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Relationships between social status and relative position of group-living animals have been described in a variety of species. For wild cetaceans, who spend most of their time underwater, collecting detailed, continuous data to assess such relationships depends highly on group size, formation, shyness of animals and observation platform. We test a new method for focal group sampling using an Unmanned Aerial Vehicle (UAV), focusing on one long-term followed group of 13 male Risso’s dolphins (Grampus griseus) in the Azores, Portugal. We aim to assess the usefulness of a UAV in delivering robust data to evaluate sociality in relation to relative position. Our analysis is based on recordings of synchronous breathing events, which are taken as an indicator of association strength. Twenty-one separate UAV flights were performed during seven surveys in July–August 2017, recording 2,886 breathing events and 571 synchronous dyads. Results showed strong differences in sociality between individuals and identified two strongly associated pairs, one strongly associated trio and six less associated individuals within the group. We subsequently created continuous time series of relative positions by interpolation of the positions recorded with the UAV at breathing events, and applied the Dynamic Time Warping method to assess associations based on relative position. This analysis identified more detailed association patterns than the synchrony analysis, and revealed a correlation between measures of sociality and relative position, at an individual and sub-cluster level, which may indicate dominant relationships. We compared results with those obtained with Photo-ID to assess any observation bias related to using a UAV. We found that 37% more breathing events were recorded with the UAV, and 21% more synchronous dyads detected, compared with Photo-ID, collected over the same observation periods, but, based on synchrony data, both methods yielded very similar results. We conclude that using a UAV for focal group follows of Risso’s dolphins enables a more granular study of association patterns than Photo-ID, by taking into account the relative position of individuals. The correlation found between measures of sociality and relative position holds promise for using UAVs in future studies of dominant relationships in Risso’s dolphins and other cetacean species.
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INTRODUCTION

The relative position in the group can have a significant impact on an individual’s fitness for animals living in groups (Krause, 1994). Thus, it is considered to be an important indicator of an individual’s social status (dominant/subordinate, leading/following) in a wide variety of species, such as bottlenose dolphins (Tursiops truncatus), where the front position has been associated with leadership (Lewis et al., 2011), gray wolves (Canis lupus), where frontal leadership is displayed mostly by dominant breeding wolves (Peterson et al., 2002) or baboons (Papio Anubis), where within a given sex-age class dominant individuals tended to be found closer to the center than subordinates (Farine et al., 2017). Dominance and leadership in animal groups are linked to coordination of behavior and decision-making, which are subjects of numerous biological studies (Conradt and Roper, 2005; King and Sueur, 2011; Smith et al., 2016). Studying these mechanisms in wild animals can be challenging. For cetaceans, this is further complicated by the fact that they spend most of their lives underwater, which forms a serious obstacle for continuous behavioral data recording. Consequently, the moment of surfacing for breathing is usually taken as an opportunity for data collection, linked to a minimum length of observation time (Altmann, 1974; Mann, 1999).

At present, the commonly applied methods to record cetacean behavior are the focal group follow (Altmann, 1974; Mann, 1999) or the point sampling protocol (Martin and Bateson, 2007). More precise data can be gathered by applying the individual focal follow sampling protocol, enabling an observer to focus on details during the observation of one individual and the “nearest neighbors” (Altmann, 1974; Mann, 1999). These observation techniques are commonly combined with individual photo-identification (Photo-ID) (Würsig and Jefferson, 1990) and serve for the analysis of social structures, based on measures of association (Cairns and Schwager, 1987; Bigg et al., 1990). However, depending on the group size, shyness of the animals under observation, number of observers and observation platform, not all individuals may be constantly visible from a horizontal observation perspective, which may result in loss of valuable data.

