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Migratory destinations of humpback whales wintering in the
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O. von Ziegesar#, J.M. Waite±, S. Mizroch±, M.E. Dahlheim±, J.D. DarlingY and C.S. Bakerf
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ABSTRACT

The migratory destinations of humpback whales that winter off the Pacific coast of Mexico were examined using photo-identification. Fluke
photographs taken between 1983 and 1993 from the three main whale aggregations in this area (383 from the Mainland coast; 471 from
Baja California Peninsula; and 450 from Revillagigedo Archipelago) were compared with collections from all known summering grounds
in the North Pacific (593 off California-Oregon-Washington; 48 off British Columbia; 429 off Southeastern Alaska; 141 off Prince William
Sound; and 133 from the western Gulf of Alaska ). The migratory movements of these whales were clearly non-random. The results of the
photographic comparisons and the statistical tests show clear evidence for preferred migratory destinations of humpback whales from
Mainland and Baja California to California-Oregon-Washington and British Columbia summering regions. Nevertheless, differences in
whale abundance estimates between these summering and wintering aggregations indicate the presence of some unsampled summering
region(s). The principal migratory destination was not detected for the Revillagigedo region, although matches were found with all the
summering regions sampled. This supports the hypothesis that the humpback whales from Revillagigedo are separate from the ‘American
stock’. Based on the known abundance estimates, historical whaling records and genetic structure of the populations, it is proposed that
historical feeding grounds off the Aleutian Islands and/or the Bering Sea are the main summer destinations of the whales from
Revillagigedo.

KEYWORDS: HUMPBACK WHALE; BREEDING GROUNDS; DISTRIBUTION; MIGRATION; SITE FIDELITY; PHOTO-ID;
NORTHERN HEMISPHERE; PACIFIC OCEAN

INTRODUCTION

Humpback whales (Megaptera novaeangliae) make long
annual migrations between higher latitude, summering
regions, and tropical and sub-tropical wintering areas where
calving and presumably mating occur (e.g. Kellogg, 1928;
Matthews, 1937; Mackintosh, 1942; Nishiwaki, 1959;
Chittleborough, 1965; Dawbin, 1966). 

The known summering range of humpback whales in the
North Pacific extends offshore from California, along the
coast of Oregon, Washington, British Columbia and Alaska,
into the Bering Sea and southern Chukchi Sea, the Gulf of
Alaska along the Aleutian Islands, the Sea of Okhotsk and
northern Japan (Tomilin, 1957; Rice, 1978). Humpback
whales appear to be divided into relatively discrete
summering sub-populations, with only limited interchange
among them (Baker et al., 1986; Calambokidis et al., 1996).
Fidelity to these summering regions is determined
maternally (Baker et al., 1987; Clapham and Mayo, 1987).
Summer humpback whale photo-identification research has
been concentrated in the waters around Kodiak Island,
Alaska (Waite et al., 1999), Prince William Sound, Alaska
(von Ziegesar, 1992), southeastern Alaska (Darling and
McSweeney, 1985; Baker et al., 1986; 1992; Perry et al.,
1990; Straley, 1990; 1994), British Columbia (Darling and

McSweeney, 1985; Calambokidis et al., 1996), and
California (Dohl et al., 1983; Calambokidis et al., 1989;
1996). Comparisons between these photographic datasets
suggest that there may be more interchange among the
summering aggregations from northern British Columbia up
the coast to Prince William Sound than with the California
summering aggregation (Calambokidis et al., 1996; Waite
et al., 1999).

In the winter, North Pacific humpback whales migrate to
three distinct regions: the western North Pacific around the
Ogasawara (Bonin), Ryukyu and Mariana Islands
(Townsend, 1935; Nishiwaki, 1959; Darling, 1991; Darling
and Mori, 1993); the central North Pacific around the main
Hawaiian Islands (Herman and Antinoja, 1977; Herman,
1979; Baker and Herman, 1981); and the eastern North
Pacific near the offshore Revillagigedo Islands, in the
southern part of Baja California Peninsula, and off mainland
Mexico to as far south as Costa Rica (Rice, 1978; Urbán and
Aguayo, 1987; Steiger et al., 1991; Acevedo and Smultea,
1995).

Photo-identification studies have documented matches
between Mexico and Hawaii (Darling and Jurasz, 1983;
Darling and McSweeney, 1985; Baker et al., 1986;
Calambokidis et al., 2000), and between Hawaii and the
Ogasawara Islands (Darling and Cerchio, 1993; Salden
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et al., 1999; Calambokidis et al., In press), but the rate of this
interchange is unknown (Baker et al., 1998). To date, no
matches had been found between Japan and Mexico.

Early observers of this species believed that the eastern
and western North Pacific stocks moved up and down their
respective coastlines, between winter and summer regions
(Scammon, 1874; Kellog, 1928; Tomilin, 1957). The failure
of these authors to consider the Hawaiian wintering region
may mean that either they were unaware of its existence or
that it was not colonised by humpbacks at that time (Herman,
1979). 

The first direct evidence of connections between summer
and winter regions in the North Pacific came from eight
humpback whales tagged with ‘Discovery’ tags. These tags
were shot into the whales and later recovered when the
whales were killed and processed (e.g. Brown, 1977). The
data from the tags show that these marked animals moved
between the eastern Aleutians and the Ryukyu Islands
(Omura and Ohsumi, 1964; Nishiwaki, 1966; Ivashin and
Rovnin, 1967; Ohsumi and Masaki, 1975; NMFS, 1991).
More recently, studies based upon the photographic
identification of individuals have revealed a more complex
pattern of migratory movements: between Alaska and
Hawaii (Darling and Jurasz, 1983; Darling and McSweeney,
1985; Baker et al., 1985; 1986; Perry et al., 1988; Straley,
1994); British Columbia and Hawaii (Darling and
McSweeney, 1985); British Columbia and Japan (Darling et
al., 1996); California and Hawaii (Calambokidis et al., 1989;
1993); and California and Costa Rica (Steiger et al.,
1991).

With regard to the Mexican wintering regions, evidence of
a migratory destination was reported by Baker et al. (1986)
and Perry et al. (1988). They found three resightings from 36
photographically identified whales in Mexican waters: one
off California; one off southeastern Alaska; and one in the
western Gulf of Alaska region. Urbán et al. (1987) found that
approximately 10% of the whales matched between a
comparison of about 100 whales from coastal Mexico and a
similar number off central California.

These studies indicate strong fidelity to specific summer
feeding areas and consistent migratory returns to winter
breeding and calving regions. Baker et al. (1994) concluded
that humpback whales in the eastern North Pacific could be
divided into at least two groups or ‘stocks’ based on genetic
evidence: a central stock that feeds in Alaskan waters and
migrates predominantly to Hawaii, and an ‘American’ stock
that feeds along the coast of California and winters off
Mexico.

