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Natural behavior performance in captive animals is traditionally utilized as a
metric to establish welfare states, with an increase in natural behavior associated
with positive welfare. Captive environments, including zoos strive to replicate
ecologically relevant environments that promote species-specific, adaptive
behavior performance. However, spatial restrictions and complex habitats
required by some species create various challenges for zoo staff to implement
management and husbandry practices to achieve this. Some species struggle to
adapt and cope in captive environments, with increased abnormal behavior
performance which may reduce welfare. Other species may adapt to captivity
in novel ways, demonstrating flexibility in their behavior patterns without
compromising welfare. However, research indicating positive behavioral
flexibility in captive animals is sparse. The main aim of this review was to
categorize animals as being fully behaviorally flexible, partially behaviorally
flexible, or behaviorally inflexible. Effect sizes (Hedges' g) were calculated to
compare behavioral categories of animals in the wild and zoo, grouped by
taxonomic Order (Testudines, Primates, Artiodactyla, Psittaciformes and
Carnivora) and ecological traits to determine their level of behavioral flexibility.
Effect sizes were also analyzed to determine behaviors suggestive of good
welfare that were absent in zoo species. Despite variation across all groups,
abnormal behavior was consistently highest in zoo animals, with reproductive
and foraging behaviors most often compromised. Overall, complete positive
behavioral flexibility was suggested in Testudines (potentially a result from
temperature variation to maintain homeostasis), completely migratory species
who are exposed to heterogenous landscapes when traveling long distances, and
for a specific primate, the ring-tailed lemur (Lemur catta) potentially to improve
resource access due to their terrestrial nature. All other groups evaluated
demonstrated partial behavioral flexibility or behavioral inflexibility. Abnormal
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behavior prevalence and reduced foraging and reproductive behaviors in these
groups suggests an inability to adapt to captivity. This necessitates more focused
investigations that identify environmental features or aspects of managed
environments that can meet a species’ needs in the zoo.

KEYWORDS

zoo animal welfare, behavioral flexibility, time activity budgets, zoo animal behavior,
wild and captive animal behavior

Introduction

Performance of “natural behavior” has widely been utilized as a
measure of welfare states (Clubb and Mason, 2007; Hill and Broom,
2009) and may be defined as “behavior that animals tend to exhibit
under natural conditions” (Bracke and Hopster, 2006). Natural
behavioral repertoires may be used to inform decisions regarding
the environment provided for captive animals to make judgment on
physical health and maintain positive welfare states (Fraser and
Weary, 2021). Further, application of behavioral frameworks, such
as Tinbergen’s Four Questions are necessary to encourage objective
measurement of animal welfare by understanding the function and
adaptive benefits of behavior performance (Kelly and Rose, 2024).
Repertoires predominated by species-appropriate behavior
including play and affiliative behavior, such as allogrooming in
primates may suggest positive emotional states and good welfare
(Boissy et al., 2007; Miller et al., 2020; Yates et al., 2022). When
captive animals are accommodated within environments that
enable the performance of species-specific behaviors and enable
behavioral choice, it positively influences their welfare (Veasey,
2006; Boissy et al., 2007; Brando and Buchanan-Smith, 2018).
Environments that involve complex tasks like moving through
tough terrain to access forage provide positive challenge, or
eustress and promote behavioral diversity and thus, welfare
(Villalba and Manteca, 2019). However, there is currently little
research to indicate which behaviors are deemed important, or
indeed not important in terms of promoting welfare in captivity.
This review will compare behavioral repertoires of animals in the
wild and the zoo to understand whether key ecologically relevant
behaviors, such as foraging and exploration are replaced by those
indicative of reduced welfare states (e.g., abnormal behavior)
in captivity.

Modification of captive environments in line with an animal’s
natural history and ecology, including social configurations and diet
breadth may promote welfare, based on the inference that natural
behaviors performed increase and abnormal behaviors decrease
(Spain et al., 2020). Sociality can be integral to behavioral
development and learning which influences reproductive success
in wild animals (Brakes, 2019). In zoo mammals, suboptimal group
configurations may lead to reduced reproductive success and
increased abnormal behavior performance (Price and Stoinski,
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2007). Thus, welfare outcomes in captive animals may be
influenced by how closely social structures are mimicked when
compared with wild counterparts (Carlstead et al., 2013).
Simulating morphological and mechanical responses in captive
animals through diet presentation may benefit welfare. For
example, feeding calf carcasses to zoo felids decreases the
presentation of stereotypical behaviors (Hartstone-Rose et al,
2014). Providing food to captive animals using methods that
mimic wild feeding strategies may encourage natural behaviors
and promote well-being (Skibiel et al., 2007).

Components of an animal’s ecology, including migratory and
activity patterns may be challenging to provide and not easily
replicated in the captive environment. For example, migratory
species may be exposed to high level of habitat complexity due to
traversal through different environments (De Azevedo et al,, 2023).
The rapid onset and uniqueness of the associated complexity make
it difficult to replicate in captivity (Harbicht et al., 2020; Bandeli
et al, 2023). Species that are highly migratory may therefore be
predisposed to negative welfare when housed in captivity compared
to those that do not migrate (Rose et al., 2017).

Diel activity (i.e. activity patterns performed over a 24-hour
period) exhibited by animals can be disrupted due to exogenous
variables, including zoo opening hours, conspecific interactions,
inadequate exhibit design and the presence of humans (Forthman
and Bakeman, 1992; Margulis et al,, 2003; Gupta et al., 2022;
Chiapero et al, 2021). Replicating the day and night activity
patterns of wild animals is reliant on being able to control such
factors in the captive environment. Further, animal care staff
working patterns can restrict timings of food provision and may
not reflect natural feeding patterns across species (Brando et al,
2023). Therefore, implemented systems should promote natural
foraging patterns that align with wild conspecifics. Diurnal
mammals in zoos, including chimpanzees (Pan troglodytes) may
exhibit increased inactivity due to heightened visitor presence
(Queiroz and Young, 2018), which could indicate poor welfare
Fureix and Meagher, 2015). However, inactivity can be due to
contentment (Tallo-Parra et al,, 2023) and so normal activity
patterns should be considered when making behavioral
assessments of welfare. Further, other potential stressors in
captivity such as anthropogenic noise pollution may far exceed
what animals are exposed to in the wild and thus, compromise
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welfare. For example, intense noise associated with construction
activities caused behaviors indicative of agitation in giraffes (Giraffa
camelopardalis) and elephants (Elephas maximus), including
vigilance and abnormal behaviors (Jakob-Hoft et al., 2019).
However, behavioral responses to altered soundscapes varies
across species (Harley et al., 2022) and research on the associated
welfare impacts is scarce in many taxa.

