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Dear ACS member,
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Hunted to the brink of extinction, the
California gray whale has made a
recovery so dramatic that is was removed
from the Endangered Species list. Today,
California gray whale sightings are
guaranteed by whale watching groups
along the Pacific migratory route, and it
is surmised that more gray whales exist
in the North Pacific today than in prewhaling days. This remarkable recovery
is not representative of all gray whales,
however. The Atlantic gray whale is
extinct, and the Korean stock is on the
verge of extinction.

There are so many reasons to be amazed
by the gray whale: Its migration from arctic Alaskan waters to the warm lagoons of Mexico each year, its antiquity,
and its adaptability to human beings, which allows us to touch and appreciate the whale in its own environment.
It is my great privilege to present you with this newest issue of Whalewatcher, which is dedicated exclusively to gray
whales. Guest editor James Sumich has gathered an impressive group of guest authors and researchers to document
the latest findings about gray whale survival in a rapidly changing world. Profound thanks to James and the guest
authors for their comprehensive work on this issue. Kaye Reznick and Uko Gorter are applauded for producing this
exemplary issue about gray whales in Whalewatcher. Happy reading!
		

Diane Glim
President, American Cetacean Society
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Gray Whale: Editor’s Introduction

Gray Whale: From Devilfish
to Gentle Giant

This lone gray whale appeared off the Namibian coast of southeast Africa in May 2013 and remained in the vicinity into July. If any reader
thinks they have a photograph of this whale in the Pacific, please contact me. Photo by John Paterson, used by permission.

by James Sumach

A Brief Overview of Gray Whales

In this special issue of the
Whalewatcher, I have the pleasure
of introducing the gray whale,
Eschrichtius robustus, as well as
introducing you to the works and
ideas of several very talented and
experienced people who have spent
good portions of their adult lives
observing and studying gray whales
from Baja California to the Bering
Sea. In the articles following this
short overview of gray whales, these
authors will present a picture of what
we currently know, and don’t know,
about these remarkable whales and our
interactions with them.

Gray whales are medium-sized baleen
whales, or mysticetes, that reach
maximum lengths of 15m (about half
the length of the true giant of the
seas, the blue whale). This species
includes one or two populations
from the North Atlantic Ocean that
have become extinct within historic
times, a western North Pacific Ocean
population that is currently critically
depleted, and a recovered population
inhabiting the eastern side of the
North Pacific Ocean. So, with the
spectacular exceptions of an errant
gray whale spotted in the eastern
Mediterranean Sea in 2010 and
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another off the Namibian coast this
year, living members of this species
are now completely restricted to the
margins of the North Pacific Ocean
basin.
Gray whales are probably as familiar
to us as is any other kind of large
whale in existence. This is partly due
to their near-shore migratory habits,
making these animals common sights
for shore and boat-based whale
watchers along most of the west coast
of North America from the Bering Sea
to Baja California. Their distinctive
mottled gray and white coloration
and abundant patches of parasitic
barnacles and cyamids (so-called
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“whale lice”) make gray whales one of the
easiest species to identify in the field.
Gray whales and other modern baleen are
characterized by plates of baleen that project
downward from the roof of the mouth.
Collectively, the numerous baleen plates
serve to filter small prey items from the
water. Gray whales exhibit evolutionarily
conservative feeding structures in comparison
to other mysticetes, especially the short,
coarse baleen and relatively small mouths.
The family tree of modern baleen
whales include the gray whale (Family
Eschrichtiidae, 1 species) the blue whale
and other rorquals (6-8 species), the right
and bowhead whales (3 or 4 species), and
the pygmy right whale (1 species). Fossil
evidence indicates that the lineage leading
to gray whales evolved in the old Tethys Sea
extension of the North Atlantic Ocean (now
occupied by the Mediterranean Sea) and
dispersed westward, eventually into the North
Pacific where the modern species evolved.
Anatomical and genetic studies suggest that
gray whales diverged from other mysticetes
between 10 and 20 million years ago (mya).
A five million year old fossil found in
northern Italy, has been placed in the family
Eschrichtiidae, and a somewhat younger
fossil (1.5-3.5 mya) discovered in Japan has
been assigned to the genus Eschrichtius.
The oldest undisputed Eschrichtius robustus
fossil is from a southern California site
that dates back only 0.2-0.3mya. Since
then, fluctuations of sea level and of sea
ice coverage driven by alternating cold

Developing baleen of a six-week old gray whale calf.

glacial and warm interglacial periods certainly affected the latitudinal
distribution of gray whales and possibly the interchange of animals
between the Atlantic and Pacific Oceans through the Northwest Passage
of the Arctic Ocean, leading to the distribution of this species we see
today.
The Human Touch
The story of human involvement with gray whales has been a complex
and too often tragic one. Their tendency to occupy coastal waters has
exposed gray whales to the perils of shore and small boat whaling
activities from one end of their range to the other. For thousands of years,
aboriginal peoples inhabiting the shores of both the North Atlantic and
North Pacific Oceans took advantage of the occasional stranded animal
or easily killed calf or yearling. Literature references and sub-fossil
remains of gray whales along both sides of the North Atlantic Ocean
provide ample evidence that gray whales existed there throughout much
of the last several millennia. We will never know if North Atlantic gray
whale populations were declining and would have disappeared naturally,
but there is little question that human predation, however small, hastened
their decline so that this species disappeared completely from the North
Atlantic Ocean by the late 1700s.
For centuries, gray whales occurred in small numbers on both sides of
the main islands of Japan and were harpooned from boats and entrapped
in nets made of straw or hemp. In North America, native Aleuts
employed aconite poison on lance tips to hunt gray whales that were left
to eventually die and wash ashore where they could be butchered. Other
native groups from Alaska to Washington developed methods for handharpooning whales from large canoes.

Flattened segmented cyamid amphipods (orange
patches) nestled between larger barnacles on the
rostrum of an adult gray whale.

Very few gray whales were taken in Japanese waters by modern whaling
methods, although such whaling continued for diminishing numbers
of whales in Korean coastal waters during the early decades of the
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whalers employed to harvest those species.
Captain Scammon first entered Laguna Ojo de
Liebre (known widely to whalers then and still
often labeled on maps in English as Scammon’s
Lagoon) in the 1857-58 season, and Laguna San
Ignacio two years later. Within a few years, both
lagoons were so depleted of gray whales that
whalers ceased visiting them.
Canoe whaling by Makah Indians of Northwest Washington at entrance to
Fuca Straits. 1883 drawing by H. W. Elliott, Courtesy NOAA, NMFS.

20th Century. So most of the history of 19th Century commercial
harvesting of gray whales has focused on the eastern Pacific gray
whale population.
Whaling as we usually think of it was (and continues to be) largely
a commercial enterprise. In contrast to subsistence hunting, the
commercial appetite for whales is limitless, and it ushered in a new
and disturbing era of marine mammal exploitation. Nineteenth
century whaling for gray whales began in earnest in the winter of
1845-46 in Bahia Magdalena in southern Baja California by two
New England vessels. By the mid-1850s, hunting for gray whales
on their winter grounds was a major enterprise in itself as whaling
activities rapidly expanded from Bahia Magdalena to other winter
lagoons. A common practice of lagoon whaling entailed first
harpooning a calf to keep the mother close at hand until she could
be secured. The defensive behaviors of the mothers led whalers to
refer to refer to these enraged whales as the “devilfish” referenced
in title of this issue.

Hunting for gray whales in winter lagoons. From Scammon, 1873.

One of these 19th Century whaling captains, Charles Scammon,
gained fame both as a successful commercial whaler in Baja
California and as a keen-eyed observer and naturalist. Author
of “The Marine Mammals of the Northwestern Coast of North
America,”,Scammon described in detail his target species and
the equipment and techniques that he and other contemporary
4

NASA satellite view of Baja California winter lagoons
with large clouds of wind-borne dust attesting to the
desert climate there.

As the gray whale population continued to
decline due to overharvesting, profits waned
and emphasis shifted from expensive ship-based
whaling to cheaper forms of shore whaling. At
various times between 1854 and 1900, 18 shore
stations between Crescent City, California, and
Punta Eugenia, Baja California Sur, were in
operation. While not as conspicuous as shipbased whaling, these shore facilities accounted
for most of the gray whales killed along the
Californias during the 1800s.
Although shore whaling continued into the 1890s,
gray whaling as a major 19th century industrial
enterprise was over by 1875. Estimates of the size
of the gray whale population either before or after
intensive whaling in the 19th Century are difficult
to establish with certainty. However, historical
records and back-projections of population trends
suggest a pre-exploitation population of 15,00025,000, with perhaps four or five thousand still
alive in 1875. The continuing activities of the few
shore whalers still operating in the last decades of
the 19th Century were sufficient to suppress any
meaningful recovery for several more decades.
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Hubbs initiated aerial surveys of gray whales in
their winter Baja California lagoons in 1948 by
helicopter, yacht and private plane provided by
Errol Flynn, the swashbuckling Hollywood actor
of the 1940s and 50s. Film footage obtained by
Hubbs and Flynn eventually was included in a
short documentary, “The Cruise of the Zaca,”
released by Warner Brothers in 1952.
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The near-complete international protection
afforded gray whales after 1946 by the creation
of the International Whaling Commission
permitted the eastern population to stage a
recovery that was nothing short of spectacular.
Increasing numbers of gray whales were first
reported by Carl Hubbs and his students, who
counted whales migrating south past Scripps
Institute at La Jolla, California. Their efforts
began in 1946-47, and continued into 1952.
Following Hubbs’ efforts, Ray Gilmore of the U.
S. Fish and Wildlife Service conducted four more
years of similar counts from Point Loma in San
Diego. These eventually led to decades of shorebased censuses conducted by NOAA Fisheries
Service and described here by Dave Rugh.
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Twentieth century industrial whaling of gray
whales, with its reliance on cannon-fired
explosive harpoons mounted on engine-powered
catcher boats, was a modest affair when
compared to that of the previous century. Only
four countries, Japan, Norway, U.S.A., and the
U.S.S.R. participated in the harvest. Between
1910 and 1946, 933 gray whales were taken
from the eastern population, and 1474 from the
western population.

years
20th Century commercial, aboriginal, and scientific harvests of gray whales,
by 5-year periods. Data from Rice and Wolman, 1971 and IWC Harvest
Reports.

Both Hubbs and Gilmore conducted aerial surveys of the winter
lagoons from 1948 to 1956, some with the Mexican researcher,
Julio Berdugue. That same year, Gilmore worked with Dr. Dudley
White, the personal cardiac physician of President Eisenhower, to
conduct what was arguably the first purely scientific study of gray
whales: an effort to obtain an EKG of a gray whale by attaching
electrodes to a free-swimming whale from a small boat and the next
year from a helicopter. Gilmore continued to conduct studies of
gray whales and publish results for another two decades. Building
on the work of these early gray whale researchers, a host of other
researchers, including the authors of the following articles, have
continued to study gray whales in winter lagoons, migratory
corridors and summer foraging areas.

Left: Hubbs and Flynn aboard Flynn’s schooner, Zaca on cruise to Laguna ojo de Liebre. Right: Drs. Ray Gilmore and Dudley White at
Laguna ojo de Liebre. The Gilmore Collection, SDMN.
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In 1959, a detailed study of eastern gray whales was initiated under the article of the IWC Convention that allowed
harvests for scientific purposes (the so-called “scientific whaling” clause). Over the next 11 years, 316 gray whales were
killed off the coast of San Francisco and towed back to whaling stations at Richmond, California, for detailed examination
by biologists before being processed for commercial uses. This last of American gray whaling culminated in the 1971
publication of the “The Life History and Ecology of the Gray Whale (Eschrichtius robustus)” by Dale Rice and Al Wolman,
detailing for the first time crucial information on population structure, migratory timing, age and growth patterns, and
reproductive cycles. It remains today the most extensive compilation of such information on this species. This was the last
of American gray whaling. The 1960s also marks the first, but not the last, captive maintenance of a gray whale. (See my
article on gray whales in captivity in this issue.)
By 1973, the U.S. Congress had enacted both the Endangered Species Act and the Marine Mammal Protection Act,
reflecting rapidly changing attitudes about our interactions with wild species, and particularly with whales. Two decades
later, the eastern gray whale had the honor of being the first marine mammal to be removed from the U. S. List of
Endangered and Threatened Wildlife. These changing attitudes were reflected in the rapid growth of whale watching as a
substantial educational and commercial enterprise, viewing whales as a non-consumable resource to be observed, studied
and enjoyed in their natural setting. The transformation of the 19th Century Baja California winter lagoon killing fields into
a 21st Century petting zoo is clearly described in the article in this issue by Celia Condit and Paul Jones.
Annual Cycles--Bering to Baja and Back
Although gray whales are now absent from the North Atlantic Ocean (with the exception mentioned above), and their
feeding areas, migratory routes, and breeding areas were not defined prior to their extinction, we presume that they behaved
in ways similar to the annual migratory movements of the North Pacific gray whales that we can observe today. In the North
Pacific, these migrations currently span as much as 50° of latitude, including much of the non-tropical coastal margins of
both sides of the North Pacific Ocean basin. During this annual round-trip journey of up to 20,000km, these whales remain
mostly near the coast, usually within 10km of shore.
It has been their near-shore feeding, breeding and migratory behaviors that set the stage for a long history of interactions
with coastal groups of humans, first as predators, much later as casual whale watchers and scientific observers. This
nearshore migratory behavior also gives investigators access to stranded or beached gray whales for dissection and
necropsy to add to our understanding of anatomical features, mortality patterns, diseases, toxic contamination loads and
other population health indicators. Frances Gulland explains this process for large numbers of gray whales beached during a
1999-2000 Unusual Mortality Event (UME).

