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Abstract

Environmental enrichment is a key component in improving the psychological and physiological well-being of animals under profes-
sional care. Environmental enrichment involves the addition of stimuli, including objects and cognitive challenges, into the environment
in order to increase species-specific behaviour and provide opportunities for choice and control. The effectiveness of enrichment should
be evaluated on a case-by-case basis to determine if the desired result has been achieved. Environmental enrichment devices (EEDs)
can be utilised to present novel problems to animals under professional care. Here, a submerged interactive cognitive apparatus was
presented to eight bottlenose dolphins (Tursiops truncatus) five days a week for 18 weeks and behavioural indicators of animal
welfare assessed. As a group, dolphins spent more time in social swims compared to solitary swims and more time at the bottom of
the habitat than the middle or top throughout the day, even when the apparatus was not immediately available. Individuals’ differ-
ences were apparent in the type and amount of engagement with the apparatus. Three dolphins engaged with the apparatus by
solving it or consuming the reward. Two dolphins, D4 and D8, engaged simultaneously with the apparatus and participated in more
social swimming with each other. D4 solved the interactive apparatus and engaged in more social active and solitary active behav-
iours. D1 and D4 increased their use of the bottom of the habitat. This study is the first report of underwater enrichment increasing
dolphins time at depth throughout the day even when the enrichment device is not available. The interactive apparatus was an
effective form of enrichment for dolphins participating in successful trials.
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Introduction
Zoos and aquaria often implement environmental enrich-
ment programmes to improve the welfare of animals under
their care (Kuczaj et al 2002; Harley et al 2010).
Environmental enrichment involves the addition of stimuli
to the environment in order to increase species-specific
behaviour and provide opportunities for choice and control
(Chamove 1989; White et al 2003). Environmental enrich-
ment can comprise a variety of different activities (for a
review, see Hoy et al 2010), including the addition of
objects to a habitat (eg television, balls, and underwater
mazes; Newberry 1995; Swaisgood & Shepherdson 2005;
Wells 2009; Clark et al 2013; Melfi 2013), novel scents
(Fay & Miller 2015; Samuelson et al 2017), training
(Brando 2012), and strategic social changes made with the
goal of improving welfare (Hill et al 2015b). 
Enrichment programmes focus on increasing positive indica-
tors of welfare, such as increased behavioural diversity, affil-
iative behaviours, and habitat usage (Kuczaj et al 1998;
Swaisgood & Shepherdson 2005; Wells 2009; Mason 2010;
Miller et al 2016) and can result in decreased indicators of