Animals accommodated in unstimulating captive environments
may develop inflexible behavioral repertoires through reduced
neural pathway development (Burn, 2017) and perform abnormal
repetitive behaviors (ARBs) which are either motor based
(stereotypic) such as pacing in felids or redirected goal orientated
(Garner, 2006), including feather-destructive behavior in
Psittaciformes or oral stereotypies in the giraffe (Giraffa
camelopardalis), a specialist herbivore. When captive
environments lack the provision of ecologically relevant features,
animals may channel their motivation toward abnormal behaviors,
including stereotypies (McPhee and Carlstead, 2010). Complexities
associated with adequately housing primates in zoos, and
socioecological differences across species may cause reduced
behavioral flexibility. Behavioral inflexibility reduces an animal’s
ability to cope (Gaillard et al., 2014), thus limiting resilience and
environmental adaptation which compromises welfare (Colditz and
Hine, 2016). Some species may be able to respond to challenges in
novel ways, demonstrating positive flexibility in behavioral
repertoires. For example, zoo chimpanzees thermoregulate and
maintain homeostasis by performing novel shade-seeking
behaviors compared to wild conspecifics which utilize natural
canopy gradients (Duncan and Pillay, 2013). Homeostatic
mechanisms are essential processes that allow animals to adapt to
changing external conditions (Beaulieu, 2024), and disruption to
these states causes physiological imbalances, thus reducing welfare
(Ritskes-Hoitinga and Strubbe, 2007). This suggests that when
exposed to novel challenges, some species can cope through
exhibiting flexibility in behavioral repertoires and elicit behavioral
responses that infer adaptability to their external environment.
Some species may display partial behavioral flexibility, in which
there are differences in the performance of some behaviors, but key
behaviors are still performed, and welfare is not compromised. For
example, despite the importance of hunting behaviors in wild Amur
tigers (Panthera tigris altaica), providing novel methods that enable
acquisition of food through foraging opportunities promotes
positive experiences without compromising welfare (Veasey,
2020). Even though behaviors my not reflect those in the wild,
the motivation is still rewarded, and partial behavioral flexibility is
inferred. Despite growing interest in proximate mechanisms
underlying behavioral development, there is limited evidence
identifying which animals, apart from primates, exhibit behavioral
flexibility (Plotnik and Jacobson, 2022).

To better understand how species may respond to captive
environments and features of enclosure design that promote
animal health and welfare (Bartlett et al., 2024), multi-zoo
behavioral research is beneficial. Further, multi-zoo research may
also help in ascertaining interspecific behavioral flexibility across
captive populations. For example, Carlstead et al. (1999) found that
male black rhinoceros (Diceros bicornis) across zoos were more
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reproductively successful when displaying adaptable behavioral
traits. To quantify the proportion of time that animals dedicate to
different behaviors, time-activity budgets may be utilized.
Historically, activity budgets have been used in wild and zoo
contexts to evaluate species responses to different environmental
factors including food access and provision (Bekoft and Wells,
1981) and habitat and enclosure use (Mahler, 1984; Quick and
Pappas, 1986; Paulus, 1988). Further, analyzing wild species activity
budgets function as useful reference points to evaluate behaviors
performed in zoo conspecifics and help understand what behaviors
are acceptable (Rose and Riley, 2021). However, in many species
there is a paucity in wild behavioral data available and may not be
truly representative of a wild population. For example, despite
primates being popular candidates for behavioral studies in the
z00, wild data are scarce (Howell and Cheyne, 2019) and in species
including felids, activity budgets are often focused on post-release
monitoring of ex situ populations (Hayward and Hayward, 2007;
Ruble et al., 2022).

Ring-tailed lemurs (Lemur catta) are known for exhibiting high
levels of terrestrial behavior (Gould and Sauther, 2007) with strict
female dominant hierarchies (Peragine et al., 2016). The likely cause
of their prevalence in the literature is due to their popularity as a zoo
exhibit species (Baker et al., 2018), and the scale of conservation-
focused research performed on their wild populations (Caselli et al.,
2022). Due to the availability of multiple zoo and wild behavioral
studies in ring-tailed lemurs, they were considered a suitable species
to focus on in this review.

The main objective of this review is to identify potential
flexibility in the behavioral repertoires of species grouped by
taxonomic Order and ecological trait kept in captivity, and to
determine which of these behaviors are inflexible (i.e. welfare is
poor if behaviors performed in captivity are different to the wild),
partially behaviorally flexible (i.e. some key behaviors must be
provided for, but deviation from wild behavioral repertoires does
not reduce welfare) and completely positively behaviorally flexible
(i.e. large differences in captive behavioral repertoires compared to
the wild does not negatively impact welfare) in the zoo. This will aid
in identifying animals that may be more susceptible to the
challenges associated with captive environments, thus informing
on management practices to meet animal needs. It is predicted that
behaviors suggestive of poor welfare states will replace ecologically
relevant behaviors in species grouped by taxonomic Order or
ecological trait, indicating behavioral inflexibility and an inability
to adapt to novel captive environments.

Materials and methods

Literature search, inclusion criteria and
data extraction

To analyze data on time-activity budgets performed by species
in the zoo and in the wild, a quantitative review was conducted. All
studies were screened manually to ensure that they included an
activity budget of the species, either as a percentage, or units of time
that were converted to a percentage. Literature searches were
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conducted using Web of Science Core Collection and repeated
using Google Scholar to find any articles from institutions not
identified in Web of Science Core Collection. In the databases, the
following were searched with combinations of the following search
terms: behav*, repertoire, compare, zoo, natural, captivity, welfare,
stereotypical, stereotypies, activity, budget, ethogram and inventory.
The reference list of relevant papers were scanned to identify studies
that were initially missed, and four that included activity budgets
were identified and contributed to the pooled data, as per Bell et al.
(2009). Searches for relevant papers were conducted periodically
from December 2021 until July 2023. PRISMA guidelines (Moher
et al., 2009) were used to identify all original and unpublished
papers related to activity budgets of species in captivity and in the
wild (Figure 1). In the final dataset, activity budgets were extracted
from papers which focus either on wild or zoo animals, due to a
scarcity of published studies where wild and zoo comparisons are
combined in the same paper. Due to this, and because it is not likely
that differences in activity budgets from the selected species would
have an influence on whether the studies would be published,
publication bias calculations were not conducted for this review.
The complete PRISMA checklist is shown in Supplementary
Appendix S1.

