The Sperm Whale

Introduction

The sperm whale, Physeter macro-
cephalus Linnaeus, 1758%, is the larg-
est and most sexually dimorphic mem-
ber of the odontoceti or toothed whales.
Males reach a maximum length of 18.5
m, while the maximum length of fe-
males is 12.5 m (Odell, 1992). Calves
at birth have an average length of 4 m.
The most distinctive physical feature of
the sperm whale is the exceptionally
large head to body ratio: about one-third
of the total body length. The enormous
head contains a reservoir of spermaceti
oil produced by the spermaceti organ.
And a black or grayish fatty substance,
known as ambergris, is produced in the
sperm whale’s intestines. Near the an-
terior of the head and to the left is a
single blow hole (Fig. 34). The narrow
bottom jaw holds 17-29 pairs of func-
tional teeth that align with indentations
in the upper jaw (Rice, 1989).

These toothed whales are rarely
found in waters less than 300 m deep.
They are often concentrated around oce-
anic islands in areas of upwelling and
along the outer continental shelf and
mid ocean waters (Rice, 1989).

Sperm whales are deep divers. Soli-
tary adult males can stay submerged for
over 60 minutes at recorded depths of
over 2,000 m (Watkins et al., 1993).
Mixed groups of females and young

85 Both Physeter macrocephalus and Physeter
catodon are scientific names used in the litera-
ture to refer to the sperm whale. However, P.
macrocephalus has been designated as the pre-
ferred name by the International Code of Zoo-
logical Nomenclature’s Article 24(a) naming pro-
cedure (Rice, 1998). P. macrocephalushas never
been used to refer to another species, while P.
catadon has been used in reference to other ce-
taceans (e.g. pilot whales) (see Husson and
Holthius,1974).
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whales with calves have an average dive
time of 8§ minutes, while mixed groups
without calves average 25 minutes
(Leatherwood et al., 1982; Mano, 1990;
Gordon and Steiner, 1992). Body size,
degree of social cohesion, oceano-
graphic features or bottom topography,
and prey species availability are all fac-
tors that may affect variation in dive
behavior between individuals and areas.

Distribution and Migration

Sperm whales inhabit all ocean ba-
sins, from equatorial waters to the po-
lar regions. In general, their distribution
varies by gender and age composition
of groups and is related to prey avail-
ability and certain oceanic conditions
(Fig. 35). Mature females, calves, and
immature whales of both sexes are
found in social groups in temperate and
tropical waters year round. Very rarely
are female/immature groups found
higher than lat. 50°N and lat. 50°S
(Reeves and Whitehead, 1997). Male
sperm whales lead a mostly solitary life
after reaching sexual maturity between
9 and 20 years of age and travel into
regions as high as lat. 70°N in the North
Atlantic and lat. 70°S in the Southern
Ocean (Reeves and Whitehead, 1997).

General migration patterns vary be-
tween males and females. In summer,
all sperm whales can be found at the
highest latitudes of their range. In win-
ter, female/immature groups migrate
closer to equatorial waters in both hemi-
spheres, possibly following warmer sea-
surface temperatures (Kasuya and
Miyashita, 1988; Waring et al., 1993).
Sexually mature males join these fe-
male/immature groups throughout the
winter. The genetic homogeneity of
sperm whales worldwide, suggests that
genetic exchange occurred between

Northern and Southern Hemisphere
populations at some time in their evo-
lutionary history (Dufault et al.80),
Large-scale oceanographic events,
such as El Nifio, also seem to affect the
distribution and movements of sperm
whales (Whitehead et al.87), creating an-
nual and seasonal geographic variability.

North Pacific

In 1981, the IWC’s Scientific Com-
mittee designated two sperm whale
stocks in the North Pacific, western and
eastern, based on whaling records, the
results of Discovery tagging38, and the
intermingling of males in the northern
latitudes (Donovan, 1991). The bound-
ary delineating western and eastern
North Pacific stocks became known as
the “Cambridge Line” (Fig. 36), and has
been much debated since its acceptance
by the IWC’s Scientific Committee.
There is evidence from historical whal-
ing data, ship-based surveys, and
oceanographic features, that three or
more North Pacific stocks of sperm
whales should be recognized for man-
agement purposes (Bannister and
Mitchell, 1980; Kasuya, 1991).

Sperm whales occur throughout the
North Pacific. Female and immature
whales are found year round in temper-
ate and tropical waters from the Equa-
tor to around lat. 45% N. During sum-
mer, mature male sperm whales are
thought to move north into waters off
the Aleutian Islands, Gulf of Alaska, and

86 Dufault, S., H. Whitehead, and M. Dillon.
1997. An examination of current knowledge on
the stock structure of sperm whales (Physeter mac-
rocephalus) world-wide. Unpubl. doc. SC/49/07
submitted to Rep. Int. Whal. Comm., 19 p.

87 Whitehead, H., V. Papastavrou, and S. Smith.
1990. Sperm whales and El Nifio off the
Galapagos Islands. Unpubl. doc. SC/40/Sp4 sub-
mitted to Rep. Int. Whal. Comm., 6 p.
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the southern Bering Sea (Fig. 4). How-
ever, Discovery tag38 data revealed con-
siderable east-west movement between
Alaska and the western North Pacific,
with little evidence of north-south
movement in the eastern North Pacific
(Ohsumi and Masaki, 1977; Wada,
1980; Taylor®8).

In the U.S. EEZ of the North Pacific,
three discrete population “centers” have
been identified for stock assessment

88 Taylor, B. 1997. Appendix 3. InD. P. DeMaster
(Editor), Minutes from fifth meeting of the
Alaska Scientific Review Group, 7-9 May 1997,
Seattle, Wash., 21 p. Avail. from D. P. DeMaster,
Director, Natl. Mar. Mammal Lab., 7600 Sand
Point Way, N.E., Seattle, WA 98115.

purposes: 1) Alaska, 2) California/Or-
egon/Washington, and 3) Hawaii (Bar-
low et al., 1997; Hill et al., 1997). These
stock designations are based on distri-
butional data from sightings and catches
only, and there are no reliable pheno-
typic or genotypic data available for any
of the sperm whale “centers” in U.S.
waters (Small and DeMaster, 1995; Hill
etal., 1997).

A survey conducted by the NMFS in
the winter of 1997 (Sperm Whale Abun-
dance and Population Structure, or
SWAPS) was designed to census these
three “centers” and the area south of the
U.S./Mexican border to more clearly
determine sperm whale distribution and

Figure 34.—Aerial view of an adult sperm whale. Note the angled blow. NMML
Collection.
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abundance in this region. Preliminary
results of this survey (new abundance
estimates are still being determined)
along with the results of previous sur-
veys in the same area, suggest that sea-
sonal sperm whale distribution in these
waters varies annually, and brings into
question the belief that sperm whales
are abundant during February off cen-
tral California (Bannister and Mitchell,
1980). More work is necessary in the
temperate eastern Pacific before reliable
stock structure designations can be
made (Taylor38; Taylor et al.$9).
Sperm whales in the western North
Pacific stock occur from the Equator,
along the Philippines, and up to the
Kuril Islands and Kamchatka Peninsula,
Russia (Fig. 5) (Kasuya and Miyashita,
1988; Shuntov, 1994). Based on Japa-
nese coastal whaling data, tag returns,
blood typing, and whale distribution
associated with oceanographic current
systems (i.e. Kuroshio Current and
Oyashio Front), Kasuya (1991) pro-
posed that there are three distinct sperm
whale stocks in the North Pacific: 1)
northwest North Pacific, 2) southwest
North Pacific, and 3) eastern North Pa-
cific. However, distinction between the
three is confounded by the overlap in
male distribution in northern latitudes
(Kasuya and Miyashita, 1988).

North Atlantic

There is evidence from the harvest
of Discovery tagged3? individuals that
North Atlantic sperm whales are one geo-
graphically continuous stock. One sperm
whale tagged on the Scotian Shelf was
killed over 7 years later off Spain
(Mitchell, 1975c¢). From five to six hand-
held harpoons from the Azore sperm
whale fishery were recovered from whales
killed off northwest Spain (Donovan,
1991), with an additional Azorean har-
poon recovered from a male sperm whale
killed off Iceland (Fig. 7) (Martin, 1982).
Consequently, the IWC recognized the
North Atlantic sperm whale population as
one management stock.

89 Taylor, B. L., S. L. Mesnick, and A. E. Dizon.
1998. Progress report and suggested future re-
search on using genetic data to define sperm
whale stock structure in the North Pacific.
Unpubl. doc. SC/50/CAWS19 submitted to Rep.
Int. Whal. Comm.
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Figure 35.—Worldwide sperm whale distribution by gender. Adapted from Gosho et al. (1984).

Female and immature animals stay in
Atlantic temperate or tropical waters
year round. In the western North Atlan-
tic, concentrations of female/immature
groups are found in the Caribbean Sea
(Gosho et al., 1984) and south of New
England in continental-slope and deep-
ocean waters along the eastern United
States (Blaylock et al., 1995). In east-
ern Atlantic waters, female/immature
groups aggregate in waters off the
Azores, Madeira, Canary, and Cape
Verde Islands (Fig. 7) (Tomilin, 1967).
Mature male sperm whales have been
recorded as far north as Spitsbergen (Fig.
18) (Pien, 1990). All recent sightings and
strandings from the eastern North Atlan-
tic suggest a predominance of solitary and
paired mature male sperm whales in wa-
ters off Iceland, the Faroe Islands, and the
Norwegian Sea (Gunnlaugsson and
Sigurjénsson, 1990; @ien,1990; Chris-
tensen et al., 1992a). Nine southern cepha-
lopod species (known only from south
of lat. 45°N) have been found in stom-
achs of male sperm whales killed off
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Figure 36.—The “Cambridge Line”; North Pacific sperm whale stock boundary

recognized by the IWC (Donovan, 1991).

the coast of Iceland (Martin and Clarke,
1986). This suggests that these male
whales are feeding in low latitudes of
the North Atlantic before traveling to

high latitudes. In the western North At-
lantic, the Scotian Shelf’s Gully and
Shortland Canyon regions are fre-
quented by male sperm whales during
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summer (Whitehead et al., 1992; Mullins
et al.90),

Schmidly (1981), Fritts®!, and Hansen
et al.%2 suggested that there is a distinct
stock of sperm whales in the northern
Gulf of Mexico. The NMFS recognizes
these Gulf of Mexico sperm whales as
one distinct stock (Waring et al., 1998).
However, these whales are currently
recognized as part of the entire North
Atlantic stock by the IWC (IWC,
1980c¢).

In U.S. waters of the Atlantic Ocean,
sperm whales occur over the continen-
tal shelf edge (CeTAP70) and well into
the continental slope and mid ocean re-
gions during all seasons (Waring et al.,
1998). The NMFS has recognized these
western North Atlantic whales as one
stock (Waring et al., 1998). There is
seasonal variability in the latitudinal
distribution of sperm whale concentra-
tions in this area. In winter, concentra-
tions exist east and northeast of Cape
Hatteras (Fig. 6), and as spring ap-
proaches, these concentrations shift
northward to waters off Delaware,
Maryland, and Virginia, across the cen-
tral portion of the Mid Atlantic Bight,
and into southern Georges Bank.
Throughout summer these concentra-
tions are distributed as in the spring, but
also include areas east and north of
Georges Bank, the Northeast Channel,
and the continental shelf south of New
England. In fall, the highest concentra-
tions occur over the continental shelf
south of New England with some
groups found in the Mid Atlantic Bight
(Winn et al., 1987; Waring et al., 1998).
Waring et al. (1993) reported signifi-
cantly more sperm whales in areas
where warm core rings of the Gulf
Stream interact with continental shelf-
edge bathymetric features than where

90 Mullins, J., H. Whitehead, and L. S. Weilgart.
In press. Behaviour and vocalizations of two
single sperm whales, Physeter macrocephalus,
off Nova Scotia, 15 p. Can. J. Fish. Aquat. Sci.
91 Fritts, T. H. 1983. Turtles, birds, and mam-
mals in the northern Gulf of Mexico and nearby
Atlantic waters. Rep. prep. for U.S. Dep. Inter.,
FWS/OBS-82/65, 455 p.

92 Hansen, L. J., K. D. Mullin, and C. L. Roden.
1995. Estimates of cetacean abundance in the
northern Gulf of Mexico from vessel surveys.
Contrib. MIA-94/95-25, NMFS Southeast Fish-
eries Science Center, Miami, Fla., 9 p.
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Figure 37.—IWC Southern Hemisphere stock “Division” designations for sperm

whales (Donovan, 1991).

either the warm core ring or the shelf-
edge exists alone. This suggests that the
interaction of variables such as sea sur-
face temperature (SST), bottom topog-
raphy, and associated primary produc-
tivity are all important to sperm whale
distribution in the Atlantic Ocean.

Northern Indian Ocean

There is no biological evidence to
suggest genetic interchange between
sperm whales in the northern Indian
Ocean and sperm whales south of the
Equator. This has led the IWC’s Scien-
tific Committee to assign separate stock
identity to Northern and Southern
Hemisphere populations in the Indian
Ocean (IWC, 1995b). Little is known
of the northern Indian Ocean sperm
whale; however, distinct concentrations
of whales have been documented off the
coast of Somalia and in Sri Lanka’s Gulf
of Mannar (Fig. 12, 14) (James and
Soundararajan, 1979; Gordon, 1991;
Eyre, 1995). These concentrations are
usually females and immature whales,
male sightings being rare in the northern
Indian Ocean (Gordon, 1991). Stranding
reports are uncommon along the Indian
coast for all whale species; the five sperm
whale strandings reported between 1748
and 1980, were all males (James and
Soundararajan, 1979).

Southern Hemisphere

For the purposes of worldwide popu-
lation assessment and management, the
IWC recognizes the area south of the
Equator as one biogeographical region,
the Southern Hemisphere. The Com-
mission has divided this circumpolar

region into nine sperm whale “Divi-
sions” (Fig. 37). Donovan (1991) noted
that these divisions are based more on
manipulating available data from com-
mercial whaling than on actual biologi-
cal information. They are:

Western Atlantic
(long. 60°W-30°W),
Eastern Atlantic
(long. 30°W-20°E),
Western Indian

(long. 20°E~60°E),
Central Indian

(long. 60°E-90°E),
Eastern Indian

(long. 90°E-130°E),
Eastern Australia
(long. 130°E-160°E),
New Zealand

(long. 160°E-170°W),
Central Pacific (long.
170°W-100°W), and
Eastern Pacific

(long. 100°W-60°W).

Division 1
Division 2
Division 3
Division 4
Division 5
Division 6
Division 7
Division 8

Division 9

Male sperm whales are widely dis-
persed along the Antarctic ice edge from
December to March (austral summer)
(Gosho et al., 1984). In contrast, mixed
groups of females and immature whales
have a southern limit in the South At-
lantic of lat. 50-54°S (Gosho et al.,
1984; Tynan, 1998).