This paper reports on the migratory destinations of
humpback whales that winter in the Mexican Pacific. Results
are presented from a comparison of three catalogues of
individually identified humpback whales photographed from
the mainland coast of Mexico, Baja California Peninsula and
Revillagigedo Archipelago, to collections from five
summering regions in the North Pacific: the western Gulf of
Alaska; Prince William Sound; southeastern Alaska; British
Columbia; and the California-Oregon-Washington region.

METHODS

Photographic methods
Humpback whales were individually identified from
photographs of the black and white pigment patterns and
other natural marks on the ventral surface of the flukes
(Katona et al., 1979; IWC, 1990). Photographs were taken
using 35mm cameras with 200-300mm lenses. The type of
film used varied from project to project.

Black and white prints of whale flukes were compared
visually by personnel of the Marine Mammal Laboratory of
the Universidad Autónoma de Baja California Sur (UABCS)
(all collections), and the Mexican and California-
Oregon-Washington collections also by Cascadia Research
Collective (CRC).

Study locations and periods
Research effort was concentrated in eight regions of the
North Pacific (Table 1, Fig. 1). Three of these regions were
winter breeding regions in Mexico and five were summer
feeding regions.

Mainland coast of Mexico (Mainland)
A total of 383 whales was identified off the mainland coast
of Mexico between 1983 and 1992. Study areas in this region
included Bahía de Banderas, Chacala, Isla Isabel and Islas
Tres Marías. This region, as well as Baja California
Peninsula and the Revillagigedo Archipelago, are described
by Urbán and Aguayo (1987). Field work periods and
participating institutions in the Mexican Pacific regions are
shown in Table 2.

Baja California Peninsula (Baja California)
A total of 471 whales was identified between 1987 and 1993
off the southern coast of Baja California Peninsula, from
Bahía Magdalena in the west coast to Bahía de la Paz in the
Gulf of California.

Fig. 1. Locations of photographic identification data collected for this
study.
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Revillagigedo Archipelago (Revillagigedo)
A total of 450 whales was identified between 1986 and 1992
off Revillagigedo Archipelago, primarily at Isla Socorro.

California, Oregon and Washington (COW)
Based on the high rate of matches between Oregon and
Washington with California (Calambokidis et al., 1996), this
region has been considered a single intermixing summering
ground. This is also supported by an analysis of historical
whaling data (Clapham et al., 1997). A total of 593
individuals identified between 1981 and 1992 was used in
the comparison with Mexican wintering regions.
Photographs were taken by Cascadia Research Collective
(CRC), the Center for Whale Research (CWR) and other
collaborators during humpback and blue whale
photo-identification studies. Research was primarily
conducted between July and November in waters out to
about 60km off central California between 1986 and 1990
(Calambokidis et al., 1990); whales have been sampled
along the entire Californian coast since 1991 (Calambokidis
et al., 1993). Photographs taken before 1986 were
contributed by other researchers. Coverage off Oregon and
Washington was less extensive than off California and
consisted of only 32 days of effort. Field methods are
described in Calambokidis et al. (1996).

British Columbia (BC)
Two collections of humpback whale photographs from
British Columbia were compared with whales identified
from Mexico. Both collections were primarily from La
Perouse Bank, off southwestern Vancouver Island, where 48
individuals were identified between 1975 and 1990 by the
West Coast Whale Foundation (WCWF) and between 1990
and 1991 by CWR.

Southeastern Alaska (SEA)
Photographs of 429 individual humpback whales from the
northern portion of southeastern Alaska (Frederick Sound to
Icy Strait) were taken from 1988-1993. Field methods are as
described in Straley (1990).

Prince William Sound, Alaska (PWS)
A total of 141 individual humpback whales was identified in
Prince William Sound from 1977-1991 by the North Gulf
Oceanic Society. Photographic methods are reported in von
Ziegesar (1992).

Western Gulf of Alaska (WGOA)
Humpback whales were identified off Kodiak Island (104),
the Shumagin Islands (22), and the eastern Aleutian Islands
(7) during July and August 1992 and 1993 by staff of the
National Marine Mammal Laboratory during line-transect
vessel surveys for killer whales (Dahlheim and Waite, 1993;
Dahlheim, 1994; Waite et al., 1999).

Additional comparisons
In addition to the above comparisons, the Mexican
humpback whale catalogue was also compared with that of
the eastern North Pacific compiled by Perry et al. (1988).
This includes 464 whales that were identified in southeastern
Alaska between 1979 and 1985 (Baker et al., 1992) and 95
humpbacks identified in the western Gulf of Alaska, Yakutat
Bay and Prince William Sound between 1977 and 1985. This
catalogue is a compendium of photographs from many
independent researchers. Some of these photographs from
Alaska are duplicates of photographs in the regional
collections described above.

North Pacific Humpback Whale Fluke Collection
Information on matches in the North Pacific Humpback
Whale Fluke Collection maintained by the National Marine
Mammal Laboratory in Seattle, Washington (Mizroch et al.,
1990) was also used.

Interchange
An index of interchange was calculated to provide a relative
quantification of the amount of movement between
regions:

Interchange Index = (m12/(n1*n2))*1000

where:

n1 = whales identified (Marked) in sample 1;
n2 = whales identified in sample 2;
m12 = marked whales matched between sample 1 and

sample 2.

This index is basically the inverse of the Petersen
capture-recapture index and has been used to examine rate of
interchange of humpback whales among areas by several
other researchers (Baker et al., 1985; 1986; Calambokidis
et al., In press). A high value in this index occurs as a result
of a small population being present or a high probability of
the same individual being recaptured in both samples, while
a low value reflects a low probability of recapture due to
either a large population or an unlikely interchange of
animals between the two samples.

Chi-squared test
Two kinds of chi-squared (c2) tests were performed for the
three wintering areas. The first, a goodness of fit c2, tested
the null hypothesis that the observed whale distribution does
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not differ from an expected ratio, in other words, that the
whales are uniformly distributed across all the summering
grounds. If the null hypotheses for all three areas are
rejected, it can be concluded that the whales from a particular
wintering region prefer at least one summering ground over
the rest (i.e. they do not distribute equally across all the
summering grounds). It is then valid to raise the question of
whether the three samples belong to the same population and
test this as a null hypothesis under a heterogeneity c2 test
(Zar, 1996). The second test can be applied to the three
wintering areas together or in pairs. If the null hypothesis of
the heterogeneity test is rejected on any of the comparisons,
this can be interpreted either that the populations have
different preferences on summer destinations or that one has
a particular preference but the other does not. On the other
hand, if the null hypothesis is not rejected with high
statistical power ( > 0.8), this suggests that the whales belong
to a single population with similar preferences in summer
destinations.

