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Abstract
The photo-identification of uniquely marked individuals has revealed much about mammalian behaviour and social structure 
in recent decades. In bottlenose dolphins (Tursiops spp.), for example, the long-term tracking of individuals has unveiled 
considerable variation in social structure among populations and various spatio-temporal aspects of group formation. In this 
study, we investigated associations among individual males in a small community of Indo-Pacific bottlenose dolphins (T. 
aduncus) residing in an urbanized estuary in southwestern Australia. Given the relative proximity of our study area to other 
populations in which complex male alliances form for the purpose of mate acquisition, we used long-term photo-identification 
records and social analyses to assess whether such alliances also occur in smaller and more isolated settings. Our work 
revealed strong social bonds and long-term, non-random associations among individual males, suggesting the occurrence 
of male alliances. Behavioural observations of alliances interacting with potentially receptive adult females from the estuary 
community and from adjacent communities, and exhibiting sexual display behaviours near females, suggest that these alli-
ances occur in a reproductive context. As the first formal analysis indicating the occurrence of male alliances outside Shark 
Bay along the vast western coastline of Australia, this study complements previous research and extends our understanding 
of the evolutionary and ecological processes that drive alliance formation.
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Introduction

Photo-identification is a widely used and largely non-inva-
sive tool that forms an integral component of many field 
studies in conservation biology. This technique uses natural 
marks recorded in images of both terrestrial and marine taxa 
to recognize individual animals with idiosyncratic fur and 
coat patterns (e.g., zebras Equus burchelli, Petersen 1972; 
monk seals Monachus monachus, Forcada and Aguilar 2000; 
giraffes Giraffa camelopardalis, Le Pendu et al. 2000); pig-
mentation and spots (e.g., whale sharks Rhincodon typus, 
Meekan et al. 2006); and scars or other marks (e.g., nicks 
and notches on the flukes or dorsal fins of cetaceans, Wür-
sig and Jefferson 1990). It has proven a remarkably useful 
approach in understanding life history patterns (Hammond 
et al. 1990) and allowing mark-recapture studies to assess 
abundance and apparent survival (e.g., Lebreton et al. 1992; 
Meekan et al. 2006; Chabanne et al. 2017b). When com-
bined with spatial and temporal information, photo-identi-
fication can be used to assess traits such as density, sex, site 
fidelity, movement patterns and home range size (Brown 
et al. 2012; Chabanne et al. 2012; Brown et al. 2016a, b).
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Photo-identification has also been combined with behav-
ioural sampling and other quantitative methods to investigate 
social structure (e.g., Connor et al. 1992a, b; Le Pendu et al. 
2000). Indeed, these techniques have enabled researchers 
to elucidate the variation in, and complexity of, phenom-
ena such as male alliance formation in various delphinids, 
including bottlenose dolphins (Tursiops spp.), across a broad 
range of habitat types and population densities (Table A1). 
To date, male alliances have been documented in common 
bottlenose (Tursiops truncatus), Risso’s (Grampus griseus), 
Australian humpback (Sousa sahulensis) and, perhaps 
most notably, Indo-Pacific bottlenose dolphins (T. adun-
cus, Owen et al. 2002; Hartman et al. 2008; Connor and 
Krützen 2015; Allen et al. 2017). Among coastal bottlenose 
dolphin populations, alliance formation spans the spectrum 
from no alliances (e.g., Baker et al. 2019), through a first 
level of alliance consisting of 2–4 closely-bonded individu-
als (e.g., Wells et al. 1987; Wiszniewski et al. 2012a, b), to 
the nested, multi-level alliance system found in Shark Bay, 
Western Australia (Connor et al. 1992a, b, 1999; Table A1). 
In Shark Bay, ‘first-order’ alliances consist of pairs or trios 
that cooperate in herding single oestrus females, and these 
pairs or trios are members of stable teams of 4–14 males 
at the ‘second-order’ level (Connor and Krützen 2015). 
Second-order alliances, the core social unit of males in the 
population, cooperate to attack other alliances for access 
to females, and to defend against such attacks (Connor 
and Krützen 2015). Remarkably, a third level of alliance 
formation is evident, involving two or more second-order 
alliances supporting each other in the capture and defence 
of females from other alliances (Connor et al. 2011, 2019; 
Randić et al. 2012; King et al. 2021). These studies have 
demonstrated how photo-identification, coupled with rigor-
ous observational sampling and quantitative analyses, can 
provide behaviourally meaningful data on taxa that spend 
much of their time undetectable to researchers (Whitehead 
and Dufault 1999; Whitehead 2008a, b).

