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The Status of Endangered Whales: An Overview

Introduction

The Marine Mammal Protection
Act (MMPA) of 1972 is the principal
U.S. statute for conserving and pro-
tecting marine mammals. Under it,
the National Marine Fisheries Service
(NMFS) of the Department of Com-
merce’s National Oceanic and At-
mospheric Administration is responsi-
ble for research on and management
of all whales, dolphins, and porpoises
(collectively called cetaceans) within
the U.S. 200-mile Fishery Conserva-
tion Zone.

Of the 45 species of cetaceans
found in U.S. waters, eight are con-
sidered so depleted that the special
protection of the Endangered Species
Act (ESA) of 1973 is needed beyond
the MMPA. These eight, among the
world’s nine largest cetaceans, are col-
lectively called the “great whales.”
Listed as “endangered” under the
ESA, they include the gray whale,
Eschrichtius robustus (Lilljeborg,
1861); blue whale, Balaenoptera
musculus (Linnaeus, 1758); fin whale,
B. physalus (Linnaeus, 1758); sei
whale, B. borealis Lesson, 1828;
humpback whale, Megaptera
novaeangliae (Borowski, 1781); right
whale, Balaena glacialis (Muller,
1776); bowhead whale, B. mysticetus
Linnaeus, 1758; and sperm whale,
Physeter macrocephalus (Linnaeus,
1758)! (Fig. 1). The ninth great whale,
Bryde’s whale, Balaenoptera edeni, is
not listed as either endangered or
threatened.

Endangered Species Act

On 10 November 1978, the U.S.
Congress passed Public Law 95-632

IListed as Physeter catodon in the 1973 version
of the ESA.
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(Section 4(c)), amending the En-
dangered Species Act of 1973. One of
the changes required the Secretaries of
Commerce and Interior to review the
status and degree of endangerment of
all species listed in the Act at least
once each 5 years to determine
whether any listed species should be 1)
removed from the list, 2) changed
from “endangered” to “threatened,”
or 3) changed from “threatened” to
“endangered.”

In November 1982, the NMFS
began a status review of the 19 en-
dangered and threatened species
under its jurisdiction, including the
eight endangered great whales. The
papers in this special section of the
Marine Fisheries Review summarize
the status reviews of those eight
species and provide the biological
basis for any final management deci-
sions. Full NMFS status reviews will
be made available separately, and will
include management conclusions and
recommendations for any changes in
the listing of any species under the

ESA.
These eight papers thus review cur-

rent knowledge of distribution,
migration, stock identity, life history
and ecology, exploitation (principally
commercial whaling), population
abundance, and management con-
cerns of the endangered great whales.
We do not present a comprehensive
review of the literature, but rather
provide summaries of the most ac-
curate and current data. No new
analyses were conducted of popula-
tion trends. The coeditors sought to

Howard W. Braham is Director, National
Marine Mammal Laboratory, Northwest and
Alaska Fisheries Center, National Marine
Fisheries Service, NOAA, 7600 Sand Point Way
N.E., Bin C15700, Seattle, WA 98115.

assemble and publish these papers to
achieve the widest dissemination of
the information to the public and to
the scientific and academic com-
munities.

This introductory paper gives a
brief overview of the status review
process, summarizes estimates of
abundance and general status of
stocks, and acknowledges the help of
many individuals in conducting the
reviews and preparing the succeeding
eight papers.

Listing Factors

Under the Endangered Species Act
of 1973, a species is considered “en-
dangered” if it is in danger of extinc-
tion throughout all or a significant
portion of its range, as a result of any
one of the five factors specified in
Section 4(a)(1) (Table 1). A species is
considered “threatened” if it is likely
to become endangered in the fore-
seeable future due to any of those
same factors.

Historically, most of the great
whales qualified as “endangered” as a
result of overexploitation during com-
mercial whaling (listing factor number
2). The results of that exploitation,
reflected in the change from initial

Table 1.—Factors for listing a species as “threatened” or
“endangered” under the Endangered Species Act of 1973
(Section 4(af1XA-E), 1982 amendment). Only one listing
factor need apply to list a species in either category.

Factors

1. The present or threatened destruction, modification,
or curtailment of its habitat or range.

2. Overutilization for commercial, recreational, scien-

tific, or educational purposes.

Disease or predation.

The inadequacy of existing regulatory mechanisms.

Other natural or manmade factors affecting its con-

tinued existence.

o s
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Bowhead whale

Sei whale

Sperm whale

- Figure 1.—The eight endangered great whales.
Gray whale
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Table 2.—Initial (precommercial whaling) and current population size estimates of large whales currently listed as “endangered” under the ESA. Stock or regional group estimates are

those ized in the foll

1g eight papers in this special section of the Marine Fisheries Review 46(4):7-64 (n.e. = no published estimate).

Population sizes

Approximate

Approximate

Species, stocks, percent of Species, stocks, Pobulation:sizes percent of
or reporting area(s) Initial Current initial or reporting area(s) Initial Current initial

Gray whale Humpback whale
Eastern North Pacific 15,000-20,000 13,450-19,210 Recovered E. North Atlantic ne. n.e. ne.
Western North Pacific ne n.e. n.e. W. North Atlantic >4,400 5,257-6,289 Recovered?

Northern Indian Ocean ne. n.e. n.e.

Blue whale North Pacific 15,000 < 1,200 8%
North Atlantic 1,100-1,500 6-9% Southern Hemisphere 100,000 2,500-3,000 2-3%
North Pacific 4,900 1,400-1,900 29-39%

North Indian Ocean ne. n.e.
gn:)arctic‘ | 150,000-210,000 1,000-8,000 <1-5% Boghéfeirﬁgi'de,
ubantarctic Indian Spitsbergen 25,000 ne. <1%2?
Ocean’ 10,000 5,000 50% Davis Strait 11,000 net <5%?7
= Hudson Bay 680 ne? ne.

Fin whale 7 o
North Norway Several thousand ne. g}?g%ggi':k 1:’2(20 3'61n7:;125 20153//;
West Norway/Faeroe Isl. > 2,700 ne.s 10%? = R e
Spain, Portugal, .

British Isles >5,000 ne. ne. Right whale®
Denmark Strait ne. 1,791-11,584 ne. North Atlantic nie. nie:* n.e.
W. North Atlantic ne. 3,590-6,300 ne. North Fagifig 0e: nes n.e.
North Pacific 42,000-45,000 14,620-18,630 32-44% Southem Hemisphere n:e. 3,0007 n.e.
Antarctic? 400,000 85,200 21%
Sperm whale’

Sei whale North Atlantic 166,000 99,500 60%
North Atlantic n.e. 4,957 n.e. Eastern North Pacific 311,000 274,000 88%
North Pacific 45,000 22,000-37,000 49-82% Western North Pacific 309,400 198,100 64%
Southern Hemisphere? >63,100-64,400 >9,800-11,760 15-19% Southern Hemisphere 590,600 410,700 70%

‘Thought to be nearing extinction or extremely low.

*Six stock units or areas of all oceans in the Southern Hemisphere. For population estimates and status see Masaki and Yamamura (1978), Gulland (1981), and Butterworth (In press).

*Pygmy blue whales.
*Perhaps in the low hundreds.
*Pehaps 6,500-10,000.

“Stocks are reported here by general area only. See Braham and Rice (1984) for stock boundaries.
’Exploitable population size, and includes males and females (from Tables 4-6 in Gosho et al., 1984); all estimates of initial and current abundance are considered provisional. No

estimates are available for the number of immature animals.

(precommercial whaling) population
size to current population size are
presented in Table 2 for each species.

Listing a species in the ESA is
based on the best available scientific
data. In the absence of specific data,
such as population growth rate, abun-
dance, or known affect on these
parameters, other potentially limiting
factors to recovery (e.g., habitat
destruction, disease, and predation),
provided broad coverage for protec-
tion under the Act.

A discussion of the criteria used for
listing certain species as endangered is
not the intent of this paper. Con-
siderable thought has gone into this
for noncetacean species (e.g., Spar-
rowe and Wight, 1975; Landry et al.,
1979; Anonymous, 1983). However,
understanding the general nature and
criteria of endangerment is important
when evaluating the listing factors for
reclassification (as required by Section
4(c)). This necessitates knowing
whether the species or population is
declining or nearing extinction, and
whether the quantity and quality of its
habitat is declining as well (Anony-

mous, 1983). These and other popula-
tion attributes are central to determin-
ing current status, vulnerability, and
recovery potential (Sparrowe and
Wight, 1975). For certain manage-
ment goals, it may also be important
to consider regional uniqueness and
sociological and ecological factors as
well (Landry et al., 1979).

Endangered Great Whales

Seven of the endangered cetaceans
are baleen whales, which filter their
food between fringed baleen plates ar-
ranged in a row along each side of the
palate. The eighth is the sperm whale,
largest of the odontocetes, or toothed
whales.

By any standards, the great whales
are enormous (Fig. 1). The blue whale
is the largest animal known to have
lived on earth, some reaching lengths
of 98 feet (about 30 m) or more.
Reports of blue whales well in excess
of 100 feet have not been adequately
documented in the literature and may
be exaggerated.

It is because of their great size and
the large volume of commercial grade

oil in the blubber, the valued baleen
or whale bone (in some species), and
their predictable seasonal occurrence,
that these great whales fell victim to
commercial whalers. As a result, the
populations of these species were
severely reduced in most of the
world’s oceans within the past 200
years. Most stocks were reduced so
fast as to be commercially un-
profitable within a few decades of
fishing.

Although few reliable data exist on
the sizes of most stocks at the low
point of their fisheries, a comparison
of current population size estimates to
available estimates just prior to com-
mercial whaling is instructive,
especially when considering whether a
species or stock fits the criteria for
listing under the ESA. But in review-
ing the abundance estimates and
general status of stocks, I caution the
reader to remember that many stock
estimates are fraught with sampling
and statistical biases which may cause
over- or underestimation of the true
value. I therefore recommend reading
the following papers and the literature

Marine Fisheries Review



for a more in-depth appreciation of
the estimates currently in use.

Status of Stocks:
Population Abundance

Frequent reference is made in the
following papers to certain terms,
perhaps new to the reader, such as
“stock” or “population.” Generally
speaking, populations are geograph-
ically isolated breeding units, i.e., two
populations of the same species, one
in the North Atlantic Ocean and the
other in the North Pacific Ocean. A
stock is a geographic subdivision of a
larger population, and is usually
thought of as having some special at-
tribute which sets it apart from others
of its kind or is also geographically
separated, but not necessarily
isolated. For example, a local group,
or “stock,” may be harvested at one
time of the year, such as on its sum-
mer feeding ground, but on the winter
breeding grounds animals in this
group may intermingle with others of
the same species. Humpback whales
in the North Atlantic, for example,
summer in a number of separate
“stock” areas, but most winter
together in the West Indies. Another
definition of stock also includes the
attributes of isolation, in which
regional groups are apparently
isolated from one another year-
round, but may reside nearby. An ex-
ample of this is the geographic separa-
tion of the Sea of Okhotsk and
western Arctic bowhead whales.
Among the eight endangered great
whales, there are many stocks (Table
2 does not list all the stocks separate-
ly). No species is so isolated as to be
represented by only one stock or
population and there are the usual
disagreements among scientists about
certain stock designations or bound-

aries. )
The Endangered Species Act

specifically concerns itself with the
continued existence of species. How-
ever, it has become convenient, and
certainly practical, to evaluate the
status of populations or stocks of
whales, rather than just the species.
This is because more information is
often available for isolated groups

46(4), 1984

The late Jim Johnson uses a crossbow to affix a plastic streamer-tag to a gray
whale in Laguna Ojo de Liebre in Baja California. Photo by C. Goebel.

than for either entire populations or
the species itself. This imbalance of
knowledge has, by necessity, led us
into a stratified decision-making pro-
cess wherein possibly no conclusion
could be reached on a species (e.g., if
deciding whether to reclassify) but a
subdivision of the species, i.e., a
population or stock, might be reclassi-
fied. The net effect could then be to
have an “endangered” species with
one or more stocks recovered.

On the basis of population abun-
dance, as one criterion, a species (or
stock) might be considered depleted if
its population size is below the lower
bound of the optimum sustainable
population size (operationally con-
sidered by some to be the maximum
sustainable yield level), currently de-
fined (e.g., Tillman and Chapman,
1981) as that level yielding maximum
net productivity which occurs at or
above 60 percent of initial population
size. Although reliable quantitative
data are not available for all species, a
large number of stocks or species can
be considered “endangered” if one
chooses to use this criterion (Table
2).2

Based on population size alone,
most stocks of large whales clearly fall
within the definition of “endangered,”
as defined in the ESA on the basis of
the listing factors in Table 1. The
great whales were listed as endangered

2“Depleted” was likely the concept applied to the
term “endangered” in 1973. I use the concept of
“degree of endangerment” as percent depleted,
or current vs. initial stock size.

as a result of commercial exploitation,
as discussed in this volume on a
species-by-species basis, or using
other criteria in the original documen-
tation published in 1973 (Sec. 15
U.S.C. 1531). These listings were
made despite a relatively sparse data
base. The purpose of this paper,
however, is not to evaluate and
recommend whether each species re-
main classified as endangered, nor
whether certain stocks should be
reclassified, although some implica-
tions of this are presented in the
following discussion.

Discussion

From data presented in the follow-
ing eight papers, and summarized in
Table 2, an estimate of the approx-
imate percent of current to initial
population size for some great whale
stocks is made. In Table 3 an evalua-
tion is made of the possible level of
recovery for each stock or species’
group.

Only the eastern North Pacific gray
whale and perhaps the western North
Atlantic humpback whale may have
recovered to a population level similar
to what it was prior to commercial
whaling. On the basis of population
size alone, these two stocks plus most
sperm whale stocks seem likely can-
didates for reclassification.

However, population size is not the
only criteria to be considered in
deciding whether a stock warrants
continued protection under the ESA.
And, some doubts exist about the ac-
curacy or completeness of data used



to estimate initial stock sizes, especial-
ly for humpback and sperm whales
(Table 2). In the case of the gray
whale, serious consideration must be
given to coastal habitat protection as
human activities increase. In addition,
about 170-190 gray whales from this
stock are killed each year by the
Soviet Union, and usually less than 5
are killed annually by Alaska
Eskimos.

Western North Atlantic humpback
whales, as well, are subject to a small
annual subsistence harvest in west
Greenland and Bequia (Lesser An-
tilles), and several are entangled each
year in fishing gear along the east
coast of the United States and
Canada. Sperm whales appear to be
abundant relative to their presumed
initial population sizes (when com-

Table 3.—A generalized evaluation of the possi-
ble y of end: d whales by k(s) or
regional groupings.

Status

Perhaps recovered'
Eastern North Pacific gray whale
Western North Atlantic humpback whale

Status uncertain?
North Pacific sei whale
North Atlantic sperm whale(s)
North Pacific sperm whale(s)
Southern Hemisphere sperm whale

Depleted?®
All stocks of blue whales
Davis Strait bowhead whale
Sea of Okhotsk bowhead whale
Western Arctic bowhead whale
North Pacific humpback whale(s)
Southern Hemisphere humpback whale(s)
Antarctic fin whale
North Pacific fin whale
Western North Atlantic fin whale
Western Norway/Faeroe Islands fin whale
Southern Hemisphere right whale(s)
Southern Hemisphere sei whale(s)

Nearing extinction
East Greenland-Spitsbergen bowhead whale
Western North Pacific gray whale
North Pacific right whale(s)

Insufficient data for judgement
Hudson Bay bowhead whale
Denmark Strait fin whale
North Norway fin whale
Spain-Portugal-British Isles fin whale
Eastern North Atlantic humpback whale
Northern Indian Ocean humpback whale
North Atlantic sei whale
North Atlantic right whale

'To estimated population size prior to commer-
cial whaling.

2Possibly above or near 60 percent of estimated
initial population size.

3Well below initial population size estimates, but
may include low populations which have shown
some increase (e.g., Southern Hemisphere right
whales and western Arctic bowhead whale).

pared with most stocks of baleen
whales reported in Tables 2 and 3).

Three stocks of great whales may
be nearing extinction: Western North
Pacific gray whale, east Greenland-
Spitsbergen bowhead whale, and
North Pacific right whale. Several re-
cent unpublished sightings of gray
whales in the western North Pacific
and Sea of Okhotsk, of 11 bowheads
off Frans Josef Land in the eastern
North Atlantic (Braham, 1984), and 2
right whales in the southeastern Ber-
ing Sea (Braham and Rice, 1984) sug-
gest that at least a few individuals re-
main. Unfortunately, there is little
direct evidence to indicate that these
stocks are either further declining or
recovering. The simplest explanation
for the increased sightings is increased
research.

Further consideration of the status
of stocks of all large whales awaits
renewed dedication to research on
sightings and, perhaps, stranding in-
formation.
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The Gray Whale,
Eschrichtius robustus

DALE W. RICE, ALLEN A. WOLMAN,
and HOWARD W. BRAHAM

Introduction

The gray whale, Eschrichtius
robustus (Lilljeborg, 1861), is readily
recognized by its mottled gray color
and lack of a dorsal fin. Instead of
this fin, it has a low hump, followed
by a series of 10 or 12 knobs along the
dorsal ridge of the tail stock; these are
easily seen when the animal arches to
dive. The adult gray whale is 36-50
feet long and weighs between 16 and
45 tons.

The gray whale is currently con-
fined to the North Pacific Ocean (Fig.
1). Because it uses coastal habitats ex-
tensively, the gray whale was especial-
ly vulnerable to shore-based whaling
operations. Two stocks occur in the
North Pacific: The “California” or

eastern stock which breeds along the
west coast of North America, and the
“Korean” or western stock which ap-
parently breeds off the coast of
eastern Asia (Rice and Wolman,

1971). Both stocks were severely
depleted by the early 1900’s. Under
legal protection, the eastern stock has
recovered substantially—one of the
few stocks of great whales to do so.
The western stock has not recovered.
The gray whale formerly occurred in
the North Atlantic (van Deinse and
Junge, 1937; Cederlund, 1939; Fraser,

The authors are with the National Marine
Mammal Laboratory, Northwest and Alaska
Fisheries Center, National Marine Fisheries
Service, NOAA, 7600 Sand Point Way N.E.,
Bin C15700, Seattle, WA 98115.

1970; Mitchell and Mead!), but has
been extinct there for several cen-
turies.

Distribution and Migration
Eastern North Pacific

Most of the California stock spends
the summer feeding, mostly in the
northern Bering and southern Chukchi
Seas (Pike, 1962; Rice and Wolman,

'Mitchell, E. D., and J. G. Mead.
1977. History of the gray whale in the Atlantic
Ocean. (Abstr.) In Proceedings of the 2nd
Conference on the Biology of Marine Mam-
mals, San Diego, California, 12-15 December
1977, p. 11. (Available from first author, Arctic
Biological Station, Department of Fisheries and
Oceans, 555 St. Pierre Blvd., Ste. Anne de
Bellevue, Quebec, H9X 3R4, Canada).

120°W

150° W

Figure 1.—Geographic distribution of the gray whale. Simple hatching indicates the summer feeding grounds.
Small dots indicate the migration routes. Stippling indicates the winter grounds. In the Atlantic, the gray whale has
been extinct for at least several hundred years; early historical records are indicated by large dots, subfossil finds by
triangles. Perhaps extinct is the population that formerly spent the winter in southern Japan (large dot).
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1971; Bogoslovskaya et al., 1981). An
unknown number of individuals sum-
mer along the west coast of North
America in apparently isolated loca-
tions south of Alaska from Vancouver
Island, Canada, as far south as Baja
California, Mexico (Patten and
Samaras, 1977; Sprague et al., 1978).
In the Beaufort Sea, sightings have
been made of small groups as far east
as long. 130°W during August (Rugh
and Fraker, 1981); in the East Siberian
Sea, gray whales were found along the
Siberian coast as far west as 174°08'E
in late September (Marquette et. al.,
1982).

In October and November, the
stock begins leaving the Chukchi Sea,
exiting the Bering Sea through Unimak
Pass, Alaska, mainly in November and
December (Rugh and Braham, 1979;
Braham, 1984; Rugh, 1984). The
whales migrate near shore along the
coast of North America from Alaska
all the way to central California (92
percent pass within 1.4 km of Cape
Sarichef, Unimak Pass, and 94 percent
pass within 1.6 km of the Monterey-
Point Sur area of central California).
After passing Point Conception,
Calif., the majority take a more direct
offshore route across the southern
California Bight to northern Baja
California. Southbound migrating
gray whales swim at about 7.7
km/hour, and thus travel about 185
km per day (Pike, 1962).

Migrating gray whales are temporal-
ly segregated according to sex, age,
and reproductive status (Rice and
Wolman, 1971). During the southward
migration, the sequence of passage off
California is as follows: Females in late
pregnancy, followed by females that
have recently ovulated, adult males,
immature females, and then immature
males. The earliest southbound
migrants (mostly late-pregnant
females) usually travel singly, whereas
later migrants usually are in pods of
two or more. The mean pod size
through Unimak Pass is about two.

This stock winters mainly along the
west coast of Baja California. The
pregnant females assemble in certain
shallow, nearly landlocked lagoons
and bays where the calves are born
from early January to mid-February.

8

A newborn gray whale calf in Laguna Ojo de Liebre, Baja California, Mexico.
Each dimple on the snout and lower lip marks the site of a hair. Photo by D.

