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Abstract Analyses of social structures in baleen whales are
rare, and so far, they are thought to consist of mostly short
and unstable associations. We investigated the association
patterns of individual humpback whales from a summer
feeding aggregation in the Gulf of St. Lawrence from 1997
to 2005. Photo-identified animals were sexed using genetic
methods and were grouped into five categories: juvenile
males/females, mature males and lactating/non-lactating
females. We calculated half-weight association indices
within and between the groups and found that 45% of the
observation showed single animals and another 45% small
groups (two to three) consisting mainly of mature animals
besides lactating females. Using permutation tests, we
found evidence for long-term associations between mature

males and non-lactating females as well as among non-
lactating females. Standardised lagged association rates
revealed that these male–female groups disassociated
quickly over about 2 weeks, whereas associations increased
again towards the beginning of the breeding season. Non-
lactating females of similar age engaged in multi-seasonal
stable pairs for up to six consecutive feeding seasons; no
mature male–female association was observed in consecu-
tive years. The females with the most stable and long-term
associations also had the highest reproductive output. While
the risk of predation could not explain these long-term
bonds, feeding cooperation seemed the most plausible
explanation for group forming behaviour during the
summer months.
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Introduction

Sociality of animals is based upon interactions between
individuals in a population (Hinde 1976) and affects access
to resources and mates (Wilson 1975), individual fitness
(Silk et al. 2003; Marcoux et al. 2007), spatial distribution
and segregation (Connor et al. 1998; Conradt 1999) as well
as gene flow (Altmann et al. 1996; Storz 1999) and
information transfer (McComb et al. 2001, 2003). Many
behavioural studies of mammals have focussed on the
interactions between males and females during the breeding
season (Jarman 1974; Tyack and Whitehead 1983; Fabiani
et al. 2006) in order to understand the influence of ecology
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in the evolution of sociality (Rubenstein and Hack 2004).
This emphasis on the mating system can mask important
aspects of the social structure of animals (Rubenstein and
Hack 2004), especially in species with strong and distinct
seasonal cycles. Studies outside the mating season have
often found same-sex groups (e.g. Clutton-Brock et al.
1982; Conradt 1999; Ruckstuhl and Neuhaus 2000, 2002),
which were explained as a by-product of habitat segrega-
tion (Clutton-Brock et al. 1982), but Conradt (1999)
showed that they are independent.

Several hypotheses on the evolution of sociality outside
breeding seasons have been proposed, predation risk and
food distribution being the most popular ones (e.g.
Wrangham 1980; Boinski 1988; Krause and Ruxton
2002). For example, group size and composition are often
regulated by these two factors for ungulates (Rubenstein
and Hack 2004; Shi et al. 2005) and primates (Wrangham
1980; van Schaik 1989; Mitchell 1991; Barton et al. 1996).
These factors seem to primarily influence female behaviour
and distribution, which in turn determine male behaviour
and distribution (Wrangham 1979; Kappeler and van
Schaik 2002). Female alliances increase infant survival in
primates (Sterck et al. 1997; Silk et al. 2003; Silk 2007), in
some cetaceans (Whitehead 1996; Connor et al. 1998) and
elephants (Wittemyer et al. 2005). Cooperative hunting
(e.g. lions Panther leo; Packer et al. 1990) and defending
highly productive food patches are further selective forces
favouring group living in ungulates and primates (e.g.
Wrangham 1980; Mitchell 1991; Barton et al. 1996).

Studies on primates and ungulates dominate the litera-
ture on sociality, but the structure of cetacean societies has
received growing attention in recent years (see Mann et al.
2000), although it has mostly focussed on toothed whales
(Odontoceti). Among the cetaceans, baleen whales (Mysti-
ceti) are notoriously difficult to study; coupled with their
primarily offshore habitat, vast annual migrations can result
in multiple study sites hindering holistic coverage of life
histories. So far, most studies have been descriptive and
focussed on group size and composition (Weinrich 1991;
Weinrich and Kuhlberg 1991; Clapham 1993; Sears et al.
1999; Bérubé et al. 2001) and in the case of the humpback
whale (Megaptera novaeangliae) on the analysis of kinship
within the observed groups (Valsecchi et al. 2002; Weinrich
et al. 2006). However, most studies concluded that the
social organisation in baleen whales is mostly restricted to
small unstable groups with few exceptions (Perry et al.
1990; Weinrich 1991).

The humpback whale is a medium-sized balaenopterid
whale (Chittleborough 1965), with females being larger
than males (Lockyer 1984). Their maximum life expectan-
cy was estimated to be 48 years (Chittleborough 1965), but
this is likely an underestimation. They reach sexual
maturity at age 5 to 12 (Clapham 1992; Gabriele et al.

