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Bottlenose dolphins (Tursiops truncatus) are viewed as a highly intelligent species capable of complex behaviors. This requires marine
parks to maintain dynamic environmental enrichment programs in order to ensure dolphins’ optimal psychological and physiological
well-being while in human care. In this study, two experiments were conducted to determine the effects of different forms of enrichment
on the behavior of four bottlenose dolphins. In Experiment 1, multiple forms of novel enrichment resulted in a shift away from
individual swim patterns — a change that is associated with increased behavioral diversity and so often considered an improvement in
animal welfare — but also resulted in avoidance behavior and initially resulted in a decrease in affiliative behavior. In Experiment 2,
introducing choice of enrichments resulted in unintended social consequences, such as agonistic behaviors. These two experiments
together demonstrated that interpreting the results of enrichment programs may not be as straightforward as often presumed. The results
suggest that unique forms of enrichment and variable schedules might be particularly effective but also that consistent evaluation
continues to be necessary to minimize unintended behavioral consequences.

Keywords: animal welfare, bottlenose dolphins, environmental enrichment, Tursiops truncatus

In recent decades, increased emphasis has been placed on understanding and developing new and
innovative methods of fostering optimal welfare conditions for animals under human care (Broom, 2011). This
is particularly true for charismatic megafauna, such as big cats, elephants, nonhuman primates, and marine
mammals (Hosey et al., 2020). Even more specifically, environmental enrichment programs are the principle
technique used to improve animal welfare through the addition of stimuli to animal enclosures. The term
enrichment can be defined in multiple ways, one notable difference being the requirement that the enrichment
actually improves the welfare of the animal (Clegg & Delfour, 2018; de Azevedo et al., 2007). For the purposes
of this paper, we define environmental enrichment as any alterations made to an animal’s environment for the
purposes of improving its biological or cognitive welfare (see Bloomsmith et al., 1991; Hoy et al., 2010;
Swaisgood & Shepherdson, 2005, for similar usage of the term enrichment). Attempts to define enrichment
based on the resulting improvement in welfare, or lack thereof, are problematic because 1) it would only be
appropriate to refer to a modification program as enrichment after it has been shown to be successful at some
arbitrary endpoint, 2) measures of success in improving welfare have not been thoroughly assessed, well
defined, or universally agreed upon, and 3) formal assessments of the success of an enrichment program are
rarely conducted, so the results of the enrichment program would never be known. If successful, environmental
enrichment programs result in the reduction of repetitive stereotypic behaviors and/or an increase in
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exploratory behaviors and species typical behaviors (Carlstead, 1998; Mellen & MacPhee, 2001; Shepherdson,
1998; Wells, 2009). Providing environmental enrichment has become standard practice and is now a
requirement for facilities that are accredited by the Association of Zoos and Aquariums (AZA), which also
provides recommendations and protocols for specific species and taxa housed in AZA-accredited facilities
(Association of Zoos and Aquariums, 2020).

Although the pursuit of optimal welfare strategies and widespread use of environmental enrichment
for animals in human care is commendable, it is important to also note that these procedures are rarely formally
assessed within zoological institutions using scientific methodology. Instead, nonsystematic methods and
subjective measures are typical, if an assessment is conducted at all. This approach leaves some question as to
the effectiveness of various enrichment programs (Broom, 1988; Canali & Keeling, 2009; Clegg & Delfour,
2018; Delfour & Beyer, 2012; Hoy et al., 2010; Makecha & Highfill, 2018; Newberry, 1995), which range
from simply adding objects to an enclosure to social housing (Daoudi et al., 2017; Yeater et al., 2013), training
(Ramirez, 1999; Westlund, 2014), introducing scent (Nelson Slater & Hauber, 2017; Samuelson et al., 2016),
or supplying more naturalistic or challenging feeding opportunities (Fernandez & Timberlake, 2019; McPhee,
2002; Wagman et al., 2018) to name a few. There is evidence that some enrichment programs may even result
in an increase in unwanted behaviors, such as increased aggression (Franks et al., 2009), manipulation of the
enrichment to the point in which it becomes dangerous for the animals (Hahn et al., 2000; Hare et al., 2007),
or other undesirable behaviors (Bloomsmith et al., 1991). Systematically monitoring the animals’ responses to
environmental enrichment can allow researchers to evaluate, in a nonbiased fashion, enrichment programs’
welfare outcomes (Delfour & Beyer, 2012; Samuelson et al., 2016; Shyne, 2006).