This difficulty can be overcome by using an Unmanned Aerial Vehicle (UAV), commonly known as a drone. These machines provide an aerial perspective that enables continuous recording of behavior of animals under observation, offering strong potential for more detailed data collection of a set of associated animals. Besides, UAVs are small and (fairly) non-intrusive (Koski et al., 2015; Christiansen et al., 2016a; Domínguez-Sánchez et al., 2018; Torres et al., 2018), partly because the noise propagated underwater from small UAVs is likely non- to minimally invasive (Christiansen et al., 2016a). Off the shelf UAVs are relatively inexpensive, thus are more affordable for researchers. Therefore they seem a highly promising tool which has already successfully been employed in numerous biological studies for various taxa and eco-systems (Koh and Wich, 2012; van Andel et al., 2015; Wich et al., 2016), including marine mammals, with multiple purposes such as abundance estimations (Koski et al., 2011, photogrammetry (Durban et al., 2015), identification (Karnowski et al., 2016), examining the body condition of whales (Christiansen et al., 2016b), collecting blow samples of humpback whales (Megaptera novaeangliae) (Apprill et al., 2017), and analyzing detailed behavior of gray whales (Eschrichtius robustus) (Torres et al., 2018). However, no literature is currently available describing the application of UAVs for focal group and individual follows in wild dolphin species. Apart from enabling continuous recording of behavioral data of individuals, the UAV also offers an opportunity, not feasible with Photo-ID for larger group sizes, to record individuals’ positions within the group. This presents a potentially meaningful advance in the research of wild dolphin species operating in groups.

When studying the social behavior of wild cetaceans, one notable feature that is sometimes observed is synchrony. Synchronous breathing is defined as two or more individuals who simultaneously break the surface to breath, in close vicinity of each other (Sakai et al., 2010). It has been suggested that synchronous breathing can be interpreted as a specific, affiliative social behavior, serving as a valuable indicator when studying complex delphinid social relationships (Connor et al., 2006). Synchrony in the context of male cetacean collaboration has been described for Indo-pacific bottlenose dolphins (T. aduncus) (Connor et al., 2006; McCue et al., 2020). In this species, synchronous surfacing of alliance members was commonly observed, and especially linked to occasions of intense social behavior with female consorts. Data for this study was obtained using video footage taken from a research vessel (Connor et al., 2006). Apart from this, a study of Atlantic spotted dolphins (Stenella frontalis) and bottlenose dolphins (T. truncatus) in the Bahamas describes visual and acoustic synchrony by males of both species linked to inter- and intraspecific aggression (Herzing, 2015).

In the Azores, a population of 1,250 Risso’s dolphins (Grampus griseus) has been identified, of which a subset of about 250 individuals are considered resident in the study area (Hartman et al., 2015). A long-term dataset is available for a part of this population, based on Photo-ID (Hartman et al., 2008) and individual/group follows (Altmann, 1974; Mann, 1999). In contrast to other squid eating odontocete species, the male individuals studied here are organized in highly stable clusters of 3–12 individuals (mean: 5.8, SD: 1.9; Hartman et al., 2008). The group sizes found in these clusters invite a deeper analysis of the social intra-group dynamics in male Risso’s dolphins, by analyzing the relative position of individuals and their synchrony patterns. Although it is feasible to score these features using video footage when following 2–3 animals from the surface (Connor et al., 2006), continuous focal group sampling of all individuals in larger groups requires a new and precise sampling method.

Here we report on the outcomes of a study aiming to test a new method using a UAV for collecting data on behavior of a focal group of 13 male Risso’s dolphins, focusing on synchrony and individual position in the group. We analyze all surfacing events and consider synchronized breathing events as an indicator of association of members within the group. We subsequently apply time series analysis on the synchrony patterns and relative position of individuals during and between breathing events to investigate the relationship between measures of sociality and relative position. In order to evaluate any observation bias related to the use of a UAV, we compare the outcomes of the analysis based on UAV footage with those produced by simultaneously collected Photo-ID observations. We assess the additional insights into the social dynamics in the group resulting from the analysis of UAV footage that cannot be obtained with conventional Photo-ID data. This comparison highlights benefits and constraints of both methods, and may help guide future research for studying social dynamics in other wild cetacean species as well.



