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Cognitive enrichments have gained popularity in the past two decades in both farm animal and zoological settings. In this study, we present a cognitive enrichment device that, for the first time, allowed testing for prosocial food-sharing actions in dolphins. The device was made of a PVC tube and two caps with rope handles; one handle was fixed to the poolside whereas the other was available for the dolphins. Its internal structure kept five fish in place while maintaining a closed status. The dolphin who pulled the rope handle could not access the fish but allowed another individual to access it. Once the handle was released, however, the device closed back. The device was tested with a male and a female group, separately. The males obtained approximately a third, while the females acquired none of the fish using the device. Moreover, the males were observed to open the device more frequently and longer in the presence of their group members and with consistent roles. These results provide the first support of male dolphins’ willingness to engage in food-sharing that could be considered as an altruistic action. It also provides basis for further investigations on more detailed and long-term monitoring of the emergence and consequences of such cooperative actions.
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Introduction

Social animals engage in a variety of interactions with their peers that have different functions, including the reinforcement of social bonds through affiliative interactions (Connor et al., 2000) or the learning of important behaviors through play (Kuczaj and Yeater, 2007) or socio-sexual interactions for instance (Herzing, 1996). Social living provides opportunities for prosocial behaviors, where actions from a donor potentially benefit the recipient without preluding benefits to the donor (de Waal, 2008). Prosocial behaviors may manifest in a variety of contexts, such as care giving, affiliation, social teaching, cooperation and sharing (Jean-Loup, 2019), and these are all apparent in cetaceans. The most common form of caregiving is parental care, which in cetaceans is restricted to extensive female-only (i.e. maternal) care in a form or nursing (e.g. Herzing, 1997; Martin and Da Silva, 2018; MacLeod and D’Amico, 2006; New et al., 2013). In cetacean societies, individuals other than the parents may also contribute to the care of the young, in a form of alloparental associations (Weinpress and Herzing, 2015; Simard and Gowans, 2004; Augusto et al., 2017; Whitehead, 1996; Gero et al., 2009). Affiliative associations (i.e., selective social interactions with specific individuals, including spatial proximity and behavioral synchronization) are also characteristic of cetaceans. Synchronous swimming with one or more partners is often described as an affiliative behavior in bottlenose dolphins (Tursiops sp, Connor et al., 2006; Fellner et al., 2013; Clegg et al., 2017). These behaviors may involve tactile interactions (Sakai et al., 2016) and could facilitate social learnings of prey capture (Bender et al., 2009; Guinet and Bouvier, 1995). But probably the most extensively studied prosocial behavior in cetacean is cooperation.

Bottlenose dolphins (Tursiops sp.) in the wild have been recoded to cooperate to capture food or to gain and maintain access to mating partners. A wide range of ingenious cooperative hunting tactics have been observed with bottlenose dolphins in the wild such as mud ring feeding (Ramos et al., 2022), strand-feeding (Jiménez and Alava, 2015), cooperative prey herding (Benoit-Bird and Au, 2009), coordinated leader-wall hunting (Gazda et al., 2005) and even inter-specific cooperation with fishermen (Romeu et al., 2017). The diversity and flexibility of these strategies likely contributed to the successful, wide range distribution of bottlenose dolphins. Cooperation, as part of their mating strategies, has been demonstrated though male-alliance formation. In Sarasota, Florida, unrelated male dolphins form stable alliances; when working together, they can maintain access to a single female dolphin, fend off predators and doing so increase their reproductive fitness compared to males with no partners (Wells, 2014). Male dolphins (Tursiops sp.) in Shark Bay, Australia, engage in multi-level alliances, creating examples of the most complex social network outside humans (Krützen et al., 2003). These alliances can last for decades or even for lifetime (Connor and Krützen, 2015).

Cooperation and coordination have been tested with dolphins under human care, in a synchronous button pressing task (Jaakkola et al., 2018), in a coordinated rope pulling task (Yamamoto et al., 2019), and in the spontaneous cooperative use of a set of cognitive enrichment devices. Cognitive enrichments represent a special category of environmental enrichments. They allow the animals to practice their natural problem-solving skills, control some aspect of their environment and the use of these enrichments correlates with one or more validated measures of their wellbeing (Clark, 2013, 2017, Clark et al., 2013). A set of cognitive enrichment devices were designed to test cooperative problem-solving in dolphins. They were made of PVC pipes and caps with rope handles attached. They contained ice cubes and fish (Mallotus villosus) which could be obtained by the simultaneous pull of the rope handles. Dolphin pairs, trios and quartets successfully manipulated the cognitive enrichment (Kuczaj et al., 2015; Matrai et al., 2021a, 2021b, 2022a). During the use of these devices, aggression decreased, while play and affiliative, social interactions increased significantly (Matrai et al., 2022b). Once the devices were opened, the dolphins could have access and even share their content. In wild cetaceans, food-sharing has only been reported in a handful of studies. Kin-directed food-sharing was recorded in a population of fish-eating killer whales, mostly expressed by adult females towards maternal kin (Orcinus orca, Wright et al., 2016). Prey-transfer was recorded between adult and calf marine tucuxi dolphin (Sotalia fluviatilis), whereby the mother captured a fish, swam side-by-side with the calf and transferred the fish to the calf’s mouth (Spinelli et al., 2008). In a case study, two adult common bottlenose dolphins (Tursiops truncatus) in Costa Rica were documented sharing a fish; the adults were a female dolphin (who was accompanied by a calf) and a male dolphin (Fedorowicz et al., 2003). A group of rough-toothed dolphins (Steno bredanensis) were observed to carry a large mahi-mahi (Coryphaena hippurus) and pass it between each other (Brower and Curtsinger, 1979). In a more recent study, five rough-toothed dolphins repeatedly passed an unidentified species of jack (Caranx spp.). A dolphin took pieces of flesh off the fish and dropped it, and then another dolphin picked it up and performed a similar action (Ramos et al., 2020).