Migration routes (white lines) between summer feeding and winter breeding areas. Much of the western population migratory route is inferred.
Map courtesy NOAA.
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Adult gray whales experience an annual cycle
consisting of several months of intense feeding
and fattening at high latitudes in summer and fall,
alternating with a fasting migration to subtropical
latitudes in winter and spring to mate or give
birth. In shallow coastal waters of the Bering and
Chukchi Seas, eastern gray whales dive and feed
around the clock throughout summer and autumn,
where they scour the sea floor for a variety of
invertebrates). Similar feeding behaviors are
employed by small numbers of gray whales in
two narrow coastal regions well south of the
Aleutian Islands. These are the “Pacific Coast
Feeding Aggregation” (PCFA, described in the
articles by John Calambokidid and Dave Duffus)
foraging between northern California and British
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Some crustacean prey of gray whales; from left. amphipods, mysids, and crab larvae. Photos by CaRMS Photogallery/Fisheries and
Oceans Canada.

Columbia in summer, and the western gray whales feeding
in two narrow strips of coastal water on the east coast of
Siberia, one along the west side of Sakhalin Island, the other
around the southern tip of the Kamchatka peninsula. (See
the following articles by Dave Weller and Aimee Lang.)
The stimulus for initiating migration is not known, but
development of winter sea ice and decreasing day length is
described in the article by Perryman as be likely cues. The
south migration of Eastern gray whales through the Aleutian
Islands, then down the west coast of North America is a
parade of whales partially segregated by sex and age. Late
pregnant females depart the Bering Sea first, and are soon
followed by the non-pregnant females and adult males,
partially overlapping the earlier pulse of pregnant females.
On average, gray whales require nearly 60 days for the
south migration from the Aleutian Islands, swimming day
and night at a leisurely 7 km/hr (or about 4mph, a brisk
walking speed for a person).

before lagoon arrival. Most eastern gray whales are born
in Mexican lagoons, yet an increasing fraction of calves
take their first breath in U.S. coastal waters during the
late stage of the south migration. The earliest births are
reported in early January and newborn calves are seldom
seen after mid-February. Almost nothing is known of the
winter calving or breeding areas of Western gray whales.
The very few Western grays that are born each year
presumably are born somewhere along the south China
coastline.
The winter lagoons used by gray whales are not blessed
with crystal-clear waters for great underwater visibility.
So, based on what we can see of courting activities
above the sea surface, mating appears to be promiscuous,
although actual paternity has been impossible to establish
from direct observations of their very active and vigorous
courting events. Our attempts to visually determine when
fertilization actually occurs are also complicated by
“copulatory” behaviors that may serve social interaction
purposes rather than insemination. Penis extrusion by
male humpback whales have been linked to male-male
competitive interactions, and may serve a similar tool of
competition in gray whales. This type of male-male penis
contact has been also been reported from the Washington
and Vancouver Island coasts in summer months.

During winter months, eastern gray whales occupy
shallow coastal lagoons scattered along the southern half
of the western shore of the Baja California peninsula. The
three principal lagoons used by gray whales are, from
north to south, Laguna Ojo de Liebre (also known as
Scammons Lagoon), Laguna San Ignacio, and the large
Bahia Magdelena complex. The two northerly lagoons are
within Mexico’s protected Vizcaino Biosphere Reserve.
The pattern of lagoon arrival in early winter reflects the
sequence gray whales departing their summer feeding
grounds about two months earlier; parturient females first,
followed by the non-pregnant (or very early pregnant)
females and adult males, and finally a scattering of younger
sub-adult individuals. Ongoing research and education
activities in one of these lagoons are explained in this
issue’s article by Steve Swartz and Jorge Urban.

In comparison to most other baleen whales, gray, bowhead, and right whale males have substantially larger

Soon after entering winter lagoons, the late pregnant cohort
of females gives birth if they have not already done so just

Above-surface view of a courting group of several whales, one
obviously a male.
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testes and longer and larger penises relative to their body size. Larger testes are presumed to produce larger quantities of
sperm, while larger penises may assist in displacing sperm already deposited by previous mates. Both are interpreted as
evidence of sperm competition for these whales, with copulating males competing with previous copulators by attempting
to displace or dilute their sperm within a female’s reproductive tract, thus increasing the probability of being the male to
fertilize the female’s single ovum. So it is in a male’s best interest to mate with as many females as he can while females
can be more choosy in their mating choices.
Moms with their calves occupy these lagoons until late March or early April, a total of about eighty days, when they
commence their northward migration. Consequently, we see two separate pulses of gray whales migrating north along the
west coast of North America; a “Phase A” pulse of males and early pregnant females followed one to two months later by
a “Phase B” pulse of moms and calves. The targeting of these young calves by killer whales during their first northward
migration and through their first summer is described by Craig Matkin and John Durban.
We expect that nursing calves begin supplementing their milk diets with active foraging of benthic prey before complete
weaning in July or August. By the time of weaning and independence, gray whale calves that have escaped the predatory
forays of killer whales have grown to almost eight meters in length and weigh about 5000kg; and their now depleted
mothers can begin to replenish their fat stores as they complete one of the most amazing migrations of any animal on this
planet.
If you haven’t yet had the pleasure of seeing a gray whale in its natural environment, you owe it to yourself to find an
elevated coastal headland or get on a boat almost anywhere along the west coast and get a good look at the whale that has
long captured the interests of the contributors of the following articles.
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Migratory Census Techniques
and Results

Dave Rugh searching for gray whales from Cape Sarichef on the edge of Unimak Pass, Alaska. Photo by Liam Antrim.

by Dave Rugh
“Where do gray whales migrate out of the Bering
Sea?” asked my boss at the National Marine
Mammal Lab in 1977. “You should go to Cape
Sarichef in December to see if they use Unimak
Pass.” Good, I thought, I can do this. But where the
heck is Cape Sarichef? Several maps later I found
this tiny station on the western tip of Unimak Island
at the first significant break between the Bering Sea
and the Pacific Ocean.
At that time the U.S. Coast Guard still operated a
lighthouse at Cape Sarichef and had a well-groomed
runway, so I was blessed with decent access to one
of the wilder corners of our planet, as long as the
winds didn’t get so crazy they might flip a little
airplane. On the sea cliff there was a remnant of the

previous Coast Guard station wiped out by a tsunami
31m above sea level. Here I tucked myself between
rusty hunks of a broken compressor and watched the
ocean for whales. Indeed, I did find them! The view
was spectacular: every hour of those wintry days I
could see clouds of birds plus fur seals, Steller sea
lions, sea otters, and gray whales galore. Because the
grays were swimming around such a long obstruction
in their migratory path, they hugged the shore.
Half of my sightings were within 0.5km, making
them very easy to see, and virtually all were within
3km. My raw, uncorrected counts were much higher
than was tallied anywhere else considering how
much time I was on watch – which was somewhat
limited because day lengths are short near the winter
solstice so far north. Also the abusive weather cut into
observation time. The Bering Sea is the “birthplace
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of storms,” so sitting on a sea cliff facing this atmospheric
maelstrom meant squinting through horizontal rain/sleet/snow
pellets and bearing with stinging sand grit. Monster waves
slowly bellowed and soared high up the cliff, adding salt spray
to the mess. I usually stayed on watch as long as my fingers
could still write, then I stumbled a retreat into the warm Coast
Guard Station where a cup of hot cocoa helped start the thaw.
I returned to Cape Sarichef with small teams of observers
for two more winters in 1978 and 1979, until we had a good
handle on the timing of the gray whale migration and a strong
indication of abundance. But there was an interesting twist
to this story: when the Coasties abandoned Cape Sarichef
in 1978 by automating the lighthouse, we had the option
to do our counts on the upper edge of the cliff 50m above
sea level, a place that had been off limits earlier due to an
obnoxiously loud fog horn. The upper site was enticing
because it was closer to the warm station and cocoa and a
little bit farther from bears wandering the beach. However,
changing observation sites led to the question of compatibility
of the two sites, so simultaneous watches were tested: one
team at the lower site and one on the top of the cliff. And
thus Pandora’s Box was opened, never to be shut again! The
records did not match perfectly. So then we tried conducting
counts side-by-side without exchanging any visual or auditory
cues. Again, the records of whale sightings did not match
perfectly. After many more tests and soul-wrenching statistics,
the message was clear: no one observer, as good as anyone
might think they are, can see all of the whales surfacing in a
large viewing area even in seemingly perfect conditions. In
fact, on average our experienced observers were recording
only about 80% of the whales that came into view.
Observing whales is an immensely popular recreation. What
a privilege it is for people along North America’s west coast
to see gray whales making their long, predictable migrations

A gray whale can send up a spectacular blow when winds are mild
and sun angle is perfect. Photo by Dave Rugh.
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so close to the shore! There are many places
where Highway 1 allows convenient access
to overlooks. From here you can scan the sea,
waiting for that spectacular moment when a
whale breaks the surface, spraying a plume as
it exhales.

More often, whales can be tricky to spot among the
waves and whitecaps. Photo by Dave Rugh.

After seeing several whales swim by,
the undeniable impulse is to count them.
However, not all sites are perfect for counting
whales. What makes a shore site ideal is
convenient access to a steep bluff (providing
a high, unobstructed view) that overlooks a
fairly steep seafloor. When the water is deep,
it seems gray whales navigate closer to shore,
making them more visible to land-locked
observers.
Some Primary Observation Points
Some of the primary observation points used
for systematic counts of gray whales include
the following (albeit, not necessarily with
public access):
Cape Sarichef on Unimak Pass, Alaska,
is the first significant corridor for whales to
migrate around the very, very long Alaska
Peninsula. Counts of the northbound migration
were conducted here in 1977 by Howard
Braham, Andy Taber and others. I studied
the southbound migration here in 1977-79,
joined by stalwart teams of biologists in 1978
and 1979, and Polly Hessing did counts of
the northbound migration in 1981. The site
(50m above sea level) is ideal in that it has a
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Yaquina Head, 5km north of Newport, Oregon has an observation site
49m above sea level. This site was used for whale counts supervised by
Bruce Mate in 1978-1981 1981(conducted by Denise Herzing) and in
1998-1999 conducted by Bruce Mate, Amy Poff.
Granite Canyon, 13km south of Carmel, CA. is where counts have
been conducted by NOAA Fisheries Service most years since 1967. The
site is 22m above sea level. Because of the deep Monterey Canyon north
of this site, southbound whales pass relatively close to the shore.
Piedras Blancas, 8 km northwest of San Simeon, CA. is where
northbound counts of gray whale calves were conducted in 1980-81 by
Michael Poole and each year since 1994 by Wayne Perryman and his
colleagues. This site, 11m high, offers a spectacular view of gray whale
cow/calf pairs migrating north very close to shore.

Gray whale distribution along the west
coast of North America. Some of the
primary shore-based observation sites
are shown.

spectacular view of whales hugging
the shore; however, the weather
is wicked and access to the site is
logistically challenging since the
airfield is not no longer maintained.

Counter Point, on the Coal Oil Point Reserve in Goleta, CA. has
an observation site almost 14m high run by Michael Smith, Project
Coordinator of “Gray Whales Count” (http://www.graywhalescount.org/
GWC/About_GWC.html). Surveys have been conducted 9 am to 5 pm
(weather and sea conditions permitting) for 98 consecutive days from
early February to mid-May each year since 2005.
The Palos Verdes Peninsula (particularly at Point Vicente), 13km
north of the Los Angeles Harbor, CA. is where the Los Angeles
Chapter of the American Cetacean Society has been coordinating an
amazing full-season count of gray whales and other cetaceans most
daylight hours for half of each year – December 1 to May 15 – since
1983. This “ACS/LA Gray Whale Census and Behavior Project” is
directed by Alisa Schulman-Janiger (http://www.acs-la.org/seewhales2.
htm). The Point Vicente site is 38m above the sea where the seafloor

The fundamental tools of a whale survey: a writing desk, data entry
forms, pencils, timepiece, and binoculars with reticles and compass.
Photo by Dave Rugh.

A more modern approach is to pair observers in a
trailer with one entering sighting data directly into
a computer,so the other observer doesn’t have to
look down. Photo by Dave Rugh.

																											 Whalewatcher

11

Gray Whale: Census Techniques
drops off abruptly. However, this area is well within
the California Bight, and though many whales migrate
near the site, this is only a portion of the gray whale
population. Point Vicente is open to the public.
Ensenada: An observation site 23km northwest of
Ensenada, Baja California, Mexico was used for
three seasons (2003-2006) by Gisela Heckel and her
students to determine southbound migration timing and
width of the migration corridor. The site is 59m above
sea level.
Timing of the Migrations
The gray whale southbound migration begins in
November and December as these whales temporarily
abandon feeding grounds around Alaska and head
south to spend the winter in the warm waters of Baja
California, Mexico. From mid-December through most
of February, these whales are migrating south along
the California coast. Some calving occurs during the
southbound migration even before gray whales reach
Mexico, to the delight of shore-based observers who
might see newborns. In mid-February while a few gray
whales are still going south, others are already heading
north. From February through March, adults pass north
along the California shore, and then from April through
May comes the parade of northbound moms with their
new calves very close to shore.
Shore-based Population Counts
Ideally, a research site established for systematic

counts of whales is not open to the public because
when a census is underway, the observers must focus
carefully on their search and data recording. Sheds
help protect observers from rain, glaring sun, and
distractions while providing a writing desk. Observers
rotate through watches two to four hours long. The
intensity of the search and data collection can be
tiring, especially when the demands go on day after
day.
Data include precise documentation of time on
watch, sighting conditions (pertinent aspects of
weather, sea condition, and visibility), when and
where a whale group was first sighted, the timing and
distance of a group when it is seen closest to a bearing
perpendicular to the shore, and group size. Vertical
marks and compasses within each binocular provide
location data. These data can be plotted on a grid map
to help track whales going through the viewing area.