MATERIALS AND EQUIPMENT

Oceanic boat based surveys were conducted off Pico Island, the Azores, Portugal, covering approximately 540 km2 during May–September 2017. Risso’s dolphins were first located from a land based look out (38.4078 N and 28.1880 W) using 25 × 80 binoculars (Steiner observer, (Hartman et al., 2008)), and encountered during ocean based surveys, using a 5.8 m long zodiac, equipped with a 50 HP outboard engine. The research vessel was cruising on average with a speed of <6 km/h when following the focal follow pod “IKB.” This is one of the frequently sighted resident male pods off Pico island (Hartman et al., 2008, 2015), of which individuals have been followed since 2004. During this study, IKB was composed of 13 adult individuals. Their specific, adult age class was determined by applying the methodology based on scarring patterns and skin coloration described in Hartman et al. (2016). The members “M21g”, “M24j”, “M47f”, “S10c”, “S11c”, “S11d”, “S11e”, “S27f”, “Ub7c”, “S27a”, “Extension1” and “Sample 34” have been sexed by using genotyping techniques (Karin Hartman, personal communication). Individual “New1” was sexed by several confirmed observations of the genital split during Photo-ID effort in the field. Group membership at the start of each survey was determined when a sample of individuals were interacting socially and/or showed coordinated activity in their behavior, following Whitehead, 2003, with inter-animal distances of less than 15 m (chain rule; Smolker et al., 1992). Four general behavior types (resting, traveling, socializing, foraging) were defined after Altmann (1974) and Shane (1990). The pod, consisting of adult individuals with severely marked dorsal fins, could be recognized by eye at sea by KH at the start of the observation. Pod members were identified during each encounter by applying standard Photo-ID methods of the dorsal fins, using a digital Nikon D7100 camera equipped with a 70–300 mm zoom lens (Hartman et al., 2008). Next to Photo-ID, all surface behavior was noted using the focal group follow protocol, e.g.,: time, GPS, traveling direction, speed, behavior, formation state, formation event, and displays (Altmann, 1974; Mann, 1999; Visser et al., 2011). All surveys on IKB involving the UAV lasted for a minimum of 20 min up to approximately 60 min per encounter, per day. From May to August 2017, we performed 9 surveys over 9 days on IKB using a UAV. Of these surveys, two were excluded from the analysis since they produced insufficient data for meaningful analysis. Two of the remaining surveys took place in July 2017 (yielding 57 min of effective UAV footage) and five in August 2017 (1 h and 48 min).

We used a DJI Phantom 4, with four to six separate batteries, operating a camera with a focal length of 20 mm, stabilized by a 3-axis gimbal, and a sensor with a capacity of 12.4 megapixels. The video output was recorded at 4K and 30 fps. Our UAV pilots used the manual remote flight control of the aircraft and real-time camera output through an Apple iPad MiniTM tablet operating the DJI Go application.


Methods


UAV Operating Protocol

The UAV was operated when no whale watching vessels were nearby, when it was not raining, the sea state was <Douglas scale 3, the wind <Beaufort 4, with two to five observers present at sea. The general behavior of the IKB pod was observed for about 5 min before the UAV was launched from our research vessel. After being airborne, the UAV was brought into position near the pod at an average altitude of 7.7 m (range 7–15 m), but always to the side of the group at a lateral distance of 10–25 m, to create an angle at which individual dorsal fins could be captured from the side, while keeping sufficient distance to capture all individuals in one frame. From this position, we could record the breathing intervals and the behavior of the entire group on a continuous basis (Figures 1A,B). Due to the light coloration of the adult Risso’s dolphins, we could also follow the pod with the UAV when the dolphins dove deeper in between breathing cycles, by following the “blue shape” (Figure 1C). During flights, the research vessel was cruising at 25–50 m distance from the pod. UAV flights lasted up to 18 min, after which batteries had to be replaced, preferably during diving bouts. Flights were aborted when the wind was picking up above Beaufort 4, when it started to rain or when whale watching vessels were approaching the pod.
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FIGURE 1. Drone operating protocol. (A,B) Positions of the UAV, capturing all group members. (C) UAV data sampling during surfacing. Due to the light skin coloration of adult Risso’s dolphins, individuals show up as a blue shape when diving deeper (up to a few meters depth, depending on light and water conditions), and can continue to be tracked for continuous focal group follows, especially during resting/traveling behavior.