The proximate mechanisms responsible for these prosocial behaviors may differ based on the donor’s motivation. It can be driven by higher-level social skills such as empathy and altruism, but just as well by lower-level mechanisms, including self-rewarding for the donor, and simpler neurobiological mechanisms. Finally, neuropeptides may be sufficient to elicit these behaviors (Jean-Loup, 2019). While empathy and the neurobiological mechanisms are understudied in non-humans, neuropeptides have been reported to promote prosocial behaviors. Oxytocin was found to facilitate prosocial behavior and prevent social voidance in rats and mice (Lukas et al., 2011). Oxytocin also enhanced grooming and food-sharing in bats (Desmodus rotundus, Carter and Wilkinson, 2015). During cognitive bias testing with dolphins under human care, affiliative behavior correlated with more positive emotional states (Clegg et al., 2017). Altruism in cetaceans has long been suggested as a driver, however, controlled tests are lacking. The most intriguing potential altruistic events were recorded between different species in the wild. A humpback whale (Megaptera novaeangliae) was recorded to interfere with mammal-eating killer whales (Orcinus orca) to help pinnipeds and fish species (Pitman et al., 2017). In Hawaii, humpback whales (Megaptera novaeangliae) were observed engaging in unusual, possibly cooperative play behavior with bottlenose dolphins (Tursiops truncatus, Deakos et al., 2010). In addition, Sakai et al. (2016) and her colleagues monitored a wild Indo-Pacific bottlenose dolphin (Tursiops aduncus) that adopted and cared for a genetically distant neonate calf. Finally, wild dolphins that participated in a provisioning program offered fish and cephalopods to staff members multiple times. This “gift-giving” behavior occurred as part of a sequence such as playing as well as a discrete behavior (Holmes and Neil, 2012).

While food-sharing has been frequently documented in a range of species, there is only limited documentation in cetaceans, which is surprising considering the social complexity and richness of cooperative interactions recorded in the taxon. Investigating food-sharing under controlled conditions allows us to better understand the socio-cognitive abilities, emergence and maintenance of the social structure and social dynamics of wild dolphins. While the maintaining mechanism of prosocial behaviors is debated, their presence in non-human species have frequently been reported and has intrigued researchers for over half a century. Controlled tests in the aquarium helps us understand the complex social interactions of wild dolphins. Research in aquariums has included a test of spontaneous use of water fountains in a prosocial vs selfish manner and Giving Assistance Task in which a dolphin (Tursiops truncatus) could provide shower to another or do nothing. In both tasks the dolphins more frequently chose the prosocial option (Nakahara et al., 2017). However, when dolphins (Tursiops truncatus) were tested in an instrumental helping task, transferring a token or do nothing, they did not spontaneously help their partners (Pérez-Manrique and Gomila, 2019). In another study dolphins (Tursiops spp.) were tested with dynamic stimuli, suggesting that the dolphins were able to recognize prosocial patterns, and also directed high-arousal behaviors toward these displays (Johnson et al., 2018). Finally, when dolphins (Tursiops truncatus) dyads were involved in a Prosocial Choice Tests where they offered the a prosocial (both subject and recipient rewarded), selfish (only subject rewarded) and null options (none rewarded), Lalot et al. (2021) found prosocial and reciprocal tendencies.

In this study, we tested a specifically designed cognitive enrichment that allowed dolphins to engage in prosocial food-sharing actions. The operation of the device required one dolphin’s action of opening and keeping the device open (actor) until another individual retrieved its content (recipient). We monitored the following responses during the test: trial outcomes (number of fish retrieved), the roles (actor or recipient) assumed by the dolphins and any device-related behaviors of the dolphins. We hypothesized that sociability and social dynamics are reflected in the dolphins’ device-related actions. If the dolphins were to engage in prosocial food-sharing actions rather than each individual randomly interacting with the device, we expected to observe higher frequency or longer opening (tugging) events in the presence of other individual(s) than when acting alone.





Materials and methods




Subjects and housing

The experiment focused on social interactions of groups of Indo-Pacific bottlenose dolphins (Tursiops aduncus) living in Ocean Park Hong Kong (OPHK). The dolphins were housed in two facilities of OPHK, called Ocean Theatre (OT) and Marine Mammal Breeding and Research Centre (MMBRC). OT had six inter-connecting pools, the experiment was conducted in pool 1 and 2 (both oval shaped, 15 m L, 7.9 m W and 4 m D). MMBRC also had six interconnecting pools; the experiment was conducted in one of the four main pools (rectangular shaped pools 17-18 m L, 15-20 m W and 4 m D). Two dolphin groups were tested: five adult males (referred to as male group) and six females with a subadult male (referred to as female group). The two groups were housed separately, the male group lived in OT, the female group at MMBRC. The demographics of the dolphins are summarized in Table 1. Besides participating in the weekly research sessions, the dolphins were also involved in daily presentations, educational and encounter programs. The dolphins were fed four times daily with a diet including herring (Culpea sp.), capelin (Mallotus villosus), sardine (Culpeidae sp.), and squid (Coleoidae sp.). The research sessions were conducted during the free-swimming period between feedings. All dolphins previously participated in other cognitive group testing, so that they were familiar with the mutualistically cooperative version of the device (Matrai et al., 2021a, 2021b, 2022a). Relatedness of the interacting pairs was established based on the known pedigree of the dolphins (Table 1).


