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Abstract

Humpback whales on their feeding grounds in the Gulf of Maine typically form fluid fission/fusion groups of two to three
individuals characterized by noncompetitive and, at times, cooperative behavior. Here we test the hypothesis that, despite the
apparent absence of close kinship bonds, the fluid associations between feeding whales are influenced by ‘‘maternal lineages’’
as represented by mtDNA haplotypes. Using skin samples collected with a biopsy dart, variation in the hypervariable segment
of the mtDNA control region identified 17 unique haplotypes among 159 individually identified whales from the southern
Gulf of Maine. The haplotypes of a further 143 individuals were inferred from known direct maternal (cow-calf) relationships.
The frequencies of associations among these 302 individuals were calculated from 21,617 sighting records collected from 1980
to 1995, excluding associations between a cow and her dependent calf. For groups of two where the haplotypes of both
individuals were known (n 5 3,151), individuals with the same haplotype were together significantly more often (26%) than
expected by random association (20%). To account for different group sizes and associations with individuals of unknown
haplotype and sex, we used Monte Carlo simulations to test for nonrandom associations in the full data set, as well as known
female-only (n 5 1,512), male-only (n 5 730), and mixed-sex (n 5 2,745) groups. Within-haplotype associations were sig-
nificantly more frequent than expected at random for all groups (P5 .002) and female-only groups (P5 .011) but not male-
only groups, while mixed-sex groups approached significance (P 5 .062). A Mantel test of individual pairwise association
indices and haplotype identity confirmed that within-haplotype associations were more frequent than expected for all sex
combinations except male-male associations, with females forming within-haplotype associations 1.7 times more often than
expected by random assortment. Partial matrix correlations and permutation analyses indicated that the skew toward within-
haplotype associations could not be accounted for by short-term temporal co-occurrence or fine-scale spatial distributions of
individuals with shared haplotypes. While the mechanism by which individuals with a common mtDNA haplotype assort
remains unknown, our results strongly suggest an influence of maternal lineages on the social organization of humpback
whales within a regional feeding ground.

Cooperative foraging, especially among kin, is well docu-
mented in many mammals and other vertebrate species
(Bertram 1983; Packer et al. 1990). In many social carnivores,
group foraging has evolved because it allows the capture of

prey that is normally difficult, if not impossible, to catch
by a single animal [e.g., lions (Panther leo; Stander 1992); chee-
tahs (Acinonyx jubatus; Caro 1994)]. Many cetaceans also forage
in groups, sometimes numbering hundreds of individuals
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(Connor 2000). Pelagic dolphins are thought to form pods to
aid both in finding schooling fish and, once located, to aid in
capture by surrounding and capturing them (Wursig 1987).
Killer whales (Orcinus orca) also have been known to cooperate
for the capture of marine mammal prey in a number of ways
(Baird and Dill 1996; Jefferson et al. 1991). While baleen
whales do not usually form large or stable groups, cooperative
foraging has been suggested in humpback whales (Megaptera

novaeangliae; Baker 1985; Clapham 1993, 2000; D’Vincent
et al. 1985; Perry et al. 1990; Sharpe 2001; Weinrich 1991;
Weinrich and Kuhlberg 1991; Whitehead 1983), bowhead
whales (Balaena mysticetus; Wursig et al. 1985), and fin whales
(Balaenoptera physalus; Whitehead and Carlson 1988). The ten-
dency of whales to congregate in large numbers within an area
could also result from less direct cooperative interactions.

In most baleen whales, the year is divided into two distinct
phases: winter breeding in low latitude waters followed by
migration to summer feeding grounds in higher latitudes
(Mackintosh 1965). The lowered productivity of tropical areas
forces prolonged winter fasts, during which whales live off
stored reserves of lipids (Chittleborough 1965; Dawbin
1966;Mackintosh 1965; Slijper 1962). During summer, breed-
ing does not take place and the primary focus of the whales’
activities is thought to be feeding. In the North Atlantic
Ocean, long-term studies of naturally marked individuals
demonstrate that whales feeding during spring, summer,
and autumn in waters off New England, Canada, Greenland,
Iceland, andNorwaymigrate to theWest Indies for the winter
breeding season (Katona and Beard 1990; Matilla et al. 1989;
Palsbøll et al. 1997; Stevick et al. 1998). Migratory fidelity to
feeding grounds appears to be the result of early maternal
experience (Weinrich 1998). Offspring seem to learn the
migration route to a particular feeding region during the first
year of life (Clapham and Mayo 1987, 1990), most or all of
which is spent with the mother (Baraff and Weinrich 1993;
Chittleborough 1965).

