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ABSTRACT

Most species of baleen whales were subject to intensive overexploitation by commercial whaling in
this and previous centuries, and many populations were reduced to small fractions of their original
sizes. Here, we review the status of baleen whale stocks, with an emphasis on those that are known
or thought to be critically endangered. Current data suggest that, of the various threats potentially
affecting baleen whales, only entanglement in fishing gear and ship strikes may be significant at the
population level, and then only in those populations which are already at critically low abundance.
The impact of some problems (vessel harassment, and commercial or aboriginal whaling) is at
present probably minor. For others (contaminants, habitat degradation, disease), existing data either
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36 P.J. Claphanet al.

indicate no immediate cause for concern, or are insufficient to permit an assessment. While the
prospect for many baleen whales appears good, there are notable exceptions; populations that are of
greatest concern are those suffering from low abundance and associated problems, including (in
some cases) anthropogenic mortality. These include: all Northern Right WHathedaena

glacialis, Bowhead Whale8alaena mysticetusf the Okhotsk Sea and various eastern Arctic
populations, western Gray Whalé&sschrichtius robustysand probably many Blue Whale
Balaenoptera musculysopulations. We review the status of these populations and, where known,
the issues potentially affecting their recovery. Although Humpback Whislegaptera
novaeangliaeand Southern Right Whaldsubalaena australisvere also heavily exploited by
whaling, existing data indicate strong recovery in most studied populations of these species.

Keywords baleen whales, Right Whale, Bowhead Whale, Gray Whale, Blue Whale,
Humpback Whale, conservation.

INTRODUCTION

A decade has now passed since passage of the International Whaling Commission’s (IWC) morato-
rium on commercial whaling. Although the exploitation of whales has continued to some extent
under the convention’s provisions for scientific research (and, more recently, under ‘objection’ by
Norway), commercial whaling on the scale that was practised for most of this century is currently a
thing of the past. That scale, however, was often immense. In the Antarctic alone, more than 2 mil-
lion whales were killed, reducing the large Southern Ocean populations to small fractions of their
original size. Recent revelations of widespread illegal catches by the Soviet Union (Yablokov,
1994; Zemskyet al., 1995; Zemsky, Mikhaliev & Berzin, 1996; Yabloketal.1998) have shown

that the overexploitation was greater than once thought; indeed, the Soviets took in excess of
100 000 more whales in the Antarctic than they reported to the IWC, including protected and al-
ready depleted species such as Southern Rigiialaena australis HumpbackMegaptera
novaeangliaeand Blue WhaleBalaenoptera musculuendB. m. brevicaudaFigures for the true

extent of Soviet activities in the northern hemisphere have yet to emerge; although it is known that
total catches there were considerably less than in the Antarctic, the impact on some critically endan-
gered populations (such as Northern Right WhBld@salaena glacialiswas considerable.

Our knowledge of the present status of the world’s baleen whales varies considerably from spe-
cies to species. In some populations, it is apparent that recovery is proceeding strongly; by contrast,
it is clear that certain others remain highly endangered. For some, knowledge is insufficient to as-
sess their conservation status. Overall (and despite a persistent public perception that all large
whales remain threatened by extinction), the prospect for the majority of populations is probably
reasonably good. There are, however, some notable exceptions. Here, we review issues that poten-
tially affect baleen whales, and attempt to assess the status of those species or populations which are
most in need of conservation action.

BALEEN WHALES

Classification and general characteristics

The baleen whales (Order Cetacea, suborder Mysticeti) are currently considered to comprise 11
species (Mead & Brownell, 1993). Elements of the present classification have been contested in
light of recent genetic analyses: for example, species-level differences reflecting protracted isola-
tion of populations have been claimed for North Pacific and Antarctic Minke Whales
(Balaenoptera acutorostrataVada & Numachi, 1991), and for different forms of the Bryde’s
Whale 8. edenj A. Dizon, unpublished data). However, while some taxonomic revision appears
inevitable, from the standpoint of this review such reclassification is largely irrelevant.

© 1999 Mammal Societyylammal Review29, 35—60
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The 11 species are currently grouped into four families (Mead & Brownell, 1993), which are
listed below. (i)Balaenopteridagalso called the rorquals): six species, including the Blue, Fin
Balaenoptera physalusMinke, SeiB. borealis Bryde's and Humpback Whale. The so-called
Pygmy Blue WhaleBalaenoptera musculus brevicaudacurrently assigned subspecific status
(Ichihara, 1966). (ii)Balaenidae the Northern Right Whale, Southern Right Whale, and the
BowheadBalaena mysticetug(iii) Eschrichtiidae the Gray WhaleEschrichtius robustus(iv)
Neobalaenidagthe Pygmy Right Whal€aperea marginataa southern hemisphere species about
which virtually nothing is known. It will therefore not be mentioned further here; it has rarely been
exploited, and there is no reason to suspect that its conservation status is a concern.

Mysticetes are all characterized by the presence in the mouth of several hundred plates of baleen,
with the number and type varying among species. The baleen forms an elaborate filtration system
which enables the whales to strain prey from large volumes of seawater. Mysticetes are found in a
variety of coastal, shelf and pelagic habitats, and are not (relative to some toothed whales) deep
divers. They take a variety of prey. With the exception of the Blue Whale, which subsists almost
entirely upon euphausiids (krill), the rorquals are generalists that eat krill and various species of
small schooling fish (Gaskin, 1982). Right Whales are exclusively planktivorous, notably on
copepods (Mayo & Marx, 1989; Wishneral.,, 1995). Gray Whales are primarily but not exclu-
sively benthic feeders whose diet is predominantly amphipods (Nerini, 1984). Bowheads utilize a
variety of invertebrate prey, notably copepods and euphausiids (Lowry, 1993). Baleen whales have
a gestation period which ranges from approximately 10 to 13 or 14 months; in most species it ap-
pears to be slightly less than a year (Lockyer, 1984). In all species, females are somewhat larger than
males (Ralls, 1976). General information on the biology and behaviour of all mysticetes is concisely
summarized in Leatherwood & Reeves (1983).

Most species of baleen whales undertake extensive seasonal migrations between cold, produc-
tive summer feeding grounds in temperate or high latitudes, and winter mating and calving areas in
tropical or warm temperate waters (Kellogg, 1929; Mackintosh, 1942). Migration patterns vary
considerably within and among species, but it is important to recognize that high mobility and fre-
guent movement across international boundaries is a common feature of most mysticetes. The ex-
ception is the Bryde’s whale, which may be at least two separate species, each with its own ecology
and life history patterns; at least two forms appear to remain in tropical waters year-round, and one
is not (unlike all other mysticetes) a seasonal breeder (Best, 1977).

Conservation issues

There are several threats which potentially affect some or all large whale species, with the incidence
and degree of impact varying considerably by population. Where relevant, specific details are pro-
vided in the section on threatened populations (below), but a brief description of each issue is given
here as background. All other things being equal, specific problems will pose a greater threat to
populations which are already vulnerable due to small size and associated factors.

Entanglement and fisheries issues
Entanglement in fishing gear of various types is a major source of non-natural mortality in marine
mammals (see the many papers collected in P&anovan & Barlow 1994). Small cetaceans and
pinnipeds are particularly vulnerable because their small size makes it likely that, once entrapped,
they will be unable to free themselves and will thus quickly drown. By contrast, the larger baleen
whales are often capable of dragging fishing gear away with them, but a serious entanglement will
often diminish the animal’s ability to feed and will thus lead to a protracted death from starvation.
The incidence of entanglement varies considerably by area and by species. Coastal species
which live in heavily fished regions are especially vulnerable (e.g. Humpback and Right Whales off
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the eastern seaboard of the United States; Kraus, 1990; Vol¢@aas & Lien1995). Whales can
become entangled in gear of many types, including long line, drift nets, lobster trap lines and even
mid-water trawls; however, the largest problem lies with gill nets, which have proliferated through-
out much of the world’s oceans in the last 30 years (Petah, 1994).