When evaluating an enrichment program, the enrichment is generally thought to be successful if
physiological health improves and if an increase in species-typical behaviors and a decline in repetitive
stereotypical behaviors are observed after its introduction (Mason, 1991; Shyne, 2006). Stereotypies are
typically defined as repetitive, unvarying behaviors that have no obvious function or goal (Mason, 1991).
Stereotypies are also usually more difficult to disrupt than typical behaviors and have often been assumed to
be associated with poor animal welfare by scientists and the public alike (Mason et al., 2007; Miller, 2012;
Miller, Mellen, et al., 2011). However, more and more frequently, the assumption of this link between presumed
stereotypies and poor welfare has been questioned (Clegg et al., 2017; Franks et al., 2009; Greening, 2019;
Miller, Kuczaj, et al., 2011; Poirier & Bateson, 2017).

Enrichment programs and their welfare outcomes for bottlenose dolphins have received a lot of
attention in recent years); however, formal assessments of said programs are still needed (Clark et al., 2013;
Clegg et al., 2017; Clegg & Delfour, 2018; Makecha & Highfill, 2018). In bottlenose dolphins under human
care, the most prominent species-typical behaviors examined are affiliative social behaviors (Waples & Gales,
2002), exploratory and play behaviors (Kuczaj et al., 2002), swimming patterns (Gygax, 1993) and
vocalizations known to be associated with these behavior states (Jones et al., 2020).

Alternately, the most frequently observed stereotypical behavior in bottlenose dolphins in managed
care is repetitive circle swimming (Brando et al., 2018; Clark, 2013). There is considerable debate regarding
whether certain repetitive behaviors, such as circle swimming, actually represent a threat to welfare (Brando
etal., 2018; Clark, 2013; Clegg et al., 2017; Clegg & Delfour, 2018; Makecha & Highfill, 2018; Miller, Kuczaj,
et al., 2011; Miller, Mellen, et al., 2011; Serres et al., 2020). However, because this behavior often correlates
with a decreased overall behavioral diversity, it has been historically considered to be an undesirable behavior,
described as stereotypical due to its repetitive nature (Fernandez & Timberlake, 2019; Franks et al., 2009;
Miller, Mellen, et al., 2011; Pomerantz et al., 2013). Thus, circle swimming is commonly regarded as a cause
for concern and is included in evaluations of enrichment and animal welfare (Brando et al., 2018; Clegg et al.,
2015; Miller, Mellen, et al., 2011; Ugaz et al., 2013). The reasons for which dolphins may engage in a
stereotypical swim pattern are generally unknown, but possible causes include lack of stimulation, frustration,
and the kinesthetic needs of animals with large territories (Eilam et al., 2006; Franks et al., 2009; Mason et al.,
2007; Miller, Kuczaj, et al., 2011). Because the term stereotypical has a long history of being misrepresented
in the literature and colloquially within zoological facilities, we will preferentially use the term individual
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swim pattern (ISP), as has been done in previous studies (e.g., Franks et. al, 2009).

Unfortunately, few studies present research focused on the possible unintended consequences of
environmental enrichment or on individual differences in animals’ reactions to enrichment programs (Bayne,
2005; Carlstead, 1991; Hare et al., 2007; Hoy et al., 2010). In many dolphin facilities, enrichment programs
are primarily focused on toy making (Brando et al., 2018; Clark, 2013; Delfour & Beyer, 2012; Kuczaj et al.,
2002), with little scientific monitoring of behavioral interest or engagement with the toys. When there is
behavioral monitoring, the effects of enrichment items are sometimes unclear and context-dependent (Delfour
& Beyer, 2012; Neto et al., 2016). In some cases, the addition of enrichment even shifts social engagement to
more undesirable behaviors, for example, gate-guarding in a beluga whale after the introduction of a novel
enrichment item (Lyn, 2009).