The Indian Ocean Sanctuary was cre-
ated in 1979, under Article v(1)(c) of
the ICRW, and all commercial whaling
was prohibited within its boundaries.
This boundary extends from the Antarc-
tic continent to lat. 55°S and from long.
20°E to long. 130°E. In the western In-
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dian Ocean (Division 3), there is evi-
dence that concentrations of mixed fe-
male/immature whale groups exist
south of the Seychelles (Fig. 12) (James
and Soundararajan, 1979; Kasuya and
Wada, 1991; Kahn et al., 1993; Eyre,
1995). In the central Indian Ocean (Di-
vision 4), concentrations of sperm
whales have been recorded to the north
of St. Paul and Amsterdam Islands in
the austral summer (Fig. 14) (Gosho et
al., 1984).

Rice (1977b), Wade and Gerrodette
(1993), and Dufault and Whitehead
(1995) suggested that a separate equa-
torial Pacific sperm whale population
exists. Photo-identification studies off
the Galapagos Islands and mainland
Ecuador and North Peru indicate that
there may also be a geographical separa-
tion between Galapagos and Ecuador/
North Peru whales, although their genetic
discreteness has yet to be verified (Fig.
13) (Dufault and Whitehead, 1995).

Current and Historical Abundance
North Pacific

All current abundance estimates for
the number of sperm whales in the en-
tire North Pacific are considered unre-
liable. As a result, caution should be
used when interpreting published esti-
mates. Rice (1989) estimated 930,000
(no CV) sperm whales in the North Pa-
cific Ocean. Gosho et al. (1984) esti-
mated a total North Pacific population
of 472,100 (no CV). Both of these esti-
mates are statistically unreliable be-
cause they are based primarily on
CPUE?? data collected during whaling
operations and do not take into account
any possible decline in abundance that
occurred after whaling ceased (IWC,
1988).

Barlow (1994a) provided a current
sperm whale abundance estimate for
U.S. waters off central California of 756
individuals (CV =0.49, 95% C.I. 303-
1,886). Limited trend data from 1979
to 1991 showed a relatively stable abun-
dance of sperm whales in California
coastal waters (Barlow, 1994b). Pre-
liminary results from the winter of 1997
SWAPS survey indicated that the esti-
mate of 756 whales may have actually
been an overestimate (Taylors8). Using
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Table 17.—Recent abundance estimates for North Atlantic sperm whales.

Population Coefficient of
Area estimate variation Source!
Western North Atlantic
U.S. EEZ?(1991) 337 0.50 Blaylock et al., 1995
Summer 1995 2,698 0.67 Waring et al., 1998
Spring and summer 1982 219 0.36 CeTAP7®
Northern Gulf of Mexico
Spring and summer 1991-94 530 0.31 Hansen et al.?
Eastern North Atlantic
Iceland 1,234 0.17 Gunnlaugsson and Sigurjonsson, 1990
Faroe Islands 308 0.38 Gunnlaugsson and Sigurjonsson, 1990
Norwegian Sea 5,231 0.31 Christensen et al., 1992a
Northern Norway to Spitsbergen 2,548 0.27 @ien, 1990

Source footnote numbers refer to text footnote numbers.

2 U.S. EEZ = United States Exclusive Economic Zone (200 n.mi from nearest land).

line transect data from 1991 to 1993 and
1996 ship-based surveys off California,
Oregon, and Washington, Barlow’* es-
timated a weighted average of 1,191
(CV = 0.22) and a minimum popula-
tion estimate (N ;) of 995 sperm
whales for those years.

From a ship-based line transect sur-
vey in the eastern tropical Pacific be-
tween lat. 10°N and 10°S, Wade and
Gerrodette (1993) provided a sperm
whale abundance estimate of 22,700
(CV =0.22,95% C.1. 14,800-34,600);
although, as noted earlier, this estimate
of abundance may include animals from
more than one stock. No current abun-
dance estimates are available for the
entire western North Pacific.

Historical abundance estimates for
the western and eastern North Pacific
stocks are provided in Table 4. An abun-
dance estimate of 620,400 animals was
calculated for the entire North Pacific in
1910 (Gosho et al., 1984), although this
estimate is no longer considered reliable
by the IWC Scientific Committee.

North Atlantic

Based on historical whaling records
and CPUE?22 data from modern whal-
ing operations, there are an estimated
190,000 (no CV) sperm whales inhab-
iting the entire North Atlantic (Odell,
1992). However, this estimate is con-
sidered unreliable by the IWC’s Scien-
tific Commitee (IWC, 1988).

Recent regional abundance estimates
have been calculated for both the west-
ern and eastern North Atlantic (Table
17). These numbers, from ship-based
and aerial surveys conducted over sev-

eral seasons, are much smaller than those
summarized by Gosho et al. (1984). The
small sample sizes, limited coverage, and
probable undercounting of whales in the
areas result in statistical biases within
these estimates (Barlow and Sexton®3).

Historical abundance estimates for
Icelandic, Azorean, and Spanish North
Atlantic stocks are provided in Table 4.
An initial abundance estimate of
224,800 animals was calculated for all
North Atlantic stocks in 1905 (Gosho
et al., 1984), although this estimate is
no longer considered reliable by the
IWC Scientific Committee.

Northern Indian Ocean

There are no current population abun-
dance estimates available for the north-
ern half of the Indian Ocean.

Southern Hemisphere

The current estimate of 299,400 (no
CV) sperm whales from the Equator to
lat. 70°S dates from 1977 and is statis-
tically unreliable (IWC, 1988). This
estimate was calculated on the basis of
historical whaling records and CPUEZ22
data from whaling operations (Odell,
1992).

Utilizing JSV and IWC/IDCR survey
data, Butterworth et al.47 estimated
sperm whale abundances south of lat.
60°S (3,200-14,000; CV = 0.39-0.19)
and south of lat. 30°S (128,000-290,000;

93 Barlow, J., and S. Sexton. 1996. The effect of
diving and searching behavior on the probability
of detecting track-line groups, g, of long-diving
whales during line-transect surveys. NMFS
Southwest Fisheries Science Center, La Jolla,
Calif., Admin Rep. LJ-96-14.
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CV =0.44-0.46), respectively (Table 18).
Given the Antarctic latitudes surveyed,
these numbers most likely represent a
large proportion of male whales.

In South Pacific waters, Childerhouse
et al. (1995) determined, using photo-
identification and an “open” mark-re-
capture model, that between 60 and 180
(no CV) male sperm whales occur off
Kaikoura, New Zealand (Division 7),
each winter. In the equatorial Pacific,
the total population of sperm whales
between the Galapagos and Ecuador
and North Peru was estimated at 3,891
(95% C.1. 2,600-5,300) (Whitehead et
al., 1992).

Historical abundance estimates for
the nine Southern Hemisphere divisions
are provided in Table 19. An abundance
estimate for the year 1946 of 547,600
sperm whales (no CV) for the entire
Southern Hemisphere was calculated
from these division-based estimates. All
of these estimates are statistically un-
reliable due to their use of historical
whaling catch data and CPUE?? from
whaling operations. It is important to
note that sperm whale catches from the
early 19th century through the early
20th century were calculated on barrels

Table 18.—Ship-based line transect abundance esti-
mates of Antarctic circumpolar sperm whales (Butter-
worth et al., text footnote 47).

Population

Area by year estimates Ccv
South of lat. 60°S

1978/79-1983/84 3,200 0.39

1985/86—1990/91 14,000 0.19
South of lat. 30°S

1965/66-1977/78 290,000 0.46

1978/79-1987/88 128,000' 0.44

' Extrapolated from Japanese Survey Vessel (JSV) data
(Jan.—Feb. only).

Table 19.—Estimated historical abundance of sperm
whales in the Southern Hemisphere for the year 1946
(Gosho et al., 1984) based on 1978 and 1980 IWC catch
data.

IWC stock division Population estimate

32,700
72,100
80,700
49,700
49,600
29,800
42,000
96,200
94,800

547,600

©oWO~NOOsWN =

Total

of oil produced per whale rather than
the actual number of whales caught.
Extrapolation from these types of data
has led to only rough estimates of the
number of whales killed per year
(Gosho et al., 1984). In addition, newly
revealed Soviet whaling catch data from
Southern Hemisphere factory ships in-
dicate considerable underreporting of
sperm whale catches (Zemsky et al.,
1995; Zemsky et al., 1996). According
to these “new” catch data, approxi-
mately 14,700 harvested sperm whales
went unreported in the original Soviet
catch data between 1947 and 1987. As
more of these Soviet data are made
available, catch-based population esti-
mates will need to be revised.

Historic Exploitation Patterns
North Pacific

Large-scale pelagic whaling in the
North Pacific Ocean ceased in 1980, but
U.S. fleets found few whales and there-
fore had stopped whaling by 1979
(Tgnnessen and Johnsen, 1982). In
1988, the IWC banned the killing of
sperm whales. Table 20 summarizes
current estimates of sperm whale
catches from the North Pacific stocks
by whaling operations from 1911 to
198794, Tt must be noted that these num-
bers, especially those from Japanese
whaling operations, may lead to under-
estimation of historic abundance due to
underreporting to the IWC (Kasuya and
Miyashita, 1988). The total estimated
post World War II take from the entire
North Pacific is 258,000 animals. Not
specifically indicated in Table 20, but
of significance to North Pacific stocks,
are the number of whales (mostly

94 Based on barrels of oil produced per whale.

males) taken from the Bering Sea (Fig.
38). Although there were no estimates
of whales caught in this region, a sig-
nificant decline in CPUE?2 north of lat.
50°N led Kasuya (1991) to conclude
that the Bering Sea sperm whale popu-
lation had been greatly depleted.

North Atlantic

In the North Atlantic, the hunting of
sperm whales occurred off the west
coast of Iceland, Norway (coastal and
pelagic), the Faeroe Islands, Britain
(coastal), West Greenland, Nova Scotia,
Newfoundland/Labrador, New En-
gland, the Azores, Madeira, Spain, and
Spanish Morocco (Waring et al., 1998)
(Fig. 6, 7). Some whales were taken off
the U.S. Mid Atlantic coast, although
the number of whales actually caught
is unclear in the literature (Townsend,
1935; Reeves and Mitchell, 1988).
Commercial whaling operations for
sperm whales were also conducted in
the northern Gulf of Mexico during the
late 1700’s to the early 1900’s (Townsend,
1935). There are no catch estimates avail-
able for the number of sperm whales
caught during the U.S. operations. The
numbers caught in Norway and off
Canada are summarized in Table 20.

Southern Hemisphere

The average annual catch of sperm
whales in the Southern Hemisphere
from 1956 to 1976 was over 20,000
whales. Gosho et al. (1984) provided
summaries of those and worldwide
sperm whale catch levels.

Current Exploitation

IWC worldwide catch limits (quotas)
for all sperm whale stocks are currently
set at zero (IWC, 1995b). As a result of

Table 20.—Recorded sperm whale catch numbers from North Pacific and North Atlantic whaling operations.

Area Years No. of animals Source
North Pacific
Western North Pacific (Kurils, Hokkaido,
Sanriku, central & south Japan) 1911-45 19,989 Kasuya, 1991
Eastern North Pacific pre-WWIl 3,699 Kasuya, 1991
Total from Japanese operations 1955-86 62,033 Kasuya and Miyashita, 1988
Total North Pacific 1947-87 258,000 Barlow et al., 1995b
North Atlantic
Western Norway 1925-69 374 Christensen et al., 1992a
Western Norway 1948-71 1,088 Christensen et al., 1992a
Newfoundland/Labrador 1904-72 424 Blaylock et al., 1995
Nova Scotia 1964-72 109 Blaylock et al., 1995
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Figure 38.—Three sperm whales on a flensing platform in Alaska. The right animal’s spermaceti organ has been removed. Uni-
versity of Washington Special Collections, Lagen Collection, negative UW17505.

this prohibition on whaling, the num-
ber of reported sperm whale kills for
either commercial or aboriginal harvest
has been zero in recent years (IWC,
1995a). The only known subsistence
harvest of sperm whales occurs in
Lomlem, Indonesia, where a few whales
are taken per year using primitive meth-
ods (Barnes, 1991). Today the threat of
commercial overharvest is greatly re-
duced compared to the potentially more
long-term threats of habitat degradation,
marine pollution, human exploitation of
potential prey, and commercial fisher-
ies interactions.

Life History and Ecology
Feeding

In general, the sperm whale’s primary
prey consists of larger mesopelagic
cephalopod and fish species, including
the giant squid, Architeuthis sp. Ap-
proximately 40 species of cephalopods
are consumed by sperm whales world-
wide. In the North Pacific, the four most
common prey items of sperm whales off
central California are all cephalopod
species (i.e. Moroteuthis, Gonatopsis,
Histioteuthis, and Galiteuthis) (Fiscus
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Figure 39.—Showing its square-shaped head, a sperm whale breaches in the dis-
tance. S. Leatherwood, NMML Collection.

et al., 1989). In the Indian Ocean, the eaten by sperm whales are of the Histio-
cephalopod species most commonly teuthid family (Gordon, 1991). Sperm
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whales in the high latitudes of the North
Atlantic (i.e. Norwegian Sea and Ice-
land) feed on deep-dwelling fish spe-
cies of the genus Cyclopterus (lump-
suckers) and Sebastes (redfishes). Fish
prey comprises almost half of the total
biomass eaten by sperm whales in this
region, while the other half is comprised
of cephalopods (Martin and Clarke,
1986; Christensen et al., 1992b).

Reproduction

One of the most recognizable features
of sperm whale social structure is the
“nursery school” that contains between
20 and 30 individuals, including fe-
males, calves, and juveniles (Whitehead
and Arnbom, 1987; Whitehead, 1996;
Richard et al., 1996). At around 6 years
of age, juvenile males (and possibly fe-
males) leave these nursery schools to
form juvenile or bachelor schools (Ri-
chard et al., 1996). Juvenile schools
contain individuals between 4 and 20
years of age and are less cohesive and
smaller than the nursery schools (White-
head and Arnbom, 1987). By the time
males reach 30 years of age, they are
mostly solitary.

Breeding among sperm whales takes
place in spring and early summer in
both hemispheres (from April to August
in the Northern Hemisphere and from
October to February in the Southern
Hemisphere). Pairings take place in the
lower latitudes, where males join nurs-
ery schools for days at a time. However,
photo-identification studies suggest that
not all males breed each year (Martin,
1980; Whitehead and Arnbom, 1987).