Large whale species known to be most affected by entanglement are Northern Right and Hump-
back Whales (Kraus, 1990 and Lien, 1994, respectively). The extent to which this problem threatens
populations of large whales is unclear; it may not represent a significant conservation issue for most
species, although the Right Whale is clearly an exception (see below). It is possible that other
populations at low levels of abundance are significantly impacted by entanglement mortalities, but
data are generally lacking. Whale disentanglement programs are maintained only on the east coast
of North America and in Oman.

The extent to which human overexploitation of commercial fish stocks negatively impacts large
whales is difficult to determine. Apparent changes in ecosystem dynamics precipitated by
overharvesting of finfish has presumably affected large whales in certain areas. An example is the
Gulf of Maine, where virtual extirpation of the Georges Bank stock of Atlantic he@iimgea
harengusby the Distant Water Fleet in the early 1960s (Brown & Halliday, 1983) presumably re-
moved a substantial prey resource that had previously been available to local balaenopterid
populations. P. M. Payret al (1990) have suggested that this exploitation substantially changed
the ecosystem dynamics and feeding habits of mysticetes in the region. However, whether such
perturbations result in diminished reproductive success is unknown.

Ship strike

All whales are potentially subject to collisions with ships, and incidents have been reported anecdo-
tally with most species (e.g. Kraus, 1990; Barlewal., 1995). Fast commercial vessels such as
container ships are a particular threat. Strikes by large vessels are invariably fatal; whales may also
be injured, sometimes severely, by collisions with pleasure craft, an increasing hazard in habitats
adjacent to highly developed coastline. The most vulnerable species are inevitably those that are
slow, or that spend much time at the surface, or that utilize habitats in the vicinity of major shipping
lanes. Unfortunately, as noted below, the critically endangered North Atlantic Right Whale quali-
fies in all three categories.

Whaling
Whaling today continues in three basic forms. Aboriginal/subsistence takes occur in various places
and on a variety of species. Examples are the Inuit hunt for Bowheads in the western Arctic,* the
occasional taking of Humpback Whales off the Caribbean island of Bequia, the Russian aboriginal
catch of Gray Whales, and the killing of Fin and Minke Whales by native Greenlanders (see IWC,
1996, pp. 139-146). The four preceding are all regulated by the IWC. Other aboriginal takes are not.
Some, like the traditional hunt for either Sperm WhBIegseter macrocephalas Bryde's Whales
in Indonesia (Barnes, 1991), are reasonably well documented. Others, such as a suspected hunt for
Humpbacks off the remote island of Pagalu off equatorial West Africa (Aguilar, 1985) remain
uninvestigated. With the possible exception of a recently initiated Inuit hunt for eastern Arctic
Bowheads in Canada (see below), there is no reason to believe that aboriginal operations are signifi-
cantly impacting any population of great whales, but this belief must be considered tentative in the
absence of catch and biological data from certain areas.

With the exception of the present annual take of several hundred north-eastern North Atlantic

*Our inclusion of ‘eastern’ and ‘western’ Arctic in this paper is based upon the common use of these terms to
describe Bowhead Whale populations. We recognize, however, that (as the Arctic Ocean is circumpolar) this
usage reflects a purely North American geographical perspective.
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Minke Whales under objection by Norway, commercial whatiagseis not currently practised.
Catches for scientific research continue, with Japan taking several hundred Antarctic and North
Pacific Minke Whales each year.

Recently, molecular genetic techniques have been used to determine the species identity of meat
sampled in Japanese markets or impounded by customs officials (Baker & Palumbi, 1994). These
analyses have illuminated what appears to be illegal trade in whale meat, an issue that regained
prominence in April 1996 when several tons of smuggled Minke Whale meat from Norway were im-
pounded in Japan. The political implications of this trade are certainly important to the issue of com-
mercial whaling, as they raise serious questions regarding enforcement procedures and the ability of a
country or company to circumvent regulations protecting large whales. However, there is currently no
evidence to suggest that these activities are extensive, or that they involve critically threatened
populations. Furthermore, it is known that some of the ‘illegal’ products in Japanese markets come
from locally stranded animals, which are very valuable given the high price of whale meat.

Pollution and disease

The impact of pollution on large whales is debatable. The subject is reviewed by O’Shea &
Brownell (1994), who conclude that there is currently no evidence for significant contaminant-re-
lated problems in baleen whales. Although much more research needs to be conducted, existing
data on mysticetes support the view that the lower trophic levels at which these animals feed should
result in smaller contaminant burdens than would be expected in many odontocetes, which typically
show burdens that differ from those of baleen whales by an order of magnitude (O’Shea &
Brownell, 1994). There is currently no evidence for any of the problems that have been linked to
excessive contaminant burdens in some terrestrial mammals, such as reproductive failure or im-
mune system suppression (e.g. MiMigstela visonKihistrémet al., 1992). However, the manner

in which pollutants negatively impact animals is complex and difficult to study, particularly in taxa
(such as large whales) for which many of the key variables and pathways are unknown (Aguilar,
1987; O’Shea & Brownell, 1994). A more plausible potential problem is that of transgenerational
accumulation (Colborn & Smolen, 1996), but this remains unstudied in baleen whales or any other
cetacean. The issue of pollution and cetaceans was the subject of an IWC workshop held in 1995
(IWC, 1996, pp. 32-33).

Unlike in some dolphins and pinnipeds, there have been no recorded epizootics in baleen
whales. The only known case of a mass mortality was that of Humpback Whales in the southern
Gulf of Maine in 1987/88. Geraet al. (1989) provide strong evidence that these deaths resulted
from consumption of mackerel whose livers contained high levels of saxitoxin, a red-tide toxin, the
origin of which remains unknown. It has been suggested that red tides are somehow related to in-
creased freshwater runoff from coastal development, a link that has led some observers to suggest
that such events may become more common among marine mammals. However, lack of relevant
data (and the absence of additional mortalities) precludes further speculation.

Habitat degradation
Terrestrial mammals must often compete with a burgeoning human population for space. Because
humans do not permanently colonize marine environments, habitat loss (in the strict sense of the
term) is not a serious issue for most large whales. The exceptions are those which are dependent
upon restricted waters adjacent to highly developed coastline, such as the North Atlantic Right
Whale and Grey Whale. In such areas, habitat degradation is a potentially serious issue (Clapham &
Brownell, 1999).

Probably the most dramatic source of recent habitat degradation for baleen whales is spilt oil.
The Exxon Valdezpill, although not the world’s largest, was one of the most significant in that it

© 1999 Mammal Societyylammal Review29, 35-60
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occurred in an area rich in resources for numerous marine mammals (Loughlin, 1994a). Data on the
effects of oil pollution on cetaceans are inconclusive, and the large baleen whales appear to be gen-
erally unaffected by oiper se(Geraci, 1990; Loughlin, 1994b). Loughlin (1994b) attributed the
finding of 26 Gray Whale carcasses following Ehexon Valdespill to natural mortality in combi-

nation with increased observer effort, but as no necropsies were performed on these animals this
interpretation must be considered inconclusive. General concerns with regard to oil pollution are
ingestion of contaminated prey, potential irritation of skin and eyes, inhalation of toxic fumes, and
abandonment of polluted feeding habitat (Geraci & St. Aubin, 1980; Geraci, 1990). As noted be-
low, this, and the potential for behavioural disruption from petrochemical operations generally, is a
particular concern in at least one population, the western Gray Whale.

In addition to contaminants and red tide events, noted above, the potential for habitat degrada-
tion comes from a variety of sources. The effect on critical behaviours (foraging, mating, nursing,
etc.) of noise pollution from shipping or oil and gas development is unclear, although various obser-
vations suggest that marine mammals can habituate well to even quite high levels of sound (Geraci
& St Aubin 1980). Playback experiments on Gray and Bowhead Whales indicate that the animals
will actively avoid a very loud sound source (Maleteal.,, 1983), but whether real-life sources
(such as drilling platforms) negatively impact behaviour to the point that it diminishes reproductive
success is unclear.