negative welfare, such as stereotypic and abnormal levels of
aggressive behaviours (Carlstead 1998; Waples & Gales
2002; White et al 2003). Ethological and physiological
studies examining the efficacy of environmental enrichment
programmes should be conducted to determine the effective-
ness of these enrichment devices in increasing positive
welfare for the animals (Kuczaj et al 2002; Clegg et al 2015).
The enrichment value depends on the audience, as not all
environmental enrichment devices (EEDs) are equally
effective for bottlenose dolphins (Tursiops truncatus) of
different ages and sexes (Eskelinen et al 2015; Neto et al
2016). Some dolphins exhibit strong preferences for
specific objects while showing little interest in others
(Mellen & MacPhee 2001; Delfour & Beyer 2012).
Therefore, the effectiveness of enrichment initiatives should
be evaluated to determine the type and quantity necessary to
produce the desired result (Morgan et al 1998; Galef 1999).
Successful cognitive enrichment tasks must: (i) require
animals to engage their cognitive skills to solve problems or
control the environment; and (ii) result in positive changes
in validated measures of well-being (Clark 2011). 
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Behavioural diversity and activity level have been used as a
measure of welfare (Galhardo et al 1996), and recent efforts
have worked toward validating behavioural diversity as an
indicator of welfare using physiological measures (Miller
et al 2016). Several studies have shown an increase in
behavioural diversity and active behaviours when animals
are presented with various types of environmental enrich-
ment (Shepherdson et al 1993; Garner et al 2003; Schneider
et al 2014). For example, giant pandas
(Ailuropoda melanoleuca) presented with food and non-
food enrichment items spent significantly more time active
and engaged in a greater variety of behaviours (Swaisgood
et al 2001), and implementing unpredictability with
Malayan sun bears (Helarctos malayanus) led to a higher
diversity of foraging behaviours (Schneider et al 2014).
Consistently, reductions in social behaviour and activity
levels have been associated with increased cortisol levels,
reduced appetite, and illness in dolphins (Waples & Gales
2002). Behavioural diversity and activity levels likely can
be used to identify when the animal is in a positive state. 
Affiliative behaviours, such as social play, rubbing, and
synchronous swimming have been considered variables
indicative of positive welfare, leading to health benefits
(Kuczaj et al 2006; Held & Spinka 2011; Clark et al 2013;
Hill et al 2015a,b). Wild dolphins have dynamic social
lives in fission-fusion societies, where they learn to
employ a wide variety of foraging strategies (Similä &
Ugarte 1993; Smolker et al 1997; Duffy-Echevarria et al
2008). Some socially learned foraging strategies are co-
operative and involve synchronous behaviours, which aid
in social cohesion (Connor et al 2006; Fellner et al 2013).
Similarly, co-operative play in dolphins is particularly
important in acquiring information about conspecifics and
developing social skills (Kuczaj & Eskelinen 2014).
Social play decreases in unfavourable conditions and
increases when environmental enrichment is present
(Serres & Delfour 2017). After training sessions, rates of
social play and interactions with environmental enrich-
ment are higher (Serres & Delfour 2017; Perez et al 2018).

Habitat utilisation, as a proxy for exploration, has been
used an indicator of welfare when assessing the efficacy of
enrichment. For example, food-hiding programmes in the
enclosures of land animals (Charmoy et al 2015), and the
introduction of novel scents to sea lions
(Zalophus californianus) (Samuelson et al 2017) have
successfully increased habitat usage. Dolphins under
professional care spend more time at the surface of the
water than their wild counterparts (Galhardo et al 1996).
However, exploration of their full habitat can be promoted
by providing submerged EEDs (Clark et al 2013). 
Research on enrichment devices has mainly focused on
non-interactive objects (Delfour & Beyer 2012; Clark et al
2013). These are effective in increasing species-specific
behaviour and decreasing stereotypic behaviour (Hunter
et al 2002; Smith & Litchfield 2010; Delfour & Beyer
2012). Providing cognitively challenging enrichment may
produce longer-lasting benefits and expand overall
knowledge of dolphin cognition (Meehan & Mench 2007;
Harley et al 2010). Cognitive challenges have benefitted the
well-being of farm animals by increasing locomotive
behaviour and reducing fear behaviours (Puppe et al 2007).
They are also effective forms of enrichment for dolphins by
increasing social behaviours, play behaviours, and amount
of time spent underwater (Clark 2011, 2013).
The purpose of the present study was to examine the impact
of a submerged problem-solving apparatus by assessing
behavioural indicators of animal welfare. 

Materials and methods

Ethical approval
The study protocol was approved by the University of
Southern Mississippi Institutional Animal Care and Use
Committee (no 16052607).

Methods
Eight common bottlenose dolphins, housed at the
Brookfield Zoo in Brookfield, Illinois, USA (41°, 49’
26.04”, 87°, 51’ 6.12”) were observed in order to examine
the enrichment efficacy of a submerged interactive
apparatus (SIA) over a ten-month period. The group
consisted of one female/male mother-calf dyad, one
female/female mother-calf dyad, three sub-adult females,
and one male calf (Table 1). The habitat consisted of four
interconnected areas: an oblong front area
(33.5 × 12.2 × 6.7 m; length × width × depth), two circular
rear areas (10.7 × 4.3 m; diameter × depth), and a medical
area (7.6 × 2.4 m; diameter × depth). 
The SIA consisted of a clear Lexan (ie, polycarbonate
plastic) box, submerged 0.6 m beneath the water’s surface,
containing a shelf that was lowered to release a food reward
(four fish) when a specific amount of weight was placed
inside (for a detailed description of the SIA, see Lauderdale
& Miller 2019). Sinking weights were dispersed at a desig-
nated location at the bottom of the habitat in each area based
on the study condition. Dolphins were tested in two groups
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Table 1   Demographic information on participants.