Females reach sexual maturity at 9
years of age and a length of approxi-
mately 9 m. The calving interval is one
of the longest for mammals, between
4.8 and 6 years (Kasuya, 1991). Gesta-
tion lasts from 14 to 16 months, and lac-
tation is between 1 and 2 years (Kasuya,
1991). Males reach sexual maturity at 20
years of age and a length of 12 m. At
around 30 years of age, males reach “so-
cial” maturity and begin living the previ-
ously mentioned solitary life.

Pregnancy rates vary between ex-
ploited and unexploited stocks. Exploi-
tation of sperm whale stocks may have
caused a density-dependent response,
which increased the average pregnancy
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rate of 20% in unexploited populations
to 25% in exploited populations (IWC,
1980c¢).

Natural Mortality

Serological studies on North Pacific
and North Atlantic sperm whales indi-
cate that these whales are carriers of and
are infected by calciviruses and papil-
lomavirus (Smith and Latham, 1978;
Lambertsen et al., 1987). For example,
there was evidence of papillomavirus-
associated disease in 10% of a popula-
tion sample taken from Iceland (Lam-
bertsen et al., 1987).

Killer whales, false killer whales,
Pseudorca crassidens; and short-finned
pilot whales, Globicephala melana,
have all been observed in what appears
to be harassment of sperm whale groups
(Arnbom et al., 1987; Palacios and
Mate, 1996; Weller et al., 1996). Sperm
whale defensive maneuvers in these in-
teractions seem to be based on protec-
tion of the youngest and most vulner-
able of the group (Nishiwaki, 1962;
Weller et al., 1996). Bleeding wounds
have been observed on sperm whale
heads and tail flukes after such events
(Arnbom et al., 1987; Dufault and
Whitehead, 1995). The most recent
documented incident of killer whales
attacking sperm whales occurred off
Point Conception, Calif., in October
1997 (Roberts?d). During the attack,
approximately 25 killer whales mortally
wounded at least one of nine sperm
whales. The incident was unusual because
it apparently involved only large, mature
sperm whales. The attacked whales
showed no defensive actions except in
protecting injured members of their pod.

Estimated natural mortality rates for
sperm whales are age-specific. Juve-
niles (age 0-2) have an estimated an-
nual mortality of 0.09, while mature
(age 2 and above) whales have an esti-
mated annual mortality of 0.05 (IWC,
1971). Because of the lack of informa-
tion on the causes of natural mortality
in sperm whales, these rates are no
longer considered statistically reliable
by the IWC (IWC, 1980c).

95 Roberts, K. 1998. NOAA Corps Officer, Pa-
cific Marine Environmental Laboratory-EDD,
7600 Sand Point Way, N.E., Seattle, WA 98115.
Personal commun.

Human-related Mortality
Fisheries Interactions

In U.S. waters of the Pacific, inciden-
tal take of sperm whales has been docu-
mented in drift gillnet operations. The
average annual rate of mortality and
serious injury from the offshore Cali-
fornia drift gillnet fishery from 1991 to
1995 is nine sperm whales (Barlow et
al., 1997). Observers aboard Alaska
sablefish, Anoplopoma fimbria; and Pa-
cific halibut, Hippoglossus stenolepis,
longline vessels have documented sperm
whales feeding on longline-caught fish in
the Gulf of Alaska (Hill and Mitchell%°).
In 1997, the first entanglement of a sperm
whale in Alaska’s longline fishery was
recorded, although the whale was not se-
riously injured (Hill and DeMaster?7).
There is no evidence that mortality or se-
rious injury occurs as a result of interac-
tions with this fishery; however, the na-
ture and extent of these longline fishery-
sperm whale interactions is not yet clear.

The first observed incidental take of
a sperm whale in U.S. waters of the
North Atlantic was in 1989 in a drift
gillnet. The estimated fishery-related
mortality and serious injury rate was 2.2
sperm whales in 1989, 4.4 in 1990, and
zero from 1991 to 1996 (Waring et al.,
1998), although in 1995 one sperm
whale was observed entangled in a pe-
lagic drift gillnet. This entangled whale
was released alive, although gear re-
mained wrapped around several body
parts. Waring et al. (1998) describe three
known instances of sperm whale en-
tanglements in the northwest Atlantic;
two in net gear and one in longline gear.

There is little information available
regarding fishery interactions with
sperm whales outside U.S. waters.
However, behavior similar to that ob-
served in the Alaska longline fishery has
also been documented during longline
operations off South America (South
Georgia, Kerguelen, and southern

96 Hill, P. S., and E. Mitchell. 1998. Sperm whale
interactions with longline vessels in Alaska wa-
ters during 1997. Unpubl. rep. presented at 6th
Pacific Scientific Review Group Meeting, March
30, 1998, Honolulu, Hawaii. Avail. from National
Marine Mammal Laboratory, 7600 Sand Point
Way, N.E., Seattle, WA 98115.

97 Citation updated in proof: see Hill and DeMaster,
1999 in literature cited.
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Table 21.—Factors possibly influencing the recovery of sperm whale stocks under the ESA (1973) 84(a)(1)1992 Amend.

Factor North Pacific North Atlantic Gulf of Mexico Indian Ocean Southern Hemisphere
1.Present or threatened Pollution Pollution (e.g. plastics, heavy Oil and gas development (e.g. Pollution Pollution

destruction or modifica- metals) noise disturbance, oil spills)

tion of habitat
2. Overutilization for com- Unknown Whale watching and associ- Scientific research and asso- Unknown Whale watching, scientific re-

mercial, recreational,
scientific, or educational
purposes
3.Disease or predation Papilloma and calcivirus;
Orcinus attacks

4.0Other natural or man-
made factors

Entanglement in fishing gear
(e.g. longline, drift gillnets)

ated vessel traffic ciated vessel traffic
Papilloma and calcivirus
cephala attacks

Entanglement in fishing gear Unknown

(e.g. drift gillnets)

Papilloma and calcivirus; Orci-
nus, Pseudorca, and Globi-

search, photography, and as-
sociated vessel traffic

Papilloma and Orcinus and Pseudorca attacks

calcivirus

Unknown Entanglement in fishing gear

(e.g. longline)

Chile) where sperm whales have become
entangled in longline gear, have been ob-
served feeding on fish caught in the gear,
and have been reported following longline
vessels for days (CCAMLR, 1994;
Ashford et al., 1996; Capdeville, 1997).
These observations, combined with an-
ecdotal reports suggest that interactions
between sperm whales and longline op-
erations may be widespread in the waters
off South America (Hill and Mitchell®).

Noise Disturbance

In recent years, many studies on the
effect of noise on the behavior of whales
have been done (Richardson et al.,
1995). A resident population of sperm
whales occurs in the northern Gulf of
Mexico, an area of intensive oil and gas
exploration and development activities.
Oil production platforms and their as-
sociated vessels have unknown effects
on sperm whales (Odell, 1992). Stud-
ies of whale reactions to seismic sur-
veys in the Gulf of Mexico indicated
that sperm whales reacted to seismic
pulses by moving away 50 km or more
(Mate et al., 1994). In the southern In-
dian Ocean, most sperm whales stopped
vocalizing when exposed to seismic
pulses as much as 300 km away (Bowles
et al., 1994). Sperm whales have also
been observed exhibiting startle re-
sponses to a closely approaching ves-
sel (Whitehead et al., 1990). Observed
reactions of sperm whales in the pres-
ence of vessels include more erratic
surface movements, reduced surface
time, fewer blows per surfacing, shorter
intervals between successive blows, and
increased frequency of dives without
raised flukes (Cawthorn, 1992; Gordon
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etal., 1992). It is unknown whether an-
thropogenic noise has biological signifi-
cance for sperm whales.

Pollution

Relatively high mercury levels have
been found in breeding females cap-
tured off southern Australia. It is unclear
whether these mercury levels affect the
whale’s health (Cannella and Kitchener,
1992). Plastic debris is probably in-
gested quite frequently by sperm whales
at sea. For example, a 15 m male sperm
whale captured in nearshore waters off
Iceland had a 3-gal plastic bucket
lodged in his intestinal tract (Lambert-
sen and Kohn, 1987).

Classification Status

The sperm whale was listed as en-
dangered under the ESA in 1973 and is
protected under the MMPA. Endan-
gered status is applied to all sperm
whale stocks utilizing U.S. waters
(Anonymous, 1994b). The western
North Pacific stock is the only sperm
whale stock designated as a “Protected
Stock” by the IWC. Under this desig-
nation, the IWC recognizes that these
whales are 10% or more below their
maximum sustainable yield (MSY)
level, or 54% of carrying capacity (K)
(IWC, 1995b). Although without trend
data or information on status relative to
K for this stock, the validity of this des-
ignation is questionable.

Since Braham’s 1991 status review3,
there has been little new information to
improve the accuracy of population es-
timates or stock identity. One of the
major difficulties in identifying distinct
sperm whale stocks is their heterog-

enous and widespread distribution,
which is apparently gender- and age-
related. Table 21 summarizes informa-
tion on potential threats affecting the
status of sperm whales. Therefore, any
reevaluation of sperm whale classifica-
tion status awaits the collection of more
reliable information on distribution,
migration patterns, abundance, and
trends in abundance on a stock-specific
basis, as well as the development of
objective delisting criteria. Nonetheless,
if the accuracy of abundance estimates
and stock determinations for North At-
lantic and North Pacific sperm whale
populations can be made more reliable
with additional survey data, and if hu-
man-related sources of mortality and
serious injury remain low, some stocks
might be candidates for downlisting.

Acknowledgments

Thanks to those who took the time to
comment on earlier drafts (Willis
Hobart, Jim Carretta, Kim Shelden,
Leah Gerber, Paul Wade, Michael
Payne, Dave Rugh, and Scott Hill) and
to those who commented on later drafts
(Phillip Clapham, Jay Barlow, Robert
Brownell, Kevin Chu, Katherine Wang,
and Jeffrey Breiwick). Thanks also go
to Kristin Laidre for her attention to
detail and map-making skills. And,
many thanks to Pieter Folkens for per-
mission to use his illustrations. This
manuscript was supported in part by
the NMFS National Marine Mammal
Laboratory (Contracts 40ABNF80
0705, 40ABNF701925, and 43ABNF
701085) and through ESA/MMPA
funds from the NMFS Office of Pro-
tected Resources.

67



Literature Cited

Agler, B. A., R. L. Schooley, S. E. Frohock, S.
K. Katona, and I. E. Seipt. 1993. Reproduc-
tion of photographically identified fin whales,
Balaenoptera physalus, from the Gulf of
Maine. J. Mammal. 74(3):577-587.

Aguilar, A. 1986. A review of old Basque whal-
ing and its effect on the right whales (Eubal-
aena glacialis) of the North Atlantic. InR. L.
Brownell, Jr., P. B. Best, and J. H. Prescott
(Editors), Right whales: past and present sta-
tus. Rep. Int. Whal. Comm., Spec. Iss.
10:191-199.

and S. Lens. 1981. Preliminary report
on Spanish whaling activities. Rep. Int. Whal.
Comm. 31:639-643.

_____ and C. H. Lockyer. 1987. Growth,
physical maturity and mortality of fin whales
Balaenoptera physalusinhabiting the temper-
ate waters of the northeast Atlantic. Can. J.
Zool. 65(2):253-264.

Allen, K. R. 1980. Conservation and management
of whales. Wash. Sea Grant Publ., Univ. Wash.
Press, Seattle, 107 p.

Andrews, R. C. 1916. The sei whale (Balaenop-
tera borealis Lesson). Mem. Am. Mus. Nat.
Hist. New Ser. 1(6):291-388.

Anonymous. 1987. Endangered fish and wildlife;
approaching humpback whales in Hawaiian
waters. Fed. Regist. 52(225, 23 Nov.):44912—
44915 [50 CFR Part 222].

. 1991a. Final recovery plan for the
northern right whale (Eubalaena glacialis).
Prep. by Right Whale Recovery Team for U.S.
Dep. Commer., NOAA, NMFS, Silver Spring,
Md., Final Recovery Plan, 86 p.

. 1991b. Final recovery plan for the
humpback whale, Megaptera novaeangliae.
U.S. Dep. Commer., NOAA, NMFS, Silver
Spring, Md., 105 p.

. 1994a. Marine Mammal Protection
Act, annual report: January 1, 1994 to Decem-
ber 31, 1994. U.S. Dep. Commer., NOAA,
NMEFS, Off. Prot. Resour., Silver Spring, Md.,
102 p.

. 1994b. Endangered species act bien-
nial report to Congress. Status of recovery
programs 1992-1994. U.S. Dep. Commer.,
NOAA, Silver Spring, Md.

. 1997. Marine Mammal Commission,
annual report to Congress, calendar year 1996.
Mar. Mammal. Comm., Bethesda, Md.,
247 p.

____ . 1998. Recovery plan for the blue
whale (Balaenoptera musculus). Prep. by
R. R. Reeves, P. J. Clapham, R. L. Brownell,
Jr., and G. K. Silber for Natl. Mar. Fish. Serv.,
NOAA, Silver Spring, Md., 42 p.

Arnbom, T., V. Papastavrou, L. S. Weilgart, and
H. Whitehead. 1987. Sperm whales react to
an attack by killer whales. J. Mammal.
68(2):450-453.

Ashford, J. R., P. S. Rubilar, and A. S. Martin.
1996. Interactions between cetaceans and
longline fishery operations around South
Georgia. Mar. Mammal Sci. 12(3):452-457.

Atkins, N., and S. L. Swartz (Editors). 1989. Pro-
ceedings of the workshop to review and evalu-
ate whale watching programs and management
needs.14-16 November, 1988, Monterey, CA.
Cent. Mar. Conserv., Wash., D.C., 53 p.

Baker, C. S., D. A. Gilbert, M. T. Weinrich, R.
Lambertsen, J. Calambokidis, B. McArdle, G.
K. Chambers, and S. J. O’Brien. 1993. Popu-
lation characteristics of DNA fingerprints in
humpback whales (Megaptera novaeangliae).
J. Hered. 84:281-290.

68

and L. M. Herman. 1987. Alternative
population estimates of humpback whales
(Megaptera novaeangliae) in Hawaiian wa-
ters. Can. J. Zool. 65(11):2818-2821.

, S.R. Palumbi, R. H. Lambertsen, M.
T. Weinrich, J. Calambokidis, and S. J.
O’Brien. 1990. Influence of seasonal migra-
tion on geographic distribution of mitochon-
drial DNA haplotypes in humpback whales.
Nature 344(15):238-240.

, A. Perry, and L. M. Herman. 1987.
Reproductive histories of female humpback
whales (Megaptera novaeangliae) in the
North Pacific. Mar. Ecol. Prog. Ser. 41:103—
114.

, A. Perry, and G. Vequist. 1988. Con-
servation update—humpback whales of Gla-
cier Bay, Alaska. Whalewatcher, J. Am. Ceta-
cean Soc. 22(3):13-17.