Several bottlenose dolphin populations in different habi-
tats around the expansive western coastline of Australia have 
been studied (Allen et al. 2012, 2016; Sprogis et al. 2015; 
Brown et al. 2016a, b; Chabanne et al. 2017a; Raudino et al. 
2018; Haughey et al. 2020) but, to date, male alliance for-
mation has only been quantified in Shark Bay (Connor et al. 
1992a, b), or speculated to exist elsewhere (Sprogis et al. 
2015). For this study, we focused on a small community 
of Indo-Pacific bottlenose dolphins inhabiting the Swan 
Canning Riverpark (SCR), an urbanized estuarine system 
located 800 km south of Shark Bay, in which photo-identifi-
cation has been conducted seasonally and yearly since 2011.

Here, we used sighting histories of the resident adult dol-
phins to investigate the potential occurrence of male alli-
ances. We tested home range overlap, relatedness, and gre-
gariousness as variables that may explain male associations 

with multiple regression quadratic assignment procedures 
(MRQAP). We also examined male association patterns 
using hierarchical clustering analysis, lagged association 
rates (LARs) and permutation procedures. Given the sta-
ble associations between individuals of the same sex and 
the strong bonds between some males described previously 
(Chabanne et al. 2012, 2017a), we predicted that, despite the 
small community size, males residing in the SCR also form 
alliances. We discuss the findings in light of the challenges 
of studying mammalian social behaviour, including alliance 
formation, within small communities.

Materials and methods

Study site and data collection

The Swan Canning Riverpark, Western Australia, is a 55  km2 
micro-tidal estuary comprising two rivers running through 
the city of Perth, reaching the Indian Ocean through the 
Inner Harbour of the Port of Fremantle (Fig. 1). The SCR is 
home to a small community of around 16 adult Indo-Pacific 
bottlenose dolphins that are year-round residents, exhibiting 
long-term site fidelity (Chabanne et al. 2017a, b). However, 
the dolphin community is not isolated, with genetic and 
demographic exchange occurring with adjacent communi-
ties residing in a semi-enclosed embayment with large areas 
of shallow habitats (Fig. 1; Chabanne et al. 2021). Dolphin 
density in SCR is estimated to be 0.29 individuals per  km2 
(min: 0.18; max: 0.42; Chabanne et al. 2017b).

Photographic identification and behavioural data were 
collected during boat-based surveys conducted between June 
2011 and March 2017 in the SCR and following the proto-
cols described in Chabanne et al. (2012, 2017b). A group 
was defined as any individual engaging in the same behav-
iour and within 10 m of another (Smolker et al. 1992). Data 
collected for each encountered group included dolphin group 
size and composition, predominant behaviour recorded dur-
ing the first 5 min of encountering the group (i.e., > 50% of 
individuals within a group were engaged in same behaviour 
[travel, forage, socialise, rest, or unknown], Mann 1999), 
location (GPS), and environmental conditions. We esti-
mated and reviewed the age-class of the individuals during 
the study period as described in Chabanne et al. (2012). 
Individuals were sexed through molecular analyses of tissue 
samples (Chabanne et al. 2021) collected via remote biopsy 
sampling (Krützen et al. 2002).

Data restrictions for association patterns

We examined male associations using group sightings com-
posed of at least one adult male and for which all individuals 
were identified with high-quality images (Chabanne et al. 
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2017b). Given the long-term dataset and survey frequency, 
we also used temporary marks for identification of individu-
als with non-distinct dorsal fins. We restricted our dataset 
to adult males that were alive over the entire course of the 
study period to account for any biases on the associations 
between individuals associated with demographic changes. 
Using SOCPROG 2.9 (Whitehead 2019), we checked for 
the accuracy of the social representation obtained with the 
restricted dataset by examining the social differentiation (S, 
measure of variability of the associations) and Pearson’s 
correlation coefficient (r, measure of the quality of the rep-
resentation of the association pattern) following Whitehead 
(2008a, b). We set a daily sampling period and generated 
a matrix of association based on the Simple Ratio Index 
(SRI); the choice for using this index is justified by the high 
proportion of dolphins encountered being identified and the 
assumption that all associations were measured accurately 
being met (Cairns and Schwager 1987; Ginsberg and Young 
1992).