Dolphin Age Group Sex Mother-calf dyads

D2 11 1 Female –

D3 2 1 Male –

D6 13 1 Female –

D7 14 1 Female –

D1 30 2 Female Mother of D4

D4 1 2 Female Calf of D1

D5 2 2 Male Calf of D8

D8 34 2 Female Mother of D5
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of four, with the two mother-calf dyads in Group 2
(Table 1). The SIA was presented five days a week between
1200 and 1300h, directly following a training session during
which feeding took place. The opportunity for trainer inter-
action was not normally available during this time-period.
Dolphins received their normal daily enrichment (eg balls,
buoys, water hoses, hula hoops, etc) throughout the study.
Behavioural observations were collected for 12 weeks prior
to the introduction of an SIA (ie, pre-treatment phase), for
the 18 weeks the SIA was presented (ie, treatment phase),
and for 12 weeks after the SIA was no longer presented (ie,
post-treatment phase). A total of 18 h of behavioural obser-
vations were recorded each week. Real-time, direct obser-
vations were conducted from underwater viewing windows
and recorded using the iOSmobile application, Animal
Behaviour Pro. Observations were collected on a
randomised, counterbalanced schedule, five days a week,
between the hours of 0630–1800h. Data were not collected
during formal presentations, training sessions, or during
trials with the apparatus. Behavioural data were gathered
following a protocol of consecutive 15-min focal follows
for each dolphin. Continuous sampling was used to record
behaviour events (eg interaction with conspecifics, objects
and trainers/guests). Instantaneous sampling of swim state
and location were recorded at 60-s intervals. At each social
swim state sample point, the identification of the partici-
pating dolphins was recorded. Behaviour events, swim
states and locations are operationally defined and cate-
gorised in Appendix 1 (see supplementary material to
papers published in Animal Welfare:
https://www.ufaw.org.uk/the-ufaw-journal/supplementary-
material). Operational definitions are adapted, in part, from
Dudzinski (1996), Harvey (2015), and Hill et al (2015a). 
A combination of live observation and video recordings
were used to ensure reliability. Inter-observer agreement
(IOA) was evaluated for 16 live observation periods (two
pre- and two post-treatment observations per animal). IOA
was calculated with Pearson’s correlation coefficient and
Cohen’s kappa and was achieved across subjects, with both
coders reaching at least 80% reliability for continuous and
instantaneous data (Haidet et al 2009). In order to calculate
intra-observer reliability, three 1-h videos were scored prior
to the beginning of the pre-treatment, treatment, and post-
treatment phases. Reliability was calculated with Pearson’s
correlation coefficient and Cohen’s kappa and was at least
80% reliability for continuous and instantaneous data. 
Due to the small sample size, all analyses were conducted
using non-parametric tests and differences considered
significant at P < 0.05. Data were analysed using R and
SPSS and partitioned into groups of nine consecutive
observations in order to create blocks. Average time spent
in each swim state and location for each block and phase
(ie, pre-treatment, treatment, or post-treatment) were
calculated. To examine differences in location and swim
state, the total number of occurrences in each category was
summed and divided by the total number of visible scans
for each dolphin per session. To assess differences in