, R. W. Slade, J. L. Bannister, R. B.
Abernethy, M. T. Weinrich, J. Lien, J. Urban,
P. Corkeron, J. Calambokidis, O. Vasquez, and
S. R. Palumbi. 1994. Hierarchical structure
of mitochondrial DNA gene flow among
humpback whales Megaptera novaeangliae,
world-wide. Mol. Ecol. 3:313-327.

Bannister, J. L. 1964. Australian whaling 1963.
Catch results and research. Aust. CSIRO Div.
Fish Oceanogr. Rep. 38:1-13.

. 1986a. Notes on nineteenth century
catches of southern right whales (Eubalaena
australis) off the southern coasts of western
Australia. Rep. Int. Whal. Comm., Spec. Iss.
10:255-259.

. 1986b. Southern right whales: status
off Australia from 20th century ‘incidental’
sightings and aerial surveys. Rep. Int. Whal.
Comm., Spec. Iss. 10:153-158.

. 1990. Southern right whales off west-
ern Australia. In P. S. Hammond, S. A.
Mizroch, and G. P. Donovan (Editors), Indi-
vidual recognition of cetaceans: use of photo-
identification and other techniques to estimate
population parameters. Rep. Int. Whal.
Comm., Spec. Iss. 12:279-288.

. 1994. Continued increase in hump-
back whales off Western Australia. Rep. Int.
Whal. Comm. 44:309-310.

, G. P. Kirkwood, and S. E. Wayte.
1991. Increase in humpback whales off west-
ern Australia. Rep. Int. Whal. Comm. 41:461-
465.

and E. Mitchell. 1980. North Pacific
sperm whale stock identity: distributional evi-
dence from Maury and Townsend charts. Rep.
Int. Whal. Comm., Spec. Iss. 2:219-223.

Baraff, L. S., P. J. Clapham, D. K. Mattila, and
R. S. Bowman. 1991. Feeding behavior of a
humpback whale in low-latitude waters. Mar.
Mammal Sci. 7(2):197-202.

Barkham, S. H. 1984. The Basque whaling es-
tablishments in Labrador:1536-1632—a sum-
mary. Arctic 37:515-519.

Barlow, J. 1994a. Abundance of large whales in
California coastal waters: a comparison of
ship surveys in 1979/80 and in 1991. Rep. Int.
Whal. Comm. 44:399-406.

. 1994b. Recent information on the
status of large whales in California waters.
U.S. Dep. Commer., NOAA Tech. Memo.
NMFS-SWFSC-203, 27 p.

. 1995. The abundance of cetaceans in
California waters. Part I: Ship surveys in sum-
mer and fall of 1991. Fish. Bull. 93:1-14.

- , R. L. Brownell, D. P. DeMaster,
K. A. Forney, M. S. Lowry, S. Osmek, T. J.
Ragen, R. R. Reeves, and R. J. Small. 1995b.
U.S. Pacific marine mammal stock assess-

ments 1995. U.S. Dep. Commer., NOAA
Tech. Memo. NMFS-SWFSC-219, 161 p.

and P. J. Clapham. 1997. A new birth-
interval approach to estimating demographic
parameters of humpback whales. Ecology
78(2): 535-546.

________,K. A Forney, P. S. Hill, R. L.
Brownell, Jr., J. V. Carretta, D. P. DeMaster,
F. Julian, M. S. Lowry, T. Ragen, and R. R.
Reeves. 1997. U.S. Pacific marine mammal
stock assessment: 1996. U.S. Dep. Commer.,
NOAA Tech. Memo. NMFS-SWFSC-248,
223 p.

, S. L. Swartz, T. C. Eagle, and P. R.
Wade. 1995a. U.S. marine mammal stock as-
sessments: guide for preparation, background,
and a summary of the 1995 assessments. U.S.
Dep. Commer., NOAA Tech. Memo. NMFS-
OPR-6, 73 p.

Barnes, R. H. 1991. Indigenous whaling and por-
poise hunting in Indonesia. In S. Leatherwood
and G. P. Donovan (Editors), Cetaceans and
cetacean research in the Indian Ocean Sanc-
tuary, p. 99-106. UNEP Mar. Mammal Tech.
Rep. 3, Nairobi.

Beach, D. W., and M. T. Weinrich. 1989. Watch-
ing the whales: Is an educational adventure
for humans turning out to be another threat
for endangered species? Oceanus 32(1):84—
88.

Beamish, P. 1981. Rare sighting of a right whale
(Eubalaenaglacialis). J. Cetacean Res. (2):2.

Berrow, S. D., P. G. H. Evans, and M. L.
Sheldrick. 1993. An analysis of sperm whale
Physeter macrocephal us stranding and sight-
ing records from Britain and Ireland. J. Zool.
(London) 230:333-337.

Best, P. B. 1966. A case for prolonged lactation
in the fin whale. Norw. Hvalfangst-Tid.
55(6):118-122.

. 1969. The sperm whale (Physeter
catodon) off the west coast of South Africa.
(4) Distribution and movements. S. Afr. Div.
Sea Fish. Invest. Rep. 78:1-12.

. 1970. Exploitation and recovery of
right whales Eubalaena australis off the Cape
Province. S. Afr. Div. Sea Fish., Invest. Rep.
80:1-20.

_____ . 1981. The status of right whales
(Eubalaena glacialis) off South Africa, 1969—
1979. Rep. S. Afr., Dep. Agric. Fish., Sea Fish.
Inst., Invest. Rep. 123, 44 p.

______.1990. Trends in the inshore right

whale population off South Africa, 1969—
1987. Mar. Mammal Sci. 6 (2):93-108.

. 1993. Increase rates in severely de-
pleted stocks of baleen whales. ICES J. Mar.
Sci. 50:169-186.

. 1994a. Seasonality of reproduction
and the length of gestation in southern right
whales Eubalaena australis. J. Zool. (Lond.)
232(2):175-189.

. 1994b. A review of the catch statis-
tics for modern whaling in Southern Africa,
1908-1930. Rep. Int. Whal. Comm. 44:467—
485.

and G. J. B. Ross. 1986. Catches of
right whales from shore-based establishments
in southern Africa, 1792-1975. Rep. Int.
Whal. Comm., Spec. Iss. 10:275-289.

and H. A. Scott. 1993. The distribu-
tion, seasonality, and trends in abundance of
southern right whales Eubalaena australisoff
De Hoop Nature Reserve, South Africa. S. Afr.
J. Mar. Sci. 13:175-186.

________ , K. Sekiguchi, and K. P. Findlay.
1995. A suspended migration of humpback
whales Megaptera novaeangliae on the west

Marine Fisheries Review



coast of South Africa. Mar. Ecol. Prog. Ser.
118:1-12.

, B. Rakotonirina, and A.
Rossouw. 1996. The distribution and abun-
dance of humpback whales off southern
Madagascar, August—September 1994. Rep.
Int. Whal. Comm. 46:323-331.

Blaylock, R. A., J. W. Hain, L. J. Hansen, D. L.
Palka, and G. T. Waring. 1995. U.S. Atlantic
and Gulf of Mexico stock assessments. U.S.
Dep. Commer., NOAA Tech. Memo. NMFS-
SEFSC-363, 211 p.

Bowles, A. E., M. Smultea, B. Wiirsig, D. P.
DeMaster, and D. Palka. 1994. Relative abun-
dance and behavior of marine mammals ex-
posed to transmissions from the Heard Island
Feasibility Test. J. Acoust. Soc. Am. 96(4):
2469-2484.

Braham, H. W. 1984a. The bowhead whale,
Balaena mysticetus. Mar. Fish. Rev. 46(4):
45-53.

______ . 1984b. The status of endangered
" whales: An overview. Mar. Fish. Rev. 46(4):
2-6.

and D. W. Rice. 1984. The right whale,
Balaena glacialis. Mar. Fish. Rev. 46(4):
38-44.

Brown, S. G. 1976. Modern whaling in Britain
and the northeast Atlantic Ocean. Mammal
Rev. 6(1):25-36.

. 1981. Movements of marked sperm
whales in the Southern Hemisphere. Rep. Int.
Whal. Comm. 31:835-837.

. 1986.Twentieth-century records of
right whales (Eubalaena glacialis) in the
northeast Atlantic Ocean. Rep. Int. Whal.
Comm., Spec. Iss. 10:121-127.

Brownell, R. L., Jr. 1986. Appendix 9: Right
whale survivorship at Peninsula Valdes, Ar-
gentina. Rep. Int. Whal. Comm., Spec. Iss.
10:31.

, D. B. Best, and J. H. Prescott (Edi-
tors). 1986. Right whales: past and present
status. In Proceedings of the workshop on the
status of right whales. Rep. Int. Whal. Comm.,
Spec. Iss. 10:1-14.

Brueggeman, J., T. Newby, and R. A. Grotefendt.
1986. Catch records of the twenty North Pa-
cific right whales from two Alaska whaling
stations, 1917 to 1937. Arctic 39(1):43-46.

Bryant, P. J., G. Nichols, T. B. Bryant, and K.
Miller.1981. Krill availability and the distri-
bution of humpback whales in southeastern
Alaska. J. Mammal. 62:427-430.

Bryden, M. M., G. P. Kirkwood, and R. W. Slade.
1990. Humpback whales, Area V. An increase
in numbers off Australia’s east coast. In K. R.
Kerry and G. Hempel (Editors), Antarctic eco-
systems: ecological change and conservation,
p. 271-277. Springer-Verlag, Berl.

Buckland, S. T. 1990. Estimation of survival rates
from sightings of individually identifiable
whales. Rep. Int. Whal. Comm., Spec. Iss.
12:149-153.

, K. L. Cattanach, and S. Lens. 1992.
Fin whale abundance in the eastern North
Atlantic, estimated from Spanish NASS-89
data. Rep. Int. Whal. Comm. 42:457-460.

Butterworth, D. S., and P. B. Best. 1990. Impli-
cations of the recovery rate of the South Afri-
can right whale populations for baleen whale
population dynamics. Rep. Int. Whal. Comm.
40: 433-447.

and A. E. Punt. 1992. Assessments of
the East Greenland-Iceland fin whale stock.
Rep. Int. Whal. Comm. 42:653-669.

Calambokidis, J., G. H. Steiger , J. C. Cubbage,
K. C. Balcomb, C. Ewald, S. Kruse, R. Wells,

61(1), 1999

and R. Sears. 1990. Sightings and movements
of blue whales off central California 1986—
1988 from photo-identification of individu-
als. Rep. Int. Whal. Comm., Spec. Iss. 12:343—
348.

, J. R. Evenson, K. R.
Flynn, K. C. Balcomb D. E. Claridge, P.
Bloedel, J. M. Straley, C. S. Baker, O. von
Ziegesar, M. E. Dahlheim, J. M. Waite, J. D.
Darling, G. Ellis, G. A. Green. 1996. Inter-
change and isolation of humpback whales off
California and other North Pacific feeding
grounds. Mar. Mammal Sci. 12(2):215-226.

CCAMLR. 1994. Report of the ad-hoc working
group on incidental mortality arising from
longline fishing. In Report of the Thirteenth
Meeting of the Scientific Committee (SC-
CAMLR-XIII), Annex 8, p. 401-440. Comm.
Conserv. Antarctic Mar. Living Resour.,
Hobart, Australia.

Cannella, E. G., and D. J. Kitchener. 1992. Dif-
ferences in mercury levels in female sperm
whales, Physeter macrocephalus, (Cetacea:
Odontoceti). Aust. Mammal. 15:121-123.

Capdeville, D. 1997. Interaction of marine mam-
mals with the longline fishery around the
Kerguelen Islands (Division 58.5.1) during the
1995/96 cruise. CCAMLR Sci. 4:171-174.

Carretta, J. V., and K. A. Forney. 1993. Report
on two aerial surveys for marine mammals in
California coastal waters utilizing a NOAA
DeHavilland Twin Otter aircraft: March 9-
April 7, 1991 and February 8—April 6, 1992.
U.S. Dep. Commer., NOAA Tech. Memo.
NMFS-SWESC-185, 77 p

,M.S.Lynn, C.A. LeDuc. 1994. Right
whale (Eubalaena glacialis) sighting off San
Clemente Island, CA. Mar. Mammal Sci.
10(1):101-105.

Cattanach, K. L., J. Sigurjénsson, S. T. Buckland,
and T. Gunnlaugsson. 1993. Sei whale abun-
dance in the North Atlantic estimated from
NASS-87 and NASS-89 data. Rep. Int. Whal.
Comm. 43:315-321.

Cawthorn, M. W. 1992. New Zealand. Progress
report on cetacean research, April 1990 to
April 1991. Rep. Int. Whal. Comm. 42:357-
360.

Cherfas, J. 1989. The hunting of the whale. Vi-
king Penguin Inc., N.Y., 248 p.

Childerhouse, S. J., S. M. Dawson, and E.
Slooten. 1995. Abundance and seasonal resi-
dence of sperm whales at Kaikoura, New
Zealand. Can. J. Zool. 73:723-731.

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

Christensen, I. 1990. A note on recent strandings
of sperm whales (Physeter macrocephalus)
and other cetaceans in Norwegian waters. Rep.
Int. Whal. Comm. 40:513-515.

, T. Haug, and N. @ien. 1992a. Sea-
sonal distribution, exploitation and present
abundance of stocks of large baleen whales
(Mysticeti) and sperm whales (Physeter mac-
rocephalus) in Norwegian and adjacent wa-
ters. ICES J. Mar. Sci. 49:341-355.

, and . 1992b.
A review of feeding and reproductlon in large
baleen whales (Mysticeti) and sperm whales
(Physeter macrocephalus) in Norwegian and
adjacent waters. Fauna Norv., Ser. A 13:
39-48.

Clapham, P. J. 1990. Reproduction of humpback
whales (Megaptera novaeangliae) observed
in the Gulf of Maine. Rep. Int. Whal. Comm.,
Spec. Iss. 12:171-175.

. 1992. Age at attainment of sexual
maturity in humpback whales, Megaptera
novaeangliae. Can. J. Zool. 70:1470-1472.

. (Editor). 1999. Predicting right whale
distribution. Report of the workshop held Oct.
1-2, 1998, Woods Hole, MA. Available upon
request from P. J. Clapham, NEFSC, 166
Water Street, Woods Hole, MA 02543-1097.

, L. S. Baraff, C. A. Carlson, M. A. Chris-
tian, D. K. Mattila, C. A. Mayo, M. A. Murphy,
and S. Pittman.1993. Seasonal occurrence and
annual return of humpback whales, Megaptera
novaeangliae, in the southern Gulf of Maine.
Can. J. Zool. 71:440-443.

and R. L. Brownell, Jr. 1996. Poten-
tial for interspecific competition in baleen
whales. Rep. Int. Whal. Comm. 46:361-367.