We performed a multiple regression quadratic assign-
ment procedure (MRQAP) with 1000 permutations to test 
the significance (2-tailed test with 0.05 p value) of three 
individual variables (home range overlap, relatedness, and 
gregariousness) on the SRIs while controlling for each 
other (Whitehead 2019). This preliminary test allowed the 

identification of individual variables that may exert undue 
influences on the true SRI values. We calculated home range 
overlap between each pair of adults based on a kernel-based 
utilization distribution overlap index (UDOI, Fieberg and 
Kochanny 2005) using the R package “Adehabitat” (Calenge 
2006), followed by building a matrix using the UDOIs 
between each pair of males (see Fig. A1 for the 95% kernel 
density of each of the eight males). The matrix for gregari-
ousness, a measure of the tendency of an individual to asso-
ciate with other individuals (Godde et al. 2013), was cre-
ated in SOCPROG following Whitehead and James (2015). 
Finally, we estimated relatedness of each pair of males using 
the TrioML estimator from the R package “related” (Pew 
et al. 2015) based on 10 microsatellite loci (Chabanne et al. 
2021).

All association analyses were run using non-corrected 
SRIs. However, all pairwise association analyses including 
permutations tests were also carried out using Generalized 
Affiliations Indices (GAI), i.e., SRIs corrected for gregari-
ousness (Whitehead and James 2015). In Appendix 3, we 
report the results using the GAIs, which did not differ from 
the analyses using the uncorrected SRIs.

Fig. 1  Map of the study area 
(Swan Canning Riverpark) 
with connection to adjacent 
waters (Cockburn Sound, Owen 
Anchorage and Gage Roads), 
where other resident communi-
ties of bottlenose dolphins have 
been identified (Chabanne et al. 
2017a, b)
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Evaluation of male associations

We determined association strength for each male by com-
paring his maximum SRI with the mean SRI for all males. 
Associations were defined as ‘strong’ when their respective 
SRI values were at least twice the mean of all male dyads, 
and where each member of the male dyad ranked as each 
other’s closest associate (Wells et al. 1987; Connor et al. 
1992a, b). We further produced a hierarchical average clus-
ter analysis to visualize the degree of associations between 
males and calculated a cophenetic correlation coefficient 
(CCC), for which a CCC > 0.8 indicates a good representa-
tion of the hierarchical structure among individuals based 
on their association matrix (Bridge 1993). We also carried 
out a changepoint analysis using the Pruned Exact Linear 
Time (PELT) method in R 3.6.2 (R Development Core Team 
2013), package ‘changepoint’ (Killick and Eckley 2014), to 
find the threshold values of SRIs characterizing multiple 
levels of strength among male dyads (Bizzozzero et al. 2019; 
Gerber et al. 2020).

We tested for the existence of long-term preferences 
between males by following the Monte-Carlo resampling 
(i.e., permutation test) procedure established by Whitehead 
et al. (2005). We considered the pattern significant when 
the coefficient of variation of the real association indices 
(SRI) was higher than expected by chance (Whitehead and 
James 2015; Whitehead 2019). We also extended the test to 
dyadic SRI values (Bejder et al. 1998) and reported ‘pre-
ferred’ associations when the observed number of signifi-
cant dyads was larger than the expected (Whitehead 2019). 
Association estimates of a dyad at or above the 97.5 percen-
tile were considered ‘preference’ (Whitehead et al. 2005; 
Whitehead 2019).

