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Abstract

Little is known about the social structure of male sperm whales (Physeter macrocephalus)

after they leave their natal units. While previous studies found no evidence for preferred

associations among males, the observation of mass-strandings consisting exclusively of

males, suggest that they have strong social bonds. To investigate the social associations

among male sperm whales, we used half weight index of association, permutation tests and

standardized lagged association rate models on a large photo-identification database col-

lected between 2006 and 2017 in Nemuro Strait, Japan. Our results suggest that while male

sperm whales are not as social as females, they do form long term associations, have pre-

ferred companionship, and forage in social proximity to each other. The best-fitting model to

the standardized lagged association rate showed that associations among males last for at

least 2.7 years and as most males leave the area after 2 years, associations may last for lon-

ger. Twenty dyads were observed associating over more than 2 years, for a maximum 5

years. One dyad was observed associating on 19 different days and clustered on 7 different

days. Male associations may function to enhance foraging or to fend off predators. Such

relationships seem to be adapted to a pelagic habitat with uncertain resource availability

and predation pressure.

Introduction

Among mammals, male relationships tend to be competitive [1], and consistently strong asso-

ciation rates are relatively rare. In some species, males form strong relationships to defend

estrous females, or access to female groups or territory (e.g., chimpanzee Pan troglodytes: [2];

bottlenose dolphin Tursiops sp.: [3]; lion Panthera leo: [4]; cheetah Acinonyx jubatus: [5]).

Most of these associated males are kin. Although male sperm whales, Physeter macrocephalus,
form all-male groups, the factors promoting group formation among males may be quite dif-

ferent from those in species where males associate with related males to improve mating

success.

Female sperm whales and their offspring live in stable social units at low or mid-latitudes

[6], and most females remain within their natal unit throughout their life [7]. In contrast,

males leave their natal unit before sexual maturity (~6–16 years) and are described as forming

“bachelor schools” consisting of males of about the same age, generally at high latitudes outside
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the females’ range [8]. The sizes of bachelor schools have a negative correlation with mean

body length within the school suggesting diminishing sociality with age [8–10]. Finally, males,

in their forties and older, may be seen singly in high latitude areas including near the ice edges,

as well as in lower latitude areas where they migrate to mate [6, 11]. Therefore, from what we

know, male relationships within bachelor schools of sperm whales are quite different from

those in alliances or coalitions which relate to defense of females or territory as no females are

present, or even nearby, at these higher latitude. However, little is known about the extent of

sociality in bachelor schools.

Mass stranding events–when two or more animals beach themselves at the same place and

time- suggest that male sperm whales can form cohesive male groups. Mass strandings are

commonly reported for highly social odontocetes such as short-finned pilot whales Globice-
phala macrorhynchus, long-finned pilot whales Globicephala melas and false killer whales Pseu-
dorca crassidens [12]. Sperm whales sometimes also mass strand, and some mass stranding

consist only of males [6]. For instance, Rice [13] reported a total of thirteen all-male strandings

including 3 to 37 animals (mean 12.5 animals). These events suggest that there may be strong

associations among males. However, there is no information about their associations before

stranding. Bond [14] found that among two all-male mass strandings on the coast of Scotland,

most animals were genetically unrelated to one another. Autenrieth et al.’s [15] genetic analysis

suggested that the 27 male sperm whales that stranded together in the North Sea were not

maternally related individuals but instead included assemblages of individuals from different

natal geographic regions. Schnitzler et al. [16] also reported evidence for at least two cohorts

with different origins among 24 of these males based on contaminant and genetic analyses.

Considering the long calving intervals of individual females (every 4~6 years) [13, 17] and the

size of female family units (~10; [6]), it would be almost impossible to form an all-male group

consisting of more than very few related males of approximately the same age. Taken together,

these results suggest factors other than kinship structure male relationships.