, S. Leatherwood, I. Szczepaniak, and
R. L. Brownell. 1997. Catches of humpback
and other whales from shore stations at Moss
Landing and Trinidad, California, 1919-1926.
Mar. Mammal Sci. 13(3):368-394.

and C. A. Mayo. 1987. The attainment
of sexual maturity in two female humpback
whales. Mar. Mammal Sci. 3(3):279-283.

, P. J. Palsbgll, D. K. Mattila, and O.
Viasquez. 1992. Composition and dynamics
of humpback whale competitive groups in the
West Indies. Behaviour. 122:182-194.

and I. E. Seipt. 1991. Resightings of
independent fin whales, Balaenoptera physalus,
on maternal summer ranges. J. Mammal.
72(4):788-790.

, S. B. Young, and R. L. Brownell, Jr.
1999. Baleen whales: conservation issues and
the status of the most endangered populations.
Mamm. Rev. 29:35-60.

Clark, A. H. 1887. History and present condition
of the fishery. In G. B. Goode (Editor), The
fisheries and fishery industries of the U.S. Vol.
2, Sect. V. History and methods of the fisher-
ies, p. 3-218. Gov. Print. Off., Wash., D.C.

Clark, C. W. 1995. Matters arising out of the dis-
cussion of blue whales:Application of U.S.
Navy underwater hydrophone arrays for sci-
entific research on whales. Rep. Int. Whal.
Comm. 45:210-212.

Clark, W. G. 1982. Historical rates of recruitment
to Southern Hemisphere fin whale stocks.
Rep. Int. Whal. Comm. 32:305-324.

Clarke, R. 1980. Catches of sperm whales and
whalebone whales in the southeast Pacific
between 1908 and 1975. Rep. Int. Whal.
Comm. 30:285-288.

Darling, J. D., J. Calambokidis, K. C. Balcomb,
P. Bloedel, K. Flynn, A. Mochizuki, K. Mori,
F. Sato, and M. Yamaguchi. 1996. Movement
of a humpback whales (Megaptera novaean-
gliae) from Japan to British Columbia and
return. Mar. Mammal Sci. 12 (2):281-287.

and K. Mori. 1993. Recent observa-
tions of humpback whales (Megaptera
novaeangliae) in Japanese waters off Ogasa-
wara and Okinawa. Can J. Zool. 71:325-333.

Dawbin, W. H. 1966. The seasonal migratory
cycle of humpback whales. In K. S. Norris
(Editor), Whales, dolphins, and porpoises,
p.145-170. Univ. Calif. Press, Berkeley.

. 1986. Right whales caught in waters
around south eastern Australia and New
Zealand during the nineteenth and early twen-
tieth centuries. Rep. Int. Whal. Comm., Spec.
Iss. 10:261-267.

de la Mare, W. K. 1985. On the estimation of
mortality rates from whale age data, with par-
ticular reference to minke whales (Balaenop-
tera acutorostrata) in the Southern Hemi-
sphere. Rep. Int. Whal. Comm. 35:239-250.

69



Desmoulins. 1822. Balaena australis. Dict.
Class. Hist. Nat. 2:161.

Dolphin, W. E., and D. McSweeney. 1983. Inci-
dental ingestion of Cassin’s auklets by hump-
back whales. Auk 100:214.

Dolphin, W. F. 1987. Observations of humpback
whale, Megaptera novaeangliae, killer whale,
Orcinusorca, interactions in Alaska: compari-
son with terrestrial predator-prey relation-
ships. Can. Field-Nat. 101(1):70-75.

Donovan, G. P. 1984. Blue whales off Peru, De-
cember 1982, with special reference to pygmy
blue whales. Rep. Int. Whal. Comm. 34:473—
476.

.1991. A review of IWC stock bound-
aries. Rep. Int. Whal. Comm., Spec. Iss.13:
39-63.

Dufault, S., and H. Whitehead. 1995. The geo-
graphic stock structure of female and imma-
ture sperm whales in the South Pacific. Rep.
Int. Whal. Comm. 45:401-405.

du Pasquier, T. 1986. Appendix 7: Historical
catches of right whale by area. Rep. Int. Whal.
Comm., Spec. Iss. 10:27-30.

. 1986. Catch history of French right
whaling mainly in the South Atlantic. Rep.
Int. Whal. Comm., Spec. Iss. 10:269-274.

Easter-Pilcher, A. 1996. Implementing the En-
dangered Species Act: assessing the listing of
species as endangered or threatened. Bio-
science 46(5):355-363.

Edds, P. L., and J. A. F MacFarlane. 1987. Oc-
currence and general behavior of balaenop-
terid cetaceans summering in the St. Lawrence
Estuary, Canada. Can. J. Zool. 65(6):1363—
1376.

Eyre, E. J. 1995. Observations of cetaceans in
the Indian Ocean Whale Sanctuary, May—July
1993. Rep. Int. Whal. Comm. 45:419-426.

and P. B. Best. 1996. Estimates of the
numbers of humpback whales observed mi-
grating past Cape Vidal, South Africa, 1988—
1991. Mar. Mammal Sci. 12(3):354-370.

Findlay, K. P, P. B. Best, V. M. Peddemors, and
D. Gove. 1994. The distribution and abun-
dance of humpback whales on their southern
and central Mozambique winter grounds. Rep.
Int. Whal. Comm. 44:311-320.

Fiscus, C. H., D. W. Rice, and A. A. Wolman.
1989. Cephalopods from the stomachs of
sperm whales taken off California. U.S. Dep.
Commer., NOAA Tech. Rep. NMFS 83, 12 p.

Fogarty, M. J., E. B. Cohen, W. L. Michaels, and
W. W. Morse.1991. Predation and the regula-
tion of sand lance populations: An exploratory
analysis. ICES Mar. Sci. Symp. 193:120-124.

Forney, K. A.,J. Barlow, and J. V. Carretta. 1995.
The abundance of cetaceans in California
waters. Part II: Aerial surveys in winter and
spring of 1991 and 1992. Fish. Bull. 93:15-
26.

Fraser, W. R., W. Z. Trivelpiece, D. G. Ainley,
and S. G. Trivelpiece. 1992. Increases in Ant-
arctic penguin populations: reduced compe-
tition with whales or a loss of sea ice due to
environmental warming? Polar Biol. 11(8):
525-531

Fujino, K. 1960. Immunogenetic and marking
approaches to identifying sub-populations of
the North Pacific whales. Sci. Rep. Whales
Res. Inst., Tokyo. 15:84-142.

Gambell, R. 1968. Seasonal cycles and reproduc-
tion in sei whales of the Southern Hemisphere.
Discovery Rep. 35:35-133.

. 1976. World whale stocks. Mammal
Rev. 6(1):41-53.

. 1985. Birds and mammals—Antarc-
tic whales. In W. N. Bonner and D. W. H.

70

Walton (Editors), Antarctica, p. 223-241.
Pergamon Press, Oxford.

Gendron, D., and R. Sears. 1993. Blue whales
and Nyctiphanes simplex surface swarms: a
close relationship in the southwest Gulf of
California, Mexico. In Proceedings of the
tenth biennial conference on the biology of
marine mammals, Galveston, TX (Abstr.), p.
52. Soc. Mar. Mammal., Lawrence, Kan.

Glockner-Ferrari, D. A. 1990. Reproduction in
the humpback whale (Megaptera novaeangliae)
in Hawaiian waters, 1975-1988: The life his-
tory, reproductive rates and behavior of known
individuals identified through surface and
underwater photography. Rep. Int. Whal.
Comm., Spec. Iss. 12:161-169.

Gnam, R. 1993. Comments invited on species’
risk. BioScience 43:430.

Goddard, P. D., and D. J. Rugh. 1998. A group
of right whales seen in the Bering Sea in July
1996. Mar. Mammal Sci. 14(2):344-349.

Goodall, R. N. P, and A. R. Galeazzi. 1986. Re-
cent sightings and strandings of southern right
whales off subantarctic South America and the
Antarctic Peninsula. Rep. Int. Whal. Comm.,
Spec. Iss. 10:173-176.

Gordon, J. C. D. 1991. The World Widlife Fund’s
Indian Ocean sperm whale project: an ex-
ample of cetacean research within the Indian
Ocean Sanctuary. In S. Leatherwood and G.
P. Donovan (Editors), Cetaceans and cetacean
research in the Indian Ocean Sanctuary, p.
219-239. UNEP, Mar. Mammal Tech. Rep. 3,
Nairobi, Kenya.

Gordon, J., R. Leaper, F. G. Hartley, and O.
Chappell. 1992. Effects of whale-watching
vessels on the surface and underwater acous-
tic behaviour of sperm whales off Kaikoura,
New Zealand. Sci. and Res. Ser. 52. N.Z. Dep.
Conserv., Wellington, 64 p.

and L. Steiner. 1992. Ventilation and
dive patterns in sperm whales, Physeter mac-
rocephalus, in the Azores. Rep. Int. Whal.
Comm. 42:561-565.

Gosho, M. E., D. W. Rice, and J. M. Breiwick.
1984. The sperm whale, Physeter macroceph-
alus. Mar. Fish. Rev. 46(4):54-64.

Goujon M., J. Forcada, and G. Desportes. 1995.
Fin whale abundance in the eastern temper-
ate North Atlantic for 1993. Rep. Int. Whal.
Comm. 45:287-290.

Gunnlaugsson, T., and J. Sigurjénsson. 1990.
NASS-87: estimation of whale abundance
based on observations made onboard Icelan-
dic and Faroese survey vessels. Rep. Int.
Whal. Comm. 40:571-579.

Gunther, E. R. 1949. Habits of the fin whale.
Discovery Rep. 25:113-142.

Hain, J. H. W., G. R. Carter, S. D. Kraus, C. A.
Mayo, and H. E. Winn. 1982. Feeding behav-
ior of the humpback whale, Megaptera
novaeangliae, in the western North Atlantic.
Fish. Bull. 80:259-268.

________ , S. L. Ellis, R. D. Kenney, P. J.
Clapham, B. K. Gray, M. T. Weinrich, and L.
G. Babb. 1995. Apparent bottom feeding by
humpback whales on Stellwagen Bank. Mar.
Mammal Sci. 11(4):464-479.

, W.A. M. Hyman, R. D. Kenney, and
H. E. Winn. 1985. The role of cetaceans in
the shelf-edge region of the U.S. Mar. Fish.
Rev. 47(1):13-17.

, M. J. Ratnaswamy, R. D. Kenney,
and H. E. Winn. 1992. The fin whale,
Balaenoptera physalus, in waters of the north-
western U.S. continental shelf. Rep. Int. Whal.
Comm. 42:653-669.

Hamilton, P. K., and M. K. Marx. 1995. Wean-

ing in North Atlantic right whales. Mar. Mam-
mal Sci. 11(3):386-390.

Hershkovitz, P. 1966. Catalog of living whales.
U.S. Natl. Mus. Bull. 246, 259 p.

Hill, P. S., and J. Barlow. 1992. Report of a ma-
rine mammal survey of the California coast
aboard the research vessel “MacArthur” July
28-November 5, 1991. U.S. Dep. Commer.,
NOAA Tech. Memo. NMFS-SWFSC-169,
103 p.

e and D. P. DeMaster. 1999. Alaska
marine mammal stock assessments 1998. U.S.
Dep. Commer, NOAA Tech. Memo. NMFS-
AFSC-97, 163 p.

, D. P. DeMaster, and R. J. Small. 1997.
Alaska stock assessments, 1996. U.S. Dep.
Commer., NOAA Tech. Memo. NMFS-
AFSC-78, 150 p.

Horwood, J. W. 1987. The sei whale: population
biology, ecology and management. Croom
Helm Ltd., Kent, Engl., 375 p.

Husson, A. M., and L. B. Holthius. 1974.
Physeter macrocephalus Linnaeus, 1758, the
valid name for the sperm whale. Zool. Meded.
(Leiden) 48:205-217.

Ichihara, T. 1966. The pygmy blue whale,
Balaenoptera musculus brevicauda, a new
subspecies from the Antarctic. InK. S. Norris,
(Editor), Whales, dolphins, and porpoises, p.
79-113. Univ. Calif. Press, Berkeley.

Ingebrigtsen, A. 1929. Whales caught in the
North Atlantic and other areas. Rapp. P.-v.
Réun. Cons. Int. Explor. Mer 56:1-26.

TUCN. 1996. 1996 IUCN Red List of threatened
animals. Int. Union Conserv. Nature, Gland,
Switzerland, 368 p.

Ivashin, M. V. 1983. Marking of sperm whales
in the North Pacific under the Soviet marking
programme. Rep. Int. Whal. Comm. 33:295-
304.

and Yu. P. Golubovsky. 1978. On the
cause of appearance of white scars on the body
of whales. Rep. Int. Whal. Comm. 28:199.

IWC. 1971. Report of the special meeting on
sperm whale biology and stock assessments.
Rep. Int. Whal. Comm. 21:40-50.

. 1977. Report of the Scientific Com-
mittee on sei and Bryde’s whales. Rep. Int.
Whal. Comm., Spec. Iss. 1:1-9.

. 1979. Report of the sub-committee
on protected species. Annex G, Appendix 1.
Rep. Int. Whal. Comm. 29:84-86.

. 1980a. Report of the sub-committee
on protected species and aboriginal whaling.
Rep. Int. Whal. Comm. 30:103-111.

. 1980b. Report of special meeting on
Southern Hemisphere sei whales. Rep. Int.
Whal. Comm. 30:493-511.

. 1980c. Sperm whales. Rep. Int. Whal.
Comm., Spec. Iss. 6, 275 p.

. 1986a. Report of workshop on the
status of right whales. Rep. Int. Whal. Comm.,
Spec. Iss. 9.

. 1986b. Report of the Scientific Com-
mittee. Annex H. Report of the sub-commit-
tee on protected species and aboriginal sub-
sistence whaling. Rep. Int. Whal. Comm.
36:95-105.

. 1988. Report of the Scientific Com-
mittee. Rep. Int. Whal. Comm. 38:32-138.

. 1990. Report of the Scientific Com-
mittee. Rep. Int. Whal. Comm. 40:39-179.

. 1991. Report of the Scientific Com-
mittee. Rep. Int. Whal. Comm. 41:51-218.

. 1992a. Report of the Scientific Com-
mittee. Annex I. Rep. Int. Whal. Comm.
42:236-239.

. 1992b. Report of the working group

Marine Fisheries Review



on ecosystem and habitat considerations. An-
nex H. Rep. Int. Whal. Comm. 42:638-640.

. 1992c. Report of the comprehensive
assessment special meeting on North Atlan-
tic fin whales. Rep. Int. Whal. Comm. 42:595—
644.