In total, 1,042 papers were returned using combinations of the
search terms with 72 papers in total and 104 activity budgets
included in the final dataset after excluding studies using “semi-
captive” or “semi-wild” environments as these may cause behavioral
alterations due to external influences such as human interaction (Al
Hakim et al., 2022). Due to higher levels of activity typically
observed in juvenile animals (Ali et al, 2024), activity budgets
where juveniles predominate were excluded. Abnormal behavior

10.3389/fetho.2025.1517294

performance associated with previous captive environments, meant
that captive-origin wild animals were also excluded from the dataset
(Dunston et al.,, 2016). To gain a better understanding of behavioral
differences between conspecifics in the wild and zoo, multi-
institutional zoo studies and multiple wild studies analyzed
for lemurs.

The database that shows all papers included in the quantitative
review can be found at: 10.6084/m9.figshare.25883830.

Species activity budgets were grouped by taxonomic Orders;
Testudines (n=12), Primates (n= 23), Artiodactyla (n=18),
Psittaciformes (n=11) and Carnivora (n= 30). Species were
grouped by taxonomic Order because species-specific activity
budgets in both the zoo and wild are small in number. Activity
budgets from other taxonomic Orders were extracted, but due to
only including a maximum of two per Order, they were only
included in analyses of ecological variables. Each activity budget
was categorized based on whether it was from animals in the wild or
the zoo and ecological variables for each species were included in
the dataset: migratory patterns, activity patterns, sociality and diet
breadth and categorized as shown in Table 1.

The complete ethogram for all included species and associated
categories for each, adapted from all published papers are shown in
Supplementary Table S1.

Ring-tailed lemurs (Lemur catta), hereafter referred to as
‘lemurs’, were included as a case study due to the availability of
both zoo and wild activity budgets for this species. This allowed for
a comprehensive evaluation of wild and captive time budgets, which
was not feasible for other species. Once all data were reviewed only
for one specific species could further evaluation of wild and captive
time-budgets be performed fully. For lemur data, a larger number of

( Identification of studies via databases and registers ( Identification of studies via other methods )
—
=
Tt i Records removed before
% Reﬁﬁ/’é‘g mﬁzﬂ:&m& 549) Screening. Records identified from:
£ Google Scholar (n = 493) ::. =102) fecorcs Citation searching (n = 4)
3
L l
Records screened Records excluded
(n=1042) (n=959)
Reports sought for retrieval Reports not retrieved Reports sought for retrieval
2 (n=83) (n=0) (n=4)
. Reports excluded: e
Reports assessed for eligibility epﬁo dae:‘a of interest (n = 10) Reports assessed for eligibility
(n=83) "|  Studies on semi-wild species (h=4)
(n=2)
Studies on semi-captive
species (n =2)
Studies on juvenile animals
only (n=1)
— Studies in semi-wild
environments (n=1)
Studies included in review
(n=71)
< Reports of included studies
£ (n=71)

FIGURE 1

Identification of literature following the Page et al. (2021) method for using a PRISMA flowchart.
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TABLE 1 Ecological variables and definitions for the associated ecological variable category.

Ecological variable

Ecological

variable category

Definition

Migratory pattern

Partial migration

Some individuals within a species or population will migrate and others are sedentary.

Non-migratory

All individuals within a species or population are resident.

Complete migration

All individuals within a species or population migrate.

Activity pattern Diurnal Active during the day and sleep or are inactive at night.
Nocturnal Active during the night and sleep or are inactive during the day.
Crepuscular Primarily active during dawn and dusk, or the twilight period.
Sociality Solitary Animals that live alone, with the exception of pairs or small groups for mating or rearing
of young.
Presocial Animals that live in small family groups consisting of parents and offspring or small family groups
of the same generation.
Eusocial Animals that live in large multigenerational groups or colonies.

Diet breadth

Generalist carnivore

Generalist omnivore

Generalist herbivore

Animals that feed predominantly on a range of meat origin foods.
Animals that feed on a range of both meat and plant origin foods.

Animals that feed predominantly on a range of plant origin foods.

Specialist herbivore

Animals that feed on specific foods of plant origin.

activity budgets were available across multiple wild environments
(n= 5, 310 data points) and zoos (n= 4, 248 data points) and were
extracted. The complete lemur ethogram, adapted from the papers
that wild and zoo data were extracted, is shown in Supplementary
Table S2. Subsequently, literature searches were conducted using
Web of Science Core Collection and Google Scholar to review lemur
ecology and behavior in the wild to determine the level of flexibility
in their behavioral repertoires.

Across taxonomic Orders, ecological variables and those with
multiple activity budgets, animals were categorized as follows:
behaviorally inflexible- welfare will be poor if the behavioral
repertoire is different in the zoo from that of the same species in the
wild; partially behaviorally flexible- some key activities must be
provided for, however if some behaviors are different in the zoo than
the wild, welfare is not negatively impacted; fully behaviorally flexible-
despite not performing all natural behaviors and with a change in
behavioral repertoire, the species still experiences good welfare.

Statistical analyses

In total, 6,324 data points were collected from the 104 activity
budgets analyzed from 72 studies. All statistical analyses were
performed with R v.4.3.2 (R Core Team, 2023) using RStudio v.
2023.06.1 + 524 (RStudio Team, 2023). To test the effect of behavioral
differences in animals grouped by taxonomic Order (Testudines,
Primates, Artiodactyla, Psittaciformes and Carnivora) and ecological
trait (migratory patterns, activity patterns, sociality and diet breadth)
in the zoo and the wild, effect sizes were calculated using the “eftsize”
package (Torchiano, 2016) in R (R version 4.3.2; R Core Team, 2023).
As Cohen’s d can inflate effect size estimates when sample sizes are
low (i.e., N < 20; Hedges, 1981), Hedges” g was used which applies a
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correction factor to Cohen’s d:

8= [(mwild - mzuo) / 8} * [1 - (3 / (4 * (df) - 1))]

where g is the calculated effect size, 11,4 is the mean calculated
in the wild, m,,, is the mean calculated in the zoo, and & is the
standard error (Cohen, 1988), whereas df are the degrees of freedom
for two independent groups (i.e., nl + n2 - 2). For interpretation of
Hedges™ g, effect size values of 0.2, 0.5 and 0.8 equate to small,
medium, and large effect respectively (Nakagawa and Cuthill, 2007).
The 95% confidence intervals (CI), lower 95% confidence intervals
(LCI) and upper 95% confidence intervals (UCI) represent the
range of values that with 95% certainty the mean will fall within
were also reported. Abnormal behaviors are not typically present in
wild animals (Bacon, 2018) and include stereotypies and bar
pecking in the dataset. The inclusion of abnormal behaviors in
the analysis enabled the effect size to be calculated to give an
indication of how commonly they are performed in the zoo. This
could also be used to determine whether abnormal behaviors
replaced other behavioral categories suggestive of positive welfare.