behaviour events using the continuous samples, the total
number of events in each category (ie, social active, social
agonistic, social sexual, and solitary active) was summed
and divided by the total number of minutes visible.
Differences were compared between pre-treatment,
treatment, and post-treatment phases using a Freidman’s
test. In the case of overall significance (P < 0.05), a
Wilcoxon Signed Ranks test was calculated.
To determine the significant changes in behaviour, location,
and swim state diversity in response to the SIA, the
Shannon’s diversity index (Shannon & Weaver 1949) was
calculated for each variable, since it is able to identify subtle
changes in behavioural diversity (DeJong 1975).
Behavioural diversity is notated in H values, with higher
values indicating a greater number of behaviours and/or an
even distribution of behaviours (Peet 1974). The Shannon
index (H) is calculated as: 

where pi is the proportion of the behaviour category. An
absence of behaviours listed in the ethogram resulted in a
diversity index of zero. Differences in diversity indices
were compared between pre-treatment, treatment, and
post-treatment phases using a Freidman’s test. In the case
of overall significance (P < 0.05), a Wilcoxon Signed
Ranks test was calculated.
Phase design randomisation tests were used to compare the
treatment phase to the pre- and post-treatment phases for
individual dolphins (Dugard & Todman 2012; Kratochwill
2013). Phase design randomisation tests are commonly
employed with ABA design experiments (Dugard &
Todman 2012). In order to complete these tests, data were
grouped into two phases: treatment and non-treatment
phases. Pre- and post-treatment phases were grouped into a
single phase collectively referred to as the non-treatment
phase. For dolphins with significant changes in social
behaviour as indicated by the randomisation tests, social
association changes (ie, rate of social swim states specific
dolphins were observed together in) were investigated by
calculating an effect size; Tau-U. This is a non-parametric
effect size calculation for evaluating non-overlap data
between two phases (Parker et al 2011). Tau-U effect size
scores ranging from 0.00–0.20 are considered small effects,
scores ranging from 0.20–0.60 are considered moderate
effects, scores ranging from 0.60–0.80 are considered large
effects, and scores above 0.80 are considered a very large
effect (Vannest & Ninci 2015).

Results
Dolphins spent 52.1% of their time in social swims during the
pre-treatment phase, 58.2% in the treatment phase, and
51.5% in the post-treatment phase. The mean proportion of
time spent in social swim states was statistically significant
(χ2

[2, n = 8] = 7.00; P = 0.03). There were significantly more
social swims in the treatment compared to the pre-treatment
(Z = –2.10; P = 0.04) and post-treatment phases (Z = –2.52;
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P = 0.01). Dolphins predominantly engaged in social active
(group average = 58.9% of observed behaviours) and solitary
active behaviours (group average = 28.9% of observed
behaviours) in all conditions. The dolphins spent significantly
more time at the bottom of the habitat (χ2

[2, = 8] = 9.00;
P = 0.01) in the treatment phase when compared to the post-
treatment phase (Z = –2.52; P = 0.01). They spent signifi-
cantly less time at the top of the habitat (χ2

[2, n = 8] = 10.75;
P = 0.01) in the treatment phase when compared to the pre-
treatment (Z = –2.10; P = 0.04) and post-treatment phases
(Z = –2.52; P = 0.01). They spent 32.4% of their time at the
bottom of the habitat in the pre-treatment phase, 37.4% in the
treatment phase, and 28.8% in the post-treatment phase.
Shannon’s diversity index phase values ranged from
0.65–0.91 for behaviour, 0.61–0.93 for swim state, and
1.16–1.29 for location. As a group, there were no significant
differences for diversity of behaviour (χ2

[2, n = 8] = 0.75;
P = 0.79), diversity of swim states (χ2

[2, n = 8] = 1.00; P = 0.65),
or location (χ2

[2, n = 8] = 0.75; P = 0.79). 