Photo-ID Scoring Protocol

Photo-ID data were captured by Karin Hartman as soon as we arrived near the pod, and continued until the moment we left the pod. During UAV observations, Photo-ID continued, with the aim to capture every breathing event of every individual. Thus, Photo-ID data capture always spanned a longer period of time than UAV data capture. For this study however, we only used the photographs of dorsal fins taken from the start of the UAV observation to the end, in order to compare results between the two methods. These Photo-IDs were used to create a standardized series of tables (one table per survey), marking per individual the time of surfacing, and whether the individual surfaced separately or in synchrony with one or more other individuals. Synchrony was defined as an occasion where two or more group members performed the same behavior simultaneously or in unison (Mann and Smuts, 1999), while swimming less than 50 cm from each other (Connor et al., 2006); see Figures 2A–K.
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FIGURE 2. Examples of individual identification and group compositions used for scoring relative positions of individuals. (A–C) Photo identification of a synchronized pair using conventional photo identification methods. (D–F) Same pair, captured by the UAV. (G) Photo identification of a synchronized triplet. (H) Same triplet, captured by the UAV. (I–K) Photo identification of a synchronized quartet, captured by the UAV. (L) The IKB group organized in 5 rows, using a relative classification for individual positions categorized as: front row (p1), row behind the front (p2), center (p3), row before the rear (p4), or rear row (p5). (M) The IKB group organized in 2 rows: front (p1) and rear (p5).




UAV: Synchrony and Relative Position Scoring Protocol

Individuals were identified using stills taken from video footage obtained by the UAV. Figures 2A–K show conventional Photo-ID of individuals vs. video identification recorded at the same moment. The second the dolphins surfaced to breath was taken as the sampling point for data scoring for each individual. Surfacing events were manually scored by two observers as “synchronized” based on a frame-by-frame analysis of the UAV footage (Connor et al., 2006), using the same definition as for Photo-ID. A standardized series of tables was created (one table per survey), marking the relative position of the individuals (columns) for each surfacing event (rows). The relative position of dolphins was determined to analyze a possible correlation with relationship preferences, using a maximum of five positions within the pod: i.e. front-row (p1), row behind the front (p2), center (p3), row before the rear (p4), or rear (p5). Figure 2L shows a situation where group members are organized in 5 rows. However, during surveys the group formation could change, and “rows” could merge or break up. Figure 2M shows a different situation, where group formation was reduced to two rows: p1 marks the front and p5 the rear of the pod. Other examples of how we treated different group-formation states for analysis are given in Supplementary Figure S1.



Statistical Analysis


UAV and Photo-ID: Associations and Network Analysis Based on Synchrony

We compared the results between the two observation methods, performing the following analyses: For every survey a co-occurrence matrix was constructed with the names of the individuals on both the X- and the Y-axis, noting for every dyad (i,j) the number of synchronized breathing events (‘”synchs”) observed. A value of zero was noted when no synchs were recorded for a dyad. A pair comprised one dyad, a trio three, a quartet six, etc.1 The synch rate Xi per individual i was calculated per survey (Eq. 1):
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where A is the synchrony co-occurrence matrix (or adjacency matrix) per survey and N the total number of surfacing events observed per individual per survey. The individual synch rates per survey were used to calculate the average synch rate per individual across all surveys. Synch rates Di,j per dyad i,j were calculated per survey as follows (Eq. 2):
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Next, a synch rate matrix was constructed for the entire studied period by taking the arithmetic average of the dyadic synch rates Di,j across all surveys for every dyad (i,j). Thus, every survey carried the same weight in determining the average synch rate across all surveys.

We performed a network analysis on the synch rate matrix across all surveys, where the community structure in terms of clusters was identified optimizing the modularity score using the greedy optimization of modularity algorithm (Clauset et al., 2004). Relationships and network structure were illustrated using a social network plot, where nodes with highest associations are grouped together, while more isolated individuals remain in the periphery of the graph (Clauset et al., 2004).

In order to assess connections between individuals, we calculated the modularity and individual centrality scores. Modularity is a measure of how separated the different clusters are from each other (Clauset et al., 2004). The centrality score for each individual was calculated based on the eigenvector centrality score of the positions occupied by each individual in the network (Bonacich, 1987). A Mantel test (999 permutations) was performed over the co-occurrence matrices to compute the significance of the correlation among surveys (Mantel, 1967).