2007), and females give birth on average every 2 to 3 years
(Clapham and Mayo 1987). Humpback whales spend the
summer months foraging at mid- and high-latitude feeding
grounds, while mating and calving occur at common low-
latitude breeding grounds during the winter months, where
prey is virtually absent (Chittleborough 1965; Dawbin
1966; Baker and Herman 1984b; Katona and Beard
1990). Their migration between those sites is one of the
longest recorded for mammals (Stone et al. 1990).
Humpback whales exhibit strong site fidelity to specific
feeding regions, with calves being recruited to these areas
during the maternal care period of approximately 11 months
(Clapham and Mayo 1987; Katona and Beard 1990).
Humpback whales display a polygynous mating system
(Baker and Herman 1984b; Cerchio et al. 2005), in which
males fight to gain access to sexually mature females
(Tyack 1981; Tyack and Whitehead 1983; Baker and
Herman 1984b). Associations in the breeding areas are
described as brief, where the only stable groups reported
are cow and calf pairs (Mobley and Herman 1985; Mattila
et al. 1994). On the feeding grounds, the social organisation
has been described as consisting of small unstable groups
(Clapham 2000), which are non-competitive and, during
foraging, perhaps even cooperative (Whitehead 1983;
Baker and Herman 1984a; Weinrich 1991; Weinrich and
Kuhlberg 1991; Clapham 1993).

In contrast to the breeding grounds and during migra-
tion, where a male-biased sex ratio is observed (Brown et
al. 1995; Palsbøll et al. 1997) and juveniles are under-
represented (Robbins 2007), all demographic classes are
found in the Gulf of St. Lawrence (GSL, QC, Canada).
Humpback whales in the St. Lawrence occur in a large
aggregation with most animals being observed within a
relatively small area. Several studies found a segregation of
females with calves (Steiger and Calambokidis 2000;
Robbins 2007), with juveniles often foraging at the
periphery of aggregations (Weinrich et al. 1997). Doniol-
Valcroze (2008) found no evidence of sexual segregation
among GSL individuals, with males and females selecting
areas with identical habitat characteristics.

Here, we present the results of a 9-year study of
humpback whales summering in the GSL. We analysed
their association patterns to determine social relationships
between different age and sex classes, with emphasis on the
temporal scale of associations. Using recent developments
in tools to analyse social structure (Whitehead 2008), we
estimated association indices for different age–sex classes
over the study period and tested if animals formed long-
term associations. We quantified the duration of these long-
term associations not only within single seasons but also for
the entire study period. We were able to estimate for the
first time the temporal scale of relations during the feeding
season and challenge previous results reporting mostly
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unstable short-term association in this species (Whitehead
1983; Weinrich and Kuhlberg 1991; Clapham 1993).

Methods

Data collection

We collected photos of humpback whales during photo-
identification surveys between June and October 1997 to
2005 in the Jacques Cartier Passage in the Gulf of St.
Lawrence (Fig. 1). The average annual effort over that
period was 87 observation days with 580 h of observation
covering approximately 10,000 km of track lines (Fig. 1).
We photo-identified humpback whales using the ventral
pigmentation on the tail and the shape of the dorsal fin
(Katona and Whitehead 1981). Surveys were designed to
maximise the photo-identification effort, and we did not
follow groups or individuals after the identification pictures
were taken. We used skin sample biopsies to determine the
sex of the identified individuals (Bérubé and Palsbøll
1996). All females seen with a calf were also sexed using
biopsy techniques.

Definitions

Group

We defined a group as animals within two body lengths,
coordinating their swimming and diving behaviour for at
least one surfacing, following previous studies (Baker and
Herman 1984a, b; Mattila and Clapham 1989; Weinrich and
Kuhlberg 1991; Clapham 1993). The effort to obtain high
quality photo-identification pictures varied considerably,
depending on size, composition and behaviour of the group.
Thus, we did not use the time span during which animals
were observed together since it is more a measure of how
much time we needed to obtain photos and biopsies rather
than an independent measure of temporal association. We
counted each unique association/group once per day,
regardless of how long they were observed on this particular
day. We applied a 1:0 association matrix for every day, in
which animals matching the above group definition were
assigned a value of 1 and 0 if they did not. This resulted in
245 daily association matrices, marking associated and non-
associated individuals sighted for each day. The use of
spatial proximity to define associations, as in all other

Fig. 1 The research area—Jacques Cartier Passage with survey lines
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mentioned studies, is likely to be an underestimation of
social affiliations.

Age–sex class

We defined an animal as being mature when it was known for
at least 5 years and juvenile when it was known for less than
5 years following previous studies (Weinrich and Kuhlberg
1991; Clapham 1993). Our study on humpback whales
started in 1982, and therefore, most animals were known
prior to 1997. We also regarded females as mature when they
were sighted with a calf. Applying these definitions, 11
animals changed from juveniles to adults during the study
period, and we adapted the change in the data set.

We further distinguished between lactating and non-
lactating females. We defined a lactating female as a large
animal accompanied consistently by a smaller one (approxi-
mately 1/3 of the larger animal) during the entire season. In
one case, a known female was observed several times with a
dependent calf until mid-August but then sighted alone in
mid-September. This appears to be too early for weaning
compared to other studies (Baraff andWeinrich 1993), and we
presumed that she had lost the calf. We counted the female
as lactating until her last August sighting with the calf and
non-lactating for the subsequent sightings without the calf.