Randomisation tests were completed to assess individual
differences in behaviour change because each dolphin partic-
ipated with the SIA in a different manner and amount. None
of the dolphins in Group 1 (D2, D3, D5, and D7) were able
to solve the SIA despite continuous attempts to do so via
other methods (eg pushing). In Group 2, D4 solved 100% of
the SIA-completed trials. D1 consumed 18.5%, D4 6.5%, and
D8 75.0% of the total amount of food reward available.
Mean differences for individuals from the phase design
randomisation tests are shown in Tables 2 and 3. D4
engaged in social active and solitary active behaviours
significantly more during the treatment when compared to
the non-treatment phase (social active: mean
difference = 0.21; P = 0.04, solitary active: mean differ-
ence = 0.18; P = 0.02). D8 displayed significantly more
social swim states and fewer solitary swim states during the
treatment when compared to the non-treatment phase
(social swims: mean difference = 0.12; P = 0.02, solitary
swims: mean difference = 0.12; P = 0.02). Two subjects, D1
and D4, spent significantly more time at the bottom of the
habitat (D1: mean difference = 0.06; P = 0.04, D4: mean
difference = 0.05; P = 0.05) during the treatment when
compared to the non-treatment phase. D1 spent signifi-
cantly less time at the top of the habitat (mean
difference = 0.08; P = 0.05).
Tau-U effect size calculations for D4 and D8’s rate of social
swimming between phases indicated very large effects of the
treatment when compared to pre-treatment (Tau = 0.97) and
the pre- compared when compared to post-treatment
(Tau = 0.88). There were moderate effects between the
treatment and post-treatment (Tau = 0.44). The rates of social
swimming between D4 and D8 are shown in Figure 1.

Discussion
The present study showed usage of a submerged interactive
apparatus and the accompanying sinking weights to be asso-
ciated with positive behavioural change throughout the day
even when the SIA and weights were not available. During
the time-period when SIA trials were conducted, the three
dolphins who either solved the SIA and/or consumed the food
reward exhibited an increase in one or more likely indicators
of positive welfare. D1 and D8 consumed the majority of the
food reward while D4 solved the SIA. Individual differences
in the amount and type of interaction with EEDs illustrates
the importance of assessing the efficacy of enrichment for
each individual (Delfour & Beyer 2012).
Synchronous swimming in close proximity is considered an
affiliative behaviour indicative of positive welfare for
bottlenose dolphins (Connor et al 2000). D4 and D8 spent
more time in social swim states together during the
treatment phase despite being an unrelated adult-calf pair.
The simultaneous engagement with the SIA may have
enhanced the social bond between these individuals. It is
possible that D4 strengthened her relationship with D8
through solving the enrichment device, thereby enabling
herself to be associated with a food reward to D8, who
consumed it. It is also possible that D4 was participating in
a form of prosocial behaviour. When offered a choice

© 2020 Universities Federation for Animal Welfare

Table 2   Mean difference values for behaviour during
treatment and non-treatment phases.

Negative numbers indicate a decrease and positive numbers
indicate an increase. * P < 0.05, two-tailed. 

Dolphin Social active Social Social sexual Solitary

D1 0.04 0.00 0.00 0.04

D2 0.07 0.00 0.00 –0.04

D3 –0.19 –0.01 0.09 –0.06

D4 0.31* 0.02 0.04 0.18*

D5 –0.38 –0.02 0.00 –0.06

D6 –0.02 0.00 0.01 –0.04

D7 –0.12 0.00 0.00 –0.06

D8 –0.08 0.00 –0.03 –0.04

Table 3   Mean difference values for location and swim
state during treatment and non-treatment phases.

Dolphin Top Middle Bottom Solitary swim Social swim

D1 –0.08* 0.02 0.06* –0.06 0.06

D2 –0.13 –0.01 0.14 –0.10 0.09

D3 –0.02 –0.03 0.05 0.03 0.00

D4 –0.04 –0.01 0.05* 0.01 –0.01

D5 –0.05 0.00 0.05 –0.06 0.05

D6 –0.09 0.00 0.10 –0.13 0.12

D7 –0.10 0.03 0.07 –0.11 0.11

D8 –0.04 0.01 0.04 –0.12* 0.12*

Negative numbers indicate a decrease and a positive numbers
indicate an increase. * P < 0.05, two-tailed. 