UAV: Relative Position

With the UAV, it was possible to record the relative position in the group of each individual; something that was not feasible with Photo-ID. Using the data on individuals’ relative position generated by scoring the UAV footage, we calculated per survey the average position per individual by assigning a value of 1 to position p1, etc. up to position p5. Next, we determined the average across all surveys per individual, and using the standard score (Spiegel and Stephens, 2008) we classified the average relative position as Front (values <−1), Front/Middle (values from −1 to −0.5), Middle (values between −0.5 and 0.5), Middle/Rear (values from 0.5 to 1) and Rear (values >1). In order to assess a possible relationship between the synch rate and the relative position in the group, we calculated the correlation between the average synch rate per individual across all surveys and its average position across all surveys. The same analysis was performed on the relationship between the centrality score and the average position in the group.



UAV: Associations Based on Time-Series Analysis

With the possibility created by the UAV to record relative positions, we were also able to perform time series analyses on coordinated swimming, which is broader than synchronized breathing only: individuals that swim alongside each other do not always surface in synchrony, but can still be visibly ‘paired’, which is not captured when focusing on synchronous breathing only. So, in order to assess if relaxing the constraint of perfect synchrony would give us more detailed insight into individual preferences and avoidances based on coordinated swimming, we performed an additional analysis of spatial and temporal proximity. For each individual, its relative position within the group was recorded per breathing event. Next, we performed a rational interpolation of the observed position, by means of the algorithm of Stineman (Johanesson and Bjornsson, 2006), to estimate its position on a second-by-second basis. We used the outcomes to construct a continuous time series containing the position of the animal during the entire period of analysis. Individuals with less than two observed breathing events were removed from the analysis.

A dissimilarity matrix was calculated for each dyad, covering every survey, using the Dynamic Time Warping (DTW) method (Berndt and Clifford, 1994; Giorgino, 2009), based on the relative positions of individuals within the pod per second. DTW is a widely used algorithm specifically developed for measuring similarity between time series which may vary (i.e., warp). The algorithm finds the optimal alignment between two time series looking for minimum distance mapping between the query and reference time series, accounting for imperfect synchronization events (Berndt and Clifford, 1994). This method is effective in time series clustering analysis (Ferreira and Zhao, 2016; Sardá-Espinosa, 2019). Hierarchical cluster analysis of the dissimilarities matrix provided by the DTW algorithm was performed using the Ward’s minimum variance method (Legendre and Legendre, 2012; Murtagh and Legendre, 2014). Clustering uncertainty was assessed by means of the p-value via multiscale bootstrap resampling (Shimodaira, 2004; Suzuki and Shimodaira, 2015), and clustering results were presented in a cluster dendrogram based on a p-value <0.05. We compared the results of the DTW analysis with those of the synchrony analysis, to assess if the greater detail available through the DTW method leads to additional insights into the community structure.

All analyses were performed in R software (R core team, 2018). We used the igraph package (Csárdi and Nepusz, 2006) to perform the network analysis. Time series interpolation was done using the stinepack package (Johanesson and Bjornsson, 2006), while the TSclust package (Montero and Vilar, 2014) was used to calculate the dissimilarities matrix using the DTW method. We subsequently used the pvclust package (Suzuki and Shimodaira, 2015) for clustering and assessing uncertainty, and the vegan package (Oksanen et al., 2016) to perform the Mantel test.



RESULTS


Fieldwork

Data for this study was recorded during seven separate survey days from the 15th of July until the 31st of August 2017. The IKB pod was engaged in resting or traveling behavior during our observation time and was organized as a tight group. We did not observe any negative response like tail fluke-diving or aggressive displays (e.g., tail and flipper slapping, breaching) from the individuals toward the UAV. A total of twenty-one separate UAV flights were operated, from which 144 min could be assessed as “full” focal group follow time, and used for analysis. For Photo-ID, we used 149 min (the difference with UAV footage is explained by the time needed to change batteries between UAV flights), and collected about 8,000 photographs, out of which 2,000 were selected for analysis.

The group size was 11–13, with an average group size of 11.9. One animal (UB7C) was absent during five of the follows; one (S11d) in three cases, and one animal (S27a) was absent during one follow. One sub-adult of unknown sex was present during one observation, displaying 11 synchs. Since this individual is not a member of the stable pod, it has been excluded from the analysis, without any significant impact on results.