________ .1992d. Annex E. Rep. Int. Whal.
Comm. 42:613-616.

. 1995a. Report of the Scientific Com-
mittee, Annex E. Rep. Int. Whal. Comm.
45:121-138.

. 1995b. International Convention for
the Regulation of Whaling, 1946. Schedule (as
amended). Rep. Int. Whal. Comm. 47:1-27.

. 1996a. Report of the sub-committee
on Southern Hemisphere baleen whales, An-
nex E. Rep. Int. Whal. Comm. 46:117-131.

. 1996b. Japanese progress report on
cetacean research, April 1994 to March 1995.
Rep. Int. Whal. Comm. 46:255-261.

James, P. S. B. R., and R. Soundararajan. 1979.
On a sperm whale (Physeter macrocephalus,
Linnaeus) stranded at Krusadai Island in the
Gulf of Mannar, with an up-to-date list and
diagnostic features of whales stranded along
the Indian coast. J. Mar. Biol. Assoc. India
21(1-2):17-40.

Jenner, K. C. S., and M-N. Jenner. 1994. A pre-
liminary population estimate of the Group IV
breeding stock of humpback whales off west-
ern Australia. Rep. Int. Whal. Comm. 44:303—
307.

Johnson, J. H., and A. A. Wolman. 1984. The
humpback whale, Megaptera novaeangliae.
Mar. Fish. Rev. 46(4):30-37.

Jonsgard, A. 1966. The distribution of Balaenop-
teridae in the north Atlantic Ocean. In K. S.
Norris (Editor), Whales, dolphins and
porpoises, p. 114—124. Univ. Calif. Press,
Berkeley.

Jurasz, C. M., and V. Jurasz.1979a. Feeding
modes of the humpback whale, Megaptera
novaeangliae, in southeast Alaska. Sci. Rep.
Whales Res. Inst., Tokyo 31:69-83.

Kahn, B., H. Whitehead, and M. Dillon. 1993.
Indications of density-dependent effects from
comparison of sperm whale populations. Mar.
Ecol. Prog. Ser. 93(1-2):1-7.

Kapel, F. O. 1979. Exploitation of large whales
in West Greenland in the twentieth-century.
Rep. Int. Whal. Comm. 29:197-214.

Kasamatsu, F., G. G. Joyce, P. Ensor, and J.
Mermoz. 1996. Current occurrence of baleen
whales in Antarctic waters. Rep. Int. Whal.
Comm. 46:293-304.

Kasuya, T. 1991. Density dependent growth in
North Pacific sperm whales. Mar. Mammal
Sci. 7(3):230-257.

and T. Miyashita. 1988. Distribution
of sperm whale stocks in the North Pacific.
Sci. Rep. Whal. Res. Inst. 39:31-75.

and S. Wada. 1991. Distribution of
large cetaceans in the Indian Ocean: data from
Japanese sighting records, November—March.
InS. Leatherwood and G. P. Donovan (Editors),
Cetaceans and cetacean research in the Indian
Ocean Sanctuary, p.139-170. Mar. Mammal
Tech. Rep. 3, UNEP, Nairobi, Kenya.

Kato, H. T., T. Miyashita, and H. Shimada. 1995.
Segregation of the two sub-species of the blue
whale in the Southern Hemisphere. Rep. Int.
Whal. Comm. 45:273-283.

Katona, S. K. 1986. Biogeography of the hump-
back whale, Megaptera novaeangliae, in the
North Atlantic. In Pelagic biogeography, p.
166—-171. Proceedings of an international con-
ference, UNESCO, the Netherlands, 29 May—
5 June 1985.

61(1), 1999

and J. A. Beard. 1990. Population size,
migrations, and feeding aggregations of the
humpback whale (Megaptera novaeangliae)
in the western North Atlantic Ocean. Rep. Int.
Whal. Comm., Spec. Iss. 12:295-306.

, J. M. Allen, and P. Stevick. 1994.
Maintaining the North Atlantic humpback
whale catalog. NMFS NEFSC Prog. Rep.
Contr. S0OEANF-1-00056, 26 p.

Kawamura, A. 1978. An interim consideration
on a possible interspecific relation in south-
ern baleen whales from the viewpoint of their
food habits. Rep. Int. Whal. Comm. 28:411—
419.

. 1980. A review of food of balaenop-
terid whales. Sci. Rep. Whales Res. Inst.
32:155-197.

. 1982. Food habits and prey distribu-
tions of three rorqual species in the North
Pacific Ocean. Sci. Rep. Whales Res. Inst.,
Tokyo. 34:59-91.

. 1994. A review of baleen whale feed-
ing in the Southern Ocean. Rep. Int. Whal.
Comm. 44:261-271.

Kellogg, R. 1929. What is known of the migra-
tions of some of the whalebone whales.
Smithson. Inst. Annu. Rep. 1928:467-494.

Kenney, R. D., M. A. M. Hyman, and H. E. Winn.
1985. Calculation of standing stocks and en-
ergetic requirements of the cetaceans of the
northeast United States outer continental
shelf. U.S. Dep. Commer., NOAA Tech.
Memo. NMFS-F/NEC-41, 39 p.

and S. D. Kraus. 1993. Scientific cor-
respondence: Right whale mortality—a cor-
rection and an update. Mar. Mammal Sci.
9(4):445-446.

, H. E. Winn, and M. C. MacAulay.
1995. Cetaceans in the Great South Channel,
1979-1989: right whale (Eubalaena glacialis).
Continental Shelf Res. 15(4-5):385-414.

Ketten, D. R. 1995. Estimates of blast injury and
acoustic trauma zones for marine mammals from
underwater explosions. INR. A. Kastelein, J. A.
Thomas, and P. E. Natchigall (Editors), Sensory
systems of aquatic mammals, p. 391-407. De
Spil Publ., Woerden, Netherl.

Klumov, S. K. 1962. The right whale in the Pa-
cific Ocean. In P. I. Usachev (Editor), Bio-
logical marine studies. Trud. Inst. Okeanogr.
58:202-297.

,J. Lien, and S. Todd. 1993. Blast in-
jury in humpback whale ears: evidence and
implications. J. Acoust. Soc. Am. 94(3, pt.
2):1849-1850.

Knowlton, A. R., S. D. Kraus, and R. D. Kenney.
1994. Reproduction in North Atlantic right
whales (Eubalaena glacialis). Can. J. Zool.
72:1297-1305.

Kompanje, E. J. O., and J. W. F. Reumer. 1995.
Strandings of male sperm whales, Physeter
macrocephalus Linnaeus 1758, in western
Europe between October 1994 and January
1995. EINSEA 2:89-94.

Kornev, S. 1. 1994. A note on the death of a right
whale (Eubalaena glacialis) off Cape Lopakta
(Kamchatka). Rep. Int. Whal. Comm., Spec.
Iss. 15:443-444.

Kraus, S. D. 1990. Rates and potential causes of
mortality in North Atlantic right whales
(Eubalaena glacialis). Mar. Mammal Sci.
6(4):278-291.

, M. J. Crone, and A. R. Knowlton.
1988. The north Atlantic right whale. INW. J.
Chandler (Editor), Audubon wildlife report
1988/1989, p. 685-698. Acad. Press, Inc., San
Diego, Calif.

, J. H. Prescott, A. R. Knowlton, and

G. S. Stone. 1986. Migration and calving of
right whales (Eubalaena glacialis) in the
western North Atlantic. Rep. Int. Whal.
Comm., Spec. Iss. 10:139-144.

Kreuger, G. 1996. Whale death a mystery. Sa-
vannah Morning News 147(252):1A, 5A.
Krieger, K. J., and B. L. Wing. 1986. Hydro-
acoustic monitoring of prey to determine
humpback whale movements. U.S. Dep.
Commer., NOAA Tech. Memo. NMFS F/

NWC-98, 62 p.

Kugler, R. C. 1986. Report of the workshop on
the status of right whales, Appendix 4. Ran-
dom notes on the history of right whaling on
the northwest coast. Rep. Int. Whal. Comm.,
Spec. Iss. 10:17-19.

Lambertsen, R. H. 1986. Disease of the common
fin whale (Balaenoptera physalus): crassi-
caudosis of the urinary system. J. Mammal.
67:353-366.

. 1992. Crassicaudosis: a parasitic dis-
ease threatening the health and population
recovery of large baleen whales. Rev. Sci.
Technol., Off. Int. Epizoot. 11(4):1131-1141.

________ and B. A. Kohn. 1987. Unusual
multisystemic pathology in a sperm whale
bull. J. Wildl. Dis. 23(3):510-514.

N , J. P. Sundberg, and C. D.
Buergelt. 1987. Genital papillomatosis in
sperm whale bulls. J. Wildl. Dis. 23(3):361—
367.

Larsen, F. 1995. Abundance of minke and fin
whales off West Greenland, 1993. Rep. Int.
Whal. Comm. 45:365-370.

Leatherwood, S., K. Goodrich, A. L. Kinter, and
R. M.Truppo. 1982. Respiration patterns and
“sightability”of whales. Rep. Int. Whal.
Comm. 32:601-613.

Lee, T. 1993. Summary of cetacean survey data
collected between the years of 1974 and 1985.
U.S. Dep. Commer., NOAA Tech. Memo.
NOAA-TM-NMFS-SWFSC-181, 184 p.

Lien, J., S. Todd, P. Stevick, F. Marques, and D.
Ketten. 1993. The reaction of humpback
whales to underwater explosions: orientation,
movements, and behavior. J. Acoust. Soc. Am.
94(3, Pt. 2):1849.

Lockyer, C. 1972. The age at sexual maturity of
the southern fin whale (Balaenoptera physalus)
using annual layer counts in the ear plug. J. Cons.
Cons. Int. Explor. Mer 34(2):276-294.

. 1977. Some estimates of growth in
the sei whale, Balaenoptera borealis. Rep. Int.
Whal. Comm., Spec. Iss. 1:58-62.

. 1981. Growth and energy budgets of
large baleen whales from the southern hemi-
sphere. Food Agric. Organ. U.N. Fish. Ser.
5:379-487.

and S. G. Brown. 1979. A review of
recent biological data for the fin whale popu-
lation off Iceland. Rep. Int. Whal. Comm.
29:185-189.

and A. R. Martin. 1983. The sei whale
off western Iceland: II Age, growth and re-
production. Rep. Int. Whal. Comm. 33:465-
476.

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

. 1965. The stocks of whales. Fish.
News (Books) Ltd., Lond., 232 p.

. 1966. The distribution of southern
blue and fin whales. In K. S. Norris (Editor),
Whales, dolphins, and porpoises, p. 125-144.
Univ. Calif. Press, Berkeley.

Mangels, K. F., and T. Gerrodette. 1994. Report
of cetacean sightings during a marine mam-
mal survey in the eastern Pacific Ocean and

71



the Gulf of California aboard the NOAA ships
“MacArthur” and “David Starr Jordan” July 28—
November 6, 1993. U.S. Dep. Commer., NOAA
Tech. Memo. NMFS-SWFSC-221, 88 p.

Mano, S. 1990. Analysis of diving behaviour of
sperm whale, Physeter catodon. Bull. Jpn.
Soc. Sci. Fish. 56(2):179-187.

Mansfield, A. W. 1985. Status of the blue whale,
Balaenoptera musculus, in Canada. Can.
Field- Nat. 99(3):417-420.

Martin, A. R. 1980. An examination of sperm
whale age and length data from the 1949-78
Icelandic catch. Rep. Int. Whal. Comm.
30:227-231.

_______ . 1982. A link between the sperm
whales occurring off Iceland and the Azores.
Mammalia 46:259-260.

. 1983. The sei whale off western Ice-
land. 1. Size, distribution and abundance. Rep.
Int. Whal. Comm. 33:457-463.

and M. R. Clarke. 1986. The diet of
sperm whales (Physeter macrocephalus) cap-
tured between Iceland and Greenland. J. Mar.
Biol. Assoc. U.K. 66:779-790.

Masaki, Y. 1976. Biological studies on the North
Pacific sei whale. Bull. Far Seas Fish. Res.
Lab. (Shimizu) 14:1-104.

. 1977. The separation of the stock
units of sei whales in the North Pacific. Rep.
Int. Whal. Comm., Spec. Iss. 1:71-79.

Mate, B. R., K. M. Stafford, and D. K. Ljungblad.
1994. A change in sperm whale (Physeter
macrocephal us) distribution correlated to seis-
mic surveys in the Gulf of Mexico. J. Acoust.
Soc. Am. 96(5, pt. 2):3268-3269.

Matilla, D. K., P. J. Clapham, O. Visquez, and
R. S. Bowman. 1994. Occurrence, population
composition, and habitat use of humpback
whales in Samana Bay, Dominican Republic.
Can. J. Zool. 72:1898-1907.

Matthews, L. H. 1932. Lobster-krill, anomuran
crustacea that are food of whales. Discovery
Rep. 5:467-484.

. 1938. The sei whale, Balaenoptera
borealis. Discovery Rep. 17:183-290.

______ __ . 1978. The natural history of the
whale. Columbia Univ. Press, N.Y., 219 p.

Mayo, C. A., and M. K. Marx. 1990. Surface for-
aging behaviour of the North Atlantic right
whale, Eubalaena glacialis, and associated
zooplankton characteristics. Can. J. Zool.
68:2214-2220.

McDonald, M. A., J. A. Hildebrand, and S. Webb.
1995. Blue and fin whales observed on a sea-
floor array in the Northeast Pacific. J. Acoust.
Soc. Am. 98 (2, pt.1):712-721.

s s , L. Dorman,
and C. G. Fox. 1993. Vocalizations of blue
and fin whales during a midocean ridge airgun
experiment. J. Acoust. Soc. Am. 94(3, pt.
2):1849.

Mead, J. G. 1977. Records of sei and Bryde’s
whales from the Atlantic coast of the United
States, the Gulf of Mexico, and the Caribbean.
Rep. Int. Whal. Comm., Spec. Iss. 1:113-116.

. 1986. Twentieth-century records of
right whales (Eubalaena glacialis) in the
northwestern Atlantic Ocean. Rep. Int. Whal.
Comm., Spec. Iss. 10:109-119.

Medrano-Gonzilez, L., A. Aguayo-Lobo, J.
Urban-Ramirez, and C. S. Baker. 1995. Di-
versity and distribution of mitochondrial DNA
lineages among humpback whales, Megaptera
novaeangliae, in the Mexican Pacific Ocean.
Can J. Zool. 73:1735-1743.

Mikhaliev, Y. A. 1997. Humpback whales
Megaptera novaeangliae in the Arabian Sea.
Mar. Ecol. Prog. Ser. 149:13-21.

72

Mitchell, E. 1974a. Present status of northwest
Atlantic fin and other whale stocks. In W. E.
Schevill (Editor), The whale problem: a sta-
tus report, p. 108-169. Harvard Univ. Press,
Camb.