The distinction between sex, age and reproductive status
resulted in five age–sex classes: juvenile females (JF) and
males (JM), mature lactating females (LF), non-lactating
females (NF) and mature males (M). Two females were
only seen lactating, while 14 mature females were never
observed with a calf. Twenty-four females were sighted in
both states (see Table 3 for complete sample size).

Cohort groups

We pooled animals to cohorts, to test whether there is any
preference to associate with animals of similar age range.
We defined a cohort as all animals seen initially in the same
year. We did not know whether animals sighted for the first
time in the same year were of the same age unless they
were sighted as a calf, but we assumed that they were of
similar age. We used all sighting histories of the observed
animals since 1982.

Analysis

Association index

We calculated the mean and maximum association indices
for the entire study period for between and within the age–
sex classes and tested for significant differences using a
Mantel test. We used the half-weight association index
(Cairns and Schwager 1987) since we did not identify every

single associate of an individual during all encounters. This
index is calculated as follows:

Half �Weight Index ¼ x= xþ yab þ 0:5 ya þ ybð Þ½ �

where x equals the number of encounters in which whales a
and b were seen together, yab equals the number of
encounters in which whales a and b were seen, but not
associated, and ya/yb equals the number of encounters in
which whales a or b was seen alone. This index is commonly
used in cetacean studies (e.g. Bejder et al. 1998; Gowans et
al. 2001; Ottensmeyer and Whitehead 2003).

Testing for preferred/avoided companionship

We used permutations to test for preferred/avoided com-
panions among individuals between sampling periods
(days). The observed association data were compared to
random (permutated) data following the procedure of
Bejder et al. (1998) with the extension of Whitehead
(1999) and the correction of Krause et al. (2009). The
starting matrix listed the observed data including all
sampling periods (days) of the 9 years of data. A sampling
interval (day) was randomly chosen and two pairs of
individuals (two associations) were arbitrarily selected of
that day, so that each individual of a pair was associated
with only one individual of the other pair. The four
assignments were flipped, while keeping the total number
of associations and individuals constant. The procedure was
conducted 1,000 times per permutation. The association
matrix permutated in this way is not independent, but if
repeated sufficient times, the test statistics are equivalent to
independent random permutations (Manly 1995). We
achieved this by conducting the test after 1,000 permuta-
tions and increased the number of permutations (3,000,
5,000) until the p value of the test statistics stabilised
(Bejder et al. 1998). Animals associating more often than
the average dyad have a higher association index than the
mean, while dyads associating rarely have a lower (close to
zero) association index. Both deviations inflate the standard
deviation (SD) of the mean association index. Thus, if the
SD of the association index of the observed data was
significantly larger (at the 0.05 level) than the SD of the
permutated data, then the null hypothesis of no preferred/
avoided companionship between sampling periods was
rejected (Whitehead 1999). We tested only for preferred
companionship between 1-day sampling periods since
sampling intervals should be short, so that movement in
and out of the area is unlikely during one sampling interval
(Whitehead 1999). To investigate the temporal aspect of
such long-term companionships, we conducted a temporal
analysis for the significant age–sex class combinations from
the permutation tests.
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Temporal association patterns

We used lagged association rates (LAR) to estimate the
probability that two individuals seen together at any given
time were still together at a certain time lag (τ) later
(Whitehead 1995). The null association rate showed the
expected LAR, given random associations. We standardised
both rates by dividing them by the number of associations per
occasion since not all associates of an individual could be
identified in each sampling period. Jackknife techniques were
used to estimate the precision of the standardised lagged
association rate (SLAR). We used the results of the permuta-
tion tests (preferred/avoided companionship) to plot a SLAR
of the permuted (random) data. The comparison between
SLAR of the random and SLAR of the observed data basically
visualises the test result for preferred companionship, enabling
us to determine the significant temporal scale of the
companionship (Whitehead 2007). The temporal pattern
within a feeding season was analysed by restricting τ to
150 days and over the entire study period leaving τ unlimited.

We applied several models describing various temporal
association patterns to the complete and parts of the data set
using maximum likelihood techniques (Online Resource 1).
Model selection was based on the Quasi-Akaike Information
Criterion (QAIC; Burnham and Anderson 2002). We used
the programme SOCPROG 2.4 (http://whitelab.biology.dal.
ca/index.html) to calculate association indices, conduct the
test for preferred/avoided companions and plot the stand-
ardised lagged association rates.

Results

Group size and frequency

We identified 130 humpback whales in the study period,
including 39 calves. We disregarded the latter ones in their

year of birth. Altogether, 26 females were observed with a
total of 50 calves (both identified and unidentified). The
mean calving interval using consecutive calving intervals
was 3.5 years. Twenty-six males and 50 females were
sexed, excluding animals seen only as calves. Applying the
definition of age and reproductive stage, the data included
17 juvenile females, nine juvenile males, 26 lactating
females, 38 non-lactating females and 20 mature males.