We recorded 2,886 breathing events with the UAV, 37% more than with Photo-ID (2,108), leading to 21% more recorded synchronized dyads (571 versus 470). The 571 dyads were accounted for by 465 pairs, 18 trios, four quartets and one octet. The average synch rate for Photo-ID (39%) was slightly higher than for the UAV (36%), indicating that relatively fewer synchs were missed with Photo-ID than individual surfacing events.



Synchrony and Centrality

Table 1 shows the average synch rates and centrality scores for both methods. Outcomes were very similar between the two methods. The synch rates varied strongly among individuals, from 4% (S27a) to 68% (S11e) based on UAV analysis, and from 3% (S27a) to 70% (S11e) based on Photo-ID. Individuals with higher synch rates showed higher centrality scores (Bonacich, 1987) and vice versa [Correlation coefficient R = 0.90 (UAV) and 0.92 (Photo-ID)].


TABLE 1. Measures of sociality compared between UAV and Photo ID.

[image: Table 1]


Associations Based on Synchrony

During each survey, the synchronized pairs and trios were generally stable, but variation occurred among surveys. The network analysis performed on the UAV data identified three frequently synchronized clusters within the pod, comprising one trio (M47f-S10c-Ext1) and two pairs (M24j-S11c and S11e-M21g), as well as one cluster of six less associated individuals. Figure 3 shows a social network graph illustrating the groups and relations identified. The network modularity score (0.32) reveals a generally well-connected network (Clauset et al., 2004). The network analysis performed on the basis of the Photo-ID data identified the exact same clusters, and a slightly higher network modularity score of 0.36.
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FIGURE 3. Social network plot based on the proportion of synchs to surfacing events per individual, across all surveys. The width of the link represents the strength of the association; the size of each node is proportional to the hub score of the corresponding individual (i.e., how well connected it is), and the color represents each cluster identified.




UAV: Relative Position

The six individuals with the lowest synchrony rate (<30%) were generally seen in the rear of the pod. The individuals with higher synchrony rates (≥30%) were generally observed in the middle/front of the group (Table 2). The average relative position across all surveys and the average synch rate per individual showed a negative correlation (R = −0.70). The correlation coefficient between centrality and average position was also negative (R = −0.57). Results from the Mantel tests (999 permutations) did not show any autocorrelation between surveys during the period analyzed (Legendre and Legendre, 2012).


TABLE 2. UAV synch rate, eigenvector centrality and average position.
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UAV: Associations Based on Time-Series Analysis

The time series analysis using the DTW method based on interpolated relative positions gave us more detailed insights in patterns of coordinated swimming than obtained when focusing on synchronized breathing only. Figure 4 illustrates the alignment in swimming patterns thus established for one of the frequently synchronized pairs: S11e-M21g. For the entire pod, this analysis resulted in the clustering dendrogram depicted in Figure 5.
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FIGURE 4. Relative position of individuals S11e (X-axis) and M21g (Y-axis). Perfectly aligned swimming would yield a straight diagonal line from bottom left to upper right.
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FIGURE 5. Graphical representation of the results from the Dynamic Time Warping analysis, considering both relative position in the pod and breathing time, across all surveys. Values in red: indicate the Approximately Unbiased (AU) p-value, computed by multiscale bootstrap resampling. Values >95 are strongly supported by data. Clusters with AU larger than 95% (p-value <0.05) are highlighted in red boxes. Values in green: represent bootstrap probability p-values, computed by normal bootstrap resampling. Height: a measure of the relative distance between clusters.


The Mantel test did not show high levels of correlation, indicating a lack of temporal autocorrelation among surveys. The dendrogram based on time series analyses of relative positions, including non-perfect synchrony events, shows two main clusters (indicated by the red boxes). The first cluster (on the left) comprises the same seven individuals that were identified as strongly associated based on synchrony data alone (Figure 3). It equally contains two pairs and one trio, but the composition of the trio has changed: individual Ext1 has moved from pair M47f-S10c to form a trio with pair S11e-M21g. The second cluster (on the right) is equal to the cluster of six less associated individuals identified with synchrony data alone (Figure 3), but now one significantly associated pair and one trio are identified within this cluster, which was not evident based on synchrony data alone.