RESULTS

Migratory destinations
All Mexican regions together
A total of 153 humpback whales from the Mexican regions
matched to North Pacific summering regions show an
overall rate of resightings (as measured by the Interchange
Index) of 0.096. The COW region had the highest number of
matches (131) and Interchange Index (0.187). The WGOA
region had the fewest matches (4), and the SEA region had
the lowest Interchange Index (0.010-Table 3; Fig. 2).

Mainland
A total of 107 humpback whales was matched between the
Mainland and all summering regions. The largest number of
matches was with the COW region (97), which represent
54% of all matches found. The highest Interchange Index
with the Mainland was with the COW region with a value of
0.427. The Mainland region also presented a high
Interchange Index with BC (0.218-Table 3, Fig. 2 and Fig.
3).

Baja California
The Baja California region showed a similar pattern as the
Mainland. A total of 58 humpback whales were matched
throughout all summering regions, except PWS. The largest
number of matches was found with COW, with an
Interchange Index of 0.193, whilst BC had only 0.088 (Table
3; Fig. 2 and Fig. 4).

Revillagigedo
Only 12 humpback whales were matched throughout all
summering regions. No main migratory destination was
identified; the highest degree of interchange was with BC
(0.093), followed by PWS (0.079-Table 3; Fig. 2 and Fig.
5).

Goodness of fit
The goodness of fit test conducted for each of the Mexican
wintering regions showed that in the three areas, the
observations significantly differed from the expectations
under the null hypothesis (Table 4). Thus, for all free areas,
whales have specific preferences in their migratory
destinations and are not distributed equally across the tested
summering grounds.

The heterogeneity tests performed comparing the whales
identified on each of the three wintering grounds, showed
that the animals from Baja California and Mainland belong
to the same population unit with similar preferences in their

Fig. 2. Interchange Index between sampled summering areas and the
three Mexican wintering regions.

Fig. 3. Migratory destinations of the whales identified off the Mainland
coast of Mexico.

URBÁN R. et al.: MEXICAN PACIFIC HUMPBACK MIGRATIONS104



migratory destinations (p > 0.995). The humpback whales
from Revillagigedo showed little if any similarity with the
other Mexican wintering ground in their summer
destinations (Table 5).

Different destinations
Humpback whales recorded in two or more Mexican
wintering regions and a single summering region
A total of 23 whales photographed in both Mainland and
Baja California were matched to a single summering region:
20 with COW, 1 with BC and 2 with SEA. Similarly, two
whales photographed in both Mainland and Revillagigedo

Fig. 4. Migratory destinations of the whales identified off Baja
California Peninsula.

Fig. 5. Migratory destinations of the whales identified off the
Revillagigedo Archipelago.
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were matched to a single summering region; one with PWS,
and the other with WGOA. Finally, a whale photographed in
the three Mexican wintering regions was matched with
WGOA (Table 6).

Humpback whales from one or two Mexican wintering
regions matched with two summering regions
Only one whale was matched with two different summering
regions. A whale photographed in Revillagigedo was
matched with SEA and PWS regions (whale No. 912
UABCS and 2419 NMML catalogues).

Humpback whales matched between a summering region
and more than one North Pacific wintering region
Only two whales were photographed in both a Mexican
wintering region and Hawaii as well as a known summering
region destination. Both whales were recorded at
Revillagigedo. One was recorded in the SEA summering
region and the other in the WGOA (whales No. 48 and 2255
NMML catalogue). 

DISCUSSION

Mainland and Baja California
The results of the photographic comparisons and the
statistical tests show clear evidence for preferred migratory
destinations of humpback whales from Mainland and Baja
California to COW and BC summering regions. These
findings are consistent with the previous demographic
evidence for population structure in the North Pacific (Baker
et al., 1986; Urbán et al., 1987; Alvarez et al., 1990; Baker
et al., 1998; Calambokidis et al., In press).

Nevertheless, it is important to consider that the
population size estimated for COW (around 900 animals,
Calambokidis et al., 1999), is about half of the population
size of the wintering regions of Baja California and
Mainland (around 1,800 animals, Urbán et al., 1999). This
indicates the presence of some unsampled summering
region(s). This is also consistent with the early 1900s
whaling data. During an eight-year period, 2,473 humpback
whales were killed from three stations off California and
Washington. Although this hunting depleted the whale
aggregations in this summering region, such a decline was
not as apparent off Mexico, where 902 humpbacks were
taken in Baja California between late 1924 and 1926, at a
time when the catches off California and Washington were in
marked decline, because that wintering region is the
migratory destination of whales from a number of
summering regions (Clapham et al., 1997). 

It should also be pointed out that, although the proportion
of matched whales is almost identical between Baja
California and Mainland, the Interchange Index of Baja
California with the different summering regions is just under
half that of the Mainland (Table 3). This may indicate a
greater importance of unsampled summering regions as
migratory destinations to Baja California than to the
Mainland. Calambokidis et al. (2000), found 11% of the
whales from Baja California, 25% from Mainland Mexico
and 84% from Costa Rica/Panama matched with the whales
from the COW summering region. This pattern of migration
suggests a series of partially overlapping migratory corridors
and destinations along the coast of North America that could
result in a clinal distribution of mtDNA types as suggested
by Medrano-González et al. (1995).

If this hypothesis is true, Baja California, and to a lesser
degree Mainland, could be a region of overlap for animals
migrating from unsampled regions, BC and COW to primary

wintering grounds in Mexico and Central America. The high
genetic diversity in this region supports this idea (Baker
et al., 1998).
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Revillagigedo
Migration patterns for the Revillagigedo region differ from
those for the other Mexican wintering grounds. Although
matches were found with all the summering regions
sampled, no principal migratory destination was detected.

The hypothesis that the humpback whales from
Revillagigedo are separate from the ‘American stock’, that
feeds along the coast of British Columbia, California, and
winters off Baja California, mainland coast of Mexico, and
Central America, has been suggested previously. This
hypothesis is based on: the different degree of individual
interchange of the three Mexican wintering regions (Urbán
et al., 1989; 1999; Alvarez et al., 1990; Ladrón de Guevara
P et al., 1993); the significant difference in mtDNA
haplotype frequencies relative to those found off Baja
California and mainland coast regions (Medrano-González
et al., 1995; Baker et al., 1998); a higher resighting rate of
individuals during the season than at any other wintering
region studied (50% versus 4-15%), perhaps due to the small
number of islands in a relatively small area, and a low
population size; and the higher number of known matches
between Hawaii and Revillagigedo than between Hawaii and
the other Mexican regions (Darling and Jurasz, 1983;
Darling and McSweeney, 1985; Baker et al., 1986; Perry
et al., 1988; 1990; Calambokidis et al., In press).