Despite observations of “bachelor schools” and mass strandings of nonbreeding males [9],

there is little evidence from modern studies of living sperm whales that males form groups

with preferred association [6]. In visual and acoustic surveys at high latitudes, aggregations of

males spanning from 10 to 30 km are commonly found [e.g., 18, 19]. Such aggregations were

also described by whalers [20]. Christal and Whitehead [21] found male sperm whales swim-

ming alone within aggregations of males spreading over 20 km across off the Galapagos

Islands. Members of the male aggregations usually showed consistent heading mostly within

about 20˚ of the modal heading of the aggregation on the same day, but interactions between

members were not observed [21]. Therefore, it is unclear whether the males’ coordinated

movements were a response to external factors such as the distribution of prey or geographical

features such as the presence of canyons, or reflected social bonds between the males

themselves.

Lettevall et al. [22] reported no evidence of preferred companionship or long-term relation-

ships among photo-identified males from 4 study areas: Andenes (Norway); The Gully (Nova

Scotia, Canada); off Galapagos Islands (Ecuador); Kaikoura (New Zealand). Thus, among

males, there is no evidence of the long-term relationships, or social units, that are characteristic

of females and their dependent young. However, in these studies, identification data were

fairly sparse and perhaps insufficient to detect some forms of long-term social structure. More-

over, Lettevall et al. [22] also mentioned the possibility of more social groups consisting of rela-

tively small and young males based on heading coordination within aggregations and mass

strandings. Thus, the social relationships between male sperm whales are still poorly known.

Here, we try to fill this gap in knowledge by investigation the social associations among

nonbreeding male sperm whales in the Nemuro Strait, Hokkaido, Japan. This area is a summer
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feeding ground for male sperm whales and has been used extensively for commercial whale

watching during which photo-identification has been conducted since 2006. We used this

photo-identification dataset to characterize the nature of male relationships and show that

males have consistent long-term associations.

Materials & methods

The study complied with the laws of Japan and was performed in accordance with the Guide-

lines for Animal Experimentation of Nagasaki University with approval of the Institutional

Animal Care and Use Committee.

Field methods

Field work was conducted in Nemuro Strait (43˚ 58’ N, 145˚ 10’– 145˚ 15’ E, 44˚ 20’ N, 145˚

23’– 145˚ 35’ E, Fig 1) during summer field seasons (mainly between July and September) over

12 years (from 2006 to 2017, a total of 890 days). Photo-identification data were collected from

5 commercial whale-watching boats in the Strait. Each cruise lasted approximately 2.5 hours

and most boats operated twice a day. During the surveys, we searched for whales visually using

binoculars and acoustically using hydrophones. Whale watching vessels shared information

on whale detections with each other. Although the survey route differed slightly from day to

day (depending on the weather and sea surface conditions or on the presence of whales),

Fig 1. Map of the location of Nemuro Strait, Hokkaido, Japan. Broken line shows the range of study area, and open circles indicates position of

“Rausu Fishing Port” (departure point of whale-watching boat). Open star shows the “Whale View Park” (theodolite station, see S1 Fig). The maps

were created by using GMT: The Generic Mapping Tools (ver. 5.4.5; https://www.generic-mapping-tools.org/, Wessel et al. 2013 [55]), and the

depth contours were created on GMT based on “500m Gridded Bathymetry Data" provided by Japan Coast Guard (Japan Oceanographic Data

Center (JODC) 500m Gridded Bathymetry Data: https://jdoss1.jodc.go.jp/vpage/depth500_file.html).

https://doi.org/10.1371/journal.pone.0244204.g001
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whales were mostly found some 5–15 nautical miles (nmi) from the fishing port of Rausu

where the water depth is between 500–1,500 m deep (Fig 1).

Individual identification

Sperm whales, as well as many other cetacean species, can be identified individually based the

shape, coloration and marks on their flukes or dorsal fins [23]. In previous sperm whale stud-

ies, 90% of encountered individual could be reliably identified this way [24]. Photographs of

the flukes of diving sperm whales were taken with an APS-C digital single-lens reflex camera

(Canon EOS 40D, 70D, 7D, and Nikon D7000) equipped with a 70–300 mm zoom lens. Photo-

graphs were matched to an identification catalog following the methods of Arnbom [25]. A

quality rating (Q) between 1 and 5 was assigned to each photograph and only high-quality

photographs with a Q ≧ 4 were used for the analyses. Photo-identification data were not col-

lected blindly (i.e., we often knew the identities of the animals that we were photographing)

because our study involved observations of focal animals in the field.