There is some evidence that increased pleasure boat traffic disrupts behaviour. Such craft as
parasails, jet skis and fast power boats can pose a threat to whales even if their operators have no
interest in the animal itself. In some areas, whales are observed with prominent propeller scars re-
sulting from collisions with small boats (Segdtal., 1990). There is some indication that Hump-
back Whales avoid areas with high pleasure craft traffic off Maui (Glockner-Ferrari & Ferrari,
1990). Other problems can arise from vessels whose operations are directed at the whales them-
selves, i.e. whalewatching from either commercial or private vessels. There can be little doubt that
large-scale unregulated whalewatching, involving numerous boats circling and pursuing a whale,
will temporarily disrupt behaviours such as courtship and nursing. The impact of such harassment
on the reproductive success of individuals is unknown.

Summary

The primary concern of conservation managers is of course those problems which are likely to im-
pact a species at the level of the population rather than of the individual, although the former may be
affected if the reproductive success of many individuals is diminished. There are numerous issues
of potential concern to whale conservation. While we strongly caution that lack of data and lack of
impact are not necessarily synonymous, there is currently little evidence to suggest that most of
these issues are resulting in major negative impacts at the population level. The probable excep-
tions, for some already small and endangered populations, are ship strikes, and entanglement in
fishing gear. In addition, serious habitat degradation and concommitant impacts on prey from oil
spills are of potential concern for some small populations. Inevitably, populations which have been
reduced to small sizes by commercial whaling (i.e. those described below) will be more vulnerable
to these various threats than others. Specific details are given below.

MOST-ENDANGERED POPULATIONS

Populations at high risk of extinction are considered here to be those for which abundance is known
or thought to be very low (considerably fewer than a thousand individuals); these are listed in
Table 1. Our use of terms such as ‘critically endangered’ (e.g. for Northern Right Whales) reflects
a subjective judgement of status based upon the best information currently available. These judge-
ments are made for the purpose of this paper and do not necessarily reflect criteria employed by
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Table 1. The most endangered populations of baleen whales

Species Population Abundance Lack of recovery due to:
Northern Right Eastern North Pacific tens? recent hunting
Whale Western North Pacific low hundreds? recent hunting
Eastern North Atlantic extinct? wiped out by huntm$900
Western North Atlantic about 300 anthropogenic mortality?
Bowhead Whale Davis Strait/Hudson Bay 450+ recovery status unclear
Spitsbergen/Barents Sea tens? intensive historical whaling
Okhotsk Sea low hundreds recent hunting
Gray Whale Korea/Okhotsk Sea 250? recent hunting
Blue Whale All except eastern North Pacific
and perhaps eastern North Atlantic ~ unknown recovery status unclear

international agencies such as the International Union for the Conservation of Nature and Natural
resources (IUCN). The terstatusis used below to mean abundance, together with the various fac-
tors (such as reproduction and mortality) that determine population growth or decline.

It is important to recognize that the estimation of abundance in large whales is exceedingly dif-
ficult given the wide-ranging nature of the animals, the opaque and often inhospitable (to humans)
environment in which they live, and the fact that they spend most of their lives underwater. Best
(1993) makes the often ignored point that apparent abundance of large whales frequently rises with
an increase in systematic survey effort. Given that few populations have been the subject of exten-
sive study, we caution that most estimates of abundance for baleen whales should be regarded as
highly tentative, and we cite all such estimates here with that caveat in mind.

Although there is considerable disagreement concerning their numbers, Fin, Sei, Minke and
Bryde’s Whales are generally thought to be abundant throughout much or all of their ranges, and
they are not included in this review. Although on present evidence we do not consider any popula-
tion of Humpback Whale or Southern Right Whales to be critically endangered, both species were
heavily exploited, and we briefly discuss their status in a separate section below.

Northern Right Whale Eubalaena glacialis
Populations at high riskall.

Historical background

The Northern Right Whale was probably the first large whale to be hunted on a systematic, commer-
cial basis. The species was taken by Basque whalers in the Bay of Biscay at least as early as the
eleventh century (Aguilar, 1986). By the late 1500s the Basques had established a substantial fish-
ery off the Labrador coast (Cumbaa, 1986). This was succeeded by intensive shore whaling off New
England in the seventeeth and eighteenth centuries, an activity which continued sporadically into
the early part of this century. In the eastern North Pacific, right-whaling by American, French and
British vessels began in 1835 (Scarff, 1986). There then followed a period of intense exploitation,
and within 14 years most whalers had turned their attention to Bowheads. Additional unrestricted
whaling in the Sea of Okhotsk and western North Pacific further reduced the population, and by
1900 the Right Whale was considered rare (Scarff, 1991). Although officially protected throughout
its range in 1935, it is now known that the Soviets took substantial numbers of these animals in the

tThe 1935 Convention for the Regulation of Whaling was not ratified by the Soviet Union; technically
therefore the Soviets were free to kill protected species until 1949, when they signed the convention that
created the International Whaling Commission. In practice, as is now known, they continued to kill whales
indiscriminately for many years after that.
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North Pacific and Sea of Okhotsk into the 1960s (Yablokov, 1994; Broetrell] 1999). There is
no evidence that these illegal catches extended to the North Atlantic.

Biology

The Right Whale is a slow animal which frequents coastal and shelf habitats. It feeds in temperate
or high latitudes in summer, and calves in warmer water in winter. Both the North Atlantic and
North Pacific populations are generally thought to consist of two relatively discrete stocks, in the
eastern and western portions of each ocean basin.

In the western North Atlantic, the remaining population is largely confined to US and Canadian
waters, feeding in the Gulf of Maine and on the Scotian Shelf, and calving in the coastal waters of
Georgia and Florida (Krawt al., 1986; Winn, Price & Sorenson, 1986). In the North Pacific, Right
Whales feed in the Aleutians, Bering Sea, Gulf of Alaska and Sea of Okhotsk (Scarff, 1991). Migra-
tory patterns inferred from historical catch data (Omura, 1958, 1986) as well as recent scattered
sightings (e.g. Mori, 1991) suggest that the western North Pacific population breeds in warm East
Asian waters. The mating and calving grounds of any remaining eastern North Pacific animals are
unknown. As noted by Scarff (1986, 1991), the assumption that the west coast of North America
once hosted substantial numbers of wintering Right Whales is not supported by historical evidence.
Based upon nineteenth century whaling catch data, Scarff (1986, 1991) proposed that many North
Pacific Right Whales wintered far offshore, but there is no recent information with which to sub-
stantiate this belief.

Female Right Whales become sexually mature between 4 and perhaps 12 years, and produce a
single calf on average every 3—4 years (Knowlton, Kraus & Kehf6%; Hamiltoret al, 1998);
this is a significantly slower rate of reproduction than that of the rorquals (Lockyer, 1984). The
Right Whale is stenophagous on zooplankton, notably copepods (Mayo & Marx, 1989). Individual
animals can be identified from photographs of the pattern of callosities on the head, and from
prominent scarring (Kraust al., 1986).

The western North Atlantic population has been the subject of a long-term study since the 1970s,
and much of its biology and behaviour is reasonably well understood (see é{i&Ls1986;
Kenney, Winn & Macauley994; Knowltonet al., 1994). Most of the population has been biopsy
sampled, and genetic analyses are ongoing (Sobizaff 1993, 1997; Browet al.,, 1994). There
is no ongoing field research on this species in either the eastern North Atlantic or anywhere in the
North Pacific.