We also evaluated the long-term stability of associations 
by calculating Lagged Association Rates (LARs, Whitehead 
1995) for males using real and random SRIs. The latter were 
available after we tested for preferred associations using a 
permutation test. They reflected the random distribution of 
associations without the temporal context (in comparison 
to the null association rate [NAR], which we also plot-
ted). We obtained standard errors and precision estimates 
of LARs and NARs with a temporal jackknife procedure 
using a grouping factor of one day (Whitehead 2008a, b). 
The shapes of real and random LARs were compared to 
understand the implications of any changing patterns of 
associations over time (Whitehead 2019). This analysis was 
repeated with males having ‘strong’ bonds only (see results).

The small sample size (i.e., number of males) and our 
sampling method (i.e., a 5-min scan sample to determine 
predominant group activity and group size and composition, 
with ad libitum recording of some behavioural events) did 
not allow further exploration of the functional behaviour of 
the strongly bonded males as part of this study. Instead, we 

checked for any dependency between the presence of allied 
males and the presence of females and their residency area 
(Chabanne et al. 2017a) using Pearson’s chi-square statistics 
in the ‘Stats’ package in R (R Core Team 2013). Graphic 
mosaic plots were carried out using the ‘vcd’ package in R 
(Meyer et al. 2021).

Results

From June 2011 to March 2017, we conducted 187 sur-
veys and tallied 304 dolphin group sightings, of which 250 
group sightings were retained after excluding those with 
any unidentified or poorly photographed individuals. In 
our social analyses, we retained only sightings containing 
at least one adult male. A well-differentiated and accurate 
representation of the true social network was obtained when 
males were observed more than 12 times (r = 0.8 ± 0.04 
SE; S = 0.9 ± 0.07 SE), leaving eight males in our dataset 
(Supplementary Material 1). Thus, patterns of male asso-
ciations were assessed based on 175 group sightings. Dur-
ing the study period, no permanent emigration or deaths 
were recorded, meaning there was no demographic effect 
that could bias the males’ associations (Analysis of Lagged 
Identification Rate, Supplementary Material 2). Thirteen and 
eleven adult females residing in the SCR estuary or visiting 
from adjacent communities, respectively, were present in 
61% of these sightings.

MRQAP tests indicated that neither relatedness nor home 
range overlap explained the strength of association between 
males. However, gregariousness did so, suggesting that the 
SRI was affected by gregariousness (Table 1).

Mean SRI between all adult male dyads was 0.25 (SD 
0.05), with an average maximum SRI of 0.65 (SD 0.27, 
Table 2). The first changepoint occurred at 0.77, revealing 
a dyad (EXT/PRI) and a triad (ARR/BOT/HII) of males 
(Fig. 2), with all five males having a maximum SRI higher 
than the average maximum (Table 2). Such bond strengths 
would qualify these males as first-order alliances in Shark 

Table 1  Tests of the effectiveness of structural predictor variables 
in explaining association indices for adult male bottlenose dolphins 
residing in the SCR and seen alive for the entire study period (i.e., 
seen more than 12 times) and with MRQAP (partial correlation coef-
ficients tested using 1000 permutations in SOCPROG)

*Significant p value (< 0.05)

Structural predictor variable MRQAP tests

Partial correlation 
coefficient

p value

Relatedness 0.0547 0.716
Home range overlap 0.5278 0.092
Gregariousness − 0.6901 0.004*
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Bay and other populations (e.g., Connor and Krützen 2015; 
Ermak et al. 2017). A second changepoint at SRI ≥ 0.28, 
and above the mean SRI between all male dyads, resulted in 
two single males (PEB and KWL) being closely associated 
with the dyad (EXT/PRI, Fig. 2). A third changepoint was 
identified at 0.23. Since the value was lower than the mean 
SRI, the associations of BLA with the triad (ARR/BOT/HII) 
were not considered close under the criteria for male alliance 
formation (Fig. 2).

The permutation test for long-term preferred associations 
among males was significant (coefficient of variation CV real 
data = 1.067; CV random data = 0.856, p < 0.0001). Among 
the closest associates, we identified the triad ARR/BOT/HII 
and the dyad EXT/PRI as first-order allies (Table 3).

Both real and random LAR projections for first-order ally 
males were well above the NAR projection, supporting non-
random association over the entire study period. In addition, 
the real LAR was higher than the random LAR, confirming 
the long-term preferred associations among the first-order 
allies that do not change over time (Fig. 3).