The maternal basis of seasonal population structure in
humpback whales has been confirmed using molecular genet-
ics, especially maternally inherited mitochondrial DNA
(mtDNA) (Baker et al. 1990, 1993, 1994a; Larsen et al. 1996;
Palsbøll et al. 1995, 1997; Palumbi and Baker 1994). There
is a clinal differentiation in frequencies of mtDNA haplotypes
among feeding grounds extending from the Gulf of Maine to
Norway, although adjacent feeding grounds are not necessarily
genetically distinct (Baker and Medrano-Gonzalez 2001; Baker
et al. 1990, 1994a; Larsen et al. 1996; Palsbøll et al. 1995).

While on their feeding grounds, humpback whales are of-
ten spatially aggregated but typically found alone or in groups
of two or three individuals, although larger groups have been
reported periodically (Baker 1985; Clapham 1993; Perry et al.
1990; Sharpe 2001; Weinrich 1991; Whitehead 1983). Group
composition generally is fluid with most groups lasting
from 1 h to a few days, although stable, longer-term associ-
ations have been recorded with low frequency (Baker 1985;
Clapham 1993; Sharpe 2001; Weinrich 1991; Weinrich and
Kuhlberg 1991). Feeding ground associations are thought
to form for cooperative foraging, either to minimize prey dis-
turbance (Whitehead 1983) or to increase the chance of cap-

turing highly mobile schooling fish, including herring (Clupea
harengus), capelin (Mallotus villosus), or sand lance (Ammodytes
spp.). On breeding grounds, and rarely on feeding grounds,
males form groups and compete for proximity to a female
for possible mating opportunities (Baker and Herman
1984a; Clapham et al. 1992; Mattila et al. 1989; Tyack and
Whitehead 1983; Weinrich 1995).

Based on the inferred influence of maternally directed
experience in the first year of life and the lack of paternal
influence on offspring development, we suggest that any in-
fluence of relatedness on social structure is likely to occur
within matrilines. However, there is little or no evidence
of a relationship between social organization and first-
order relatedness on the whale’s feeding grounds. Although
Weinrich (1991), Weinrich and Kuhlberg (1991), and Baker
et al. (1994b) hypothesized that foraging associations might
be influenced by kin selection, this is not apparent in the ex-
tensive observations of individually identified whales in the
Gulf of Maine or southeastern Alaska. In the Gulf of Maine,
known weaned offspring are seldom found in association
with their mother or with their maternal siblings despite con-
tinued annual return to the region (Clapham 1993, 2000;
Sardi et al., 2005). In southeastern Alaska, estimates of kin-
ship from microsatellite genotypes failed to identify first-
order relatives among groups of individuals involved in
closely coordinated, and apparently cooperative, cohesive
feeding associations including group ‘‘bubblenet’’ feeding
(Sharpe 2001). Hence, there seems to be an apparent con-
tradiction between the strong maternal fidelity to a feeding
ground, and the corresponding lack of the influence of
first-order maternal relatedness on group associations.

Here we investigate this contradiction by documenting
group associations and identifying the mtDNA haplotype
of individual humpback whales in the Gulf of Maine over
nearly 15 summers of seasonal residency. In a population
with numerous mtDNA haplotypes, such as the Gulf of
Maine (Baker et al. 1994a,b; Rosenbaum et al. 2002), individ-
uals with different haplotypes cannot be maternal relatives,
while individuals with a shared haplotype will represent a
common maternal lineage, including both close and distant
maternal relatives. Under the hypothesis of a ‘‘maternal lin-
eage effect,’’ we therefore predicted that individuals sharing
the same haplotype would be found in association more often
than expected under the null hypothesis that associations are
random in regards to haplotype. We were also able to dis-
count the possibility that the observed maternal associations
were primarily an artifact of short-term temporal or fine-scale
spatial effects. Our results provide further evidence for the
influence of maternal lineages on the social organization and
demography of humpback whales (e.g., Rosenbaum et al.
2002), although the mechanism by which this effect extends
beyond first-order kin is unknown.