W. Rice.

The major calving areas are Laguna
Guerrero Negro (with 9 percent of the
calves), Laguna Ojo de Liebre (53 per-
cent), Laguna San Ignacio (11
percent), and Estero Soledad (12 per-
cent). Minor calving areas (each with
<6 percent) are San Juanico Bight,
Bahia Magdalena, Bahia Almejas, and
Bahia Santa Marina (Rice et al., 1981).
Calving rarely occurs during the south-
bound migration north of Baja
California (Rice and Wolman, 1971;
Sund, 1975). A few calves are also
born on the eastern side of the Gulf of
California at Yavaros, Sonora, and
Bahia Reforma, Sinaloa, Mexico
(Gilmore, 1960). Contrary to many
published statements, there is no
evidence that San Diego Bay, Calif.,
was ever a calving area (Henderson,
1972). Recent studies have revealed
that the vast majority of gray whales in
Baja California (other than cows with
calves) spend the winter outside the
lagoons in Bahia Sebastian Viscaino
and Bahia de Ballenas (Rice et al.?).
The northbound migration begins
in mid-February, and by April whales
begin showing up in the southern Ber-
ing Sea, which they enter through

2Rice, D. W., A. A. Wolman, and D. E.
Withrow. 1984. Distribution and numbers
of gray whales on their Baja California winter
grounds. Unpubl. manuscr. Natl. Mar.
Mammal Lab., Natl. Mar. Fish. Serv., NOAA,
7600 Sand Point Way N.E., Bin C15700, Seat-
tle, WA 98115.

Unimak Pass (Braham et al., 1977,
Braham, 1984). This migration is
completely coastal, at least to the east
central Bering Sea (Nunivak Island).
Most animals in Alaska travel within
1 km of the coast, especially in the
southeastern Bering Sea, and at least
some apparently feed during migra-
tion (Braham, 1984). During the
northward migration, the sequence is
as follows: Newly pregnant females,
followed by anestrous females, adult
males, and immature males and
females; cows with calves are the last
animals to leave the lagoons, and
most migrate after the other whales.
The peak of the migration passes
Point Piedras Blancas, Calif., about 1
May (Poole?).

Western North Pacific

The Korean stock formerly oc-
cupied the northern Sea of Okhotsk in
the summer, as far north as Penzhin-
skaya Bay, and south to Akademii
and Sakhalinskiy Gulfs on the west
and the Kikhchik River on the east.
Southbound whales migrated along
the coast of eastern Asia to winter

3Poole, M. M. 1981. The northward migra-
tion of the California gray whale, Eschrichtius
robustus, off the central California coast.
(Abstr.) In Proceedings of the 4th Biennial Con-
ference on the Biology of Marine Mammals,
December 14-18, 1981, San Franc., Calif., p.
96. (Available from author, Biology Depart-
ment, Sonoma State University, Rohnert Park,
CA 94928.
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Circular mud plume pattern produced by a feeding gray whale in the northern
Bering Sea. This behavior is believed to be associated with the whale returning
to the location it was just at to resume feeding. Photo by H. W. Braham.

calving grounds off the south coast of
Korea, passing Ulsan from late
November to late January. Until the
turn of this century, another migra-
tion route led down the eastern side of
Japan to winter grounds in the Seto
Inland Sea, Japan (Omura, 1974).
Nishiwaki and Kasuya (1970) and
Bowen (1974) hypothesized that three
recent records of gray whales in Japan
involved vagrants of the California
stock rather than being Korean stock
survivors. It is likely that any rem-
nants of the Korean stock are in such
low numbers (Brownell, 1977) as to be
below a critical population size suffi-
cient for recovery. This stock
therefore may be almost extinct.

Life History and Ecology
Feeding

Gray whales are predominantly
bottom feeders that apparently ingest
their food by suction (Ray and
Schevill, 1974); only rarely do they
feed in midwater or at the surface. On
their summer grounds in the shallow
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waters of the Chukchi and Bering
Seas, they feed primarily on benthic
gammaridean amphipods. Forty-
three species have been identified
from stomachs, but, depending on
area, one of seven species is usually
dominant (Pontoporeia femorata, P.
affinis, Anonyx nugax, Ampelisca
macrocephala, A. eschrichti,
Nototropis brueggeni, or N. ekmani).
In some areas polychaete worms are
their main food. Incidentally ingested
benthos include gastropods, asci-
dians, bivalves, priapulids, decapod
crustaceans, isopods, sipunculids,
hydrozoans, anthozoans, cumaceans,
holothurians, sponges, and fish (Am-
modytes sp.) (Zimushko and Len-
skaya, 1970; Bogoslovskaya et al.,
1981). Gray whales may play an im-
portant role in the rate of turnover of
the epibenthos on their summer
feeding grounds (Nerini and Oliver,
1983; Nerini, 1984).

Little if any food is consumed dur-
ing the southbound migration off the
U.S. continental coast, although rare-
ly small quantities of decapod nauplii

Aerial view of a feeding gray whale
surfacing in the northern Bering
Sea, near St. Lawrence Island,
Alaska. Note the heart-shaped blow
and the trailing mud plume caused
when the whale expells water and
debris out the side of its mouth
when surfacing after feeding on
organisms along the bottom of the
sea. Photo by H. W. Braham.



(Pachycheles rudis and ?Fabia sp.) are
eaten (Rice and Wolman, 1971).
There are reports that they do feed to
some extent just before (Sund, 1975)
and while on their winter grounds off
Baja California (Swartz and Jones,
1982) although the frequency of this
behavior is unknown. In the interval
between their southward and north-
ward migration past San Francisco,
the whales without calves lose from
0.21 percent to 0.37 percent of their
body weight per day. This weight
reduction is sufficient to account for
the estimated energy expenditure dur-
ing the winter. Blubber thickness and
oil yield also decrease during winter.
Apparent feeding has been observed
during the northbound migration
beginning in southeastern Alaska
(Braham, 1984), but again the fre-
quency and quantitative evidence
associated with energy expenditure
for this is unknown.

Reproduction

Females attain puberty at an
estimated mean age of 8 years (range,
5-11 years) and a mean body length of
about 11.7 m (see Rice and Wolman
(1971) for additional details on
reproduction).

Female gray whales normally come
into estrus biennially in late
November and early December. Most
individuals ovulate only once each
season, although whales failing to
conceive after their first ovulation
may experience a second estrous cycle
the same season. Multiple ovulations
are extremely rare. Mean ovulation
rates are 1.20 per breeding season for
nulliparous females and 0.96 per
breeding season (0.52 per year) for
parous females. There is little
evidence of postpartum ovulation or
of ovulation at any other time of the
year. However, increase in follicle size
following stillbirth or early loss of the
calf suggests that females might
ovulate following such an event.

Most conceptions occur within a
3-week period during southward
migration, with a peak about 5
December; a few occur as late as
January on the winter grounds. The
pregnancy rate is 0.86 per breeding
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season or 0.46 per year. The period of
gestation is about 13.5 months; fetal
growth accelerates during the last half
of pregnancy and decelerates just
before birth (Rice, 1983). During
southward migration, late pregnant
females (exclusive of their conceptus)
average 25-30 percent heavier than
other adult females. Most births occur
within a period of 5-6 weeks, with a
peak occurring about 27 January; ex-
treme recorded dates are 26 December
to 1 March (Swartz and Jones, 1983).

Lactation lasts an average of about
7 months, ending in August. Females
are usually in anestrus from August to
November or December. However,
females that fail to ovulate or con-
ceive during the winter are probably
in anestrus for the following 12
months.

Males attain puberty at an
estimated mean age of 8 years (range,
5-11 years) and a mean body length of
about 11.1 m. The average weight of
the testes of adult males during
southward migration in December
and January is 38 kg, and the mean
diameter of the seminiferous tubules
is 177um. During northward migra-
tion in February and March, mean
testes weight and tubule diameter are
22 kg and 148 um, respectively.
From July through October, the testes
average 23 kg. These differences sug-
gest a marked seasonal sexual cycle in
the male, with a peak of sperma-
togenetic activity in late autumn or
early winter.

Natural Mortality

No infectious diseases have been
reported in gray whales. Epizoites of
gray whales include the following
(percentage of occurrence in paren-
theses) (Rice and Wolman, 1971): The
barnacle Cryptolepas rhachianecti
(100) and the cyamids Cyamus scam-
moni (99.7), C. ceti (99.4), and C.
kessleri (98.1). Endoparasites include
the trematodes Lecithodesmus goliath
(0.6), Ogmogaster pentalineatus
(>22), and O. antarcticus (33); two
apparently undescribed species of the
cestode Priapocephalus, one in the
small intestine (30) and the other in
the large intestine (0.3); the nematode

Anisakis simplex (0.3); and two
acanthocephalans, Corynosoma sp.
(5.7) and Bolbosoma sp. (0.3). Ob-
vious pathogenic effects are produced
only by the liver fluke Lecithodesmus
goliath, but it is not known whether
this ever causes mortality.

The killer whale, Orcinus orca, ap-
pears to be the only predator on gray
whales. Evidence from necropsy of 39
gray whales that stranded on St.
Lawrence Island indicated that 16 had
been killed by killer whales (Fay et al.,
1978). The mortality rate from killer
whale attacks is unknown. However,
the frequency of tooth scars on gray
whale carcasses indicates that killer
whale attacks are often unsuccessful.

Moderate numbers of gray whale
calves strand in and near the nursery
lagoons (Swartz and Jones, 1983). A
few adults strand every year
throughout the range, but the number
seems low compared with the size of
the population. Rates of mortality
due to stranding cannot be calculated.

Total annual mortality estimates
for animals older than 8 years,
calculated from the age composition
as determined by ear-plug readings,
were 0.095 for females and 0.081 for
males; a similar estimate for sexually
mature females, based on ovarian
corpora counts, was 0.082 (Rice and
Wolman, 1971). These estimates are
probably biased upwards because the
population was increasing during the
1950’s and 1960’s when the data were
collected. Reilly (1981) estimated the
adult natural mortality rate at 0.056
and the juvenile mortality rate at
0.132 during that period. The sex
ratio is essentially equal throughout
life.

Exploitation and Population Size
History of Exploitation

Eskimos living on the shores of the
northern Bering Sea and the Chukchi
Sea have hunted whales for perhaps
several thousand years. In Alaska, the
catch is mostly of bowhead whales,
Balaena mysticetus, with very few
gray whales taken, usually less than
one per year (Marquette and Braham,
1982). However, on the Chukotka
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coast of the U.S.S.R. the catch has
been almost entirely gray whales.
Since 1969 gray whales have been
taken by the Soviet Government for
the Chukchi Eskimos using one
modern-style catcher boat (Ivashin
and Mineev, 1981). The total
aboriginal catch since 1967 has aver-
aged about 165 gray whales per year
(Table 1). The current catch limit set
by the International Whaling Com-
mission (IWC) is 179 per year.
Several Indian tribes on Vancouver
Island and in the State of Washington
traditionally hunted gray whales, but
have not done so since 1928. Indians
farther north along the coast of North

Table 1.—Catches of Califomia gray whales
by aboriginal whaling, 1948-82.

Year US.S.R.! Alaska? Total
1948 19 19
1949 26 26
1950 10 1 11
1951 12 1 13
1952 42 2 44
1953 37 1 38
1954 36 3 39
1955 59 59
1956 121 1 122
1957 95 il 96
1958 145 3 148
1959 187 6 193
1960 156 156
1961 207 1 208
1962 147 147
1963 178 1 179
1964 188 2 190
1965 175 1 176
1966 194 194
1967 125 125
1968 135 135
1969 139 1 140
1970 146 5 151
1971 150 3 153
1972 181 1 182
1973 173 173
1974 181 3 184
1975 171 171
1976 163 163
1977 186 1 187
1978 182 2 184
1979 178 4 182
1980 179 3 182
1981 135 0 135
1982 160 4 164

'Data from Ivashin and Mineev (1978) and
with addition of figures for 1978-82 from un-
published data of the All-Union Research In-
stitute of Marine Fisheries and Ocean-
ography (VNIRO), Moscow.

?Data from Marquette and Braham (1982):
and unpublished data of the National Marine
Mammal Laboratory. Actual values may be
low because the taking of gray whales is
often not reported.
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America also may have taken a few
gray whales (Mitchell, 1979).

From 1846 until about 1900,
American whalers exploited gray
whales mostly on their wintering
grounds, but also took a few in north-
ern waters during the summer. On the
basis of available historical records,
Henderson (1972) estimated that the
total catch from 1846 to 1874 was
about 8,100. During the peak of this
fishery from 1855 to 1865, the annual
catch averaged 474 whales. Catches
during the three winter seasons from
1883-84 to 1885-86 were 58, 68, and
41, respectively (Townsend, 1887).

Modern-style whaling began on the
west coast of North America in 1905.
A few gray whales were taken in the
winter off Baja California and
California, mostly between 1925 and
1929. Factory ships took an average
of 48 gray whales per year in the Ber-
ing Sea from 1933 to 1946 (Table 2),
after which commercial whaling for
gray whales was banned by the Inter-
national Convention for the Regula-
tion of Whaling.

Between 1959 and 1969, 316 gray
whales were killed under Special
Scientific Permits off California.
From 1966 to 1969 the combined
scientific and U.S.S.R. catches
averaged 221 per year.

Current and
Initial Stock Sizes

Scammon (1874) estimated that the
California gray whale population was
probably not over 30,000 in
1853-1856, and that by 1874 the
number did not exceed 8,000 or
10,000. After a careful analysis of the
historical data, however, Henderson
(1972) concluded that the population
did not exceed 15,000-20,000 prior to
the initiation of commercial exploita-
tion in 1846.

In 1885-86, Townsend (1887)
estimated that only 160 gray whales
migrated south past San Simeon,
Calif. Andrews (1914) wrote that “For
over 20 years [preceding 1910] the
species had been lost to science and
naturalists believe it to be extinct.”
Howell and Huey (1930) said it was

Table 2.—Catches of California gray whales by modem-style whaling, 1913-47'

Baja Bering and
Year California California ~ Washington Alaska?  Chukchi Seas® Total
1913 1 1
1914 19 19
1920 2 2
1921 1 1
1922 5 )
1924 1
1925 100 33 133
1926 41 1 42
1927 29 3 32
1928 9 1 2 12
1929 2 2
1933 2 2 4
1934 54 54
1935 34 34
1936 102 102
1937 14 14
1938 54 54
1939 29 29
1940 105 105
1941 57 57
1942 101 101
1943 99 9
1945 30 30

1947

'Data summarized from Rice and Wolman (1971), except that the figures for 1943, 1946,
and 1947 have been changed to agree with those in Kleinenberg and Makarova (1955).
2Gulf of Alaska (shore stations at Port Armstrong and Port Hobron).

‘Pelagic whaling.
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Figure 2.—Gray whale population trajectory based on an estimated
maximum population size of 24,000 prior to 1800 and an aboriginal take
through that time of 600 whales per year. Peaks and valleys relate to
periods of heavy exploitation and recovery from commercial whaling.
This modeling best fits the current population census of about

16,000 + 3,000 (from Reilly, 1981).

“ . .. doubtful whether more than a
few dozen individuals survive.”
However, K. W. Kenyon* says that he
commonly observed gray whales
migrating past La Jolla, Calif., during
the 1930’s.

Systematic shore counts of the
southward migration were initiated at
San Diego, Calif., in 1952-53, and
continued intermittently until 1976-77
(Gilmore, 1960; Rice, 1961). These
counts indicated a steadily increasing
population until 1959-60.

From 1967-68 to 1973-74, a shore
count was made every winter at
Yankee Point near Monterey, Calif.
where 90 percent of the whales pass
within 2 miles of shore and boat traf-
fic is at @ minimum. From 1974-75 to
1979-80 the count was made at
Granite Canyon, 4 miles south of
Yankee Point. A census of the
population leaving the summer
feeding grounds was made from 1977

to 1979 at Unimak Pass.
The 1977 estimate of the popula-

tion leaving the Bering Sea was 15,099
+ 2,341 (Rugh and Braham, 1979),
and for the 3 years 1977-79 Rugh
(1984) estimates 17,000. The popula-

4K. W. Kenyon, 11990 Lakeside Place N.E.,
Seattle, WA 98125. Pers. commun.
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tion size in 1979-80 off California was
estimated at 15,647 (95 percent con-
fidence interval of 13,450-19,201); the
rate of annual net increase (less the
1.2 percent harvest mortality) during
the preceding 13 years was 2.5 per-
cent, with a standard error of 0.96
(Reilly et al., 1980; Reilly, 1981; Reilly
et al., 1983). This indicates that the
eastern North Pacific population has
recovered to, or now exceeds, its size
prior to commercial whaling.
Computer simulation models of the
gray whale population size from 1800
through 1980 were run by Reilly
(1981). Various forms of dynamic
response of vital parameters to
population density were used, as well
as various carrying capacity levels,
and various levels of prehistoric
aboriginal removal rate. The model
that produced a population trajectory
in best agreement with the census data
and historical evidence indicated that
the carrying capacity (or maximum
population size historically) may have
been 24,000, and that the population
had been reduced to below 12,000 by
the year 1800 as a result of aboriginal
takes which may have averaged 600
whales per year (Reilly, 1981). The
population trajectory generated by
this model for the period 1800 to the

present is shown in Figure 2. Results
of these assessments suggest that the
population has not increased to the
level that it would reach if there were
no current exploitation. The popula-
tion has recovered, however, to the
level (which was presumably stable)
that it was at before commercial whal-
ing began in the mid-19th century.
Reilly (1981) estimated the max-
imum sustainable yield (MSY) as 480
gray whales per year; however, in a
recent revision, he gave a new
estimate of 320 per year, which would
occur at a population size of 11,380
whales®. His revised model also
predicted that, under an annual take
of 180 whales per year, the population
would reach 19,000 by the year 2150
and continue rising slowly thereafter,
achieving stability at a level of 19,620.

Management

One potential threat to the Califor-
nia gray whale population may be in-
creasing industrial development and
vessel traffic in the calving lagoons
and in other vital habitats along the
migration route and on the feeding
grounds. In the recent past, con-
siderable harassment has been caused
by commercial cruise boats which
take people into the calving lagoons to
see the whales and by small pleasure
craft brought overland down the new
Baja California highway. Harassment
now may be under better control than
in the past. Under existing U.S. laws,
regulation and enforcement are being
defined and steps taken to control
vessels that interfere with gray whales
on their migration path. Between
1972 and 1979, the Mexican Govern-
ment designated three of the five ma-
jor calving lagoons in Baja California
as gray whale refuges (Reeves, 1977;
Swartz and Jones, 1982). These are
the lagoons visited by most of the
U.S. tour boats and private tourists.
The number of vessels allowed in the
lagoons at any one time is limited,

SReilly, S. B. 1984. Future trends in gray
whale population size. Unpubl. manuscr.
Southwest Fisheries Center, Natl. Mar. Fish.
Serv., NOAA, P.O. Box 271, La Jolla, CA
92038.
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and entry into certain areas is forbid-
den. Thousands of tourists and a
multimillion-dollar industry result

from these activities. )
Oil and gas exploration is con-

templated or under way on the con-
tinental shelf from California to the
Beaufort Sea, throughout the migra-
tion range of this species. Annually,
the gray whale population migrates by
or through at least eight oil lease areas
in U.S. waters alone. On the winter
calving grounds, exploratory areas in-
clude sites within and adjacent to
present calving and rearing areas,
such as the offshore waters of Viz-
caino Bay, where seismic exploration
for gas deposits took place during
spring 1981. The effects of oil pollu-
tion on the benthic organisms on
which these whales feed are unknown.
Little is known about what effects, if
any, other activities associated with
coastal development might have; cer-
tain man-made sounds cause migrat-
ing whales to deviate from their
course (Tyack et al. ¢).

Past industrial activities have
shown some impacts. For example, in
the calving lagoon of Guerrero
Negro, daily dredging and vessel traf-
fic caused the whales to abandon the
area from 1957 to 1967. The whales
did not return until 6 years after such
operations had ceased (Gard, 1974;
Bryant and Lafferty, 1980). Current
exploitation of phosphorus near the
calving lagoon of Magdalena Bay in
southern Baja California may be
cause for concern (Cordoba, 1981).
Because of the scarcity of suitable
isolated calving and nursery areas for
gray whales, and the whales’ specializ-
ed feeding habits, future coastal or
shallow-water development must be
well monitored to determine any ef-
fects on any critical stages of this
whales’ life cycle. For these reasons,
habitat protection of the coastal en-

§Tyack, P., C. Clark, and C. Malme. 1983.
Migrating gray whales alter their motion in
response to sounds associated with oil develop-
ment. (Abstr.) /n Proceedings of the Sth Bien-
nial Conference on the Biology of Marine
Mammals, November 27-December 1, 1983,
Boston, Mass., p. 104. (Available from first
author, Woods Hole Oceanogr. Inst., Woods
Hole, MA 02543.)
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A gray whale, raising its bafnaclencrused hed above the surface of Laguna

Ojo de Liebre in Baja California, reveals its paired blowholes. Photo by D. W.

Rice.

virons remains an important conser-
vation measure.
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The Blue Whale,

Balaenoptera musculus

SALLY A. MIZROCH, DALE W. RICE,
and JEFFREY M. BREIWICK

Introduction

The blue whale, Balaenoptera mus-
culus (Linnaeus, 1758), is not only the
largest of the whales, it is also the
largest living animal, and may range
in size to over 30 m (100 feet) and
weigh up to 160 metric tons (t)
(Mackintosh, 1942). Blue whales are
entirely bluish-gray in color, except
for the white undersides of the flip-

The authors are with the National Marine
Mammal Laboratory, Northwest and Alaska
Fisheries Center, National Marine Fisheries
Service, NOAA, 7600 Sand Point Way N.E.,
Bin C15700, Seattle, WA 98115.

pers. They are members of the family
Balaenopteridae, all of which have
fringed baleen plates rather than
teeth. Baleen whales graze through
swarms of small crustaceans known
as krill, and capture the krill in their
baleen as water is filtered through.
Like most balaenopterids, blue whales
exhibit no well defined social or
schooling structure, and in most of
their range they are generally solitary
or found in small groups (Tomilin,
1957).

Distribution and Migration

Blue whales are found in all oceans
and undertake extensive north-south

migrations each year, traveling from
winter grounds in low latitudes to
summer feeding grounds in the Arctic
or Antarctic high Ilatitudes. Since
most whaling occurred on the high-
latitude feeding grounds, the distribu-
tion of these whales in these areas is
fairly well known.