Present status
The Northern Right Whale is critically endangered throughout its range (reviewed in Brownell, Best &
Prescott, 1986). Given the various problems described below, this species is arguably the most threat-
ened of all baleen whales, and further conservation action is urgently required to avoid its extinction.
In the North Atlantic, the eastern stock appears to be essentially extinct; it is likely that much of
the extant population was wiped out by Norwegian whaling at the turn of the century (Collett,
1909). Rare sightings are made of single individuals in European waters (Brown, 1986), but it is not
clear whether these represent a tiny remnant population or individuals who have wandered in from
the west. Nineteenth-century whaling occurred at Cintra Bay on the coast of West Africa (Reeves &
Mitchell, 1986), and this historical concentration of right whales raised the hope that this area may
still be a breeding ground for any remaining eastern North Atlantic animals. A survey in this region
in early 1996 failed to find a single whale, although survey conditions were extremely poor (G.
Notarbartolo di Sciara, personal communication). Analyses based upon photographs of identified
individuals indicate that the present western North Atlantic population numB8&&s animals (no
confidence limits given; Knowltoet al., 1994); given that the majority of the population appears to
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have been identified, this is likely to represent one of the more accurate estimates of abundance for
any large whale. No sustained growth is apparent despite six decades of protection, although the
initial post-whaling size of this stock in 1935 is unknown. Recent analysis by Catale{lL.999)
suggests that the population is actually in decline.

A parallel situation exists in the North Pacific (Browretlhl, 1998). The eastern stock, perhaps
irreversibly damaged by recent Soviet illegal catches, is so small that a single sighting merits pub-
lication (e.g. Rowntreet al., 1980; Carretta, Lynn & LeDu994). With the possible exception of
an unconfirmed sighting from the Bering Sea in 1996 (Goddard & Rugh, 1998), no calf has been
observed in the region this century. Recent sighting data show that the western population is more
numerous, particularly in the Kuril Islands/Sea of Okhotsk region (Browetell, 1999). This
group may number in the low hundreds, but no quantitative data are available, and systematic sur-
veys in this area are urgently needed.

Issues

This species appears to suffer from anthropogenic mortalities more than any other. In the western
North Atlantic, entanglement in fishing gear and ship strikes are known to have caused numerous
Right Whale deaths in recent years, undoubtedly contributing to the apparent failure to recover.
Kraus (1990) estimated mortality in the first 4 years of life at between 2 and 17%, with at least a
third attributable to ship collisions and entanglement. Photographs of 118 identified individuals
showed that 57% possessed scarring indicative of entanglement (Kraus, 1990). Fishing gear in-
volved has included gill nets, swordfish drift net and lobster trap lines. Sources of ship strikes are
generally unknown, but are primarily large commercial vessels; regrettably, many of the Right
Whale’s major habitats in the western North Atlantic are adjacent to, or even straddle, major ship-
ping lanes. The population’s major calving grounds in the coastal waters of Florida and Georgia
have recently been the site of increased military traffic, notably since the closure of several naval
bases concentrated activities off the port of Jacksonville. Furthermore, proposed port expansions in
the area will only increase the probability of vessel-related mortalities unless mitigating action is
taken. At least some of six recorded mortalities during the winter of 1995/96 were attributable to
ship strikes; and others could not be conclusively related to US Navy gunnery exercises in the area.
Given this population’s dependence upon nearshore habitat for much of its life cycle, intensive
coastal development in this and other portions of the range poses additional threats to recovery.

Studies showing relatively low genetic diversity in the western North Atlantic population
(Schaeffet al, 1991, 1997) suggest that inbreeding may be inhibiting recovery, but this is difficult
to interpret without a knowledge of historical genetic structure. The latter topic is currently being
investigated using DNA extracted from historical baleen samples (Roseebalyni997, 1998).
Furthermore, the general issue of inbreeding and its impact on small populations remains controver-
sial (May, 1995; Amos, 1996; Lacy, 1997; and see below).

Little is known of threats to the remaining North Pacific population. Entanglement-related mor-
tality has been documented in the western North Pacific (Kornev, 1994); given the extremely poor
survey coverage of this population, it is possible that this is a significant problem.

Overall, the Right Whale’s dependence upon a highly abundant but specialized food source
(copepods) would presumably make it less adaptable to major environmental change. A Recovery
Plan has been produced for Right Whales in US waters by the US National Marine Fisheries Service
(National Marine Fisheries Service, 1991). However, there is currently no conservation effort
aimed at the North Pacific population despite its critically endangered status.

© 1999 Mammal Societyylammal Review29, 35-60



44 P. J. Claphanet al.

Bowhead WhaleBalaena mysticetus
Populations at high riskOkhotsk Sea, Eastern Arctic.

Historical background

The Bowhead (also called the Greenland Right Whale or Polar Whale) was hunted to commercial
extinction in the North Atlantic, beginning in at least the sixteenth century (Ross, 1993). Whalers
took this species in Arctic and sub-Arctic latitudes, including off the Labrador coast in the sixteenth
century (when the so-called ‘Little Ice Age’ presumably caused the population’s range to shift fur-
ther south than it occurs today). Commercial whalers began to kill Bowheads in the western Arctic,
and later in the Sea of Okhotsk, in the mid-nineteenth century (Bockstoce & Burns, 1993), and these
populations were rapidly depleted. lllegal Soviet catches of Bowheads occurred in the Okhotsk Sea
in the 1960s, and the western Arctic population has been exploited under quota since 1978 by
Alaskan Eskimos (Stoker & Krupnik, 1993; Suydatral., 1995).

Biology

Thorough reviews of the biology and status of the Bowhead are given by Burns, Montague &
Cowles (1993) and Shelden & Rugh (1995). The Bowhead has an exclusively northern hemisphere
circumpolar distribution, and is closely associated with sea ice (Montague, 1993). Several stocks
are recognized (Moore & Reeves, 1993; Shelden & Rugh, 1995). Bowheads in the eastern Arctic
are divided into three subpopulations, with unknown levels of exchange among them. These are: (i)
Hudson Strait, Hudson Bay and Foxe Basin (the Hudson Bay stock); (ii) Davis Strait and Baffin Bay
(the Davis Strait stock); and (iii) Spitsbergen and the Barents Sea (the Spitsbergen stock). As noted
by Shelden & Rugh (1995), there is only circumstantial evidence that the Davis Strait and Hudson
Bay stocks are separate, but they are currently treated as such to allow for more conservative man-
agement. The western Arctic population inhabits the Bering, Beaufort and Chukchi Seas, and
appears to comprise a single discrete stock. Finally, there is an apparently separate and historically
isolated population in the Sea of Okhotsk. Some exchange between the eastern and western Arctic
stocks is indicated from whaling data (Bockstoce & Burns, 1993), but the frequency of this ex-
change in modern times is unknown. Segregation by size and sex has been documented in both
arctic populations, during the migration as well as at other times (Reteale<1983; Finley, 1990;
Anglisset al., 1995).

Bowheads feed on a variety of prey. The most important diet items are copepods and
euphausiids, although significant numbers of epibenthic organisms (notably mysids and
amphipods) are also taken (Lowry, 1993). It is not known whether Bowheads fast during the winter,
but the stomachs of more than half of the whales killed during the spring migration were empty
(Lowry, 1993). Migrations are restricted and are dependent upon ice; the species is typically found
along the southern edge of pack ice in winter, then moves north as the ice breaks up in spring. In the
western Arctic, the winter distribution of the Bowhead encompasses a wide area of the central and
western Bering Sea and is associated with the ice front and polynyas (Shelden & Rugh, 1995). In
spring, the whales move north and east along sea ice leads in the Chukchi Sea and on into their
principal summering grounds in the Bering Sea.

