviors were observed in the captive congregation,
but the increase in the performance of general behaviors resulted from the prevalence of a
single behavior, high walking, which dominated the behavioral repertoire of the captive
congregation (Figures 5 and 6; Table 2). Contrary to high walking, flushing occurred
more often in the wild congregation. The frequency of behavioral events of the captive
congregation was influenced by human presence (Figure 8).

The difference in population size between congregations is unlikely to account for the
observed differences in social behavior. Although there were typically more alligators at
the wild site, the average difference in the number of individual alligators (n = 11 which
is 12.3%) is small relative to the difference in the frequency of observed social behaviors
(7.8/hour which is 827% more social behaviors in the wild congregation). Additionally,
the differences in behavior extended far beyond frequency. In the wild congregation, 11
types of social behaviors were observed, while 6 types of social behaviors were observed
within the captive congregation. Of particular interest is the prevalence of growling in
the wild congregation, but not the captive (Figure 4). Growling is hypothesized to be
used for multiple social purposes and may occur in conjunction with or as a component of
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another social behavior [10,11]. Growling can be used by female individuals as a response
to courtship attempts or aggression, although mating behaviors may not have been as
prevalent in the mid-January season in which this study was conducted [11]. However,
this behavior has been recorded by other researchers as most often being performed by
males as a courtship or defensive behavior [10,11]. Growling can also moderate more
aggressive behavior like fighting. While the increased fighting in the captive congregation
was not statistically significant, it is important to consider the occurrence of growling
relative to fighting. In the wild congregation, growling was markedly more prevalent
than fighting (14.9 growls:fighting) than in the captive congregation (0.05 growls:fighting)
(Table 1). Joanen and McNease (1971) observed three out of five large adult male alligators
experienced an increase in the occurrence of aggressive behaviors over the time that they
were living in a captive environment. That observed increase in aggressive behavior, along
with our findings that fighting was the most commonly performed social behavior by indi-
viduals in the captive congregation, suggests that some aspect of the captive environment
is influencing the alligators” aggression levels [6]. In the current study, the differences in
congregation density, habitat structure, and agitation by the entrance of caretakers into
captive enclosures may be the cause of increased aggression in the captive congregation.

The most striking difference in general behavior was the prevalence of high walking in
the captive congregation (n = 1973 at the captive site and n = 76 at the wild site). Considering
both general and social behaviors (excluding feeding), high walking represents 94% of
the observed behaviors in the captive congregation. The elevated high walking behavior
at the captive site may be related to overcrowding and space limitation in the captive
congregation (the wild site is approximately 35 times the size of the captive site). High
walking was observed in the captive congregation on the land area of the enclosure and
typically occurred during basking hours. It was necessary for individual alligators to
perform the high walking behavior during basking hours in order to maneuver over
other alligators on land, though high walking also occurred when not maneuvering over
other alligators. The large difference in congregation density for each site (0.0150/m?
for the wild site and 0.461/m? for the captive site) resulted in less area available for
basking at the captive site than the wild site (Figure 9). High walking in the captive
congregation was akin to wandering; this opposes the wild congregation, where alligators
typically walked directly from the water to a specific spot for basking. The performance
of stereotypic behaviors, like the excessive high walking in the captive congregation, is
typically attributed to environmental stress and a lack of adaptation in individual captive
animals [17]. Stereotypic behaviors, such as high walking without a clear destination can
have negative metabolic consequences beyond the energetic cost of the movement itself, as
such activities result in excess post-exercise oxygen consumption (energy continues to be
consumed after initial locomotive activities) [18].