Methods
Whale Identification and Associations

Humpback whales were observed and sampled on the feed-
ing grounds of the Gulf of Maine, primarily around Jeffreys
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Ledge and Stellwagen Bank (Figure 1). The methods for col-
lection of association information are detailed in Weinrich
(1991), Weinrich and Kuhlberg (1991), and Weinrich et al.
(1997). Briefly, humpback whales were observed from com-
mercial whale-watch boats, resulting in between 60 and 120
min of whale observation time, and from small research ves-
sels taking daylong trips. Fieldwork was conducted annually
from April to November in 1980–1995. Whales’ dorsal fins
and fluke pigmentation patterns were photographed for indi-
vidual identification (Katona and Whitehead 1981), and indi-
viduals were identified by comparing these photographs with
a catalog of Gulf of Maine humpback whales housed at the
office of the Whale Center of New England in Gloucester,
Massachusetts. The sex of each whale was determined by one
or more of several methods: (1) photographing the genital
region (Glockner 1983) when a whale was ventral-side up at
the surface (both males and females); (2) photographing an
adult accompanied by a calf assumed to be its offspring in at
least one year of the study (females only); and/or (3) through
sex-specific DNA markers using biopsy samples (both sexes;
Baker et al. 1991; Palsbøll et al. 1992).

Unless otherwise noted, two or more whales were con-
sidered a ‘‘group’’ if they were within two body lengths of
each other and behaving in a coordinated manner (surfacing
together, diving together, and engaging in similar behavioral
modes). This definition is consistent with previous studies of
humpback whale social association (Baker 1985; Clapham
1993; Weinrich 1991; Weinrich and Kuhlberg 1991). All
sightings of calves still with their mothers were excluded
from this database as we assumed that both the social affil-
iation of the calf and its mtDNA haplotype were not inde-
pendent of its mother. The assumption of social dependence

has also been used in other analyses of humpback whale so-
cial associations (Clapham 1993; Weinrich and Kuhlberg
1991). For some analyses, alternate definitions of association
were used; these are clearly noted below.

Molecular Genetic Analysis

Between 1988 and 1993, epidermal samples were obtained
from 159 individual whales using now-standard biopsy tech-
niques (Lambertsen 1987; Weinrich et al. 1991). Total geno-
mic DNA was isolated from each sample using standard
Proteinase K/phenol/chloroform procedures for extraction
(Sambrook et al. 1989). Specifically, two oligonucleotide prim-
ers were developed to amplify the first 550-bp fragment
within the mtDNA control region of the humpback whale
(Baker et al. 1993, 1998) via the polymerase chain reaction
(PCR). The first 450 bp of this region contain the majority
of variable nucleotide positions in the mtDNA control region
(Baker and Medrano-Gonzalez 2001; Rosenbaum et al. 2002)
and corresponds to the hypervariable region I of the human
control region (Vigilant et al. 1991). PCR products were pu-
rified using Bio 101’s Gene Clean or Centricon 100 columns
according to the manufacturer’s protocol. Manual sequencing
of double-stranded PCR products was conducted withUnited
States Biochemical Sequenase Version 2.0 DNA Sequencing
Kit according to the manufacturer�s protocol. Automated
DNA sequencing of PCR products was conducted by cycle
sequencing with fluorescently labeled dideoxy terminators
(ABI part #401113) and run on an Applied Biosystems
(ABI) 373A DNA Sequencer (Foster City, CA). We orga-
nized sequences for this portion of themtDNAcontrol region
by individual using MACCLADE version 3.4 (Maddison WP
and Maddison DR 1992). Haplotype diversity was calcu-
lated with the computer program ARLEQUIN following
Nei (1987).

Data Storage and Analysis

Sightings data for each social group were stored in database
and spreadsheet files on PC-based computers. A separate but
linked data file contained information on each identified
individual whale, including name, sex, and year of birth,
whether it had been biopsy sampled, and other pertinent in-
formation. If a whale was assigned an mtDNA haplotype
through PCR sequencing, the haplotype was also recorded
in the latter data file. Any other whales known to be part
of the same matriline through photo-identification studies
(e.g., calves of a sampled female or a mother who has had
offspring sampled) were assigned the same mtDNA haplo-
type (Fernando and Lande 2000). As our database includes
no more than three generations within a matriline, we feel
that the assumption of no mutations in the mtDNA within
matrilines is justified for this study.