Missing summering ground(s)?
Evidence from abundance estimates
As previously stated, estimates of abundance on the
wintering grounds are typically considerably larger than
those from known summering grounds. Abundance in the
California region was estimated at 582 in 1991-92
(Calambokidis et al., 1993) and 905 in 1997 (Calambokidis
et al., 1999); while for the Mainland and Baja California
Mexican wintering grounds it was estimated at 1,813
(918-2,505) in 1992, and 914 (590-1,193) for Revillagigedo
in 1991 (Urbán et al., 1999). In the central stock, abundance
in southeastern Alaska was estimated to be 504-590 in 1986
(Baker et al., 1992) and 350-458 for the period 1985-92
(Straley et al., 1995), while in Hawaii it was estimated to be
1,400-2,000 in 1981-84 (Darling and Morowitz, 1986; Baker
and Herman, 1987), and close to 4,000 in 1993 (Cerchio,
1998). 

Results of an ocean-basin-wide mark-recapture study of
North Atlantic humpback whales show that both the
genotypic and photographic estimates using only
feeding-area data were significantly lower than those using
only breeding-area data (Smith et al., 1999). The authors
concluded that the apparent downward bias of the estimate
could be due to (1) the existence of a still-unknown feeding
area that was not sampled; (2) spatial heterogeneity in the
probability of animals being sampled in known feeding
areas; or (3) heterogeneity in the probability of being
sampled that was related to other individual animal
characteristics (Smith et al., 1999). 

It seems likely that the differences in estimates of
abundance between summering and wintering grounds in the
North Pacific can at least partially result from uncertain
reliability and representativeness because of limitations in
both sampling methodology and spatial coverage, and reflect
bias due to the different causes of heterogeneity in the
probability of animals being sampled (Hammond, 1986).
However, taking into account the large differences in the
abundance estimates, it seems probable that there is also a
lack of data from one or more summering regions used by
humpback whales in the North Pacific.

Evidence from historical distribution
Information on the pre-exploitation summering range of
humpback whales points to some probable locations for one
or more of these missing stock components. The waters
along the continental shelf of the central Aleutian Islands
were once considered the centre of the North Pacific
humpback whale population (Nishiwaki, 1966; NMFS,
1991). A comparison of a map of distribution of humpback
whales during the period of feeding with the scheme of
currents in the Northeast Pacific, reveals that the most dense
aggregations of whales were observed in the regions of
cyclonic circular currents to the south of the Fox, Shumagin
and Kodiak islands, in the northwestern part of Bristol Bay
and partly in the northwestern part of the Gulf of Alaska
(Doroshenko, 2000). 

Whaling records indicate that 1,510 humpback whales
were caught mainly in Unimak Pass and the Bering Sea,
between 1926 and 1939 by American whalers based at
Akutan and Port Hobron, Alaska (Reeves et al., 1985).
Russian and Japanese fleets harvested whales intensively
throughout the Aleutian Islands from 1905-1929 and again
from 1960-1965. During these periods, more than 4,700
humpbacks were killed in this region (Rice, 1978). 

Recent information documenting the ‘real’ Soviet catches
of humpback whales in the North Pacific shows that close to
7,000 whales were caught between 1961 and 1971
(compared to 4,254 originally reported to the International
Whaling Commission). In 1963 alone, the catch of
humpback whales was 2,625, whereas in the late 1960s the
catches dropped to zero. For several more seasons, Soviet
whaling fleets searched the Gulf of Alaska and Bristol Bay
for humpback whales, but neither whalers nor scouting ships
could find them (Doroshenko, 2000).

Humpback whales were also known to summer along the
Asian coast, particularly around the Kamchatka Peninsula
and the Sea of Okhotsk (Tomilin, 1957), but there are few
data on their distribution south of the Sea of Okhotsk
(NMFS, 1991). According to Doroshenko (2000), in recent
years, many whales have been observed in the northwestern
part of the Bering Sea in the Gulf of Anadyr and in the region
of the Bering Strait, as well as in the southern part of the
Chukchi Sea.

The current status of humpback whales along the
Aleutians is largely unknown, although aerial surveys report
substantial numbers around Kodiak Island (Brueggeman
et al., 1989). Recently, Waite et al. (1999) suggest that the
Kodiak Island region supports a separate summering
aggregation of humpback whales in the North Pacific, which
could be large, based on the low number of resights between
years.

Evidence from genetic structure
Regarding the genetic structure of humpback whales in the
North Pacific, Baker et al. (1990; 1994; 1998) describe that
the greatest differences in mtDNA haplotype frequencies
were found among three summering grounds. The California
summering ground was dominated by E and F types while
southeastern Alaska and Prince William Sound were all A-
and A+ types. There is no genetic information about the
whales from the Aleutian or Kodiak Islands. Differences
among the wintering grounds were less marked; E, F and A+
types dominated the Mexican wintering grounds but the A-
type was also present. The Ogasawara Islands, in Japan,
showed a surprising similarity to Mexican wintering
grounds. Only Hawaii differed significantly from all the
other wintering grounds, being dominated by A+ and A-
types although types E and F were also represented. 
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Conclusion
Considering the information presented above, we
hypothesise that there is at least one unsampled summering
ground of more than 2,000 whales dominated by E and F
types. These whales could occupy their historical
distribution off the Aleutian Islands and/or the Bering Sea.
This summering ground(s) would be the main summer
destination of the whales from Revillagigedo and the
summering area for the ‘missing’ whales from Baja
California, Mainland, Japan and Hawaii.

Population structure
Despite the site fidelity of humpback whales to specific
areas, migrations between summering areas and wintering
regions have not generally followed a sufficiently simple
pattern to allow the definition of an integrated
wintering/summering region population structure. The
present findings (see Figs 3-5) show a preference of the Baja
California and Mainland humpback whales to COW and BC,
but also the presence of humpback whales from all the
sampled summering regions in each of the Mexican
wintering regions (except between PWS and Baja
California).

No systematic comparison has been conducted between
the Mexican humpback whale catalogues and those of the
wintering regions of Hawaii and Japan. Nevertheless, there
are some matches published based on comparisons of limited
samples (Darling and Jurasz, 1983; Darling and
McSweeney, 1985; Baker et al., 1986; Perry et al., 1988;
1990; Calambokidis et al., 2000), and others from the North
Pacific Humpback Whale Collection (unpublished data).
There are no matches known with Japanese wintering
regions. A total of 31 matches between Hawaii and Mexican
wintering regions are known, none of which were to the
mainland region: 2 whales were seen in both the
Revillagigedo and Baja California regions, 6 only in Baja
California and 21 only in Revillagigedo. One of these 21
matches was for 5 February 1986 at Isla Clarión,
Revillagigedo Archipelago and 28 March 1986 at Kauai,
Hawaii, some 4,700km away (North Pacific Humpback
Whale Collection, unpublished data; Helweg et al., 1990;
Darling and Cerchio, 1993). 