The average group size observed was 1.87 (SD 1.03) and
the median 2. We observed singles most often, followed by
pairs and trios, together accounting for over 90% of the
observed groups (Table 1). The larger the group size, the
higher was the proportion of cow and calf pairs. The mean
group size was the highest in September (Fig. 2),
corresponding to the peak of relative abundance of
humpback whales in the area (Ramp 2008).

Association indices and preferred companionship

We detected a great variation in the association indices
within and between the age and sex classes with the highest
association values between NF and NF and between M and
NF (Table 2). The mean values were positively correlated
with the different number of associations (r=0.91). Juve-
niles of both sexes associated little with any other age–sex
class. When comparing juvenile (n=36) and mature (n=67)
animals, including animals of unknown sex, mature animals
had a higher mean association index within their class than
juvenile animals (0.0159 to 0.0017). LF associated less
often with mature animals of either sex, compared to NF.
The association indices between and within the sexes varied
over the season (Fig. 2). While the association index
remained on a similar level among females, the value for
males–females and among males increased towards the end
of the season. This indicates an increased level of gregari-
ousness of males in fall (Fig. 2), although the SD of the
estimates were very large (not shown in Fig. 2 for clarity).

Group size No. of groups % of total No. of c/c pairs In %

1 646 44.71

2 501 34.67 142 28.34

3 170 11.76 72 42.35

4 67 4.64 29 (33) 43.28

5 25 1.73 14 (17) 56.00

6 7 0.48 4 (5) 57.14

7 6 0.42 5 (7) 83.33

8 3 0.21 3 (7) 100.00

9 0 0

10 0 0

11 1 0.07 1 (4) 100.00

Total 1,426 270 (286)

Table 1 Frequency of observed
group size

Number of cow/calf (c/c) pairs
shows the number of groups in
which at least one c/c pair was
observed; the number in paren-
thesis list the total number of c/c
pairs involved
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The high (maximum association) values between NF and
NF and between M and NF showed that the preferred
associate for mature males as well as for mature females was
usually another mature female (Table 2). The values between
the other age–sex classes were lower and did not differ
considerably from each other. The sole exception was the
higher association index within JF, indicating that their
preferred associate was found among other juvenile females.

The test for preferred companionship between sampling
periods within/between juvenile sex classes and between
juvenile/mature sex classes could not be computed due to a
lack of data (associations). Pooling all juveniles and mature
animals, we found no evidence for companionship between
juvenile and mature humpback whales (SD observed data
0.022, random data 0.022, p=0.42). Lactating females did
not form any preferred companionship with any other
mature sex class. The test within M was also non-
significant (SD observed data 0.027, SD random data
0.027, p=0.64). The null hypothesis of no preferred/
avoided companionship was only rejected between M and

NF (observed 0.044, random 0.040, p<0.01, 5,000 permu-
tations) and within NF (observed 0.044, random 0.039,
p<0.01, 5,000 permutations).

Temporal association patterns

Short-term associations

The SLAR between non-lactating mature females (NF–NF)
was higher than the null association rate for the entire
season. It was characterised by a rapid disassociation during
the first 10 days and became stable after approximately
20 days (Fig. 3a). The model ‘casual acquaintances +
constant companions’ fitted the SLAR well and had the
lowest QAIC. NF exhibited short-term associations lasting
days to 3 weeks followed by constant companions over their
entire residence time during a season. The intercept of the
SLAR (model) with the y-axis is the reciprocal of the number
of casual acquaintances. Setting τ to zero, the reciprocal of
the intercept was 2.3. The level at which the SLAR stabilised
can be seen as the proportion of animals staying with the
individual, i.e. the number of constant companions. This was
0.142 or 32% of the intercept, resulting in 0.8 constant
companions. Adding the individual itself, we obtained the
unit size of constant groups, which was 1.8, corresponding to
a pair of humpback whales.

The short-term associations between M and NF showed
a different pattern (Fig. 3b). The SLAR declined sharply
over the first 10 days and then increased again until the end
of the observed time lags. No available model described the
SLAR adequately. Most associations between M and NF
dissolved rapidly over the first 10 days; only few remained
constant over the entire time of the animals’ residency. In
addition, re-associations occurred towards the end of the
season, corresponding to the increased gregariousness of
males in fall (Fig. 2). Without a model, it was difficult to
determine group size, but given the approximate level of

Fig. 2 Mean association indices over the season within females
(circles), within males (triangles) and between males and females
(squares). Mean group size (dash) with SE over season (all age–sex
classes)

JF (17) JM (9) LF (26) NF (38) M (20)

Mean association indices

JF 0.008 (0.014)

JM 0.006 (0.012) 0

LF 0.002 (0.004) 0.002 (0.003) 0.004 (0.007)

NF 0.002 (0.002) 0.004 (0.005) 0.006 (0.006) 0.019 (0.011)

M 0.004 (0.006) 0.004 (0.005) 0.007 (0.007) 0.018 (0.011) 0.012 (0.010)