Data analysis

In the framework proposed by Hinde [26], the social structure of a population is a synthesis of

the pattern of the relationships among its members, which in turn are described by the nature

and quality of their interactions [11, 27]. In most cetacean species, social interactions occur

under the sea surface which makes them difficult to quantify. Because of this, many researchers

studying social structure in cetaceans make an assumption called “the gambit of the group”:

individuals are assumed to be interacting if they are found in the same location at the same

time [28]. Thus, the relationships between pairs of individuals can be described by the charac-

teristics and temporal patterning of their associations [26, 27, 29].

Previous sperm whale studies have quantified associations two ways: either spatially by

assuming that individuals within a cluster (within 3 body lengths of each other and coordinat-

ing movements) are associating (e.g., [30–32]) or temporally by assuming that sperm whales

identified within 10 min (e.g., [33]), 2 hour (e.g., [22, 34–36] or in same day (e.g., [22, 36]) are

associating. Whales in clusters are assumed to be associating since they are in visual, and some-

times physical, contact with each other while whales encountered within 2 hours are assumed

to be associating since they are in acoustic contact with each other (the audible range through

hydrophones is 16 km for “usual clicks” (searching echolocation clicks) and 60 km for “slow

clicks” (clicks used by males) [6 data from 37]. Previous studies (e.g., [7, 32]) also showed that

using stronger measures of association (such as “in a cluster together” and 10 min criterion),

as compared to those with looser criteria, did not affect the outcome of permutation tests for

preferred associations.

In this study, we considered whales identified within 1 hour of each other from the same

boat to be associated. Associated whales were observed 2,841 ± 1,961 m (mean ± SD) apart on

average (n = 758, Fig 2). In the Strait, sperm whales dispersed over wider ranges: in land-based

visual surveys an average of 5.5 animals were identified per hour, with an average horizontal

distance of 5,778 ± 3,786 m (mean ± SD, n = 9,790; S1 Fig) between them. This distance is

twice as wide as that between associated animals identified from the research vessels. Thus,

associating whales (sighted within 1 hour) are proximate animals in the foraging area, and are

likely to be within acoustic contact of each other.

To quantify the strength of associations between individuals, we used the half-weight index

(HWI). An HWI equal to zero indicates that the dyad never associated -as per our definition

of association- and an HWI equal to one indicates that the members of the dyad were always
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observed within 1 hour of each other [27]. The sampling period (unit of analysis) was 1 day, so

that the association dataset indicates which individuals were associating on which days.

Preferred associations

A permutation test examined the null hypothesis that associations between individual males

were random given the temporal pattern of each individual’s identifications. In this test, we

permuted associations within samples. The association matrices for each day were randomized

10,000 times with 10,000 flips per permutation maintaining the number of associates of each

individual on each day, with HWIs being calculated after each permutation, at which point the

P-values stabilized [37]. If some pairs of animals were preferentially associating with or avoid-

ing one another over different days, then this would increase variation among the HWIs.

Thus, if the standard deviation or the coefficient of variation of the observed association indi-

ces was significantly higher than those calculated from the randomly permuted data, the null

hypothesis (no preferential associates over days) was rejected [27].