In Antarctic waters, for example,
blue whales and minke whales, Bal-
aenoptera acutorostrata, are found in
the coldest waters closest to the ice
edge, with fin, B. physalus, and sei
whales, B. borealis, distributed,
respectively, in somewhat lower
latitudes (Mackintosh, 1965). A
distinct subspecies called the pygmy
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Figure 1.—Geographical distribution of the blue whale. Simple hatching indicates the summer feeding grounds.

Stippling

and the distribution is, to a large extent, speculative.
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indicates distribution during autumn, winter, and spring; records are scarce during these seasons,
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A blue whale surfacmg in the North Atlantic off Spain reveals its mottled back and small step-like dorsal ﬁn Photo by S. MlZI'OCh

blue whale, B. m. brevicauda, in-
habits the southern Indian Ocean
south to lat. 55°S (Ichihara, 1966).

The Northern Hemisphere distribu-
tion of blue whales is not as clear-cut.
Jonsgard (1966) reports blue whales at
the edge of the pack ice in the North
Atlantic. Nishiwaki (1966), using
catch statistics, fixes the northern
limits in the North Pacific at the Aleu-
tian Islands, although Sleptsov (1961)
saw blue whales as far north as the
Chukchi Sea.

The winter distribution of blue
whales remains something of a
mystery. Since blue whales migrate to
and from winter grounds in the open
ocean, away from coastlines where
they may be observed, scientists have
yet to delineate these areas in either
the Northern or Southern Hemi-
spheres (Jonsgard, 1966; Mackintosh,
1966). Summer and assumed winter
distributions are shown in Figure 1.

Stock Identity

The stocks of blue whales can be
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grouped into four large geographic
regions: The North Pacific, North
Atlantic, northern Indian Ocean, and
Southern Hemisphere. Within these
large areas there are further stock
separations.

North Pacific

Blue whales have been hunted in
Japanese and Korean waters, off
Kamchatka, in the Aleutian Islands,
and in smaller numbers off California
and British Columbia, but very little is
known of movements and stock
boundaries of blue whales in the
North Pacific. They are found from
the Chukchi Sea south to the waters
off Taiwan and Costa Rica (Rice,
1978; Leatherwood, et al., 1982), but
there is no speculation as to stock
units in this broad area, and the Inter-
national Whaling Commission (IWC)
has not set specific boundaries.

North Atlantic

Blue whales have been hunted off
northern Norway, Svalbard (Spits-
bergen), Iceland, the British Isles

(primarily the Hebrides), and New-
foundland. The pattern of exploita-
tion generally was of high catches in
one location over a 10- to 15-year
period, followed by a sharp decline in
catches, after which time the industry
moved to another location and
repeated the pattern (Tgnnessen and
Johnsen, 1982). Jonsgdrd (1955) con-
cluded that these localized depletions
in blue whale stocks were a result of
excessive hunting, and assumed some
separation in stock units. No specific
studies have been conducted to test
this, however, and the IWC considers
the North Atlantic stock as one unit
for management purposes.

Northern Indian Ocean

Blue whales have been reported
year-round in the Gulf of Aden, Per-
sian Gulf, and Arabian Sea, eastward
across the Bay of Bengal to Burma
and the Strait of Malacca. Nothing is
known of the seasonal movements of
these animals. A temporarily stranded
female gave birth to a calf in Trin-
comalee Harbour, Sri Lanka, in
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December 1946. The blue whales in
this area probably constitute a
separate stock and have never been
hunted.

Southern Hemisphere

The main feeding areas in the
Antarctic were separated into five
(and later six) statistical areas by the
IWC. These areas were developed
based on distributions of humpback
whale, Megaptera novaeangliae
(Mackintosh, 1966), and may or may
not indicate stock differences in other
balaenopterids, such as blue whales.
Mark-recapture experiments are in-
conclusive, and although many
whales are recovered near where they
were marked, some are recovered one
or more areas away. Brown (1962)
hypothesized that blue and fin whales
disperse more on the feeding grounds
than do humpback whales, and con-
sequently there is overlap among
various breeding stocks. Since blue
whales, unlike humpbacks, have no
well defined breeding areas, it is im-
possible to delineate the Southern
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Hemisphere breeding stock units. For
management purposes, however, the
IWC considers the whales in each of
the IWC statistical areas to be sep-
arate stock units.

Life History and Ecology
Feeding

Most blue whales spend the sum-
mer in high latitudes and the cold cur-
rents on the eastern sides of the
oceans, where food production is
high. They often range offshore, but
less so than fin whales, and tend to be
nomadic. The blue whale is virtually
monophagous, and feeds almost ex-
clusively on euphausiids, or krill, that
congregate in dense shoals near the
surface —notably: FEuphausia super-
ba, E. crystallorophias, and E. vallen-
tini in the Antarctic; E. pacifica,
Thysanoessa inermis, T. longipes, and
T. spinifera in the North Pacific; and
Meganyctiphanes norvegica and T.
inermis in the North Atlantic
(Nemoto, 1959). The only exception

appears to be off the coast of Baja
California, where they have been seen
feeding on shoals of the pelagic red
crab, Pleuroncodes planipes (Rice,

1978).
Blue whales, like most other baleen
whales, migrate several thousand

miles toward equatorial waters in the
autumn. During the winter they fast
for several months, living off their fat
reserves.

Reproduction

The basic reproductive cycle of the
blue whale is biennial. Mating takes
place over a S-month period during
the winter. Females appear to be
seasonally monoestrous, but if they
fail to conceive, they may ovulate two
or three times during one estrous cy-
cle. The single calf, born after a gesta-
tion period of about 1 year, measures
about 7 m (23 feet) long. The calf is
weaned late the following summer
when it is about 7 months old and 16
m (53 feet) long. Both sexes attain
sexual maturity at an age 5-15 years.
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Natural Mortality

Important natural mortality factors
are unknown. The blue whale is rela-
tively free of ectoparasites and en-
doparasites (Rice, 1978). They do not
even harbor the stomach worms,
Anisakis sp., which are nearly ubig-
uitous in virtually all other cetacean
species; presumably this is because
blue whales do not eat fish, which are
the host of the infective stage of the
worms. Predation on blue whales by
killer whales, Orcinus orca, is rare.
Natural mortality rates have not been
established, but may be considered to
be similar to those of the fin whale —
about 4 percent per year in adults
(Allen, 1980).

Exploitation and Population Size
History of Exploitation

Large-scale exploitation of blue
whales did not begin until the in-
troduction of the explosive harpoon
and the steam-powered catcher boat
in Norway in 1864. This marked the
beginning of the modern phase of
whaling, in which whalers had the
tools to hunt the faster swimming, less
buoyant rorquals.

North Pacific

Although the Japanese did not
enter the era of modern whaling until
the turn of the century, they enjoyed
some success catching rorquals (most
likely other than blue whales) in
earlier times using a sophisticated net-
ting technique. Blue whale catches by
the Japanese, using modern techni-
ques, peaked in 1912 (236), declined
substantially the next year (58), in-
creased in 1914 (123), and declined
thereafter until they ceased entirely
when IWC regulations prohibited
their capture after 1965 (Tgnnessen
and Johnsen, 1982).

Modern whaling off the Pacific
coast of North America began in 1905
in Victoria, B.C., with a Norwegian
crew contracted by Canadian
businessmen. The early catches were
mostly humpback whales, but some
numbers of blue whales were also
taken. According to Tgnnessen and
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Johnsen (1982), the peak catch of
blue whales (239) in the northeastern
Pacific occurred off California in
1926. The catch of blue whales south
of the Aleutians averaged about 50 a
year until 1930. In these areas, as in
the North Atlantic, catches rose,
peaked, and declined in a fairly short
period. During the late 1950’s and ear-
ly 1960’s, Japan caught about 70 blue
whales per year near the Aleutians,
but by 1966 IWC regulations
prevented the capture of blue whales.

North Atlantic

When modern whaling began in the
North Atlantic, blue whales were the
preferred species due to their great
size. The first catches occurred off
northern Norway in the late 1860’s,
but by 1882 whalers were catching
more fin than blue whales,
presumably because of declines in
blue whale stocks (Committee for
Whaling Statistics, 1931). This pat-
tern was repeated as the industry ex-
panded to Iceland, the Faroe Islands,
Newfoundland, Svalbard (Spits-
bergen), and islands off the British
coasts. Catches of blue whales in each
of these areas were generally high the
first 5-10 years, after which catches of
fin whales predominated for a few
years, and then catches declined
altogether, and the industry would
move to another whaling ground.

In the peak years, catches of blue
whales numbered well over 300 per
year in the North Atlantic, but by the
post-World War 1 years, catches
began to average only 40-50 per year.
By 1952, catches fell to 15 or less per
year, and the capture of blue whales
in this area was banned entirely in
1960.

Southern Hemisphere

Whaling in the Southern Hemi-
sphere began in 1904, and early
catches were predominantly hump-
back whales. By 1913, however,
humpback whale catches had begun
to decline, and the blue and fin whale
catches began to increase. In 1925, the
first floating factory ship able to pro-
cess whales on board was introduced

in the Antarctic, enabling the industry
to process whales wherever they were
found. Since catcher boats were no
longer limited to operating near land
stations or moored factory ships, blue
whale catches, which had ranged
from about 2,000 to 6,000 per year
from 1914 through 1924, suddenly in-
creased from 12,734 in 1928-29 to
29,410 in 1930-31.

Although the scale was different,
the general pattern of exploitation in
the Antarctic was the same as
everywhere else. By 1936-37, only
14,304 blue whales were taken, and by
1937-38 the fin whale catch (28,009)
was nearly double the blue whale
catch (14,923) (Fig. 2). Afterward, the
blue whale catch declined steadily un-
til it ceased with the ban on blue
whale catches in 1967.

Current and Pre-exploitation
Stock Sizes

Gambell (1976) evaluated various
rough estimates of current and pre-
exploitation blue whale stock sizes
and presented the following sum-
marized figures:

Pre-exploita- Current

tion stock  stock
N. Atlantic 1,100-1,500 100
N. Pacific 4,900 1,600
(1,400-
1,900)
S. Hemisphere
Antarctic
blue 180,000
(150,000- 5,000
210,000)
pygmy blue 10,000 5,000
Management

There has been little new informa-
tion on blue whale abundance since
hunting ceased in 1967. While there
have been numerous sightings of blue
whales off Mexico (Baja California)
during the last several years, there are
little or no useful census data for
population assessment.

Blue whale populations have not
been assessed by the IWC since the
mid-1970’s. Estimates of the
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Figure 2. —Catch of blue, fin, and sei whales in the Antarctic, 1920-75 (from
the Bureau of International Whaling Statistics).

biological parameters of blue whales
are probably no longer current and
therefore may have little or no validity
at present. In addition, there are no
useful indices of abundance covering
the period since blue whale hunting
ceased in 1967. Although there are oc-
casional sightings of blue whales,
there have been no recent surveys to
assess the stocks. The few sightings in
the Southern Hemisphere indicate
that they are still at very low levels
relative to their estimated pre-
exploitation population size. Given
the relative scarcity of blue whales
based on opportunistic sightings, the
low population estimates relative to
their initial abundance, and the low
intrinsic rate of increase noted for this
and other baleen whale populations,
to date, there is no evidence that the
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blue whale stocks in the Southern
Hemisphere and North Pacific are
recovering. A local stock of blue
whales appears to be doing well in the
Gulf of St. Lawrence and is the object
of whale-watching trips.
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The Fin Whale,
Balaenoptera physalus

SALLY A. MIZROCH, DALE W. RICE,
and JEFFREY M. BREIWICK

Introduction

The fin whale, Balaenoptera
physalus (Linnaeus, 1758), is the sec-
ond largest of the whales in the family
Balaenopteridae, second only to the
blue whale, B. musculus. Fin whales
range in length up to 27 m (88 feet)
(Mackintosh, 1942), and are generally
gray above and white below. Like all
balaenopterids, they have fringed
baleen plates instead of teeth, and

The authors are with the National Marine
Mammal Laboratory, Northwest and Alaska
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vice, NOAA, 7600 Sand Point Way N.E., Bin
C15700, Seattle, WA 98115.

generally feed on swarms of small
crustaceans or fish, which are cap-
tured in their baleen as water is
filtered through. Fin whales do not
exhibit as well defined a social or
school structure as do toothed whales,
and are usually found solitary or in
small groups (Tomilin, 1957).

Distribution and Migration

The general migratory pattern of
fin whales, like most balaenopterids,
is a movement between poleward
feeding areas in the summer months
and lower latitudes in the winter
months. Northern and Southern
Hemisphere fin whale stocks are

thought to be reproductively isolated
from one another, as their migration
schedules are 6 months out of phase.
A chart of the general distribution is
given in Figure 1.

From observations made in the
Antarctic feeding areas during the
austral summer, it appears that there
is a progression of arrivals by species,
with fin whales arriving on the feeding
grounds after the blue whales, but
before the sei whales, B. borealis.
Within the fin whale population,
migration differs by sexual class, with
pregnant females arriving early and
leaving early (Mackintosh, 1965).
There is some evidence that immature

AN
o \\\\\\\'
,‘\\“ \\\\\‘\
A \‘l\ \
\ W

B Y S S5
/I/,’ 4 4

Figure 1. —Geographic distribution of the fin whale. Simple hatching indicates the summer feeding grounds.
Stippling indicates distribution during autumn, winter, and spring; records are scarce during these seasons, and the
distribution is to a large extent speculative.
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whales do not migrate into as high a
latitude as do the older whales
(Mackintosh, 1965).

Catch statistics indicate that in the
Antarctic, and presumably in the
Northern Hemisphere as well (Ceta-
cean and Turtle Assessment Pro-
gram!), fin whales are distributed
over a wider range of latitudes than
either the blue or sei whales. Fin
whales can be found from the ice edge
in Arctic and Antarctic waters to
lower latitudes of around 20° N and S
(Jonsgérd, 1966a; Mackintosh, 1966;
Leatherwood et al., 1982).

Because their migrations are con-
ducted in the open ocean rather than
along coastlines, it is difficult to track
fin whales from summer feeding areas
back to their winter grounds. Conse-
quently, we have scant knowledge of
the location of winter breeding
grounds.

Stock Identity

Because hunting occurs in feeding
rather than breeding areas, the stocks
described herein refer to feeding ag-
gregations rather than breeding
groups. There is a chance that whales
that summer on different feeding
grounds intermingle on the same
breeding grounds. However, given the
history of exploitation in the North
Atlantic (e.g., where the industry
moved from area to area after suc-
cessively overharvesting what ap-
peared to be localized populations),
there are indications that there is some
separation between the stocks found
on different feeding grounds
(Mackintosh, 1965; Jonsgérd, 1966b;
Mitchell, 1974; Gaskin, 1982; T@n-
nessen and Johnsen, 1982).

North Pacific

Although the International Whal-
ing Commission (IWC) considers the
North Pacific as one management

'Cetacean and Turtle Assessment Program.
1982. A characterization of marine mammals
and turtles in the middle and North Atlantic
areas of the U.S. outer continental shelf. Un-
publ. manuscr., 450 p. plus appendices.
Graduate School of Oceanography, Univ. R.1.,
Kingston, R1 02881. (Prep. for U.S. Dep. Inter.
Bur. Land Manage. under Contract AASSI-
CT8-48.)

46(4), 1984

unit, Fujino (1960) describes several
fin whale subpopulations in this
region. According to histological and
marking experiments, he has found
an eastern and western group that
may intermingle around the Aleutian
Islands, as well as an isolated stock in
the East China Sea. Fujino also sur-
mises, based on marking studies, that
the stock off British Columbia may be
isolated as well. Mark recoveries in-
dicate, however, that the animals that
winter off southern California range
from central California to the Gulf of
Alaska in summer, and an isolated
population may be resident in the
Gulf of California. There may well be
other subgroups, but there has been
little research directed to this ques-
tion.

North Atlantic

The International Whaling Com-
mission recognizes the following
stocks in the North Atlantic: North
Norway, West Norway and Faroe
Islands, Spain— Portugal — British
Isles, East Greenland —Iceland, West
Greenland, Newfoundland —Labra-
dor, and Nova Scotia. There is no
evidence that indicates mixing among

- o
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these stocks. For example, no whales
marked off north Norway have been
captured off Iceland (IWC, 1983).
However, no electrophoretic (or
other) studies have yet been presented
that would indicate whether these
stocks show genetic differences (Ar-
nason, 1981). In addition, Schmidly
(1981) speculates that there may be an
isolated stock in the northern Gulf of
Mexico.

Southern Hemisphere

The Antarctic has been divided by
the IWC into six (formerly five)
statistical areas. They are based (to
some degree) on humpback whale,
Megaptera novaeangliae, breeding
and feeding concentrations (Mackin-
tosh, 1942; 1966), but these areas also
apply somewhat to fin whale popula-
tions (Brown, 1962). Since the An-
tarctic harvests (and hence most
research) occurred on feeding grounds
rather than breeding grounds, catch
and mark-recapture data (Brown,
1962) tell us only of dispersal while
feeding. Evidence indicates that fin
(and blue) whales disperse more than
humpback whales while feeding; con-
sequently, different breeding groups
are likely to overlap in the various

Spain, reveals its prominent

dorsal fin which gives the species its name. Photo by S. Mizroch.



Head of a fin whale (lower jaw uppe
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rmost). The characteristic white plates on

the front half of the right baleen plate row are clearly visible. Source: Historical
Photography Collection, University of Washington Libraries.

areas (Mackintosh, 1942, 1966;
Brown, 1962). Breeding areas have
not yet been identified, so it is not
clear how closely the statistical areas
relate to breeding groups. For
management purposes, however, the
IWC considers each statistical area to
represent one stock unit.

Life History and Ecology
Feeding

During the summer, most fin
whales inhabit high latitudes and the
cold eastern boundary currents where
food production is high. They range
mostly offshore and tend to be
nomadic. They feed primarily on
species of euphausiids, or krill, that
congregate in dense shoals near the
surface —notably Euphausia superba
in the Antarctic; E. pacifica, Thy-
sanoessa inermis, T. longipes, T. spin-
ifera in the North Pacific; and Mega-
nyctiphanes norvegica and T. inermis
in the North Atlantic (Nemoto, 1959).
In the Northern Hemisphere, fin
whales often supplement their diet
with small schooling fishes such as
capelin, Mallotus villosus; anchovies,
Engraulis mordax; and herring,
Clupea harengus, and may even feed
exclusively on fish in some areas
(Jonsgdrd, 1966b; Mitchell, 1975;
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Kawamura, 1982).

In the autumn, fin whales migrate
several thousand miles toward
equatorial waters. They fast almost
completely for several months during
the winter, living off their fat stores.

Reproduction

The reproductive strategy of fin
whales is closely integrated and syn-
chronized with their annual feeding
cycle. Their basic reproductive cycle is
biennial, consisting of mating during
the winter, birth of the large single
precocial calf about a year later on the
winter grounds, and weaning of the
calf before the end of the following
summer on the feeding grounds
(Mackintosh and Wheeler, 1929;
Laws, 1961).

Conception occurs over a S-month
period during the winter. Females are
usually monestrous, but if they fail to
conceive, they may, in rare cases,
ovulate two or three times during one
estrous cycle. A postpartum estrus is
very rare. Mean length at birth is
about 6 m (20 feet). Calves are wean-
ed at an age of 7-11 months (Mackin-
tosh and Wheeler, 1929; Best, 1966)
when they have attained a mean body
length of about 12 m (40 feet). Both
male and female fin whales attain sex-
ual maturity between 5 and 15 years

of age (Lockyer, 1972). Mature
females bear a calf every 2 or 3 years.

Natural Mortality

Important natural mortality factors
are unknown. The fin whale is
relatively free of ectoparasites. Except
for kidney worms, Crassicauda sp.,
the few endoparasitic helminths that
infest the fin whale usually appear to
be nonpathogenic. Predation on adult
fin whales by killer whales, Orcinus
orca, is rare but may occur more
often in younger animals.

Natural mortality rates are difficult
to estimate, but appear to be about 4
percent/year in adults and perhaps
somewhat greater in immature
animals (Allen, 1980).

Exploitation and Population Size
History of Exploitation

Since fin whales, like most other
balaenopterids, are fast swimmers
and sink when killed, they were dif-
ficult for most whalers to catch, until
modern whaling techniques using the
explosive harpoon and the steam
powered catcher boat were introduced
in Norway in 1864. However, the
Japanese perfected a technique in the
mid-17th century in which whales
were netted, attached to a float, and
then hauled to shore for processing.
With this method they were able to
catch a number of fin and sei whales,
but on a much smaller scale than
possible with modern techniques
(Tgnnessen and Johnsen, 1982).

North Pacific

Although small numbers of fin
whales were taken by the Japanese
from around the middle of the 17th
century, large numbers were taken
only after modern whaling was intro-
duced to Japan at the start of the 20th
century. Catches of fin whales off
Japan peaked at 1,040 in 1914, and
then continued at levels ranging from
300 to 400/year until World War II.
After World War II, catches began to
decline, and ended entirely in 1975
when the IWC prohibited the capture
of fin whales in that area.

Annual catches in the North Pacific

Marine Fisheries Review



Ocean and Bering Sea ranged from
1,000 to 1,500 from the mid-1950’s to
the mid-1960’s, after which they de-
clined sharply and ended entirely in
1976, when catches were prohibited.
Catches of fin whales off the west
coast of North America occurred
mostly around California, British Co-
lumbia, and Alaska. Until 1955, most
whaling occurred off British Colum-
bia, after which catches off California
began to increase. All fin whale cat-
ches off the west coast of North
America had stopped by 1972.