Calving occurs in spring (April to early June), after a gestation period that may be as long as 13—
14 months (Nerinet al., 1984; Kosket al., 1993). Weaning occurs between 9 and 15 months after
birth (Neriniet al, 1984). Bowheads are slow breeders; recent data suggest that they may not attain
sexual maturity until 15—-20 years, and females produce a calf every 3 or 4 years thereafter (Koski
et al, 1993). However, the species may be exceptionally long-lived: the recent discovery (George
et al, 1995), in a large male Bowhead killed by the Alaskan Inuit, of a stone harpoon point of a type
not generally in use after 1900 (S. Loring, personal communication), suggests that life expectancy
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can reach 100 years. A similar conclusion has emerged from work based upon stable isotype analy-
sis (Schell, Saupe & Haubenstat$89).

Much of our knowledge of this species stems from extensive work conducted on the western
Arctic population, due in large part to the continued subsistence hunt and to the requirement for
impact studies related to oil and gas exploration in the Alaskan region. With the exception of gen-
eral sighting surveys in the region (McQuaid, 1986; Christensen, Haug &18i@®), no research
has been conducted on the remnant Barents Sea/Spitsbergen stock. Recent work in the Sea of
Okhotsk has been confined to sporadic Russian surveys of the area (e.g. Berzin, Vladimirov &
Doroschenko1990), although a joint Russian—-US. study of the population characteristics and ge-
netics of Bowheads was begun in the Shantar area in 1995 (Bretwvakll1997).

Present status

The slow reproduction and late age at maturation in this species have resulted in relatively low rates of
recovery (Koskiet al, 1993; Shelden & Rugh, 1995). However, it is now largely accepted that the
western Arctic Bowhead population is recovering slowly from the intensive commercial exploitation to
which it was subject. A 1993 survey estimated abundance at 8000 animals (CV 6900-9200); the me-
dian estimate of growth over the period 1978-93 was 2.3% (Zeh, George & Suydam, 1995). The crude
birth rate of this population has been estimated at 0.052 (Kbaki1993).

The eastern population is less well known, but is clearly relatively small; estimates by Davis &
Koski (1980) and by Reeves al. (1983) put the total population at a few hundred. There may be
about 250 Bowheads in the Davis Strait population, and ‘at least a few tens of whales’ in Hudson
Bay (Reeves & Mitchell, 1990). Zedt al. (1993) suggested that these numbers are conservative
and that the two stocks collectively number at least 450 animals. Two recent aerial surveys by
Cosenset al. (1997) gave estimates of 256 (CV 31.3) and 284 (CV 48.6) bowheads in northern
Foxe Basin. The Spitsbergen/Barents Sea group is observed infrequently nowadays. It is estimated
to number ‘in the tens of animals’, and may be close to extinction (Christenaenl992; Zeh
et al, 1993). Belikowet al.’s (1989) suggestion that the population may be slowly recovering was
based upon sporadic sightings, including some of questionable reliability. Although the prognosis
for this remnant population does not appear good, it should be noted that the relationship among the
three eastern substocks (and whether exchange occurs among them) is not clearly understood.

Little is known of the present status of the Okhotsk Sea population, but surveys in the region
suggest (without quantitative data) that the population may be in the low hundreds éBaizin
1986, 1990).

Issues

The two populations of concern for this species are those in the eastern Arctic and Okhotsk Sea. The
western Arctic Bowhead population requires continued careful monitoring, and remains under
threat from possible impacts of disturbance and pollution events associated with extensive oil and
gas exploration in Alaskan waters. None the less, its status does not appear to be an urgent conser-
vation issue. The continued aboriginal hunt is well-managed under IWC quota through an
agreement between the Alaska Eskimo Whaling Commission and the US National Oceanic and
Atmospheric Administration. The current hunt quota is well below the level that would inhibit con-
tinued population growth (IWC, 1995; p. 21; Shelden & Rugh, 1995). No major anthropogenic
threats have been identified in the eastern Arctic stock; it is possible that, if this population is failing
to recover, the explanation lies primarily with the various problems associated with small popula-
tion size. However, the killing of two Bowheads from the Hudson Bay population by the Canadian
Inuit in the summers of 1994 and 1996 is disturbing in light of the endangered status of this stock
and of the precedent that such a catch presumably sets.
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The only known potential threat to the Okhotsk Sea population is impending oil and gas explo-
ration off Sakhalin Island (see below, under the Gray Whale). These activities will be largely con-
centrated off the east coast of Sakhalin, away from the main Bowhead concentrations off the
mainland coast and further north (Beretral., 1986); thus, the Bowheads might be less vulnerable
to impacts than the western Gray Whale. None the less, this is a cause for some concern, particularly
since one of the currently untendered lease areas includes major Bowhead feeding habitat in the
Shantar region (Brownedit al., 1997). Coastal development and associated human activities in the
western Okhotsk Sea pose another potential threat in the future.

Gray Whale Eschrichtius robustus
Population at high riskWestern North Pacific/Okhotsk Sea.

Historical background

The predictable and highly coastal migration of the Gray Whale made it an easy target for shore-
based whalers along the western coast of North America (Sayers, 1984). By 1900, the eastern North
Pacific population had been reduced to such low numbers that some whalers considered it virtually
extinct. Nineteenth-century whaling of various types by Japan, Russia and the United States simi-
larly devastated the population in the western North Pacific and Okhotsk Sea (Henderson, 1984).
There appears to have been comparatively little pelagic whaling for this species during the twentieth
century: Reeves (1984) documented only 940 Gray Whales taken between 1914 and 1946. It is not
clear whether the Soviet Union illegally killed Gray Whales, notably in the western North Pacific,
after the species received international protection in 1938, but given the USSR'’s extensive and in-
discriminate activities elsewhere it is hard to see why they would have spared this species if found.
The western Gray Whale was considered extinct as late as the early 1970s (Bowen, 1974), but infor-
mation on catches off Korea and sightings in the Okhotsk Sea showed it to be extant (Brownell &
Chun, 1977; Blokhin, Maminov & Kosygih985).

Biology

Recently extinct in the North Atlantic (within the last 200 or 300 years, with cause unknown; Mead

& Mitchell, 1984, Bryant, 1995), the Gray Whale today exists only in the North Pacific. It appears

to have always had an exclusively northern hemisphere distribution. The Gray Whale is among the
most highly migratory of all whales (Mate & Harvey, 1984), rivalled only by the Humpback Whale

in its extensive seasonal movements. Gray Whales migrate annually between high-latitude summer
feeding grounds, and mating and calving areas in tropical waters (Kellogg, 1929). The feeding be-
haviour of this species is quite flexible: it is primarily a bottom-feeder on benthic amphipods, but
has been observed to feed in mid-water and at the surface on other prey (Nerini, 1984). It is possible
that gestation exceeds 13 months (Rice, 1983), and sexual maturity is attained at an average age of
eight years (Rice & Wolman, 1971).

Two populations are recognized: the eastern North Pacific, also known as the California/
Chukchi stock, and the western North Pacific, known as the Korea/Okhotsk Sea stock. The eastern
population feeds in shallow waters in the northern Bering, southern Chukchi and south-western
Beaufort Seas, and calves in shallow lagoons along the Pacific coast of the Baja Peninsula (see re-
views in Jones, Swartz & Leatherwod®84). The western population appears to summer in the
Sea of Okhotsk, and migrates to the mainland coast of Asia; it has been suggested that breeding
grounds may exist along the coast of southern China (Henderson, 1990), but this remains
uninvestigated. It is not known whether a reliance on coastal lagoons for calving (as is the case for
the eastern population) is a characteristic of this species throughout its range. There is no evidence
for any interchange between eastern and western populations.
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The accessibility of Gray Whales along the western coast of North American has resulted in
extensive research on the eastern population (&baés1984; Reilly, 1992), and surveys to moni-
tor abundance are ongoing. With the exception of some sporadic Soviet surveys (Btakthin
1985) and a recent study off Sakhalin Island (Welteal., 1999), no work has been conducted on
the western population.

