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HUMPBACK whales (Megaptera novaeangliae) migrate nearly
10,000 km each year between summer feeding grounds in temperate
or near-polar waters and winter breeding grounds in shallow
tropical waters'. Observations of marked individuals suggest that
major oceanic populations of humpback whales are divided into
a number of distinct seasonal subpopulations which are not separ-
ated by obvious geographic barriers®®, To test whether these
observed patterns of distribution and migration are reflected in
the genetic structure of populations, we looked for variation in
the mitochondrial DNA of 84 individual humpback whales on
different feeding and wintering grounds of the North Pacific and
western North Atlantic oceans. On the basis of restriction-frag-
ment analysis, we now report a marked segregation of mitochon-
diial DNA haplotypes among subpopulations as well as between
the two oceans. We interpret this segregation to be the consequence
of maternally directed fidelity to migratory destinations,

Using a small biopsy dart®, skin samples were collected from
free-ranging humpback whales on two feeding grounds,
southeastern Alaska (n=20) and central California (n=20),
and on a single wintering ground, Hawaii (n = 16) in the North
Pacific, and on a single feeding ground, the Gulf of Maine
(n=28) in the North Atlantic (Fig. 1). Total cellular DNA was
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FIG. 1 The migratory destinations and population

TABLE 1 Nucleotide divergence (%) of mtDNA within-and between sub-
populations of humpback whales

SEA Hi CCA GOM

Southeastern Alaska

(SEA) 0.000 0.000 0.176 0.282
Hawaii (HI) 0014 0.028 0.156 0.262
Central California

(CCA) 0.274 0.267 0.195 0.112
Gulf of Main

(GoMm) 0.380 0.374 0.308 0.196

Diagonal shows nucleotide diversity within a geographic region. Values
below the diagonal are genetic distances between subpopulations uncorrec-
ted for within-region divergence. Values above the diagonal show genetic
distances between regions after correcting for within-region divergence,
All values were derived using the computer program MAXLIKE, courtesy
of M. Nei and L. Jin, Center for Demographic and Population Genetics,
University of Texas.

extracted from the skin samples and used for restriction-frag-
ment analysis following Southern blotting and hybridization
with a radioactively labelled molecular clone of porpoise
mitochondrial (mt) DNA (Fig. 2). We scored a total of 81 to
85 restriction fragments per individual, surveying an average of
468 nucleotides, or 2.84% of the ~16,500 base pairs in the
humpback whale mtDNA. The simple structure of the restric-
tion-fragment length patterns allowed us to infer the presence
of 88 independent restriction sites, of which 9 were polymorphic.
The sex of each individual was identified by Southern hybridiz-
ation of EcoRl-restricted total cellular DNA with the clone
pDP1007, which is derived from the human Y chromosome®.

Among the 84 individuals surveyed, we found 12 mtDNA
haplotypes that differed from one another by between 1 and 7
restriction sites. The average nucleotide divergence (that is,
nucleotide diversity®) among all individuals was 0.248% (s.d.=
0.0151%) and ranged from 0.00% to 0.196% within each geo-
graphic subpopulation (Table 1). Genetic distance (d, the diver-
gence between subpopulations after adjustment for within-
subpopulation diversity®) between subpopulations indicated
that southeastern Alaska and Hawaii are essentially identical to
one another and diverged from the Gulf of Maine by 0.26-0.28%;
California is intermediate between the Guilf of Maine and
Hawaii/southeastern Alaska, diverging from each by 0.11-
0.18%. There were no significant biases in the geographic distri-
bution or haplotype frequencies of the sexes (C.S.B. et al,
manuscript submitted).

A topological network of restriction-site changes generated
by maximum parsimony showed a striking agreement between
the geographic distribution of haplotypes and previously repor-
ted patterns of migratory movement (Fig. 3). There was no
overlap in haplotypes- from the two oceanic populations, or

structure of humpback whales in the North Pacific
and western North Atlantic oceans, based on
observations of marked individuals®3723-2¢
Regions encircled by a solid line are defined
by current observations of seasonal return by
naturally marked individuals. Regions encircled by
a broken line are defined by historical patterns of
distribution during periods of commercial whaling.
Arrows connect seasonal habitats visited by
individually identifed whales but do not
necessarily indicate migratory routes. Thick
arrows connect regions with known strong migra-
tory interchange and thin arrows connect regions
with weak migratory interchange. The broken line
connecting Hawaii and Mexico indicates the prob-
able presence of an intervening seasonal migra-
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tion to a feeding ground by individuals sighted on
both winter grounds in alternate vears.
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