Surveys of gray whales from shore include records
of sighting locations using reticles and compasses in
binoculars. Paired observers counting independently allow
for estimates of whales missed by either or both observers.

Timing of the
southbound
gray whale
migration past
the Granite
Canyon
research station
in central
California, using
2006/2007 as
an example.
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The accuracy of whale counts has been evaluated in various ways, including paired-independent watches, teams
of observers compared to single observers, thermal imagery for night observations, 25-power binoculars and
aircraft on offshore transects to determine sighting ranges, and multiple approaches to correct pod size estimates
(Rugh et al. 2008). Results from this evaluation led to a more consistent approach of estimating abundance
(Laake et al. 2009).
Gray Whale Calf Counts
Northbound calves passing Piedras Blancas (where the primary counts of calves are conducted) have comprised
1% to 9% of the population through the years. Gray whale calves have also been counted from shore stations
along the California coast during the southbound migration. Those results have indicated significant increases in
average annual calf counts near San Diego in the mid- to late 1970s compared to the 1950s and 1960s, and near
Carmel in the mid-1980s through 2002 compared to late-1960s through 1980. This increase may be related to a
trend towards later migrations over the observation period, or it may be due to an increase in spatial and temporal
distribution of calving as the population increased.
Abundance Estimates
Abundance estimates show that the population increased steadily from the 1960s until the 1980s peaking in
1987/88. The estimated annual rate of increase between 1967 and 1988 was 3.2% with a standard error of 0.5%.
The most recent estimates are near 20,000. The population increased (nearly doubled in size) over approximately
the first 20 years of monitoring and then has fluctuated for the last 30 years. This is entirely consistent with a
population approaching the carrying capacity of the environment currently estimated to be near 90% of carrying
capacity and is likely close to or above the number prior to the start of commercial whaling.

Abundance estimates of the gray whale population migrating along the California coast between 1967 and 2006. Note that the
lowest line is 10,000, not zero. Vertical bars indicate 95% confidence intervals; best estimates are represented by the dots in
the middle of the vertical bars.
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Impacts of Climate Change on the
Eastern North Pacific Population
of Gray Whales
by Wayne L. Perryman and David W. Weller
Background
Climate change is affecting the Arctic marine environment.
Already observable changes include: reductions in sea ice,
extended periods of open water and overall increases in water
and air temperatures. All of these alterations are expected to
continue or even accelerate in the foreseeable future. Marine
mammal species dependent upon sea ice, such as polar bears
and walrus, are likely to be negatively impacted, whereas
species that are only seasonally associated with the Arctic (e.g.
gray whales) could possibly incur some benefit. In either case,
the Arctic environment is rapidly becoming a very different
ecosystem, most importantly, one which may ultimately lack
permanent sea ice.
The eastern North Pacific gray whale has been called an
“ecosystem sentinel” based on a number of observations
suggesting that the population responds to large-scale environmental variation. Although a number of oceanic
and climatic factors such as Pacific Decadal Oscillation or El Nino events appear to elicit population-level
“responses” by gray whales, the affects of climate change are far from being determined. That being said, several
lines of evidence suggesting how gray whales might respond to changes in the extent of Arctic sea ice are
beginning to emerge. These include changes in the distribution and range of gray whales, changes in the timing of
the southward migration and a relationship linking sea ice with calf production.
Photo by Wayne Perryman.

Range Expansion
The reduction in seasonal sea ice coverage in the Arctic has resulted in an expansion of the distribution of gray
whales on their summer feeding grounds. Observations of gray whales off the North Slope of Alaska and even
further to the east in the Canadian Beaufort Sea are now common. Similarly, large numbers of gray whales have
also been observed in the Chukchi Sea off Wrangle Island and even further west into the East Siberian Sea.
Although earlier observations of gray whales in these areas have been documented, the regularity with which
such observations are now being made has increased substantially in the past decade. Further, recent observations
of gray whales in the Mediterranean Sea in 2010, Laptev Sea in 2011, and off Namibia in 2013 (the first record of
a gray whale in the Southern Hemisphere), could be harbingers of the future if reductions in sea ice continue and
the northwest and northeast passages become ice-free.
These changes in summer distribution reflect northerly, as well as easterly and westerly, shifts on the order of
hundreds or perhaps thousands of kilometers away from the more traditionally recognized feeding grounds in
the Bearing and Chukchi Seas. The specific cause for this expansion is unresolved but may be a result of: (1) the
14
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population being at or near carrying capacity and as a
result, the whales searching for additional alternative
feeding locations, (2) a distribution shift in the benthic
prey base of gray whales, or (3) natural “exploratory”
foraging behavior into habitats that have long been
inaccessible due to ice.
Delay in Southward Migration Timing
Regardless of the causal mechanism(s) driving the
range expansion mentioned above, gray whales now
occur at the extreme reaches of their distribution
(and even in the Atlantic where they have been
absent since the early 1700s). This expansion places
them significantly further away from the southern
terminus of their winter migration, the lagoons off
Baja California, Mexico. Given the increased distance
between some of the more northern Arctic feeding
areas and the southern wintering areas off Baja, it
seems reasonable to assume that the timing of the
southward migration will change. An example of
gray whales responding to large-scale environmental
variation comes from the work of Dave Rugh
and colleagues at the National Marine Mammal
Laboratory. In this case, gray whale passage dates
at two census points along the coast of California
(Granite Canyon and Point Vicente) were found to
have changed between 1967 and 1999. That is, a 6.8day delay in the southbound migration date occurred
after 1980 with the overall median sighting date
shifting from 8 January before 1980 to 15 January
after 1980. This change in migration timing was
coincident with the late 1970s North Pacific “regime
shift.” Some support for our assumption that climate
change may also have a similar affect on migratory
timing comes from shore-based census counts
conducted between 2007 and 2011 (also at Granite

Dave Weller searches for southbound gray whales from
mobile sighting station at the Granite Canyon Research
Facility just south of Carmel, California.

Canyon, California) by the Southwest Fisheries
Science Center that seem to signal the continuation of
the average sighting date getting later.
Sea Ice and Calf Production
In addition to understanding how climate change
will affect the annual life cycle of gray whales, it
is also important to determine potential affects on
pregnancy rates. A unique and exceptionally valuable
longitudinal data set on gray whale calf production,
collected by our research team at Southwest Fisheries
Science Center, has shed intriguing new light on this
question. The data are annual estimates of the number
of northbound gray whale calves calculated from
visual count data collected at the Piedras Blancas
Light Station near San Simeon, California. At this site,
females migrating north with their newborn calves
pass within 200m of the shore and are easily counted.
This project began in 1994 when the eastern North
Pacific gray whale population was removed from the
U.S. List of Endangered Species and in 2013 the 20th
consecutive year of the study was completed.
Early on in the study it became clear that the estimates
of northbound calves varied inter-annually, sometimes
greatly. When these calf estimates are examined in
the context of environmental data from the northern
Bering Sea, a negative relationship is found between
the timing of seasonal ice melt and estimates of
northbound gray whale calves counted off central
California the following spring. It is assumed that ice
forms a physical barrier blocking early season access
to important feeding areas for pregnant females, the
first segment of the ENP gray whale population to
migrate north. In heavy ice years, when ice extends far
to the south, the temporary lack of access to foraging
areas is likely to have a negative impact on the
probability that existing pregnancies will be carried
to term. It is still not clear whether an ice-shortened
feeding season has a significant impact on overall
population condition or health.
When considering the relationship between sea ice
and calf production, it is important to note that while
there has been a well documented negative trend (i.e.
reduction) in Arctic sea ice cover in summer months,
the extent of sea ice cover in March, when it is at
its maximum, has changed very little. The overall
coverage of sea ice in the northern hemisphere in
March, when at its greatest extent, and in September
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Shore-based sighting surveys for northbound gray whale
cows and calves are conducted annually from the Piedras
Blancas Light Station, San Simeon, CA.

when at its minimum, is shown in the figure in the
next column. While both seasons show a reduction
in seasonal sea ice cover, the trend is much steeper in
summer than in winter. With that in mind, it is possible
that the relationship between sea ice cover and calf
production is related to the seasonal asymmetry seen in
the trends in sea ice cover.
In their seminal work on gray whale life history, Dale
Rice and Allen Wolman reported that the first wave
of northbound migrants in the spring were pregnant
females who had conceived during the previous winter.
These females arrive to the Bering Sea in April and
May and their access to primary feeding grounds that
are now much farther to the north may be delayed in
particular years when winter ice cover is extensive and
slow to melt. To investigate how spring ice cover might
be related to calf production, we calculated the average
ice cover for the month of May preceding each of the
annual calf counts. This analysis found a solid negative
relationship between ice cover and calf production the
following spring. That is, when there is heavy ice in
one year, the following year will have a relatively low
number of calves will be born the following year.

Ice extent anomalies for March (month of greatest ice cover)
and September (month with minimum ice cover) for the period
from 1979 to 2012. Data provided by the National Snow and
Ice Data Center.

Plot of average ice cover in the Bering Sea during May and
the estimated number of northbound gray whale calves the
following spring. Line is based on linear regression fit to the
two data sets.

Conclusion

Estimates of northbound gray whale calves based on counts
from Piedras Blancas have been highly variable.
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The impacts of climate change in the Arctic
environment are just beginning to be tracked, and are
far from being understood. Projections into the future
of this ecosystem are even more challenging. It is
clear, however, that eastern North Pacific gray whales
are likely to respond to their changing environment
and therefore serve as relatively good ecosystem
sentinels. While our research provides several plausible
consequences of climate change on gray whales, only
continuous long-term research and monitoring will help
us to understand possible population level effects.
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Gray Whale Killers

A sub-adult male Bigg’s killer whale rams a juvenile gray whale near Unimak
Island, west of the Alaska Peninsula. Photo by John Durban, courtesy of
North Gulf Oceanic Society.

by Craig Matkin and John Durban
Most human predation on eastern North Pacific gray whales ceased
at the end of the 19th century after they became so reduced that a
commercial catch could no longer be supported. Their subsequent
abundance increase to a now steady level is one of the success stories
for the conservation of protected whales. However, this recovery
has been tracked by another predator, and gray whales are now once
more extensively hunted along their migration route – not by humans
but by killer whales.
Predation by killer whales on gray whales has been recognized
for some time: some 18% of gray whale carcasses examined at
a California whaling station in the late 1960s showed evidence
of being attacked by killer whales, and accounts of killer whale
attacks began appearing in the scientific literature in the early 1970s
as gray whale numbers were increasing. Now that gray whale
abundance in the eastern North Pacific has risen to approximately
20,000 individuals, there are increasing observations of killer
whales ambushing first-year calves and juvenile gray whales on