Some management strategies recognise, explicitly or
implicitly, reproductive isolation as a requirement for
defining population sub-divisions (e.g. the International
Whaling Commission, Donovan, 1991; and the US
Endangered Species Act, Waples, 1991). According to
Baker et al. (1998) the finding of significant differences
between a central (Alaska-Hawaii) and eastern
(California-Mexico) stock of humpback whales in both
mitochondrial and nuclear DNA loci fulfils the criterion of
reproductive isolation.

Defining population structure based on whale distribution
on the wintering grounds appears less ambiguous than using
data from the summering regions because whales breed in
the former, are separated geographically by large distances,
and most regions have been sampled using
photo-identification methods and genetic analyses. Based on
this, Calambokidis et al. (In press) conclude that there are at
least three sub-populations of humpback whales in the North
Pacific (those wintering off Hawaii, Japan and
Mexico-Central America). Our data from the sub-regions of
Mexico support the conclusion that a link between the
known BC-COW areas and the Baja
California-Mainland-Central America region is evidence of
a distinct sub-population (Calambokidis et al., 2000). The
results also indicate that this coastal sub-population is

relatively distinct from that of Revillagigedo. However, the
preferred summer destination for this sub-population
remains unknown.

ACKNOWLEDGEMENTS

This project would not have been possible without the
collaboration of many researchers who generously agreed to
provide their data. Organisations supporting these
researchers include: Universidad Autonoma de Baja
California Sur; Universidad Nacional Autonoma de Mexico;
Cascadia Research Collective; Center for Whale Research; J.
Straley Investigations; North Gulf Oceanic Society; National
Marine Mammal Laboratory; University of Hawaii and the
University of Auckland. In addition to the authors, a number
of people had key roles in the collecting or cataloguing of
photographs used in this study. They include: Juan C.
Salinas, of the Universidad Autónoma de Baja California
Sur; Prentice Bloedel, at the Center for Whale Research; and
Craig Matkin with the Gulf Coast Oceanic Society. Many
other people and organisations assisted in the funding and
collection of data in the individual studies, including at
Revillagigedo: the Secretaría de Marina (Sector Naval, Isla
Socorro), Whale and Dolphin Conservation Society, W.
Rossiter and the Cetacean Society International, E. Connors,
M. Cannava, C. Olivera, L. Sarti, M. Rivas and M. Arias; off
Mainland Mexico: the Consejo Nacional de Ciencia y
Tecnología (CONACyT), Amy Camacho from Africam
Safari, Cetacean Society International, Cet-Mar No. 6, Staff
of the Marine Mammal Laboratory and Fishermen from
Punta Mita; off Baja California: Consejo Nacional de
Ciencia y Tecnología (CONACyT), Instituto Nacional de
Ecología (INE-SEMARNAP), Consejo Nacional para la
Biodiversidad (CONABIO), Earthwatch (1990), A.
Jaramillo, S. Chávez, J.C. Salinas, E. Vázquez and Luis
Enriquez Alejandro Gómez-Gallardo; off Kodiak and the
western Gulf of Alaska: K. Balcomb-Bartok, B. Caruso, T.
Chandler, K. Chumbley, D. Ellifrit, J. Evenson, C.
Hutchinson, J. Jacobsen, J. Lerczak. B. Mathews, B. Miller,
R. Osborne, R. Ream, J. Sease, F. Sharpe, J. Stern, M. Strick,
J. Swenson and R. Towell; off California: Pacific Cetacean
Group, Moss Landing Marine Laboratory, Southwest
Fisheries Science Center, Oceanic Society Expeditions and
Shearwater Journeys; also, N. Black, T. Chandler, K. Flynn,
Z. Thomas, P. Rudolph, A. Reitsch, D. Meister, J. Quan, L.
Randolph, Z. Schwartz, A. Rebollo, A. Randle, T.
Kieckhefer, P. Howorth, R. Smith, E. Martin and others. P.
Clapham, G. Donovan and two anonymous reviewers
critically read the manuscript, made valuable suggestions
and corrected the English.

REFERENCES

Acevedo, A. and Smultea, M.A. 1995. First records of humpback
whales including calves at Golfo Dulce and Isla del Coco, Costa
Rica, suggesting geographical overlap of northern and southern
hemisphere populations. Mar. Mammal Sci. 11(4):554-60.

Alvarez, C., Aguayo, A., Rueda, R. and Urbán, J. 1990. A note on the
stock size of humpback whales along the Pacific coast of Mexico.
Rep. int. Whal. Commn (special issue) 12:191-3.

Baker, C.S. and Herman, L.M. 1981. Migration and local movement of
humpback whales (Megaptera novaeangliae) through Hawaiian
waters. Can. J. Zool. 59:460-9.

Baker, C.S. and Herman, L.M. 1987. Alternative population estimates
of humpback whales (Megaptera novaeangliae) in Hawaiian waters.
Can. J. Zool. 65(11):2818-21.

Baker, C.S., Herman, L.M., Perry, A., Lawton, W.S., Straley, J.M. and
Straley, J.H. 1985. Population characteristics and migration of
summer and late-season humpback whales (Megaptera

URBÁN R. et al.: MEXICAN PACIFIC HUMPBACK MIGRATIONS108



novaeangliae) in southeastern Alaska. Mar. Mammal Sci.
1(4):304-23.

Baker, C.S., Herman, L.M., Perry, A., Lawton, W.S., Straley, J.M.,
Wolman, A.A., Kaufman, G.D., Winn, H.E., Hall, J.D., Reinke, J.M.
and Ostman, J. 1986. Migratory movement and population structure
of humpback whales Megaptera novaeangliae in the central and
eastern North Pacific. Mar. Ecol. Prog. Ser. 31:105-19.

Baker, C.S., Perry, A. and Herman, L.M. 1987. The reproductive
histories of female humpback whales Megaptera novaeangliae in the
North Pacific. Mar. Ecol. Prog. Ser. 41:103-14.

Baker, C.S., Palumbi, S.R., Lambertsen, R.H., Weinrich, M.T.,
Calambokidis, J. and O’Brien, S.J. 1990. Influence of seasonal
migration on geographic distribution of mitochondrial DNA
haplotypes in humpback whales. Nature, Lond. 344(6263):238-40.