Present status

The eastern Gray Whale is one of the great success stories in modern endangered species conserva-
tion. Having been reduced to perhaps a few hundred animals early this century, it has made a full
recovery following international protection in 1938. The current eastern population, which was
estimated in 1987/88 at 21 113 animals (SE = 688; Reilly, 1992), is considered to have reached pre-
exploitation levels, and is no longer listed as endangered. In contrast, the western population
remains very small; its size has been guessed at 250 individuals (Vladimirov, 1994), although no
guantitative data are available with which to confirm this estimate (Betrzl 1995). None the

less, this population is clearly one of the most critically endangered stocks of large whale in the
world. As noted by Kato & Kasuya (1997), Gray Whales continued to be hunted by Korea into the
1960s, and this may have significantly inhibited the recovery of this population. Nothing is known
of its current status or reproductive rate.

Issues

Although mortalities related to both entanglement and ship strikes have been reported for eastern
Gray Whales (Sumich & Harvey, 1986; Heyning, 1990), the only known issue of potential major
concern to this population is the development of a large salt works at one of the major calving la-
goons in Baja California. If, like the eastern population, western Gray Whales have a heavy reliance
on a highly specific calving habitat (coastal lagoons), they may be highly vulnerable to human ac-
tivities, notably coastal development. Research to locate these breeding grounds should be
considered a priority in the conservation of this population. The most significant impending threat
to the remnant Okhotsk Sea population is a major program of oil and gas exploration, which is
planned to occur just offshore (and upwind) of major Gray Whale feeding habitat off north-eastern
Sakhalin Island (Browne#t al., 1997). The severe earthquake which occurred in the Sakhalin re-
gion in May, 1995 has increased fears of an oil-related catastrophe there. Too little is known of the
western population to determine whether other problems, such as entanglement, represent signifi-
cant threats.

Blue Whale Balaenoptera musculus
Populations at high riskprobably most; known exception is California/eastern North Pacific.

Historical background

The speed of the Blue Whale kept it largely immune from whaling until the latter part of the last century,
when the invention of the steam engine and the explosive harpoon allowed whalers to regularly catch
and kill this species for the first time. The introduction of the compressor (allowing inflation of a car-
cass that would otherwise sink) and the factory ship were also major innovations in the commercial
exploitation of this and other rorquals. The Blue Whale subsequently became a principal target of the
industry throughout the world, notably following the opening in 1904 of the rich whaling grounds in
the Southern Ocean. Approximately 360 000 Blue Whales were killed this century in the Antarctic
alone (IWC, 1995, pp. 129-130). The Soviets continued extensive exploitation of the species after it
was officially protected world-wide in 1967, taking more than 8000 unreported Pygmy Blue Whales
(see below) in various locations (Zemstal., 1995, 1996Yablokovetal. 1998 ).
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Biology

Blue Whales are the largest animals on Earth: they can exceed 30 m in length and weigh close to
200 tons. Subspecific divisions are recognized, with all northern hemisphere animals believed to be
Balaenoptera musculus muscullrsthe southern hemisphere, the species is divided into the ‘true’
Blue Whale B. m. intermediand the so-called ‘Pygmy’ BluB(m. brevicaudgalchihara, 1966).

The latter differs markedly in size and morphology from the former, but existing evidence indicates
that it may occupy a similar ecological niche. Current data suggest that the range of the Pygmy Blue
Whale is the mid-latitude (40-54 °S) waters of the eastern South Atlantic, Indian Ocean and west-
ern South Pacific (Ichihara, 1966; Kato, Miyashita & Shimada, 1995), but the distribution of this
subspecies is not fully understood.

Blue Whales have a cosmopolitan distribution, occurring in all oceans, and are found in a variety
of habitats from coastal areas to pelagic waters far offshore. Like most rorquals, they are believed to
undertake seasonal migrations between high-latitude feeding grounds and breeding areas in the
tropics (Mackintosh, 1942). However, the population structure is complex; there is some evidence
for year-round occupancy of certain tropical waters (e.g. off western Costa Rica; Reilly & Thayer,
1990), and it is not clear how migratory behaviour varies among animals of different sex or age
classes.

In the North Atlantic, two subpopulations (an eastern and a western) are recognized for the purpose
of management (Gambell, 1979; Best, 1993), yet there has been little attempt to investigate whether
this view is correct. Whaling and photo-identification data suggest that Blue Whales found off the
coasts of Nova Scotia, Newfoundland, the Gulf of St Lawrence and western Greenland belong to the
same population (Jonsgard, 1955; F. Larsen, personal communication). The species is rarely found in
the shelf waters of the eastern United States (Wenzel, Mattila & Clapham, 1988). In the North Pacific,
whaling and sighting data suggest the existence of at least five subpopulations (reviewed bgtReeves
al., 1998). These include California/Mexico, the eastern Gulf of Alaska, the Aleutian Islands (the ‘cen-
tral stock’), northern Japan/Kurils/Kamchatka, and southern Japan. The relationship between the ani-
mals from California/Mexico and those observed off Costa Rica is unclear. In the Southern Ocean,
there is evidence for the existence of relatively discrete feeding stocks (Mackintosh & Wheeler, 1929),
but the overall population structure in this region is not well understood.

Blue Whales are individually identifiable from the unique pattern of mottling on the animal’s
body (Searst al.,, 1990). Survey coverage of individually identified Blue Whales along the west
coast of the continental United States has established migratory connections between this region
and waters to the south, including those of Baja California (Calambokidis, 1990;
Calambokidis & Steiger, 1995). In addition, recent work has suggested that the west coast popula-
tion is largely separate from the Blue Whales which feed in the Gulf of Alaska (J. Calambokidis,
personal communication). Ongoing genetic studies should help to resolve this and other questions
regarding population structure in this species.

Blue Whales are believed to be sexually mature at approximately 5 years, and females reproduce
at 2-3-year intervals (Lockyer, 1984). The species is virtually stenophagous on euphausiids
throughout its range (Mackintosh, 1942; Gaskin, 1982), although it has been observed feeding on
pelagic red crab$leuroncodes planipesff Baja California (Rice, 1986).

Present status

Knowledge of Blue Whale populations is often severely limited by their lack of accessibility for
research, and we caution that few data are available with which to assess the status of many stocks,
notably those in the Southern Ocean. While it is generally accepted that the extensive exploitation
to which this species was subject reduced most populations to small fractions of their original sizes,
quantitative data with which to estimate current abundance reliably are sparse.
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In the Antarctic, sighting data from circumpolar surveys gave a total population estimate of 710,
but with a large (0.64) coefficient of variation (ButterwoBlorchers & Chalis1993). Although
this has been cited by some observers (e.g. Hatanaka & Komatsu, 1994) as evidence that Antarctic
Blue Whale stocks are failing to recover, Gerrodette (1995) emphasized the impossibility of detect-
ing any change in population size from such data given the low statistical power involved. No reli-
able data exist on Pygmy Blue Whale abundance in any area; Brownell (1995) gives details of
Soviet catches of the subspecies and states that the status of both forms must be reconsidered given
the extensive underreporting that occurred. As noted elsewhere (Clapham & Brownell, 1996), the
continued whaling-induced decline of these populations, at a time when they were thought to be
protected, underscores Gerrodette’s point that detection of any change in a small population would
require unrealistic levels of survey effort. Thus a reliable assessment of Antarctic Blue Whales
(both the ‘true’ and pygmy forms) is impossible at this time; we can say only that existing data in-
dicate that the population(s) remain small, and should be provisionally ranked among the most en-
dangered baleen whale stocks.

Of the various other populations of Blue Whales (of either type), the only one which appears to
be recovering strongly from exploitation is that of the eastern North Pacific, which feeds off Cali-
fornia and probably breeds in tropical or equatorial waters to the south (Calambbkidi$990).
Estimates of abundance for this population, derived from both individual identification and line-
transect surveys, are approximately 2000 animals, with a trend towards increasing size over several
years (Barlow, 1995; Calambokidis & Steiger, 1995). However, it is possible that part of this in-
crease is related to a prey-related shift in distribution inshore (Calambokidis, 1995).