their northbound migration and on the
northern feeding grounds, including
some dramatic video footage that
has featured prominently in Natural
History films. However, we are
only now beginning to recognize
the extent and importance of this
predation, to both the grays and the
killers. These are Bigg’s killer whales
(formerly known as “Transients”) – a
genetically distinct form (possibly a
distinct species) of killer whale with
a diet composed largely of marine
mammals. At least three populations
of Bigg’s killer whale roam the coast
from California to the Bering Sea,
overlapping with the migration route
of the gray whales, but significant
predation seems to be concentrated
largely at two locations where natural
features tip the balance in favor of the
killers, and on the feeding grounds
in the Bering and Chukchi Seas
where gray whales can be regularly
encountered.
As they make the long journey north
from Mexico, the first area with a
significant predation threat for the
young gray whales is Monterey
Bay in central California. Here the
shallow, protective coastal waters
drop off into a submarine canyon that
the gray whales must cross as they
move northward. The mothers seem
able to protect their calves in the
shallow water and kelp beds, but in
the deepwater canyons they become
vulnerable and the calves are targeted
by a small but consistent number of
killer whales that have learnt to return
annually in April and May to coincide
with the passage of the gray whale
cows and calves at the tail end of the
migration. At this stage the calves are
small, naive, and entirely dependent on
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the protection of the mother. Despite the vulnerability of the calves, successful predation is likely fairly rare, as
these females are in relatively good condition and frisky close to the beginning of their northbound trip and can
present a dangerous prospect for killer whales.
After swimming for another month and covering over 3000 miles of coast north to Alaska, the migrant grays are
about to enter the Bering Sea. By the time the gray whales are rounding Unimak Island at the western end of the
Alaska Peninsula, the females are weary from the long trip and have passed much of their food reserves as milk
to the growing calf. This offers an attractive prospect to killer whales – fat calves protected by tired mothers.
Not surprisingly the gray whales must run a gauntlet of killer whales in this area. During six years of fieldwork
we have photographically identified over 170 different killer whales (~100 in a single season) that converge
along this rugged coastline in May and June. Photo-identifications have shown that these are not the same
individual killer whales seen in California, and genetic studies show them to belong to a different population
that tracks gray whales in these more northerly waters. In this region the killer whales take not only calves, but
also older juvenile gray whales that are presumably also weakened and vulnerable as they return towards the
feeding grounds at the end of the migration. There is no submarine canyon as in Monterey Bay; in fact, the area
where most predation occurs is a relatively shallow. For the Biggs killer whales, it is an attractive spot to kill a
gray whale because the shallow water allows the killer whales to return to feed on the sunken carcass for days
after the kill. To avoid the killer whales, young gray whales and mothers with calves stay near the shorelines
and make themselves as inconspicuous as possible. Gray whales can be surprisingly difficult to follow when
in this “stealth mode.” They barely break the surface and take remarkably quiet breaths. The one gray whale
we tagged with a small transmitter tag prior to its movement through the area could not be tracked by satellite
receptions until after it was well into the Bering Sea. Apparently it did not rise high enough out of the water for
its transmitter to send a signal when running the killer whale gauntlet around Unimak Island and the western
Alaska Peninsula. This indicates just how seriously gray whales take the passage through this region.
Gray whales are relatively slow swimmers, unlike the rorquals such as the fin whale and minke whale that can
outrun killer whales if not caught by surprise or cornered. Thus, gray whales must use their wits, strength and
toughness to avoid predation. It is likely that the experience of the mother is essential in shepherding their calves
through this dangerous region; however, the cow and calf must work in concert to remain safe. Our observations
suggest it is the smaller cows, likely in poorer condition and possibly less experienced, that seem to most often
lose their calves and we see many attacks that do not result in a kill. In fact, much like wolves following caribou,
the Bigg’s killer whales seem to ignore most of the passing gray whales, apparently waiting and searching for a
weaker mother or situation that might give them the upper hand. A gray whale, even as a juvenile, is a powerful
animal with slashing flukes and a very tough skin. In all successful attacks we have observed, the gray whale
must be drowned before the killer whales can feed.
The first reaction of a cow and calf or a juvenile gray whale that is attacked by killer whales is typically to head
rapidly and directly for the shoreline and the protective shallows. If the grays make it into shallow water they
cannot be held underwater by the attackers and drowned. Also the killer whales do not have room to attack from
below in tight confines near the shore. We once watched as a cow gray whale and her calf actually stranded
intentionally on shallow rocks after being attacked. Once the killer whales had moved on, they thrashed their
way back off the rocks and continued on their way, still hugging the shoreline. We have also watched killer
whales grasp the tail flukes and pectoral flippers of a juvenile gray whale and tug it backwards away from the
shoreline. The juvenile gray whale rotated repeatedly on its long axis and tried to keep his flippers tight against
his body. Eventually it made it into the shallows, dragging the killers much of the way.
Recently we have watched gray whales from the air and observed attacks on cow/calf pairs in deeper water. The
cow and calf must remain calm and operate as a team to avoid the calf being taken. The calf attempts to maintain
a position of relative protection high along the cows back, requiring the killer whales to come over the top of
the mother to ram the calf to push it to the side and away from her. The calf can withstand surprising blows and
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Left, juvenile gray whale charges toward shore, pursued by a sub-adult male Bigg’s killer whale; Right, a Bigg’s killer whale
grabs the gray whale by the pectoral fin and attempts to drag it offshore, away from the shallows. Photos by John Durban,
courtesy of North Gulf Oceanic Society.

recover its position. If the killer whales are successful
in pushing it away from the mother, they try to tumble
and disorient it. But if the cow and calf remain calm,
the mother can circle around and come up beneath
the calf, like some giant submarine, and allow the
calf to return to its position along her dorsal ridge.
When witnessing these amazing and sometimes mortal
encounters, we are reminded that this predator-prey
interaction is akin to an evolutionary arms race that
has played out over thousands of years of coexistence.
Once through this gauntlet and into the Bering
Sea, the gray whales are not necessarily safe from
the killers. Tracks from small satellite tags have
documented that at least some of the killer whales
tagged around Unimak Island apparently follow the
gray whales north through June and July. At the gray
whale feeding grounds off the Chukotka Peninsula
of the Russian Far east, predation by killer whales
on gray whales has been frequently documented, as
well as off St. Lawrence Island in the Bering Sea. As
cruise ship and other vessel traffic increases in the
Bering and Chukchi seas, we receive more reports of
killer whale attacks on gray whales. It seems there is
a constant threat of predation for gray whales on the
feeding grounds, although not so severe and focused
as we have observed at the “pinch points” along
the migration – likely lessened by the recovering
defenses of gray whales as they feed and replenish
body condition, and the dispersion of gray whales
across a large area of feeding habitat making them
less predictable. Similar factors are likely responsible

for fewer observed incidences of predation during the
southbound migration. Southbound whales are in far
better condition at the end of the summer feeding. The
calves have grown considerably since last running
the gauntlet, and they are presumably better able to
defend themselves. Poor conditions for observations
in the eastern North Pacific in the fall and winter also
constrain our ability to detect attacks, although there
are far fewer gray whales stranded with evidence of
killer whale attack at this time of year.

Unimak	
  Is.

Locations calculated from satellite transmitter tags deployed
on killer whales (n=22, gray circles) and a gray whale (n=1,
blue circles) around Unimak Island, west of the Alaska
Peninsula 2006-2008. All tags were deployed in May, and
circles show the killer whales following a similar northward
track to that of the gray whale in the following months
(June – August). Unpublished data, Craig Matkin and John
Durban.
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Our observations from Unimak Island suggest that these killer whales are focused almost entirely on gray whale
predation during the spring. This seasonal specialization, even if restricted to just a couple of months, is likely
to translate to a significant food source for killers and a significant mortality factor for gray whales. If there is an
average of 100 killer whales that congregate around Unimak Island in May and June each year, a simple “back
of the envelope” calculation suggests their caloric needs would be met by consuming approximately 100 calves
and 20 juveniles if 60% of each carcass (by weight) were consumed. Counts of northbound migrating calves off
central California have shown that gray whale calf production is highly variable, between approximately 250 and
1500 calves per year. Although there are substantial uncertainties underpinning our calculations, they imply that
predation by killer whales in just this one region alone may remove anywhere from ~8-50% (averaging around
35%) of the calf production in a given year, demonstrating that at least in some years the level of predation might
have a significant impact on the calf recruitment and population dynamics of gray whales.
If a female gray whale may lose one in three calves to killer whale predation, we might well expect this to
represent a strong selective force that could influence their migration behavior. One hypothesis for the southward
migration of the great whales, such as the humpback, is that they lessen predation pressure by rearing vulnerable
calves in low latitude waters with a lower density of killer whales. We suspect this may be a contributing force
behind the southward migration of gray whales as well. The lagoons and surrounding waters off Baja California
provide a refuge where calves can rapidly grow and form the bonds with their mother that will be necessary to
increase their chances of escaping the predatory gauntlet as the migrate north. Indeed it is worth noting that not
all gray whales appear to migrate back northwards past the Alaska Peninsula and into the Bering Sea, with a
“Pacific coast feeding aggregation” spending its summers feeding in coastal waters from Northern California to
the Gulf of Alaska (See John Calambokidis’ article in this issue). Although this is thought to be at least partly a
response to good feeding conditions in these regions and perhaps the cultural habits of returning whales, it may
be that avoiding predation further north, particularly around the Alaska Peninsula and Bering Sea, may well be a
consideration. The very real impact of predation has no doubt shaped the behavior and influenced the movements
of these slow swimming, rugged and migratory eastern North Pacific gray whales and will continue to be a strong
influence in the future.

Three frames from a high-definition video sequence of a killer whale attack on a gray whale calf, showing the defensive
position of the calf atop its mother. Images from Craig Matkin, courtesy of North Gulf Oceanic Society.
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PCFG, PCFA, or Seasonal
Resident: An Important But Debated
Subgroup By Any Name

This seriously injured female gray whale, locally known as “Scarback,” has been observed in summers, often with a calf,
along the central Oregon coast since at least since 1992. Photo by Carrie Newell, Whale Research Ecoexcursions.

by John Calambokidis
While the migrations and movements of the overall Eastern North Pacific
gray whale population transiting the Pacific Northwest have been viewed as
the norm, a subgroup of whales stay feeding in coastal waters of northern
California, Oregon, Washington, and British Columbia from spring through
fall. The presence of some of these animals were reported in some early
accounts as “out of season” gray whales but starting with Jim Darling’s work
off Vancouver Island in the 1970s it became clear there was more to this. His
work showed that many of these animals seen in summer and fall past the
migratory timing were the same animals returning year after year and staying
throughout the feeding period. While these animals have gone by a number
of names such as Summer Residents or Seasonal Residents, they are now
increasingly being referred to as the Pacific Coast Feeding Aggregation or
Group (PDFG or PCFA).
The presence and status of these animals has become increasingly important
to management with the proposed resumption of hunting of gray whales
by the Makah Tribe. If some of the whales the Makah killed were from the
PCFG, either intentionally or by accident, it would matter whether the PCFG
represented a distinct population or subgroup or was considered just a part of
the overall eastern North Pacific gray whale population. For this reason the

																										

Approximate range of the
PCFG whales - circled areas
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Gray whales feeding on their sides in the intertidal off Whidbey Island (left) and aerial photograph of feeding pits at low tide
(right), each small depression is an area excavated by a feeding gray whale.

debate about their status has been an important part of some of the legal challenges to aspects of the hunt.
Starting in the late 1990s, Cascadia Research, with support from the National Marine Mammal Laboratory
(NMML), began coordinating a collaborative effort to compile photographic identifications of gray whales from
the broader PCFG area extending from northern California up into Alaskan waters. Key participants in this effort
over the years included Humboldt State University, the Makah Tribe, NMML, Coastal Ecosystems Research
Foundation, University of Victoria, Jim Darling, and Wendy Szaniszlo. One person in particular has played a key
role of particular note, Brian Gisborne, a former fisherman who now runs regular trips along the south Vancouver
Island coast and assists researchers, has provided more data and identification photographs than anyone due to his
almost continuous presence on the water. Humble and soft-spoken he has quietly provided a treasure-trove of data
for this effort.

Summary of confirmed sightings of identified north Puget Sound gray whales seen over multiple years. Compiled by Cascadia
Research.
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Working with Jeff Laake at NMML, this compilation
of identifications has allowed annual assessments of the
number of whales in the PCFG and a better sense of their
role and relationship to the overall gray whale population.
What has emerged is that the core of the PCFG is a 150200 whales that regularly use this area. The status of this
group of animals remains debated. While the photo-ID work
has revealed a core group of whales that return every year,
there are also other individuals seen only one year often for
short periods. There is also the question of how animals are
recruited to the PCFG. While it is known they interbreed
with the overall gray whale population in Baja, it is unclear
to what degree new animals are from calves who came there
with their mothers, or if there is recruitment from the overall
population (perhaps some of these are whales that fed there
during the migration and then stayed on since the PCFG
area is on the migration route). Genetic studies are providing
some added insight though not completely resolving this
debate. A study published Tim Frasier and colleagues using
some of the samples Jim Darling had collected, found
significant differences in mtDNA between PCFG whales and
those from the overall gray whale population. This finding
was verified with a different set of samples by Southwest
Fisheries Science Center, but the level of difference while
significant, was relatively small and did not rule out some
level of outside recruitment to the PCFG. Additional studies
will hopefully help better resolve this.
For now, it is clear that the PCFG represents a relatively
distinct group of whales that will remain an important
consideration in gray whale management. While there
is some disagreement on how distinct this group really
is, management strategies being considered related to
the Makah hunt have more recently proceeded with the
protective assumption they are a distinct group and included
strategies for minimizing the chances a PCFG whale would
be killed in any hunt.

Northwest there may be eastern North Pacific
whales bound for Alaskan waters, gray whales
bound for western North Pacific feeding areas,
and PCFG whales arriving to start their feeding
season. Even some of these gray whales bound
for feeding areas farther north may stop to
feed in the Pacific Northwest. One particular
well-studied case in point is the gray whales
that feed every spring around Whidbey Island
in northern Puget Sound. Like the PCFG
whales, these represent the same individuals
returning annually to feed, with some of these
whales documented almost every year since
1991. Unlike the PCFG whales, however, these
whales feed there for 2-3 months in spring and
then migrate on to northern waters. They are
not seen in summer and fall months.
Gray whales continue to surprise us in many
ways. Once thought to be a well understood
and fairly specialized animal, it now emerges
they are more complex and are actually
surprising versatile in some of their behavior
and habitat. Even their feeding, once thought to
be specialized on specific bottom amphipods,
turns out to be highly flexible and the PCFG
whales have been documented feeding on a
variety of prey including mysid shrimp.

Gray whale population structure, long assumed to be fairly
straightforward, has increasingly turned out to be more
complex than initially thought. With the recent findings
of photo-IDs of some of the gray whales that feed in the
western North Pacific matching those from the Pacific
Northwest it is now clear that in spring in the Pacific
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Ecology, Scales, and Gray
Whales
by D.A. Duffus, R.E. Burnham
and L.J. Feyrer
Throughout the latter half of the
1900s, gray whales were the subject
of a growing research effort as their
population rose from post-whaling
desolation. This species became a focus
of population studies, largely because
its coastal distribution made it possible
to count, and due to its auspicious
rise in numbers, while other large
whale species regained little of their
former numbers. During this time, the
literature on gray whales included just
a few sentences explaining how they
migrated from the Baja to the Bering
Seas, and fed on bottom dwelling, or
benthic, amphipods. Only occasional
papers documented any alternative
arrangements of distribution and
ecology.
Since then, gray whales have shown us
a new face. They forage year-round in a
growing number of alternate locations
up and down the Pacific coast for new
prey species, and some individuals
make some spectacular journeys to
destinations that we thought very
unlikely in the past. Part of the new
appreciation of gray whales includes
their ecological role in marine food
webs. Researchers have documented
some aspects of these ecological
forces at larger regional scales, such
as the Chirikov Basin of the northern
Bering Sea, while we have studied the
same processes on a smaller scale at a
summer foraging ground off the west
coast of Vancouver Island.
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A gray whale skim feeding through a patch of mysids on the surface over a
shallow cobble bottom.