DISCUSSION


UAV Focal Follows vs. Photo-ID Survey Methodology

The application of a new method for focal group follows in Risso’s dolphins using a UAV appeared to be successful. The relatively small group size (n = 13) in combination with the unique scarification patterns on the dorsal fin, making individuals well recognizable from the air, allowed for solid recordings of social behavior for this pod. Given that this size is more than double the average for stable male pods, the UAV seems to be an adequate tool for measuring social behavior in male Risso’s dolphin pods in general. Per time unit, the number of breathing events and synchs recorded by the UAV was higher than with Photo-ID. Nevertheless, the results of the synchrony analysis based on Photo-ID were very similar, identifying the exact same clusters. This confirms that the use of a UAV does not introduce observation bias relative to Photo-ID, and opens the possibility to extend the findings from UAV-based studies with an analysis of historical Photo-ID data, to study sociality based on synchrony over many years, for this pod and other stable groups.

The Dynamic Time Warping analysis of relative positions, including non-perfect synchrony, could however, only be realized using a UAV. This led to richer insights of the social dynamics within the observed pod: it confirmed the clusters detected through synchrony patterns, but in addition it identified additional clusters (one pair and one trio) within the cluster of less associated individuals. More importantly, it revealed a correlation between measures of sociality and the position in the group. This invites further research based on UAV observations of this and other groups to examine dominance patterns, which would yield new insights into the social structure of male Risso’s dolphin groups. Thus, similar to Torres et al. (2018), we found that UAV-based observations yield more data per time unit than boat-based observations (i.e., Photo ID), but the real added value of UAV-based observations is the ability, in Risso’s dolphins, to perform a focal follow capturing an entire pod and to record the relative position of individuals, something that is not possible using boat-based surveys given the size of Risso’s dolphins male pods (average 5.8; Hartman et al., 2008). Apart from that, an additional advantage of UAV observations is that it allows for keeping a greater distance with the research vessel, thereby reducing engine noise disturbance.



UAV Intrusiveness

A study by Christiansen et al. (2016b) suggests that underwater noise levels caused by a UAV are small. However, when animals surface, which is usually the moment that observations are recorded, as is the case in this study, they will be exposed to in-air UAV noise levels. Many applications of UAVs to marine mammals (e.g., photogrammetry (Durban et al., 2015), collecting blow samples (Apprill et al., 2017), examining body conditions of whales (Christiansen et al., 2016b) involve the use of a UAV at a 90° angle to the surface (directly overhead). At this angle, the distance of the UAV to the animals observed is equal to the altitude, and the impact from the UAV noise is greater compared to lower angles for the same altitude. Indeed, a study on the impact of approaching UAVs to birds (Vas et al., 2015) found that vertical approaches caused stronger reactions than approaches at lower angles. Possibly in view of such findings, research licenses applicable to the use of a UAV increasingly specify a minimum altitude. The licenses applicable to our 2017 research did not prescribe such a minimum altitude. As from 2018 however, a minimum altitude of 20 m has been introduced. In our study, performed in 2017, we did not observe any reaction from the Risso’s dolphins to the UAV even at altitudes as low as 7 m. We assume this is because we always maintained lateral distances of at least 10m, thereby strongly reducing the impact of the UAV noise. However, in order to replicate the study performed, and to continue to be able to identify all animals from the greater distance resulting from an increased minimum altitude, we suggest researchers to use UAV cameras with a zoom function.



Multi-Level Associations

We observed strong variation in measures of sociality within the pod: individual synch rates varied from 4 to 68%. Similarly, some individuals displayed synchronous behavior with only one or two group members, whereas others were observed in synchrony with almost every other individual in the pod. Synchronous behavior was mostly observed in pairs and trios, with frequent switching recorded, leading to 50 unique dyads among the 13 animals in the pod. Out of these, the time series analysis identified four stable pairs and two stable trios, divided over two main clusters. Thus, three different association levels emerged: the pod, containing two main clusters, which in turn comprised the stable pairs and trios.

The analysis of relative position based on UAV observations established that the less associated individuals (Box I in Table 2) were mostly observed in the rear/middle of the pod, and the more strongly associated individuals (Box II in Table 2) in the front/middle. This might be an indication of dominant relationships driving the formation of sub-clusters, as has been described for other species, such as brown capuchins (Cebus apella), where dominant animals chose the positions with greatest expected foraging success (Janson, 1990), white-faced capuchins (C. capucinus), where dominant individuals were observed more in the center/front (Hall and Fedigan, 1997), or vervets (Chlorocebus pygerythrus), where foraging in the front, outer-edge of the group was associated with dominance (Teichroeb et al., 2015).