Maximum association indices

JF 0.106 (0.170) 0.050 (0.106) 0.037 (0.074) 0.051 (0.055) 0.056 (0.080)

JM 0.063 (0.114) 0 0.032 (0.066) 0.068 (0.088) 0.048 (0.048)

LF 0.028 (0.064) 0.014 (0.043) 0.055 (0.068) 0.079 (0.064) 0.068 (0.049)

NF 0.032 (0.046) 0.031 (0.053) 0.072 (0.061) 0.177 (0.114) 0.135 (0.116)

M 0.051 (0.075) 0.029 (0.042) 0.065 (0.051) 0.171 (0.149) 0.067 (0.044)

Table 2 Mean and maximum
association indices with SD for
within and between the age–sex
classes

Sample size in parenthesis

JF juvenile females, JM juvenile
males, LF lactating females, NF
non-lactating females, M mature
males
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the intercept of the SLAR, M were usually found in larger
groups with several NF.

Long-term associations

The SLAR between NF and NF (Fig. 4a) was higher than
the null association rate for a lag of approximately
1,800 days. The SLAR showed disassociations after the
first season at around 100 days, although we did not
possess any data between seasons (winter months), roughly
120–300 days. The SLAR then stayed relatively constant
(with some variation) until another sharp drop at around
1,000 days. Associations became random at around

1,800 days. Thus, some NF engaged in longer-lasting
associations exceeding a season. These long-term associa-
tions lasted up to 6 years but most disassociated after about
3 years. The model ‘two levels of casual acquaintances’ had
most support, but the standard errors of the parameters were
enormous, thus giving little credibility to this model and
were not shown here (Fig. 4a).

The SLAR between M and NF (Fig. 4b) dropped sharply
after the first season and almost reached the null association

Fig. 4 SLAR with 95% jackknife estimates over entire study period
with random data SLAR and null association rate. a Within non-
lactating females. b Between non-lactating females and mature males
with best fitting model: casual acquaintances + constant companions
(ca + cc) [a1 0.011446 (SE 0.17), a2=0.04289 (SE 0.032), a3=
0.19007 (SE 0.09)]

Fig. 3 SLAR with 95% jackknife estimates over one season. a Within
non-lactating females with best fitting model: casual acquaintances +
constant companions (ca + cc) [a1=0.20312 (SE 0.13), a2=0.14271
(SE 0.03), a3=0.2919 (SE 0.14)]. b Between mature males and non-
lactating females

Behav Ecol Sociobiol (2010) 64:1563–1576 1569



rate after approximately 1 year (∼360 days) and remained at
that low level. The best-fitting model was ‘casual acquain-
tances + constant companions’. The number of casual NF
acquaintances of M was 4.3, while the constant unit size was
1.7, but the standard errors of the estimated parameters were
disproportionably high. The constant level was very close to
the null association rate. In addition, the random data SLAR
followed the distribution of the observed data SLAR over the
entire time lag, but it became almost identical after 300 days.
Thus, the constant companion after the first season could be
due to chance and associations between M and NF lasted only
from days to weeks within one season.

Cohort effect in the long-term associations
between non-lactating females

We observed long-term bonds of NF over several seasons
and investigated whether the associations were random
among all NF. The individual association matrix of all NF
(not shown) showed dyads with higher than average values
along the diagonal axis. This indicated a preference towards
females known for a similarly long time since individual
identification numbers were given in a chronological order.
Due to variable and small sample size of the cohorts, we
pooled five cohorts to one cohort group (Online Resource 2),
resulting four groups: 1982–1986 (N=7), 1987–1991
(N=11), 1992–1996 (N=8) and 1997–2001 (N=10). The last
cohort group was disregarded since only two new mature
females were identified. The mean association indices varied
significantly between and within cohort groups (Mantel test:
t=6.44, p<0.001), with higher association indices within
cohort groups (Table 3). The maximum association was
usually within the same cohort group, indicating that a
female’s preferred associate was within her cohort group.

Following the above results, we hypothesised that
females formed long-term bonds with animals within the
same cohort group. We analysed the SLARs between and
within cohort groups (Fig. 5). We could not plot SLARs for
all cohort group combinations due to small sample sizes,

resulting from the subdivision of the data set. The SLARs
within the same cohort group were all consistently above
their corresponding null association rates for the entire time
lag, lasting in the extreme up to 1,800 days (Fig. 5a). The
SLARs between different cohort groups were all above the
null association rate for the first season and then dropped
below it (Fig. 5b). Hence, the long-term companions of NF
were other females from the same cohort group. This effect
was the strongest for the older cohort groups. The two
oldest cohort groups were also the most regular animals,
being sighted almost 8 years in the 9-year study period
(Table 4). In addition, the oldest cohort group contained the
most reproductive active females, with 2.5 calves over
study period (Table 4).

Discussion

The results presented in this study provide evidence that the
social structure of humpback whales is more complex than
previously thought. While many associations between
identified individuals were short-term as previously reported
(Clapham 2000), we found long-term relationships between
mature humpback whales lasting from a few days to several
weeks and, in the case of non-lactating females, up to
6 years. To our knowledge, this is the first study to quantify
multi-year associations within any baleen whale species.