To test for significance between mean behaviors performed in
lemurs, all behaviors were analyzed using two sample t-tests with an
alpha value of 0.05. Bar charts with standard deviation depicting full
activity budgets of lemurs in the wild and the zoo were also constructed.

Results

Comparison of behaviors grouped by
taxonomic order

As illustrated in Figure 2, in Testudines, the effect of exploratory
(Hedges’ g, 95% ClIs [LCI, UCI]: -1.19 [-2.65, 0.27] and out of sight,
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FIGURE 2

The overall effect of the wild versus zoos on the mean effect size (95% Cls) for all dependent variables (behavior categories) in (A) Testudines,
(B) Primates, (C) Artiodactyla, (D) Psittaciformes and (E) Carnivora. Negative numbers indicate a decrease in the variable in wild animals relative to

z00 animals, and vice versa for positive numbers.

hereafter termed “OOS” behavior (Hedges™ g, 95% C.Is [LCI, UCI]:
—1.19 [-2.65, 0.27] were the largest in zoo animals, relative to those in
the wild. In Primates, the effect size in foraging behaviors (Hedges’ g,
95% CIs [LCI, UCI]: -1.19 [-2.65, 0.27] was the largest in wild
animals, relative to the wild. In Artiodactyla, the effect size in positive
social behavior (Hedges” g, 95% ClIs [LCL UCI]: -0.71 [-1.71, 0.31]
was the largest, followed by agonistic behavior (Hedges’ g, 95% Cls
[LCL UCI]: 0.7 [-1.7, 0.3] both in zoo animals, relative to the wild.
In Psittaciformes, after OOS (Hedges” g, 95% CIs [LCI, UCI]: -1.35
[-2.78, 0.075], the largest difference was in agonistic behavior
(Hedges’ g, 95% ClIs [LCI, UCI]: —1.03 [-2.41, 0.34]. In Carnivora,
the largest difference was in reproductive behavior (Hedges™ g, 95%
CIs [LCL UCIJ: 0.81 [-0.07, 1.69].

Reproductive behavior was more common in the wild, but so
was agonistic behavior and their absence in the zoo was replaced in
part with exploratory behavior. However, OOS was commonplace
in the zoo and therefore some key behaviors may not be represented
in the data. Similar results are seen in Artiodactyla, however
agonistic behaviors occur more in zoo species. In Psittaciformes,
large effect sizes for agonistic and abnormal behavior are replaced
by foraging and reproductive behaviors in the wild. Again, it should
be noted that a large effect size for OOS behaviors in the zoo are also
reported, so some behaviors in the zoo are not accounted for. The
results for behavioral categories in Primates show a large positive
effect in foraging behavior and strong negative effect in both
agonistic and positive social behaviors.

Comparison of behaviors in animals
grouped by migratory patterns

Figure 3 indicates a large effect size in agonistic behavior in non-
migratory (Hedges’ g, 95% C.Ls [LCIL, UCI]: -0.48 [-0.98, 0.017] and
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complete migratory species (Hedges” g, 95% CIs [LCI, UCI]: —0.94
[-1.91, 0.035], being more common in zoo animals compared to
those in the wild. In partially migratory species, the difference in
agonistic behavior was also large (Hedges’” g, 95% CIs [LCI, UCI]:
—0.84 [-2.14, 0.47] and more prevalent in zoo animals, but was
predominated by vigilance behavior (Hedges’ g, 95% CIs [LCI,
UCI]: -1.8 [-3.28, -0.34]. Interestingly, this was followed by
exploratory behavior in partially migratory species (Hedges’ g,
95% CIs [LCI, UCI]: -1.61 [-3.04, -0.18], but in non-migratory
species exploratory behaviors were more common in wild animals
(Hedges™ g, 95% ClIs [LCI, UCI]: 0.09 [-0.12, 0.31], however the
effect size was small. Abnormal behavior was also prevalent in zoo
animals that were partially migratory (Hedges’ g, 95% C.Ls [LCI,
UCI]: -0.84 [—-2.15, 0.47]. In each category, reproductive behaviors
are compromised in the zoo, and in partially and non-migratory
animals abnormal and agonistic behaviors are more prevalent in
z0os. However, abnormal behavior was not present in complete
migratory species in the zoo.

Comparison of behaviors in animals
grouped by activity patterns

The results in Figure 4 indicate that in diurnal species, there was
a medium effect size is in agonistic behaviors (Hedges’ g, 95% Cls
[LCL, UCI]: 0.6 [-1.1, -0.13] being more prevalent in zoo animals
compared to the wild. Perhaps unsurprisingly, human interaction
behaviors (Hedges™ g, 95% Cls [LCI, UCI]: —0.46 [-0.92, 0.0065]
were more common in zoo animals, as were abnormal behaviors
(Hedges’ g, 95% ClIs [LCL, UCI]: -0.22 [-0.51, 0.072] although the
effect size was small. In nocturnal species, the largest effect size was
in vigilance behavior (Hedges™ g, 95% CIs [LCIL, UCI]: 1.29 [0.49,
2.1], which was more common in wild animals compared to the
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The overall effect of the wild versus zoos on the mean effect size (95% Cls) for all dependent variables (behavior categories) in (A) partially migratory,
(B) non-migratory and (C) complete migratory species. Negative numbers indicate a decrease in the variable in wild animals relative to zoo animals,

and vice versa for positive numbers.

FIGURE 4

The overall effect of the wild versus zoos on the mean effect size (95% Cls) for all dependent variables (behavior categories) in (A) diurnal,
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z0o. In zoo nocturnal animals, vocalization behavior (Hedges’ g,
95% CIs [LCI, UCI]: -0.5 [-1.87, 0.86] is the most common
compared to wild species. In crepuscular species, the largest effect
size was in vigilance behavior (Hedges” g, 95% Cls [LCI, UCI]: 0.94
[-0.11, 2] and was more common in wild animals. However, it is
noted that the large positive effect size for “not specified” behaviors
(Hedges’ g, 95% CIs [LCI, UCI]: 0.9 [-0.15, 2] in crepuscular
animals means it is difficult to draw more accurate conclusions
regarding behavioral repertoires in wild species. In diurnal species
there was a negative, small effect and in nocturnal and crepuscular
species there was a negative, medium effect for abnormal behaviors.
In diurnal and nocturnal species, medium negative effects were
reported for OOS occurrences. Conversely, in crepuscular species a
large positive effect was reported for OOS occurrences and
unspecified behaviors.