Table 1 | Demographic data of the 12 dolphins.







Apparatus

The testing apparatus consisted of a white PVC tube (480 mm, 110 mm, 4 mm wall thickness) with two caps equipped with rope handles (254 mm L and 8 mm diameter rope). The device also had an inner structure with the purpose of positioning and holding five capelins in place (Figure 1). It consisted of two PVC plates securing a clear PVC sheet in between. The PVC plates had five evenly spaced holes (1 cm in diameter), where the PVC sheet was punctured in the shape of a cross for securing the capelins. The PVC plates were fitted inside the tube, fixed to one of the caps and flexibly attached to the other. At the flexible end the PVC plate was attached to the cap with a rubber band and with a 27 cm long safety rope underneath. The rubber band facilitated the opening and reclosing of the device, while the safety rope controlled the maximum length of opening. The device was attached to the poolside with the fixed end, while the flexible handle was available for the dolphins for interaction. Once a dolphin pulled on the handle the plate became accessible and the fish could be removed by another dolphin.




Figure 1 | The dimensions and structure of the altruistic food-sharing cognitive enrichment device. The photo on the left shows the device when used by a pair of dolphins (photos were taken by the first author).







Procedure

The study was carried out between February-October 2018 with the male group and July-December 2022 with the female group. Experimental sessions were conducted twice weekly, during the dolphins’ free-swimming time, in between their regular programs. The experiment included three steps with a single device (Step 1), then double device (Step 2), and then again with a single device (Step 3) use. Each step included 10 repeated test sessions; thus 30 sessions were conducted with the male and the female groups, separately. Each session consisted of three repeated trials (total of 90 trial repeats/group). Independently from the dolphins’ response, trials had the same 4-min long duration. Each trial provided opportunity for the dolphins to retrieve five fish from a given device. The device was refilled before each trial, consequently (3x5) 15 fish/device could be obtained during each session. Overall, 600 fish were presented to each group during the experiment, 150-150 during single (Step 1 and 3) and 300 during double device (Step 2) settings. In step 2, the two devices were attached to the same poolside, 255 cm apart at OT and 470 cm at MMBRC (the difference in distance was due to the difference in the design of the pools).

The above-described three steps were designed to investigate the potential differences in fish retrieval and role-preference when more devices could be used (1 vs 2). We have introduced the second device due to the observed sharp differences between dolphins in Step 1; except for a single event, all fish were removed by one dolphin (see results section). We aimed to investigate if the observed difference was due to potential individual limitation in skills or role-preference. Thus, we introduced a second device (the two devices were referred to as device A and B). Finally, in Step 3 we aimed to test the persistence of roles (i.e., role-preference) after the second device was no longer available. The three steps were conducted in succession so that all Step 1 (single device) trial repeats were carried out first (over a period of months), followed by all Step 2 (double-device) test trials, and finally all Step 3 (single-device) trials in the end. The length of the trials (4 min) was selected as an optimal duration for avoiding deterioration of fish (see below). Prior to the sessions, all regular enrichment items were removed from the pool. Each session started with a recall at the poolside, opposite to the position of the device. The dolphins were fed before the session; thus, they were not hungry during the experiment. During this time only ice, jello and secondary reinforcement (e.g., rubbing) were used. This procedure ensured that all dolphins started from the same distance from the device. All dolphins in the group could access the device in each trial. Once the device was prepared, it was placed in the pool in a coordinated action with the dolphins receiving the ‘end of training’ signal. For 4 min the dolphins were allowed to swim freely and all of them had the opportunity to interact with the device(s), then they were recalled to their station. The device(s) was/were refilled with new fish and the same procedure was repeated two more times (three trials/session). Even if the fish was not removed by the dolphins, it was still replaced with new ones. This protocol was adapted to minimize the potential of the inserted fish getting too soft, breaking, or falling out of the device. The dolphins were fully fed before the experimental sessions and received no specific training regarding the operation of the device. No other experiments were performed during the testing of the new food-sharing device.





Data collection and analysis

It was not possible to record data blindly because our study involved focal animals. Two GoPro HERO4 Black (male group), two GoPro HERO6 Black (male and female groups) and two HERO9 (female group) action cameras were used for high quality, underwater video recording for the male and female groups. Moreover, two Sony FDR-AX100 4K Handycam recorders were used for in-air video data collection. The GoPros were mounted on custom-made PVC holders at the poolside.

Behavioral coding of the videos focused on the trial outcomes in terms of fish retrieval (categorical response: 0-5 fish acquired/trial) and on the dolphins’ device-related behavior. We also noted the identity of the participating dolphins and the roles played during fish retrieval. The dolphin pulling the handle and opening the device was considered the ‘actor’, while the dolphin who retrieved the fish was the ‘recipient’. The majority of the fish retrieval was performed in a simultaneous manner; the actor held the device open while the recipient fully removed the fish. However, on a few occasions (10% of the retrievals) the recipient grabbed the fish while the actor kept the device open but only completed the removal after the actor let the handle go. We still consider these events as food-sharing events as without the initial action of the actor the recipient could not acquire the fish.