Similar to all baleen whales, gray whales evolved to take advantage
of the prey resource found in small invertebrates, generally known
as zooplankton. Gray whales are quite skilled at locating and
feeding on small shrimp-like organisms called mysids that swarm
just above rocky seafloors, as well as sifting burrowing animals
called amphipods from the tubes they inhabit in sandy areas. At
certain times and places the zooplankton biomass can provide an
immense energy source. However, the difficulty with this particular
type of prey is threefold; it is seasonal, very patchy in ocean-wide
space, and individually they are small. Baleen whales needed both
physical and behavioral mechanisms to overcome these challenges,
so natural selection has presented us with a group of large whales
with wide ranging migratory habits, and the baleen filter feeding
apparatus.
For some of the same reasons that gray whales have been wellstudied by population biologists – their shallow coastal habitat
use – they are a large whale species whose role in marine ecology
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we can more readily study. At our long-term study site on the west coast of Vancouver Island in Clayoquot Sound,
we have been able to focus on a few ecological relationships in some detail that suggest the possibilities of similar
processes acting on larger scales or at other small sites where gray whales forage.
The value of understanding ecological systems is that it opens a window into the broader issues (and assumptions)
of population structure in space and time. Why gray whales are located here, or why they are not here, are
questions that join ecological and population issues, and may be key to future management and continued
conservation success.
General Ecological Issues
Baleen whales have been left out of most applications of ecological theory and attempts to shed light on the nature
of marine ecosystems. The ecological role of baleen whales has often been compared to that of grazing animals,
such as caribou, where the “bottom-up” productivity of the grasses determines the location and number of grazers.
This is why there is a tendency to assume that productivity in marine systems is driven by the broad scale “bottomup” variables that we typically examine by measurements of sea surface temperature or chlorophyll, which
identifies phytoplankton production - the “green grass” of the ocean ecosystem. However, given the emerging
appreciation of large predator control over ecosystems, we believe that this grazing analogy is not a very accurate
observation of baleen whale foraging behavior.
Despite relatively consistent seasonal bottom-up conditions in our study area, we have seen highly variable annual
patterns of gray whale habitat use, with fluctuating concentrations of both gray whales and prey over the last 15year period (below). During the summer foraging season when numbers of foraging gray whales range from a few
to over 30, and in the winter when whales vacate the area and prey stocks recover, the ecosystem structure appears
more strongly guided by the direct and indirect impacts of whale foraging. We point to two ecological processes
at work here that involve the gray whales. The first are ecosystem forces caused by the interplay between producers and consumers in a food chain from the bottom to the top and top down, and second is the role of gray whale
predation as a disturbance factor which influences many parts of the ecosystem they inhabit.

The average number of foraging whales in our study area taken from 554 surveys
over 15 years.The bars give mean number of foraging whale per day (Line), 1
standard deviation (colored bar) and the range in daily numbers (outer lines).

We offer a caveat here, as similar
to most ecological studies, the
boundaries of time and space
are drawn by the scientists who
observe and try to understand the
systems they study. Our study site,
because of its natural boundaries,
isolates distinct areas of prey
habitat, and is a microcosm that
may amplify some of the forces
we see due to the scale at which
we view them. Whether or not we
can move up the scale to make
conclusions about larger areas and
other sites requires more study,
despite the fact that the ecological
theories at work here having
stood the test of a wide range of
ecosystems and communities.
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Gray Whales as Ecological Architects
In our study area, gray whales are highly focused predators when foraging on a series of zooplankton patches, and
they create strong interactions in short food chains. The food chain is based in planktonic algae, the main food
supply for a group of species of medium size (usually 8-15mm) zooplankton, mysids from the family Mysidacea.
These are small shrimp-like animals that form dense swarms over rocky reefs (below). On the top of this chain are
the very mobile gray whales whose numbers rapidly grow during the foraging season, in concert with the multiplying generations of mysids.

Mysids, the main prey of gray whales in our study area.

The timing of energy movement through the food
chain and the level where we find the main players
form the canvas for this ecological picture. During the
spring months of March and April the coastal weather
system starts its seasonal change. As low pressure
systems dissipate, clear skies allow sunlight to charge
up photosynthesis and build the phytoplankton
populations. This bloom of algae provides the cool
temperate marine ecosystem to fix solar energy
and make it available to first level consumers over
wide swaths of the coast. At this point, the coastal
ecosystem has a large base of energy available at a
time when the middle of the food chain – the mysids
in our study area – are in small numbers, only those
that survived the previous year’s banquet for the
whales. At the same time, gray whales are migrating
by our coast with a few individuals appearing to take
advantage of any prey sources they can locate in their
explorations.

As the mysid population grows through pulses of new generations, about 60 days apart, the ecosystem shape
begins to change. Algae blooms slow down, and are taken up by zooplankton and become more patchy as basic
nutrients, such as nitrogen compounds, are absorbed. Mysid swarms grow, expanding over the rock reefs near the
base of giant kelp stands. At some point they reach a critical density that creates a signal that gray whales respond
to and begin foraging.
Summer progresses with whales, some of which are well known returning animals, and some of which are newcomers, moving in and out of the study site in close alignment with the mysid pulses (figure next page). At that
point, the ecosystem takes on a shape that has been described by the scientific literature as wasp-waisted. The
planktonic algae continue to fix solar energy in the summer sun over large areas, while mysids expand in pulses
from reproduction, and contract due to whale foraging, acting like a valve for energy coming from the bottom of
the food chain. This process is what forms the thinner “waist” of the ecosystem’s shape. At the top of the food
chain, gray whales closely track mysid swarms on the shallows reefs, sometimes temporarily moving out of our
study area to nearby sites when local mysid swarms become too sparse.
Our research, based on intensive whale and sonar surveys of mysid swarms’ location and density, and measures of
plankton production has given us an interesting picture of the gray whale’s ecological setting during the summer
off the west coast of Vancouver Island. While researchers in the early 1980s found gray whales kicking up sand
as they searched for bottom dwelling amphipods, those traditional resources seem to have been exhausted as they
have not rebounded to feed the summer populations of whales that continue to use the area. All of this suggests
that the force that gray whales apply to the food chain below it is very influential. For the time being, the whales
are playing a strong role in shaping the system, and have demonstrated that they are very flexible predators, which
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dominant, eventually eliminating the others
We became intrigued on the mystery of why
there are so many species mysids?

The relationship of gray whales and mysid density in the study area
from vessel and sonar surveys.

may be one of the factors that contributed to their recovery on
the northeast Pacific coast. There are good indications that the
larger gray whale population in the Arctic foraging grounds
may apply a similar force over a much broader area that may,
in turn, influence their overall distribution.
Gray Whales as a Disturbance Regime
Disturbance has been a major focus of ecological theory and
research for decades. At one time we believed that ecosystems
and populations naturally recover after a disturbance, such
as fire or fishing, to a steady or normal condition, called
an equilibrium state. Results of long-term research across
ecosystems did not support that ideal, and have pointed to a
variety of disturbance forces and effects creating alternative
states. Predation can create a strong disturbance, and the
predator-prey relationship is one of the strongest between
species. When we began to look at gray whale’s ecological role
we were naturally drawn to study the prey in more detail.
What we found was that there was not a great deal known
beyond generalities about the coastal, shallow water mysids
of the northeast Pacific. So we began to catalogue the
different species we were dealing with, and after a great deal
of microscope work we uncovered a puzzle. We found that
swarms were composed of multiple species of mysids, and
while the sizes of the different species were about the same,
subtle differences distinguished 12 species of mysids (possibly
13, as there is still one species that has not been identifiable
with any catalogues). A basic ecological principle suggests that
in cases like this, if all species have equal access to resources,
one species should exert some advantage and become

That question began a series of studies on
the species make-up of the mysid swarms
in the study area. Indeed, over the years we
did find a species that typically dominated
our mysid community. This species,
Holmesmysis sculpta, is not the largest, nor
the smallest, but usually it is in the highest
numbers. Over the long term, however,
we found the dominance of H. sculpta
was subject to change, and in 2007 it was
dethroned and another species, Neomysis
rayii became dominant. Our detective work,
which consisted of the analysis of literally
hundreds of thousands of mysid specimens
over 10 years brought us to the likely culprit
behind this mysterious diversity of species –
the gray whales.
Foraging gray whales produce a highly
pulsed, very strong disturbance in this
small area. While they never consume all
the mysids, which is why it is called an
intermediate disturbance, they do open up
what can be pictured as ecological space.
When mysids are eaten by whales there is a
void of energy and a habitat space that can
be filled. The dominant species, because
it is more numerous, is removed in higher
numbers and the space can then be occupied
by the other species. But then, we asked
ourselves, how does H. sculpta recover its
prominence?
Mysids are nicknamed “‘possum shrimp,”
as females typically release 40-60 young
from their brood pouch. At first we thought
perhaps H. sculpta produced more young
in these brood pouches, but in fact they did
not. The next logical step was to assess the
number of broods produced by the different
species. This again put us at the microscope,
sampling through the calendar year looking
for any differences in the production of
young across time. By early winter, when
most of the species of mysids are at a low
ebb, having produced three generations, H.
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A gray whales foraging for mysids over a rocky reef not quite a whale-length
below the surface.

sculpta was able to produce another
entire brood of young when other
species showed no reproductive
females.Thus, when the following
year’s spring bloom is triggered, the
more numerous H. sculpta are prepared
to take advantage of the food supply.
Gray whales are not far behind, ready
to begin their predatory sweeps back
and forth, through the bays and rock
reefs with their tails often sticking
high in the air (left) as they drive their
noses into the rock piles where mysids
swarm. So the multi-species nature of
their prey is maintained by the whales
themselves. While we began studying
the largest animals in the ecosystem,
we seemed to be continually drawn to
some of the smallest.

An Ecological Conclusion?
All of the above leads us to a slightly broader question; can the impacts of disturbance by whales eventually
depress the mysid populations to such low numbers that they fail to recover altogether? We have continuously
monitored the amount of foraging that takes place in our study area for 17 years and watched it drop to very low
numbers and recover to very high numbers. Taken from another viewpoint though, we have also seen gray whales
decimate and desert nearby feeding areas where a former staple prey resource, benthic amphipods, were once
abundant. Sampling every year in those deserted bays has not yet yielded any evidence of a comeback by benthic
amphipods. So while we can see how the whales are able to depress amphipod populations, we are still uncertain
whether mysids are destined for the same end. There are a number of paths by which they could prevail where the
amphipods could not. Mysids may be better able to re-colonize habitat, or there may be a stronger cue that stops
whales from feeding when swarms of mysids become too sparse. Only time and further study will give up the
answer to these questions.
This rather wonderful ecological laboratory is not simply feeding our academic scientific curiosity. As gray
whales take up summer residence they are also vitally important to the local tourism industry. Whether whales
are in our study area, which is within reach of the whale-watching fleet, or around the next headland to the north,
far beyond the range of boats full of well wishing visitors, makes a significant difference to nearby communities.
Added to that, the gray whale is also a major part of the cultural identity of the local First Nations that reaches
far back into history. Uncovering the ecological roots of gray whale presence in our study site has significance to
resource managers and to the local people.
Gray whales are also an important teacher. Of all the species of great whales they are the one that give us the
clearest view of their complex lives. In our research projects we have used the local whales to learn about many
different aspects of coastal ecosystems. In turn, we have used that knowledge to teaching hundreds of students
and interns at all levels, including highly specialized learners who look into the whales lives without the luxury of
normal vision. In all cases, even in the dead of winter when southeasterly winds drive high storm swells into our
study area and we unexpectedly find gray whales slowly coursing through a protected bay, gray whales show us
nuances of a complex arrangement that natural selection and ecology have fashioned.
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A Gray Area: On the Matter of
Gray Whales in the Western
North Pacific
North America, including Mexico,
while others migrate to portions of the
WNP off Asia. Genetic comparisons of
ENP and WNP gray whales have found
significant differences in both nuclear
and mitochondrial DNA supporting
their management as distinct population
stocks.

Remote research station used since 1995 to conduct research on gray
whales feeding off Sakhalin Island seen in the background, while a gray
whale feeds near shore in the foreground. Photo by D. Weller.

by David Weller, Alexander M. Burdin, and Robert L.
Brownell, Jr.
Gray whales occur along the eastern and western margins of the
North Pacific. While much is known about the biology and ecology
of whales in the eastern North Pacific (ENP), until recently almost
nothing was known about whales in the western North Pacific
(WNP). In the ENP, gray whales migrate between wintering areas
off Baja California, Mexico, to summer feeding areas in the Bering,
Beaufort, and Chukchi Seas.
In the WNP, gray whales feed during the summer in the Okhotsk
Sea off northeast Sakhalin Island and off southeastern Kamchatka
in the Bering Sea. During the winter, some gray whales observed
feeding off Sakhalin and Kamchatka migrate to the west coast of

Whaling took a heavy toll on gray
whales in both the western and
eastern North Pacific. The decline in
the west can be largely attributed to
commercial hunting off Korea and
Japan between the 1890s and 1960s.
By the 1930s, gray whales in the WNP
were considered by many to be extinct.
However, counter evidence existed
to show that western gray whales
were extant. These sources included:
(1) records of gray whale catches off
the Korean coast between 1948 and
1966), (2) an observation of four gray
whales in the western Okhotsk Sea in
1967 and (3) a sighting of a mother-

A newspaper article from 1983 exclaiming
the rediscovery of the gray whales in the
western North Pacific.
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The most recent population assessment (for
2012), using an individual-based stage-structured
model, resulted in a median 1+ (non-calf)
estimate of 140 individuals (± 6). Mother-calf
pairs rank among the most commonly sighted
individuals on an intra- and inter-seasonal basis.
A total of 30 reproductive females and 101
known calves have been recorded during our
study.

