
Vol.:(0123456789)

Biologia Futura 
https://doi.org/10.1007/s42977-024-00218-2

ORIGINAL PAPER

Experiments with a set of cooperative enrichment devices used 
by groups of Indo‑Pacific bottlenose dolphins

Eszter Matrai1 

Received: 4 January 2024 / Accepted: 10 April 2024 
© The Author(s) 2024

Abstract
Dolphins in the wild cooperate to find food, gain and maintain access to mating partners, look after their young ones, or for the 
sheer joy of play. Under human care, environmental enrichments provide mental and physical stimulation and opportunities 
for the dolphins to practice their natural abilities. In this review, I focus on a set of enrichment devices we designed for 
cooperative problem-solving. They allowed the dolphins to utilize and improve their cognitive skills, leading to improved 
socialization within the group. While the devices provided appropriate challenges to the dolphins, they also allowed the 
investigation of the impact of demographic and social factors on the cooperative actions. We found that age and relatedness 
had no impact on cooperation; in turn, cooperation increased with group size. In addition, during the use of these cognitive 
enrichments, partner preference and intersexual differences were revealed in cooperative actions. The novel multi-partner 
devices were not only used by dolphin pairs but also by dolphin trios and quartets, providing evidence for group-level 
cooperation. In addition, a novel food-sharing device was used prosocially by dolphin pairs. Finally, the introduction of 
these cognitive enrichments leads to measurable short- and long-term welfare improvement. Thus, the use of these cognitive 
enrichments paired with systematic data collection bridged science with welfare. Future studies will investigate intersexual 
differences in independent groups, the emergence and function of cooperative interactions, and the socio-dynamics using 
cognitive enrichments.
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Introduction

Cooperation can be defined as two or more individuals work-
ing together for a common goal (Boesch and Boesch 1989). 
Dolphins in the wild cooperate for multiple reasons. They 
work together to find and catch food, developing a strik-
ing variety of group hunting tactics, such as strand feeding 
(Jiménez and Alava 2015) and mud ring feeding (Ramos 
et al. 2022), and cooperative prey herding (Benoit-Bird and 
Au 2009). They were even observed to take up different roles 
during group hunting (Gazda et al. 2005). Females have 
also been documented to provide alloparental care (Her-
zing 1997; Martin and Da Silva 2018; New et al. 2013). In 
contrast, male dolphins recruit allies to capture and main-
tain access to females (Connor and Krützen 2015). Finally, 

dolphins have been observed to play socially, for example, 
passing a piece of sargassum (Kaplan et al. 2018) or a ball 
(Ikeda et al. 2018).

Under human care, environmental enrichment devices 
(EEDs) can provide both mental and physical stimulation 
(Kuczaj et al. 1998; Makecha and Highfill 2018). They 
increase behavior diversity, reduce stereotypy, and enhance 
the display of species-specific behaviors. Their importance 
in zoos and aquariums has been well documented (Harley 
et al. 2010; Kuczaj et al. 2002; Mellen and MacPhee 2001; 
Shepherdson et al. 2012). The design of the appropriate 
tools has been in the focus of several studies (Eskelinen 
et al. 2015; Fabienne and Helen 2012; Mason et al. 2007). 
EEDs are often categorized by their function, such as visual, 
olfactory, auditory, structural, tactile, social, or food-based 
enrichments (Hoy et al. 2010). A special category, cogni-
tive enrichment, provides problem-solving challenges, i.e., 
opportunities to practice one’s innate cognitive skills (Clark 
2011; 2013; Clark et al. 2013).
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Dolphins in the wild have been reported to cooperate to 
solve all major challenges in their life successfully (find-
ing food, finding mates, and raising their young ones) and 
even to play socially. Thus, designing EEDs for coopera-
tive use was a logical idea. The devices not only provided 
adequate enrichment to our dolphins, but they also proved to 
be important tools to investigate the underlying mechanism 
of cooperation and their long-term welfare impact on the 
dolphins. This brief review summarizes our observations 
during the testing use of a set of cooperative enrichment 
devices at Ocean Park Hong Kong (OPHK).

Mutual cooperation by dolphin pairs

The first cooperative enrichment device consisted of a PVC 
tube with two caps equipped with rope handles. The device 
was filled with ice and fish each time before given to the 
dolphins. It allowed simultaneous interaction for pairs of 
dolphins. The device could be opened by synchronous pull 
of the rope handles, allowing access to its content. The 
device was tested in three facilities: at Dolphin Cove, Florida 
(Kuczaj et al. 2015), at Roatan Institute for Marine Sciences, 
Honduras (Bagley et al. 2020), and at Ocean Park Hong 
Kong (Matrai et al. 2021a; b; Matrai et al. 2020). In the 
first test by Kuczaj and his colleagues (2015), the device 
was introduced to a mixed group of three male and three 
female dolphins. The males successfully opened the device 
in cooperation. As the males monopolized the device during 
the sessions, the females’ device-related behaviors could not 
be tested (Kuczaj II et al. 2015). Bagley and her colleagues 
tested the same device with five pairs of dolphins. None of 
the pairs opened the device in cooperation; however, they 
found a correlation between the dolphins’ device-related 
behaviors and their personalities (Bagley et al. 2020).