The behavioral analysis focused on the device-related behaviors that were identified during post-session video analysis. The video recordings were reviewed and analyzed with BORIS (Friard and Gamba, 2016), using focal animal sampling (Altmann, 1974). The same observer re-coded the same video, each time following a different dolphin. The coded behaviors are listed in Table 2. Each video was behaviorally coded by multiple coders (2-3), with high inter-rater reliability index between observers (Cohen’s kappa > 0.7). From the five device-related behaviors only ‘tugging’ (pulling the device open, Table 2) provided opportunity for fish retrieval.


Table 2 | List and operational definition of the device-related behaviours.



The difference between the two groups’ response to the device(s) was analyzed for the duration and frequency of their device-related behaviors (investigation, interaction, tug and observation). We summarized each individual’s device-related behaviors (all four behaviors) for each trial (90 trials for all 12 dolphins for frequency and duration data, separately). Statistical analyses were carried out in R statistical environment (version 4.2.2; R Core Team, 2022) and linear mixed effects models (LMMs; R package ‘lme4’, Bates et al., 2015), and cumulative link mixed models (CLMMs; R package ‘ordinal’, Christensen, 2022) were built to analyze the relationship between the sex of the dolphins and the duration or frequency of device-related behaviors, respectively. We included ID as a random effect, while initial models included sex (factor with two levels), steps (factor with three levels) and trials (factor with three levels) as fixed effects. The effects of explanatory variables were analyzed by likelihood ratio tests (LRT), and we provide χ2 and p-values of LRT of models with and without the explanatory variable. Assumptions of models were investigated prior to the analysis. Since residuals in the duration analysis could not be normalized, durations were re-coded into 30 sec interval categories, and we used cumulative link mixed models on these categories.

To further investigate the behavior of the actors, the recorded tugging events were parsed for tugging events that were overlapped by other dolphin’s device-related behaviors and tugging events with no other dolphin present. The former included tugging events that overlapped with another dolphin’s interaction, investigation, or observation. For example, while Anson was tugging the device, Angelo was inspecting the device. The tugging events (both with overlapping and without overlapping device-related behaviors) were analyzed for frequency and duration. The frequency analysis of the overlapped tugging events included two categories. Part of these tugging events were completely overlapped with other device-related events (referred to as complete overlap). In other cases, the overlapping behavior started later or ended earlier than the tugging event itself (referred to as partial overlap). In the duration analysis, the exact overlapping periods were calculated; thus, the duration data had no partial overlap portion.

The tugging events could have multiple overlapping device-related behaviors (for example, while Anson was tugging, Angelo was interacting with the device, and Domino was observing). These could also include more than one dolphin simultaneously engaging in the same device-related behavior that overlapped with a tugging event (for example, while Anson was tugging, Angelo and Domino were interacting with the device). Thus, we analyzed these overlapped tugging events pairwise. We calculated all tugging events with overlap for each dolphin for each device-related behavior. Thus, we had 7 data points for females and 5 for males for tugging overlapped with each device-related behaviors and without overlap. The calculations were made separately for frequency and duration data. The frequency data included both partial and complete overlapped events. The overlapped tugging events were then compared with the tugging events without overlap using paired, two-tailed t-tests.

The frequency and duration of these overlapped tugging events expressed by the various dolphin pairs were correlated with fish retrieval (0-5 fish/trial) of the same pairs (Pearson’s correlation). The five male dolphins provided 20 possible pairwise combinations for prosocial food-sharing and for overlapped tugging events (tugging-interaction, tugging-investigation and tugging-observation). The seven dolphins of the female group provided 42 pairwise combinations.






Results




Food-sharing considering sex differences and role separation

The male group was tested over three experimental steps (90 trials), with 600 fish possible to be acquired of which 192 (32%) were retrieved by one of the dolphins while another one held the device open. Out of the 192 fish, 56 were retrieved in the first step (37% of the maximum 150 fish), 95 in the second step (32% of the maximum 300 fish), and finally 41 in the last step (27% of the maximum 150 fish; Figure 2). The female group was also tested over three experimental steps; however, they were not documented to retrieve any fish in collaboration.




Figure 2 | Total number of fish retrieved by male dolphin pairs with one dolphin assuming the role of ‘actor’ and the other the role of ‘recipient’ in prosocial food sharing. Results are provided for each of the three testing steps.



All five male dolphins participated in prosocial food-sharing events, albeit with great inter-individual variability in frequency. Angelo was the most involved, who participated in 108 fish retrievals, while Ginsan was the least involved: he participated only in the retrieval of 17 fish. The remaining 67 fish retrievals were distributed amongst Anson, Toto and Domino. In terms of roles, two of the five male dolphins mostly participated as recipients and three as actors (Figure 2). Only one dolphin, Domino, switched roles from actor in Step 1 to recipient in Step 2 and 3 (Figure 2).

The number of fish retrieval by food-sharing events were very similar between related (53%) and non-related (47%) males (Table 3). Reciprocity, i.e., reversing roles between an actor and recipient was only observed on a single occasion; during the first trial of the fifth session of Step 2: Angelo opened device A and Domino retrieved three fish in succession. About two minutes later Domino opened device B and Angelo retrieved one fish. While the first scenario (Angelo - actor and Domino – recipient) was observed multiple times during Step 2 and 3, the opposite (Domino - actor and Angelo – recipient) was only documented once during the entire experiment (Table 3 and Figure 2).


Table 3 | Number of fish retrieved based on relatedness of dolphin pairs.