Temporal pattern

Temporal change in association was examined by calculating the standardized lagged associa-

tion rates (SLAR) for associations with identification data from 225 individuals. The standard-

ized lagged association rate is an estimate of the probability that if two individuals are associated

at any time, then, after a given time lag, the second individual will be a randomly chosen associ-

ate of the first [29]. The SLAR was compared to the standardized null association rates (SNAR):

that is the expected SLAR if individuals associated at random. Four exponential models were fit-

ted to SLAR to describe the temporal patterning of male associations in Nemuro Strait: the first

model had no decay and suggests permanent associations; the second model had a decay down

to zero and suggests that associations decrease until complete disassociation; the third model

had a decay that levelled off and suggesting both long-lasting and temporary associations; and

the fourth model had two decays and suggested two levels of disassociation, at a shorter and

Fig 2. Distribution of horizontal distance between locations of observations of associating whales (identified within 1 hour) from

the research vessel.

https://doi.org/10.1371/journal.pone.0244204.g002
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longer time lags respectively [27]. The standard error of the SLAR was estimated using jackknife

methods [27]. The best fitting model was chosen based on the lowest Quasi Akaike Information

Criterion (QAIC). All social analyses were carried out in the SOCPROG 2.8. software [38].

Cluster

Clusters are sets of sperm whales observed at the surface within 3 body lengths of one another

and swimming in the same direction [39]. During social or resting periods, it is typical for

females and immatures to cluster [6]. Therefore, clusters can be regarded as a signal of social

interaction among sperm whales. In contrast to females, most nonbreeding males are seen alone

at the surface [22], however, these males do sometimes actively cluster [20]. Thus, when we

encountered a cluster, we recorded the cluster size, the behavioral mode (surfacing between dives,

socializing, resting), and identified the individual members of the cluster whenever possible.

Results

We obtained 2,968 identifications of 226 individual male sperm whales on 608 different days in

the Nemuro Strait. 44 photographs (out of a total of 3012, 1.5%) could not be identified due to

the absence of marking on the sperm whales’ flukes. The discovery curve for individuals is still

increasing steadily as new individuals are identified every year (S2 Fig). 127 individuals (56.2%)

were identified over multiple years (2–9 times). Individuals were identified on a mean of 14

days each, and on each day had a mean of 1.4 associates (identified within 1 hour). The mean

association index was 0.130. The mean cluster size (including single animal clusters) in Nemuro

Strait was 1.07 individuals (cluster size range: 1–7), so that males were usually seen alone.

The standard deviation and the coefficient of variation of the association indices were sig-

nificantly higher for the observed than for the randomized data (P< 0.01, Table 1). Thus, the

null hypothesis that there are no preferential associations among males between sampling peri-

ods (days) was rejected.

The SLAR was higher than the SNAR for time lags less than approximately 1700 days (Fig

3). Therefore, some pairs of individuals were more often associated than expected if associa-

tion was random for periods of up to about 5 years. The SLAR was highest for short time lags,

and decreased after approximately 100 days, indicating that many associations between indi-

viduals last for at least 3 months, the approximate duration of a field season. A model with a

simple term of exponential decay in relationship strength best fitted the SLAR data (Table 2).

The mean duration of association estimated from the best model is 968 days (inverse of expo-

nential parameter; Table 2).

Twenty dyads were observed associated over more than two years (Table 3). The individual

males NS-PM101 and NS-PM118 have been observed associated on 29 days over 4 different

years (2011, 2013, 2015, 2016). For 55 clusters with two or more individuals, we could identify

all the individuals composing the cluster. Forty-one clustered pairs were identified, 6 of which

formed a cluster more than once. These pairs were observed association over more than 2

years, and 5 of the 6 pairs observed in the same cluster multiple times had at least twice the

mean association index of all dyads. The individuals NS-PM099 and NS-PM101 were observed

associated on 19 different days in 3 different years and were observed in clusters together on 7

Table 1. Permutation test for preferential association between single day periods.

Observed data Random data P-value

SD of mean association index 0.03248 0.03134 0.0071

CV of mean association index 8.69431 8.42104 0.0002

https://doi.org/10.1371/journal.pone.0244204.t001
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different days. On two of those occasions, August 27 and September 13, 2013, the whales

NS-PM099 and NS-PM101 rubbed and rested together at the surface (Fig 4).