Triad formation (Appendix Fig. A3) among our first-
order alliance members (ARR/BOT/HII) was significantly 
lower in the absence of females but highly dependent upon 
the presence of females from adjacent waters (X2 = 53.311, 
df = 4, p < 0.001, Fig. 4), with these females never seen in 
the SCR without the resident allied males.

On two occasions, we observed two males (BOT and 
BLA) performing a ‘rooster strut’, i.e., a sexual display 
performed by individual males in the presence of oestrus 
females, during which the male bobs his head up and down 
at the water surface while moving forward (Connor et al. 
2000, Appendix Fig. A4).

Table 2  Distribution of associations (SRI) for the eight adult male 
bottlenose dolphins residing in the SCR. In bold are maximum SRI 
values that are higher than the overall maximum value (also males 
identified with SRI higher than the first changepoint [PELT method, 
Fig. 2])

Male ID Mean SRI (SD) Sum of all 
associations 
(SD)

Maximum SRI (SD)

ARR 0.28 2.98 0.77
BLA 0.20 2.41 0.28
BOT 0.29 3.01 0.90
EXT 0.26 2.84 0.83
HII 0.30 3.12 0.90
KWL 0.17 2.09 0.35
PEB 0.21 2.43 0.37
PRI 0.25 2.74 0.83
Overall 0.25 (0.05) 2.72 (0.33) 0.65 (0.27)

Fig. 2  Dendrogram produced 
using hierarchical average 
cluster analysis with SRIs 
(CCC = 0.98033) of the eight 
male bottlenose dolphins (i.e., 
three-letter code) in the SCR. 
Levels of grouping obtained 
with the PELT changepoint 
method are displayed in 
dashed black vertical lines. 
Coloured solid lines denote the 
males forming strong bonds 
(SRI > 0.77 illustrating the dyad 
and triad), and the blue dashed 
lines denote the ‘close associ-
ates’ relationships (SRI > 0.28 
− 0.77). Black solid lines are 
non-significant relationships 
under the criteria for male alli-
ance formation

Table 3  Significant preferred associations based on the Monte Carlo 
resampling procedure (i.e., permutation test) for the eight males 
(p > 0.975 for preferred associations)

Dyad Relationship SRI value p value

BOT/ARR First-order associates (triad) 0.77 0.9990
HII/ARR First-order associates (triad) 0.77 0.9998
HII/BOT First-order associates (triad) 0.90 0.9993
PRI/EXT First-order associates (dyad) 0.83 0.9999
KWL/EXT Close associates 0.35 0.9918
PEB/EXT Close associates 0.37 0.9781
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Discussion

This study aimed to identify the occurrence of male alliances 
in a small community of Indo-Pacific bottlenose dolphins 
residing in a south-western Australian estuary. Using photo-
identification data of resident dolphins in the Swan Canning 
River Park from 2011 to 2017, we inferred the occurrence of 
male alliances, based on three lines of evidence. First, our 
detailed quantitative analysis clearly indicated the presence 
of closely bonded adult males who associate over a long 
temporal scale. Second, we invariably observed non-resi-
dent females, in some cases as much as 20 km outside their 
normal ranges, in the same group as the allied triad. This 
is suggestive of these females having been herded outside 

their normal ranges, as previously documented in Shark Bay 
(Connor et al. 1996; Scott et al. 2005; Tsai and Mann 2013). 
Third, we documented opportunistic behavioural observa-
tions, such as the rooster struts performed by adult males 
around oestrus females (Connor et al. 2000). All three lines 
of evidence suggest the presence of male alliances linked to 
reproductive purposes, as observed elsewhere (Krutzen et al. 
2004; Wiszniewski et al. 2012a, b).

Social bond strength among males was not influenced by 
their relatedness or home range overlap, but by differences 
in gregariousness, which is common in animal populations 
(Godde et al. 2013). All SCR residents share the same range 
(i.e., they all use the entire estuary, Chabanne et al. 2017a), 
and the narrow geography of the Fremantle Inner Harbour 
and the adjoining lower reaches of the estuary make encoun-
ters likely (Chabanne et al. 2012). At a larger scale, the SCR 
dolphins are more related to each other than to those of adja-
cent communities (Chabanne et al. 2021), likely affecting 
analytical detectability of the influence of the homogene-
ously high relatedness on the strength of male bonds in SCR.