There are no reliable estimates of abundance for the other four putative North Pacific stocks.
However, that from southern Japan appears to have been extirpated by intensive shore-based whal-
ing (Kasaharu, 1950). Furthermore, sighting surveys suggest that Blue Whales are now rare in areas
of former abundance in the Aleutian Islands and eastern Gulf of Alaska, a phenomenon that is pre-
sumably also attributable to overexploitation (Stewadl., 1987; Reevest al., 1997). The status
of the north-western North Pacific stock is unknown, but recent surveys have found Blue Whales in
offshore areas south-east of Kamchatka (Y. Fejist, paper SC/47/NP3 presented to the Interna-
tional Whaling Commission Scientific Committee, May 1995 unpublished data).

In the North Atlantic, a long-term study by Seatsl. (1990) identified 203 individual Blue
Whales in the Gulf of St Lawrence. These data could not be used to estimate abundance (Hammond,
Sears & Bérubé, 1990), but all indications are that the population to which these belong is small.
Estimates for the current size of the eastern stock range from a maximum of 442 whales
(Gunnlaugsson & Sigurjonsson, 1990) to 1000-2000 with no details given (Sigurjénsson, 1995),
but again survey coverage has been insufficient to yield reliable data.

It is not known whether the Blue Whales found in the north-western Indian Ocean and Arabian
Sea region constitute a separate population that resides in tropical waters year-round, as is the case
with the Humpback Whales found there (Mikhalev, 1997). It is possible that this stock is small, but
there is very little information from this area; however, impending analysis of illegal Soviet catch
data (Y. A. Mikhalev, unpublished data) may shed light on the Blue Whales of this region.

Issues

Currently, there are no known major anthropogenic threats to Blue Whale populations. Ship strikes
involving this species are known off California (Barletval, 1995), but the magnitude of this
problem is unknown. If this whale is indeed failing to recover in certain areas, it may be primarily
because of the various problems associated with small population size. As we note above, the wide-
ranging behaviour and inaccessibility of the Blue Whale, notably in the Southern Ocean, has always
made research on this species very difficult. This is regrettable, as an assessment of its status is
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urgently required, particularly in the southern hemisphere where the population was drastically re-
duced by decades of poorly managed and sometimes illegal whaling. The contention that Blue
Whale recovery in the Antarctic is being inhibited by prey competition from Minke Whales (e.g.
IWC, 1994; p. 102) has little basis in existing data (Clapham & Brownell, 1996). Finally, although
the Blue Whale’s dependence upon a single food source (krill) is somewhat offset by the latter’s
great abundance, this stenophagy would make the species more vulnerable in the event of a major
decline in prey. Human overexploitation of Antarctic krill stocks, or declines due to global climatic
changes (Loebt al., 1997) could precipitate such a problem, but at least the former does not appear
likely in the foreseeable future. A Recovery Plan for the Blue Whale in US waters has been pro-
duced by the US National Marine Fisheries Service (Resvals 1998).

OTHER SPECIES

Humpback Whale Megaptera novaeangliae

The Humpback Whale is arguably the best-known of all the baleen whales: its frequently coastal
distribution, and the ease with which individuals can be identified from natural markings (Katona &
Whitehead, 1981) have made it the focus of several long-term studies. It is found in all oceans of the
world; the southern hemisphere populations (traditionally divided for management purposes into
five or six stocks, or areas; see Mackintosh, 1942) together possess a circumpolar distribution.
Humpback Whales undertake often very long migrations from summer feeding grounds to tropical
breeding and calving areas in winter (Stone, Florez-Gonzalez & Kato08; Palsbglkt al.,

1997), where they typically concentrate around reefs or islands.

A coastal species over much of its extensive world-wide range, the Humpback Whale bore the
initial brunt of whaling activities in many areas. Often the first species to be taken, it was frequently
hunted to commercial extinction, after which whalers switched to other whales (Tgnhnessen &
Johnsen, 1982; Claphaat al,, 1997). Hundreds of thousands of Humpback Whales were killed
this century throughout much of their range, notably in the Southern Ocean. Indeed, Humpback
Whales were the most frequent target of the recently disclosed illegal catches by the Soviet Union.
Although the USSR reported taking only 2710 Humpback Whales in the Antarctic, the actual total
was in excess of 48 000 (Zemshtyal., 1995; Yabloket al, 1998). Overall, it is not unlikely that
many Humpback Whale populations were reduced by more than 90% of their original size.

In spite of its catch history, the Humpback Whale appears to be a remarkably resilient species.
The well-studied population in the North Atlantic was recently estimated from photo-ID data at
10 600 (95% CI 9300-12 100) (Smith al, 1999). An estimate from genetic tagging data gave
4894 males (95% CI 3374—7123) and 2804 females (95% CI 1776—4463) (Petisthgll997);
because these latter data suggest that a substantial proportion of females were unavailable for sam-
pling in the West Indies study area, this is very likely to be an underestimate of the overall North
Atlantic population. A growth rate for the Gulf of Maine feeding stock was estimated at 6.5% per
annum (SE = 0.012; Barlow & Clapham, 1997). What was considered a ‘remnant’ population in the
eastern North Atlantic has proved to be of substantial size (dien, 1990), although the species is rare
in some probable former habitats such as the British Isles. The Cape Verde Islands, once important
as a whaling ground in the mid-1800s, appear to host relatively few Humpback Whales today, al-
though research in this region has begun only recently (R&berSantos & Wenzel, 1996).

The eastern North Pacific population, which feeds along the coasts of California, Oregon and
Washington and breeds in Mexican waters, has been estimated from mark—recapture data at ap-
proximately 600 animals (Calambokidis & Steiger, 1995), although analysis of historical whaling
data suggests that this stock is well below its pre-exploitation size (Clagilzdl997). Baker &

Herman (1987) give a mark—recapture estimate of 1407 whales (95% CI 1113-1701) for the breed-
ing range in Hawaiian waters, an area which is used by whales feeding primarily off Alaska (Perry,
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Baker & Herman1990). Cerchio (1994) presented new analyses of data from Hawaii, together with

a critique of various mark-recapture methods. He concluded that most estimates were subject to
low precision and/or bias, and thus that the population size could be anywhere from 2000 to 5000
animals. The status of the western North Pacific population is unknown, although some research
has begun in the region in recent years (Darling & Mori, 1993). The only basin-wide estimate cur-
rently available is that by Calambokidisal (1997), who used mark—recapture techniques to esti-
mate between 6000 and 8000 animals for all known North Pacific wintering areas.

The status of the southern hemisphere populations is unclear. Data from Australia, the western
Indian Ocean and western South America suggest that recovery is occurring in those populations
which have been the focus of recent survey effort (Bannister, Kirkwood & Wayte, 1991; Fl6rez-
Gonzalez, 1991; Findlagt al., 1994; Paterson, Paterson & Cato, 1994). However, Best (1993)
notes that no significant increase is apparent among the Humpback Whale population that migrates
past New Zealand to Tonga, where a substantial native fishery persisted until 1978.

Overall, the biology and catch history of this whale leads us to the subjective assertion that
Humpback Whales, given time, will recover well throughout their range. However, some
populations merit close attention; two examples are those off California and off New Zealand/
Tonga, as noted. Another population worthy of conservation assessment is that inhabiting the Ara-
bian Sea. This group is unique for the species in that the animals both feed and breed in tropical
waters, remaining in low latitudes year-round (Mikhalev, 1997). Little is known of the population
today, although it was recently disclosed that the Soviets killed 238 Humpback Whales in 10 days
in this region in 1966 (Mikhalev, 1997). The impact of this catch on what may have been a small
stock is unclear; research here would be of considerable value, particularly as entanglement in fish-
ing gear is known to be an issue for this population (M. Al-Barwani, personal communication).