The focus on objects/toys as enrichment can also be problematic. Dolphins are known to exhibit
changes in both the frequency and type of play behaviors exhibited throughout the lifespan (Highfill & Kuczaj,
2007). As with many species, young dolphins are more likely than adults to engage in object play (Bekoff &
Byers, 1992; Delfour et al., 2017; Eskelinen et al., 2015; Pace, 2000); however, responses to objects vary on
an individual basis (Neto et al., 2016), and even young animals may not interact with objects placed in the
enclosure (Delfour & Beyer, 2012). Also, because dolphins are living longer under human care (Jaakkola &
Willis, 2019), like most long-lived species, dolphins require an adjustment to enrichment throughout the
lifespan (Franks et al., 2009; Kuczaj et al., 2002; Lyn, 2009; Rumbaugh et al., 1989). Therefore, although
important (Delfour et al., 2017; Makecha & Highfill, 2018), the mere presence of objects intended as
environmental enrichment devices cannot be assumed to constitute enrichment.

To examine what types of enrichment may be the most successful for dolphins in human care, we
consider variations to both object type and object presentation. Challenges, such as the introduction of highly
novel objects, produce temporary periods of stimulation that broaden the experience of the individual allowing
them to better predict and adapt to future events (Blum, 2002; Weiss, 1971). Similarly, several studies have
suggested that control over one’s environment leads animals to become more adaptable (Mellen & MacPhee,
2001). For example, rats that were given control over an aspect of their environment (i.e., turning a light on or
off) showed increased cognitive abilities when compared to rats without environmental control (Alliger &
Moller, 2011). It is possible that a combination of control over the environment and exposure to environmental
challenges may be successful for the enrichment of wildlife in human care, particularly those prone to
stereotypic behavior when there is a lack of cognitive complexity in their environment (see Clark, 2013).

The present study sought to examine the effects of various forms of objects (established enrichment
devices, modified enrichment devices, and highly novel objects) (Experiment 1) and choice (Experiment 2) on
the behavior of four bottlenose dolphins in human care. While the sample size is limited, we believe these
preliminary results are illustrative of the potential unexpected consequences of enrichment programs.

In Experiment 1, the behavior of two mature bottlenose dolphins (one male and one female) were
observed before, during, and after the introduction of three different forms of enrichment (Table 1). Behavioral
diversity, changes in frequency and duration of stereotypical behaviors (including regurgitation), and species-
typical behaviors were recorded. Experiment 2 examined the role of choice as an enrichment tool by allowing
a young male dolphin to choose between two of these possible enrichment items. Behavior was observed
before, during, and after the choice was presented in order to assess potential behavioral changes exhibited by
the four individual dolphins in the environment.



Table 1

Description of Enrichment and Baseline Conditions with Examples of Items Used During Each Condition

Condition

Treatment

Baseline 1
Enrichment 1

Baseline 2
Enrichment 2

Baseline 3
Enrichment 3

Baseline 4

Standard enrichment toys (e.g., balls, hoops, buoys)

Standard enrichment toys plus novel floating objects with tactile features (e.g.,
large barrels covered in artificial turf material 10° of braided rubbing rope
attached to floats)

Standard enrichment toys

Standard enrichment toys plus social enrichment — researchers and volunteers
attempting to gain the attention of the dolphins by interacting with standard and
novel toys (e.g., people interacting with water sprayers, hoses, remote controlled
toys, a small raft, and standard toys)

Standard enrichment toys

Standard enrichment toys plus large highly novel, semiactive items (e.g., bubble
apparatus, large kelp toys, large blocks of ice)

Standard enrichment toys

Method

Subjects

In the first experiment, two mature (>30 years old) bottlenose dolphins (Tursiops truncatus) served as participants. Bo
(female) and Buster (male) were housed in a pool complex (Figure 1) at the Institute for Marine Mammal Studies (IMMS) in Gulfport,

Mississippi, USA.
Figure 1

Pool Layout
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Outside of regular training sessions, the animals had access to a random assortment of approximately five to eight
environmental objects, pulled from a constantly changing pool of over 30 items created by the animal care staff as enrichment devices.
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These items included various floats, balls, and hoops (examples in Table 1). Regular enrichment items were removed during training
sessions and returned to the pool afterwards.