Monte Carlo simulations and Mantel tests of matrix
correlations (Zar 1998) were used to test for a nonrandom
relationship between group membership and mtDNA hap-
lotype identity. We calculated pairwise association indices
for individual associations and conducted Mantel tests using

Figure 1. The primary study area, showing the geological

features Stellwagen Bank and Jeffreys Ledge off the coast of

Southern New England, USA.
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the computer program SOCPROG, written for the analysis
of animal social structure data (documentation and software
available fromhttp://myweb.dal.ca/;hwhitehe/social.htm).
In such cases, the permutation procedure used to test for
nonrandom associations was run using both the simple ratio
and the mean half-weight index of association (as described
by Cairns and Schwager 1987) to help control for biases
inherent in the calculation of each index.

Results

Variation in the mtDNA sequences of the 159 sampled indi-
viduals revealed 17 unique haplotypes, organized following
the nomenclature of Baker et al. (1994a) as modified by
Rosenbaum et al. (2002; Table 1). The haplotypes of an ad-
ditional 143 individuals were inferred from sighting records
indicating direct maternal relationships (e.g., calves of cows
with known haplotypes; Table 1). The 302 whales included
137 females, 106 males, and 59 whales of unknown sex.
Haplotype diversity for the total of 302 individuals was
0.795 (95% CI 5 0.757–0.835) and the number of individ-
uals within each haplotype ranged from 1 (haplotype J2) to
123 (haplotype I; Table 1). We found no evidence of a down-
ward bias in the estimation of haplotype diversity from the
inclusion of individuals with haplotypes ‘‘assigned’’ through
direct maternal descendents (Table 1).

From the sighting database of associations collected from
1980 to 1995, we extracted all records of groups that included
one or more of the 302 individuals with known or inferred
mtDNA haplotype. This ‘‘population database’’ consisted of
21,617 groups, of which 8,254 (38.2%) were solitary whales,
7,901 (36.6%) were groups of two, 3,056 (14.1%) were trios,
and 2,406 (11.1%) were groups of more than three whales.
The largest group observed was 12 whales. The mean num-
ber of sightings per individual of known haplotypes was
100 (SD5 63.62), and for all individuals of a given haplotype
combined the number of sightings ranged from 101 (n 5 2
individuals of haplotype I2) to 11,636 (n5 123 individuals of
haplotype I; Table 1).

We first considered the null hypothesis of random asso-
ciation using only groups of two in which the haplotype of
both members was known (n 5 3,151; Table 2). Following
the logic of the gene diversity index, we expected that the

Table 1. The number of individually identified humpback
whales with known mtDNA haplotypes determined by
amplification and direct sequencing from biopsy samples
(‘‘biopsied’’) and assigned through maternal first-order
relationships (‘‘assigned’’), with haplotype diversity (h) and
the frequencies of sightings in the Gulf of Maine

mtDNA
haplotype

No. whales
biopsied

No. whales
assigned

No.
sightings

I 67 56 11,636
C1 6 5 1,751
C 16 14 4705
D1 3 5 651
D 15 25 2,645
I2 2 0 101
I1 6 4 1,090
K1 6 1 672
K 2 4 347
K1A 6 6 1,237
K2 4 2 820
K3 2 1 348
J 9 7 1,986
J1 5 4 835
J2 1 0 184
J3 5 6 971
J4 4 3 384
h (SE) 0.795 (0.0291) 0.800 (0.0265)

Table 2. Observed and expected number of within- and between-haplotype associations for groups of two humpback whales in the
Gulf of Maine (n 5 3,151)a