Although large groups occurred, the most common and
stable groups were pairs of individuals, containing either
two females or one male and one female. These pairs
occurred within large summer aggregations. Due to their
vocal capabilities (Payne and Webb 1971), communication
likely occurs over distances larger than the spatial proxim-
ity used to define groups here. However, the level of
communication and the information exchange within the
aggregation is unknown, and potential benefits and con-
straints are difficult to measure. Thus, we focussed here on
the relationships between single individuals based on their
spatial proximity.

Age cluster (n) 82–86 (7) 87–91 (11) 92–96 (8) 97–01 (10)

Mean association indices

82–86 0.069

87–91 0.026 0.035

92–96 0.016 0.015 0.018

97–01 0.012 0.018 0.008 0.048

Maximum association indices

82–86 0.257 0.098 0.068 0.053

87–91 0.130 0.140 0.073 0.091

92–96 0.058 0.064 0.067 0.049

97–01 0.048 0.078 0.046 0.153

Table 3 Mean and maximum
association indices for non-
lactating females between and
within age clusters (sample size
in parenthesis)

Bold numbers indicate maxi-
mum values
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Demographic structure in association patterns

The observed association patterns were different among
demographic classes in the population. As observed on the

breeding and other feeding grounds, lactating females were
less social than non-lactating females and did not associate
much with any other age–sex class besides their own calf
(Baker and Herman 1984b; Clapham and Mayo 1987; Sardi
et al. 2005). Juveniles associated less in general, and male–
male associations were only very brief (less than a day),
similarly to what is observed in the Gulf of Maine
(Weinrich 1991; Clapham 1993). The estimation of SLARs
enabled us to show that males engaged more often in
associations with females at the end of the feeding season.
Non-lactating females of similar age associated over several
summers and formed stable bonds, while mature males and
mature females formed stable associations only within a single
feeding season. Female–male pairs were also the associations
most often observed in the Gulf of Maine (Weinrich and
Kuhlberg 1991; Clapham 1993). While Weinrich (1991)
reported stable female pairs, with few re-associating over
more than 1 year, we showed that some females in the Gulf
of St. Lawrence had a preferred female partner of similar age
with which they associated up to at least 6 years. The average
duration of such association was around 1,000 days, in
agreement with the observed calving interval of 3.5 years.

Validation of assumptions

We do not know whether non-lactating females stayed
together between feeding seasons, but this appears unlikely.
The association pattern of humpback whales on their
breeding grounds is very different (Tyack and Whitehead
1983; Baker and Herman 1984b; Mattila et al. 1994);
female–female associations are extremely rare (Clapham
2000; but see Pomilla and Rosenbaum 2006), and the
grouping pattern during migration resembles more that on
the breeding grounds (Brown and Corkeron 1995). Thus, it
appears that long-term female associations lasted only for
the summer months. This would indicate a split in fall and a
subsequent re-association in the following feeding season,
raising questions about when and where these females pair
up again as well as the ability for individual recognition.
However, during migration, the animals might not required
to swim in close proximity, hence fulfilling the usual
definition of group, but might be still associated or in
contact over greater distances. These questions are beyond
the scope of this analysis, and additional data during
migration are required to answer them in the future.

Fig. 5 a SLAR within cohort groups for non-lactating females over
study period; corresponding null association rates cover the same length
(time lag). b SLAR between age clusters for non-lactating females

Cohort group No. of females No. of calves Calves/female Years seen

82–86 7 18 2.57 7.8

87–91 11 19 1.72 7.8

92–96 8 9 1.10 5.3

97–01 10 4 0.40 5.6

Table 4 Site fidelity and repro-
ductive parameter of non-
lactating females per cohort
group over the study period
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The preferred associate of a female was usually another
female known in our study for a similar time period. The
assumption that they are of similar age is debatable.
Animals could have had a higher chance of being sighted
together in the year they were sighted initially since they
were both present. This first year could bias the association
indices. Since the majority of females were sighted initially
many years prior to the study period, we regard this bias as
unlikely. Moreover, alternative age clusters (pooling four or
six cohorts) revealed similar results (not presented here).

Modelling temporal association

The SLAR enabled us to quantify the durations of
associations between and within different age–sex classes
for the first time for a baleen whale species. However, the
analysis of temporal associations requires a large amount of
data, and therefore, it could not be applied to all age–sex or
cohort classes/groups. Moreover, if certain classes/groups do
not associate often in general, it is apparent that the duration
cannot be estimated and no pattern determined. The available
models under SOCPROG (Online Resource 1) did not fit the
data adequately with one exception (Fig. 3a). Casual
acquaintances and constant companions and the combina-
tion of the two definitions did not describe the observed
association patterns, especially between NF and M. There
are likely more factors shaping the temporal association
patterns between individuals and classes. In addition,
some of our definitions (e.g. the discrimination between
mature and juveniles animals) could have been biased and
therefore affected the SLAR. More precise data on the age
of individuals will help to make such definitions more
precise.