_____ . 1974b. Trophic relationships and
competition for food in the Northwest Atlan-
tic whales. Proc. Can. Soc. Zool. Annu. Meet.
1974:123-133.

. 1974c. Canada progress report on
whale research, May 1972-May 1973. Rep.
Int. Whal. Comm. 24:196-213.

________ . 1975a. Trophic relationships and
competition for food in northwest Atlantic
whales. Can. Soc. Zool. Proc. Ann. Meet.
1974:123-133.

. 1975b. Preliminary report on Nova
Scotia fishery for sei whales (Balaenoptera
borealis). Rep. Int. Whal. Comm. 25:218-225.

. 1975c. Preliminary report on Nova
Scotia fishery for sperm whales (Physeter
catodon). Rep. Int. Whal. Comm. 25:226-235.

and D. G. Chapman. 1977. Prelimi-
nary assessment of stocks of northwest At-
lantic sei whales (Balaenoptera borealis).
Rep. Int. Whal. Comm., Spec. Iss. 1:117-120.

, V. M. Kozicki, and R. R. Reeves.
1986. Sightings of right whales, Eubalaena
glacialis, on the Scotian Shelf, 1966-1972.
Rep. Int. Whal. Comm., Spec. Iss. 10:83-107.

and R. R. Reeves. 1983. Catch his-
tory, abundance, and present status of north-
west Atlantic humpback whales. Rep. Int.
Whal. Comm., Spec. Iss. 5:153-212.

Miyashita, T., T. Kishiro, N. Higashi, F. Sato, K.
Mori, and H. Kato.1996. Winter distribution
of cetaceans in the western North Pacific in-
ferred from sighting cruises 1993—-1995. Rep.
Int. Whal. Comm. 46:437-441.

Mizroch, S. A., D. W. Rice, and J. M. Breiwick.
1984a. The blue whale, Balaenoptera muscu-
lus. Mar. Fish. Rev. 46(4):15-19.

s , and . 1984b.
The fin whale, Balaenoptera physalus. Mar.
Fish. Rev. 46(4):20-24.

R , and . 1984c.
The sei whale, Balaenoptera borealis. Mar.
Fish. Rev. 46(4):25-29.

Miiller, J. 1954. Observations on the orbital re-
gion of the skull of the Mystacoceti. Zool.
Mededelingen 32(23):279-290.

Muller. 1776. B[alaena] glacialis. Zool. Danicae
prodr., p. 7.

Murison, L. D., and D. E. Gaskin. 1989. The dis-
tribution of right whales and zooplankton in
the Bay of Fundy, Canada. Can. J. Zool.
67:1411-1420.

Murphy, E. J., D. J. Morris, J. L. Watkins, and J.
Priddle. 1988. Scales of interaction between
Antarctic krill and the environment. In D.
Sahrage (Editor), Antarctic ocean and re-
sources variability, p. 120-130. Springer-
Verl., Berl.

Nemoto, T. 1959. Food of baleen whales with
reference to whale movements. Sci. Rep.
Whales. Res. Inst., Tokyo. 14:149-290.

Nishiwaki, M. 1962. Aerial photographs show
sperm whales’ interesting habits. Norsk
Hvalfangst-Tidende 51:395-398.

. 1966. Distribution and migration of
the larger cetaceans in the North Pacific as
shown by Japanese whaling results. In K. S.
Norris (Editor), Whales, dolphins and porpoises,
p. 171-191. Univ. Calif. Press, Berkeley.

Northrop, J., W. C. Cummings, and M. F.
Morrison. 1971. Underwater 20-Hz signals
recorded near Midway Island. J. Acoust. Soc.
Am. 49(6, pt. 2):1909-1910.

Odell, D. K. 1992. Sperm whale (Physeter mac-
rocephalus), family Physeteridae, order
Cetacea. InS. R. Humphrey (Editor), Rare and
endangered biota of Florida, p.168—175. Univ.
Press Fla., Gainesville.

Ohsumi, S., and S. Wada. 1974. Status of whale
stocks in the North Pacific, 1972. Rep. Int.
Whal. Comm. 24:114-126.

and F. Kasamatsu. 1986. Recent off-
shore distribution of the southern right whale
in summer. Rep. Int. Whal. Comm., Spec. Iss.
10:177-185.

and Masaki. 1977. Stock and trends
of abundance of the sperm whale in the North
Pacific. Rep. Int. Whal. Comm. 27:167-179.

@ien, N. 1990. Sightings surveys in the north-
east Atlantic in July 1988: distribution and
abundance of cetaceans. Rep. Int. Whal.
Comm. 40: 499-511.

Omura, H. 1986. History of right whale catches
in the waters around Japan. Rep. Int. Whal.
Comm., Spec. Iss. 10:35-41.

, T. Ichihara, and T. Kasuya. 1970.
Osteology of pygmy blue whale with addi-
tional information on external and other char-
acteristics. Sci. Rep. Whales Res. Inst. 22:1—
27.

O’Shea, T. J., and R. L. Brownell, Jr. 1994. Or-
ganochlorine and metal contaminants in ba-
leen whales: a review and evaluation of con-
servation implications. Sci. Total Environ.
154:179-200.

Overholtz, W.J., and J. R. Nicolas. 1979. Appar-
ent feeding by the fin whale, Balaenoptera
physalus, and the humpback whale, Megap-
tera novaeangliae, on the American sand
lance, Ammodytes americanus, in the north-
west Atlantic. Fish. Bull. 77:285-287.

Palacios, D. M., and B. R. Mate. 1996. Attack
by false killer whales (Pseudorca crassidens)
on sperm whales (Physeter macrocephalus)
in the Galapagos Islands. Mar. Mammal Sci.
12(4):582-587.

Palsbgll, P.J., J. Allen, M. Berubé, P. J. Clapham,
T. P. Feddersen, P. S. Hammond, R. R. Hudson,
H. Jérgensen, S. Katona, A. H. Larsen, F. Larsen,
J.Lien, D. K. Mattila, J. Sigurjonsson, R. Sears,
T. Smith, R. Sponer, P. Stevick, and N. @ien.
1997. Genetic tagging of humpback whales.
Nature. 388:767-769.

Paterson, R. A. 1991. The migration of hump-
back whales, Megaptera novaeangliae, in east
Australian waters. Mem. Queensland Mus.,
Brisbane 30(2):333-341.

Payne, P. M. 1986. Long term behavioral studies
of the southern right whale (Eubalaena aus-
tralis). Rep. Int. Whal. Comm., Spec. Iss.
10:161-167.

and S. McVay. 1971. Songs of hump-
back whales. Science 173(3997):585-597.

, J. R. Nicholas, L. O’Brien, and K.
D. Powers. 1986a. The distribution of the
humpback whale, Megaptera novaeangliae,
on Georges Bank and in the Gulf of Maine in
relation to changes in selected prey. Fish. Bull.
88:687-696.

) ) ,and .
1986b. The distribution of the humpback
whale, Megaptera novaeangliae, on Georges
Bank and the Gulf of Maine, U.S.A. in rela-
tion to densities of the sand eel, Ammodytes
americanus. Fish. Bull. 84:271-278.

,D.N. Wiley, S. B. Young, S. Pittman,
P. J. Clapham, and J. W. Jossi. 1990. Recent
fluctuations in the abundance of baleen whales
in the southern Gulf of Maine in relation to
changes in selected prey. Fish. Bull. 88:687—
696.

Marine Fisheries Review



Payne, R. 1990. Recommendations for the south-
ern right whale. In H. Neuhauser, D. W.
Beach, T. W. French, D. Gaskin, R. S. Holt,
S. Katona, R. D. Kenney, S. Kraus, D. Laist,
R. Payne, and H. Winn (Editors), Draft Na-
tional Recovery Plan for the northern right
whale, p. 67-72. U.S. Dep. Commer., NOAA,
Natl. Mar. Fish. Serv., Off. Protected Resour.,
Silver Spring, Md.

__ ., V. Rowntree, J. S. Perkins, J. G.
Cooke, and K. Lankester. 1990. Population
size, trends and reproductive parameters of
right whales (Eubalaena australis) off Pen-
insula Valdes, Argentina. Rep. Int. Whal.
Comm., Spec. Iss. 12:271-278.

Perry, A., C. S. Baker, and L. M. Herman. 1990.
Population characteristics of individually
identified humpback whales in the central and
eastern North Pacific: a summary and critique.
Rep. Int. Whal. Comm., Spec. Iss. 12:307-
317.

Pike, G. C. 1951. Lamprey marks on whales. J.
Fish. Res. Board Can. 8:275-280.

Ratnaswamy, M. J., and H. E. Winn. 1993. Pho-
togrammetric estimates of allometry and calf
production in fin whales, Balaenoptera
physalus, J. Mammal. 74(2):323-330.

Reeves, R. R., S. Leatherwood, S. A. Karl, and
E. R. Yohe. 1985. Whaling results at Akutan
(1912-39) and Port Hobron (1926-37),
Alaska. Rep. Int. Whal. Comm. 35:441-457.

and E. Mitchell. 1986. The Long Is-
land, NY right whale fishery: 1650-1924.
Rep. Int. Whal. Comm., Spec. Iss. 10:201-
220.

and . 1988. History of whal-
ing in and near North Carolina. U.S. Dep.
Commer., NOAA Tech. Rep. NMFS 65, 28 p.

and H. Whitehead. 1997. Status of
the sperm whale, Physeter macrocephalus, in
Canada. Can. Field-Nat. 111(2):293-307.

Reilly, S. B., and V. G. Thayer. 1990. Blue whale
(Balaenoptera musculus) distribution in the
eastern tropical Pacific. Mar. Mammal Sci.
6(4):265-2717.

Rice, D. W. 1967. Cetaceans. InS. Anderson and
J. K. Jones (Editors), Recent mammals of the
world, p. 291-324. Ronald Press, N.Y.

. 1974. Whales and whale research in
the eastern North Pacific. In W. E. Schevill
(Editor), The whale problem: a status report,
p. 170-195. Harv. Univ. Press, Camb., Mass.

. 1977a. Synopsis of biological data
on the sei whale and Bryde’s whale in the east-
ern North Pacific. Rep. Int. Whal. Comm.,
Spec. Iss. 1:92-97.

. 1977b. Sperm whales in the equato-
rial Eastern Pacific: Population size and so-
cial organization. Rep. Int. Whal. Comm. 27:
333-336.

. 1978a. The humpback whale in the
North Pacific: distribution, exploitation, and
numbers. In K. S. Norris and R. R. Reeves
(Editors), Report on a Workshop on Problems
Related to Humpback Whales (Megaptera
novaeangliae) in Hawaii, p. 29-44. Contr.
Rep. to U.S. Mar. Mammal Comm., NTIS PB-
280-794.

. 1978b. Blue whale. InD. Haley (Edi-
tor), Marine mammals of eastern North Pa-
cific and Arctic waters, p. 31-35. Pac. Search
Press, Seattle, Wash.

. 1989. Sperm whale, Physeter mac-
rocephalusLinnaeus, 1758. In S. H. Ridgway
and R. Harrison (Editors), Handbook of ma-
rine mammals: vol. 4, river dolphins and the
larger toothed whales, p.177-233. Acad.
Press, Lond.

61(1), 1999

. 1998. Marine mammals of the world:
systematics and distribution. Mar. Mamm. Sci.
Spec. Publ. 4.

, A. A. Wolman, and H. W. Braham.
1984. The gray whale, Eschrichtius robustus.
Mar. Fish. Rev. 46(4):7-14.

N , B. R. Mate, and J. T.
Harvey. 1986. A mass stranding of sperm
whales in Oregon: sex and age composition
of the school. Mar. Mammal Sci. 2(1):64-69.

Richard, K. R., M. C. Dillon, H. Whitehead, and
J. M. Wright. 1996. Patterns of kinship in
groups of free-living sperm whales (Physeter
macrocephal us) revealed by multiple molecu-
lar genetic analyses. Proc. Natl. Acad. Sci.
93:8792-8795.

Richardson, W.J., C. R. Greene, Jr., C. 1. Malme,
and D. H. Thomson. 1995. Marine mammals
and noise. MMS Contr. 14-12-0001-30673.
Acad. Press, San Diego, Calif., 576 p.

Rohlf, D. J. 1991. Six biological reasons why the
Endangered Species Act doesn’t work—and
what to do about it. Conserv. Biol. 5:273-282.

Salden, D. R. 1988. Humpback whale encounter
rates offshore of Maui, Hawaii. J. Wildl. Man-
age. 52(2):301-304.

Scarff, J. E. 1986. Historic and present distribu-
tion of the right whale, Eubalaena glacialis,
in the eastern North Pacific south of 50%N
and east of 180%W. Rep. Int. Whal. Comm.,
Spec. Iss. 10:43-63.

. 1991. Historic distribution and abun-
dance of the right whale (Eubalaena glacialis)
in the North Pacific, Bering Sea, Sea of
Okhotsk and Sea of Japan from the Maury
Whale Charts. Rep. Int. Whal. Comm.
41:467-489.

Schaeff, C., S. Kraus, M. Brown, J. Perkins, R.
Payne, D. Gaskin, P. Boag, and B. White.
1991. Preliminary analysis of mitochondrial
DNA variation within and between right whale
species Eubalaena glacialis and Eubalaena
australis. InA. R. Hoezel (Editor), Genetic ecol-
ogy of whales and dolphins, p. 217-223. Rep.
Int. Whal. Comm., Spec. Iss. 13.

Scheffer, V. B., and D. W. Rice. 1963. B[ alaena]
gllacialis] glacialis. U.S. Fish Wildl. Serv.
Spec. Sci. Rep. 431:9.

Schevill, W. E. 1986. Right whale nomenclature.
In R. L. Brownell Jr., P. B. Best, and J. H.
Prescott (Editors), Right whales: past and
present status, p. 19. Rep. Int. Whal. Comm.,
Spec. Iss. 10.

and K. E. Moore. 1983. Townsend’s
unmapped North Atlantic right whales
(Eubalaena glacialis). Breviora 476:1-8.

Schilling, M. R., I. Seipt, M. T. Weinrich, S. E.
Frohock, A. E. Kuhlberg, and P. J. Clapham.
1992. Behavior of individually-identified sei
whales Balaenoptera borealis during an epi-
sodic influx into the southern Gulf of Maine
in 1986. Fish. Bull. 90:749-755.

Schmidly, D. J. 1981. Marine mammals off the
southeastern United States and the Gulf of
Mexico. U.S. Dep. Inter., Fish Wildl. Serv.
Publ. FWS/OBS-80/41, 166 p.

Schoenherr, J. R. 1991. Blue whales feeding on
high concentrations of euphausiids around
Monterey Submarine Canyon. Can. J. Zool.
69:583-594.