Within
haplotypes

Observed association
frequency

Observed proportion
of associations

Expected association
frequency

Expected proportion
of associations

I 609 0.193 529 0.168
C1 10 0.003 3 0.001
C 92 0.029 28 0.009
D1 1 0.000 3 0.001
D 77 0.024 54 0.017
I2 0 0.000 0 0.000
I1 0 0.000 3 0.001
K1 4 0.002 3 0.001
K 0 0.000 3 0.001
K1A 3 0.001 6 0.002
K2 5 0.002 3 0.001
K3 0 0.000 0 0.000
J 16 0.005 9 0.003
J1 1 0.000 9 0.001
J2 N/A N/A 1 N/A
J3 2 0.001 3 0.001
J4 0 0.000 3 0.001
Between 2,331 0.740 2,491 0.791

a One haplotype (J2) was not included in this analysis, as only one sampled individual was found to have that haplotype, making within-haplotype pairing

impossible.
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frequency of association among pairs of individuals with
shared haplotypes should approximately equal the square
of the frequency of that haplotype in the population if there
was no preference for within-haplotype associations. Con-
trary to this expectation, however, the frequencies of within-
haplotype associations were higher than expected for most
commonly found haplotypes (Table 2). Overall, 820 (26.0%)
of the observed pairs consisted of individuals with the same
haplotype, significantly greater than the expected frequency
of 20.4% (v2½df1� 5 49:1; P , .001) based on the sum of the
squared haplotype frequencies (i.e., 1 minus gene diversity,
referred to as the gene identity index, Nei 1987).

Because the comparison of gene identity and associations
only applied to groups of two with known haplotypes, we
then used a Monte Carlo simulation to generate random per-
mutations of the larger data sets. This approach accounted
for differing group sizes, individuals with unknown haplo-
types, and unequal sighting frequencies of individuals. In this
analysis, individuals were selected at random and assigned to
groups according to the frequency in which the group sizes
were found in the population database. This simulation
was repeated 1,000 times to generate an expectation under
the null hypothesis of random associations. In the overall
population database, 5,326 (24.3%) of the groups involved
pairings of whales with the samemtDNA haplotype. By com-
parison, the mean expected value based on Monte Carlo sim-

ulations was 16.06%, with an upper 95% CI of 20.32%. The
observed number of associations within haplotypes was
greater than all but two of the 1,000 runs for the permutated
data, indicating significantly more within-haplotype associa-
tions than expected by chance (P 5 .002; Table 3).

To evaluate the influence of sex on matrilineal associa-
tions, we reran the Monte Carlo simulations using three sub-
sets of the overall data: (1) groups where more than one
female of known haplotype were associated and no males
were present (n 5 1,512); (2) groups where more than
one male of known haplotype were associated and no females
were present (n 5 730); and (3) groups of both sexes where
the haplotype of more than one individual was know (n 5

2,745). For these groups, both inter- and intrasexual associ-
ations among individuals of the same haplotype exceeded
those expected by chance. However, the difference was sig-
nificant only for female groups (P 5 .011), although male/
female groups approached significance (P5 0.062; Table 3).

Finally, we considered the relationship between haplotype
identity and pairwise association indices of individual whales
of known haplotypes in all groups (Table 4). The Mantel tests
(10,000 permutations to determine significance) showed a sig-
nificant effect for all pairwise associations except males. The
strongest effect was observed for females, where within-
haplotype associations were more than 1.7 times greater than
between-haplotype associations. Results were similar for both
the simple and half-weighted association indices.

We sought to exclude the possibility that the observed
excess of within-haplotype associations was due primarily
to temporal co-occurrence of individuals with shared haplo-
types or highly localized site fidelity within the study area. To
investigate temporal effects, we extended the Mantel test of
haplotype identity and pairwise association indices using the
partial matrix correlation technique described by Smouse
et al. (1986) to control for the co-occurrence of individual
whales in a moving window of 5-day intervals. For this, indi-
viduals found to co-occur in a 5-day window were considered
‘‘temporally associated’’ and this variable was included in the
analysis along with the group association (Table 4). The

Table 3. The proportion of observed within-haplotype
associations of individual humpback whales in the Gulf of Maine
compared to the expected proportions (with 95% CI) derived
from Monte Carlo simulations

Group type
Observed
(%)

Expected
(%)

Upper
95% CI (%) P value

Overall 24.27 16.06 20.32 0.002
Male/male 21.37 16.10 23.56 0.127
Female/female 27.05 16.10 24.14 0.011
Male/female 22.95 16.14 23.32 0.062