Comparison of behaviors in animals
grouped by sociality

Figure 5 illustrates that the largest effect size in solitary species
was inactive behaviors (Hedges’ g, 95% CIs [LCI, UCI]: —0.82
[-1.66, 0.021], indicating higher levels of inactivity in zoo animals
compared with wild counterparts. This is followed by human
interaction (Hedges’ g, 95% ClIs [LCI, UCI]: —0.57 [-1.31, 0.16],
which was more prevalent in zoo animals. In presocial species, effect
sizes are small for each behavioral category. However, the largest
effect size was in foraging behaviors (Hedges’ g, 95% CIs [LCI, UCI]:
0.41 [0.1, 0.72], which are more common in wild animals compared

10.3389/fetho.2025.1517294

with zoo counterparts. In eusocial species, the largest effect size is in
agonistic behaviors (Hedges’ g, 95% Cls [LCI, UCI]: —0.71 [-1.45,
0.033], and these were more common in zoo animals compared to
wild counterparts. In all remaining behaviors, with the exception of
“not specified” and OOS categories, all effect sizes were small.

High levels of inactivity, and agonistic and abnormal behaviors
in zoo solitary species suggests behavioral inflexibility. Presocial
species may demonstrate some behavioral flexibility in the zoo due
to overall low effect sizes across all behaviors, however foraging and
reproductive behaviors are compromised compared to wild
counterparts. Perhaps unsurprisingly, agonistic behaviors are
more commonplace in zoo eusocial species and similar to
presocial animals, foraging and reproductive behaviors are
observed more in wild animals. However, abnormal behaviors are
observed in presocial and eusocial species which suggests that some
species may struggle to adapt to zoo environments.

Comparison of behaviors in animals
grouped by diet breadth

Figure 6 indicates that in generalist carnivores, the largest effect
sizes were in vocalization (Hedges’ g, 95% CIs [LCI, UCI]: —0.46
[-1, 0.072] and agonistic behaviors (Hedges’ g, 95% CIs [LCI, UCI]:
-0.4 [-1.16, 0.38], both being prevalent in zoo animals compared to
wild counterparts. Similarly, in generalist omnivores the largest
effect size was in agonistic behaviors (Hedges’ g, 95% Cls [LCI,
UCI]: —0.72 [-1.47, 0.031], also being more common in zoo
animals. In generalist herbivores, the largest effect size is in
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FIGURE 5

The overall effect of the wild versus zoos on the mean effect size (95% Cls) for all dependent variables (behavior categories) in (A) solitary,
(B) presocial and (C) eusocial species. Negative numbers indicate a decrease in the variable in wild animals relative to zoo animals, and vice versa for

positive numbers.
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The overall effect of the wild versus zoos on the mean effect size (95% Cls) for all dependent variables (behavior categories) in (A) generalist
carnivores, (B) generalist omnivores, (C) generalist herbivores and (D) specialist herbivores. Negative numbers indicate a decrease in the variable in

wild animals relative to zoo animals, and vice versa for positive numbers.

positive social behaviors (Hedges’ g, 95% ClIs [LCI, UCI]: -0.7
[-1.15,-0.26], which were more common in zoo animals, relative to
those in the wild. Finally, identical large effect sizes (Hedges’ g, 95%
CIs [LCI, UCI]: —-2.18 [3.98, -0.38] were observed in exploratory,
vocalization and abnormal behaviors in specialist herbivores, being
observed more commonly in zoo animals. However, only 14 activity
budgets represented this category, and therefore the effect sizes may
be slightly inflated.

Despite exploratory behaviors being more commonly performed
in wild generalist carnivores, a small effect size across all behavioral
categories including abnormal behaviors suggests full behavioral
flexibility in the zoo. The effect sizes in generalist omnivores and
generalist herbivores draw similarities, with foraging and
reproductive behaviors prevalent in wild animals and higher levels
of agonistic behavior in the zoo. Despite exploratory behavior being
more common in zoo animals, abnormal behaviors were also
observed which suggest partial behavioral flexibility. A very large
effect size in abnormal behaviors for specialist herbivores in the zoo
indicates that they may be behaviorally inflexible, although the
sample size was small (n= 14).

Overall, these results indicate that although animals grouped by
taxonomic Order and ecological trait demonstrate varying levels of
behavioral flexibility, reproductive and foraging behaviors are
mostly absent in the zoo compared to other behavior categories.
In some groups of animals such as the partially migratory, presocial
and specialist herbivore groups, these behaviors are replaced by
those suggestive of poor welfare, including agonistic and
abnormal behaviors.
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Activity budgets in ring-tailed lemurs

Due to the prevalence of (ring-tailed) lemur data within the
available literature, this species was further analyzed to understand
trends and patterns in behavioral performance between the wild
and the zoo. For both wild and zoo lemurs, resting was the most
commonly performed behavior as illustrated in Figure 7. Resting
occurred more in wild lemurs (52%) compared to zoo lemurs
(33%). In wild lemurs, the next most common behavior was
eating (24%), compared with sitting in zoo lemurs (13%).
Sleeping, alert, exploration, aggression and staring behavior was
not recorded in any of the wild lemurs and scent marking was the
least common behavior in zoo lemurs (0.08%).

The results in Table 2 indicate that there was no significance in
the behaviors performed by wild and zoo lemurs when comparing
average activity budgets in the two conditions. However, foraging
behavior approaches significance, making up a larger proportion of
activity in the wild compared to zoo lemurs.

Discussion

The aim of this quantitative review was to identify, by analyzing
time-activity budgets, which behaviors suggestive of positive welfare
may be absent in zoo species and thus should be encouraged in
captivity. Further, the research aimed to determine the flexibility of
time-activity budgets in captive species compared with their wild
counterparts and thus, categorize them as either behaviorally
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FIGURE 7
Average (+/- SD) % activity budgets in wild and zoo lemurs.

inflexible, partially behaviorally flexible, or fully behaviorally
flexible according to the effect sizes of behavioral categories.

Behavioral flexibility by taxonomic order

The results indicate that for all analyzed groups, abnormal
behaviors are prevalent in zoo species and appear to replace

TABLE 2 The effect of wild and zoo environments on both behavioral
performance and occurrences of “out of sight” in lemurs.