Baker, C.S., Straley, J.M. and Perry, A. 1992. Population
characteristics of individually identified humpback whales in
southeastern Alaska - summer and fall 1986. Fish. Bull.
90(3):429-37.

Baker, C.S., Slade, R.W., Bannister, J.L., Abernethy, R.B., Weinrich,
M.T., Lien, J., Urbán, J., Corkeron, P., Calambokidis, J., Vasquez, O.
and Palumbi, S.R. 1994. Hierarchical structure of mitochondrial
DNA gene flow among humpback whales, Megaptera novaeangliae,
world-wide. Mol. Ecol. 3:313-27.

Baker, C.S., Medrano-González, L., Calambokidis, J., Perry, A.,
Pichler, F., Rosenbaum, H., Straley, J.M., Urbán, J., Yamaguchi, O.
and von Ziegesar, O. 1998. Population structure of nuclear and
mitochondrial DNA variation among humpback whales in the North
Pacific. Mol. Ecol. 7(6):695-708.

Brown, S.G. 1977. Whale marking: a short review. pp. 569-81. In: M.
Angel (ed.) A Voyage of Discovery: George Deacon 70th
Anniversary Volume. Pergamon Press, Oxford.

Brueggeman, J.K., Green, G.A., Grotefendt, R.A., Tressler, RW and
Chapman, D.G. 1989. Marine mammal habitat use in the north
Aleutian Basin, St George Bassin and Gulf of Alaska. pp.97-108. In:
L.E. Jarvela and L.K. Thorsteinson (eds.) Proceedings of the Gulf of
Alaska, Cook Inlet and North Aleutian Basin Information Update
Meeting, Feb. 7-8, 1989, Anchorage, Alaska. [Available from
NOAA, NOS, Office of Oceanography and Marine Assessment, 222
W. Eighth Avenue, No. 56, Anchorage, AK 99513-7543].

Calambokidis, J., Steiger, G.H., Cubbage, J.C., Balcomb, K.C. and
Bloedel, P. 1989. Biology of humpback whales in the Gulf of the
Farallones. Report to Gulf of the Farallones National Marine
Sanctuary, San Francisco, California. 93pp. [Available from J.
Calambokidis, e-mail: Calambokidis@CascadiaResearch.org].

Calambokidis, J., Cubbage, J.C., Steiger, G.H., Balcomb, K.C. and
Bloedel, P. 1990. Population estimates of humpback whales in the
Gulf of the Farallones, California. Rep. int. Whal. Commn (special
issue) 12:325-33.

Calambokidis, J., Steiger, G.H. and Evenson, J.R. 1993. Photographic
identification and abundance estimates of humpback and blue whales
off California in 1991-92. Final Contract Report 50ABNF100137
submitted to the Southwest Fisheries Science Center, PO Box 271,
La Jolla, CA 92038-0271, USA. 67pp. [Available from J.
Calambokidis, e-mail: Calambokidis@CascadiaResearch.org].

Calambokidis, J., Steiger, G.H., Evenson, J.R., Flynn, K.R., Balcomb,
K.C., Claridge, D.E., Bloedel, P., Straley, J.M., Baker, C.S., von
Ziegesar, O., Dahleim, M.E., Waite, J.M., Darling, J.D., Ellis, G. and
Green, G.A. 1996. Interchange and isolation of humpback whales off
California and other North Pacific feeding grounds. Mar. Mammal
Sci. 12(2):215-26.

Calambokidis, J., Chandler, T., Rasmussen, K., Steiger, G.H. and
Schlender, L. 1999. Humpback and blue whale photo-identification
research off California, Oregon and Washington in 1998. Final report
to Southwest Fisheries Science Center, Olympic Coast National
Marine Sanctuary, University of California at Santa Cruz, and
Cornell University. 36pp. [Available from J. Calambokidis, e-mail:
Calambokidis@CascadiaResearch.org].

Calambokidis, J., Steiger, G.H., Rasmussen, K., Urbán R, J., Balcomb,
K.C., Ladrón de Guevara P, P., Salinas Z, M., Jacobsen, J.K., Baker,
C.S., Herman, L.M., Cerchio, S. and Darling, J. 2000. Migratory
destinations of humpback whales that feed off California, Oregon
and Washington. Mar. Ecol. Prog. Ser. 192:295-304.

Calambokidis, J., Steiger, G.H., Straley, J., Herman, L.M., Cerchio, S.,
Salden, D., Urbán R, J., Jacobsen, J.K., von Zeigesar, O., Balcomb,
K.C., Gabriele, C.M., Dahlheim, M.E., Uchida, S., Ellis, G.,
Miyamura, Y., Ladrón de Guevara P, P., Yamaguchi, M., Sato, F.,
Mizroch, S.A., Schlender, L., Rasmussen, K. and Barlow, J. In press.
Movements and population structure of humpback whales in the
North Pacific. Mar. Mammal Sci.

Cerchio, S. 1998. Estimates of humpback whale abundance off Kauai,
Hawaii, 1989 to 1993: evaluating biases associated with sampling

the Hawaiian Islands wintering assemblage. Mar. Ecol. Prog. Ser.
175:23-34.

Chittleborough, R.G. 1965. Dynamics of two populations of the
humpback whale, Megaptera novaeangliae (Borowski). Aust. J.
Mar. Freshwater Res. 16:33-128.

Clapham, P.J. and Mayo, C.A. 1987. Reproduction and recruitment of
individually identified humpback whales, Megaptera novaeangliae,
observed in Massachusetts Bay, 1979-1985. Can. J. Zool.
65(12):2853-63.

Clapham, P.J., Leatherwood, S., Szczepaniak, I. and Brownell Jr, R.L.
1997. Catches of humpback and other whales from shore stations at
Moss Landing and Trinidad, California, 1919-1926. Mar. Mammal
Sci. 13(3):368-94.

Dahlheim, M.E. 1994. Abundance and distribution of killer whales
(Orcinus orca) in Alaska, 1993. Annual Report to the MMPA
Assessment Program, Office of Protected Resources, NMFS,
NOAA, 1335 East-West Highway, Silver Spring, MD 20910. 28pp.
[Available from M. Dahlheim, e-mail: marilyn.
dahlheim@noaa.gov].

Dahlheim, M.E. and Waite, J.M. 1993. Abundance and distribution of
killer whales (Orcinus orca) in Alaska in 1992. Annual Marine
Mammal Assessment Program report to the Office of Protected
Resources, NMFS, Silver Spring, Maryland. 12pp. [Available from
M. Dahlheim, e-mail: marilyn.dahlheim@noaa.gov].

Darling, J.D. 1991. Humpback whales in Japanese waters, Fluke
whales (Megaptera novaeangliae). Can. J. Zool. 63:308-14.