North Atlantic

Modern whaling began off nor-
thern Norway in the late 1860’s and
spread to Iceland, the Faroe Islands,
Newfoundland, Svalbard (Spits-
bergen), and islands off the British
coasts. In the three northernmost
areas and the Hebrides, the initial
target species was the blue whale, but
as blue whale stocks were locally de-
pleted, fin whale catches began to in-
crease. In the other areas, fin whales
dominated from the start. Annual fin
whale catches fluctuated from around
300 to 1,300 from 1910 to 1970. By
then, most catches came from Ice-
land, Newfoundland, and Labrador.
In 1921, fin and sperm, Physeter
macrocephalus, whaling began off the
coast of Spain and Portugal.
However, early catches were excessive
in this region, and by 1927 local
stocks had been depleted to a point of
commercial extinction. In the 1950’s,
fin whaling resumed off northwestern
Spain. By 1973, catches off the Cana-
dian coasts had stopped, and cur-
rently fin whales are taken only off
east and west Greenland, Iceland, and
Spain.

Southern Hemisphere

Modern whaling in the Southern
Hemisphere began in 1904, targetting
initially on the humpback whale. By
1913, however, catches of blue and
fin whales had overtaken humpback
whale catches. Annual catches of fin
whales ranged from around 2,000 to
5,000 from 1911 through 1924, but in-
creased substantially after 1925 due to
the introduction of the floating fac-

46(4), 1984

40000 -

30000 A

20000 A

Catch

10000

Figure 2. —Catch of fin, sei, and blue whales in the Antarctic, 1920-75 (from
the Bureau of International Whaling Statistics).

tory ship. While blue whale catches
declined in the late 1930’s, fin whale
catches rose to over 28,000 in 1937
(Fig. 2). As the whaling industry
developed again after World War II,
fin whale catches rose and averaged
around 25,000/year from 1953 to
1961. By 1962, catches began to
decline and the industry began con-
centrating on the sei whale. By 1974,
less than 1,000 fin whales were
caught, and by 1976 the IWC had
prohibited the capture of fin whales in
the Southern Hemisphere.

Current and Pre-exploitation
Stock Sizes

North Pacific

The North Pacific fin whale
population is estimated to have rang-
ed from 42,000-45,000 before whaling
began to 14,620-18,630 currently
(Ohsumi and Wada, 1974).

North Atlantic

Rorvik and Jonsgdrd (1981)
presented rough estimates of pre-
exploitation and current population
sizes of fin whales in the northeast
Atlantic (Table 1). Mitchell (1974)
presents some estimates of current
stock sizes in the northwest Atlantic,
ranging from around 3,590 to 6,300.

Southern Hemisphere

Estimates of current and pre-
exploitation population sizes of fin
whales by IWC statistical area in the
Antarctic (Table 2) are from Chap-
man (1976) and the Report of the
IWC Scientific Committee (IWC,
1979).

Table 1.—Pre-exploitation and current population sizes of
fin whales in the northeast Atlantic.

Population estimate

Area Pre-exploitation Current

Several ?
thousand

North Norway

Western Norway and

Faroe Islands >2,700 Low hundreds
Spain, Portugal, and

Scottish Islands > 5,000 2%
Denmark Strait ? 1,791-11,584

Table 2.—Esti of p P ion and current fin
whale population sizes by IWC statistical area in the
Antarctic.

Population estimate

Area Pre-exploitation Current
I (60-119°'W) 12,000 3,100
I (0-59'W) 124,000 19,400
Il (0-69°E) 152,000 38,800
IV (70-129'E) 60,000 8,400
V' (130°'E-170'W) 28,000 3,100
VI (120-169'W) 24,000 12,400
Total 400,000 85,200
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Management

Fin whales are currently taken only
in the North Atlantic. A small
aboriginal take is allowed in east
Greenland, and the IWC has also set
a quota for the west Greenland and
Spain-Portugal-British Isles stocks.
Research on stock estimation and
biological parameters has continued
on these and other North Atlantic
stocks such as the Canadian east coast
stock, which supported a fishery from
1965 to 1972.

Stocks of fin whales in the
Southern Hemisphere and the North
Pacific were classified as protected
stocks in the mid-1970’s. Additional
information on these stocks has come
mainly from sightings.

In the Southern Hemisphere and
North Pacific, fin whale stocks were
well below estimated pre-exploitation
levels at the time fin whaling ceased.
Recovery data for these stocks has
been scarce since whaling ceased in
the mid-1970’s. What little sighting in-
formation is available has been dif-
ficult to interpret. These stocks prob-
ably remain at much less than half
their pre-exploitation levels.

In the North Atlantic, pre-
exploitation levels of fin whale stocks
are poorly known. Most of the stocks
experienced episodic catch histories,
and only during the last 20 years have
the catch histories been well
documented and the biological and
catch-effort data necessary for stock
size estimation collected. Current
stock size estimates are available for
most of these stocks, although few of
them are very reliable. Current
research has concentrated on stock
estimation and biology of the Cana-
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dian east coast stocks, the Icelandic
stock, the west Greenland stock, and
Spain-Portugal-British Isles stock. A
major problem, addressed by several
vesearchers, is the degree of intermin-
gling between the various North
Atlantic stocks. Indeed, the question
is open as to whether or not there is
just one biological stock which occurs
as a patchy continuum.
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The Sei Whale,
Balaenoptera borealis

SALLY A. MIZROCH, DALE W. RICE,
and JEFFREY M. BREIWICK

Introduction balaenopterids have fringed baleen from high-latitude summer feeding

plates instead of teeth, and feed on grounds to lower latitude winter areas

The sei whale, Balaenoptera swarms of small zooplankton which (Fig. 1). Populations north and south

borealis Lesson, 1828, can range in they capture in their baleen as wateris  of the Equator are presumed to be

length up to 18.5 m (60 feet), which filtered through. Sei whales, like other  separate, as their migration schedules
makes it the third largest whale in the baleen whales, do not have a well- are 6 months out of phase.

family Balaenopteridae, following the  defined school or social structure, and Unlike most other balaenopterids,

blue, B. musculus, and fin, B. are generally found in small groups or sei whales tend to be restricted to

physalus, whales. Sei whales are gray as solitary individuals (Tomilin, more temperate waters, and conse-

with a variable white area extending 1957). quently are generally found within a
from the chin to the umbilicus. All the o S smaller range of latitudes. Although
Distribution and Migration . £ sei
The authors are with the National Marine there have been sporadic reports of sei
Mammal Laboratory, Northwest and Alaska Like most balaenopterids, sei whales close to the ice edge, this is
Fisheries Center, National Marine Fisheries :
Service, NOAA, 7600 Sand Point Way N.E.. whales are foun'd in all oceans and thought to be uncommon (Jonsgdrd,
Bin C15700, Seattle, WA 98115. migrate long distances north-south  1966).
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Figure 1.—Geographical distribution of the sei whale. Simple hatching indicates the summer feeding grounds.
Stippling indicates distribution during autumn, winter, and spring; records are scarce during these seasons,
and the distribution is to a large extent speculative.
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In the North Pacific, sei whales
winter in waters from lat. 20°N to lat.
23°N, and summer from lat. 35°N to
40°N (with a few individuals found at
lat. 50°N) (Masaki, 1976). In the Ant-
arctic, the summer distribution (in-
ferred from catch statistics) is mainly
from lat. 40°S to 50°S, and the winter
distribution is as yet unknown. In the
North Atlantic, the northern (sum-
mer) limit is thought to be lat. 72°N,
although little is known of southern
(winter) distribution (Jonsgérd, 1966).

There is evidence of differential
migration by reproductive class, with
pregnant females leading waves of
migration both into and out of the
feeding grounds (Matthews, 1938;
Gambell, 1968). Pregnant females
also tend to be found in higher
latitudes (Masaki, 1976).
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A sei whale surfacing in Antarctic waters, showing the tall, sickle-shaped dorsal fin characteristic of this species.

Photo by G. Joyce.

Although sei whale feeding areas
are fairly well defined in all oceans,
the location of wintering areas re-
mains to a large degree a mystery,
since sei whales migrate in the open
ocean and are difficult to observe
from shore.

Stock Identity

Since most hunting (and hence
research, which is usually conducted
in association with whaling activities)
occurs on feeding rather than
breeding grounds, the groupings
observed are generally feeding rather
than breeding aggregations. The rela-
tionship of breeding groups to feeding
groups is poorly understood.

North Pacific

At one time the International

Whaling Commission (IWC) con-
sidered the whales in the North
Pacific as two stock units, but since
the capture of sei whales was pro-
hibited, the IWC considers only one
stock unit for management purposes.
Research indicates, however, that
there may be at least three stocks
found within this large area. Masaki
(1976; 1977) suggests boundaries west
of 175°W between 175°W and
155°W, and east of 155°W, based on
mark-recapture studies, catch
distribution, and differences in baleen
plate morphology.

North Atlantic

The IWC recognizes the following
stocks in the north Atlantic: Nova
Scotia, Iceland-Denmark Strait, and
northeast Atlantic. There is also an in-
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dication, inferred from catches, mark
recoveries, and migration patterns, of
a separation between the Nova Scotia
stock and the one off northeast New-
foundland and Labrador (Mitchell
and Chapman, 1977). Schmidly
(1981) speculates that a Gulf of Mex-
ico/Caribbean stock exists, but this is
questionable due to possible confu-
sion with Bryde’s whales,
Balaenoptera edeni (Leatherwood
and Reeves, 1983).

Southern Hemisphere

By convention, sei whales are con-
sidered to belong to six separate
stocks in the Antarctic, based on the
six IWC statistical areas developed us-
ing blue, fin, and humpback whale,
Megaptera novaeangliae, data
(Brown, 1962; Mackintosh, 1966).
Mark-recovery data indicate links be-
tween sei whales in various areas, €.g.,
the Brazilian coast and the western
half of Area II; the Natal coast of
South Africa with the eastern half of
Area III and the western half of Area
IV; and the western and southeastern
Australian coasts and Area IV (IWC,
1977). Other than this information,
we know nothing of potential
breeding areas in the Southern
Hemisphere, and therefore cannot
delineate breeding stocks. Conse-
quently, sei whales are managed
separately by IWC area.

Life History and Ecology
Feeding

During the summer, sei whales in-
habit much the same range as fin
whales in the higher latitudes and the
cold currents on the eastern sides of
the oceans, where food production is
high. In general they range even far-
ther offshore than fin whales, and
tend to be nomadic. Sei whales
specialize on copepods when available
(mainly Calanus tonsus, C.
simillimus, and Drepanopus pec-
tinatus in the Antarctic; C. cristatus,
C. plumchrus, and C. pacificus in the
North Pacific; C. finmarchicus in the
North Atlantic) (Nemoto, 1959;
Kawamura, 1973, 1974). They are
more euryphagous than fin whales,
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however, and if copepods are absent,
they feed on euphausiids, or krill, that
congregate in dense shoals near the
surface —notably Euphausia superba
and E. vallentini in the Antarctic; E.
pacifica, Thysanoessa inermis, T.
longipes, and T. spinifera in the
North Pacific; and Meganyctiphanes
norvegica and T. inermis in the North
Atlantic. In some parts of the Nor-
thern Hemisphere, they also feed ex-
tensively on small schooling fishes
such as anchovies, Engraulis mordax;
sauries, Cololabis saira; and jack
mackerel, Trachurus symmetricus.

In autumn, sei whales migrate
several thousand miles toward
equatorial waters. During the winter
they eat very little or fast for several
months, living off their fat reserves
(Mackintosh, 1965).

Reproduction

The reproductive strategy of sei
whales is similar to that of most other
balaenopterid whales. The mating
season covers about 5 months during
the winter. Most females ovulate only
once, but if they do not conceive, they
may ovulate two or three times during
one season. The single calf is born
after a gestation period of about 1
year, when it is about 4.4 m (14.5 feet)
long. The calves are weaned on the
summer feeding grounds when they
are 6-9 months old, and have attained
alength of about 9.0 m (30 feet). Both
sexes attain sexual maturity between 5
and 15 years of age. Adult females
bear a calf every 2 or 3 years.
(Gambell, 1968; Masaki, 1976; Rice,
1977; Lockyer and Martin, 1983).

Natural Mortality

Important natural mortality factors
are unknown. The sei whale is usually
relatively free of ectoparasites, but is
very often heavily infected with en-
doparasitic helminths; presumably
this is because its diet is more catholic
than that of the fin or blue whale
(Rice, 1977). Some of these en-
doparasitic worms are frequently
pathogenic, affecting especially the
liver and kidneys. A disease of
unknown origin affects 7 percent of
the sei whales off California, and

causes them to shed their baleen
plates; this greatly impairs their
feeding ability. Predation on sei
whales by killer whales, Orcinus orca,
appears to be rare. Natural mortality
rates are difficult to estimate, but ap-
pear to be about 7.5 percent per year
in adults, perhaps somewhat greater
in immature animals (Allen, 1980).

Exploitation and Population Size
History of Exploitation

The earliest exploitation of sei
whales likely occurred in waters off
northern Japan, starting around the
middle of the 17th century. The
Japanese method of capturing the
nonbuoyant, fast-swimming rorquals
(including sei, fin, and humpback
whales) involved netting the animal
before killing it, and then towing it to
shore for processing for human con-
sumption. Until the introduction of
modern whaling in Norway in 1864,
the Japanese were the only whaling
nation that could effectively capture
rorquals (Tgnnessen and Johnsen,
1982).

North Pacific

Since modern whaling was intro-
duced in Japan at the beginning of the
20th century, the sei whale has ac-
counted for a large proportion of the
total whale catch in Japanese waters.
Catches ranged from about 300 to 600
per year from 1911 through 1955, and
rose to 1,340 in 1959, remaining at
high levels until a large drop in 1971.
Sei whales off Japan were protected
after 1975. Catches of sei whales by
Japanese and Soviet fleets in the
North Pacific and Bering Sea jumped
from 260 in 1962 to over 4,500 in 1968
and 1969, after which catches declined
rapidly. Whaling ceased after 1975
when this stock of sei whales was pro-
tected.

Except for harvests off British Co-
lumbia in the late 1950’s through the
mid-1960’s, sei whale catches off the
coasts of North America were fairly
insignificant compared to fin and
humpback whale catches. Catches in
this region rose from 39 in 1958 to
over 600 in 1964 and 1965, after
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Figure 2. —Catch of sei, fin, and blue whales in the Antarctic, 1920-75 (from

the Bureau of International Whaling Statistics).

which the catch dropped to 14 by
1968. Catch of sei whales in this
region stopped entirely after 1971.

North Atlantic

When modern whaling began in
Norway in the late 1800’s, blue whales
and then fin whales were the preferred
species, although a few sei whales
were taken late each season after the
larger rorquals had migrated out of
the area. As blue and fin whale stocks
declined, however, sei whale catches
gained in importance. In the early
years, most sei whale catches occurred
in waters off Norway and Iceland,
although substantial catches were
taken off Nova Scotia from 1967 to
1972. Currently, the Icelandic stock is
the only one harvested in the North
Atlantic.

Southern Hemisphere

Antarctic exploitation began in
1904, but in the early years whalers
preferred humpback, blue, and fin
whales. As stocks of these other
whales declined, catches of sei whales
began to increase, rising rapidly in the
late 1950’s and early 1960’s (Fig. 2).
Sei whale catches peaked at over
20,000 in 1964, declining rapidly to
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under 2,000 by 1976, and stopping en-
tirely after sei whales were protected
in 1977.

Current and Pre-exploitation
Stock Sizes

North Pacific

Ohsumi and Fukuda (1975)
estimated that the pre-expioitation
population of sei whales in the North
Pacific was about 45,000 whales, with
a current (1967) range of from 22,000
to 37,000.

North Atlantic

Mitchell (1974) estimated the cur-
rent (1966) population of sei whales to
be 1,856 off Nova Scotia and 828 in
the Labrador Sea. According to the
Cetacean and Turtle Assessment Pro-
gram!, there may be as many as 2,273
sei whales in U.S. Atlantic coastal
waters.

'Cetacean and Turtle Assessment Program.
1982. A characterization of marine mammals
and turtles in the mid- and north Atlantic areas
of the U.S. outer continental shelf. Unpubl.
manuscr., 450 p. Graduate School Oceanogr.,
Univ. Rhode Isl., Kingston, RI 02881. (Prep.
for U.S. Dep. Int., Bur. Land Manage. under
Contr. AA551-CT8-48.)

Southern Hemisphere

Estimates of early and current sei
whale population sizes (Table 1) were
reported at the IWC Special Meeting
on Southern Hemisphere Sei Whales
(IWC, 1980).

Management

Sei whales have been especially dif-
ficult to assess as evidenced by the
number of special meetings on South-
ern Hemisphere sei whales held by the
IWC since the early 1970’s. During
the 1960’s and early 1970’s, it was
thought that Southern Hemisphere sei
whales were at or near their unex-
ploited levels during the late 1950’s.
Later evidence suggested that sei

Table 1.—Estimates of early and cur-
rent sei whale population sizes by IWC
statistical area in the Antarctic.

Population est.

Area © 1930 1979
I 6,900 1,600
1
Il 22400 1,100-1,200
v 14,700 5,700
v 11,200-12,300 1,100-2,900
vi 7,9008,100  300-360
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whales were increasing prior to the
1950’s, and that they were at their
“initial” size early in this century.
However, this later evidence has also
been questioned so that the true situa-
tion is unclear. The basic indices of
abundance used to assess sei whales
have been sightings per unit of effort
and catch per unit of effort. Often,
these two indices have resulted in
substantially different estimates for
the same stock area. In the Southern
Hemisphere, sei whale catches peaked
during the mid-1960’s as preference
shifted from fin to sei whales and then
dropped to low levels during the
1970’s. In the North Pacific, there
have been no sei whale catches since
1976; Iceland, however, still takes
some sei whales in the North Atlantic.
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The Humpback Whale,

Megaptera novaeangliae

JAMES H. JOHNSON and ALLEN A. WOLMAN

Introduction

The humpback whale, Megaptera
novaeangliae (Borowski, 1781), is a
medium-sized baleen whale of the
Balaenopteridae family, which in-
cludes all the rorquals and is found in
all oceans of the world (Fig. 1). At
maturity, the humpback reaches a

The authors are with the National Marine
Mammal Laboratory, Northwest and Alaska
Fisheries Center, Nationai Marine Fisheries Ser-
vice, NOAA, 7600 Sand Point Way N.E., Bin
C15700, Seattle, WA 98115. The senior author
is deceased. Correspondence may be directed to
the junior author.

length of about 15.6 m (51 feet) and
weighs about 34 metric tons (t). The
body is relatively short and rotund
and is characterized by exceptionally
long flippers. The flippers, which are
one-fourth to one-third the total body
length, are knobbed on the anterior
edges. The span of its symmetrical
flukes is one-third the total body
length.

Although generally recognized by a
pear-shaped blow about 1.8 m (6 feet)
high, it is most specifically identified
as it breaches, displaying its unique
body contours. The whale may occa-
sionally leap clear of the water and

spin partially as it falls with a re-
sounding smack. Sometimes it rolls
on the surface, slapping the water
with its flukes or flippers. Occasional-
ly it holds one flipper in the air while
lying on one side or both.

The humpback has a rich, varied
vocabulary and a wide range through
the tonal scale. Its “song,” a long
series of varied phrases repeated in se-
quence over intervais of more than a
half hour, is varied slightly from year
to year, and may be identified in a
group over a number of years. Dif-
ferent stocks of whales have regional
“dialects.”
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rigure 1.—Geographical distribution of the humpback whale. Simpie hatching indicates the summer feeding

grounds. Stippling

not shown because they are poorly known.

indicates the winter grounds. Migration routes between summer and winter grounds are
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Like most species of baleen whales,
the humpback spends the summer on
high-latitude feeding grounds and
migrates long distances to low-
latitude winter grounds (Fig. 1) where
mating and calving take place. Since
the reproductive cycles of the Nor-
thern and Southern Hemisphere
stocks are 6 months out of phase,
whales from the two hemispheres do
not interbreed. The species is divided
into three reproductively and
geographically isolated populations,
one each in the North Pacific, the
North Atlantic, and the Southern
Ocean.

During the winter, the humpback is
mostly confined to shallow waters
along coasts and around oceanic
islands. This restriction further
divides each of the three major
populations into several largely
discrete breeding stocks which may
broadly overlap on their summer
grounds, except for the western North
Atlantic, where the situation is op-
posite. Its coastal habitat has made

the humpback whale one of the most
vulnerable species to modern whaling
methods. The history of humpback
whaling worldwide has been one of
repeated episodes of overexploitation
which result in depletion of the local
stocks.

Although humpbacks are now pro-
tected from commercial whaling by
the International Whaling Commis-
sion (IWC), the wintering grounds of
some stocks lie within the territorial
waters of nonmember nations. A few
animals are taken each year in
aboriginal hunting. Further, as a
coastal species they are increasingly
subject to nearshore pollution, boat
traffic, mineral and industrial
development, and other human activi-

ty.
Distribution and Migration

Humpback whales are found in all
seas between the Arctic and Antarctic,
with local changes in distribution ac-
cording to fairly distinct migration
patterns. The Northern and Southern

A humpback whale on its wintering grounds near Maui, Hawaii. Note the ex-
tremely long flippers. Photo by J. Hudnall.
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Hemisphere populations are regarded
as separate. They do not go into the
polar pack ice zones (Chittleborough,
1965; Dawbin, 1966).

The first documented information
on migratory movement of hump-
back whales came from recovery of
whales marked with discovery-type
marks. Migration information on
humpbacks and other cetaceans is
now coming from photographic iden-
tification techniques that use distinc-
tive scars, fin shapes, external
growths, and patterns of pigmenta-
tion (Glockner-Ferrari, 1982; Katona
et al., 1982; Payne, 1972; Bigg et al.!;
Jurasz and Jurasz?)

North Pacific

Humpback whales range widely
across the North Pacific during the
summer. On the Asian side they range
south to the Sanriku coast of Honshu
Island, Japan, and on the U.S. side
they range south to about Point Con-
ception, Calif. They range north
through most of the Bering Sea, and a
few enter the Chukchi Sea.