Table 4. The mean and standard deviation (SD) of pairwise association indices (simple and half-weighted) for individually identified
humpback whales in the Gulf of Maine showing differences in within- and between-haplotype associations overall and by intra- and
intersex groupings. The significance of the correlation between association indices and haplotype identity, with and without inclusion of
the partial correlation for temporal co-occurrence (by 5-day periods), was calculated with a Mantel test using 10,000 permutations of
the data matrices

Pairwise
association

Overall Within haplotypes Between haplotypes Ratio
within/
between P value

P value
controlling for
5-day periodsMean SD Mean SD Mean SD

Simple
All-all 0.0015 0.0080 0.0020 0.1020 0.0014 0.0074 1.43 .013 .000
F-F 0.0017 0.0087 0.0026 0.0135 0.0015 0.0073 1.73 .002 .001
M-M 0.0012 0.0057 0.0011 0.0041 0.0013 0.0061 0.85 .700 .342
F-M 0.0016 0.0083 0.0020 0.0099 0.0015 0.0078 1.33 .043 .001

Half-weight
All-all 0.0028 0.0133 0.0035 0.0175 0.0026 0.0120 1.35 .009 .000
F-F 0.0031 0.0147 0.0047 0.0231 0.0027 0.0122 1.74 .001 .000
M-M 0.0022 0.0097 0.0020 0.0075 0.0023 0.0103 0.87 .678 .273
F-M 0.0028 0.0136 0.0036 0.0169 0.0026 0.0125 1.38 .028 .000
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partial correlation of these temporal associations did not af-
fect the significance of the relationship between haplotype
identity and pairwise associations (Table 4), indicating that
short-term patterns of co-occurrence in the study area could
not explain the lineage effect. Furthermore, there was no sig-
nificant relationship (P . .4 in all cases) between temporal
association indices and haplotype identity overall or for any
combination of sexes.

To investigate fine-scale spatial effects, we used a permu-
tation procedure to test for local clumping of individuals with
shared haplotypes. For this, the study area was divided into
sets of squares at four resolutions: 2, 5, 10, and 20 km2. The
number of individual whales with an identified haplotype
sighted in each square was then counted at each level of res-
olution. Squares with less than a certain minimum number
of individuals were discarded (minimum cutoffs of 5, 10,
and 20 individuals per square were tried). A contingency
table of squares � haplotypes was calculated for each level
of resolution and minimum cutoff, with each cell of the table
giving the number of individual whales with a specific hap-
lotype found at least once in that square. The observed v2

value of each contingency table was then tested against a null
distribution of values generated from 1,000 randomized
tables produced by permuting the haplotypes among individ-
uals so that the number of individuals with each haplotype
was kept constant (Table 5). We considered that a significant
relationship between haplotype identity and fine-scale spatial
distribution would be indicated by an observed v2 value that
was greater than 95% of the randomized values. The results
of the permutation procedure do not support such an effect;
the observed v2 values were not significantly greater than
expected at random (at P, .10) for any of the 12 contingency
tables (four resolutions by three cutoff values of the number
of individuals per square; Table 5).

Discussion

Our results strongly suggest that humpback whales with the
same mtDNA haplotype, especially females, are more likely
to associate on the feeding grounds than expected by chance
alone. Further, given the observations that reproductive
females do not tend to associate closely with their own ma-
ture offspring (Clapham 2000; Sardi et al., 2005), the influ-
ence of maternal lineages on social or foraging associations
seems to extend beyond first-order kin. Although it is pos-
sible for kin recognition to operate in the absence of close
kinship bonds, it seems more likely that the observed lineage
effect is the result of one or more indirect mechanisms. Hav-
ing attempted to control for simple spatial and temporal
effects in our analyses, the most likely of these indirect mech-
anisms may be the influence of maternal experience on feed-
ing styles and prey preferences. If feeding styles and prey
preference are learned in part through maternal experience,
these would be expected to correlate with the mtDNA hap-
lotypes of associated individuals. Although specific feeding
‘‘styles’’ continue to develop well past the period of maternal
dependency and much of the learning appears to be cultural
in the 2–3 years after weaning (Weinrich et al. 1992), prey T
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preference could have a more persistent influence on forag-
ing associations.