Figure 9. (a) The basking area of the wild site. (b) The basking area of the captive enclosure, showing
the typical spacing of individual alligators during basking hours.
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The space limitations of the captive enclosure also affected spatial organization of
the alligators. At the wild site, alligators commonly arranged themselves based on a size
hierarchy, with the largest alligators in the Western and Southern basking areas surrounding
the sinkhole whereas the smaller individuals would often be observed basking on the
Eastern shoreline. Alternatively, at the captive site, the basking arrangement was in a
large pile and there did not appear to be a noticeable size hierarchy or organization in the
basking spots. Additionally, direct contact between alligators was commonly observed at
the captive site, but not in the wild. Forms of direct contact included alligators forming
tightly packed basking piles rather than spaced out groups. Movement is also impacted by
the limited area such that alligators commonly crawled over each other, both in basking
areas and in the shallow pond (approximately 2 m deep compared to 41 m depth at the
wild site) [12]. Stress, as measured through differences in plasma corticosterone levels, has
been observed to increase in individual alligators with higher stocking densities in captive
environments and decrease in individual alligators in wild environments [19]. Increased
stress levels as a result of higher stocking density in the captive site could be a contributing
factor to a decrease in social behaviors observed within the captive congregation when
compared to the wild congregation.

Differences in the level of confinement may also contribute to behavioral differences
observed between congregations. Alligators in an estuary environment exhibit high in-
dividual variation in daily movement distance, but travel on average 0.7 to 3.2 km per
day [20]. The observed wild site has a larger area than the captive enclosure and has
connections with the greater Myakka watershed. The connected open space within the wild
site permitted the wild congregation unrestricted movement and migratory opportunities
not available to the captive congregation.

While human presence and interactions are generally considered confounding vari-
ables in behavioral studies, human presence and interactions with captive animals is
commonly intrinsic to housing animals in a captive setting. As such, maintaining a typical
pattern of human presence during the study period is important for evaluating behavioral
differences between alligators living in wild versus captive conditions. Human presence
influenced alligator behavior in both congregations, but the type of influence and magni-
tude differed. Territorial interactions, which were observed as fighting behaviors between
individual alligators within the captive congregation, were observed most often after a
caretaker entered the enclosure. A caretaker’s entrance always elicited multiple hisses from
the alligators, as well as flushing behaviors. Human-induced behavioral changes have
been observed in other captive reptiles, such as disruption in social hierarchical perching
behaviors of black spiny-tailed iguanas (Ctenosaura similis) when humans are close and
make eye contact with the iguanas [21]. In the wild congregation, hissing was not observed
in response to human presence. The typical response in the wild congregation was flushing
and could occur in response to indirect human presence, such as loud speaking voices, hu-
mans walking in basking spots, aircrafts traveling overhead, and kayaks traveling through
the sinkhole. Conversely, indirect human presence outside of the enclosure was not an
observable agitator in the captive site. When humans entered the enclosure there was
a more pronounced disturbance to the captive congregation’s behavior compared to the
wild congregation’s reaction to humans. The differences in response to humans could in
part be related to proximity between humans and alligators. At the wild site, the distance
between human observers and individual alligators was more variable than the captive
site. In rare instances, visitors were observed violating park rules to get in close proximity
to the wild alligator congregation, at times standing or kneeling within one or two meters
of an alligator. In contrast, the captive site had a large barrier that kept tour groups at least
three meters from the alligators, maintaining a predictable distance between the guests and
the alligators. Both the wild and captive congregations responded to human disturbance
when basking by flushing. Alligators are more vulnerable on land, therefore flushing into
the water is prudent when disturbed [22]. The consistent presentation of flushing across
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context when disturbed suggests flushing may be a flight-based species-specific defense
reaction to disturbance [23].

Flushing in response to anthropogenic disturbance interrupts basking, which is es-
sential for an alligator to maintain proper homeostatic internal body temperature and
the elevated body temperature common to reptiles [24,25]. The maintenance of elevated
body temperature during basking hours in reptiles has multiple benefits for the health of
individuals, including the performance of typical behaviors and the continuation of normal
species-specific growth patterns [22]. The performance of a flushing behavior displaces
an individual for a period of time and can therefore negatively impact the individual’s
energy budget, placing limitations on the performance of other activities [22]. Interruptions
to basking behaviors also cause interruptions to the non-rapid eye movement stages of
sleep in alligators, [24]. Behaviors like basking are commonly influenced by temperature
in crocodilians and indeed we observed a positive correlation between the frequency of
behavioral events and temperature at the captive site (Figure 8) [25,26]. Human presence
had a more pronounced effect on the frequency of behaviors performed within the captive
congregation (Figure 8).