There are three major wintering
areas for humpbacks in the North
Pacific:

1) The Mexican stock ranges along
the west coast of Baja California,
chiefly from Isla Cedros south to
Cabo San Lucas, and around the cape
at least as far north as Isla San Jose in
the Gulf of California; along the
mainland coast from southern Sonora
to Jalisco; and around the far off-
shore Islas Revillagigedo (Rice?).

'Bigg, M. A., I. B. MacAskie, and G. Ellis.
1976. Abundance and movements of killer
whales off Vancouver Island with comments on
management. Unpubl. manuscr., 19 p. Arct.
Biol. Sta., Dep. Fish. Oceans, 555 St. Pierre
Blvd., Ste. Anne de Bellevue, Quebec, H9X
3L6, Can.

2Jurasz, C. M., and V. Jurasz. 1977.
Censusing of humpback whales, Megaptera
novaeangliae, by body characteristics.
(Abstr.) In Proceedings of the 2nd Conference
on the Biology of Marine Mammals, San Diego.
California, 12-15 December 1977, p. 54. (Avail.
from first author, Sea Search, P.O. Box 93,
Auke Bay, AK 99821.)

JRice, D. W 1966. Status of humpback
whales on their wintering grounds in the south-
eastern North Pacific. Unpubl. manusct., |1
p. Natl. Mar. Mammal Lab., Northwest Alaska
Fish. Cent., NMFS, NOAA, 7600 Sand Point
Way N.E., Seattle. WA 98115.
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2) The Hawaiian stock ranges
around all the main Hawaiian Islands
from Kauai to Hawaii (Wolman and
Jurasz, 1977; Baker and Herman,
1981).

3) The Asian stock ranges around
the Mariana Islands, the Bonin
Islands, the Ryukyu Islands, and
Taiwan (Nishiwaki, 1959; Townsend,
1935).

Recovery of discovery-type marks
prior to protection of humpbacks
from commercial whaling
demonstrated migratory movement in
the western North Pacific as follows
(Ivashin and Rovnin, 1967; Ohsumi
and Masaki, 1975):

Number of
Winter ground Summer ground recoveries
Ryukyu Islands E. Bering Sea 5
Ryukyu Islands S. of E. Aleutians 1
Bonin Islands N.E. Honshu 1
Bonin Islands E. Bering Sea 2

In the eastern North Pacific, a
number of linkages have been made
of individual whales between summer
feeding grounds and winter calving
and breeding grounds, based on
photograph matches (Baker et al.?).
The picture emerging appears to be
one of discrete regional feeding
grounds off Alaska, with thus far no
detectable exchange between regions,
but a general mixing together on the
winter grounds of animals from dif-
ferent feeding areas. In addition, a
small degree of yearly exchange be-
tween Hawaii and Baja California
winter grounds has been noted (Dar-
ling and Jurasz, 1983). While hump-
backs may range widely within a given
feeding region, e.g., southeast Alaska
(Baker et al.’), site fidelity is evidenc-

4Baker, C. S., L. M. Herman, B. G. Bays, and
W. F. Stifel. 1982. The impact of vessel traf-
fic on the behavior of humpback whales in
southeast Alaska. Unpubl. manuscr., 78
p. Kewalo Basin Mar. Mammal Lab., Univ.
Hawaii, 1129 Ala Moana, Honolulu, HI 96814.
Prep. for Nat. Mar. Mammal Lab., NMFS,
NOAA, Seattle, WA 98115, under Contr.
81-ABC-00114.

sBaker, C. S., L. M. Herman, B. G. Bays, and
G. B. Bauer. 1983. The impact of vessel
traffic on the behavior of humpback whales in
southeast Alaska: 1982 season. Unpubl.
manuscr., 81 p. Kewalo Basin Mar. Mammal
Lab., Univ. Hawaii, 1129 Ala Moana,
Honolulu, HI 96814. (Prep. for Natl. Mar.
Mammal Lab., NMFS, NOAA, Seattle, WA
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ed by individual whales that returned
to southeastern Alaska’s Glacier Bay
for at least 12 years (Jurasz and
Palmers9).

North Atlantic

In the eastern North Atlantic,
humpbacks are found in the summer
from Iceland, Scotland, Spitsbergen,
and Norway, to Novaya Zemlya in
the Barents Sea. These animals winter
as far south as the Cape Verde
Islands, off west Africa (Kellogg,
1929).

In the western North Atlantic, sum-
mer feeding grounds of humpbacks
are found in the Denmark Strait west
of Iceland, off southwestern Green-
land, southern Labrador, eastern
Newfoundland, in the Gulf of St.
Lawrence, and in the Gulf of
Maine/Nova Scotia.

During winter, humpbacks inhabit
the relatively shallow waters of islands
and offshore banks along the An-
tillean chain in the West Indies, with
large concentrations on Silver and
Navidad Banks, north of the
Dominican Republic, and along the
coast of Puerto Rico (Balcomb and
Nichols, 1982; Whitehead et al.,
1982).

As in the North Pacific, hump-
backs tend to return each year to the
same summer feeding grounds
(Katona et al., 1982; Mitchell, 1974;
Whitehead, 1982; Cetacean and Tur-
tle Assessment Program’; Perkins et
al.?). Recently, humpbacks from both
the Gulf of Maine and Newfoundland
have been found in the Gulf of St.
Lawrence (Whitehead?®). Also
analogous to North Pacific migratory

98115, under Contr. 81-ABC-00199.)

¢Jurasz, C. M., and V. Palmer. 1981. Cen-
susing and establishing age composition of
humpback whales, Megaptera novaeangliae,
employing photodocumentation in Glacier Bay
National Monument, laska. Unpubl.
manuscr., Sea Search, P.O. Box 93, Auke Bay,
AK 99821.

"Cetacean and Turtle Assessment Program.
1982. A characterization of marine mammals
and turtles in the mid- and North Atlantic areas
of the U.S. outer continental shelf. Unpubl.
manuscr., 450 p.  Graduate School Oceanogr.,
Univ. Rhode !sland, Kingston, RI 02881. (Prep.
for U.S. Dep. Inter., Bur. Land Manage.,
under Contr. AAS51-CT8-48.)

8Perkins, J. S., K. C. Balcomb, III, and

patterns, animals from feeding
grounds off New England, Canada,
west Greenland, and Iceland all inter-
mingle in winter on breeding/calving
grounds in the West Indies (Katona et
al., 1982; Martin et al.'?).

The only recent sightings in the
Gulf of Mexico are two in the north
central area in 1952 and 1957, and one
off Tampa Bay in 1962 (Schmidley,
1981).

Northern Indian Ocean

In the northern part of the Arabian
Sea, humpbacks in numbers from
tens to hundreds were reported by
Slijper et al. (1964) during both winter
and summer months. It is most likely
a separate stock.

Southern Hemisphere

In the Southern Hemisphere,
humpbacks concentrate every winter
in six distinct breeding grounds:
Along the tropical western sides of
each continent, to a lesser extent
along eastern coastlines, and around
island groups. In spring, the whales
move more or less directly south from
the breeding grounds, resulting in six
general feeding areas in the Antarctic.
Summer concentrations occur around
South Georgia and the South Shet-
land Islands, and south of the west
and east coasts of Africa, Australia,
and South America (Dawbin, 1966).
Reports of a number of mark recov-
eries (Brown, 1957; Dawbin, 1956,
1966) indicate that there is at least
some intermingling on the feeding
grounds of animals from different
breeding areas.

G. Nichols, Jr. 1983. West Greenland
humpbacks, update to 1983. (Abstr.) In Pro-
ceedings of the 3th Biennial Conference on the
Biology of Marine Mammal, November
27-December 1, 1983, Boston, Massachusetts,
p. 80. (Avail. from first author, Ocean Res.
Educ. Soc., 19 Harbor Loop. Gloucester, MA
01930.)

"H. Whitehead, Newfoundland Inst. for Cold
Ocean Science, Mem. Univ. Newfoundland, St.
John’s AIB 3X7. Pers. commun.

‘"Martin, A. R., S. Katona, D. Mattila, D.
Hembree, and T. Waters. 1984. Humpback
whales from eastern and western North Atlantic
feeding grounds share a common breeding area.
Unpubl. manusc. Avail. from S. Katona,
Coll. Atl., Bar Harbor, ME 04609.
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A group of eight humpback whales engage in coordinated feeding behavior in
Frederick Sound, southeastern Alaska. Photo by C. D’Vincent.

Life History and Ecology
Feeding

The diet of humpbacks in the
Northern Hemisphere consists of
both benthic and pelagic-layer
organisms of the coastal zone
(Tomilin, 1957). These include krill
(euphausiids), copepods and other
crustacean zooplankton; herring,
Clupeidae; sand lance, Ammodytes
sp.; capelin, Mallotus villosus,
juvenile salmonids, Oncorhynchus
spp.; Arctic cod, Boreogadus saida;
walleye pollock, Theragra
chalcogramma; pollock, Pollachius
virens; and pteropod and some
cephalopod mollusks. In the Ant-
arctic the diet is restricted almost ex-
clusively to krill (Nemoto, 1959;
Gaskin, 1972).

Humpback distributions are heavi-
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ly clumped in areas of food abun-
dance. On the Newfoundland coast,
for example, spawning capelin coin-
cide with the humpback migratory
return, while off New England and
west Greenland, sand lance and
capelin are the major prey items, with
krill and other plankton playing a
minor part (Kapel, 1979; Perkins et
al., footnote 7). In Alaskan waters,
the main prey appear to be krill, her-
ring, and capelin (Bryant et al., 1981;
Dolphin and McSweeney, 1983).
Humpbacks feed either at or below
the surface. Subsurface feeding
(although probably more often em-
ployed than surface feeding, at least
in the Northern Hemisphere) is un-
observable after the whale dives and
thus has not been described. Surface
feeding, on the other hand, is observ-
able and exciting to behold. The
techniques are numerous, and most

may be used by a single whale or by a
number of animals feeding together.
Techniques by which the whale re-
mains largely at the surface include
horizontal lunging, circular swim-
ming, and thrashing (Edel and Winn,
1978; Watkins and Schevill, 1979),
“flick feeding,” in which the fluke is
used to stun or concentrate prey
(Jurasz and Jurasz, 1979), and a
similar technique, termed “inside
loop,” also using fluke slaps (Hain et
al., 1982). The humpback varies these
techniques as it disappears for brief
periods beneath the surface and prob-
ably does not dive very deep.

Bubble feeding is generally con-
sidered the most intriguing feeding
behavior of all, and was first describ-
ed by Ingebrigtsen (1929). The
submerged whale releases a single
large bubble or clouds of bubbles, or
bubbles in patterns ranging from a
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Aerial view of a bubble-net blown
by a feeding humpback whale in
Stephens Passage, southeastern
Alaska. The whale is beginning to
surface just outside the upper right
edge of the spiral. Photo by J. M.
Olsen.

fine to partial or complete circles, with
or without “tails.” In each case the
whale comes up open-mouthed
through the circle or clouds of bub-
bles, which apparently concentrate or
corral schools of zooplankton or
small fishes. Presumably, the feeding
technique or variation used is dictated
by the available prey species and den-
sity. D’Vincent et al.'! noted evidence
for coordinated feeding behavior.
Like other rorquals, humpbacks
fast mainly, if not entirely, during the
winter and feed during the summer. A
few spend the winter in Alaskan
waters and presumably continue
feeding. According to Chittleborough
(1965), from four to five times more
oil was recovered from northbound
humpbacks in the southern ocean
than from those on their way south.

Reproduction and Recruitment

Both male and female humpbacks
begin to mature sexually at about 9
years of age. Chittleborough (1965),
Nishiwaki (1959), and others placed
sexual maturity at only 5 years, but
their determinations erroneously
assumed the laying down of two
laminae per year in the ear plug, in-
stead of only one (Roe, 1967).

Births occur between January and
March in the Northern Hemisphere.
Gestation lasts about 12 months, and
lactation close to a year (Rice, 1967).

"1DVincent, C. G., R. M. Nilson, and R. E.
Hanna. 1984. Vocalization and coordinated
feeding behavior of the humpback whale
(Megaptera novaeangliae) in southeastern
Alaska. Unpubl. manuscr. Ocean Res.
Under Sail, P.O. Box 1167, Monterey, CA
93942.
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Chittleborough (1958) reported that,
while 8.5 percent of the sexually
mature female humpbacks he ex-
amined were both pregnant and lac-
tating and so must have mated soon
after giving birth, most wait 1 or more

years between giving birth and
becoming pregnant again. Glockner-
Ferrari'? reported three females with
newborn calves in consecutive years;
one was seen with a new calf 4 years
in a row. However, the usual
reproductive cycle for humpbacks ap-
pears to be 2 or more years.

Rate of recruitment to maturity
may range from 3.9 to 11.8 percent
for the western North Atlantic stock
(Whitehead, 1982), and from 10.3 to
13.1 percent for the Antarctic Group

12D, A. Glockner-Ferrari, P.O. Box 1539,
Lahaina, Maui, Hawaii 96767-1539. Pers.
commun.

IV population (Chittleborough,
1965), although Chittleborough’s
figures are uncorrected for the aging
problem.

Natural Mortality

Sharks and killer whales, Orcinus
orca, may be the greatest causes of
natural mortality among calves
(Gaskin, 1972). Gilmore (1959)
reported seeing a humpback missing
one fluke but which swam normally.
The killer whale is the only known
marine predator which could inflict
such damage, and probably only to a
young humpback.

Dead humpbacks are occasionally
beached, and because they are highly
eurythermal animals and may fre-
quent the edge of ice fields, one is
sometimes trapped in the ice
(Tomilin, 1957). Various parasites
and commensals infest humpback
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whales, but they rarely appear to have
a pathologically debilitating effect on
the hosts (Matthews, 1978; Tomilin,
1957).

Humpbacks are subject to skin
damage caused by lampreys and by
various species of the small tropical
shark Isistius sp. (Jones, 1971). Com-
peting male humpbacks on the breed-
ing grounds also have been observed
inflicting cutting wounds on one
another, using their flukes.

Exploitation and Population Size

History of Exploitation

Eastern North Atlantic

Modern whaling began in Norway
in the 1860’s, spread to Iceland, the
Faroe Islands and Spitsbergen, and
reached the British Isles in 1903. From
1868 to 1955, at least 1,579 hump-
backs were taken in the eastern North
Atlantic and Arctic. An unknown
number were taken in the Faroe
Islands between 1894 and 1909. Com-
mercial whaling for humpbacks in
this area ended when the IWC, with
no objections, listed the stock as pro-
tected in 1955. From 1955 to 1967, 11
animals were taken for local con-
sumption in Norway, the Faroe
Islands, and Madiera (Brown, 1976;
Committee for Whaling Statistics,
1930-80). No data are available from
Spain or Portugal.

Western North Atlantic

From 1886 to 1976, 522 humpbacks
were taken off west Greenland
(Kapel, 1979), and 1,397 were caught
in Nova Scotia, Newfoundland, and
Labrador waters from 1903 to 1970
(Mitchell, 1974). In addition, about
170 were taken in the West Indies in
1925 and 1926 (Committee for Whal-
ing Statistics, 1930-80) and about 53
from the Bequia area in the Wind-
ward Islands between 1950 and 1982
(Price, In press). A subsistence catch
exceeding the IWC-recommended 10
per year (10 in 1977; 21 in 1978; 14 in
1979; 13 in 1980; 11 in 1981; 12 in
1982) has been taken in Greenland in
recent years (IWC, 1980; In press).
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North Pacific

Aboriginal whaling and early com-
mercial hunting on the high seas, us-
ing hand harpoons, took an unknown
number of humpbacks prior to 1900.
From 1905 to 1960, about 23,000
humpbacks were killed in modern-
style whaling, which began in 1889 in
the western Pacific and in 1905 in the
eastern Pacific. From 1960 to 1965,
over 5,000 were Kkilled, reducing the
population to about 1,000 (Rice,
1978).

Southern Hemisphere

Before becoming one of the
mainstays of the modern whaling in-
dustry, a large population of hump-
backs inhabited the Southern
Hemisphere. Between 1904 and 1966,
when commercial humpback whaling
was banned, over 68,000 animals were
killed in the Antarctic (Bonner, 1982).
Chittleborough (1965) reported
18,180 captures between 1949 and
1962. In 1978, the last year of
aboriginal whaling in Tonga (western
South Pacific), 12 animals, including
3 calves, were taken.

Current and Initial
Stock Sizes

From a pre-expoitation world
population of over 120,000, only
about 10,000 remain.

Eastern North Atlantic

Although population data are lack-
ing, the eastern North Atlantic hump-
back population is probably no larger
than a few hundred whales.

Western North Atlantic

The current estimate of the western
North Atlantic population is 5,773 +
516 (IWC, In press). Whitehead
(1982) estimates between 1,535 and
2,720 humpbacks summering in the
area of northeast Newfoundland and
southern Labrador; Perkins et al.
(footnote 7) estimate a present west
Greenland stock of 282 animals,
based on photoidentification of 143
individuals.

Mitchell and Reeves (1983) recal-
culated catch figures for the region
and now estimate an original popula-

tion size of at least 4,400 whales in
1865, and an even larger one before
whaling began in the West Indies and
Gulf of St. Lawrence during the se-
cond half of the 18th century.

North Pacific

The pre-1905 humpback popu-
lation of the North Pacific was prob-
ably about 15,000 (Rice, 1978), and is
now about 1,200. Of these, Rice and
Wolman!3 estimate that 550-790
winter in Hawaiian waters. Most of
the remainder winter off Mexico since
probably fewer than 100 humpbacks
now migrate to the Asian winter
grounds.

Southern Hemisphere

In the Southern Hemisphere, the
humpback has gone from a pre-
exploitation population of about
100,000 to recent estimates ranging
from about 2,500 (Masaki'#) to 3,000
(Gambell, 1976).

Management

The IWC declared a ban on com-
mercial killing of humpback whales in
the North Atlantic in 1955, the North
Pacific in 1965, and in the Southern
Hemisphere in 1966. An annual
aboriginal subsistence harvest is
allowed in Greenland, as noted.
Otherwise, protection of the species is
nearly total.

Because the humpback whale in-
habits shallow coastal areas, it is in-
creasingly exposed to human activity.
Environmental problems for coastal-
dwelling whales either already exist or
can be expected to result from off-
shore petroleum exploration and pro-
duction, ocean dumping, coastal log-
ging, mining and manufacturing,
fishing, resort development, and in-
creasing pleasure boat and cruise ship

3Rice, D. W., and A. A. Wolman. 1984.
Census of humpback whales wintering around
the Hawaiian Islands, 1976-1979. Unpubl.
manuscr. 22 p. Nat. Mar. Mammal Lab.,
Northwest Alaska Fish. Cent., NMFS NOAA,
7600 Sand Point Way N.E., Seattle, WA 98115.
'Masaki, Y. 1975. Japanese pelagic whal-
ing and sighting in the Antarctic 1974/75. Un-
publ. manuscr., Nansei Reg. Fish. Res. Lab.,
Fish. Agency Jpn., Ohno-cho, Saeki-gun,
Hiroshima-ken, 739-04, Jpn.
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traffic. Each activity has potential for
either direct, confrontational distur-
bance of whales or an indirect affect
through damage to habitat or, in
some cases, both.

Paradoxically, the need for such
protection of whales in the United
States grew partly out of increased
public interest in and concern for
marine mammals and the desire to see
them in the wild. To protect the
humpback whale from a growing
harassment problem in Hawaiian
waters—a problem mainly related to
whale watching, though not limited to
it —the National Marine Fisheries Ser-
vice (NMFS) in 1979 augmented its
enforcement efforts in that area and
also successfully increased public
awareness of the consequences of dis-
turbance. A National Oceanic and
Atmospheric Administration
(NOAA) proposal to establish a
humpback whale sanctuary in Hawaii
is currently under study by the various
State and Federal agencies and public
interest groups that would be involved
or affected by its establishment.

Environmentalists have urged
establishment of another such sanc-
tuary in Alaska waters, which they
maintain would provide additional
needed protection to a major portion
of the North Pacific humpback
population on both its winter and
summer grounds. Opponents of the
proposals in both states argue that the
Marine Mammal Protection Act and
the Endangered Species Act provide
adequate protection for the hump-
back whale, and that sanctuaries
would only impose additional and un-
necessarily burdensome regulations
on fishermen and other local interest
groups.

In Glacier Bay National Park in
southeast Alaska, the number of
vessel entries, their date of entry, and
length of stay are all regulated, except
for commercial fishing boats, under a
National Park Service permit system
to achieve compatibility between the
humpback whales that feed there and
tourism. The system, which includes
enforcement of vessel traffic regula-
tions, was established following a
dramatic drop in 1978 in the number
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of whales occupying Glacier Bay.

In the West Indies, the Dominican
Republic is considering the establish-
ment of a humpback whale sanctuary
on Silver Bank, although territorial
rights to the bank itself are in dispute.
No similar protective proposals for
humpbacks are known to be under
consideration in the Southern
Hemisphere.

The current world population of
humpback whales, about 10,000
animals, is probably only about 8 per-
cent of its estimated pre-exploitation
size. The Southern Hemisphere popu-
lation, at an estimated 3.7 percent of
its former size, is the most depleted.
The North Pacific population is cur-
rently estimated to be 8 percent of its
former size, and the North Atlantic
population at about 50 percent of its
former size. Stocks closest to extinc-
tion are those in the eastern North
Atlantic and western North Pacific.
Due to uncertainties of population
sizes at the time commercial whaling
of humpbacks ended, plus ques-
tionable validity of past census techni-
ques, it cannot yet be shown with cer-
tainty that humpback populations are
recovering. Although recovery prob-
ably is taking place, it is doing so at a
rate slower than expected.