Discussion

Long-term associations among male sperm whales

Our study suggests that male sperm whales can form long-term associations. We note, how-

ever, that associations between male sperm whales in the Nemuro Strait (mean index = 0.130)

are much lower than those within female social units (e.g., off the Galapagos Islands the mean

index is 0.399; [33]). This is despite the fact that the Galapagos study used a tighter definition

of association for females (identified within 10min [33]). Our findings strongly reinforce con-

clusions from previous studies that males are less social than females (e.g., [21, 22]).

On the other hand, our results also suggest that, although low, associations among some

males in Nemuro Strait are not random. Male sperm whales are feeding relatively close to their

preferred associates within the foraging ground where multiple males are dispersed. Letteval

et al. [22] found that association patterns of male sperm whales in 4 research areas were not

significantly different from random. However, this does not necessarily mean that males in

these study areas are not social. Considerable identification data are needed to detect preferred

companionships [40], especially when the rate of associations is low. Therefore, the apparent

Fig 3. Standardized lagged association rate for males in the Nemuro Strait, with jack-knifed estimates of

precision. The SLAR (black line), SNAR (dot line; the theoretical SLAR if the individuals are randomly associated) and

best-fitting model (broken line) are shown for the males in Nemuro Strait.

https://doi.org/10.1371/journal.pone.0244204.g003

Table 2. Exponential decay models fitted to the standardized lagged association rate among male sperm whales in the Nemuro Strait.

Model‘s Explanation Fitted Model QAIC ΔQAIC

Preferred companions 0.07 10782.68 443.37

Casual acquaintances 10782.6827�exp(-0.0010329�td) 10339.31 0

Constant companions and casual acquaintances -0.00044404+0.11483�exp(-0.0010235�td) 10341.31 2.00

Two levels of casual acquaintance -0.0068166�exp(-0.013092�td)+0.11925�exp(-0.0010765�td) 10342.90 3.59

The lowest Quasi Akaike Information Criterion value (QAIC) indicates the best-fitted model. ΔQAIC is the difference between the QAIC for the current model and

best-fitted model. Duration of association estimated from the best model is 968 days.

https://doi.org/10.1371/journal.pone.0244204.t002
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discrepancy between our results and those of Letteval et al. [22] may reflect the smaller dataset

of the earlier study. Differences between sperm whales of different regions could also play a

part. Whitehead et al. [30] revealed a clear contrast in the social structures of female sperm

whales between the eastern Pacific and North Atlantic Oceans, likely due to differences in pre-

dation pressure between the ocean basins [30]. In addition, further investigation is needed to

reveal whether the social structure varies geographically in males as well.

We also found that the male sperm whales associate for about 2.7 years on average. The tim-

ing and pattern of decline in their rates of association is similar to that of the lagged identifica-

tion rate (probability that an animal is still in a study area after different time lags; [27, 41])

which indicated that the males stay for a mean of 2.1 years in the Strait [42]. This suggests that

the decline of association rates is unlikely to be caused only by dis-association among dyads,

but instead is primarily caused by death or emigration to other areas by one member of the

pairs. Therefore, preferred relationships among males could last for longer periods, more than

2.7 years, perhaps for 5 years, considering our findings that the empirical association rates

were higher than the null expectancy for lags of about 5 years. Taken together, these results

suggest that while male sperm whales are not as social as females, they have long-term relation-

ships, preferred associations and forage in close spatial proximity.

In mid and high-latitude areas, males make repeated foraging dives lasting about 40 min-

utes, separated by about 7 minutes breathing at the surface (e.g., [35, 43, 44]). During those

foraging dives, the usual echolocation clicks and slow clicks (thought to be communicative

vocalizations of males) are produced (e.g., [44, 45]). Madsen and Møhl [45] estimated that

sperm whales may be able to hear each other at ranges of 16 km for usual clicks, and up to 60

km for slow clicks. Thus, pairs of males deemed to be associated were within the presumed

audible range of echolocation clicks, and males might obtain information about prey

Table 3. Twenty dyads observed associated during more than 2 years.