Behavior t(df) Df P value
Locomotion -0.75 3 0.51
Resting 1.59 3 0.21
Sleeping -1 3 0.39
Sitting -1.12 4 0.32
Alert -1 3 0.39
Grooming -0.04 4 0.97
Eating 2.12 3 0.12
Foraging 1.58 7 0.08
Conspecific interaction -0.93 4 0.4
Aggression -1.19 3 0.32
Scent marking -1.57 3 0.21
Staring -1 3 0.39
Out of sight -1 3 0.39
Not specified -1.7 3 0.18
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reproductive and foraging behaviors, inferring reduced behavioral
flexibility. Further, agonistic behaviors were performed more in zoo
Primates, Artiodactyla and Psittciformes compared to their wild
counterparts. These behavioral categories may be associated with
increased stress and compromised welfare (Wiepkema and
Koolhaas, 1993; Manteca et al, 2016) and suggest reduced
behavioral flexibility in the zoo. In all analyzed taxonomic Orders,
the largest difference in both abnormal and agonistic behaviors
between the wild and zoo was in Psittaciformes. Cognitive ability
may be a risk factor for the development of abnormal behavior in
captivity. Zoo-housed parrot species with larger brains relative to
body size demonstrate oral and whole-body stereotypy
susceptibility (Mellor et al., 2021). Further, reduced foraging
behaviors in zoo Psittaciformes suggests that opportunities to
promote such behaviors are not successfully provided in captivity.
Implementing enrichment programs may promote foraging activity
in parrots, however the duration spent on such behavior is not
representative of wild conspecifics (Van Zeeland et al., 2013) and
species atypical behaviors subsequently increase (Rodriguez-Lopez,
2016). This study therefore indicates that Psittaciformes may be
behaviorally inflexible, suggesting that they struggle to cope in
captive environments when deviating from natural behavioral
repertoires. Future studies should explore the application of
species-focused enrichment programs and environmental factors
that can satiate the behavioral needs of zoo Psittaciformes and
maintain captive well-being (Mellor et al., 2021).

Primates, like Psittaciformes are known for high levels of
cognitive ability across species (Marino, 2002). This necessitates
increased environmental complexity, space and social
configurations for captive species to provide for their
socioecological and behavioral needs (Poole, 1991; Ross and
Shender, 2016). However, this study demonstrates a prevalence of
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abnormal behaviors in zoo primates, which may manifest due to
impoverished housing conditions (Honess and Marin, 2006).
Additionally, agonistic behaviors are more commonplace in zoo
primates compared to the wild. Features of the zoo environment
including human presence, restricted space, disturbances to social
dynamics and changes to social and reproductive status may
influence these behaviors (Davis et al., 2009). Environmental
enrichment programs are implemented to ameliorate detrimental
behaviors. Despite research on the effects of environmental
enrichment being skewed toward primates (Brereton and Rose,
2022), there is still a lack of consensus on programs that can best
promote their well-being (Bennett et al., 2014; Brando et al., 2023).
The complexities around adequately housing primates in zoos align
with the findings of this review, indicating that they are behaviorally
inflexible, with deviation from natural behavior repertoires leading
to an increase in behaviors linked to negative welfare. However,
differences such as socioecological characteristics across species
(Clutton-Brock and Janson, 2012) warrants further investigation
to confirm which species are more susceptible to the negative effects
of captivity.

Human interaction behaviors were present in zoo Primates,
Psittaciformes and Carnivora. In combination with increased noise
levels, human presence can induce stress in primates (Hashmi and
Sullivan, 2020). However, research by Cairo-Evans et al. (2022)
suggests that visitor presence does not impact behavioral indicators
of welfare in primates, and that they do not actively withdraw from
crowds. In fact, an inverse correlation was observed in decreasing
abnormal behaviors and increase in visitor correlation in rhesus
macaques (Macaca mulatta) (Sharma et al., 2023). Additionally, the
effect size of human interaction behaviors on Primates was
measurably small for species included within this study and
therefore it cannot be concluded if the impact of visitors was
positive, neutral or negative. Research into the ‘visitor effect’ often
focusses on primate species, however, there has been a recent steady
increase in studies encompassing a range of taxa (Williams et al.,
2023). The quantitative review findings demonstrate a notably large
effect size of human interaction behaviors in Psittaciformes.
Although this does not necessarily mean that such behaviors are
linked with poor welfare, it should be noted that agonistic and
abnormal behaviors are also more prevalent in zoo housed
Psittaciformes and seem to correspond with an absence of
foraging and reproductive behavior. Research indicates that birds
can respond neutrally to interactions with humans (Williams et al.,
2023), and so further research should carefully analyze the
relationship between behaviors exhibited in zoo birds when
human interaction behaviors are also present.

This review indicates that Testudines and Artiodactyla
demonstrate full positive behavioral flexibility. Historically,
Testudines, along with other reptiles have not always warranted
behavioral research in captivity due to perceived unintelligence
(Warwick, 1990). However, a suite of cognitive abilities has been
unraveled, including complex social and adaptive spatial cognition
(Wilkinson and Glass, 2022). As shown for Psittaciformes and
Primates, high cognitive ability can predispose animals to poorer
welfare if environments are not complex, but Testudines do not
appear to suffer a similar fate, and research in wild species indicates
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temporal and spatial adaptability (Du et al., 2023). Additionally,
behavioral flexibility in response to seasonal changes in temperature
to conserve water and thermoregulate to maintain homeostasis in
Aldabra giant tortoises (Aldabrachelys gigantea) has been observed
(Falcon et al., 2018). This supports the findings of this review that
Testudines demonstrate fully positive behavioral flexibility due to
adaptation to heterogenous environmental conditions.

This review found that despite increased agonistic and reduced
reproductive and foraging behaviors zoo Artiodactyla, abnormal
behaviors were absent. This contradicts the findings of others that
suggest the prevalence of oral stereotypies among ungulate species
(Bergeron et al., 2006; Duggan et al., 2016; Fernandez et al., 2008),
resulting from an absence of ad libitum feeding and providing
concentrate-only diets. This renders the motivation to forage
unfulfilled and an increase in stereotypy performance as the
animal attempts to cope (Lewis et al, 2022). Exploratory
behavior, which suggests positive emotional states (Zupan et al.,
2016), increased at the expense of foraging behavior and can be
promoted through enrichment provision. For example, tree trunks
introduced to blackbucks (Antilope cervicapra) were unfamiliar and
novel, thus encouraging engagement with them (Bono et al., 2016).
Therefore, carefully designed enrichment programs may negate
captive restrictions on foraging behavior by encouraging
exploratory behaviors. However, given their taxonomic diversity,
future research should identify which even-toed ungulates are more
susceptible to the implications of reduced foraging opportunities
and which are more able to adapt to its absence through positive
behavioral flexibility.