The first devices used at Ocean Park Hong Kong followed 
the same design. Age in our same-sex group of male and 
female dolphins (Tursiops aduncus) ranged between 1 and 
42 years, and the groups consisted of 4–8 dolphins. No 
correlation was found between age and cooperative success 
(cooperative opening of the device) or relatedness and 
cooperative success. However, there was a sharp difference 
between the cooperative success of the sexes. Males 
were four times more successful in opening the device in 
cooperation than female dolphins (Matrai et  al. 2021a; 
2022a). Females were also interested in the devices and 
interacted with them throughout the experiment, but they did 
it in a solo, taking turn in playing with it. While both sexes 
have been observed to participate in cooperative actions 
in the wild, the observed sex differences in our study may 
reflect on the males’ natural alliance formation tendencies 
(Connor et al. 2017; Connor and Krützen 2015; Gerber et al. 
2021; Krützen et al. 2003; Nishita et al. 2017).

Building on the initial cooperative success of the 
male groups, we were interested in the drivers of male 
cooperation. Thus, additional group testing and pair-wise 
testing were conducted. The groups included four, five, or 
six dolphins with a single or two devices. The number of 
cooperative openings increased with group size. Out of the 
six dolphins, five showed active interest in the device. These 
five dolphins were also tested pair-wise, systematically. 
All 10 possible pairs succeeded in opening the device 
cooperatively. However, during the group setting, some pairs 
were recorded to cooperate more often, while others were 
never observed to cooperate during group testing. These 
findings suggest that when multiple partners are available, 
the dolphins may prefer some of them over others (Matrai 
et al. 2021b).

Male dolphins were not only more successful in opening 
the devices cooperatively, but they also invented a novel 
behavior, cooperative play that was never observed in 
females. During cooperative play, the male dolphins held the 
device between them and swam in synchrony. They kept the 
same speed, direction, and rhythm of breathing. Cooperative 
play is regarded as a spontaneous, affiliative behavior, which 
we observed almost every session, mainly after the opening 
events, i.e., when the device was already emptied. There was 
a strong correlation between participating in the opening and 
the playing. Hence, we consider the opening and play part of 
the same behavior chain rather than independent behaviors 
(Matrai et al. 2021b). Alliance formation has been linked 
with reproductive benefits (Frère et al. 2010; Krützen et al. 
2003), and we assume cooperative play is likely to provide 
opportunities for obtaining new or maintaining existing 
relations.

Multi‑partner cooperative enrichments

The successful introduction of the two-way device and the 
dolphins’ inclination of cooperation inspired novel designs. 
Our team was interested in investigating if the recorded 
cooperative actions were only possible by dolphin pairs or, 
if an opportunity was given, more animals would cooperate, 
simultaneously. In the wild, group-level collaboration has 
been observed during group hunting (Benoit-Bird and Au 
2009) or social play (Bel’kovich et al. 1991). Therefore, two 
multi-player devices were built: one with a T- and another 
with a TT-shape, allowing simultaneous interactions for 
three and four dolphins, respectively (Matrai et al. 2022). 
Prior to our experiment, cooperative enrichments were only 
designed for dolphin pairs (Kuczaj II et al. 2015; Yamamoto 
et al. 2019). Thus, these novel devices opened an interesting 
new avenue for investigating within-group cooperation and 
socio-dynamics by focusing on multiple individuals at the 
same time.
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With more handles available, dolphin trios and even 
quartets were observed to cooperate. Cooperative opening of 
the devices in males was most often observed by pairs: 70% 
with the T-shape device and 50% with the TT-shape device. 
However, 30% of the T-shape and 40% of the TT-shape 
openings were documented with trios. Finally, 10% of the 
TT-shape openings were observed with a dolphin quartet 
(Matrai et al. 2022). The two multi-partner devices were also 
tested with a group of female dolphins. While the dolphins’ 
interest remained high, similarly to the two-way device, 
their cooperative opening success rate remained one-third of 
that of the males. Moreover, in females, only pairs, but no 
trios or quartets, were observed to participate in cooperative 
opening (unpublished data). These findings further support 
sex differences in cooperative tendencies in dolphins in favor 
of males.