Despite our best effort of securing the fish in the device and optimizing duration of trials, a small portion of the fish (22 fish for the males and 23 for the females, < 4% of all fish used in the tests) became prematurely soft and came loose during the trials. This very low occurrence, nevertheless, suggests that our devices were robust and suitable to test prosocial food-sharing. Due to the low occurrence of fish loss and the fact that not all five fish were lost in a given trial, we did not exclude these trials from the analyses. While the majority of the fish were retrieved from the device one-by one, on two occasions Angelo managed to remove two fish at the same time (0.6%).





Device-related behaviors

Over the 90 trials, the five males engaged in a total of 19777 device-related actions while the seven females were documented to have 6461 such actions. The number of device-related actions/dolphin were six times more frequent in males than in females (mean ± SD device-related actions/dolphin: 3955 ± 2135 vs 923 ± 555, Figure 3). The frequency of device-related behaviors were different between the sexes (LMM, LRT of effect of sex χ21 = 10.555, P = 0.001; male→female: exp(β) = 0.373 [0.186; 0.751], t = -2.750, P = 0.021) and between testing steps involving different number of devices (LRT: χ22 = 77.698, P < 0.001; Step 1 (1 device)→Step 2 (2 devices): exp(β) = 1.831 [1.438; 2.332], t = 4.877, P < 0.001; Step 1 (1 device)→Step 3 (1 device): exp(β) = 0.536 [0.421; 0.683], t = -5.025, P < 0.001). We also found decreasing frequency of device-related behaviors with trials (LRT: χ22 = 22.456, P < 0.001; trial 1→trial 2: exp(β) = 0.937 [0.735; 1.193], t = -0.527, P = 0.598; trial 1→trial 3: exp(β) = 1.131 [0.888; 1.440], t = 0.991, P = 0.322). In addition, we found sex differences in the effects of experimental step and trial (LRT of sex x experimental step interaction: χ22 = 27.307, P < 0.001; LRT of sex x trial interaction: LRT: χ22 = 27.163, P < 0.001). For pairwise comparisons of estimated marginal means, see Supplementary Material (Supplementary Table 2).




Figure 3 | Frequency of device-related actions in male and female dolphins based on availability of prosocial food-sharing devices (‘experimental step’).



In the male group, tugging events were more frequently recorded with the dolphins that participated as actors during fish retrieval than those that participated as recipients (2351 vs 381 events). In the male group 2682, while in the female group 1120 tugging events were recorded. In the female group, the highest number of tugging events were recorded with the three calves (Ally, Halo and Ginger); this constituted 74% of all tugging events and 76% of the total tugging time in females. In the male group 86% of the tugging events were overlapped with at least one other device-related behavior (investigation, interaction or observation) by another dolphin (Table 4 and Figure 4). In the female group, 66% of the tugging events were recorded with overlapping device-related behaviors (Table 4 and Figure 4). When we looked at overlap with investigation, interaction and observation separately, we found that in the male group tugging events were significantly more frequently overlapped with other device-related behaviors. This was true for all three behaviors (Table 4 and Figure 4). In the female group tugging events with and without overlap showed no significant difference (Table 4 and Figure 4).


Table 4 | Comparison of the frequency of tugging events without overlap vs with overlap (combined complete and partial overlap; paired, two-tailed t-test, df = 4 and df = 6 for males and females, respectively).






Figure 4 | Illustration of the four device-related behaviors (left), their frequency recorded with the five male and the seven female dolphins over the 90 trials (middle) and the frequency of tugging events parsed for events that were overlapped with device-related behaviours and events without overlap (right). The asterisk indicate the level of significance, *P < 0.05.



The analysis of the duration of the device-related behaviors corresponded with the frequency analysis above. The males spent significantly more time with device-related behaviors than the females (mean ± SD duration/dolphin: 2 hrs 58 min ± 40 min or 49% ± 11% of testing time vs 1 hr 4 min ± 30 min or 18% ± 8% of testing time; Figure 5). The duration of device-related behaviors were different between the sexes (CLMM, LRT of effect of sex χ21 = 16.649, P < 0.001; male→female: exp(β) = 0.138 [0.055; 0.345], z = -4.243, P < 0.001) and between testing steps involving different number of devices (LRT for effect of the experimental step: χ22 = 41.552, P < 0.001; Step 1 (1 device)→Step 2 (2 devices): exp(β) = 2.370 [1.578; 3.559], z = 4.159, P < 0.001); Step 1 (1 device)→Step 3 (1 device): exp(β) = 0.536 [0.421; 0.683], z = -5.025, P < 0.001). We also found decreasing duration of device-related behaviors with trials (LRT for effect on trial: χ22 = 33.905, P < 0.001; trial 1→trial 2: exp(β) = 0.870 [0.582; 1.303], z = -0.674, P = 0.5; trial 1→trial 3: exp(β) = 0.906 [0.607; 1.355], z = -0.479, P = 0.632). In addition, we found sex differences in the effects of experimental step in relation to trial (LRT of sex x experimental step interaction: χ22 = 40.337, P < 0.001; LRT of sex x trial interaction: χ22 = 19.953, P < 0.001). For pairwise comparisons of estimated marginal means, see Supplementary Material (Supplementary Table 3).




Figure 5 | Duration of device-related actions in male and female dolphins based on availability of prosocial food-sharing devices (‘experimental step’).