The influence of maternal lineages on prey preference
was also suggested previously by Baker et al. (1994a,b) to ex-
plain the nonrandom frequencies of mtDNA haplotypes
among humpback whales killed by dinoflagellate poisoning
along Cape Cod, Massachusetts, in 1987. The poisoned
whales were observed feeding on an unusual prey (mackerel,
Scomber scombrus), thought to be contaminated with the toxin,
very late in the feeding season (December) in a limited geo-
graphic area along the coast of Cape Cod (Geraci et al. 1989).
Nine of these same whales were also sighted feeding on
Jeffreys Ledge, more than 50 miles north of Cape Cod,
during the preceding 2 months (Weinrich MT, unpublished
data). These observations suggest that the poisoned whales
either moved together as a population unit, perhaps as part of
a larger migratory pattern, or congregated in response to the
movement of a preferred prey species. Thus, it is possible
that the interaction of temporal shifts in the distribution
of both whales and their prey favors formation of associa-
tions between whales with common mtDNA haplotypes.
Such an interaction would be difficult to detect in a simple
analysis of temporal or spatial effects, such as those con-
ducted here, but could be explored by more detailed analysis
of the prey targeted by individuals of different matrilines.

An indirect influence of prey preference would explain
the fluidity of association and the relatively weak influence
of maternal lineages on associations of humpback whales
compared to cetaceans that form stable matrilineal associa-
tions (e.g., killer whales). Because both the geographic loca-
tion of the prey and the size and dynamics of the fish school
are changeable, associations formed among whales for coop-
erative foraging should also vary in response (Baker and
Herman 1984a,b; Clapham et al. 1993, 1996), possibly with
rapid changes in group size related to disruption of prey
patches (Weinrich and Kuhlberg 1991; Whitehead 1983).
The influence of maternal lineages on group associations
formed for cooperative foraging is probably also limited by
other conflicting social strategies of each sex. Both Clapham
et al. (1993) and Weinrich (1993) suggest that males may use
feeding ground associations to create bonds with females that
might extend to the wintering/breeding grounds. Such a strat-
egy may be facilitated by staggering the presence of whales
from different feeding populations on their common breed-
ing ground (Stevick et al. 1999). However, on the feeding
grounds the reproductive benefits of forming nonrelated
mixed-sex pairs (i.e., inbreeding avoidance) might be balanced
against the reproductive benefits of forming cooperatively
foraging and feeding pairs of maternal relatives, regardless
of their sexes (i.e., kin selection). There is currently no way
of distinguishing between these types of pairs in the field,
making this hypothesis untestable with the data at hand.

We acknowledge that the inclusion of individuals with
haplotypes assigned through direct maternal descent could,
in theory, bias downward the estimation of haplotype fre-
quencies (an ‘‘inbreeding effect’’) and thus bias upward the
observed frequency of within-haplotype association. How-
ever, we consider this unlikely for the following reasons:

(1) the inclusion of the assigned haplotypes did not affect
the estimated haplotype diversity, discounting the potential
inbreeding effect (Table 1); (2) the observations used to assign
haplotypes (i.e., observations of the dependent calf with the
mother in the calf’s first year of life) were excluded from the
analysis and the potential effect of nonindependence in later
associations is essentially randomized by the repeated sight-
ings and fluid associations among the individuals; and
(3) such an effect, by itself, would not be sex specific, as hap-
lotypes were assigned to both male and female offspring of
sampled mothers.

It remains unclear, however, if the influence of maternal
lineages shown here through association of mtDNA can be
considered evidence for kin selection. This will require better
estimates of kinship using more variable markers, such as
microsatellites, and some plausible mechanism for kin recog-
nition, beyond the first-order relationships of reproductive
females and their offspring. To date, however, microsatellite
analyses have failed to detect any patterns of close kinship
within groups of humpback whales on the migratory corridor
of eastern Australia (Valsecchi et al. 2002) or feeding grounds
of southeastern Alaska (Sharpe 2001). An increased knowl-
edge of the proximate function of associations (e.g., cooper-
ative feeding, premating exploration), along with estimates of
kinship and identification of matrilines together, are required
to understand the social structure humpback whales and
other baleen whales on the feeding grounds.
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