Measuring behavioral differences between wild and captive congregations is only one
potential measure of captive animal welfare and should be interpreted with caution [7].
We identified differences between behavior of captive and wild alligators, but welfare
requires multiple indices to build a robust picture [27-29]. Ideally, both physiological and
behavioral measures should be used, such as cortisol levels, autonomic response, circadian
patterns, changes in behavioral repertoire, and stereotypies [30]. We suggest the diminished
frequency of social behaviors, impoverished social behavior repertoire, and pronounced
occurrence of stereotypies in the captive congregation likely represents compromised
welfare. Further study of alligator welfare in captivity is warranted and should consider,
in particular, incorporating physiological measurements, non-winter seasons, different
congregation densities, and tracking individual differences in behavior.

Concern for reptile welfare in zoos has been growing and includes developing methods
to improve welfare [31-33]. One avenue for improving animal welfare is enrichment, such
as changes to habitat structure, adding olfactory cues, active food searches, and behavioral
training for cognitive stimulation [33-36]. Enrichment methods can decrease stereotypies
in captive animals and should be evaluated for improving captive alligator welfare [37,38].
In a study regarding the behavior of captive green sea turtles, researchers discovered that
general behaviors impact social behaviors [39]. Food enrichment decreased aggressive
behavior displayed and significantly reduced the number of bite wounds inflicted by tank
mates [39]. The findings of that study indicate that a change in the general behaviors
performed, such as artificially simulated food foraging behavior, by captive reptiles can
have a connective relationship with social behaviors performed towards one another [39].

Animal welfare is an important consideration when keeping animals in captivity and
care should be taken to assess their welfare and develop species-specific solutions to address
deficits [29,36,40]. For example, in the case of American alligators, which display patterns
of travel in a natural environment, it is essential to maximize space for the performance of
natural locomotive behavior [20].

Despite concerns regarding the welfare of alligators in certain captive environments,
there are numerous benefits of captive care of alligators. First, captive environments
provide an alternative to euthanizing or relocating nuisance alligators that have come in
conflict with humans [41]. Relocation of the alligators is not always successful at resolving
the conflict because of the tendency of relocated alligators to travel back to original capture
sites [42]. Captive alligators which are kept by private owners and surrendered can also be
provided with a living environment if they are unable to be released when habituated to
or raised in a captive environment [41]. Second, alligators in captivity provide unique op-
portunities for scientific research that are not feasible with wild populations. For example,
captive research of alligators led to the discovery of a new species of mycoplasma bacteria
that causes high mortality rates, and an antibacterial treatment was developed [43]. Third,
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alligators in captivity offer excellent educational opportunities. Education on wildlife
conservation is very commonly taught to the public in zoos and aquariums, with particular
programs increasing awareness, avoidance of harmful behaviors towards animal species
conservation, and supportive behaviors towards species conservation [44]. Hands-on edu-
cational intervention in conservation-related education within zoos and related institutions
have been found to retain information learned after an initial educational experience [45,46].
Frequent visitation to zoos increases visitor attitudes, perceptions, and subsequent actions
towards the conservation of animal species [47]. Learning experiences from educational
intervention on species conservation continue to influence some individuals after the initial
lesson [46].

5. Conclusions

Captive alligators, at our study site, displayed fewer social behaviors than wild alli-
gators and wild alligators displayed more variety in social behaviors. These differences
may occur because of a range of factors, such as differences in stocking density, enclosure
structure and size, human proximity and variation in human behavior, and behavioral
variation in individual alligators. Captive alligators also exhibit high-walking stereotypy
behaviors that may indicate compromised welfare and warrant consideration of enrich-
ment methods to improve welfare. Building on our behavioral findings in the future by
incorporating physiological measures will provide a more complete picture of alligator
welfare in captivity.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jzbg3010011/s1, Table S1: Social behavior ethogram; Table S2:
General behavior ethogram.