Darling, J.D. and Cerchio, S. 1993. Movement of a humpback whale
(Megaptera novaeangliae) between Japan and Hawaii. Mar.
Mammal Sci. 9(1):84-9.

Darling, J.D. and Jurasz, C.M. 1983. Migratory destinations of North
Pacific humpback whales (Megaptera novaeangliae). pp. 359-68. In:
R. Payne (ed.) Communication and Behavior of Whales. AAAS
Selected Symposium 76. Westview Press, Colorado. xii+643pp.

Darling, J.D. and McSweeney, D.J. 1985. Observations on the
migrations of North Pacific humpback whales (Megaptera
novaeangliae). Can. J. Zool. 63:308-14.

Darling, J.D. and Mori, K. 1993. Recent observations of humpback
whales (Megaptera novaeangliae) in Japanese waters off Ogasawara
and Okinawa. Can. J. Zool. 71(2):325-33.

Darling, J.D. and Morowitz, H. 1986. Census of ‘Hawaiian’ humpback
whales (Megaptera novaeangliae) by individual identification. Can.
J. Zool. 64:105-11.

Darling, J.D., Calambokidis, J., Balcomb, K.C., Bloedel, P., Flynn, K.,
Mochizuki, A., Mori, K., Sato, F., Suganuma, H. and Yamaguchi, M.
1996. Movement of a humpback whale (Megaptera novaeangliae)
from Japan to British Colombia and return. Mar. Mammal Sci.
12(2):281-7.

Dawbin, W.H. 1966. The seasonal migratory cycle of humpback
whales. pp. 145-70. In: K.S. Norris (ed.) Whales, Dolphins, and
Porpoises. University of California Press, Berkeley and Los
Angeles. xv+789pp.

Dohl, T.P., Guess, R.C., Duman, M.L. and Helm, R.C. 1983. Cetaceans
of central and northern California, 1980-1983: status, abundance and
distribution. Investigator’s final report: marine mammal and seabird
study, central and northern California. Prepared for the Pacific OCS
Region Minerals Management Service 84-0045, US Dept. of the
Interior, Contract 14-12-0001-29090 (unpublished). 284pp.
[Available from: pacwebmaster@mms.gov].

Donovan, G.P. 1991. A review of IWC stock boundaries. Rep. int.
Whal. Commn (special issue) 13:39-68.

Doroshenko, N.V. 2000. Soviet catches of humpback whales
(Megaptera novaeangliae) in the North Pacific. pp. 48-95. In: A.V.
Yablokov and V.A. Zemsky (eds.) Soviet Whaling Data
(1949-1979). Center for Russian Environmental Policy, Moscow.
408pp.

Hammond, P.S. 1986. Estimating the size of naturally marked whale
populations using capture-recapture techniques. Rep. int. Whal.
Commn (special issue 8):253-82.

Helweg, D.A., Herman, L.M., Yamamoto, S. and Forestell, P.H. 1990.
Comparison of songs of humpback whales (Megaptera
novaeangliae) recorded in Japan, Hawaii, and Mexico during the
winter of 1989. Sci. Rep. Cetacean Res. 1:1-20.

Herman, L.M. 1979. Humpback whales in Hawaiian waters: a study in
historical ecology. Pac. Sci. 33(1):1-15.

Herman, L.M. and Antinoja, R.C. 1977. Humpback whales in the
Hawaiian breeding waters: population and pod characteristics. Sci.
Rep. Whales Res. Inst., Tokyo 29:59-85.

International Whaling Commission. 1990. Report of the Workshop on
Individual Recognition and the Estimation of Cetacean Population
Parameters, La Jolla, 1-4 May 1988. Rep. int. Whal. Commn (special
issue) 12:3-40.

J. CETACEAN RES. MANAGE. 2(2):101–110 109



Ivashin, M.V. and Rovnin, A.A. 1967. Some results of the Soviet whale
marking in the waters of the North Pacific. Norsk Hvalfangsttid.
56(6):123-35.

Katona, S., Baxter, B., Brazier, O., Kraus, S., Perkins, J. and
Whitehead, H. 1979. Identification of humpback whales by fluke
photographs. pp. 33-44. In: H.E. Winn and B.L. Olla (eds.) Behavior
of Marine Animals. Vol. 3. Cetaceans. Plenum Press, New York and
London. i-xix + 438pp.

Kellogg, R. 1928. What is known of the migration of some of the
whalebone whales. Annual Report of the Board of Regents,
Smithsonian Institution, Washington, D.C. pp. 467-94.

Ladrón de Guevara P, P., Urbàn-R, J., Salinas-Z, M., Jacobsen, J.,
Balcomb, K.C., Jaramillo-L, A., Claridge, D. and Aguayo-L, A.
1993. Relationships among winter aggregations of humpback
whales, Megaptera novaeangliae, in the Mexican Pacific. Abstract
presented to the XVII Reunion Internacional Para el Estudio de los
Mamiferos Marinos, La Paz, Baja California, Mexico. 4-7 May,
1993. [Abstract in both Spanish and English].

Mackintosh, N.A. 1942. The southern stocks of whalebone whales.
Discovery Rep. 22:197-300.

Matthews, L.H. 1937. The humpback whale, Megaptera nodosa.
Discovery Rep. 17:7-92.

Medrano-González, L., Aguayo L, A., Urbán-Ramirez, J. and Baker,
C.S. 1995. Diversity and distribution of mitochondrial DNA lineages
among humpback whales, Megaptera noveangliae in the Mexican
Pacific Ocean. Can. J. Zool. 73:1735-43.

Mizroch, S.A., Beard, J. and Lynde, M. 1990. Computer assisted
photo-identification of humpback whales. Rep. int. Whal. Commn
(special issue) 12:63-70.

National Marine Fisheries Service. 1991. Recovery plan for the
humpback whale (Megaptera novaengliae). Prepared by the
Humpback Whale Recovery Team for the National Marine Fisheries
Service, Silver Spring, Maryland. 105pp. [Available from:
http://www.nmfs.noaa.gov/prot_res/PDF_docs/humpbkrp.pdf].

Nishiwaki, M. 1959. Humpback whales in Ryukyuan waters. Sci. Rep.
Whales Res. Inst., Tokyo 14:49-87.

Nishiwaki, M. 1966. Distribution and migration of the larger cetaceans
in the North Pacific as shown by Japanese whaling results. pp.
171-91. In: K.S. Norris (ed.) Whales, Dolphins and Porpoises.
University of California, Berkeley and Los Angeles. xv+789pp.

Ohsumi, S. and Masaki, Y. 1975. Japanese whale marking in the North
Pacific, 1963-1972. Bull. Far Seas Fish. Res. Lab. 13:171-219.