Multi-player cooperation was also observed during 
cooperative play in males, but never in females. The 
males spent the most of the experimental time playing 
cooperatively with the devices, 65% as pairs, 22% as 
trios, and 6% as quartets. During these interactions, the 
participating dolphins swam in synchrony while holding the 
device, just like with the two-way device. However, with the 
multi-partner devices, we could observe synchronization of 
up to four dolphins, something that we have never observed 
with any other enrichments. Moreover, similar to our 
findings with the two-way device, the dolphins showed 
preference for certain partners. The pairs that were observed 
to spend most time together were also more likely to be part 
of the same trio or quartet (Matrai et al. 2022).

Prosocial food‑sharing

A modified version of the two-way enrichment device was 
designed for testing prosocial food-sharing. The device 
contained an internal structure which held five pieces of fish 
in place and a rubber band that kept the device closed. The 
device was tied to the poolside with one handle, while the 
other was available to the dolphins to interact with. The fish 
could be retrieved if one dolphin pulled the handle (actor) 
and kept the device open for another dolphin (recipient) to 
access the fish. Male dolphins successfully retrieved one-
third of the fish in a prosocial manner. Furthermore, male 
dolphins showed stable role preferences over the sessions, 
independent from their age and relatedness (Matrai et al., 
submitted).

Cooperative enrichments for improving 
welfare

While there were obvious signs that the dolphins apparently 
enjoyed interacting with the cooperative enrichment devices, 
we were interested in how much it influenced their behavior 
outside of the research sessions, and we also aimed at a more 
objective measure on their welfare. Seven welfare indicators 
were monitored in a three-year, long-term study with a 
group of male dolphins. These were the same animals that 
participated in the above-mentioned cooperative enrichment 
studies. Research sessions were conducted twice weekly. 
The seven welfare indicators included five positive (Play 
with water, Play with enrichment, Social play, Synchronous 
play, and Tactile interactions) and two potential negative 
welfare indicators (Aggression and Potential stereotypy). 
The presence and the absence of the welfare indicators 
were recorded daily for each animal by the care team. The 
short-term impact of the enrichment was investigated by 
comparing the occurrence of the seven indicators between 
Session days (when the cognitive enrichments were utilized) 
and Non-session days (only regular enrichments were used). 
The long-term analysis investigated the trends in these 
welfare indicators over the three-year period.

The analyses revealed that ‘Play with enrichment’, ‘Affili-
ative tactile’,‘Social play,’ and ‘Synchronous swim’ were 
significantly higher, while ‘Aggression’ was significantly 
lower on Session days than on Non-session days. Moreover, 
the social network analysis further supported our findings, 
showing a decrease in aggressive interactions on Session 
days. The positive welfare indicators showed an increasing 
trend over the 36 months, while the negative welfare indica-
tors showed a decreasing trend over the observation period 
(Matrai et al. 2024; 2022a).

Undoubtedly, the generalizability of these findings are 
hindered by having only a single group tested with no 
control group. Nonetheless, these experiments provide a 
basis for future studies, including collaborations with other 
institutions.

Conclusions for future directions

Cognitive enrichments provide valuable opportunities for 
linking science and welfare, emphasizing the importance 
of appropriate designs. The dolphins’ natural ability for 
collaborative problem-solving and their flexibility in 
execution make cooperative enrichment devices perfect for 
the task. Our devices were built from commonly available, 
inexpensive materials. They can be easily adapted in any 
facility around the world. Our studies paved the way for 
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further investigations on the long-term cooperative trends. 
The social arrangement of dolphins under human care 
changes over time. As young individuals become mature, 
they move to other groups. Older individuals reach their end 
of life, and new dolphins are born. The repeated use of the 
cognitive enrichment devices allows us to investigate the 
impact of the changes in the social network on individual 
(maybe even lifelong) trends in alliance formation and 
maintenance and the development of social skills of young 
individuals.

We also aim to extend our investigations by involving 
other zoos and aquariums. The relative long-term 
application of our devices at OPHK has provided us with a 
unique insight into our dolphins’ social life. Our findings are 
currently limited to one facility and can only be interpreted 
with caution. However, we hope that our efforts and the 
proven welfare benefits of the cognitive enrichments will 
inspire other facilities to join the program. A multi-facility 
collaboration would provide valuable opportunities for 
comparison between different dolphin groups and species. 
Ultimately, it would allow to evaluate whether the trends 
documented in OPHK are unique to our dolphin group 
or could be observed across the species or even multiple 
species.

Finally, testing in the aquarium contributes to our 
understanding of social behaviors and dynamics in cetaceans 
in the wild, e.g., the socio-cognitive skills cooperation 
requires and the function and emergence of cooperation.
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