Author Contributions: Conceptualization, Z.C.W.; data curation—M.C.; formal analysis—M.C. and
AR; investigation—Z.C.W. and H.O.; methodology—Z.C.W. and A.R.; project administration—A.R;
software—M.C. and A R,; supervision—A R,; visualization—Z.C.W., H.O., M.C. and A.R.; writing—
original draft—Z.C.W., H.O. and M.C.; writing—review & editing—Z.C.W.,, HO., M.C. and A.R. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted under the University of South
Florida Institutional Animal Care and Use Committee approval code W IS00008691.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: Observations for this study were recorded under Myakka River State Park
scientific research permit RP-084, permit 12182014. Thank you to the management of Croc Encounters,
John Paner, and the land manager of Myakka River State Park, Stephen Giguere, for granting us access
to observe their alligator congregations. Thank you to Tiffany Doan for reviewing the manuscript
and providing helpful feedback. Thank you to Helene Gold for assisting our literature review and to
Allie Maass for providing feedback on our writing.

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

1. Powell, R.; Conant, R.; Collins, J.T. Peterson Field Guide to Reptiles and Amphibians of Eastern and Central North America, 4th ed.;
Houghton Mifflin Harcourt: Boston, MA, USA, 2016; ISBN 978-0-544-66249-0.

2. Mazzotti, EJ.; Best, G.R.; Brandt, L.A.; Cherkiss, M.S.; Jeffery, B.M.; Rice, K.G. Alligators and Crocodiles as Indicators for
Restoration of Everglades Ecosystems. Ecol. Indic. 2009, 9, S137-5149. [CrossRef]

3.  Elsey, R;; Woodward, A.; Balaguera-Reina, S.A. Alligator Mississippiensis. In The IUCN Red List of Threatened Species; IUCN Global
Species programme, IUCN SSC, and IUCN Red List Partnership: Gland, Switzerland, 2019.

4. American Alligator.

March 2021).

Available online: http://myfwc.com/wildlifehabitats/profiles/reptiles/alligator/ (accessed on 9


https://www.mdpi.com/article/10.3390/jzbg3010011/s1
https://www.mdpi.com/article/10.3390/jzbg3010011/s1
http://doi.org/10.1016/j.ecolind.2008.06.008
http://myfwc.com/wildlifehabitats/profiles/reptiles/alligator/

J. Zool. Bot. Gard. 2022, 3 145

10.
11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.
29.

30.

31.

32.

33.
34.

35.

36.

37.

American Crocodile. Available online: http://myfwc.com/wildlifehabitats /profiles /reptiles /american-crocodile/ (accessed on
22 March 2021).

Joanen, T.; Life, L.W.; Grand Chenier, L. Propagation of the American Alligator in Captivity. J. Wildl. Manag. 1971, 30, 50-56.
Veasey, ].S.; Waran, N.K.; Young, R.J. On Comparing the Behaviour of Zoo Housed Animals with Wild Conspecifics as a Welfare
Indicator. Anim. Welf.-Potters Bar 1996, 5, 13-24.

Inoue, N.; Shimada, M. Comparisons of Activity Budgets, Interactions, and Social Structures in Captive and Wild Chimpanzees
(Pan troglodytes). Animals 2020, 10, 1063. [CrossRef] [PubMed]

Glatston, A.R.; Geilvoet-Soeteman, E.; Hora-Pecek, E.; Van Hooff, J. A.R.A.M. The Influence of the Zoo Environment on Social
Behavior of Groups of Cotton-Topped Tamarins, Saguinus oedipus oedipus. Zoo Biol. 1984, 3, 241-253. [CrossRef]

Vliet, K.A. Social Displays of the American Alligator (Alligator mississippiensis). Integr. Comp. Biol. 1989, 29, 1019-1031. [CrossRef]
Garrick, L.D.; Lang, ].W. Social Signals and Behaviors of Adult Alligators and Crocodiles. Integr. Comp. Biol. 1977, 17, 225-239.
[CrossRef]