Experimental Design

Novel objects were introduced in an A-B-A-C-A-D-A design where A was a baseline condition that included the dolphins'
standard enrichment items — the other conditions were Enrichment Conditions 1-3 (see Table 1). Each condition lasted one week (7
days).

Enrichment 1 included baseline objects as well as newly constructed objects that were similar to the baseline objects but that
included novel tactile materials. For example, barrels covered in artificial turf material and a rubbing rope. This condition was designed
to test standard variations on toys that were added to the environment in a typical fashion (added and only removed for brief periods
while training was in session).

Enrichment 2 explored the effects of increased social interaction with people during five 15-min interaction sessions each
day. These social interaction sessions included researchers and volunteers who could choose to utilize toys that included the regular
enrichment devices, or water guns, a large ball, a water hose and sprayer, or a remote-control boat. These objects were manipulated by
humans and used in numerous ways to stimulate the dolphin’s curiosity and gain their attention. If dolphins appeared to actively avoid
or become agitated by a particular toy or interaction, then that type of interaction was discontinued, and other toys/interactions were
used for the remainder of the session. Agitated behavior was defined as displacement, avoidance, aggressive, or anxious behaviors
(e.g., jaw popping, tail slapping, chuffing, charging, or repeatedly breaching; Table 2). Enrichment 2 was designed to test the effects
of'added opportunity for social interaction, in which the dolphins could choose to participate if they so desired.

Enrichment 3 included larger items that were considered more stimulating than typical toys. These included underwater
objects such as a large block ofice (a 2 ft diameter, 3 ft high garbage can, filled and frozen), a bubble stream generating apparatus, and
sinking kelp made from 4 in. wide, 3 ft long strips of car wash material (thick, felt-like fabric). Only one of these objects was introduced
each day, and each was removed from the pool after 2 hr, except the ice which was allowed to melt in the pool — a process that took up
to 8 hr.

Data Collection

Data were collected by IMMS research staff members who recorded behavioral data using an iPad and Numbers software
application. Data were recorded during fifteen 1-min intervals twice daily (once on weekend days). Observation times were pseudo-
randomly chosen from six potential time slots chosen to be at least 30 min from scheduled feeding times. Observers were trained during
a minimum of three practice observation sessions, and reliability was assessed during group observation sessions. The behavioral data
categories reported all reached a minimum of 85% reliability among observers.

Recorded behaviors are defined in Table 2. Swim behaviors and location were determined by scan sampling at the top of
every minute. All other behaviors were coded as either present or absent during each interval. Circle swimming was defined as a
minimum of three revolutions of the larger pool (Miller, Mellen, et al., 2011). However, in practice, both dolphins had an easily
identified ISP, which was readily detected within the first revolution (e.g., Bo would swim counterclockwise % of the perimeter, then
cut across the northwest corner).

Data Analysis

All data were collapsed across individual sessions for analysis, resulting in a session score for the numbers of intervals (out
of 15) in which each behavior occurred. One-way ANOVAs allowed for enrichment versus baseline conditions as well as individual
condition-by-condition comparisons for each dolphin and each behavior across the seven conditions. ANOVAs were followed by post
hoc Fisher LSD tests to pinpoint any significant differences between conditions.



Table 2
Operational Definitions for Swim Behaviors, Habitat Location, and Secondary Behaviors (All Behaviors were
Considered Exclusive)

Swim Behaviors

Definition

Circle swim

Non-circle swim

A dolphin swimming in a repetitive pattern around the perimeter of the pool — minimum 3
revolutions; stereotypic behavior/individual swim pattern (ISP); see text for more details

A dolphin swimming in irregular patterns around the pool

Pair swim Both dolphins swim together and surface in synchrony; dolphins must surface together in
synchrony at least once while swimming together in order to be classified as a pair swim

Stationary Dolphin is floating in one location or still at the bottom of the tank; swim behaviors were
exclusive and were not dually coded

Location Definition

East pool deep East side of the pool, 16 m x 19.8 m x 3.6 m

Beaching area
West pool
South pen
Middle pen
North Pen

Catch pen

Shallow area of the East pool, 0.91 m deep

West side of the pool, 16 m x 19.8 m x 3.6 m

Located between the East and West pools, 6 m x 6 m

Located between the East and West pools, 6 m x 6 m

Located between the East and West pools closest to the East pool, 3 m x 6 m

Located between the East and West pools closest to the West pool, 3 m x 6 m

Secondary Behaviors

Definition

Affiliative behavior
(Experiment 1)