Behavioral flexibility by ecological traits

In completely migratory animals, positive behavioral flexibility
is greater in zoos compared with partially and non-migratory
categories. This is surprising, given that migration and large
home range size has previously been associated with increased
stereotypies in captive animals (Gandia et al., 2023). However,
recent findings from Bandeli et al. (2023) suggest that it is not
necessarily migration distance that infers poor welfare in captivity,
but a lack of potential to explore new environments and decision-
making opportunities which they would normally have access to in
the wild. Further, wild migratory species are exposed to habitat
heterogeneity, driven by changes in availability of resources (e.g.,
nesting or food) (Stanley et al., 2021). Such dynamic adaptation to
geographical and ecological variation infers behavioral flexibility
(Eggeman et al., 2016). Thus, migratory species, if provided with
choice and control, including varied foraging opportunities may
demonstrate positive behavioral flexibility. This hypothesis
warrants further exploration across populations and species due
to considerable intra- and interspecific variation (Morelli et al,
2022; Teitelbaum et al., 2015).

This review demonstrates that despite subtle behavioral
differences, when animals are grouped by activity pattern,
behaviors indicating negative welfare remain relatively low in the
200, suggesting partial behavioral flexibility. In wild animals, diel
activity may be influenced by prey abundance as in the northern
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brown bandicoot (Isoodon macrourus), who display increased
nocturnal activity to maintain energy intake when food
availability is low (Diete et al., 2017). Temperature also influences
activity, as in the six-banded armadillo (Euphractus sexcinctus)
which maximizes diurnal activity when air temperature decreases
(Maccarini et al.,, 2015). Changing activity patterns in Duvaucel’s
geckos (Hoplodactylus duvaucelii) enable them to persist in
sympatry in response to predator presence (Hoare et al., 2007).
This indicates other ecological factors take precedence and
influence temporal niche to benefit life-history strategies of wild
animals. Conversely, some animals may struggle to adapt to
environmental change, reducing reproductive success, especially
in the case of human-induced rapid environmental change
(HIREC) (Mason et al., 2013; Sih, 2013). For example,
unfavorable conditions in urban environments such as reduced
food availability cause increased nest abandonment in great tits
(Parus major) (Bailly et al., 2016). However, research into the
evolution of cognitive abilities in response to changing
environments is lacking in many non-mammalian species (Sarkar
and Bhadra, 2022). Due to the global rise of HIREC, species are
becoming increasingly exposed to novel challenges not previously
encountered (Geffroy et al, 2020). Therefore, it is essential that
traits that confer evolutionary potential and behavioral adaptations
that aid survivability in underrepresented species are understood in
both urbanized wild and captive environments.

There is a paucity of research into the behavioral flexibility of
animals based on their sociality. Invertebrate research suggests that
social conformity may occur in solitary animals, and is influenced
by individual personality, causing increased activity (Fiirtbauer and
Fry, 2018). High levels of agonistic behavior were evident in solitary
zoo-species. Conspecific aggression can occur when individuals are
in close proximity (Labao Catapani et al., 2020; Wiggins, 1991).
This may suggest that zoos accommodate solitary animals in
inadequate captive social configurations. Similarly, eusocial and
presocial animals displayed more agonistic behavior in zoos, which
may be due to spatial restrictions (Cassinello and Pieters, 20005 Li
et al., 2007), or resource limitations; access to nest sites (Hinton
et al., 2013) or predictable feeding schedules (Howell et al., 1993).
However, primates may regulate behavioral responses when
subjected to spatial restrictions, thus mediating aggressive
conspecific interactions (Duncan et al., 2013). Therefore, further
research should focus on under-represented taxa to investigate
mediatory responses in the context of behavioral flexibility in
captive social species.

Generalists are considered more behaviorally flexible when
compared with specialist species in the wild, through increased
opportunism in foraging strategies (Ducatez et al., 2015). However,
some generalist species such as the European starling (Sturnus
vulgaris) display reduced reproductive success in urbanized
locations (Mennechez and Clergeau, 2006). Recent research
indicates that individual personality heavily contributes to
behavioral flexibility in generalist herbivores (Herath et al., 2021),
and thus there may be variation across species. This review suggests
that generalist herbivores are more behaviorally flexible than
specialist herbivores. This may be attributed to occupancy of a
narrower niche by specialists and reduced adaptability to habitat
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variance (Pagani-Nufiez et al., 2016). However, the chisel-toothed
kangaroo rat (Dipodomys microps) is a specialist herbivore that can
respond positively to changing environments by broadening its
habitat and diet niche to persist (Terry et al., 2017). This indicates
that ecological traits may infer flexibility in behavioral repertoires
when exposed to novel environments, however other factors
including individual personality, temporal scales and cognitive
capacity must also be accounted for.

Behavioral flexibility in ring-tailed lemurs

This review suggests low levels of variance between behaviors
performed by lemurs in the zoo and the wild and behaviors
suggestive of poor welfare were uncommon. Wild lemurs
demonstrate flexibility in behavioral repertoires when inhabiting
anthropogenically modified areas (Cameron and Gould, 2013).
Additionally, employing both terrestrial and arboreal tendencies
enables better access to forage depending on where resources are
most abundant (Eppley et al, 2016). Zoos presents lemurs with
more novel stimuli including visitor presence, which may increase
abnormal or negative behavior prevalence, causing stress in some
animals (Quadros et al., 2014; Queiroz and Young, 2018). However,
lemurs demonstrate adaptability to increased visitor interactions,
with limited effects on behaviors including foraging and
locomotion, and overall behavioral diversity (Collins et al., 2017;
Goodenough et al, 2019). Flexibility in hypothalamic-pituitary-
adrenal (HPA) activity, used as a physiological measure of stress
also indicates adaptability of lemurs in zoos in response to changing
social configurations (Smith et al, 2016). The evidence in this
review supports existing research that lemurs can thrive through
employing positive flexibility in their behavioral responses, Further
research should analyze activity budgets from across prosimian
species and compare to other primates to determine whether
taxonomic differences are present in degree of behavioral
flexibility. Such differences may relate to larger brains relative to
body size in simians (Armstrong, 1985).

Opportunities and challenges

In this review, effect sizes were calculated allowing for clear
interpretation of the proportion of variance between behavior
categories between wild and zoo housed animals (R?) (Jennions,
2003). Relative to Cohen’s d, another measure of effect size, Hedges’
g produces a less biased estimator of effect size for smaller sample
sizes by using pooled weighted standard deviations instead of
pooled standard deviations in Cohen’s d. Several non-mammalian
groups were not well represented in the data set, and so Hedges’ g
was selected as the most appropriate effect size measure. The
approach of comparing R* across behavior categories allowed for
a novel method to determine potential behavioral flexibility in
animals grouped by taxonomic Order or ecological trait.