Habitat Protection

Degradation of coastal habitat
results from numerous human ac-
tivities, including landfill, dredging,
construction, drilling, mining, logg-
ing, and from toxic chemical pollu-
tion, the last being generally viewed as
one of the most widespread and
potentially serious threats faced by
coastal whales and their would-be
protectors. Since whales are long-
lived and at or near the top of the
food chain, questions arise about
cumulative effects and what con-
stitutes threatening levels of toxic con-
tamination (DeLong et al., 1973;
Gaskin, 1982; Sergeant'®). To date,

15Sergeant, D. E. 1980. Levels of mercury
and organochlorine residues in tissues of sea
mammals from the St. Lawrence estuary. Un-
publ. manuscr. Arct. Biol. Sta., Dep. Fish.
Oceans, 555 St. Pierre Blvd., Ste. Anne de
Bellevue, Quebec, H9X 3R4, Can.

most of those questions remain
unanswered. Regulatory protection of
coastal waters in the United States is
provided under the Federal Marine
Protection, Research and Sanctuaries
Act; National Environmental Policy
Act, Clean Water Act, and River and
Harbor Act, among others, and their
state counterparts. Government agen-
cies regularly involved in regulation of
activities affecting coastal habitat in-
clude the U.S. Army Corps of
Engineers, Environmental Protection
Agency, Forest Service, Coast Guard,
and advisory agencies such as the
NMFS, U.S. Fish and Wildlife Ser-
vice, and their state counterparts.

Accidental Mortality

Humpback whales are sometimes
wounded and killed by being hit by
ships, but this happens so seldom as
not to be considered a serious prob-
lem. More serious is the frequency
with which they become entangled in
commercial fishing nets, particularly
on the east coast of Canada and, to a
lesser extent, the United States. Coin-
cident with the near collapse of the
offshore capelin stocks in that area in
the late 1970’s, humpbacks moved
closer inshore and the number of en-
tanglements increased alarmingly
(Lien and McLeod'¢). Of 64 hump-
backs entangled in 1979, at least 24
died (Mitchell, 1979). Since then, as
the fishery has recovered, en-
tanglements have fallen off sharply,
but it remains a problem which could
reescalate at any time.
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The Right Whale,
Balaena glacialis

HOWARD W. BRAHAM and DALE W. RICE

Introduction

The right whale, Balaena glacialis
Muller, 1776!, also known as the
black right whale, resembles the
bowhead, B. mysticetus, in its robust
build, narrow arched rostrum, and
lack of a dorsal fin, but is readily
recognized by the callosities on its
rostrum and its scalloped lower lips.
The right whale occurs in all the
world’s oceans from temperate to

'Some authors place the species glacialis in a
separate genus, Eubalaena Gray, 1864 (e.g.,
Rep. Int. Whaling Comm., Spec. Issue 9).

subarctic waters (Fig. 1). Seasonally,
it is a coastal species; however, impor-
tant feeding aggregations are reported
well out to sea, especially in the North
Pacific and South Atlantic. Like most
other baleen whales, they spend the
summer on high-latitude feeding
grounds and migrate to more
temperate waters during the winter
calving and mating seasons.

The species was overexploited prin-

The authors are with the National Marine
Mammal Laboratory, Northwest and Alaska
Fisheries Center, National Marine Fisheries Ser-
vice, NOAA, 7600 Sand Point Way N.E., Bin
C15700, Seattle, WA 98115.

cipally by European and Yankee
whalers, but very little is known about
the impact of whaling on the number
and location of populations around

the world. Nevertheless, several
discrete breeding populations are
hypothesized. The reproductive cycles
of animals in the Northern and
Southern Hemispheres are 6 months
out of phase, and right whales from
these regions, therefore, do not inter-
breed. This divides the species into at
least three reproductively isolated
populations, one each in the North
Pacific, the North Atlantic, and the
Southern Hemisphere; other stocks
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Figure 1.—Geographical distribution of the right whale. Simple hatching indicates the summer feeding grounds.
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and the distribution is to a large extent speculative.
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indicates distribution during autumn, winter, and spring; records are scarce during these seasons,
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within these regions are presumed.
These stocks may not interbreed, but
some overlap on their summer feeding
grounds.

Although the right whale has been
protected from whaling under inter-
national agreement since 1931, there
is little evidence of recovery in most
areas, unlike other baleen whales so
protected. This suggests that it might
be the most vulnerable to human in-
tervention of all great whales. For ex-
ample, their behavior of moving into
coastal habitats during the sensitive
calving season probably makes them
particularly vulnerable to nearshore
development.

Distribution and Migration

Right whales are found in
temperate waters above lat. 25° dur-
ing the late autumn to early spring
calving and mating season, and in
higher latitudes, usually above lat.
40° during the spring to autumn
feeding season. No overlap in
distribution occurs between Northern
and Southern Hemisphere popula-
tions in tropical waters; hence the
stocks are geographically isolated.
Right whales rarely occur in the polar
pack ice.

North Atlantic

The International Whaling Com-
mission (IWC, In press, a) currently
recognizes three stock areas for right
whales in the North Atlantic: One
each on either side of the 30°W meri-
dian from the southern tip of
Greenland (Cape Farewell) south, and
the third area within lat. 60-62°N,
long. 33-35°W from Greenland to
Iceland. Some question remains as to
whether this third unit might be con-
fused with a bowhead whale stock
area, since the data are primarily from
the early whale fishery for bowheads.

Current data support the
hypothesis that right whales in the
western North Atlantic principally oc-
cur in coastal waters from Florida to
Labrador. A few sightings have been
made in the Gulf of Mexico (Moore
and Clark, 1963) and Bermuda to the
south, and from early whaling records
they once occurred as far north as
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south Davis Strait, Canada IWC, In
press, a). Right whales apparently
spend the winter months (January-
March) along the southeast coast of
the United States from Florida to
North Carolina, most beyond sight of
land. They then move into coastal
waters of Massachusetts, Maine,
southeast Nova Scotia, and
Labrador, traveling north from spring
to early autumn (Winn and Price, In
press).

Calving appears to occur in late
winter. On the basis of the size of
calves seen in the Bay of Fundy,
Kraus and Prescott? estimate that
calving occurs from February to
April. The peak numbers of right
whales seen in spring are off Cape
Cod in April, but few are seen there in
summer (Schevill, et al., In press).
Most summer sightings are from
southeast Canadian waters (Reeves et
al., 1978); many likely occur well off-
shore during summer and autumn
based on 19th-century whaling
records (IWC, In press, a).

The southward autumn migration
(from about October through
December) presumably occurs farther
offshore than in spring, and the
period of migration is shorter (Winn
and Price, In press). This is consistent
with reports of the movement of right
whales off South Africa (Best, 1981).
However, definitive information on
the movements is generally lacking
and the available information is based
on scattered historical whaling and
sightings records reviewed by Schevill
et al. (In press), and Winn and Price
(In press).

Current records of right whales in
the eastern North Atlantic are far
fewer, and their seasonal movements
are not known. Whaling records back
to the 16th century indicate that right

2Kraus, S. D., and J. H. Prescott. 1982. The
North Atlantic right whale (Eubalaena glacialis)
in the Bay of Fundy, 1981, with notes on distri-
bution, abundance, biology and
behavior. Unpubl. manuscr., 105 p. New
England Aquarium, Central Wharf, Boston,
MA 02110. (Prepared for the World Wildlife
Fund, Washington, D.C., and the Northeast
Fisheries Center, National Marine Fisheries Ser-
vice, NOAA, Woods Hole, Mass., under Con-
tract NA-81-FA-C-00030.)

whales were taken from off Cape
Farewell to Iceland (although this
may have been more a bowhead
fishery); off North Cape, Norway;
and off the British Isles. Important
winter hunting grounds, and thus
presumed calving areas, were in the
Bay of Biscay of northwest Spain and
western France, and Cintra Bay (lat.
23°N, long. 16°15'W) off northwest
Africa.

North Pacific

Wintering areas for right whales in
the North Pacific are unknown.
Migration patterns are also largely
unknown, except that northward
movements from temperate and sub-
arctic waters occur in spring, with the
species occurring on summer feeding
grounds generally between lat. 50°N
and 63°N (Omura, 1958). Some early
whaling records reported by Maury
(1852) and Townsend (1935), as well
as Japanese sighting data during the
1960’s and 1970’s, support the
hypothesis that right whales are
distributed all across the North
Pacific north of lat. 35°N, with im-
portant concentrations in the Gulf of
Alaska, eastern Aleutian Islands-
southcentral Bering Sea, Okhotsk
Sea, and coastal Japan. Although the
evidence is certainly not definitive, the
IWC (In press, a) has tentatively
divided the North Pacific into two
stock areas for purposes of reporting
statistics.

Right whales in the western North
Pacific occur from waters off Japan
north into the Okhotsk Sea and
western Bering Sea. There is no clear
data to support the idea that more
than one stock occurs in this area, or
whether there is a continuum into the
eastern North Pacific, but right
whales were formerly abundant from
Japan and the east China Sea to the
Okhotsk Sea from late winter to sum-
mer (Klumov, 1962; Omura, 1958).
The likely calving/mating area was
south and west of Japan and in the
east China Sea and Formosa Strait,
predominantly from December to
March (Omura, 1958). Right whales
were taken off the Bonin Islands at
lat. 27°N, long. 137°W (about 300
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A right whale surfacing showing the arched lower lip and the rough, horny callosities on the head. Photo by G. Joyce.

miles (500 km) southeast of Japan) in
February (Rowntree et al., 1980). This
may be the southern extent of their
distribution; the northern recent
record (two animals) occurred in sum-
mer 1982 at about lat. 60°48'N, long.

175°18'W (Brueggeman?, U.S.
Department of the Interior?).
The most important whaling

ground for right whales in the eastern
North Pacific was off Kodiak Island
in the Gulf of Alaska. Right whales
were also taken in the eastern Aleu-
tians Islands area and off the coast of
Canada and southeast Alaska, prin-
cipally in summer. Evidence of large
calves seen in the Gulf of Alaska in
summer supports the notion that par-
turition occurs in late winter-early
spring, presumably further south.
There is no evidence to date that right
whales either gave birth in or occupied
coastal waters of the eastern North

3]J. J. Brueggeman, Envirosphere Company,
400 - 112th N.E., Bellevue, WA 98004, pers.
commun.

4U.S. Department of the Interior. 1983.
Navarin Basin lease offering (March 1984).
Final Environmental Impact Statement. Un-
publ. manuscr., Minerals Management Service,
Alaska Outer Continental Shelf Region, U.S.
Department of the Interior, P.O. Box 101159,
Anchorage, AK 99510.

40

B Al >

-

Pacific. Although coastal whaling for
the gray whale, Eschrichtius robustus,
and humpback whale, Megaptera
novaeangliae, was extensive along the
west coast of North America, only
about 45 records of right whales exist
below lat. 50°N (Scarff, In press),
lending support to the hypothesis that
right whales found on summer
grounds in the eastern North Pacific
may either 1) migrate from the
western North Pacific or 2) winter in
pelagic waters of the east and central
North Pacific (Maury (1852) showed
right whales well out to sea above lat.
35°N and east of long. 180° in Febru-
ary and March). The southern record
for right whales along the North
American Pacific coast is off Baja
California at lat. 26°39N, long.
113°40'W where two whales were seen
about 8 km (5 miles) offshore on 11
March 1965 (Rice and Fiscus, 1968).

Southern Hemisphere

Right whales range throughout the
southern oceans, particularly off
South Africa, the southeast coast of
South America, New Zealand,
Australia, and in the south Indian
Ocean. Specific migration patterns
are not well understood, but the
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whales move north in late autumn
along coastal routes and south to
pelagic feeding areas in spring. The
movements of offshore groups of
whales are also unknown, but based
upon limited historical whaling
records, they are likely similar to
those of coastal animals: Seasonal
north-south movements. A survey of
the current understanding of stock
identity is reviewed by the IWC (In
press, a).

Right whales occur seasonally in
pelagic waters of the southwest Atlan-
tic Ocean along the southeast coast of
South America from Brazil (e.g.,
False and Brazil Banks) to southern
Argentina, and east to the Falkland
Islands. This latter area was referred
to as the Tristan and Pigeon grounds
(long. 10°W-30°W) by early whalers.
The whales’ distribution continues
east to the southern coast of Africa
where a distinct stock from those west
of long. 20°E occurs. The area west
of long. 20°E is tentatively called the
Greenwich Stock area; that east of
long. 20°E is called southeast African
Stock area.

Right whales concentrate along the
southeast coast of Argentina (about
lat. 43°S at Peninsula Valdes) in

Marine Fisheries Review



September and October (calving
season), but are seen as early as June
and as late as February. During this
northward movement or migration,
some individuals apparently continue
north into Brazilian waters (Payne®).
These animals are closely associated
with coastal areas, such as bays and
estuaries, as are those located off
South Africa. The southward spring
migration probably begins in about
November, off Brazil and Argentina.

Along the south coast of South
Africa (at about lat. 34°S), right
whales occur primarily between June
and November, having moved north
from presumably subantarctic feeding
areas, but are greatest in number dur-
ing August and September (Best,
1981; Rice et al., In press). This in-
shore component may represent only
one segment of the population, prin-
cipally cows with calves and unac-
companied adults (Best, In press). As
with the South American coast, right
whales are essentially absent during
the summer months when they are
thought to be feeding in subantarctic
waters. Based on 13 records, Japanese
sighting surveys report right whales in
Antarctic waters between lat.
60°S-65°S in January (Kasamatsu, In
press).

There are at least five putative
stock areas in the South Pacific and
Indian Ocean: Off Chile, New
Zealand, Campbell Island, Australia
(southwest and southeast possible
subdivisions), and central Indian
Ocean-southeast Africa (possibly 2-3
subdivisions) IWC, In press, a). The
Chilean stock is considered provi-
sional as there is a lack of sightings
between New Zealand and Chile be-
tween long. 90°W and 130°W. Based
on separate catch histories and the
distribution of right whales at about
the same time of year (mid-May to
September), right whales off the east
coast of New Zealand (Cawthorn, In
press) and around Campbell Island
(about 300-500 n.mi. south of New
Zealand) are tentatively considered

SR. S. Payne, Center for Long Term Studies,
Weston Road, Lincoln, MA 01773, pers.
commun.

46(4), 1984

separate stocks. Right whales occur
throughout waters of south Australia,
especially in southeast and southwest
Australia and Tasmania, principally
from midwinter (July) to early spring
(September) (Bannister, In press). It is
thought that they migrate to the north
from Antarctic waters, with the south
coast of Australia being the north end
of their range. Based on early whaling
records, the western extent of this
right whale stock area designation is
about long. 90°E in the Indian Ocean.
The stock areas and movements of
right whales in the southern Indian
Ocean (Central Indian group(s)) are
known only from early whaling
records. These suggest that perhaps
up to three possible stocks occur
within the area bounded by Ilat.
50°S-40°S and long. 50°E-80°E, near
the Crozet, Kerguelen, and Amster-
dam island groups.

Life History and Ecology

Feeding

During the summer, right whales
inhabit cool temperate waters where
they feed primarily on calanoid
copepods, called “brit” by whalers.
Right whales are specialized as “skim-
mers” that feed by swimming slowly
with their mouths wide open through
the swarms of copepods. They usually
feed below the surface, but sometimes
feed at the surface, raising their
rostrum above water (Watkins and
Schevill, 1976). The main species of
copepods on which they feed are
Calanus cristatus and C. plumchrus in
the North Pacific, and C. finmar-
chicus in the North Atlantic (Collett,
1909; Klumov, 1962; Omura et al.,
1969). Food habits have been little
studied in the Southern Hemisphere,
but in addition to species of Calanus
they sometimes consume “lobster-
krill,” the pelagic postlarval stage of
the crustacean Munida gregaria (Mat-
thews, 1932). Euphausiids, or “krill,”
are also eaten sometimes, including
FEuphausia pacifica in the North
Pacific, Thysanoessa inermis in the
North Atlantic, and E. superba in the
Southern Hemisphere.

Reproduction

Few data are available on
reproduction in right whales (Best,
1981; Klumov, 1962; Matthews, 1938;
Omura et al., 1969; Whitehead and
Payne, 1981). As with other baleen
whales, their reproductive cycle is syn-
chronized with their feeding cycle and
annual migration.

The gestation period is probably
about 1 year. Females enter shallow
coastal bays to give birth to their
single calves. The calving season is
during the winter — January to April
in the Northern Hemisphere and July
to October in the Southern
Hemisphere. Calves average 5.5-6.0
m (18-20 feet) long at birth. They are
probably weaned by the time they are
12 months old, when they are about
8.0 m (26 feet) long, but may remain
with their mother through the winter
following their year of birth. Right
whales apparently do not attain sexual
maturity until they are at least 8 years
old. Body length of females at sexual
maturity is 12.5-15.5 m (41-51 feet),
and that of males is probably about 1
m less (there may be geographical
variation in this feature). Mature
females usually bear a calf only once
every 3 years (IWC, In press, a).

Best (1981) and R. S. Payne (foot-
note 5) state that based on some 10
years of study of right whales off
South Africa and Argentina, respec-
tively, these right whale stocks appear
to be growing at a rate of about 7 per-
cent per year. This suggests a high rate
of reproduction, with the ratio of
calves to adults in the neighborhood
of 15-25 percent. However, as Best
and Payne point out IWC, In press,
a), few juveniles are seen, indicating
that they are studying only a portion
of the population. In addition, most
mature females (as well as adult
males) are not seen every year, but
may return with a calf every 2 or 3
years. As the reproductive cycle be-
tween presumed successive births is at
least 3 years (estimated to average
3.26 years, (IWC, In press, a)), the net
recruitment is probably much lower
than 7 percent.

The IWC (In press, a) attempted to
resolve this issue, and through a series
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The whaling station which operated at Kyuquot, Vancouver Island, from 1919

e e

until World War II. Source: Historical Photography Collection, University of

Washington Libraries, Seattle.

of modeling exercises at the special
workshop on right whales, concluded
that to achieve population growth
rates greater than S percent, survivor-
ship would have to be much higher
than thought by the scientists present.
This exercise pointed out that while
there are many inconsistencies in the
available data, as well as in using cer-
tain assumed but contested param-
eters (e.g., survivorship and annual
calf proportion), recruitment rates in
right whales are probably lower than
suggested by the apparent growth of
the South African and Argentine
populations, and that indeed net
recruitment is likely among the lowest
of the large baleen whales. Empirical-
ly, this seems to be supported by the
apparent low rate of recovery of all
right whales (including bowheads) in
this century.

Natural Mortality

Important natural mortality factors
are unknown. Barnacles and three
species of cyamids or “whale-lice”
often grow on the skin, and three
kinds of parasitic worms have been
found in the intestines (Delyamure,
1955), but all of these appear to be
nonpathogenic. Predation on right
whales by killer whales, Orcinus orca,
appears to be quite rare.
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Natural mortality rates have been
estimated to be about 4.0 percent per
year in adults, and are probably
greater in immature animals. How-
ever, current estimates of mortality
rates in large baleen whales are in
question (IWC, In press, b).

Exploitation and Population Size
History of Exploitation

Right whales are large and slow-
swimming, often congregate in near-
shore waters, have a thick layer of
blubber, and float when killed. These
attributes make them easy and profit-
able prey for whalers (hence their
name, the “right” whale). Thus they
were the first species of great whale to
become the object of a commercial
fishery.

The Basques living on the shores of
the Bay of Biscay in northern Spain
and southwestern France began a
right whale fishery as early as the year
1059. This fishery flourished until the
early 1600’s. The Basque whalers
subsequently ventured farther afield,
and after 1528 they regularly voyaged
to the Grand Banks off New-
foundland, and later, the Gulf of
Saint Lawrence, Canada (Jenkins,
1921).

American colonists began shore-

based whaling for right whales in the
early 1600’s at many places along the
Atlantic seaboard —notably in the
vicinity of Massachusetts and Long
Island. This fishery persisted until the
early years of the 20th century.

In the early 1600’s, commercial
whale fisheries were also instituted in
Japan. Right whales were an impor-
tant component of their catches. This
shore fishery has persisted to the pres-
ent day, although right whales are no
longer killed.

The American high-seas whale
fishery was inaugurated in 1712 (Star-
buck, 1878). This fishery was directed
primarily toward sperm whales,
Physeter macrocephalus, but right
whales were also an important
species. At first the fishery was con-
fined to the Atlantic Ocean, and
voyages usually lasted only a few
months. Following the American
Revolution, the high-seas whale
fishery expanded rapidly. U.S. vessels
began regular voyages to the Pacific
Ocean in 1791, and to the Indian
Ocean in 1830. These voyages
routinely lasted 3 or 4 years. Several
other nations—notably France and
England —also engaged in the high-
seas whale fishery, but to a lesser ex-
tent than the United States. Between
1804 and 1876, U.S. whalers killed an
estimated 193,522 right whales world-
wide (this figure includes an
unknown, but small, proportion of
bowhead whales). U.S. whaling
reached its zenith in 1840, when 735
vessels were engaged in the fishery.
The highest annual catch of right
whales was reported in 1846, when
U.S. vessels delivered to port the oil
of an estimated 6,134 animals. During
the latter half of the 19th century, the
pelagic whale fishery rapidly declined
owing to the severe depletion of right
whale populations and to the substitu-
tion of petroleum for sperm oil.

During the heyday of the pelagic
fishery, numerous shore whaling sta-
tions were established in Australia,
New Zealand, and South Africa, and
their prime target was the right whale.

By the time the modern whale
fishery with its harpoon cannons and
steam-powered catcher boats com-
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A large right whale (lying on its back) on the flensing platform of the former whaling station at Akutan in the Aleutian

Islands. Some of the 8-foot long baleen plates are protruding from the left side of the mouth. Source: Historical
Photography Collection, University of Washington Libraries, Seattle.

menced in the late 1800’s, right whales
were so rare worldwide that they were
almost never encountered. The
modern fishery concentrated on blue,
Balaenoptera musculus; fin, B.
physalus; and humpback, Megaptera
novaeangliae, whales which the old-
style hand-harpoon fishery had large-
ly ignored.