One dolphin is in physical contact with the other with no evidence of aggression (no biting,
raking, or charging); this also includes any instance in which a dolphin focuses its attention
towards another dolphin or person including looking at, touching, or acting in response to
another individual

Affiliative activity
(Experiment 2)

Included the above behaviors but was expanded to include include group swimming, orienting
toward another dolphin, touching another dolphin, chase/following, flee/avoidance, tooth raking,
and chin or tail slapping

Interference (Experiment 2) One dolphin moving between another dolphin and the toy with which they were interacting

Object play A dolphin is in physical contact with an object for more than 1 s; this includes throwing objects
into the air, pulling object underwater, pushing object with rostrum, etc.; also includes
maintaining constant contact with objects; based on standard definitions of play (intrinsically
rewarding behavior not linked to immediate survival; e.g., Janik, 2015)

Regurgitation Expelling previously ingested food; regurgitation was included as a behavior of concern as it had

been previously observed as a stereotypy in Buster; however, it did not occur frequently enough
during the studies for analysis

Aggression/ displacement

One dolphin bites, rakes, or charges another; one dolphin attempts to enter a pool area and is
blocked by the other




Results

Bo showed increased non-circle swims during enrichment sessions versus non-enrichment sessions,
F(1, 82) =3.93, p = .05, but Buster did not, F(1, 82) = 0.43, p = .51. However, when analyzing each session
individually, Buster did show a significant increase in non-circle swims during Enrichment 3, when the
extremely novel forms of enrichment were present, (6, 77) = 2.23, p <.05). Post hoc tests showed that this
non-circle swimming increase for Buster in Enrichment 3 applied to all other conditions (Mean Difference
ranged from 1.33-1.75, all p = .025) apart from Baseline 2, which was approaching significance (MD = 1.00,
p = .088) (see Figure 2). In contrast, Bo’s non-circle swims did not significantly differ across the enrichment
conditions as a group, F(6, 77) = 1.95, p = .08, but, due to the findings with Buster, an LSD post hoc test was
run and showed a significant increase in non-circle swimming in Enrichment 3 (the condition with the most
novel items) compared to Baseline 1 (MD = -3.33, p <.003) and Baseline 3 (MD = 2.50, p = .026).

Figure 2

Percentage of Intervals that were Coded as Non-circle Swims over the Baseline and Enrichment Conditions
for Each Dolphin
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Note. * indicates that non-circle swims were significantly more frequent in Enrichment 3 than the other
condition.

The dolphins also altered their usage patterns of the East pool during Enrichment 3, likely avoiding
the area because the highly novel enrichment was deployed there. Bo averaged 70% of her intervals in the East
pool across the baseline conditions, and Buster averaged 76%. The East pool was also where the majority of
their behaviors of concern were reported (including abnormal time spent interacting with a specific toy, and
consistent food regurgitation). In Enrichment 3, in contrast, Bo spent only 49% of her intervals in the East Pool
and Buster 61%.

None of the other behaviors showed significant effects across all enrichment conditions. However, it
is of interest that both pair swimming and affiliative interaction were observed in generally fewer intervals
during enrichment conditions when compared to baseline conditions, with an increase in interactions observed
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during Enrichment 3 (Figure 3). After Enrichment 3, during Baseline 4, affiliative behavior dropped back to
lower levels similar to earlier conditions, although pair swimming increased further. In summary, Enrichment
3, the session in which the most novel forms of enrichment were used, was associated with an increase in non-
circle swimming, as well as pair swimming and affiliative behavior.

Figure 3

Percentage of Intervals that were Coded as Pair Swims and those that included Affiliative Behavior between
the Two Dolphins over the Baseline and Enrichment Conditions in Experiment 1
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Note. This graph illustrates general trends, as the differences were not significant

Experiment 2

Method

The purpose of Experiment 2 was to explore the premise that allowing a dolphin to choose an object as opposed to providing
them with a predetermined enrichment item would increase the dolphin’s engagement with that object and promote affiliative
interaction with other dolphins and trainers.