Actors spent longer time tugging than recipients (56 min vs 19 min). The five males spent 1 hr 15 min tugging, of which 89% was recorded with overlapping device-related behaviors (investigation, interaction or observation). The seven females were observed to spend 38 min tugging, of which 71% overlapped. In the male group, the duration of tugging events was all significantly longer when overlapped with other device-related behaviors (Table 5 and Figure 6). In the female group tugging with or without overlapping with other device-related behaviors was not significantly different (Table 5 and Figure 6).


Table 5 | Comparison of the duration of tugging events when these are performed in solo (no overlap) vs when overlapped by other one or more dolphin’s various device-related behaviours.






Figure 6 | Illustration of the four device-related behaviors (left), their duration of the four device-related behaviors recorded with the five male and the seven female dolphins over the 90 trials (middle) and the duration of tugging events parsed for events that were overlapped with device-related behaviours and events without overlap (right). Asterisk indicate the level of significance, * P < 0.05 and ** P < 0.01.



Finally, strong correlation was found between overlapped tugging behaviors and fish retrieval in males. Dolphin pairs that engaged more frequently and/or longer in simultaneous tugging-interaction, tugging-investigation or tugging-observation were also more likely to participate in the fish removal (all Pearson’s r > 0.73, P < 0.001, Table 6 and Figure 7). Moreover, when overlapped tugging events were compared with each other, we also found a strong positive correlation between all three of these in males (Table 7 and Figure 7), but not in females (tugging-observation with the other two behaviors showed only moderate or low correlation; Table 7).


Table 6 | Correlation (Pearson’s r) between simultaneous device-related behaviours of actors and recipients and fish retrieval in the 20 possible pairing of the five male dolphins.






Figure 7 | Sociograms depicting the fish retrieval and overlapped tugging events between the five male dolphins (AN, Anson; AO, Angelo; DO, Domino; GN, Ginsan; TO, Toto) and overlapped tugging events between the seven dolphins of the female group (GI, Gina; GR, Ginger; AG, Angel; HA, Halo; AD, Ada; AL, Ally; RI, Rita); the thickness of arrows represent interactions weighted by to the frequency or duration of the events. Arrow heads correspond to the direction of the actions (actor → recipient).




Table 7 | Correlation (Pearson’s r) between different simultaneous (overlapping) device-related behaviour pairs in the 20 possible pairing of the five male and the 42 possible pairings of the seven female dolphins.








Discussion

Our experiment provided evidence for the first successful use of a cognitive enrichment device designed to allow prosocial food-sharing in dolphins. All five male but none of the female dolphins participated in the food-sharing, whereby one dolphin pulled the device open so that the other could retrieve and consume the fish. Although the male group size was smaller than the female group, male dolphins showed a higher level of participation in this task and demonstrated role separation. Males showed a higher level of tugging in the presence of other dolphin(s). In females, tugging showed no significant difference in the presence or absence of other dolphins. These sex differences were revealed by both frequency and duration data analysis. Finally, the involvement of the different male dolphins in the overlapped tugging events highly correlated with their food-sharing success. This correlation suggests an association between the two and confirms the prosocial use of this device.

Cognitive enrichments have gained popularity over the past decades due to their benefits in terms of welfare and science, as have been repeatedly confirmed (Morimura, 2006; Puppe et al., 2007; Manteuffel et al., 2009; Meyer et al., 2010; Clark, 2013; Clark et al., 2013; Zebunke et al., 2013; Clark, 2017; Matrai et al., 2022b). The design of cognitive enrichments for cetaceans mainly focused on problem-solving (Clark et al., 2013) and cooperation (Kuczaj et al., 2015; Matrai et al., 2020; 2021a; 2021b; 2022a). Dolphins (Tursiops aduncus) successfully learnt to manipulate these novel enrichments without receiving any specific training to operate them and invented a novel cooperative behavior referred to as cooperative play (Matrai et al., 2021a, 2021b, 2022a). However, in our previous studies, the cooperative manipulation of the devices allowed all collaborators to benefit directly from the action. Once the dolphins opened the device, its content became available to all participants. The dolphins shared the content of the devices, rendering the cooperative action mutualistic. Cetaceans in the wild might engage in cooperative actions in which the imminent benefits to the participants may be unequal, such as during group hunting (Gazda et al., 2005) or during alloparental associations (Gero et al., 2009). Thus, in this study, we aimed to test a cognitive enrichment device that was specifically designed for cooperative use where one dolphin, the actor, would temporarily forfeit access to the fish reinforcement and simultaneously provide access for another individual, the recipient, in a prosocial fashion. The nature of the dolphins’ actions was determined by their device-related behavior over the session time. The tugging events in the male group were significantly longer in the presence of other dolphins, suggesting prosocial tendencies.

Our findings, therefore, corroborate the prosocial nature of the food-sharing in males; only males (but not females) increased their tugging (both in frequency and duration) if the other dolphins were in the vicinity, independently from their distance of the device. In contrast, females only tugged somewhat longer (the difference was not statistically significant), while the other dolphin(s) were further away from the device and tended to reduce tugging (not statistically significantly) when the other(s) was(were) as close or closer to the device than themselves suggesting selfish, rather than cooperative, interest. Moreover, most of the tugging in the female group was recorded with the three subadult dolphins (Ally, Ginger and Halo) and most of the observations were also recorded by the three of them watching their mothers or each other. Observational learning plays an important role in dolphins’ lives (Yeater and Kuczaj, 2010; Kuczaj et al., 2012). For example, dolphin calves were documented to learn specific foraging strategies by observing their mothers (Boran and Heimlich, 1999; Sargeant and Mann, 2009). In another study on social learning in dolphins, Kuczaj et al. (2012) found that dolphin calves were selective in choosing who to observe and/or imitate. They were more often recorded to watch the play behavior of other calves than adults (including both related and non-related individuals). Thus, the observation events of the female group in our study were more likely to reflect on the subadults’ predisposition towards watching others as part of learning skills rather than their interest towards prosocial food-sharing. The difference in the potential intentionality of the two groups was further supported by the strong correlation between all overlapped tugging events in males but not in females.