Map of the North Pacific, including specific areas of importance to
gray whales.

calf pair in Korean waters in 1968. Although the ENP
population has returned to numbers thought to be near preexploitation levels, the number of gray whales in the WNP
remains small and this subpopulation is listed as Critically
Endangered on the IUCN Red List (http://www.iucnredlist.
org/).
Russia
The historical distribution of gray whales in the Okhotsk
Sea once greatly exceeded what is presently observed.
Today, the main feeding ground is located in the Okhotsk
Sea off the northeastern coast of Sakhalin Island but
some animals also occur off southeastern Kamchatka and
occasionally in other coastal waters of the northern Okhotsk
Sea. Our joint Russia-U.S. research conducted off Sakhalin
has photo-identified 214 whales between 1994 and 2012.

Members of the joint Russia-U.S. Western Gray Whale Research
Program photographing whales off Sakhalin Island, Russia. Photo
by D. Weller.
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Both lactating and pregnant females are under
especially high energetic demands. Therefore, it
is imperative that they feed in regions capable of
meeting their elevated nutritional requirements.
The seasonal site fidelity and annual return
of most reproductive females to the Sakhalin
feeding ground while resting, pregnant and
nursing their dependent calves indicates that this
habitat is of particular biological importance
for the population. In addition, the Sakhalin
feeding ground is where newborn calves are first
brought by their mothers to learn how to feed
and where they are eventually weaned. Both of
these developmental stages occur during the first
summer and are highly influential in shaping the
future behavior of calves. It is evident from the
results of our photo-identification and genetics
research that calves (male or female) exhibit a
high degree of “matrilineal fidelity,” a learned
behavior in which calves return to the feeding
ground of their mothers.
Some whales associated with the Sakhalin
Island feeding area can be absent for all or part
of a given feeding season, indicating they use
other areas during the summer and fall. Whales
identified feeding in coastal waters off Sakhalin,
including reproductive females and calves,
have also been documented off the southern
and eastern coast of Kamchatka. In this case,
it appears that Kamchatka may serve as an
early season feeding location. That is, a high
proportion of whales observed off Kamchatka in
a given year are later (within the same season)
observed off Sakhalin. Further, whales observed
off Sakhalin have been occasionally sighted off
the northern Kuril Islands in the eastern Okhotsk
Sea and Bering Island in the western Bering Sea.
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The unique mottled coloration pattern of every individual gray whale allows them to be photographically identified and tracked
over time. Photo by D. Weller.

Japan
The current migratory routes and wintering areas in the WNP are enigmatic, but historical evidence indicates that
the coastal waters of eastern Russia, the Korean Peninsula and Japan were part of the migratory route and that
areas in the South China Sea may have been used as wintering grounds. Recent records, however, report only 13
known sightings or strandings of gray whales in Japanese waters between 1990 and 2007 (Nambu et al. 2010).
Between 2005 and 2007, four female gray whales, including one mother-calf pair, were fatally entrapped in set
nets along the Pacific coast of Honshu, Japan. One of these females, entrapped in January 2007, was matched to
earlier photographs of it as a calf (with its mother) while on the Sakhalin feeding ground in July and August 2006.
This match provided the most contemporary link between the summer feeding ground off Sakhalin and a winter
location along the coast of Asia. Most recently, in March 2012 a gray whale was sighted and photographed in
Mikawa Bay (Aichi Prefecture), east of Ise Bay near Nagoya on the Pacific coast of Honshu. While observations
of gray whales in Japan have been made between November and August, most records are concentrated between
March and May. Observations in the March-May period are particularly intriguing in that they correspond with
the time when ENP gray whales are migrating north from Mexico to the Arctic. With this in mind, we believe that
the March-May records from Japan represent whales migrating north on their way to the summer feeding areas
off Russia.
China
Observations of gray whales in China are exceptionally rare. Although 24 capture, sighting or stranding records
exist since 1933, including observations of two mother-calf pairs, some of these (especially the sightings) have
not been reported in sufficient detail to validate species identification. Recently, an 11.5m female stranded live
in the Bohai Sea (~ 39˚N) in December 1996 and a 13m female gray whale was taken in fishing gear offshore
of Baiqingxiang in the Taiwan Strait in November 2011. Henderson summarized information from the 1869
logbooks of the New Bedford whaleships Cornelius Howland and Onward while they were on the “Chinese whale
grounds.” The Cornelius Howland reported gray whales being sighted in February at nearly an identical location
as the aforementioned November 2011 Baiqingxiang specimen.
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While the 2011 gray whale
specimen confirms the continued
occurrence of gray whales off
China, the low latitude location
(equivalent to the latitude of the
ENP wintering lagoons off Baja
California, Mexico) and November
date of this record deviate
somewhat from the expected (i.e.
December-January) timing of
the southbound migration. In his
summary of whaling in Chinese
waters, Henderson noted that
before 1874 whalers recorded
gray whales arriving to waters
south of Hailing Island, China
(north end of the island at ~ 21°N)
in January and February. Wang
reported fishermen noting a small
number of gray whale sightings
in June and July, but the method
of species identification was not
mentioned. Based on the varied
timing of these observations,
Henderson hypothesized that
some gray whales may remain in
Chinese waters all year and that
the southernmost whales occurred
as far south as Hainan Island in the
South China Sea.

Pacific-Wide Movements
Recently, mixing of whales identified in the WNP and ENP has
been observed. Lang reported that two adult individuals from the
WNP, biopsy sampled off Sakhalin in 1998 and 2004, matched the
microsatellite genotypes, mtDNA haplotypes, and sexes (one male, one
female) of two whales sampled off Santa Barbara, California in March
1995. See her article this issue. Recently, three whales were satellitetracked moving from Sakhalin Island to portions of the ENP. Finally,
photographic matches between the WNP and ENP, including resightings
between Sakhalin Island and British Columbia, as well as Sakhalin
Island and Mexico, have further confirmed use of areas in the ENP by
some whales identified in the WNP. Although some have speculated
that this level of mixing between the WNP and ENP signifies a lack
of gray whale population structure, the results of genetic comparisons
clearly demonstrate that significant mitochondrial and nuclear genetic
differences exist between whales sampled in the ENP and those sampled
on the feeding ground off Sakhalin Island in the WNP.

Korea
Gray whales were once common
off the coast of South Korea and
off Yushin (~ 40°N), North Korea.
The last reported commercial
catches were off Ulsan, South
Korea, in 1966 and the last known
record of a gray whale off Korea
was in 1977. More recently,
between 2003 and 2011 annual
surveys for gray whales were
conducted in Korean waters. While
these surveys were specifically
designed to occur when and where
gray whales were observed in the
past, no whales were sighted.
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A young western gray whale breaching in the Okhotsk Sea near Sakhalin Island.
Photo by O. Savenko.
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One of the most interesting aspects of these recently unveiled migratory movements is that at the very time some
whales that feed off Sakhalin Island migrate east across the Pacific to the west coast of North America, others are
migrating south to the waters of Japan, Korea and China. These observations, in combination, suggest that not all
gray whales in the WNP share a common wintering ground. That is, it appears that whales feeding off Sakhalin Island during the summer migrate in different directions, with some whales moving east into the ENP while others
move south, staying in the WNP.
Threats
A number of anthropogenic threats to gray whales in the WNP give cause for concern. For instance, incidental
takes in fishing gear throughout the range pose a significant threat to WNP gray whales. Between 2005 and
2007 alone, four female gray whales (including one mother-calf pair) were accidentally killed in fishing nets
on the Pacific shore of Japan. Near-shore industrialization and shipping congestion throughout the migratory
corridor(s) represent additional risks by increasing the likelihood of exposure to pollutants and ship strikes as
well as a general degradation of the habitat. Finally, the summer feeding area off Sakhalin Island is a region rich
with offshore oil and gas reserves. Two major offshore oil and gas projects now directly overlap or are in near
proximity to this important feeding area, and more development is planned in other parts of the Okhotsk Sea that
include the migratory routes of these whales. Operations of this nature have introduced new sources of underwater
noise, including seismic surveys, as well as increases in shipping traffic and risk of oil spills. An up-to-date and
comprehensive review of information on western gray whales and potential threats to their survival, including a
range-wide conservation plan, can be found at http://www.iucn.org/wgwap/
Conservation
Although we have learned much about gray whales in the WNP in the past 20 years, particularly on the summer
feeding ground off Sakhalin Island, long-term research and monitoring efforts need to be continued and expanded.
More information from the WNP wintering area(s) is desperately needed for appropriate conservation and protection measures to be developed. Achieving this objective will require broad international research collaboration
and dedicated cooperation between science, industry, the public and government. Until then, our understanding of
gray whales in waters off Japan, Korea and China remains a gray area.
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INSIGHT INTO THE BEHAVIOR
OF GRAY WHALES USING
GENETICS
by Aimée R. Lang
Gray Whales in the Western North Pacific:
Oddly enough, my path toward studying gray whales began
in Galveston, Texas when I started an internship with
the Marine Mammal Research Program at Texas A&M
University. As an intern, I was fortunate to be assigned to
work with Dave Weller, who was then completing his Ph.D.
under Bernd Würsig studying coastal bottlenose dolphins in
the Gulf of Mexico. I learned a lot from Dave that winter –
how to photographically identify dolphins, how to develop
film (necessary in those days!), how to be respectful of the
animals we were studying. At the time, however, I never
would have guessed that I was starting down a path that
would one day lead me to a remote field camp on the coast
of Sakhalin Island, Russia.
Fast forward many years, and I had completed my master’s
thesis studying Pacific coast bottlenose dolphins and along

Map showing the location where samples analyzed at the SWFSC
were collected.
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the way had developed an interest in the use
of genetic tools to learn more about cetacean
populations. As a master’s student, I had
continued to work with Dave, who was then
a visiting scientist at the Southwest Fisheries
Science Center in La Jolla, California. Several
years earlier, Dave had begun leading a joint
Russia-U.S. research team that was studying the
gray whales feeding off Sakhalin Island. When
Dave mentioned that the team was looking for a
student with an interest in genetics, I jumped at
the chance, and in 2002 I spent the first of many
summers on Sakhalin.
Prior to 1995, little was known about the current
status of gray whales in the western North
Pacific (WNP). That summer, Bob Brownell
and Alexander Burdin organized an exploratory
trip to the northeast coast of Sakhalin Island
to investigate reports of gray whales feeding
near the mouth of Piltun Lagoon. The trip
was a success, and in 1997 the research team,
led by Dave and comprised of Russian and
U.S. scientists, began its first full field season
off Sakhalin. This research program, which
continues to date, includes photo-identification
studies to examine patterns of individual
return and fidelity to the area, as well as biopsy
sampling to facilitate genetic studies.
By the time that I joined the project in 2002,
analysis of photo-identification data had shown
that the number of whales using the area was
small (~100 whales). Most of these individuals
returned to feed off Sakhalin year after year,
and few “new” whales were identified each year
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some were collected from animals that were biopsied
off central and southern CA. Back in the lab, we
extracted DNA from these samples and used the DNA
to sequence a segment of the mitochondrial DNA
control region (mtDNA) and to genotype 13 nuclear
microsatellite loci from each sample.

Grisha Tsidulko, one of the initial members of the RussiaU.S. research team, preparing to collect a biopsy sample
from a gray whale off Sakhalin Island, Russia. Photo
courtesy of David Weller.

other than calves brought to the area by their mothers.
Very little was known about where these whales
spent their winters, as only a few recent records of
gray whales off Japan and China exist. Based on
historic records, however, it was assumed that the
whales off Sakhalin migrated south during the winter,
presumably to coastal waters off southern China.
The focus of my Ph.D. research was to utilize genetic
tools to learn more about these whales; specifically,
we were interested in what the relationship was
between the Sakhalin whales and the whales that were
part of the eastern North Pacific (ENP) population.
After my sixth field season at Sakhalin, our team
had collected biopsies from 142 individuals, which
included 83% of all individuals photographically
identified in the area. Few other large whale
populations have been sampled so thoroughly,
although our success was largely due to the fact that
the number of whales feeding in this area is small
and that whales consistently return year after year.
We also had a collection of samples from ENP gray
whales; most of these were collected from animals
that stranded along the migratory route, although

We chose these two different marker types because
each can address different questions about gray whale
behavior. In whales, mtDNA is generally inherited
only from the mother. As such, it allows tracking
of behaviors that are passed down from a mother
to her calf. When we compared mtDNA haplotype
frequencies between the Sakhalin and ENP animals,
we identified 1) significant differences between
the two groups, and 2) reduced mtDNA haplotype
diversity among the Sakhalin animals. These findings
were consistent with what we would expect to find if
the gray whales that feed off Sakhalin demonstrate
a behavior referred to as matrilineal fidelity, which
has also been observed among humpback and right
whales. Matrilineal fidelity develops when calves
learn migratory routes and destinations (in this case
the location of feeding grounds) by following their
mothers to these areas in their first year and then
return to the same areas in subsequent years on their
own. Since mtDNA is passed down from a mother
to her calf, then over time this behavior results in
the mtDNA haplotype carried by that mother, and
subsequently by her offspring and eventually (for
females) her offspring’s offspring, building to high
frequencies on the feeding ground. This pattern is
evident among the whales feeding off Sakhalin,
where two haplotypes are found in very high
frequencies (together representing 67% of sampled
animals). Many of the animals that have been
identified photographically as mother-calf pairs carry
these common haplotypes, and photo-identification
studies have shown that many calves initially brought
to the Sakhalin area by their mothers return to the
area in subsequent years. Examination of the genetic
signal extends on these observations and suggests that
this pattern persisted prior to the start of the photoidentification study in 1995.
Our next analyses involved comparing the
microsatellite genotypes of the individuals sampled
off Sakhalin with those from whales in the ENP.
Microsatellites are nuclear markers and thus reflect
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A gray whale being biopsied off the coast of Sakhalin Island, Russia. Note
the biopsy dart in the air at left. Photo courtesy of David Weller.