Subjects

Apollo, an approximately three-year-old male bottlenose dolphin, was the main participant in Experiment 2. However,
another young dolphin (Chance, approximately four years old) was also present in the enclosure, along with Bo and Buster. Both Apollo
and Chance had been stranded along the Gulf Coast and were deemed nonreleasable due to the extent of their injuries upon stranding.
Following standard precautionary measures, Chance and Apollo were initially kept in quarantine for several months, where they had
been physically, but not acoustically, separated from Bo and Buster in a separate pool. When each dolphin was permanently assigned,
they were moved into the main pool complex where they could see and hear Bo and Buster through a net barrier but could not initially
physically interact. As a result, all four animals had only been able to swim freely with one another for approximately two weeks before
the time of the experiment. While Apollo was the only dolphin involved in the choice training experiment (i.e., the only dolphin who
could make a choice), the other three dolphins were in the same pools had therefore had access to Apollo and to the enrichment items
once they were placed in the pools.

Pre-Experimental Training

Training of the choice behavior was conducted up to two times per day at the end of each regular training session, while the
animal was still at station. To train this behavior, the trainer held two enrichment objects, one to the left and one to the right of the
dolphin. In order to shape the choice behavior, the objects were first presented ~6 in. on either side of the dolphin’s rostrum. If the
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dolphin touched an object, that object was added to the pool. As the training progressed, the objects were gradually moved to a distance
of 12 in. on either side of the rostrum, requiring exaggerated movement from the animal in order to select an enrichment item. Once
the animal touched an object, the behavior was not bridged or reinforced in any way, other than placing the selected item into the pool
water next to the dolphin.

A total of 32 training trials were conducted over a period of two and a half weeks. A total of 16 possible standard enrichment
items were used during training. The presentation of items was pseudorandomized and balanced for the number of times each object
was presented to the right or the left. No object was presented more than four times throughout the training period, and unique object
pairings were used in each training session. Training of the choice behavior was considered complete when the subject completed all
32 trials and had consistently chosen objects without bias for a specific side (left or right). Apollo was the only animal to successfully
complete choice training and therefore was the only animal to participate in experimental trials.

Experimental Conditions

The experiment included three conditions, a baseline condition followed by two experimental conditions (i.e., choice and
nonchoice), which were alternated each day. Each condition lasted a total of five days. The baseline condition included only standard
enrichment items (a random assortment of 12 items that included various floats, balls, and hoops). Apollo (as well as the other dolphins)
had a minimum of one month of previous experience with these items prior to the experiment.

For treatment conditions, 15 novel objects were used as enrichment items (Table 3). For both choice and nonchoice trials,
the order in which objects were presented were pseudorandomized based on the size of the object (large or small) and the presence or
absence of dangling a heavy-duty felt material, designed to resemble kelp, which had been suggested by the trainers to be one of
Apollo’s preferred materials. For choice trials, object pairings were also pseudorandomized according to the side on which each object
type was presented.

Ten trials (five choice and five nonchoice) were run across nonconsecutive days with one trial each day. For the nonchoice
condition, at the end of the training session, a novel enrichment item (chosen by the randomization schedule) was shown to the dolphin
and then immediately placed in the pool and, following standard procedure, left in the pool overnight until the next training session
(approximately 8-10 hr). For choice conditions, the dolphin was presented with two novel objects from which to choose. The first
object that was touched by the dolphin was considered to be the choice and was immediately placed in the pool. The dolphin received
no other rewards for choosing the item, and the session was ended without further reinforcement.