Sears, R. 1987. The photographic identification of
individual blue whales (Balaenoptera muscu-
lus) in the Sea of Cortez. Cetus 7(1):14-17.

________ . 1990. The Cortez blues. Whale-
watcher 24(2):12-15.

, J. M. Williamson, F. W. Wenzel, M.
Bérubé, D. Gendron, and P. Jones. 1990. Pho-
tographic identification of the blue whale

(Balaenoptera musculus) in the Gulf of St.
Lawrence, Canada. Rep. Int. Whal. Comm.,
Spec. Iss. 12:335-342.

Seipt, L., P. J. Clapham, C. A. Mayo, and M. P.
Hawvermale. 1990. Population characteristics
of individually identified fin whales, Balae-
noptera physalus, in Massachusetts Bay. Fish.
Bull. 88:271-278.

Sergeant, D. E. 1977. Stocks of fin whales
Balaenoptera physalusL. in the North Atlan-
tic Ocean. Rep. Int. Whal. Comm. 27:460-
473.

Shelden, K. E. W., and D. J. Rugh. 1995. The
bowhead whale, Balaena mysticetus: its his-
toric and current status. Mar. Fish. Rev. 57(3—
4):1-20.

Shevchenko, V. I. 1977. Application of white
scars to the study of the location and migra-
tions of sei whale populations in Area III of
the Antarctic. Rep. Int. Whal. Comm., Spec.
Iss. 1:130-134.

Shuntov, V. P. 1994. New data on the distribu-
tion of whales and dolphins in the northwest-
ern part of the Pacific Ocean. Russ. J. Mar.
Biol. 20(6):331-336.

Siciliano, S. 1995. Preliminary report on the oc-
currence and photo-identification of hump-
back whales in Brazil. Rep. Int. Whal. Comm.
45:138-140.

Sigurjénsson, J., and T. Gunnlaugsson. 1990.
Recent trends in abundance of blue (Balae-
noptera musculus) and humpback whales
(Megaptera novaeangliae) off west and south-
west Iceland, with a note on occurrence of
other cetacean species. Rep. Int. Whal. Comm.
40:537-551.

Silber, G. K., M. W. Newcomer, P. C. Silber, H.
Perez-Cortes, and G. M. Ellis. 1994. Ceta-
ceans of the northern Gulf of California: dis-
tribution, occurrence, and relative abundance.
Mar. Mammal Sci. 10(3):283-298.

Sissenwine, M. P., E. B. Cohen, and M. D.
Grosskin. 1984. Structure of the Georges
Bank ecosystem. Rapp. P.-v. Réun. CIEM.
183:243-254.

Slijper, E. J. 1962. Whales. Cornell Univ. Press,
Ithaca, N.Y., 475 p.

Small, R. J., and D. P. DeMaster. 1995. Alaska
marine mammal stock assessments 1995. U.S.
Dep. Commer., NOAA Tech. Memo. NMFS-
AFSC-57,93 p.

Smith, A. W., and A. B. Latham. 1978. Preva-
lence of vesicular exanthema of swine anti-
bodies among feral animals associated with
the southern California coastal zones. Am. J.
Vet. Res. 39:291-296.

Smith, T. D., J. Allen, P. J. Clapham, P. S.
Hammond, S. Katona, F. Larsen, J. Lien,
D. Matilla, P. J. Palsbgll, J. Sigurjénsson,
P. T. Stevick, and N. @ien. 1999. An ocean-
basin-wide mark-recapture study of the North
Atlantic humpback whale (Megaptera no-
vaeangliae). Mar. Mamm. Sci. 15:1-32.

Steiger, G. H., J. Calambokidis, R. Sears, K. C.
Balcomb, and J. C. Cubbage. 1991. Move-
ments of humpback whales between Califor-
nia and Costa Rica. Mar. Mammal Sci. 7:306—
310.

Stewart, B. S., S. A. Karl, P. K. Yochem, S. Leath-
erwood, and J. L. Laake. 1987. Aerial surveys
for cetaceans in the former Akutan, Alaska
whaling grounds. Arctic 40:33-42.

Stone, G. S., S. K. Katona, A. Mainwaring, J. M.
Allen, and H. D. Corbett. 1992. Respiration
and surfacing rates of fin whales (Balae-
noptera physalus) observed from a lighthouse
tower. Rep. Int. Whal. Comm. 42:739-
745.

73



Swingle, W. M., S. G. Barco, and T. D. Pitchford.
1993. Appearance of juvenile humpback
whales feeding in the nearshore waters of Vir-
ginia. Mar. Mammal Sci. 9:309-315.

Tarpy, C. 1979. Killer whale attack! Natl. Geogr.
155:542-545.

Tear, T. H., J. M. Scott, P. H. Hayward, and B.
Griffith. 1995. Recovery plans and the Endan-
gered Species Act: are criticisms supported
by data? Conserv. Biol. 9:182-195.

Tershy, B. R., J. Urban-R., D. Breese, L. Tojas-
B., and L. T. Findley. 1993. Are fin whales
resident to the Gulf of California? Univ.
Auton. Baja Calif. Sur., Rev. Invest. Cient.
1:69-71.

and D. N. Wiley. 1992. Asymmetrical
pigmentation in the fin whale: a test of two
feeding related hypotheses. Mar. Mammal Sci.
8(3): 315-318.

Thompson, P. O., and W. A. Friedl. 1982. A long-
term study of low frequency sounds from sev-
eral species of whales off Oahu, Hawaii. Ce-
tology 45:1-19.

Tillman, M. F. 1977. Estimates of population size
for the North Pacific sei whale. Rep. Int. Whal.
Comm., Spec. Iss. 1:98-106.

Tomilin, A. G. 1967. Mammals of the USSR and
adjacent countries. Vol. IX. Cetacea, V. G.
Geptner (Editor), Izdat. Akad. Nauk SSSR,
Moscow. (Engl. transl., 1967, Isr. Program
Sci. Transl., Jerusalem, 717 p.)

Tgnnessen, J. N., and A. O. Johnsen. 1982. The
history of modern whaling. Univ. Calif. Press,
Berkeley, 798 p.

Tormosov, D. D. 1995. Humpback whale catches
by area and sex in the Antarctic taken by the
“Yurii Dolgurukiy.” Rep. Int. Whal. Comm.
45:141.

, Y. A. Mikhaliev, P. B. Best, V. A.
Zemsky, K. Sekiguchi, and R. L. Brownell,
Jr. 1998. Soviet catches of southern right
whales Eubalaena australis, 1951-1971. Bio-
logical data and conservation implications.
Biol. Conserv. 86:185-197.

Townsend, C. H. 1935. The distribution of cer-
tain whales as shown by logbook records of
American whaleships. Zoologica (N.Y.)
19(1):1-50.

. 1935. Eubalaena. Zoologica (N.Y.)
19(1): 8,9, chart C.

True, F. W. 1904. The whalebone whales of the
western North Atlantic compared with those
occurring in European waters; with some ob-
servations on the species of the North Pacific.
Smithson. Contrib. Knowl. 33:1-318. Repr.
1983 by Smithson. Inst. Press, Wash., D.C.

Tynan, C. T. 1998. Ecological importance of the
southern boundary of the Antarctic Circum-
polar Current. Nature 392(6677):708-710.

von Zeigesar, O., E. Miller, and M. E. Dahlheim.
1994. Impacts on humpback whales in Prince
William Sound. In T. R. Loughlin (Editor),
Marine mammals and the Exxon Valdez, p.
173-191. Acad. Press, Inc., San Diego, Calif.

Wada, S. 1980. On the genetic uniformity in the
North Pacific sperm whale. Rep. Int. Whal.
Comm., Spec. Iss. 2:205-211.

Wade, P. R., and R. Angliss. 1997. Guidelines
for assessing marine mammal stocks: report
of the GAMMS workshop. April 3-5, 1996,

74

Seattle, WA. U.S. Dep. Commer., NOAA
Tech. Memo, NMFS-OPR-12, 93 p.

and T. Gerrodette. 1993. Estimates of
cetacean abundance and distribution in the
Eastern Tropical Pacific. Rep. Int. Whal.
Comm. 43:477-493.

Waite, J. M., M. E. Dahlheim, R. C. Hobbs, S.
A. Mizroch, O. von Ziegesar-Matkin, J. M.
Straley, L. M. Herman, and J. Jacobsen. 1998.
Evidence of a feeding aggregation of hump-
back whales (Megaptera novaeangliae)
around Kodiak Island, Alaska. Mar. Mamm.
Sci. 15(1):210-220

Ward, N. 1995. Stellwagen Bank: A guide to the
whales, sea birds, and marine life of the
Stellwagen Bank National Marine Sanctuary.
Cent. Coast. Stud., DownEast Books, Cam-
den, Maine, 232 p.

Waring, G. T., C. P. Fairfield, C. M. Ruhsam, and
M. Sano. 1992. Cetaceans associated with
Gulf Stream features off the northeastern USA
shelf. ICES Mar. Mammal Comm. CM 1992/
N:12,29 p.

s s ,and .

1993. Sperm whales associated with Gulf
Stream features off the north-eastern USA shelf.
Fish. Oceanogr. 2(2):101-105.

, D. L. Palka, K. D. Mullin, J. H. W.
Hain, L. J. Hansen, and K. D. Bisack. 1998.
U.S. Atlantic and Gulf of Mexico marine
mammal stock assessments: 1996. U.S. Dep.
Commer., NOAA Tech. Memo. NMFS-
NEFSC-114, 250 p.

Watkins, W. A. 1986. Whale reactions to human
activities in Cape Cod waters. Mar. Mammal
Sci. 2(4):251-262.

, K. E. Moore, D. Wartzok, and J. H.
Johnson. 1981. Radio tracking of finback
(Balaenoptera physalus) and humpback (Meg-
aptera novaeangliae) whales in Prince William
Sound, Alaska. Deep-Sea Res. 28 A(6):577-588.

, M. A. Paker, K. M. Fristrup, T. J.
Howald, and G. N. diSciara. 1993. Sperm
whales tagged with transponders and tracked
underwater by sonar. Mar. Mammal Sci.
9(1):55-67, 77

Weinrich, M. T., J. Bove, and N. Miller. 1993.
Return and survival of humpback whales
(Megaptera novaeangliae) calves born to a
single female in three consecutive years. Mar.
Mammal Sci. 9(3):325-328.

, M. Martin, R. Griffiths, J. Bove, and
M. Schilling. 1997. A shift in distribution of
humpback whales, Megaptera novaeangliae,
in response to prey in the southern Gulf of
Maine. Fish. Bull. 95:826-836.

, M.R. Schilling, and C. R. Belt. 1992.
Evidence for acquisition of a novel feeding
behaviour: lobtail feeding in humpback
whales, Megaptera novaeangliae. Animal
Behav. 44:1059-1072.

Weller, D. W., B. Wiirsig, H.-Whitehead, J. C.
Norris, S. K. Lynn, R. W. Davis, N. Clauss,
and P. Brown. 1996. Observations of an in-
teraction between sperm whales and short-
finned pilot whales in the Gulf of Mexico.
Mar. Mammal Sci. 12(4):588-594.

Wenzel, F., D. K. Mattila, and P. J. Clapham.
1988. Balaenoptera musculus in the Gulf of
Maine. Mar. Mammal Sci. 4(2):172—-175.

Whitehead, H. 1982. Population of humpback
whales in the northwest Atlantic. Rep. Int.
Whal. Comm. 32:345-353.

. 1987. Updated status of the hump-
back whale, Megaptera novaeangliae, in
Canada. Can. Field-Nat. 101(2):284-294.

. 1996. Babysitting, dive synchrony,
and indications of alloparental care in sperm
whales. Behav. Ecol. Sociobiol. 38:237-244.

and T. Arnbom. 1987. Social organi-
zation of sperm whales off the Galapagos Is-
lands, February—April 1985. Can. J. Zool.
65(4):913-919.

,J. Gordon, E. A. Mathews, and K. R.
Richard. 1990. Obtaining skin samples from
living sperm whales. Mar. Mammal Sci.
6(4):316-326.

and R. Payne. 1986. Population esti-
mation for the right whales off Peninsula
Valdes, Argentina 1971-1976. Rep. Int. Whal.
Comm., Spec. Iss. 10:169-171.

o , S. Waters, and T. Lyrholm. 1992.
Population structure of female and immature
sperm whales (Physeter macrocephalus) off
the Galapagos Islands. Can. J. Fish. Aquat.
Sci. 49(1):78-84.

Wiley, D. N., R. A. Asmutis, T. D. Pitchford, and
D. P. Gannon. 1995. Stranding and mortality
of humpback whales, Megaptera novaean-
gliae, in the mid-Atlantic and southeast United
States, 1985-1992. Fish. Bull. 93:196-205.

and P. J. Clapham. 1993. Does maternal
condition affect the sex ratio of offspring in
humpback whales? Animal Behav. 46:321-324.

Winn, H. E., J. H. W. Hain, M. A. M. Hyman,
and G. P. Scott. 1987. Whales, dolphins and
porpoises. In R. H. Backus (Editor), Georges
Bank, p. 375-382. M.LT. Press, Camb.

, C.A. Price, and P. W. Sorensen. 1986.
The distributional biology of the right whale
(Eubalaena glacialis) in the western North
Atlantic. Rep. Int. Whal. Comm., Spec. Iss.
10:129-138.

Wishner, K., E. Durbin, A. Durbin, M. Macaulay,
H. Winn, and R. Kenney. 1988. Copepod
patches and right whales in the Great South
Channel off New England. Bull. Mar. Sci.
43(3):825-844.

Woodley, T. H., M. W. Brown, S. D. Kraus, and
D. E. Gaskin. 1991. Organochlorine levels in
North Atlantic right whale (Eubalaena
glacialis) blubber. Archiv. Environ. Contam.
Toxicol. 21(1):141-145.

Yochem, P. K., and S. Leatherwood. 1985. Blue
whale, Balaenoptera musculus (Linnaeus,
1758).InS. H. Ridgway and R. Harrison (Edi-
tors), Handbook of marine mammals, vol. 3,
The sirenians and baleen whales, p. 193-240.
Acad. Press, N.Y.

Zemsky, V., A. A. Berzin, Y. A. Mikhaliev, and
D. D. Tormosov. 1995. Soviet Antarctic pe-
lagic whaling after WWII: review of actual
catch data. Report of the Sub-committee on
Southern Hemisphere baleen whales. Rep. Int.
Whal. Comm. 45:131-135.

, Y. Mikhaliev, and A. Berzin. 1996.
Supplementary information about Soviet
whaling in the Southern Hemisphere. Rep. Int.
Whal. Comm. 46:131-138.

Marine Fisheries Review