Potential benefits of group forming in humpback whales

Group forming in animals occurs only if the benefits
outweigh the costs (Alexander 1974) and is often a result of
predation, mating, cooperation, competition or kinship
(Alexander 1974; Wrangham 1980). Here, we discuss each
of these factors as a potential explanation for the associa-
tion patterns in St. Lawrence humpback whales, focussing
on stable associations within and between feeding seasons.

Predation pressure is a significant factor influencing
group forming in many animals (Alexander 1974) including
cetaceans (Norris and Dohl 1980). Female–female bonds
have been shown to increase infant survival in baboons
(Papio cynocephalus; Silk et al. 2003), and the protection
of calves and juveniles is seen as the predominant reason
for the evolution of strong female bonds in sperm whales
(Physeter macrocephalus; Whitehead 1996). Killer whales
(Orcinus orca) are the only predators of importance to
humpback whales and Mysticeti in general (Jefferson et al.

1991). While a considerable proportion of humpback
whales (8–22%) bear killer whale teeth marks in the North
Atlantic (Mehta et al. 2007), observations of attacks are rare
(Whitehead and Glass 1985; Dolphin 1987), despite several
long-term studies on both feeding and breeding grounds. In
the St. Lawrence, sightings of killer whales were extremely
rare (unpublished data). It seems that most attacks happen
to calves or juveniles on their migration routes (Clapham
2000; Mehta et al. 2007). Group size on the migration to
the feeding grounds is larger than on the reverse lag,
suggesting enhanced calf protection (Brown and Corkeron
1995). However, in our study, juveniles and lactating
females had the lowest association indices, and thus, we
conclude that predation was an improbable cause for the
observed association pattern in the feeding ground.

Although behaviour related to mating has been observed
mostly on the breeding grounds and during migration,
Weinrich (1991) and Clapham (1993) suggest that males
might try to extend bonds formed with females in the
summer to the breeding season. While mate guarding
during the migration to the breeding grounds was proposed
(Brown and Corkeron 1995), additional evidence is needed
to confirm that males are able to extend these associations.
The increased gregariousness of males observed in fall
seems to lend some support to this hypothesis.

Food distribution is a major selective force for group
living, such as in cooperative hunting species (e.g. lions
(Packer et al. 1990) and African wild dogs (Lycaon pictus;
Creel and Creel 1995)). Cooperative feeding of mature
humpback whales of both sexes has been observed in
Alaska and the Gulf of Maine (Baker and Herman 1984a;
Perry et al. 1990; Weinrich and Kuhlberg 1991; Clapham
1993). Males might avoid each other on the feeding
grounds since cooperative feeding would mean supporting
a potential future competitor during the next breeding
season (Weinrich and Kuhlberg 1991). The low male–male
association indices may also result from their preference to
associate with females (Clapham 1993). Inter-annual stable
groups involved in cooperative feeding strategies on
herring (Clupea spp.) in Alaska (Jurasz and Jurasz 1979;
Baker and Herman 1984a; Perry et al. 1990) could be
specific to fast-moving prey species (Clapham 2000).
Observations of surface feeding were rare in our study
area. Fatty acid analyses showed that humpback whales in
the Gulf of St. Lawrence are feeding at a low trophic level
(Borobia et al. 1995), indicating a large proportion of
euphausiids in their diet (Sourisseau et al. 2006). Following
Clapham’s theory (2000), foraging on euphausiids should
not require cooperative feeding in large groups and might
explain why pairs were the most stable social affiliations.
Given the duration of associations between mature individ-
uals within a feeding season, it seems probable that
associated humpbacks spent some time foraging together.
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Inter-regional variation in prey composition, density and
distribution might require different feeding strategies and thus
may result in different levels of cooperation and association
patterns between feeding grounds.

Defending resources, especially if food distribution is
uneven, is another selective force to form groups (Wrangham
1980) and represents another type of cooperation. Competi-
tion for limited resources is often accompanied by intra-
group dominance or aggression towards other groups (Isbell
1991). So far, no evidence for any kind of hierarchy exists in
humpback whales (Clapham 2000). Most studies have
dismissed competition as factor shaping sociality in hump-
back whales (Clapham 1993, 2000) since resources in the
marine environment are patchy and often too spatially and
temporally variable (Steele 1976) to be worth defending.

We currently lack the genetic data needed to determine
whether associating animals are kin-related. Many studies
provide evidence of group living among kin-related individ-
uals, especially females (e.g. Whitehead 1996; Connor et al.
1998; Archie et al. 2006). Humpback whales in the Gulf of
Maine, especially females, associate more often with animals
of the same mitochondrial DNA (mtDNA) haplotype
(Weinrich et al. 2006). The authors hypothesised that
individual feeding strategies and prey preferences could be
maternally transmitted and could correlate with the haplo-
types. However, the authors acknowledge that the use of
mtDNA haplotypes as evidence of kin selection is limited
and that more genetic markers such as microsatellites are
needed to further test this hypothesis.