Culter, ] K.; Bowen, C.; Ryan, |.; Perry, ].; Janneman, R.; Lin, W. Exploration of Deep Hole, Myakka River State Park, Florida. In
Proceedings of the Joint International Scientific Diving Symposium, Dauphin Island, AL, USA, 24-27 October 2013; pp. 49-60.
Blumstein, D.T.; Anthony, L.L.; Harcourt, R.; Ross, G. Testing a Key Assumption of Wildlife Buffer Zones: Is Flight Initiation
Distance a Species-Specific Trait? Biol. Conserv. 2003, 110, 97-100. [CrossRef]

R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria,
2019.

Fay, M.P,; Shaw, P.A. Exact and Asymptotic Weighted Logrank Tests for Interval Censored Data: The Interval R Package. J. Stat.
Softw. 2010, 36, 102. [CrossRef]

MATLAB, Version 9.10 (R2021a); The MathWorks Inc.: Natick, MA, USA, 2021.

Vaz, J.; Narayan, E.J.; Dileep Kumar, R.; Thenmozhi, K.; Thiyagesan, K.; Baskaran, N. Prevalence and Determinants of Stereotypic
Behaviours and Physiological Stress among Tigers and Leopards in Indian Zoos. PLoS ONE 2017, 12, e0174711. [CrossRef]
Emshwiller, M.G.; Gleeson, T.T. Temperature Effects on Aerobic Metabolism and Terrestrial Locomotion in American Alligators. J.
Herpetol. 1997, 31, 142-147. [CrossRef]

Elsey, R.M.; Joanen, T.; McNease, L.; Lance, V. Stress and Plasma Corticosterone Levels in the American Alligator—Relationships
with Stocking Density and Nesting Success. Comp. Biochem. Physiol. Part A Physiol. 1990, 95, 55-63. [CrossRef]

Fujisaki, I.; Hart, K.M.; Mazzotti, F].; Cherkiss, M.S.; Sartain, A.R.; Jeffery, B.M.; Beauchamp, ].S.; Denton, M. Home Range and
Movements of American Alligators (Alligator mississippiensis) in an Estuary Habitat. Anim. Biotelemetry 2014, 2, 8. [CrossRef]
Burger, J.; Gochefeld, M.; Murray, B.G., Jr. Role of a Predator’s Eye Size in Risk Perception by Basking Black Iguana, Ctenosaura
similis. Anim. Behav. 1991, 42, 471-476. [CrossRef]

Martin, J]. When Hiding from Predators Is Costly: Optimization of Refuge Use in Lizards. Etologia 2001, 9, 9-13.

Bolles, R.C. Species-Specific Defense Reactions and Avoidance Learning. Psychol. Rev. 1970, 77, 32. [CrossRef]

Rial, R.V.; Akaarir, M.; Gamundi, A.; Nicolau, C.; Garau, C.; Aparicio, S.; Tejada, S.; Gené, L.; Gonzalez, J.; De Vera, L.M. Evolution
of Wakefulness, Sleep and Hibernation: From Reptiles to Mammals. Neurosci. Biobehav. Rev. 2010, 34, 1144-1160. [CrossRef]
Smith, E.N. Behavioral and Physiological Thermoregulation of Crocodilians. Am. Zool. 1979, 19, 239-247. [CrossRef]

Boucher, M,; Tellez, M.; Anderson, ].T. Activity Budget and Behavioral Patterns of American Crocodiles (Crocodylus acutus) in
Belize. Herpetol. Conserv. Biol. 2021, 16, 86-94.