The strongly bonded males in this small community satis-
fied the criteria for being classified as first-order alliances, 
similar to those identified in other studies (e.g., Connor et al. 
1992a, b; Ermak et al. 2017). Allies within each alliance (the 
triad ARR/BOT/HII and the dyad EXT/PRI) were ranked 
closest or second closest to each other, and their bonds were 
described as long-term preferred and stable associations. 
Two single males (PEB and KWL) shared moderately strong 
associations (SRI > 0.20; e.g., Ermak et al. 2017; King et al. 
2018) with one first-order alliance (EXT/PRI). However, 
their lack of mutually strong bonds does not qualify them as 
members of a second-order alliance, which is defined by at 
least two first-order alliances having moderate associations 
(Connor et al. 1992a, b). In addition, KWL’s true affiliation 

Fig. 3  Lagged Association 
Rates from the real data (LARs; 
solid line) for all males (black) 
and for males of first-order 
alliances (blue) within the 
SCR resident dolphins. Their 
respective null association 
rates are indicated in dotted 
coloured lines of respective 
colour, and their LARs from the 
random data generated from the 
permutation test are in dashed 
coloured lines. Jackknife error 
bars are shown as the vertical 
lines

Fig. 4  Mosaic plot of the count for occurrence of the male alliances 
(triad and dyad) with females residing in the SCR or from adjacent 
waters. Pearson residuals with values lower than − 2 are highlighted 
with p value provided
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(GAI) suggested that his association was primarily due 
to being highly gregarious (i.e., avoidance with all males 
when corrected for gregariousness) compared to the other 
males (Appendix 1). With only eight adult males residing in 
the SCR, the presence of only one alliance level is perhaps 
unsurprising. It is likely that there is a minimum encounter 
rate within a population at which the social structure might 
evolve to include more than one level of alliance formation 
(Whitehead and Connor 2005; Connor et al. 2017, 2019; 
Table A1). This is supported by the fact that formation of 
multi-level alliances in bottlenose dolphin populations has 
thus far only been reported from Shark Bay, Western Aus-
tralia, and St. John’s River, Florida, sites which have some 
of the highest reported densities and/or conspecific encoun-
ter rates in the genus Tursiops (e.g., Nicholson et al. 2012; 
Ermak et al. 2017).

Three criteria are typically proposed as driving the forma-
tion of male alliances in dolphin populations: high density 
or encounter rate, male-biased operational sex ratio, and lit-
tle or no sexual size dimorphism (Whitehead and Connor 
2005; Möller 2012). There is no sexual dimorphism in the 
community (unpub. data). However, density appears to fall 
within the range of those populations that do not exhibit 
male alliance formation (Table A1, e.g., Brusa et al. 2016; 
Baker et al. 2019).

Nevertheless, several factors complicate our understand-
ing of the drivers of alliance formation in the SCR. First, the 
community is not strictly estuarine, but coastal-estuarine, 
as males occasionally range to the nearest adjacent coastal 
areas throughout the year, thereby gaining access to recep-
tive females (i.e., they are not limited to females from the 
estuary only). Second, despite some level of genetic struc-
ture between communities, the SCR community is geneti-
cally connected to adjacent coastal communities (Chabanne 
et al. 2021), suggesting that male alliance formation may 
be best understood in the social-environment context of the 
broader coastal population. Third, the SCR is a relatively 
narrow estuarine river system, which may drive encounter 
rates up, thus favouring male alliance formation (Connor 
and Whitehead 2005).

Several studies have affirmed that social factors are 
more important than environmental factors in the evolution 
of complex coalitions in mammals (Olson and Blumstein 
2009; Ostner and Schülke 2014). However, He et al. (2019) 
highlighted a more complex evolutionary system in animal 
societies situated within environments where habitat con-
figuration can drive social and ecological factors. Dolphins 
in the SCR appear to have stronger and more enduring asso-
ciations with their peers than do dolphins in coastal habitats 
(Chabanne et al. 2017a). The shallow and protected estu-
ary habitat provides resources that allow dolphins to reside 

year-round, with prey availability being continuous and 
more dependable than that in coastal habitats (McCluskey 
et al. 2016). Habitat and prey selection is therefore likely 
to influence how dolphins associate (Holyoake et al. 2010; 
O'Brien et al. 2020; McCluskey et al. 2021; Nicholson et al. 
2021).