DNA passed down from both the mother and the father. This
bi-parental inheritance means that microsatellites can be used to
examine patterns of interbreeding between groups. Similar to the
mtDNA results, the microsatellite comparisons also indicated that
significant genetic differences exist between the Sakhalin whales
and the ENP whales. This result suggests that the gray whales off
Sakhalin largely interbreed with each other, which is what would
be expected if the whales off Sakhalin were migrating south to the
waters of coastal Asia during winter.
One valuable characteristic of microsatellite markers is that they
are highly variable, which means that if enough markers are
analyzed a unique genetic profile or “fingerprint” can be generated
for each individual. These genetic fingerprints can be useful in
examining relationships between individuals. As aforementioned,

The Russia-U.S. research team headed out to sea for a survey. Photo
courtesy of David Weller.

38

calves generally arrive on the Sakhalin
feeding ground while still closely bonded
with their mothers, which has allowed
our research team to document which
females are reproductive and to monitor
calf production. Although there is no way
to evaluate which males are contributing
to reproduction using observations alone,
we were able to utilize our microsatellite
data to evaluate whether any of our
sampled males could be the fathers of
animals first identified as calves off
Sakhalin. Although paternity analyses
of wild populations tend to have low
success rates, the results were somewhat
surprising. Given that we had sampled
83% of all photo-identified individuals,
we expected to be able to assign fathers
for a similar proportion of our calves.
Instead, we were only able to assign
fathers for approximately 46-53% of
the calves, depending on the criteria
used. Several possible explanations for
this pattern were raised. One possibility
is that reproductive males are more
difficult to sample and thus make up the
majority of the ~18% of photographed
but not sampled animals off Sakhalin.
Another is that some of the Sakhalin
females were interbreeding with males
that feed in other areas. Although these
could be males that were feeding in other
parts of the WNP, it was also possible
that some could be males that were part
of the ENP population. At the time,
however, we felt that it was unlikely
that we would have found significant
nuclear genetic differences between the
Sakhalin and ENP whales if many or
all of the “missing fathers” were part of
the ENP population. Given that we had
no way to discriminate between these
possibilities, we added “determining the
identity of the missing fathers” to the list
of future questions that would need to be
addressed.
The genetics of the Sakhalin whales
also had one more surprise for us. In
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genetic studies, it is standard practice to
compare the microsatellite profiles of
all sampled individuals in the dataset to
allow “duplicates,” or animals that have
been sampled more than once, to be
eliminated. When we did this, we found
that two of the animals that were sampled
off Sakhalin (a male first identified in
1995 and a female first identified in
1999) had identical genetic profiles
to two animals that were biopsied in
March of 1995 off the coast of central
California. At first, we assumed that this
finding must be due to some kind of mixup – had two of our Sakhalin samples
The author, headed out for a survey for gray whales off the coast of
accidentally been switched with ENP
Sakhalin Island, Russia. Photo courtesy of David Weller.
samples during laboratory processing?
After carefully replicating all steps of
the lab analysis, however, we still had the same surprising results. Next we calculated the probability that the
genetic profiles could be identical due to chance, surmising that perhaps we had not analyzed enough markers to
adequately differentiate between individuals. Conservative estimates of this probability were low (1/50,000 or
less), suggesting that this explanation was also unlikely. Finally, we considered the possibility that the matching
genetic profiles represented movements of animals between Sakhalin and migratory routes in the ENP. This, too,
seemed implausible – why would whales choose to travel so far when there are other feeding grounds along the
way? As I struggled to write this last chapter of my dissertation, it seemed difficult to believe not only that these
whales would make such an incredible journey, but also that we would have been lucky enough to sample them in
the sea of 20,000 or so migrating ENP gray whales. In the end, I summarized the above results in my dissertation
and added another item to our list of unanswered questions.
We didn’t have to wait very long to get further insight into both of these questions. The summer following my
defense, a team of Russian and American scientists lead by Bruce Mate headed over to Sakhalin to tag some of
the whales and to thereby find where the WNP migratory routes and wintering grounds were located. They tagged
one whale, a then 13 year-old male named “Flex.” Much to everyone’s surprise, Flex eventually headed east,
travelling all the way to the coast of Oregon before his tag stopped transmitting. This finding sparked additional
tagging efforts as well as a basin-wide photo-identification comparison. Although the comparison is not yet complete, movements of additional whales between Sakhalin and the ENP have been identified.
How does this information fit into our previous interpretation of the nuclear genetic signal? At this point, we
aren’t sure. The signal of nuclear genetic differentiation between the Sakhalin animals and those considered
part of the ENP population could be driven by the presence of animals that remain in the WNP year-round,
feeding alongside the animals that transit between Sakhalin and the ENP. As well, even if most of the animals
feeding off Sakhalin travel to the ENP during winter months, it is possible that some mechanism could exist by
which Sakhalin animals are more likely to interbreed with each other than with animals that feed in other areas.
Information on when and where gray whales breed is limited, but the available data suggests that conception
primarily occurs during a three-week period between late November and early December, although if no
conception occurs during this first period, a second estrus may occur about 40 days later when whales are on or
near their wintering grounds. As such, if whales migrating between Sakhalin and the ENP are relatively far west
on the migration during this first estrus, it is plausible that they would have more opportunities to mate with other
animals that feed off Sakhalin than with whales feeding north of the Aleutians.
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In either case, however, the available evidence suggests that only
a small number of animals utilize the Sakhalin feeding ground,
and that many of these whales learn the location of this feeding
ground from their mothers. As such, the group of whales that feed
off Sakhalin may be particularly vulnerable to depletion in the
face of anthropogenic threats, as an individual that is removed
will not necessarily be replaced by immigration of a whale from
another feeding ground. These findings highlight the need for
continued monitoring of the Sakhalin gray whales and support
their continued recognition as a separate management unit.
Eastern North Pacific Gray Whales
While our understanding of gray whales in the WNP was
evolving, we were also learning more about eastern North Pacific
gray whales. In contrast to the small number of whales feeding
off Sakhalin, the ENP population of gray whales currently
numbers about 21,000 whales, and ENP gray whales were
removed from the list of Endangered Species in 1994. Although
most of those 21,000 whales feed in the Bering, Beaufort and
Chukchi Seas during summer and fall, a small number of whales
(in the low hundreds) spend the summer and fall feeding in more
southern waters (hereafter, the southern feeding ground) located
between northern California and southeastern Alaska. Although
sightings of whales feeding in these southern waters date back
to at least the 1920s, it wasn’t until Jim Darling and colleagues
initiated photo-identification studies of these whales in the 1970s
that scientists realized that some of the whales feeding in this
area demonstrate consistent return over seasons. These photoidentification studies, led by Jim as well as by John Calambokidis
and their collaborators, continue to date. In recent years, the
whales known to return to this southern feeding ground over

multiple years have come to be known as
the Pacific Coast Feeding Group (PCFG).
Concern for this group dates back to
the mid-1990s, when the Makah Tribe
of northwest Washington proposed to
resume their subsistence harvest of gray
whales following the delisting of the ENP
population. The proposed Makah hunt
includes restrictions designed to reduce
the probability of killing a PCFG whale
by focusing hunt effort on the much larger
group of whales migrating to/from feeding
areas north of the range of the PCFG.
Nevertheless, PCFG whales are present
during the migratory season and it is
impossible to ensure that no PCFG whales
would be killed.
To better evaluate potential impacts of the
proposed Makah hunt on PCFG whales,
genetic studies were initiated in the midto late 1990s to investigate whether the
PCFG whales were genetically distinct
from the rest of the ENP population. These
studies did not find support for the PCFG
being maternally isolated from the larger
ENP, and PCFG whales continued to be
managed as part of the ENP population.
However, the issue of whether the PCFG
of whales should be considered distinct
was recently re-opened, when a study by

A gray whale being biopsied by Dawn Goley and her team (Humboldt State University) off northern California. Photo courtesy
of Dawn Goley.
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Tim Frasier and colleagues found significant mtDNA differences when they compared samples collected from
PCFG whales with a sample set comprised primarily of gray whales on their migratory route in the ENP. Similar
results were also found in a subsequent study that we did to compare the PCFG whales with whales feeding
north of the Aleutians. The results of both these studies suggested that whales show matrilineal fidelity to this
southern feeding ground. However, the magnitude of differences identified between the PCFG and other ENP
whales was markedly smaller than that observed in comparisons between the animals feeding off Sakhalin and
those considered part of the ENP population. One explanation for this pattern is that some immigration into the
southern feeding ground could be occurring. This possibility is supported by the fact that “new” animals continue
to be identified on the southern feeding ground each year, despite long-term photo-identification studies of the
area dating back to 1998. However, alternate explanations for both the genetic and photo-id results exist, and
scientists are continuing to examine the question of how much immigration into the PCFG may be occurring,
which is important to understanding the potential impact of the Makah hunt.
In contrast to what was found in comparisons involving the Sakhalin animals, no significant differences in
nuclear DNA have been detected in comparisons between the PCFG whales and those considered part of the
larger ENP population. These results suggest that PCFG whales likely interbreed with whales that feed further
north.
Implications for Management
What are the implications of this new information for the management of gray whales in the North Pacific? In
recognition of the difficulty of answering that question, the National Marine Fisheries Service (NMFS) recently
established a scientific Task Force (TF), comprised of a panel of experts in gray whale biology and marine mammal management, to review the new information that has come forward over the last several years. The primary
duty of this TF was to assess gray whale stock structure as defined under the U.S. Marine Mammal Protection
Act (MMPA) and implemented through the NMFS Guidelines for Assessing Marine Mammal Stocks (GAMMS).
After reviewing the available evidence, the TF was unable to provide definitive advice as to whether the PCFG
represents a population stock under the MMPA, as the opinions of TF members varied widely with respect to this
question. The TF did provide unambiguous advice that the WNP stock should be recognized as a population stock
under the MMPA and pursuant to the GAMMS guidelines.
Summary
I started my Ph.D. with a specific question to answer – how related are the gray whales off Sakhalin to those
that are part of the ENP population? Many years later, after long hours spent at sea, and numerous more spent in
the lab or struggling to find the right words while sitting in front of my computer, I still don’t have a definitive
answer to that question, or to the questions that have since arisen about population structure among ENP gray
whales. But I do have a fuller appreciation for the complexity of these animals and for the importance of
integrating information gained from a variety of different approaches. Although genetic analyses have provided
important clues to our understanding of gray whale population structure, it is only by combining that information
with results of photo-identification and telemetry studies that we have been able to appreciate how much we still
have to learn about these animals. I’ve also learned that with each piece of the puzzle we uncover, we are only led
to more questions and the challenge of coming up with ways to answer them. In the words of the TF, our current
understanding “should be viewed as a contemporary ‘snapshot’ taken from an emerging and ever-changing body
of knowledge” (Weller et al. 2013). As new efforts to address some of the remaining questions begin, I look
forward to seeing how our understanding of gray whales evolves in the future.
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Wintertime Aggregations Of
Gray Whales In Laguna San
Ignacio
by Steven Swartz, Hiram
Rosales N., Jorge Urban R.,
and Sergio Martinez
Each winter thousands of gray whales
visit the waters of Mexico’s Baja
California peninsula to mate and give
birth to their calves. From January
through April they aggregate in three
principal areas and coastal lagoons:
the Bahia Vizcaino and Laguna Ojo
de Liebre, Bahia Ballenas and Laguna
San Ignacio, and Bahía Magdalena.
Of these three, Laguna San Ignacio
has been the focus of long-term
research and monitoring of gray
whales’ use of a coastal breeding
Photo courtesy Laguna San Ignacio Ecosystem Science Program.
and calving lagoon. Mary Lou Jones
and Steven Swartz initiated the first
systematic documentation of the wintertime abundance of gray whales in Laguna San Ignacio between 1977 and
1982. Researchers from the Programa de Investigación de Mamíferos Marinos, Universidad Autónoma de Baja
California Sur, continued gray whale research from 1996 to 2000, and most recently, in 2006 the Laguna San
Ignacio Ecosystem Science Program established an ongoing winter monitoring program for gray whales and other
species in Laguna San Ignacio, which continues to the present.
Over the years, we’ve pursued two principal modes of gray whale investigation in Laguna San Ignacio. First,
standardized boat-based visual abundance surveys have been used to monitor the seasonal abundance, duration of
stay, and distribution of gray whales in Laguna San Ignacio, and second, photographic-identification methods that
utilize natural markings have been used to recognize and re-sight individual whales within the lagoon and to resight those that return during multiple breeding seasons.
Two hundred fifty four boat-based abundance surveys were completed in Laguna San Ignacio between 1978 and
2013. Surveys are conducted every 4-5 days (weather permitting), and usually begin in mid-January to document
the arrival of gray whales to the lagoon. Surveys continue through the February periods of peak whale abundance,
and into early April each winter to establish the final departure dates of the whales.
This long-term database has revealed some long-term trends in the gray whales’ use of this breeding lagoon over
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the lagoon, presumably looking for mating
opportunities. Females and their calves,
however, stay in Laguna San Ignacio two
months on average, and can remain in the
area up to three months, leaving only when
the mother senses that her calf is ready to
begin their northward spring migration.