Southern Right Whale Eubalaena australis

Like most southern hemisphere baleen whales, Southern Right Whales have a circumpolar distribu-
tion, although their population structure and the degree of exchange between putative stocks is
unclear. At least some of the various recognized populations spend part of the year in inshore waters
off the coasts of South America, South Africa and Australia. The range of others includes a variety
of offshore island areas (e.g. Crozet and Kerguelen) whose remoteness has precluded systematic
study (Best, 1993). Like the Northern Right Whale, the species is highly migratory.

Southern Right Whales were extensively exploited in this and previous centuries. Best (1987)
used American import records for whale oil and baleen to estimate that almost 60 000 Southern
Right Whales were killed by American whalers alone during the nineteenth century. The Soviet il-
legal catches included a take of 3212 Southern Right Whales (only four of which were reported to
the IWC) between 1951 and 1970 (Tormosbwal, 1998; Yablokowet al, 1998).

Four populations of Southern Right Whales have been the focus of long-term research efforts
(western Australia, eastern South America, and the eastern and western coasts of southern Africa),
and all have exhibited apparent annual rates of increase ranging from about 6—14% over various
periods of study (Payret al., 1990; Best, 1990, 1993; Bannister, 1991). Observations from Brazil
and Chile suggest that a slow recovery is also taking place in these areas (Best, 1993). With the
exception of Campbell Island south of New Zealand, where recent work has found substantial num-
bers of whales (Patenaude, Baker & Gates, 1998), the status of the Southern Right Whale
populations around remote islands is unknown.

OTHER ISSUES

Small population problems and extinction-proneness

In addition to the specific issues outlined above, we must also consider some of the natural (non-
anthropogenic) factors which influence the recovery or decline of a population that has been
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reduced to a small size. The vulnerability and recovery potential of an endangered species are in part
contingent upon fundamental characteristics of its ecology and life history. From studies of terres-
trial mammals and birds, it is now recognized that ecological correlates of ‘extinction-proneness’
exist in a wide range of taxa (Ehrenfeld, 1970; Terborgh, 1974; Pimm, Jones & Diamond, 1988;
Laurance, 1991). A brief consideration is given below of those risk factors that are arguably rel-
evant to baleen whales.

The species exists in one or a few populati®ueh species are particularly vulnerable because
catastrophic events such as epidemics or habitat loss can result in the loss of the remaining
population(s) and thus of the species itself. Although most of the species listed in Table 1 fall into
this category, this factor is arguably more critical in terrestrial populations of plants or animals,
where loss of habitat is a major threat.

The population(s) are smals is well known, small populations are inherently more vulnerable to
stochastic changes in characteristics such as sex ratio or birth rate, since the effects of such changes
are often magnified when abundance is low (Gilpin & Soule, 1986). Similarly, small populations

are more likely to be disproportionately affected by catastrophes such as epizootics or habitat loss.
There is much debate about minimum viable population size, but little agreement on what this is.
Among other things, it is obvious that this will vary from species to species depending upon the
particular life history, ecology and mating system of the animal concerned. Small population size is
clearly a relevant risk factor for the most endangered whale populations, although the extent and
details of the risk are unclear.

The species requires a large home ranfas factor relates primarily to habitat loss, and is thus
less relevant to whales (despite the often huge ranges which they possess) than to large terrestrial
mammals.

The species has a large body sizrge animals require larger home ranges and more food; they are
also more vulnerable to hunting. This is partly applicable to baleen whales; certainly the latter prob-
lem is relevant. As noted above, home range is less of an issue. It is unclear whether whales are ever
food-limited to the point where long-term reproductive success is affected.

The species has a low rate of increaBas is certainly true of baleen whales. It is particularly rel-
evant to Right Whales, which calve at intervals of three or more years (Knawkbn1994), and

to Bowheads, which are not sexually mature until they are 15-20 years old ctiell989;
Koski et al., 1993).

The species is migratoryhis factor relates primarily to species which are seasonally dependent
upon two or more distinct habitats, the loss of any of which can be devastating; it is particularly well
illustrated in the plight of migratory songbirds (Hagan, 1992). This is generally less applicable to
baleen whales, although there are at least two possible exceptions. One is the Gray Whale, whose
apparent dependence upon coastal lagoons for calving renders it highly vulnerable to habitat loss or
exploitation. The other is the western North Atlantic Right Whale population, which calves in the
highly trafficked coastal waters of the south-eastern United States.

The species has little genetic variabilityis widely assumed that limited genetic diversity in small

populations results in inbreeding depression; this can be manifest as expression of deleterious
alleles, or in a reduction of the genetic diversity that would normally provide immunity to epizootics
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or other environmental threats (recently reviewed by Lacy, 1997). None the less, there is little agree-
ment about the specifics of this problem, as exemplified by the recent debate on chAeegtahgx

jubatus May, 1995). Amos (1996) argues that human exploitation is unlikely to have significantly
impacted genetic variability in cetaceans, but also that effects of inbreeding depression may be
manifest in populations deemed from their levels of variability to be genetically ‘healthy’. Genetic
diversity may well be relative; consequently, the critical level (i.e. how little is too little?) for a
given species is frequently difficult to assess. Broadly speaking, we can say only that, at least in
mammals, low genetic diversity will certainly not assist recovery, and may well impede or doom it

if unfavourable stochastic factors exist (Lacy, 1997). A recent study using DNA fingerprinting of
22 individuals has suggested that Northern Right Whales are inbred (Setrelef1997). How-

ever, this cannot be confidently assessed without a larger sample size and additional genetic
markers; nor can the effects of potentially low variability be readily determined. Furthermore, as
suggested for other species by Lacy (1997), effective management and the reduction of threats to
individual survival may reverse a decline even if there is a genetic basis to a population’s vulner-
ability.

The species possesses specialized niche requiremkistgenerally involves reliance upon either
highly restricted habitat or a single source of food. The former is largely irrelevant to baleen whales,
although global warming and retreat of sea ice could arguably affect Bowhead Whales, and Gray
Whales might be vulnerable to environmental or human threats because of their dependence upon
lagoons for calving. Restricted diet is clearly an issue for Northern Right Whales and Blue Whales,
whose stenophagy would render them vulnerable to major changes in prey abundance.

The species forms temporary or permanent aggregatteumsh aggregations leave a population
vulnerable to catastrophic loss. Among the species of whales listed in Table 1, the highest risks
exist among Gray and Northern Right Whales. The concentration of Gray Whales in calving la-
goons renders them highly vulnerable to pollution or hunting. Because Right Whales frequently
aggregate in courtship groups containing anywhere from three to more than 20 animals (and fre-
qguently near shipping lanes), the loss of a significant portion of the population to a single ship strike
is a not entirely implausible event.

Species which are huntadfith the exception of the Davis Strait/Hudson Bay Bowhead stock, there
is no known exploitation of any of the populations listed in Table 1.

Overall, it is clear that many of the above risk factors apply to large whales, although the degree
to which they affect recovery is highly debatable. We can say only that the populations listed in
Table 1 must be considered particularly vulnerable relative to endangered species which do not
possess these characteristics.

Analysis of whaling data

Of the various scientific events within the field of cetology in recent years, few have been of as
much interest as the disclosures concerning extensive illegal whaling by the Soviet Union
(Yablokov, 1994). As noted above, the difference between reported and actual Soviet catches in the
southern hemisphere alone was over 100 000 animals (Zeshaky1995, 1996; Yablokogt al,

1998). Some northern hemisphere data have been published (Mikhaliev, 1997), but most are still
being analysed. The disclosures partly explain why some Antarctic whale stocks (such as the Blue
Whale) appear to be experiencing limited or no recovery despite a supposed 30-year respite from
whaling (Brownell, 1995), and there is no doubt that the new Soviet data will be of considerable
value in assessing the conservation status of the various populations concerned. It is to be hoped
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that the political situation in Russia will continue to permit new data to emerge, and that sufficient
funding will be available to support continued analysis of this important information.
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