https://doi.org/10.7120/09627286.29.4.379 Published online by Cambridge University Press

https://doi.org/10.7120/09627286.29.4.379


Efficacy of an interactive apparatus for dolphins   383

between a prosocial or a selfish act, dolphins favour the
former which provides both themselves and their conspe-
cific with enrichment without request from the conspecific
(Nakahara et al 2017). 
Habitat utilisation, as a proxy for exploration, has been used
as a potential indicator of positive welfare when assessing
the efficacy of enrichment (Leighty et al 2010; Blowers
et al 2012; Hunter et al 2014). As dolphins have access to
three dimensions of their environments, compared to most
terrestrial mammals that have access to two, it is important
to include assessments of depth usage when investigating
how dolphins use their habitats. Underwater enrichment has
been shown to increase the amount of time dolphins spend
at the same depth as the EED while the enrichment is
present (Clark et al 2013). The sinking weights used with
the apparatus required dolphins to navigate the entire depth
of their habitat in order to participate, which may have
increased their exploratory behaviours. Even when the SIA
and weights were not in the water, D1 and D4 continued to
spend less time at the top of the habitat and more time at the
bottom during the treatment phase than in other phases. This
study is the first to report underwater enrichment increasing
dolphins time at depth throughout the day even when the
enrichment device is not available.
Non-aggressive social interactions in the absence of
fitness threats have been identified as indicators of
positive welfare (Held & Spinka 2011). Interactive enrich-
ment has been shown to stimulate social interactions when
the enrichment is present (Clark et al 2013). D4 engaged
in more social and more solitary active behaviours when
the SIA was not present indicating that the opportunity to

interact with the apparatus prompted more positive social
interactions throughout the day.
While the SIA appears to have been enriching, the
presence of the researcher and assisting trainer or the addi-
tional time spent with the trainer during the trials may also
have influenced the dolphins’ behaviour. Human interac-
tion is enriching even when no objects are present
(Eskelinen et al 2015). Trials took place in a 1-h period
during which human-dolphin interactions did not normally
occur. It is possible that the increased activity and human
interaction could have provided additional enrichment.
However, each participant received an increase in human
interaction during the treatment period but only D1, D4,
and D8, who most readily directly interacted with the SIA,
showed altered behaviour. Therefore, the SIA was more
likely responsible for the changes in behaviour rather than
an increase in human interaction. 

Animal welfare implications and conclusion
The current study aimed to examine the impact of a chal-
lenging cognitive apparatus. The SIA promoted positive
welfare for dolphins who participated in successful trials by
increasing their social behaviours, increasing use of the
bottom of the habitat, and promoting social cohesion
between dolphins. The dolphins were able to choose their
level of engagement with the device. Individual differences
were observed in the type and amount of interaction with
the apparatus which highlight the importance of evaluating
potential enrichment devices at the individual level. EEDs,
such as the SIA here, may also promote social bonding
between individuals interacting with the SIA together. The
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Figure 1

Rates of social swimming between dolphins, D4 and D8.
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increase in social swimming between two unrelated
dolphins interacting with the SIA concurrently, indicated
that that EEDs may strengthen social bonds without co-
operation. Importantly, this increase in social swimming
behaviours occurred when the SIA was not being presented,
suggesting that time-limited enrichment that includes social
interactions may improve overall social cohesion. These
two dolphins showed an increase in their habitat use by
spending more time at the bottom of the habitat. Further, the
dolphin who solved the cognitive challenge exhibited an
increase in social and solitary active behaviours.
Environmental enrichment is a crucial component of
improving the welfare of marine mammals (Swaisgood et al
2001; Shepherdson et al 2005). Information gained from this
study can be used to aid in developing environmental enrich-
ment programmes, designing new cognitive challenge
devices, and managing social groups. Future research should
focus on individual differences in participation amount and
type and the effect these have on behaviour. In addition, more
research is needed to better understand the effects of enrich-
ment that promotes social interactions and the impact of
dominance hierarchy on social bonding. 
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