The difficulties in inferring the determinants of alliance 
formation through photo-identification-based studies are 
amplified by the small size of the SCR community. Studies 
such as this may obtain a rich, long-term, individual-specific 
dataset of social behaviour, which includes both group asso-
ciation data collected systemically and opportunistic behav-
ioural observations. However, such studies might then be 
restricted in terms of the quantitative social analyses that 
can be conducted because of the small sample sizes and, 
thus, lack of power. Further, the small size of a commu-
nity or population, and its discreteness as a socio-ecological 
unit, may–as in SCR–reflect the unique social and ecological 
milieu in which the community occurs (e.g., Giménez et al. 
2018). Likewise, the uniqueness of this socio-ecological 
context and the small community/population size means 
that the factors determining male alliance formation may 
be exceptional in small populations, in the sense that the 
general relationships between social and ecological deter-
minants of alliance formation might not apply. In the SCR, 
for example, the geography of the estuary (i.e., narrow area), 
the small community size, and occasional coastal-estuarine 
ranging patterns of males are factors that are distinctively 
different than those for the larger coastal communities 
nearby (Chabanne et al. 2017a).

Photo-identification of individually recognizable mam-
mals is a versatile and powerful approach for the field study 
of marine and terrestrial mammals and has provided sig-
nificant insights into our understanding of mammalian ecol-
ogy and behaviour. Although our results were limited by 
the small size of the community in the SCR, the apparent 
occurrence of male alliances across the coastal waters of the 
Perth region provides a promising opportunity to extend our 
understanding of the evolutionary and ecological processes 
driving alliance formation. A larger, comparative approach, 
in which genetic, environmental, and behavioural data from 
several populations are used to model parameters that are 
predictive of complex alliances will help us to understand 
the evolutionary drivers of alliance formation. The SCR 
dolphins could serve as one important piece in this puzzle.

Appendix 1

See Table A1.
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Appendix 2

See Fig. A1.

Fig. A1  Maps representing the 
95% kernel density estimated 
for each of the eight males 
residing in the SCR and using 
sighting data from boat-based 
surveys conducted in the SCR 
from 2011 to 2017. In bold are 
the three-letter codes identifying 
each male (see Supplementary 
Material no. 1 for individual 
male history). The predeter-
mined boat-based transect line 
is shown on the first map (top 
left)
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Appendix 3: Evaluation of the true 
associations between male dolphins 
residing in the Swan Canning Riverpark 
using the Generalized Association Indices 
(GAI)

Based on the MRQAP test, values of SRIs were significantly 
correlated to gregariousness while controlling for home 
range overlap and relatedness. We therefore verified the 
strength and true preferred associations among males using 
the deviance residual of the generalized affiliation indices 
(GAIs). GAIs are the residuals of a generalized linear model 
that was built with SRI as the dependent variable and gre-
gariousness as the structural variable (Whitehead and James 
2015) and allow the assessment of the true social affiliations 
unaffected by the gregariousness that could confound why 
some males have strong associations (Whitehead and James 
2015).

As with SRI values, we tested for the existence of long-
term preferences between males by following the Monte-
Carlo resampling (i.e., permutation test) procedure estab-
lished by Whitehead et al. (2005). With GAIs, we considered 
the pattern significant when the standard deviation of the 
observed associations was higher than expected by chance 

(Whitehead and James 2015). Pairs of males with a posi-
tive value of the deviance residual of GAI were considered 
preferred companionships given the structural predictor vari-
ables while those with negative values indicated avoidance.