Although the stability over several years of male Risso’s dolphin pods has been established (Hartman et al., 2008), the function of the different levels of association still needs to be demonstrated in future research to evaluate if these can be identified as distinct levels of alliance formation. This would entail establishing the benefits for individuals, such as access to females, which has been described as the function of the first-, second- and third-order alliances of Indo-pacific bottlenose dolphins (T. aduncus) in Shark Bay, who cooperate in male-male fights and in stealing, harassing or consorting females (Connor and Krützen, 2015). A next step would be to assess to what extent we observe coordinated behavior (such as synchrony) by individuals in relation to these actions. Indicators for the existence of such complex social layers and intra- and inter-group collaboration in Risso’s dolphins have been frequently observed during 20 years of fieldwork in our research site (Karin Hartman, unpublished data; Supplementary Figure S2 shows instances of such specific observed behavior in various male pods).

Our present study gives some clues for the existence of different levels of alliance formation: the observed switching pair/trio formations may indicate that individuals seek to maintain bonds with more than one other individual in the group. This is in line with the prediction that when males are of equal competitive ability, alliances should be dynamic with frequently switching male alliances, to improve their expected reproductive success (Whitehead and Connor, 2005). Even if this study does not yet establish that the identified association levels represent levels of alliance formation, the observed structure is somewhat reminiscent of the bottlenose dolphin “super alliance,” consisting of fourteen animals. Here, individuals frequently changed their association with other individuals (first order alliances consisting of pairs or trios), but always within the group of fourteen (second order alliance) with distinct preferences (Connor et al., 2006; Connor and Krützen, 2015). One striking difference with bottlenose dolphins would be the strength of the association of the pod in Risso’s dolphins, implicating that the individuals are in almost constant association with all other members of the pod, but within that setting have clear preferences and avoidances demonstrated by coordinated swimming.



Drivers of Stable Male Pods

One reason for the existence of relatively large stable male Risso’s dolphin pods might be the deep-sea cephalopod diet of this species, resulting in possible foraging benefits when collaborating in a large group (Hartman et al., 2008, 2015; Hartman, 2018). Although the foraging strategies of Teuthophagous cetacean species are not well understood at present, sperm whales (Physeter macrocephalus) have been observed to dive “lined up,” indicating some form of group collaboration when foraging (Whitehead, 2003), and strong pair-wise synchrony in movement and vocalizations has been described for beaked whales when performing foraging dives (Aguilar de Soto et al., 2020).

In Risso’s dolphins, a remarkable specific behavior called “habitat defense” has been displayed by resident and stable male pods (Hartman et al., 2008). Other cephalopod eating species that are frequently spotted in the research area have been observed being harassed by clusters of collaborating and/or singe pods of male Risso’s dolphins until they left. This specific behavior may also affect the group size of male Risso’s dolphins.

The most obvious driver for large male alliances is to gain access to females through cooperation (De Waal and Harcourt, 1992; Clutton Brock, 2016). In general, the low cost of dolphin locomotion leads to higher encounter rates between males and females. This favors consortships of (oestrus) females by larger male alliances versus a single male, and larger male alliances may serve the defense against competing male pods in the area (Connor and Whitehead, 2005). The intra-alliance bonds might be important now, ensuring that once a female has been “secured,” individuals get a chance to mate. But the large number of individuals present in the cluster also complicates their “intra-group politics,” since only one male will eventually attain reproductive success. In such competition, alliance members would have to fight for access to females. The large testes (3% of the body mass) found in Grampus griseus suggest sperm competition and a promiscuous mating system (Perrin and Reilly, 1984; Connor Richard et al., 2000). The suspicion of dominant relationships leads to the prediction that the less ‘social’ individuals will have less access to females. Conversely, the prediction is that effective cooperation between individuals increases chances of individual reproductive success (Clutton Brock, 2016). Mating success and dominant relationships will therefore be the primary focus of future research, investigating the function of the association levels such as found in this study.
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