Current and Initial
Stock Sizes

No one has attempted to estimate
original population sizes, and there
are perhaps too few data to do this
with any precision. Based on the
recorded catch figures for right
whales, and on original population
density estimates of other baleen
whales, we suggest that the original
population size of the right whale was
on the order of 100,000 to 300,000, of
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which about two-thirds were in the
Southern Hemisphere, and the re-
mainder in the North Atlantic and
North Pacific.

Current population size is also
poorly known. There are roughly
3,000 right whales left in the Southern
Hemisphere, 100-200 in the North
Pacific, and a few hundred in the
North Atlantic, for a world total of
perhaps 3,000 to 4,000 (Gambell,
1976). The world population of right
whales appears to have been reduced
by at least 95 percent, and perhaps by
as much as 99 percent during the first
several centuries of exploitation.
There are indications that some local
stocks are beginning to increase slight-
ly (see the section on Reproduction),
but even with complete protection,
recovery (if any) has been exceedingly
slow and may take at least a century.

Management

The chief management problem is
the usurpation of the right whales’
nearshore calving grounds by coastal
development and concomitant vessel
traffic, pollution, and oil spills. The
most significant present concern is for
habitat protection and the potential
problems associated with oil and gas
development on the outer continental
shelf along the east coast of the
United States (Cetacean and Turtle
Assessment Program®), in particular

6Cetacean and Turtle Assessment Program.
1982. A characterization of marine mammals
and turtles in the mid- and north Atlantic areas
of the U.S. outer continental shelf. Unpubl.
manuscr., 450 p. plus appendices. Graduate
School of Oceanography, University of Rhode
Island, Kingston, RI 02881. (Prepared for the
U.S. Department of the Interior’s Bureau of
Land Management under Contract AAS5S51-
CT8-48.)
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Georges Bank, and along the west
coast of the United States where right
whales are likely to occur in or adja-
cent to at least six petroleum lease
areas, primarily in Alaska (Braham et
al., 1982; Morris et al., 1983; U.S.
Department of the Interior, footnotes
4 and 7).

Because of their low population
numbers, their habit of using coastal
waters, and apparent low reproduc-
tion, right whales are likely the most
vulnerable of all the great whales to
habitat incursion and deterioration.
Removal (death resulting from colli-
sion with tankers, oil spills, etc.) of
just a few individuals from depressed
populations would have a significant
effect on recovery. Concern for other
results of coastal developmental ac-
tivities, such as pollution, is justified
as well, since right whales migrate into
coastal waters at least in the western
Atlantic to feed on abundant prey,
often nearshore (e.g., Cape Cod and
Bay of Fundy).

Conclusions

It is clear that all stocks of the right
whale were severely depleted as a
result of commercial whaling. Some,
like the northeast Pacific stock, if an
identifiable breeding unit, have not
recovered and may be nearing extinc-
tion, similar to that of the fate of the
western Pacific gray whale and the
Spitsbergen stock of bowhead whales.
Other populations, such as those off
Argentina and South Africa, have
recently increased. But generally, in-
sufficient data exist to give a precise
determination of future growth for
any stock. In addition, this species’
penchant for coastal habitats, such as
the eastern seaboard of the United
States, where industrial and other

7U.S. Department of the Interior. 1982. St.
George Basin. Final Environmental Impact
Statement. Unpubl. manuscr., Minerals
Management Service, Alaska Outer Continental
Shelf Region, U.S. Department of the Interior,
P.O. Box 101159, Anchorage, AK 99510.
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nearshore development activities oc-
cur, could create potential obstacles
to recovery.
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The Bowhead Whale,
Balaena mysticetus «

HOWARD W. BRAHAM

Introduction

The bowhead whale, Balaena mys-
ticetus (Linnaeus 1758), also called
the Greenland right whale, is the only
baleen whale which spends its life in
and around Arctic waters. It is also
one of the rarest of all cetaceans.
Heavily exploited for its whalebone
(baleen) and oil-producing blubber,
the species became seriously depleted
throughout its range before the 20th
century. As a result, the species was
almost eliminated before quantitative
biological data could be collected.

Some descriptive information on
the bowhead’s natural history was re-

Howard W. Braham is Director, National
Marine Mammal Laboratory, Northwest and
Alaska Fisheries Center, National Marine
Fisheries Service, NOAA, 7600 Sand Point Way
N.E., Bin C15700, Seattle, WA 98115.

corded by astute whalers (Scoresby,
1820; Scammon, 1874; Gray, 1894,
Cook, 1926; Bodfish, 1936; Brower,
1942), early scientists (Eschricht and

Reinhardt, 1866; Gray, 1886;
Southwell, 1898; Allen, 1908; Gray,
1929a, b), and others (e.g., Zor-
drager, 1720; Lubbock, 1937). Inten-
sive research on the bowhead did not
begin until the mid-1970’s, but has
developed so rapidly that much of the
information published as recently as
1980 already is now either outdated or
greatly refined. Much recent work is
still unpublished or based on such
small sample sizes that it is difficult to
assess the status of most bowhead
stocks.

Distribution and Migration

Four or five stocks of bowhead
whales are recognized: East Green-

land-Spitsbergen and Davis Strait/
Hudson Bay stock(s) in the eastern
and western North Atlantic, respec-
tively; the western Arctic stock in the
Bering, Chukchi, and Beaufort Seas;
and the Sea of Okhotsk stock. A
putative fifth stock may occur in
Hudson Bay; however, the evidence is
not definitive (Reeves et al., 1983),
and it will be considered separately
for this review.

The current hypothesis is that
populations within and between the
North Pacific and North Atlantic
Oceans are geographically and thus
reproductively isolated from each
other. Some historical evidence sug-
gests interchange may have occurred
during periods of exceptionally
favorable ice conditions in the North-
west Passage of North America and
across the eastern Arctic of Europe
and Asia.

Eskimos flense a large bowhead whale hauled out on the ice at Point Hope, Alaska. Photo by W. Marquette.
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Figure 1. — Approximate world distribution of bowhead whales prior to commercial whaling. Current range of each stock may not be the
same. Recent (1958-82) sightings in the eastern North Atlantic of single whales (dots) are from Jonsgérd (1981) and of 11 whales sighted in
May 1981 north of Franz Josef Land (circle) ate from A. Yablokov (text footnote two). Sightings of bowheads in Academy Bay, Sea of
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thought to be right whales (Reeves, R., Arctic Biological Station, Ste. Anne de Bellevue, Quebec, during a conversation at the
IWC Scientific Committee meeting, 6 June 1984, Eastbourne, Engl.)

MIINDY SLIdYSL] QULIDIN



North Atlantic
East Greenland-Spitsbergen Stock

Bowhead whales in the eastern
North Atlantic apparently wintered in
the area between East Greenland,
Iceland, and Spitsbergen Island (Fig.
1). (Spitsbergen is one of several
islands collectively called Svalbard.)
Their northeasterly movements in
spring were correlated with the reces-
sion of the ice front, with some
whales arriving at Spitsbergen in April
(Scoresby, 1820; for a review see de
Jong, 1983). In summer, most of the
population was found from east
Greenland and Novaya Zemlya to
north of lat. 80°N (Eschricht and
Reinhardt, 1866; Vibe, 1967).

Jonsgérd (1981) reported that only
23 individual bowheads (including
two dead) were seen in this area from
1945 to 1980. In 1980 and 1982, July
to September, no bowheads were ob-
served during continuous 24-hour-a-
day observations from an ice rein-
forced vessel surveying the Barents
Sea (between Svalbard and Franz
Josef Land) and the ice front to lat.
83°N (Larsen'). Haug (1980) reported
that one bowhead was seen by
Norwegian whalers on 21 and 25 May
1980 at about lat. 71°00N, long.
28°51'E along the coast of Finnmark,
north Norway. A. Yablokov?
reported that in May 1981, 11
bowheads were seen in one group
about 100-150 km northwest of Franz
Josef Land in a pack ice lead. Tomilin
(1957) and Vasilchuk and Yablokov
(1981) reported evidence of bowhead
strandings along Soviet shores during
this century, especially from the Kara
Sea and Novaya Zemlya.

Davis Strait and
Hudson Bay Stock(s)

Bowhead whales in the western

'"Thor Larsen, Norwegian Polar Research In-
stitute, Oslo, Norway. Pers. commun., 24
February 1983.

2Alexey Yablokov, Academy of Sciences of the
U.S.S.R., Moscow. Pers. commun., 27 April
1983 during a U.S.-U.S.S.R. bilateral meeting
in Santa Cruz, Calif. Subsequently, Randall
Reeves passed to me a letter from Yablokov
written to Reeves on 1 July 1981 in which
Yablokov provides some details.
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A bowhead whale rests at the surface in June, late in spring migration. Graying
patches of skin along the head, back, and edges of fluke are thought to be areas
of molting. Photo by B. Krogman.

North Atlantic range from southern
Davis Strait and Hudson Strait,
Canada, to Godhavn, West Green-
land, in winter, and north to the
Canadian High Arctic and northern
Hudson Bay (including Foxe Basin),
in summer (Fig. 1). Reeves et al.
(1983) report that the bowhead’s
distribution and migration today is
probably the same as it was prior to
commercial whaling. Summering
areas and migration routes include
Hudson Strait (lat. 62°N, long.
72°W) into northwest Hudson Bay,
Repulse Bay (lat. 66°N, long. 85°W)
and Foxe Basin, Baffin Bay, Smith
Sound, Lancaster Sound, Price
Regent Inlet (lat. 73°N, long. 90°W)
and Admiralty Inlet (69°N, long.
101°W), and waters between the
islands of the Canadian High Arctic
west to Barrow Strait. Sightings dur-
ing the spring and autumn migrations
over the past decade have been made
primarily along the northeast end of
Baffin Island (West Baffin Bay)
(Davis and Koski, 1980), and a few

more recently in spring near
Godhavn, West Greenland, (Born
and Heide-Jorgensen, 1983). Gray

(1886) and Southwell (1898) reported
that adult males occurred in open
water in summer and autumn, while
females and young were associated
with the pack-ice front.

On the basis of different catch
histories, apparent migration pat-
terns, and separate areas of seasonal
abundance, Mitchell and Reeves
(1981) and Reeves et al. (1983) sug-
gested that two stocks occur in the
eastern North American Arctic: The

“Davis Strait Stock” and the “Hudson
Bay Stock.” However, as Reeves et al.
(1983) pointed out, “The separate
identity of these two putative stocks
needs confirmation through direct
evidence.”

North Pacific

Western Arctic Stock

Bowhead whales in the western
Arctic of North America during the
19th century ranged from the
southwestern Bering Sea into the
Chukchi and Beaufort Seas (Town-
send, 1935; Bockstoce and Botkin,
1983) (Fig. 1). Their range today is
virtually the same, although they are
probably absent from the
southeastern Bering Sea except during
years of very heavy ice (Braham et al.,
1980b; Dahlheim et al., 1980). Plots
of seasonal catches, adapted from
Townsend (1935), replotted by
month, and reported in Dahlheim et
al. (1980) and Braham et al. (1984),
suggest that the distribution of
bowheads during open-water periods
in the mid-19th century was from the
Bering Sea to the eastern Beaufort
Sea. This implies that their summer
distribution included, essentially, their
entire range.

Catch data early in the Yankee
whaling fishery in the western Bering
Sea in July show that some compo-
nent of the population did not
migrate north of lat. 64°N. Anecdotal
comments by Cook (1926) further
suggest that by the end of the 19th
century, bowheads were not found in
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Adult bowhead whale resting at the surface among spring ice floes. The light
coloration of the inner surface of the flukes is caused by natural markings,
while the small white marks on the animal’s back and rostrum are perhaps
he:lled1 \favounds in the skin (from unknown causes) inflicted throughout the ani-
mal’s life.

summer and autumn (July-August) in
the Bering Sea. Rather, they were en-
countered there only near the ice front
in spring and early summer. Today
bowhead whales are found in abun-
dance in summer (July-August) only
in the Beaufort Sea. I conclude from
this that the current southern limit of
their summer distribution is several
hundred miles further north than it
was in the 19th century.

Currently, bowhead whales in the
western Arctic spend the winter
months from December to March in
and near the pack ice of the western
Bering Sea from St. Lawrence Island
south to St. Matthew Island and west
to the U.S.S.R. coast (Braham et al.,
1980a, b; Bogoslovskaya et al., 1982;
Brueggeman, 1982). The spring
northward migration usually occurs
from April through June in the
western Bering and eastern Chukchi
Seas, and offshore in the Beaufort
Sea (Braham et al., 1980a). The
whales follow cracks in the pack ice,
called “leads,” which are openings in
the fracture zone of ice formed when
the pack ice moves away from shore
during spring breakup as a result of
wind, currents, and melting ice. The
eastern or Canadian Beaufort Sea
serves as the bowheads’ primary
feeding ground from June to
September (Cook, 1926; Fraker and
Bockstoce, 1980). During this period,
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they occur principally from Amund-
sen Gulf to Demarcation Bay (lat.
69°40'N, long. 141°20W), Alaska
(Mansfield, 1971; Fraker et al., 1978;
Fraker and Bockstoce, 1980; Davis et
al.?).

The autumn migration westward
through the western Beaufort Sea
begins in August and September, and
occasionally a few whales are seen as
late as early November. Most autumn
sightings (September and October) in
U.S. waters have been of whales near
the 20-100 m depth contour between
Demarcation Bay and Point Barrow
(Braham et al., 1977, 1984; Ljungblad
et al., 1980, 1982; Ljungblad, 1981).
From Point Barrow, the animals
move west across the Chukchi Sea
toward Herald and Wrangel Islands
(Cook, 1926) and then south and east
along the north coast of the Chukchi
Peninsula to their winter grounds in
the Bering Sea (Johnson et al., 1981;
Bogoslovskaya et al., 1982; Mar-
quette et al., 1982). A few recent
sightings have been made along the
northwest coast of Alaska in the

3Davis, R., W. Koski, and G. Miller. 1983.
Preliminary assessment of the length-frequency
distribution and gross annual reproductive rate
of the Western Arctic bowhead whale as deter-
mined with low-level aerial photography, with
comments on life history. Final rep., 91 p. LGL
Ltd., 44 Eglinton Ave. W., Toronto, Ontario,
M4R 1A1, Can. (Prep. for Natl. Mar. Mammal
Lab., NMFS, NOAA, Seattle, WA 98115.

Chukchi Sea during the autumn
migration (Ljungblad et al., 1982; In
press).

Sea of Okhotsk Stock

Bowheads were formerly found in
the northern and western Sea of
Okhotsk during spring and summer,
occurring as far north as Penzhin-
skaya Inlet (northern Sea of Okhotsk)
and as far southwest as Shantar Bay
(also spelled Tchantar Bay) (Fig. 1).
Today their seasonal movements are
unknown. Three vessel and aerial
surveys of the Sea of Okhotsk
resulted in sightings of 54 (June-July
1967), 35 (August 1974), and 55
(August 1979) bowheads in and adja-
cent to Academy Bay (lat. 54°N,
long. 138°E) northwest of Sakhalin
Island (Berzin and Doroshenko,
1981). On 23 June 1969, a 6.3 m
bowhead was taken by Japanese
fishermen in Osaka Bay, Japan
(Nishiwaki and Kasuya, 1970). This
was a very rare event, since central
Japan is almost a thousand miles
south of the bowheads’ historical
range in the Sea of Okhotsk.

Life History and Ecology
Feeding

Euphausiids (Thysanoessa raschii)
and copepods (Calanus sp.) are the
principal prey of bowhead whales, at
least in the western Arctic (Lowry et
al., 1978; Lowry and Burns, 1980).
Bowheads feed while in the eastern
Beaufort Sea during the summer and
autumn (about June to October), but
the percent of time spent feeding,
especially at other times of the year, is
unknown. Frost and Lowry* (sum-
marized in Marquette et al., 1982)
estimated that bowheads consume
about 3 percent of their body weight
per day. The predominant prey taken
are, by volume, euphausiids (65 per-
cent), copepods (30 percent), hyperiid

“Frost, K., and L. Lowry. 1981. Feeding and
trophic relationship of bowhead whales and
other vertebrate consumers in the Beaufort Sea.
Final report, 106 p. Alaska Dep. Fish Game,
1300 College Road, Fairbanks, AK 99701.
(Prep. for Natl. Mar. Mammal Lab., NMFS,
NOAA, Seattle, WA 98115.)
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amphipods (1 percent), and other
species (4 percent).

Based on a 1-year study of predator
interactions in the eastern U.S.
Beaufort Sea, Frost and Lowry (foot-
note 4) concluded that competition
for food among predators such as
Arctic cod, Boreogadus saida; ringed
seals, Phoca hispida; and seabirds
during summer and autumn might
adversely affect the feeding and
population growth of bowheads in
some years if food is limited. Further
calculations by Lowry and Frost
(1984) suggest that prey density in the
Beaufort Sea supplies sufficient
energy needs for bowheads during an
estimated 130-day feeding season.

Reproduction

Estimates of vital rates and other
life history information on bowhead
whales come mainly from the western
Arctic (Nerini et al., 1984). Concep-
tion is believed to occur primarily in
March, although mating behavior has
been observed from March to
August. Gestation lasts for perhaps 13
months. Calves are apparently born
from March into July, but the peak of
parturition is during the spring migra-
tion, from April to June, with most
calves thought to be born in May.
Gray (1894) (from de Jong, 1983) also
reported seeing “very young” animals
(presumably calves) from early May
to July in Davis Strait. Biological data
from whales landed by Alaskan
Eskimos suggest that the pregnancy
rate is from 0.15 to 0.33 and that
adult females produce a calf once
each 3-6 years. Age at sexual maturity
and other age-related parameters can-
not be estimated at present because
methods of ageing bowheads have not
been successful (Nerini, 1983). Length
estimates at various stages of growth
are 4-4.5 m at birth, 8-8.5 m at one
year, 13.5-14 m at (female) sexual
maturity, and 18-20 m maximum
length.

Estimates of the gross annual
reproductive rate (i.e., the number of
calves in proportion to all other
animals counted) ranged from 3.6 to
12.4 percent (Cubbage and Rugh,
1982; Marquette et al., 1982; Nerini et
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Group mating behavior of bowhead whales among the spring ice near Barrow,
Alaska. Photo by B. Krogman.

al., 1984; Davis et al., footnote 3).
After reviewing all estimates, Nerini
et al. (1984) concluded that the prob-
able value is less than 11.6 percent,
but certainly more than 3.6 percent.
Braham (In press) and Chapman (In
press) suggest that the estimate lies
between S and 10 percent. The
bowheads’ closest living northern
relative, the right whale, Baleana (or
Eubalaena) glacialis, is reported to
have an estimated gross reproductive
rate of 4.4-6.9 percent (IWC, 1984),
but this is based upon a small sample.

Natural Mortality

The rate of natural mortality has
not been estimated for bowhead
whales. The Alaskan Eskimo harvest
of about 20 per year is the only mor-
tality factor that can be directly
measured. Predation by killer whales,
Orcinus orca, could, along with
Eskimo hunting and ice entrapment,
be mortality factors (Mitchell and
Reeves, 1982). Mass mortality as a
result of ice entrapment does occur,
although with unknown frequency
(Tomilin, 1957; Mitchell and Reeves,
1982; Nerini et al., 1984).

Exploitation and Population Size
History of Exploitation

Commercial whaling on the East
Greenland-Spitsbergen stock began
near Spitsbergen in about 1610, and
by the late 1600’s the Arctic coastal
fishery had been exhausted
(Zorgdrager, 1720; de Jong, 1978,
1983). This was the first bowhead
fishery, dominated initially by land-
based European whalers, such as the
British, Dutch, Basques, and Ger-
mans, and later by pelagic whalers
from other nations as well. The early
fishery was the “east-ice” fishery from
Spitsbergen to the Barents Sea, and
then from 1642 to 1688 the “west-ice”
pelagic fishery was active off eastern
Greenland. Pelagic whaling allowed
the whalers to follow the bowheads
farther from land, into northern
waters, and later in the year.
Although bowheads were taken into
the early 20th century, the fishery
probably reached a low point during
the early 18th century (Reeves, 1980;
de Jong, 1983).

Soon after the turn of the 18th cen-
tury, European whalers sailed into
Davis Strait and found bowheads to
be abundant. Between 1729 and 1738,
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Figure 2—Most bowhead whales in
the western Arctic stock were re-
moved between 1850 and 1870, al-
though whaling effort remained
high into the 20th century (Braham
et al., 1977).

4,000 were taken (Ross, 1979). By the
mid-1700’s, bowheads in Davis Strait
were thought to be depleted, but large
catches continued farther north in
Baffin Bay into the 20th century
(Reeves et al.,, 1983; Ross and
Mclver®). For 8 years (1765-72), the
Hudson’s Bay Company conducted
bowhead whaling in Hudson Bay, but
commercial whaling did not begin
there until 1860 when about 1,000
animals were taken over a 40-year
period (Ross, 1974; Mitchell and
Reeves, 1982). Important reviews of
whaling in the western North Atlantic
have been published by Ross (1974,
1979), Mitchell and Reeves (1982),
Reeves et al. (1983), and Ross and
Mclver (footnote 5).