Behavioral flexibility was previously considered a vague concept
(Coppens et al,, 2010) and it is still poorly understood in many
species (Gruber et al., 2019). Nonetheless, interpreting the extent of
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behavioral flexibility in captive species, and exploring this further in
conjunction with other metrics such as behavioral diversity (Miller
etal, 2020) may validate behavioral flexibility as a welfare indicator.
However, this relationship has not yet been explored in many taxa
and research is needed to validate these possible behavioral welfare
predictors. This review provides an opportunity to spotlight those
species requiring further investigation into the application of
behavioral flexibility as an indicator of welfare.

Due to a lack of published data, it was not possible to draw
direct comparisons of wild and zoo activity budgets in many
species. Thus, species were grouped by taxonomic Order.
Although this was useful as it allowed for larger samples to be
pooled together, interspecific differences could not be determined.
Further research should aim to identify behavioral repertoires of
selected species in both contexts for future meta-analyses to be
performed and apply Phylogenetic Comparative Methods (PCM).
For example, a meta-analysis in captive ungulates using PCM
determined that browser and mixed feeder species performed
more stereotypical behavior compared with grazers (Lewis et al,
2022). A similar methodology used in Psittaciformes identified that
species with larger brain sizes were most susceptible to stereotypy
performance in captivity (Mellor et al., 2021). These approaches are
still underutilized (Mellor and Mason, 2023), despite clear benefits
to animal welfare. Applying PCM in research across species could
help in understanding whether species-specific or evolutionary
constraints on behavioral repertoires exist (Garamszegi et al,
2012), provide clearer insights into interspecific behavioral
variability (Strier et al., 2014) and shed light on species that may
better adapt to captive environments (Mellor et al., 2021) through
positive behavioral flexibility. Therefore, it is proposed that
advances in these analyses are applied to underrepresented
taxonomic groups to shed light on the relationship between
species biology, and behavioral mechanisms that serve to promote
their ability to thrive in the captive managed environment.

Studying wild animals and collecting behavioral information can
be fraught with challenges, which may have limited the availability of
data across taxonomic Orders. Observing animals in the wild means
that they might flee at the presence of an observer (Lottker et al,
2009) or subtle behavioral changes may bias the data collected
(Canine, 1990). Also, logistical issues such as unnavigable terrain
may obscure individuals from view (Veasey et al,, 1996), leading to
interpretation difficulties. However, technological advancements may
alleviate some of these challenges. For example, the use of remote
sensing and bio-loggers, including GPS can map population
movements in response to environmental influences (Hughey et al,
2018). Utilizing video surveillance has been used successfully to
eliminate the impact of human presence on individuals and acquire
more objective behavioral data in wild Eurasian lynx (Lynx lynx)
(Krofel et al., 2019), also saving time through its remote application.
Therefore, adopting technological-based methods for collecting wild
behavioral data has clear benefits over direct observations. Future
research should therefore incorporate the aforementioned methods
to collect behavioral data on species where the research is scarce,
including birds, reptiles and amphibians to help better understand
behavioral and ecological differences in captive contexts which
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support the development of captive management practice
(Yamanashi and Hayashi, 2011).

Research extensions

During data extraction, it was evident that mammals dominate
behavioral research, with 71 mammal activity budgets collected for this
review, compared to 18 for birds and 12 for reptiles. A bias in research
output toward larger charismatic mammals, including carnivores and
primates is widely reported (Rose et al., 2019; Dos Santos et al., 2020;
Ellison et al., 2021). However, for many zoo species, applied welfare
research that provides insight into reliable welfare indicators is still
inadequate (Tallo-Parra et al, 2023). Future research must pivot
toward under-represented taxa, for example birds, reptiles and fish
which account for a small number of welfare-focused studies despite
their prevalence in zoos (Hamilton et al, 2022; Woods et al., 2022;
Oldfield and Bonano, 2023). Expediting this information will help to
shed light on the effectiveness of current husbandry practices and
subsequent impacts on animal welfare.

For all species in this review apart from lemurs, it was not possible
to collect multiple activity budgets in the wild and zoo and therefore,
activity budgets may not accurately represent the behavioral repertoire
for other included species. For example, in zoos, factors including
visitor presence may influence animal behavior either positively by
promoting play behavior or negatively through increased aggression
(Stoinski et al.,, 2012; Sherwen and Hemsworth, 2019; Boyle et al.,
2020). Further, environmental factors such as predator susceptibility
and variation in resource accessibility influence phenotypic changes
that cause individually distinctive behavioral attributes in wild animals
(Nussey et al., 2007; Merrick and Koprowski, 2017; Hertel et al., 2020).
Also, comparing behaviors of wild species to zoo conspecifics across
institutions can support in drawing conclusions on the appropriateness
of captive behavioral repertoires (Kelley et al.,, 2006) by understanding
whether environmentally relevant species-specific behaviors are
performed or if environmental challenges are responded to
appropriately (Howell and Cheyne, 2019). Conducting cross-
institutional behavioral studies can assess current husbandry and
management practices and determine the ecological relevance of
enclosures (Rose and Rowden, 2020) which may support in
providing optimal welfare conditions (Troxell-Smith et al, 2017).
Thus, to improve the validity of behavioral data and better
understand intraspecific differences, future research should clarify
activity budgets for species across institutions and wild populations

to enable more accurate comparisons.

Conclusions

This research aimed to determine whether different captive
species of non-domestic animal can be considered positively
behaviorally flexible or not. Our results indicate that complete
positive behavioral flexibility is most prevalent among Testudines,
Artiodactyla, completely migratory species and ring-tailed lemurs,
inferring better adaptability to the zoo environment, with
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behavioral inflexibility suggested in groups where abnormal
behaviors replace foraging and reproductive behaviors. However,
it remains challenging to assign a species to a category of behavioral
flexibility due to intraspecific differences in behavior patterns. Due
to a paucity of research in determining wild and zoo baseline
behavioral repertoires in non-mammals including birds, reptiles,
and fish, we encourage future research to ascertain their potential to
employ novel behavioral mechanisms and subsequent positive
behavioral flexibility. Overall, the findings of this review indicate
species which may thrive within the captive environment, and
which exhibit behavioral repertoires that are less flexible and thus
require more carefully strategized management practices to ensure
good welfare is achieved.
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