Dyads Year No. of association HWI No. of clustering

NS-PM089 NS-PM090 2008, 2010, 2011, 2012, 2014 10 0.15 0

NS-PM101 NS-PM118 2011, 2013, 2015, 2016 29 0.35 3

NS-PM082 NS-PM083 2008, 2009, 2011, 2013 10 0.26 3

NS-PM082 NS-PM090 2009, 2011, 2012, 2014 8 0.12 0

NS-PM082 NS-PM132 2011, 2012, 2013, 2014 5 0.12 0

NS-PM090 NS-PM132 2010, 2011, 2012, 2014 5 0.11 0

NS-PM031 NS-PM033 2006, 2007, 2011, 2014 4 0.15 0

NS-PM099 NS-PM101 2009, 2011, 2013 19 0.29 7

NS-PM101 NS-PM163 2013, 2015, 2016 10 0.16 0

NS-PM167 NS-PM169 2014, 2015, 2016 10 0.32 0

NS-PM118 NS-PM163 2013, 2015, 2016 9 0.17 0

NS-PM099 NS-PM118 2009, 2011, 2013 6 0.11 2

NS-PM059 NS-PM063 2007, 2009, 2012 5 0.25 0

NS-PM033 NS-PM059 2007, 2009, 2010 4 0.13 0

NS-PM006 NS-PM007 2006, 2007, 2013 4 0.29 1

NS-PM089 NS-PM119 2010, 2012, 2014 4 0.11 0

NS-PM089 NS-PM132 2010, 2012, 2014 4 0.10 0

NS-PM082 NS-PM092 2008, 2009, 2011 3 0.09 0

NS-PM083 NS-PM092 2008, 2009, 2011 3 0.30 0

NS-PM090 NS-PM096 2010, 2011, 2014 3 0.06 0

Bold shows years which the dyads were observed in the same cluster.

https://doi.org/10.1371/journal.pone.0244204.t003
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distribution or feeding success from the echolocation clicks of others. Synchrony of horizontal

movement among males in Nemuro Strait (Amano & Kobayashi, personal observation) and

heading coordination within aggregations of males as reported by Christal and Whitehead

[21] may also be caused by such interaction among neighboring males while foraging. Christal

and Whitehead [33] suggested that a possible value of long-term relationship among females is

communal sharing of information about resources of high uncertainty over their large home

ranges. A similar function of “ecological enhancement” may also promote the long-term social

relationships among males. However, since there are few observations of direct interactions

during foraging dives between males, further study is needed to test this hypothesis.

Although pairs of male sperm whales which preferentially associate for long periods tend to

be observed in close spatial proximity, most individual whales identified in Nemuro Strait are

kilometers apart from one other. Males within long-term preferred social relationships some-

times gather and rest with their companions at the surface as females do. The association indi-

ces of pairs displaying such relationships tended to be higher. However, this cannot be

Fig 4. Two resting male sperm whales (NS-PM099 and NS-PM101) photographed on (a) August 27 and (b)

September 13, 2013.

https://doi.org/10.1371/journal.pone.0244204.g004
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rigorously statistically tested because the data are limited and there is a structural correlation

between association index and frequency of clustering. Nevertheless, the data on identifica-

tions within clusters identified, while sparse, provide further evidence of social relationships

between males across years.

Previous studies of male sociality from 4 different areas reported males usually alone at the

surface with few clusters of 2 or more whales. Compared to our study, repeated resighting of

clusters consisting of the same pair of individuals was much rarer and the interval of observa-

tions between these repeat clusters were quite short-term: from several tens of minutes to 3

days [22]. Although further research is needed to explain the discrepancies between our results

and these, one possible explanation for the low frequency of cluster resights is that whales clus-

tered at the surface are often hard to identify since they often do not fluke up following social

interactions as they do during foraging dives.

Female sperm whales form clusters near the surface almost every day to socialize and rest

with members of their social units and with others within a larger, temporary group [34, 46].

These behaviors may be important for maintaining the social bonds between members of a

social unit after dispersion during foraging dives [34]. Though the frequency of forming clus-

ters is lower than among females, males may also form clusters to maintain social bonds, sug-

gesting that social life is still significant for males.