Both fish retrieval and device-related actions showed a marked difference towards the male group. Only males obtained fish and were more likely to interact with the device in the presence of other males. The difference in cooperative actions between the male and the female group is in line with our previous findings; males were also more likely to open the mutual cooperative enrichment devices than females (Matrai et al., 2021a). Moreover, while females were not at all, males were recorded to engage in cooperative play up to 90% of the testing time (Matrai et al., 2021b). When participation in enrichment sessions was investigated between the sexes, Eskelinen et al. (2015) also reported a greater level of participation in males. In addition, when a novel visual enrichment was introduced, males were reported to have a more extended response (Winship and Eskelinen, 2018). In other studies, however, females were reported to exhibit a higher rate of interactions with novel enrichments (Lopes et al., 2016). These findings suggest a difference in inter-sexual predisposition towards enrichments, which may partially explain the difference in the dolphins’ device-related behaviors. However, the sharp contrast in the two groups’ tendency to cooperate (with complete absence of cooperative play in females, Matrai et al., 2021a) indicates that the difference lies not in whether to play or not to play but in how to play. Studies have shown that the presence of a younger individual may influence the mother’s behavior, as the juveniles tend to absorb more attention (Clay and de Waal, 2013), hence decreasing affiliative behaviors among adult females (Fultz et al., 2022) and altering the social structure of the group (Kirk and Wascher, 2018). However, in our study the three subadult dolphins were all older (five- and seven-year-old), independent dolphins. In addition, using of the cooperative enrichments, we documented interactions between all individuals in the group (unpublished data). Thus, we do not believe that the presence of the younger animals reduced the adult females’ device-related behaviors. A possible functional explanation is that these sex differences may reflect on the differences in the natural alliance formation tendencies of the two sexes (Connor et al., 2000; Connor, 2007). Association between females in the wild have been reported with other females with dependent calves and was described as a loosely connected network (Whitehead and Mann, 2000; Frere et al., 2010) rather than long-term alliances that were observed in males (Connor et al., 2000; Connor, 2007). Thus, the consistently recurring sex differences in various experimental test paradigms corroborate our current and previous findings and are in line with observations in the wild.

Role separation could be investigated with the active engagement in prosocial food-sharing of all five male dolphins. Of the five males, only one, Domino, switched roles from actor to recipient, while Angelo remained recipient, Anson and Toto stayed actors. The observed role separation could be due to differences in individual preferences for a given action (pulling the handle or taking the fish) or due to the coordinated division of ‘labor’. While in Step 1, differences in skills could also contribute to role separation (it is possible that not all five males learnt to engage with the device in both roles), Step 2 and 3 proved that experience was not a likely influencing factor. In Step 2, all five males demonstrated their abilities to participate as actors and four of them engaged in both roles. However, in Step 3, with a single device again, the dolphins reverted to nearly exclusively participating in one role only. Moreover, the strong correlations between the fish retrieval and the frequency and duration of overlapped tugging events suggest that role separation was consistent and maintained over time. Role separation in cooperative actions in the wild was documented during group hunting; Gazda et al. (2005) reported division of labor in cooperative hunting by a single dolphin acting as a ‘driver’ herding the fish towards the rest of the group, the ‘non-drivers’. The mud ring feeding strategy provides another example of role specialization in cooperating hunting. The ‘ring-maker’ individual circles around the fish, beating his tail to create the mud ring, while the other group members assist by herding the fish (Engleby and Powell, 2019). Role specialization has also been reported during travelling; Lewis et al. (2011) observed that certain dolphins of the group consistently lead the group during travelling (Lewis et al., 2011). Role separation in cooperative hunting and leadership was observed to be persistent. The drivers of the two groups did not change during the observation period (Gazda et al., 2005). The dolphins (Tursiops aduncus) in the Lower Florida Keys all spend little time leading group movements, but a few individuals assumed consistent leadership (Lewis et al., 2011). While the role of fidelity in cooperative hunting is not yet fully understood, Lewis et al. (2013) found a positive correlation between leader-follower associations and relatedness.

Food-sharing, when associated with real fitness consequences, can be considered altruistic. In our experiment, the actor dolphin did not have access to fish, only the recipient. However, the associated fitness costs/benefits in terms of resources are arguably negligible. Therefore, future studies should investigate this possible explanation by testing food-sharing when its associated costs and benefits are more expressed. The proportion of food-sharing between kin and non-kin was near equal. Although are relatively low sample size in terms of related vs non-related dyads did not allow to test the role of relatedness, the similar number of fish retrieved make relatedness an unlikely explanation behind the observed prosocial behavior. Domino (father) and Angelo (son) were the only pair in which both dolphins took both roles and opened the device for each other. Their actions were mainly separated over the three testing steps and represented a relatively small percentage of the fish they each retrieved. Thus, it is difficult to determine if the dolphins expressed reciprocity. The frequency and duration of overlapped tugging events for each other showed a slight preference over other dolphins; however, there was a similar trend observed with the remaining three dolphins, as they also tugged for Angelo and Domino the most. Therefore, these patterns reflect more likely on the preferred roles of Domino and Angelo.