Although we could not correlate feeding with the
observed association patterns, we regard cooperative
feeding as the most plausible factor to explain the observed
patterns of associations, given the duration of the associa-
tions in the feeding areas. The animals meet their energetic
requirements for the entire year on the summer feeding
grounds; thus, pairs associating the entire season are likely
to feed. Weinrich (1991) noted that the majority of stable
pairs in the Gulf of Maine are made up of females and
suggested that their higher energetic demand, especially
when pregnant, makes them more inclined to feed cooper-
atively. The cohort group with the strongest association was
the one observed with most calves, hence more often being
pregnant, lending some support to this theory. However, as
Clapham (2000) stated, if feeding cooperation truly is
beneficial, then whales from other sex and age classes
should probably adopt it as well. More data about the
underwater behaviour of whale groups are required to
address the cooperative feeding hypothesis.

Long-term associations of non-lactating females

The most notable exception to previous studies was the
multi-year relationship between mature females of similar

age. These females might have the same level of experience
since they have known each other for a long time. They
may have developed the same feeding style or prey
preferences as Weinrich et al. (2006) suggested, whether
due to maternal relatedness or not. Jaquet et al. (2007)
showed that female right whales (Eubalaena glacialis) are
also more gregarious than males and have preferred
associates for several years, even in times with low food
resources, but the authors were unable to determine the
ultimate cause of this gregariousness.

Female pairs might also represent coalitions against male
harassment (Clutton-Brock and Parker 1995). However,
male–female pairs were common in this and other studies
(Weinrich and Kuhlberg 1991; Clapham 1993), and it is
questionable whether such behaviour on a feeding ground is
necessary, especially since females are larger than males.
Nonetheless, while we provided evidence of female long-term
bonds, it is still unclear if they represent mere feeding bonds or
if there are additional motives for these associations.

It also remains unclear how females ultimately benefit
from a more gregarious behaviour. In a mark-recapture
study on the same population, females experienced a higher
apparent survival than males (Ramp et al. 2010). The
cohort group with the strongest long-term bonds was the
oldest one and had also the highest reproductive output
(Table 4). This sounds contradicting at first since we
showed that non-lactating females are building long-term
associations and lactating females were in general less
social. However, the older females seem to build stronger
relations in years without a dependent calf. In ungulates,
female reproductive success increases with age, longevity
and maternal experience (Clutton-Brock et al. 1988;
Gaillard et al. 2000). Choosing a partner of similar age
seems beneficial for female humpback whales. The high
association index between juvenile females might even
suggest that females start selecting their preferred associates
in early years of their life. Juvenile ungulates of both sexes
also tend to seek the company of same sex peers (Bon and
Campan 1996).

The increased sociality was attended by an increase in
reproductive output. However, so far, we have analysed
only 9 years of data and cannot determine the life-long
reproductive rate of a female nor include calf survival to
really evaluate reproductive success. Reproductive success
has been used as a proxy for fitness and linked to increased
sociality in many mammalian species (see review by Silk
2007). Whether the increased sociality of females leads to
an increase in fitness in humpback whales, as shown for
some species (Silk et al. 2003; Marcoux et al. 2007),
remains speculative and awaits further testing (Silk 2007).

Whatever benefit females derived from non-random
associating was apparently outweighed when one of them
had a calf since females tended to be more solitary when
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nursing. This is in contrast to other species where female–
female bonds are found to increase infant survival (Whitehead
1996; Silk et al. 2003). Female humpback whales involved
in stable feeding groups in Alaska (Perry et al. 1990) do not
participate in years they had a dependent calf (Gabriele et al.
1995). Calves start to feed on solid prey in addition to being
nursed during the summer months (Clapham and Mayo
1987) and are weaned in fall (Baraff and Weinrich 1993).
They are most likely feeding on prey that is easier to catch,
and the mother might prefer specific habitats with certain
prey type and abundance to meet her own but also her
offspring’s energetic demands (Sardi et al. 2005). However,
that does not explain why lactating females do not form
associations as observed in many other species.

Conclusions

The social system of humpback whales resembles a fission–
fusion society as previously proposed (Clapham 1993), but
long-lasting stable associations are more important than
formerly suggested. Female humpback whales are more social
than males in the summer and form partnerships spanning
several years. The increased sociality is independent of sexual
segregation and likely not a result of predation pressure.While
feeding cooperation could explain intra- as well as inter-
sexual pairs in humpbackwhales within one season, it remains
unanswered why only female–female bonds exceed beyond
single feeding seasons and if this increased sociality increases
their reproductive success. Further research is needed to
determine the relatedness of associated individuals. Focal
sampling of individuals and groups (see Clapham 2000) and
the use of modern tags (data loggers) to investigate the
underwater behaviour of animals associated at the surface
should allow testing the cooperative feeding hypothesis.
Furthermore, the hypothesis of increased sociality linked
with higher fitness (Silk 2007), namely survival and
reproductive success, should be tested.
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