Omura, H. and Ohsumi, S. 1964. A review of Japanese whale marking
in the North Pacific to the end of 1962, with some information on
marking in the Antarctic. Norsk Hvalfangsttid. 54(4):90-112.

Perry, A., Mobley, J.R., Baker, C.S. and Herman, L.M. 1988.
Humpback Whales of the Central and Eastern North Pacific: A
Catalog of Individual Identification Photographs. Sea Grant
Miscellaneous Report, UNITH-SEAGRANT-MR-88-02, Honolulu.
i-ix + 37pp + C1-158 + I1-38pp. [Available from University of
Hawaii Sea Grant College Program, 1000 Pope Road, MSB 200,
Honolulu, HI 96822].

Perry, A., Baker, C.S. and Herman, L.M. 1990. Population
characteristics of individually identified humpback whales in the
central and eastern North Pacific: a summary and critique. Rep. int.
Whal. Commn (special issue) 12:307-17.

Reeves, R.R., Leatherwood, S., Karl, S.A. and Yohe, E.R. 1985.
Whaling results at Akutan (1912-39) and Port Hobron (1926-37),
Alaska. Rep. int. Whal. Commn 35:441-57.

Rice, D.W. 1978. The humpback whale in the North Pacific:
distribution, exploitation, and numbers. In: K.S. Norris and R.
Reeves (eds.) Report on a Workshop on Problems Related to
Humpback Whales (Megaptera novaeangliae) in Hawaii. Report to
the Marine Mammal Commission, July 1977, Washington, DC.
21pp. [Available from NMML Library, http://nmml.
afsc.noaa.gov/library].

Salden, D.R., Herman, L.M., Yamaguchi, M. and Sato, F. 1999.
Multiple visits of individual humpback whales (Megaptera

novaeangliae) between the Hawaiian and Japanese winter grounds.
Can. J. Zool. 77:504-8.

Scammon, C.M. (ed.). 1874. The Marine Mammals of the
North-western Coast of North America, Described and Illustrated:
Together with an Account of the American Whale-fishery. John H.
Carmany and Co., San Francisco. x+319+vpp. [Reprinted in 1968 by
Dover Publications, Inc., New York].

Smith, T.D., Allen, J., Clapham, P.J., Hammond, P.S., Katona, S.,
Larsen, F., Lien, J., Mattila, D., Palsbøll, P.J., Sigurjónsson, J.,
Stevick, P.T. and Øien, N. 1999. An ocean-basin-wide
mark-recapture study of the North Atlantic humpback whale
(Megaptera novaeangliae). Mar. Mammal Sci. 15(1):1-32.

Steiger, G.H., Calambokidis, J., Sears, R., Balcomb, K.C. and Cubbage,
J.C. 1991. Movements of humpback whales between California and
Costa Rica. Mar. Mammal Sci. 7(3):306-10.

Straley, J.M. 1990. Fall and winter occurrence of humpback whales
(Megaptera novaeangliae) in southeastern Alaska. Rep. int. Whal.
Commn (special issue) 12:319-23.

Straley, J.M. 1994. Seasonal characteristics of humpback whales
(Megaptera novaeangliae) in southeastern Alaska. Thesis,
University of Alaska, Fairbanks. 121pp.

Straley, J.M., Gabriele, C.M. and Baker, C.S. 1995. Seasonal
characteristics of humpback whales (Megaptera novaeangliae) in
southeastern Alaska. pp. 229-37. In: D.R. Engstrom (ed.)
Proceedings of the Glacier Bay Science Symposium. National Park
Service, Anchorage, Alaska.

Tomilin, A.G. 1957. Zveri SSSR i Prilezhasfchikh Stran. Zveri
Vostochnoi Evropy i Severnoi Azii. Izdatel’stvo Akademi Nauk
SSSR, Moscow. 756pp. [Translated in 1967 as Mammals of the
USSR and Adjacent Countries. Mammals of Eastern Europe and
Adjacent Countries. Vol. IX. Cetacea by the Israel Program for
Scientific Translations, Jerusalem, 717pp.][In Russian.].

Townsend, C.H. 1935. The distribution of certain whales as shown by
logbook records of American whaleships. Zoologica (NY)
19(1-2):1-50+6 maps.

Urbán, J., Balcomb, K.C., Alvarez, C., Bloedel, P., Cubbage, J.C.,
Calambokidis, J., Steiger, G.H. and Aguayo, A. 1987.
Photo-identification matches of humpback whales (Megaptera
novaeangliae) between Mexico and central California. Abstracts of
the Seventh Biennial Conference on the Biology of Marine
Mammals, Miami, FL. [Available from author].

Urbán, J. and Aguayo, A. 1987. Spatial and seasonal distribution of the
humpback whale, Megaptera novaeangliae, in the Mexican Pacific.
Mar. Mammal Sci. 3(4):333-44.

Urbán, J., Aguayo, A., Salinas Z, M., Campos R, R., Balcomb, K.C.,
Jacobsen, J.K., Ladrón de Guevara P, P. and Alvarez F, C. 1989.
Abundance and interactions of the humpback whale, in the Mexican
breeding grounds. Abstracts of the 8th Biennial Conference on the
Biology of Marine Mammals, Monterey, CA, December, 1989.
[Available from author].

Urbán, J., Alvarez F, C., Salinas Z, M., Jacobsen, J., Balcomb, K.C.,
Jaramillo L, A., Ladrón de Guevara P, P. and Aguayo L, A. 1999.
Population size of the humpback whale, Megaptera novaeangliae, in
waters off the Pacific coast of Mexico. Fish. Bull. 97:1,107-024.

von Ziegesar, O. 1992. A catalogue of Prince William Sound humpback
whales identified by fluke photographs between the years 1977 and
1991. Unpublished report to the North Gulf Ocean Society, PO Box
15244, Homer, AK 99603. [Available from O. von Zeigesar, e-mail:
olga@xyz.net].

Waite, J.M., Dahlheim, M.E., Hobbs, R.C., Mizroch, S.A., von
Ziegesar-Matkin, O., Straley, J.M., Herman, L.M. and Jacobsen, J.K.
1999. Evidence of a feeding aggregation of humpback whales
(Megaptera novaeangliae) around Kodiak Island, Alaska. Mar.
Mammal Sci. 15(1):210-220.

Waples, R.S. 1991. Pacific salmon, Oncorhynchus spp., and the
definition of ‘species’ under the Endangered Species Act. Mar. Fish.
Rev. 53(3):11-22.

Zar, J.H. 1996. Biostatistical Analysis, 3rd Edition. Prentice-Hall, Inc.,
New Jersey. 662pp.

URBÁN R. et al.: MEXICAN PACIFIC HUMPBACK MIGRATIONS110