Howell, C.P; Cheyne, S.M. Complexities of Using Wild versus Captive Activity Budget Comparisons for Assessing Captive
Primate Welfare. |. Appl. Anim. Welf. Sci. 2019, 22, 78-96. [CrossRef]

Mendl, M. Assessing the Welfare State. Nature 2001, 410, 31-32. [CrossRef] [PubMed]

Warwick, C.; Arena, P; Lindley, S.; Jessop, M.; Steedman, C. Assessing Reptile Welfare Using Behavioural Criteria. Practice 2013,
35,123-131. [CrossRef]

Honess, P.E.; Marin, C.M. Behavioural and Physiological Aspects of Stress and Aggression in Nonhuman Primates. Neurosci.
Biobehav. Rev. 2006, 30, 390-412. [CrossRef] [PubMed]

Alligood, C.; Leighty, K. Putting the “E” in SPIDER: Evolving Trends in the Evaluation of Environmental Enrichment Efficacy in
Zoological Settings. Anim. Behav. Cogn. 2015, 2, 200-217. [CrossRef]

De Azevedo, C.S.; Cipreste, C.F,; Young, R.J. Environmental Enrichment: A GAP Analysis. Appl. Anim. Behav. Sci. 2007, 102,
329-343. [CrossRef]

Eagan, T. Evaluation of Enrichment for Reptiles in Zoos. |. Appl. Anim. Welf. Sci. 2019, 22, 69-77. [CrossRef] [PubMed]

Manrod, ].D.; Hartdegen, R.; Burghardt, G.M. Rapid Solving of a Problem Apparatus by Juvenile Black-Throated Monitor Lizards
(Varanus albigularis albigularis). Anim. Cogn. 2008, 11, 267-273. [CrossRef]

Rose, P.; Evans, C.; Coffin, R.; Miller, R.; Nash, S. Using Student-Centred Research to Evidence-Base Exhibition of Reptiles and
Amphibians: Three Species-Specific Case Studies. |. Zoo Aquar. Res. 2014, 2, 25-32. [CrossRef]

Warwick, C. Important Ethological and Other Considerations of the Study and Maintenance of Reptiles in Captivity. Appl. Anim.
Behav. Sci. 1990, 27, 363-366. [CrossRef]

Fernandez, E.J.; Timberlake, W. Foraging Devices as Enrichment in Captive Walruses (Odobenus rosmarus). Behav. Processes 2019,
168, 103943. [CrossRef]


http://myfwc.com/wildlifehabitats/profiles/reptiles/american-crocodile/
http://doi.org/10.3390/ani10061063
http://www.ncbi.nlm.nih.gov/pubmed/32575533
http://doi.org/10.1002/zoo.1430030307
http://doi.org/10.1093/icb/29.3.1019
http://doi.org/10.1093/icb/17.1.225
http://doi.org/10.1016/S0006-3207(02)00180-5
http://doi.org/10.18637/jss.v036.i02
http://doi.org/10.1371/journal.pone.0174711
http://doi.org/10.2307/1565346
http://doi.org/10.1016/0300-9629(90)90009-H
http://doi.org/10.1186/2050-3385-2-8
http://doi.org/10.1016/S0003-3472(05)80046-6
http://doi.org/10.1037/h0028589
http://doi.org/10.1016/j.neubiorev.2010.01.008
http://doi.org/10.1093/icb/19.1.239
http://doi.org/10.1080/10888705.2018.1500286
http://doi.org/10.1038/35065194
http://www.ncbi.nlm.nih.gov/pubmed/11242027
http://doi.org/10.1136/inp.f1197
http://doi.org/10.1016/j.neubiorev.2005.04.003
http://www.ncbi.nlm.nih.gov/pubmed/16061285
http://doi.org/10.12966/abc.08.01.2015
http://doi.org/10.1016/j.applanim.2006.05.034
http://doi.org/10.1080/10888705.2018.1490182
http://www.ncbi.nlm.nih.gov/pubmed/30052062
http://doi.org/10.1007/s10071-007-0109-0
http://doi.org/10.19227/jzar.v2i1.23
http://doi.org/10.1016/0168-1591(90)90131-V
http://doi.org/10.1016/j.beproc.2019.103943

J. Zool. Bot. Gard. 2022, 3 146

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Fernandez, E.J. Appetitive Search Behaviors and Stereotypies in Polar Bears (Ursus maritimus). Behav. Processes 2021, 182, 104299.
[CrossRef] [PubMed]