Table 3

Enrichment Items Used in Each Trial of Experiment 2

Trial Left Hand | Right Hand Apollo

NON-CHOICE

—
S

NOODLE W/KELP SQUARES

NON-CHOICE

FLOATING HOSE

JOLLYBALL BOOGIE BOARD




BAT SMALL NOODLE RING

SINKING HOSE

Data Collection

Behavioral observations were recorded twice each day and focused on Apollo. The only data collected for other dolphins
occurred when Apollo was engaged with them (pair swimming, affiliative and agonistic behavior, interference). The first observation
occurred immediately following the training session, and the second occurred during a pre-determined, randomly selected timeslot later
in the day. Behavioral observations followed the procedure described for Experiment 1. To clarify the difference between circle and
non-circle swimming, the behavioral ethogram for Experiment 2 was modified to ensure that pair swims were no longer mutually
exclusive but were considered a modifier to the other swim types. A few additional behaviors were also added. Affiliative activity was
expanded to include group swimming, orienting toward another dolphin, touching another dolphin, chase/following, flee/avoidance,
tooth raking, and chin or tail slapping. Interference was defined as one dolphin moving between another dolphin and the toy with which
they were interacting. Interference most often resulted in blocking another dolphin’s access to a desired object and, similar to
displacement behaviors, would be considered agonistic.

Data Analysis

Because there were far fewer sessions in Experiment 2, nonparametric analyses were conducted on total frequencies of
intervals within session types. Chi-Square tests for independence determined whether behavioral patterns were similar between
condition types.

Results

Apollo was the focus of our study, so, unless otherwise noted, these results refer to his behavior. Swim
behavior (circle, non-circle, and stationary) differed between experimental and baseline conditions, X? (2, N =
450) = 39.50, p < .01, and between choice and non-choice conditions, X* (1, N=300) = 17.70, p < .01). Circle
swimming decreased during experimental conditions (11 intervals during baseline vs. O intervals during
experimental), while non-circle swimming increased (95 intervals during baseline vs. 109 during non-choice
and 137 during choice), suggesting that novel enrichment items had the intended result of increasing behavioral
flexibility. The frequency of non-circle swimming was slightly higher during the choice condition than the
non-choice condition, nearing significance, X* (1, N =246) =3.19, p = .07.

Interaction with standard enrichment objects remained relatively stable (M = 60 occurrences per
condition) across baseline and treatment conditions, X*>(2, N = 179) = 0.58, p = .89. However, Apollo played
with objects significantly less in the choice condition versus the nonchoice condition when novel and standard
objects were combined (65 intervals vs. 106 respectively, X2 (1, N=171) = 9.83, p <.01). This difference was
driven by Apollo’s tendency to play less with the novel objects but only when he had chosen them. There was
no significant difference between play with novel objects and play with standard enrichment objects during
the non-choice condition (53 vs. 60 occurrences), X2(1, N=187) = 0.43, p < .05). However, during the choice
condition, object play with novel objects decreased by over two-thirds (17 vs. 57 occurrences), X*(1, N=187)
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=21.60, p < .05). Because these results were contrary to the hypothesized outcome, additional analyses were
conducted to create a clearer understanding of other behavioral changes that were brought about during the
choice condition.

Importantly, Apollo also exhibited a significant change in habitat usage across five of the six pool
areas when baseline, choice, and nonchoice conditions were compared (Figure 4), X* (8, N =397) = 76.50, p <
.01). Apollo spent less time in the main pool areas (East and West) during the choice condition (40% of
intervals), when compared to both the baseline and nonchoice conditions (60%).

Figure 4

Shift in Habitat Usage (Percentage of Intervals in each Pool) during Each Condition of Experiment 2
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In addition, there was a positive correlation between interference from Chance and object play in both
choice, 7(150) =0.32, p < .01, and nonchoice treatments, #(150) = 0.21, p <.01. Chance did not interfere during
the baseline condition nor did the older dolphins interfere in any condition. Additionally, combined affiliative
activity for all animals was less frequent during experimental conditions compared to baseline (82 intervals)
and was less frequent during the choice condition (27 intervals) than the nonchoice condition (57 intervals),
X*(2, N=166)=27.41, p < .001). These results suggest that Chance interfered with Apollo, shifting Apollo’s
pool usage and contributing to his decrease in affiliative activity and object play when novel enrichment was
present, particularly during the choice condition.

Discussion

In both experiments, enrichment objects provided the predicted increase in behavioral flexibility, as
measured by an increase in non-circle swimming (and therefore a decrease in ISP). It is important to note that
this increase does not immediately indicate an increase in animal welfare, and further examination of the data
bears out that concern. The decrease in ISP was strongest when the enrichment devices were highly novel,
large, and potentially even disruptive. For example, one of the most effective enrichment devices was a large
block of ice (trash can sized). The dolphins initially reacted by avoiding the ice, pair swimming, and increasing
affiliative interaction with each other, only later approaching the cube. These kinds of disruptions can be
beneficial, as they break up potential boredom routines, but disruptions may not be preferable as regular
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enrichment, as they could potentially provoke stress. Similar devices would need to be further tested with
biological measures of stress to determine their benefits.