In the North Pacific, commercial
whaling for bowhead whales first
began in the Sea of Okhotsk in 1845
and in the Bering Sea (western Arctic
stock) in 1848 (Scammon, 1874). The
Sea of Okhotsk fishery shifted prin-
cipally to the Bering Sea between 1849
and 1852 after Captain Roys “dis-
covered” bowheads in the Bering
Strait region in 1848. In 1849, Yankee
crews from 154 ships killed over 1,500
bowheads in the Bering Sea

sRoss, W. G., and A. Mclver. 1982. Distribu-
tion of the kills of bowhead whales and other
sea mammals by Davis Strait whalers,
1829-1910. Unpubl. manuscr., 75 p. Arct. Pilot
Proj., Petro Can., 550-6th Ave., S.W. Calgary,
Alberta, T2P-144, Can.
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Figure 3. —Commercial bowhead whaling principally occurred in the Sea of
Okhotsk from 1845 to 1874, and in the Bering Sea from 1848 to 1917. Within
20 years of the start of the fishery, the stocks were depleted, and no bowheads
were taken south of the dashed lines after the dates indicated. Data from
Townsend (1935) and Bockstoce and Botkin (1983).
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Ocean. Although the Sea of Okhotsk
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century, it had essentially failed by
1874 (Kugler and Henderson, In
press).

Within the first two decades of the
fishery in the Bering, Chukchi, and
Beaufort seas (1850-70), over 60 per-
cent of the stock was removed (Fig.
2), and over the 65- to 70-year history
of this fishery, some 18,650 bowheads
were killed (Bockstoce and Botkin,
1983). By 1900, pelagic whalers had
great difficulty finding bowheads

Year

Figure 4.—The population
decline and possible increase
of the western Arctic stock
since the end of commercial
whaling is the author’s ap-
proximated projection using
information from Townsend
(1935), Eberhardt and
Breiwick (1980), Breiwick et
al. (1981, 1984), and Bock-
stoce and Botkin (1983).

70° N

60°

south of Bering Strait from June to
October (Fig. 3). A shore-based
fishery operated from several U.S.
and Soviet Eskimo villages on the
Bering and Chukchi Seas from the
1880’s to about 1909 (Marquette and

Bockstoce, 1980). The low point of
the bowhead population probably oc-
curred near the end of the pelagic
fishery (about 1914), but the recovery
rate during this century is unknown
(Fig. 4). Breiwick et al. (1984), in
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modelling the population life history
parameters, predicted that recovery
has been very slow, if at all, in the
face of a continued small harvest by
Alaskan Eskimos.

Pre-exploitation and
Current Stock Sizes

A summary of estimates of abun-
dance for bowhead whales is provided
in Table 1. The East Greenland-Spits-
bergen stock is thought to have been
the largest of all the stocks, perhaps
numbering 25,000 in 1679, about 70
years after the beginning of the
fishery (IWC, 1978; Mitchell®). The
current population size is unknown,
but probably is very small, as fewer
than 20 live individuals have been seen
since World War II. Jonsgérd (1981)
stated his belief that this stock is near-
ing extinction.

Mitchell and Reeves (1981) esti-
mated that there were at least 11,000
bowheads in the Davis Strait stock in
1825, and 680 in the putative Hudson
Bay stock in 1859. Although several
field surveys and literature review
studies have been conducted since
1971, there is no quantitative estimate
of the current stock size in the western
North Atlantic. Reeves et al. (1983)
stated that the population probably
“numbers only a few hundred.”

The size of the western Arctic stock
in 1848 is thought to have been about
18,000 (IWC, 1983), although other
estimates range from 8,000 to 40,000
(Breiwick et al., 1981; Bockstoce and
Botkin, 1983; Breiwick and Mitchell,
1983; Tillman et al., 1983). The
minimum estimate of current abun-
dance, based on visual census studies
conducted since 1978 near Point Bar-
row, Alaska, is 3,871 with a standard
error of 254 (IWC, 1984). These
estimates of current population size

sMitchell, E. D. 1977. Initial population size of
bowhead whale (Balaena mysticetus) stocks:
Cumulative catch estimates. Unpubl. manuscr.
Arc. Biol. Sta., 555 St. Pierre Blvd., Ste. Anne
de Bellevue, Quebec, H9X 3L6, Can. (Submit-
ted to IWC Sci. Comm., Canberra, Aust., June
1977, as SC/29/Doc. 33.)
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Table 1.—Estimates of abundance for the world’s stocks of
bowhead whales.

Population size estimates

Early whaling period Current

Stocks Year Estimate Year Estimate
North Atlantic
E. Greenland-
Spitsbergen 1679 125,000 1980  Nearing
extinction?
Davis Strait 1825 11,000 1983  Unknown®
Hudson Bay 1859 680 1983  Unknown?®
North Pacific
W. Arctic 1848  “18,000 1983 3,871
Sea of
Okhotsk 1845 Unknown® 1981 Unknown’

!International Whaling Commission (1978), Jong (1978),
and Migchell (text footnote six).

2Jonsgard (1981) believes they are nearing extinction,
whereas International Whaling Commission (1978) and
Reeves (1980) believe it to be “at a very low level.”
3Mitchell and Reeves (1981) and Reeves et al. (1983) report
these estimates based upon a literature survey and some
whalers logbooks and records for the two putative stocks:
“Davis Strait Stock” and “Hudson Bay Stock”; the current
population size for the eastern North American Arctic may
be a few hundred, although this is not based upon quanti-
tative census studies.

“The precommercial whaling population size has been
variously estimated at no lower than 8,000 (Breiwick et al,
1981) to a high of 40,000 (Bockstoce and Botkin, 1983).
Further assessment of the problem resulted in a “best
estimate” of 18,000 (International Whaling Commission,
1983).

sInternational Whaling Commission (1983), based upon an
evaluation of spring census counts made since 1978, con-
sidered this a minimum estimate with a standard error of
254.

sTwo estimates have been reported: 6,500 by Berzin and
Doroshenko (1981), who cite “(U.K., 1979)” but do not list
this reference within the literature cited, and about 10,000
by Ivashin (text footnote 7). But no data and no methods
of estimation were provided; hence, these estimates can-
not be considered acceptable. David Henderson (New
Bedford Whaling Museum, New Bedford, MA 02740, dur-
ing a conversation at the IWC special meeting on right
whales, 13 June 1983, Boston, Mass.) reported working on
the 19th century Yankee logbooks and whaling records for
the Sea of Okhotsk, and | expect a reliable estimate of ini-
tial abundance is forthcoming (e.g., Kugler and Hender-
son, In press).

On the basis of three vessel and aerial surveys in 1967,
1974, and 1979, Berzin and Vladimirov (1981) and Ivashin
(text footnote 7) concluded that the population was
perhaps a few hundred.

are about 20 percent of the popula-
tion size prior to the beginning of
commegrcial whaling in 1848.

No satisfactory estimate of abun-
dance is available for any period for
bowheads in the Sea of Okhotsk.
Ivashiy’ estimated that the population

|
i

"Ivashin, M. 1982. Russian hunting for right
whales in the Sea of Okhotsk (18th-19th cen-
turies). Unpubl. manuscr. All-Union Sci. Res.
Inst. Mar. Fish. Oceanogr. (VNIRO), Moscow.
(Submitted to IWC Sci. Comm., Cambridge,
Engl., June 1982, as SC/34/PS21.)

was at least 10,000 when commercial
whaling began (about 1845). An
estimate of 6,500 in the IWC
literature (IWC, 1983) cannot be
verified. None of these estimates seem
to be based on comprehensive
analayses of available data, such as
from whaler’s logbooks, journals, or
notes, and there is conjecture as to
whether right whales and bowheads
were separated in the catch data used
to make the estimates (IWC, 1983).
No estimate of current abundance has
been made; Soviet scientists at IWC
Scientific Committee meetings have
stated since 1981 that there are at least
a few hundred. They base this on the
three surveys (discussed earlier) in the
southwestern Sea of Okhotsk (Berzin
and Doroshenko, 1981).

Management

Two highly visible problems facing
management are the American
Eskimo subsistence hunt and oil and
gas development activities in the Arc-
tic. The Alaskan Eskimo harvest of
about 20-25 whales per year is cur-
rently under IWC quota: The 1984-85
quota is 43 strikes, with no more than
27 strikes allowed for 1984. It remains
unclear if this level of removal will en-
sure growth in the population but
projections using life history and
harvest data (including struck and lost
mortality estimates) suggest that it
may (Breiwick et al., 1984). An
Alaskan Eskimo take of bowheads is
permitted by exemptions in the
Marine Mammal Protection Act of
1972, Endangered Species Act of
1973, and by the current IWC
schedule on aboriginal/subsistence
whaling. If the number of bowheads
in the other stocks is as low as
suspected, then certainly no harvest is
warranted.

Oil and gas development activities
have been underway in the Canadian
Beaufort Sea since the early 1970’s,
and is beginning in Alaskan waters
throughout much of the bowhead’s
range. Those areas of particular con-
cern are 1) the southern Beaufort Sea,
which serves as the major feeding
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Alaskan Arctic spring ice conditions; a bowhead whale surfaces in the near
shore lead. Only a small part of the animal’s back is visible to the Eskimo

whalers. Photo by G. Carroll.

ground for summering bowheads, in
particular from southern Amundsen
Gulf, Canada, to Point Barrow,
Alaska; 2) the northwest Bering Sea
and eastern Chukchi Sea, where
bowheads spend the months of March
to June migrating, calving, and
mating and, September to December,
migrating and perhaps feeding; 3) the
Bering Strait, an important constric-
tion in their spring and autumn
migration; and 4) the central Bering
Sea, where bowheads winter and
perhaps mate (March). To provide
meaningful management advice,
greater information is needed on
specific migration patterns, behavior
(e.g., habitat use), and population
production, particularly for the
eastern North American Arctic
stock(s), as less work has been
conducted there in relation to future
exploratory activities than in the
western North American Arctic.

Conclusions

All stocks of bowhead whales were
severely depleted during the commer-
cial whaling era prior to the 20th cen-
tury. The western Arctic stock is the
least depleted of all stocks, with about
20 percent of the 1848 population re-
maining today. When commercial
whaling came to a halt between 1911
and 1917, the western Arctic stock
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was probably not less than 1,000
animals (Eberhardt and Breiwick,
1980) and, given the current popula-
tion size estimate of about 4,000, it
seems reasonable that it was larger
than 1,000 in 1917 (Breiwick et al.,
1984). However, because of the
uncertainties in the 1917 population
size, and the difficulty of estimating
or measuring certain life history para-
meters (e.g., natural mortality), the
rate of recovery cannot be precisely
determined.

Reliable estimates of the current
population sizes for the other three or
four stocks of bowheads are not
available, but they probably number
no more than a few hundred in-
dividuals each. If so, then all stocks of
bowheads, with the exception of those
in the western North American Arc-
tic, are no greater than 5 percent of
their initial population size.

Because of their low population
numbers, their habit of frequenting
coastal waters during vulnerable
periods of their annual cycle (i.e.,
calving and feeding), and apparent
low reproductive rate, bowheads may
be particularly vulnerable to the
development activities of humans.
With some stocks, removal of a few
individuals could be significant. A
rigorous policy of habitat conserva-
tion and research is needed
throughout the Arctic.
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The Sperm Whale,

Physeter macrocephalus

MERRILL E. GOSHO, DALE W. RICE,
and JEFFREY M. BREIWICK

Introduction

The sperm whale Physeter
macrocephalus Linnaeus, 1758!, is
the largest of the toothed whales
(Odontoceti). In the past, males as
large as 20 m (65 feet) in length have
been recorded; today, however, males
larger than 18 m (60 feet) are rare.
The maximum length of female sperm
whales is 12 m (40 feet) (Berzin, 1971).
The average size of a calf at birth is 4
m (13 feet) (Ohsumi, 1965). Gaskin
(1972) reported that sperm whales can
reach a maximum age of 50 years.

The sperm whale is distinguished
by an unusually large head that is
from about one-fourth to one-third of
its total body length. It is the only liv-
ing cetacean that has a single blow

'This name is used instead of Physeter catodon
according to Husson and Holthius, 1974.

A sperm whale surfaces in the Southern Ocean. Note the characteristic wrinkl-

hole asymmetrically situated on the
left side of the head near the tip. The
Y-shaped lower jaw on the underside
of the head contains two rows of
20-30 erupted teeth.

The interior of the mouth and the
surrounding area are often white, in
contrast to the rest of the dark body,
which has been variously described as
black, dark bluish-gray, slate gray,
iron gray, purplish brown, grayish-
brown, or blackish-brown. The sperm
whale has no dorsal fin; however, a
hump or a series of humps are present
along the dorsal surface of the tail-
stock. The skin of the trunk is cor-
rugated into many series of
longitudinal ripples.

The authors are with the National Marine
Mammal Laboratory, Northwest and Alaska
Fisheries Center, National Marine Fisheries Ser-
vice, NOAA, 7600 Sand Point Way N.E., Bin
C15700, Seattle, WA 98115.

ed appearance of the body surface and the obtusely rounded dorsal hump.

Photo by G. Joyce.
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Sperm whales have a strong school-
ing instinct, forming schools of
females and young, young males, and
mixed ages and sexes. The older adult
males are often solitary and tend to
migrate to higher latitudes than do the
females and younger animals.

Sperm whales are noted for their
ability to make prolonged deep dives.
Large adult males can remain
submerged for over an hour, while
females and younger animals usually
surface after 15-20 minutes (Rice,
1978). Clarke (1976) observed two
large adult male sperm whales diving
off Durban, South Africa, in water
over 3,193 m (10,476 feet) deep. The
whales made dives lasting 82 and 83
minutes; when captured later their
stomachs contained bottom-dwelling
sharks.

The head of the sperm whale con-
tains the spermaceti organ, which is a
large reservoir for spermaceti oil.
Sperm whales are hunted for this oil
as well as for the lower grade oil con-
tained in the blubber. The remainder
of the whale is processed into animal
feed, fertilizer, and, to a limited ex-
tent, human food and pharma-
ceuticals.

Distribution and Migration
Habitat

Sperm whales inhabit all oceans of
the world. Their distribution is de-
pendent on their food source and
suitable conditions for breeding, and
varies with the sex and age composi-
tion of the groups.

Marine Fisheries Review



These whales usually inhabit the
offshore waters. Berzin (1971) re-
ported that sperm whales are re-
stricted to waters deeper than 300 m
(1,000 feet), while Watkins (1977) re-
ported that they are usually not found
in waters less than 1,000 m (3,300
feet) deep. When found close to land,
the sperm whale concentrations are
usually associated with a sharp drop
in depth of the bottom where upwell-
ing occurs. In these areas, organic
production is high, implying the
presence of a good food supply
(Clarke, 1956; Berzin and Rovnin,
1966).

Deep-water cephalopods (squids)
are the major food of sperm whales.
Global cephalopod distribution is in-
fluenced by such factors as their in-
ability to withstand salinities below 30
%0 and a temperature requirement of
10°-20°C which is necessary for their
eggs to develop (Akimushkin, 1963).
Berzin (1971) reported that the occur-
rence of sperm whales is rare in the
Yellow and East China Seas, the Sea
of Japan, and the Baltic Sea; these
seas are relatively shallow and have a
low salinity.

During the summer, sperm whales
migrate to higher latitudes; the
mature males migrate much farther
poleward than do the females and
younger males. The females and
younger animals may be restricted in
their migrations by an intolerance to
low water temperatures. Nishiwaki
(1967) reported that female sperm
whales in the North Pacific do not
migrate into waters having a
temperature lower than 10°C.
Gilmore (1959) reported that harem
herds with mixed sexes and ages are
restricted by the 20°C isotherm,
although Gaskin (1972) observed
nursery schools with very small calves
in waters to the east of New Zealand
with a temperature of 14°-16°C.
Because breeding herds are confined
almost exclusively to the warmer
waters, many of the larger male sperm
whales return in the winter to the
lower latitudes to breed.

In the Northern Hemisphere,
sperm whale stocks are believed to be
segregated units. However, in the
Southern Hemisphere (Fig. la, b),
there could be a gradual mixing of
both male and female sperm whales

An immature male sperm whale lies on the slipway of the former whaling station at Coal Harbour, Vancouver

around the southern coasts of Africa
and Australia, and of males south of
Cape Horn (Mackintosh, 1965). It is
not clear if the mature males which
migrate to higher Ilatitudes always
return to the same breeding herds
(Gaskin, 1972).

Pacific Ocean

During the summer, sperm whales
are widely distributed throughout the
entire Pacific Ocean. The females and
young sperm whales usually remain in
tropical and temperate waters be-
tween lat. 45°N and lat. 45°S (Rice,
1978), while the males continue north
to the Gulf of Alaska, Aleutian
Islands, and Bering Sea, and south to
the Antarctic. The northernmost
boundary for male sperm whales is
from Cape Navarin (lat. 62°N) to the
Pribilof Islands (Omura, 1955).
Sperm whales are usually distributed
below lat. 40°N during the winter.

In the spring, sperm whales in the
western North Pacific begin to
migrate from the Philippines to the
southern coast of Japan, along the

Island, B.C. Note the large barrel-like head and the long, narrow lower jaw. Photo by D. W. Rice.
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Figure 1a. —Pacific Ocean distribution of sperm whales based on past commer-

Japan coast to the Kurile Islands, and
up to Kamchatka (Berzin, 1971).
Many of the mature males leave their
herds to continue northward to the
Aleutian Islands, Bering Sea, and the
Gulf of Alaska (Ohsumi, 1966;
Ohsumi and Masaki, 1977).

In the eastern North Pacific, sperm
whales are commonly found off cen-
tral California, although very few are
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cial catches (Gilmore, 1959).

present in midsummer. Two annual
peaks of abundance occur off central
California in mid-May and mid-
September, which suggest a north-
ward migration in the spring and a
southward migration in the fall. Dur-
ing the winter, breeding schools of
sperm whales are frequently sighted
over the continental slope off Califor-
nia from lat. 33°N to lat. 38°N from

November to April (Rice, 1974). Dur-
ing the summer, sperm whales are
found in the Gulf of Alaska, Aleutian
Islands, and southeastern Bering Sea.

Sperm whaling grounds in the
Pacific south of lat. 40°N (Fig. 1a)
were historically located around the
Hawaiian Islands, from the Bonin
Islands to Midway Island, from the
Philippines and Borneo along the

Marine Fisheries Review
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Figure 1b. — Atlantic and Indian Ocean distribution of sperm whales based on
past commercial catches (Gilmore, 1959).

Equator to South America, along the
western coast of South America, and
around the Society Islands, the Mar-
quesas, Fiji, Samoa, New Zealand,
and in the Tasman Sea (Townsend,
1935).

Atlantic and Arctic Oceans

The northernmost limit of male
sperm whales is approximately lat.
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70°-75°N in the Arctic Ocean (Berzin,
1971). Sperm whales have been
reported as far north as Spitsbergen,
west of Jan Mayen Island, the
southeastern Barents Sea off the Mur-
man Coast, and the Kanin Peninsula.
Female sperm whale sightings have
occurred as far north as lat. 54°N in
the North Atlantic, although female
and young sperm whales are generally

restricted to latitudes less than lat.
40°N (Slijper, 1962).

Past sperm whaling grounds in the
Gulf of Mexico, Caribbean Sea, and
off the southeastern United States are
shown in Figure 1a, while those in the
rest of the Atlantic Ocean are shown
in Figure 1b. In addition, small
numbers of sperm whales were taken
during the summer in Davis Strait, off
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Labrador, Newfoundland, Green-
land, Iceland, Norway, and around
the Faroe and Shetland Islands; they
frequently appear off the coasts of
Scotland, England, Ireland, and the
Netherlands, and strandings often oc-
cur there. Sperm whales also occur in
the Bay of Biscay, off the west coasts
of Spain and Portugal, and in the
Mediterranean Sea (Berzin, 1971).
Tomilin (1957) believed that sperm
whales followed the warm Gulf
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Stream and West Greenland currents
along the North American coast as far
as Davis Strait in the summer and
returned to the Gulf of Mexico, An-
tilles, and Bermuda in the winter to
breed. However, Mitchell (1975)
reported that a male sperm whale,
tagged in 1966 off Nova Scotia, was
captured over 7 years later off Spain
in August 1973.

Tomilin (1957) also believed that in
the eastern North Atlantic sperm

whales would summer in the northern
areas and winter around the Azores,
Madeira, Canary, and Cape Verde
Islands. Martin (1982) reported that a
14 m (46-foot) male sperm whale cap-
tured off Iceland in August 1981 had
previously been harpooned in the
Azores in August 1980.

Sperm whales occur year-round off
the coasts of southern Africa and
South America (Berzin, 1971). The
southernmost boundary of harem

Marine Fisheries Review



animals in the South Atlantic appears
to be around lat. 50°-54°S.

Indian Ocean

In the 18th and 19th centuries,
sperm whaling in the Indian Ocean
was conducted in all seasons.
However, most whaling (Fig. 1b) oc-
curred in the western half of the In-
dian Ocean (Townsend, 1935).

Gambell (1967, 1972) reported that
sperm whales in the region around
Durban were present year-round,
moving into and out of the area at
different times of the year; there was a
net northward movement up the coast
in the early part of the year. Bannister
and Gambell (1965) believed that
schools of sperm whales drifted south
in the austral spring. In the central In-
dian Ocean, Soviet surveys found
large concentrations of sperm whales
to the north of St. Paul and Amster-
dam Islands in December and
January (Berzin, 1971).

Bannister (1969) reported that, in
the summer, sperm whales follow the
coastlines of Australia, moving
southward along the western coast
and westward or southwestward
along the southern coast. Bannister
(1969) also hypothesized that three
stocks inhabited the Indian Ocean:
One off the southeast coast of Africa,
an oceanic stock around Amsterdam
and St. Paul Islands, and an eastern
stock off western Australia.

Antarctic

Male sperm whales travel up to the
ice edge in the Antarctic (Berzin,
1971). Sperm whales are more evenly
distributed in the Antarctic than at
lower latitudes and travel from one
region to another around the Antarc-
tic in search of food (Kirpichnikov,
1950). Holm and Jonsgird (1959)
reported that sperm whales were par-
ticularly abundant from long. 70°W
eastward to long. 170°W (Fig. 2).

Because female sperm whales do
not enter Antarctic waters, the 20th-
century fishery there was exclusively
for males. Sperm whaling in the Ant-
arctic took place mainly during the
austral summer (December to
March). After summering in the
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