Kanghae, H.; Thongprajukaew, K.; Inphrom, S.; Malawa, S.; Sandos, P.; Sotong, P.; Boonsuk, K. Enrichment Devices for Green
Turtles (Chelonia mydas) Reared in Captivity Programs. Zoo Biol. 2021, 40, 407-416. [CrossRef] [PubMed]

Fraser, D.; Weary, D.M.; Pajor, E.A.; Milligan, B.N. A Scientific Conception of Animal Welfare That Reflects Ethical Concerns.
Ethics Anim. 1997, 6, 187-205.

Eversol, C.B.; Henke, S.E.; Ogdee, ].L.; Wester, D.B.; Cooper, A. Nuisance American Alligators: An Investigation into Trends and
Public Opinion. Hum.—Wildl. Interact. 2014, 8, 2. [CrossRef]

Janes, D. A Review of Nuisance Alligator Management in the Southeastern United States. In Proceedings of the 4th International
Symposium on Urban Wildlife Conservation, Tucson, AZ, USA, 1-5 May 1999; University of Arizona: Tucson, AZ, USA, 1999;
pp- 182-185.

Clippinger, T.L.; Bennett, R.A.; Johnson, C.M.; Vliet, K.A.; Deem, S.L.; Or6s, J.; Jacobson, E.R.; Schumacher, I.M.; Brown, D.R,;
Brown, M.B. Morbidity and Mortality Associated with a New Mycoplasma Species from Captive American Alligators (Alligator
mississippiensis). ]. Zoo Wildl. Med. 2000, 31, 303-314. [CrossRef] [PubMed]

Pearson, E.L.; Lowry, R.; Dorrian, J.; Litchfield, C.A. Evaluating the Conservation Impact of an Innovative Zoo-Based Educational
Campaign: ‘Don’t Palm Us Off” for Orangutan Conservation. Zoo Biol. 2014, 33, 184-196. [CrossRef]

Collins, C.; Corkery, I.; McKeown, S.; McSweeney, L.; Flannery, K.; Kennedy, D.; O’Riordan, R. An Educational Intervention
Maximizes Children’s Learning during a Zoo or Aquarium Visit. J. Environ. Educ. 2020, 51, 361-380. [CrossRef]

Collins, C.; Corkery, I; McKeown, S.; McSweeney, L.; Flannery, K.; Kennedy, D.; O'Riordan, R. Quantifying the Long-Term Impact
of Zoological Education: A Study of Learning in a Zoo and an Aquarium. Environ. Educ. Res. 2020, 26, 1008-1026. [CrossRef]
Kleespies, M.W.; Montes, N.A.; Bambach, A.M.; Gricar, E.; Wenzel, V.; Dierkes, PW. Identifying Factors Influencing Attitudes
towards Species Conservation—A Transnational Study in the Context of Zoos. Environ. Educ. Res. 2021, 27, 1421-1439. [CrossRef]


http://doi.org/10.1016/j.beproc.2020.104299
http://www.ncbi.nlm.nih.gov/pubmed/33358744
http://doi.org/10.1002/zoo.21613
http://www.ncbi.nlm.nih.gov/pubmed/33949701
http://doi.org/10.26077/b1jg-hq26
http://doi.org/10.1638/1042-7260(2000)031[0303:MAMAWA]2.0.CO;2
http://www.ncbi.nlm.nih.gov/pubmed/11237136
http://doi.org/10.1002/zoo.21120
http://doi.org/10.1080/00958964.2020.1719022
http://doi.org/10.1080/13504622.2020.1771287
http://doi.org/10.1080/13504622.2021.1927993

	Introduction 
	Materials and Methods 
	Wild Observation Site and Congregation 
	Captive Observation Site and Congregation 
	Behavioral and Environmental Data Collection 
	Data Analysis 

	Results 
	Social Behaviors 
	General Behaviors 
	Environmental and Human Impacts on Behavior 

	Discussion 
	Conclusions 
	References