The mean and maximum affiliation indices (GAIs) were 
0.01 (SD 0.11) and 0.21 (SD 0.23), respectively. The per-
mutation test for long-term preferred associations among 
males was significant (SD real data = 0.185; SD random 
data = 0.147, p value < 0.0001). Among the closest associ-
ates, the triad ARR/BOT/HII had high positive deviance 
residuals (ranging from 5.90 to 6.61) supporting their strong 
affiliations. The dyad EXT/PRI followed with a positive devi-
ance residual of 1.92. PEB has positive residual deviances 
with each member of the dyad, although the values (lower 
than 1.50) would best describe for casual companionships 
(e.g., Hunt et al. 2019). Since the difference between the 
residual deviances of the male BLA with the triad were large 
(minimum difference of 4.06 compared to a maximum differ-
ence of 0.71 between the triad), he would best be considered 
as a casual companion to the triad. The residual deviances 
values of KWL with the dyad (and any other males) revealed 
a strong effect of his gregariousness (GAI < − 1.50), with 
KWL significantly avoiding all males (Fig. A2).

Fig. A2  Dendrogram produced 
using hierarchical average 
cluster analysis with GAIs 
(CCC = 0.96682) of the eight 
male bottlenose dolphins 
(i.e., three-letter code) in the 
SCR. Levels of affiliation are 
displayed above with the dashed 
black vertical lines indicating 
the thresholds (− 1.50 and 1.50). 
Coloured solid lines denote the 
males forming strong affilia-
tion (GAI > 1.50 describing 
for a dyad and a triad). Black 
solid lines are non-significant 
relationships while black round 
dot lines denote avoidance
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Appendix 4

See Figs. A3 and A4.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s42991- 022- 00295-7.

Acknowledgements The authors would like to dedicate this manu-
script to the late Cathie O’Neill, who financially supported this study 
and founded the Swan Estuary Reserves Action Group. Cathie was an 
incredible advocate for protecting the environment around the Swan 
Canning Riverpark and will be sorely missed. We further acknowl-
edge the Whadjuk People of the Noongar Nation as the traditional 
custodians of the lands and waters on which this research took place, 
including the Derbal Nara, Derbal Yerrigan, and Djarlgarra. We thank 
Lars Bejder for his contribution during DBHC’s Ph.D. We also thank 
many field assistants, without whom this research would not have 
been possible. We would also like to thank the Fremantle Sailing Club 
for logistical support. Field research was conducted under the condi-
tions of licenses, authorities, and permits from the Western Australia 
Department of Biodiversity, Conservation and Attractions (SF005997, 
SF006538, SF007046, SF007596, SF008480, SF009119, SF009734, 
and SF0101223) and the Murdoch University Animal Ethics Commit-
tee (W2076/07, W2307/10, W2342/10, and R2649/14). Finally, we 
thank the editors and reviewers for their constructive and helpful com-
ments, which improved this manuscript.

Author contributions DBHC conceived and designed the study, col-
lected, and processed the data. DBHC analysed the data with advice 
from MK and SJA. DBHC wrote the manuscript, with contributions to 
drafting, review and editorial input from MK, HF and SJA. All authors 
contributed to the article and approved the submitted version.

Funding Open Access funding enabled and organized by CAUL and 
its Member Institutions. Funding for this research was provided by 
the Swan River Trust and the Department of Biodiversity, Conserva-
tion and Attractions (grant numbers IRMA: 15544, 16207, 17707 and 
19031) with additional support from Fremantle Ports and Catherine 
O’Neill. DBHC also acknowledges the Australian Postgraduate Award 
from Murdoch University (Ph.D.) and the Swiss Government Excel-
lence Scholarship (Postdoctoral Fellowship).

Data availability Given the long-term and ongoing research on the 
dolphin community in the Swan Canning Riverpark, data will be made 
available upon request to the corresponding author (DBHC).

Code availability R scripts for analysis are available in Figshare.

Declarations 

Conflict of interest The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that 
could be construed as a potential conflict of interest.

Ethical approval The animal study was reviewed and approved by the 
Animal Ethics Committee, Murdoch University.

Consent to participate N/A.

Consent for publication N/A.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 

Fig. A3  A triad of allied SCR resident males herding a female that 
is resident to adjacent coastal waters in the estuary. The allied males 
travelled ‘in formation’ behind the female

Fig. A4  Behavioural observations of the ‘rooster strut’ display (seen 
as a series of consecutive photos) performed by a SCR resident male 
in the presence of a female. As the male is at the surface, his head 
is arched above the surface and bobbed up and down while moving 
forward
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