Cluster formation by males may also have a function as anti-predation behavior. Curé et al.

[47] reported that large males over 15 m long interrupted their foraging or resting dives and

formed clusters with other males or produced coda vocalizations in response to playbacks of

vocalizations from their major natural predator, the killer whale, Orcinus orca [6]. Codas play a

major role in communication among sperm whales, but codas have only rarely been recorded in

the high latitude habitats of males [44, 45, 48]. These experimental results suggest that large

males are not completely solitary and interact with neighboring males when threatened by pred-

ators. Cluster formation by resting whales may also have an anti-predator function [6]. Hence,

predation pressure, probably by killer whales, may play an important role in promoting social

relationships between males. In addition, cohesive bachelor schools observed by whalers and sci-

entists during the modern whaling period (e.g., [8–10]) might have a similar root, with animals

responding to the presence of whaling ships. In recent centuries, the most dangerous predators

for sperm whales have been humans not killer whales. At sperm whaling’s peak, over 20,000 ani-

mals per year were caught globally (from [49]), and about 2,000 animals were also killed every

year by Japanese coastal whaling during the late 1960s [50]. Although many scientists (e.g., [8–

10]) and whalers described cohesive “bachelor schools” of male sperm whales, there have been

few observations of such groupings during studies of living animals following the whaling period

[22]. Hunting has likely affected not only sperm whale populations but also their behavior.

Long-term associations in male mammals

Our study found social relationships among non-breeding male sperm whales and suggests

that they may be important. Long-term relationships between non-reproductive (and generally

unrelated) males are rare among mammals. Often, in non-solitary mammalian species, repro-

ductive-age males live with females, either as monogamous pairs (e.g., prosimians, gibbons), as

members of well-structured closed groups (e.g., most primates, lions, horses), or larger, looser,

more promiscuous groupings (e.g., some larger ungulates, dolphins) [51]. The males within

groups may have relationships, sometimes strong and important relationships, but they are

thought to be based on the enhancement of reproductive success (e.g., chimpanzees; [2]).

When males live largely apart from females, there may also form strong bonds which function

during breeding attempts, for instance as alliances (e.g., bottlenose dolphins; [3]). However,

PLOS ONE Long-term associations among male sperm whales (Physeter macrocephalus)

PLOS ONE | https://doi.org/10.1371/journal.pone.0244204 December 23, 2020 10 / 14

https://doi.org/10.1371/journal.pone.0244204


strong relationships among non-breeding males without females being present or in prospect

seem rare especially when males are unrelated.

A possible exception is the African elephant (Loxodonta africana) which has a similar life

history to the sperm whale (see [8, 52]), although the motivation of association between males

may be much different from that of sperm whales. After leaving their maternal units, male ele-

phants tend to associate with males about the same age sometimes acting as sparring partners,

or with older bulls who may be reservoirs of social and ecological knowledge within breeding

herds [53]. Male elephants’ associations are positively correlated with genetic relatedness [54]

unlike sperm whales which associate with unrelated males of the same size. These difference

show that associations among non-breeding male elephants may more directly function in

increasing mating success than is the case with sperm whales where geographical segregation

between the sexes is much more extreme (1,000s km for sperm whales; 10s km for elephants).

Conclusion

Beyond mammals, we know of no evidence of long-term bonds between unrelated non-breed-

ing males in birds, reptiles or amphibians. Some instances may have been missed by scientific

studies, or by us when surveying the literature. However, such cases are almost certainly very

rare. Sperm whales seem to be an unusual species in which male bonds are not based on repro-

duction or kinship. This sociality may be promoted by the importance of cooperation in a

pelagic habitat (likely for cooperative foraging or anti-predation) and the extreme spatial sepa-

ration of the two sexes for prolonged periods in a species which is otherwise highly social. To

understand the social structure of male sperm whales more deeply, relationships between male

sperm whales should be examined for longer periods of time, in additional study sites, over a

wider range of ages, and in more behavioral detail.
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