Age is also unlikely to strongly affect the dolphins’ role preference, as the two recipients, Angelo and Domino, were the youngest and the oldest animals in the group. While personality traits were not investigated in this study, it may provide an explanation for role preference. For instance, as Domino was the father of Angelo, he might have passed on certain personality traits to his son, and this may explain their disposition towards the recipient role. In line with this, dolphins under human care have been reported to have distinct and well-defined personalities (Highfill and Kuczaj, 2007, 2010). Furthermore, differences in personality have been reported to contribute to dyadic bond formation (Moreno, 2017) and influence the dolphins’ actions in a cooperative task (Bagley et al., 2020). Finally, avoidance of punishment and manipulative strategies, especially in social organizations that include dominance hierarchy (Cant and Johnstone, 2006; Clutton-Brock and Parker, 1995), have been observed as other potential drivers of apparently altruistic behaviors. In contrast to this explanation, while we acknowledge that it cannot be ruled out, we observed no aggressive behaviors (chasing, biting, or pushing) during the experiment. In fact, in a long-term (three years) evaluation of the use of the cognitive enrichments, also including the food-sharing device of this study, the dolphins were found to be more affiliative with each other in non-research periods of the days when research sessions were conducted (Matrai et al., 2022b).

We acknowledge the limitations of our study, specifically, the involvement of only two same-sex groups and no mix-sex combination, and the relatively low sample size that does not allow us to exclude all alternative explanations behind the observed patterns of prosocial food-sharing. Given the limited literature on the topic, we argue that our findings provide a basis for future studies, investigating if sex differences recorded in our study would be corroborated in other captive groups and whether males would cooperate with females if they had them as available partners. Prosocial actions have been observed in wild societies, however, the proximate mechanism of these actions is not always clear. While cetaceans possess the cognitive capacity and social structure favorable for prosocial actions, controlled tests are lacking. Cognitive enrichment studies with controlled group settings and repeated trials can offer insights and bring scientists closer to understanding prosocial actions in the wild.

In conclusion, our study has successfully demonstrated the first application of a prosocial cognitive enrichment in dolphins under human care, using a novel food-sharing device. Both males and females engaged in device-related actions, but it was only in males that prosocial food-sharing was notably observed. These preliminary findings, particularly the unique role separation observed, provide the foundation for further investigations into the long-term nature, function, and emergence of socio-cognitive skills and cooperation and may contribute to our understanding of social behaviors and dynamics in cetaceans.
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. . Frequency Duration
Overlapped tugging events correlated with
fish removal r
Tugging - Interaction 0740 <0.001 0.899 <0001
Tugging - Investigation 0.861 <0.001 0.761 < 0.001
Tugging - Observation 0742 <0.001 0.706 <0001
All three combined 0.817 <0.001 0.839 < 0.001

*P-values < 0.05 are considered significant.
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Investigation The dolphin inspects the device without physical contact

Interaction Physical contact with the device by any body part, excluding
tugging of the handle
Tug Moving the device cap (opening it) by pulling of its handle

Fish retrieval Retrieving fish from the device while another dolphin keeps it
open by tugging (categorical variable in analysis: 0-5)

Observation One dolphin is observing another or more individuals
investigating, interacting, tugging, or retrieving fish from
the device
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Tugging - Observation 619 1.489 0.187

*P-values < 0.05 are considered significant.
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Dolphin pair Recipient-Actor % of fish

Father-son Domino-Angelo 11 5 8.3% 8.3%
Anson-Angelo 51 0 26.6%

Half -brothers Toto-Angelo 34 0 17.7% 44.3%
Anson-Toto 0 0 0.0%

I Anson-Domino 36 ‘ 0 18.8%

Toto-Domino 38 0 19.8%
Anson-Ginsan 2 0 1.0%

Unrelated 47.4%
Toto-Ginsan 1 0 0.5%
Domino-Ginsan 0 7 3.6%

Angelo-Ginsan 0 7 3.6%
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Overlapped tugging events correlated
within pairs

Frequency

L

Duration

Male group

Female group

*P-values < 0.05 are considered significant.

Tugging - Interaction vs Tugging - Investigation
Tugging - Interaction vs Tugging ~ Observation
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Tugging - Interaction vs Tugging - Observation
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oup Name Sex Relatedness

Angelo Male 2011 Son of Domino, half-brother to Anson and Toto Ocean Park
Anson Male 2004 Half-brother to Angelo and Toto Ocean Park

g Domino Male 1990 Father of Angelo Bayworld, South Africa
Ginsan Male 2004 Unrelated Ocean Park
Toto Male | 1995 Half-brother to Angelo and Anson Ocean Park
Angel Female 1984* Mother of Halo Indonesia
Halo Female 2015 Daughter of Angel Ocean Park

. Ada Female 1983* Mother of Ally Indonesia

E Ally Female 2015 Daughter of Ada Ocean Park
Rita Female 2000 Unrelated Taman Safari, Indonesia
Gina Female 1978-83* Mother of Ginger Indonesia
Ginger Male 2018 Son of Gina Ocean Park

*Estimated.
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Paired, two-tailed t-test refer to the comparisons of the given overlapped tugging event to tugging without overlap (i.e., the first duration provided for the two groups), df = 4 and df = 6 for males
and females, respectively.
*P-values < 0.05 are considered significant.