Other, less dramatic enrichment was sometimes accompanied by other behavioral shifts which were
unintended and often not necessarily desirable. These behavioral shifts included a decrease in pair swimming
and affiliative behavior in Experiment 1 (Enrichment Conditions 1 and 2) and an increase in
interference (similar to displacement from a desired object and an agonistic behavior) in Experiment 2. These
unintended consequences underscore the need for consistent and repeated monitoring of enrichment programs
for animals in human care.

Interestingly, these seemingly desirable behavioral changes were not accompanied by an increased
interaction with the enrichment devices. Instead, the dolphins altered their movements to exclude the areas
where the enrichment was present, likely due to the increased novelty of the items (Kuczaj et al., 2002; Neto
et al., 2016). It is also possible that with a longer habituation phase, the dolphins may have begun to approach
and interact with the novel items, and the resultant behavioral changes may or may not have been maintained.
Although shorter enrichment periods are typically considered best because they reduce habituation and
maintain the novelty of the enrichment (Kuczaj et al., 2002), in this case, signs of habituation were not observed
even with enrichment times of up to 8 hr.

Although these experiments were designed as a short-term assessment of environmental enrichment in
inducing behavioral change, the short duration of each condition and subsequent break in between conditions
may have inadvertently increased the effectiveness of enrichment as a whole, as changes to schedules and
different timing can have strong effects on the effectiveness of enrichment (Fisher, 2005; Lacinak et al., 1999).
That is, the dolphins may have been influenced by the cumulative effect of using multiple forms of novel
enrichment in a relatively short period of time.

Of interest is the fact that choice (which was hypothesized to provide some form of perception of
control — at minimum, control over the type of enrichment provided) in Experiment 2, did not result in the
expected increase in affiliative social activity but rather produced a spike in agonistic behavior from the other
young dolphin in the environment. This outcome was likely affected by the young age of the dolphin participant
and the social structure, which was still most likely in a state of flux due to the introductions of the young
animals to the group. It is possible that control is more effective when all animals are offered similar options
rather than only one animal (and the youngest animal as well).

Also of note is the fact that there was more interference during the choice condition than the nonchoice
condition, even though the kinds of objects that were added to the pool were similar. This may indicate that
choice resulted in a change in behavior that was impactful enough to generate interest from another dolphin
but was not observable by the researchers. We can say, however, that because Chance only showed increased
interference when Apollo was given a choice, the dolphins clearly perceived the choice condition as different
from the nonchoice condition.

These findings highlight the possibility that enrichment items and the way they are presented may alter
social interactions and different individuals in unintended ways (Bayne, 2005; Nelson & Mandrell, 2005). This
possibility is of importance, even given the small numbers of animals in these studies, because welfare
concerns necessarily focus on individual responses rather than group averages. Smaller groups may even be
more at risk of experiencing unintended consequences due to changes in enrichment. Unintended consequences
such as fear, agitation, intergroup aggression, or other stress-related behaviors should always be of concern,
particularly when the functional relevance of the enrichment is not taken into account (Newberry, 1995).
Unintended consequences of enrichment can include within-group aggression and decreased habitat utilization
(Lyn, 2009), as may have been seen in this study. Similarly, it is imperative to monitor the effects of enrichment
over time, both short- and long-term. While the introduction of enrichment may initially reduce antagonistic
behaviors, these behaviors may actually increase over time (Fisher, 2005).

12



Conclusions

While environmental enrichment is generally assumed to be of benefit to animals in human care, our
results present a more complicated picture. Enrichment can certainly decrease unwanted behaviors, but, at least
for cetaceans, those effects may be directly tied to the novelty of the enrichment devices (Makecha & Highfill,
2018; Shyne, 2006). In addition, adding novel enrichment frequently affects the social dynamics of a group,
and these effects may be long-lasting (Lyn, 2009). Scientific assessment and frequent reevaluation of
enrichment programs is strongly recommended.
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