Counts of adult whales in Laguna San Ignacio obtained from
systematic visual boat surveys during the winter months. Green
dotted line = 1980; black broken lines are 2007 to 2010; blue line =
2011; red line = 2012; and yellow line = 2013.

the past 35 years, and has provided insight into the changes
in the dynamics of the whales’ overall abundance, their use of
the lagoon habitat, and responses to environmental and climate
factors that affect their behavior.
Early on we noticed that the whales’ behave as two separate
groups, depending on whether they are single adults visiting
the lagoon to find mates, or if they are females with newborn
calves, looking for a good place to take care of their offspring
during its first few months of life. While the single mating
whales congregate within the deepest areas of the lagoon
nearest its entrance to find mates, new mothers and their
calves most often move far into the lagoon’s shallow interior
where harassing mating groups are fewer and less likely to be
encountered. The time spent in the lagoon by these two groups
of whales also differs. Our photo-identification data shows that
single whales spend on average no more than a week or two in

We also discovered, to our surprise, that
following the completion of the birthing
period in mid-February each year, counts
of female-calf pairs continued to increase
in Laguna San Ignacio well into March and
early-April. Judging from their size and
coloration, these calves appeared to be 1-2
months old, not newborn. Again the photoidentification data confirmed that these lateseason increases were due to females with
calves moving into Laguna San Ignacio from
other aggregation areas to the north like
Laguna Ojo de Liebre, and from the south
like Bahia Magdalena. Mary Lou Jones
compared photos of gray whales in Laguna
with photos obtained during the early 1980’s
by Sue Lafferty, Shirley Lawson, and Pieter
Bryant from Laguna Guerrero Negro and
Bahia Magdalena, and photos from Laguna
Ojo de Liebre from a joint NOAA-Pesca
study there. The photographs suggested
three lagoon use patterns for female whales
visiting Laguna San Ignacio:
1. Resident type-females that were present
for long periods during calving years, and
for shorter periods in non-calving years;
2. Transient type-females that were seen for
short periods of time seen late in the season
(March) with an older calf born in another
area; and

Counts of single whales (non-female calf pairs) in Laguna San Ignacio
obtained from systematic visual boat surveys during the winter
months. Green dotted line = 1980; black broken lines are 2007 to
2010; blue line = 2011; red line = 2012; and yellow line = 2013.

3. Combination type-females that were
photographed with a calf throughout the
entire winter season in Laguna San Ignacio,
as a single whale for a short period early in
the season, and for a short period late in the
season with an older calf. These findings
confirm that gray whale females may show
some site fidelity, but may also circulate
among the coastal lagoons and aggregation
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Counts of female-calf pairs in Laguna San Ignacio obtained from
systematic visual boat surveys during the winter months. Green dotted line
= 1980; black broken lines are 2007 to 2010; blue line = 2011; red line =
2012; and yellow line = 2013

areas along the Pacific coast of Baja California during the winter.
More recent photo-identification research confirmed that gray
whales, particularly females with calves, continue to move between
the three primary lagoon areas, but exactly why female whales
bring their calves to Laguna San Ignacio at the end of the winter
season before beginning their northward spring migration remains a
mystery.
The greatest numbers of gray whales in Laguna San Ignacio were
observed during the period from 1977 to 1982, when upwards
of 400 or more adult whales would occupy the lagoon by midFebruary. Calf counts were also the highest during this period
and could reach up to 300 calves by season’s end in some years.
Then something happened: surveys during the period from 1996

Photo courtesy Laguna San Ignacio Ecosystem Science Program.
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to 2000 documented a reduction to an
average high count of 250 adult whales
during this period. Counts of calves
also declined from around 100 calves
in 1996 and 1997, to 50 calves or less
from 1998 to 2000. From 2007 to 2010
high February counts remained around
200 adults, and calf counts continued
to decrease. This overall decline in
numbers of whales and especially the
low numbers of calves was becoming
a concern. Then, beginning with the
winter of 2011, the numbers of gray
whales visiting Laguna San Ignacio
began to rebound. The past three winters
we have seen counts return to 200 to
250 adult whales during February, and
calf counts again continued to increase
throughout the winter to reach 80 to
100 calves in the lagoon during lateMarch and early-April, a trend that has
not been seen since the surveys of the
1980s.
Looking back on this series of events,
we noticed that the timing of the whales’
winter occupation has also changed.
In the late 1970s and early 1980s the
greatest numbers of single whales
arrived at the lagoon approximately
two weeks earlier than in recent years,
and their departure from the lagoon
was similarly earlier than now. What
was reason for the delayed arrival and
departure of single whales in recent
years?
A number of factors may have
contributed to the decline and then
increase in the number of gray whales,
particularly in the female-calf counts,
observed in Laguna San Ignacio from
1977 to 2013. First, between 1998 and
2000 the Eastern North Pacific gray
whale population suffered a range-wide
mortality event where annual mortalities
exceeded the previous ten-year averages
by up to ten-fold (See Frances Gulland’s
following article). Dead whales
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examined from Alaska to Mexico appeared emaciated, undernourished, and the majority of the dead animals were
females. So, why were gray whales not finding sufficient food?
A clue came from oceanographers and wildlife scientists working in the Arctic, who indicated that over the past
decade changing oceanic regime shifts, changes in water temperatures and currents, and loss of permanent sea
ice may have combined to upset the historical seasonal production of benthic and other foods for many marine
species in the Arctic, including gray whales. According to NOAA Fisheries Service census surveys and analyses,
following the die-off the Eastern North Pacific gray whale population decreased 23% from 21,135 in 1997-1998
to 16,369 in 2000-2001. This suggests that up to one-third or more of the adult population, including breeding
females, may have been lost. Due to the rigors of recurring pregnancies and lactations, we could expect that
breeding females would be more susceptible to nutritional stress, and loss of breeding females would result in
lower calf production following the die-off, and fewer sightings of female-calf pairs in the breeding lagoons of
Baja California following the die-off.
As the gray whale population recovers from this mortality event, we would expect that new generations of female
whales are reaching sexual maturity and replacing the mature breeding females that were lost during the 1998
to 2000 die-off. The increase in the number of female-calf pairs observed in Laguna San Ignacio during recent
winters (i.e., the 2011-2013 winters), and the return of the late-season arrival of mothers and calves to the lagoon
lend support to this hypothesis.
The photographic identification data provided a basis for calculating average calving interval, and this provided
a look into the reproductive health of the whales. Before the range-wide mortality event of the 1990s, Mary
Lou Jones had calculated a calving interval of 2.1 years based on calving histories of 24 breeding females
photographed with or without calves over a 6-year period from 1977 to 1982. Estimates of calving interval
based on photographic records of females during the 1990’s and at the time of the mortality event showed that
the interval had increased to 2.2 years. Jessica Robles analyzed a third set of photos taken from 2005 to 2011
and found the calving interval had further increased to 2.3 years during this period, which suggested that some

LSIESP researchers obtaining images for photographic identification. Photo courtesy Laguna San Ignacio Ecosystem Science
Program.
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breeding females were producing calves every three to four years rather than in alternate years. We surmised that
during the 1980’s female gray whales were breeding on a regular 2-year cycle, but as nutritional stress grew as
the population was growing in the 1990s and following the mortality event, females were not able to reproduce as
regularly as they had in the previous decade. If gray whales continue to obtain sufficient food during the summer
months, and their population continues to recover, we could predict a return to a regular 2-year breeding cycle for
most females in the future.
Additional evidence suggesting that the gray whales are recovering includes fewer observations of “skinny” adult
whales in Laguna San Ignacio in since the 2007-2010 winters. Observation of “robust” young calves also suggests
that gray whale females are finding adequate food during the summer, either from traditional feeding areas that
have recovered from the oceanographic regime shifts of the 1980s, in new areas where prey populations have
become established, or some combination of these.
We’ve also learned that water temperature apparently influences the winter distribution of gray whales along
the Baja California coast, and particularly the distribution of females with calves that are observed within the
lagoon. During warmer El Niño years fewer gray whale females and calves are seen in the breeding aggregation
areas around the lagoons of Baja California. The opposite is seen during colder conditions of La Niña years when
females and calves are observed moving to more southerly latitudes including the Gulf of California and coastal
areas of mainland Mexico. These annual variations in sea temperatures along the Pacific coast of Baja California
will also influence to the number of gray whales that visit Laguna San Ignacio during the winter.
Our research has revealed many details of the gray whales’ use of Laguna San Ignacio and other winter
aggregation areas. The ongoing monitoring of the use of these winter aggregation areas by the whales has
contributed significantly to our understanding of the dynamics of the whale populations, their responses to
environmental conditions, the importance of coastal bays and lagoons of Baja California to their reproduction,
and their wintertime migratory and reproductive behavior. All of this will continue to guide scientists and wildlife
managers in formulating decisions and actions for the successful conservation of this species and the habitats on
which it depends.
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Gray Whale Strandings, Health
Evaluations and an Unusual
Mortality Event in 1999-2000
by Frances Gulland
Beached and stranded animals offer a rare
glimpse into the health status of marine
mammals, yet often they raise more
questions than they give us answers. For
many years, marine mammalogists have
advanced knowledge of anatomy, genetics,
evolution and life history by examining
beached whale carcasses, and now
veterinarians are beginning to learn about
health and diseases of whales through these
strandings. I say “beginning,” as some health
changes are easy to detect in a long-dead
whale, such as fractured bones resulting
from ship strike, or even subtle changes
on bone that can result from inflammation,
infection or even the “bends.” However,
subtleties such as inflamed brain tissue
due to encephalitis viruses like West Nile
Virus, or dead neurons following biotoxin
exposure, are extremely hard to find in
stranded whales. This is partly due to the
logistics involved in examining a large
dead whale and extracting tissues such as
brain, but it’s mostly due to the rapid rate
of decomposition of soft tissues, making
them mostly worthless for detection of
morphological changes or infectious diseases
unless collected within hours from time of
death. Blubber lipid that is useful in other
species to assess nutritional status leaks
rapidly from the blubber of decomposing
whale carcasses, making even basic
assessment of nutritional status hard in nonfresh carcasses. Hence, most of what we

A gray whale apparently killed by a ship collision. This and other
photographs in this article courtesy The Marine Mammal Center.

know about gray whale health from strandings are obvious
traumatic changes and we have only a few glimpses that other
health problems occur.
Stranding records on eastern gray whales have been
maintained for decades and show spatial and temporal patterns
that reflect their migration along the west coast of North
America. Thus most dead calves are observed in Mexico, and
adults are found along the coast with ship struck carcasses
most common around the ports of Los Angeles, San Francisco
and Seattle. The number of gray whales that strand each year
along the migration route is small relative to the estimated
annual mortality, with total observed annual strandings along
the west coast between 1980 and 1995 being rarely more
than 10 animals. To date, the most common causes of death
identified are ship strikes and entanglements in nets, crab pot
lines and other fishing gear.
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Frequency of reported gray whale strandings, 1995-2001, by region.

An Unusual Mortality Event
In 1999 and 2000 the number of gray whale strandings along the west coast of North America increased to
approximately six times the annual mean for 1995-1998.
The unusually high number (283) of stranded whales in 1999 convinced the National Marine Fisheries Service
to designate the strandings as an “Unusual Mortality Event” (UME). The increase continued in 2000 with 368
carcasses reported. Then in 2001 and 2002, total observed strandings decreased to 21 and 26 animals respectively.
Most of the UME strandings occurred in Mexican waters during the breeding season, but increases in all regions
except Oregon were significant in 1999 and 2000, with proportionate increases being greatest in Alaska where
there was also an increase in survey effort to locate stranded whales. In 1999 and 2000, adults and sub-adults
were the most common age classes among stranded animals, whereas between 1995 and 1998, calves were the
most common age class. Although there was an apparent difference in the sex composition of the strandings, with
females being reported more commonly in 1999 (66%) and males were reported more commonly in 2000 (70%),
sex of many carcasses was not determined and aerial surveys biased sex determination in favor of males because
their sex is easier to confirm from aircraft.
Two stranded animals in the Alaska region were entangled in fishing gear. There were no confirmed ship strikes
in 1999. However, the first vertebra of an animal stranded at Olele Point, Washington on April 24, 1999, was
found to have lesions that were possibly due to trauma. In 2000, one whale that stranded in the San Francisco Bay
area had parallel cuts of equal length in the dorsal blubber typical of propeller injuries, but this whale was not
necropsied fully to determine the extent of the damage.
It is likely that the wounds were ante-mortem as dead whales usually float with the ventral abdomen facing up
and are therefore struck by propellers there. A second whale in San Francisco Bay was reported as hit by a tugboat
operator, but was not observed stranded (it sank on site) and therefore was not included in this dataset.
Only three UME animals (0.5% of the total) were examined thoroughly and their cause of death determined.
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A beached gray whale dead of apparent propeller wounds.

These three whales (two male juveniles and one
male yearling) stranded alive and were euthanized
due to their poor prognosis for survival. This gave
us the opportunity to collect very fresh samples for
diagnostic tests. The three euthanized whales had
different proximate factors contributing to death. The
first animal was a juvenile male that live-stranded
in Monterey, California, on May 11, 1999. On
gross examination, the animal was deemed severely
emaciated based on the protrusion of the vertebrae
along the dorsal midline and loss of the fat pad behind
the skull.
Ulcers were present along the leading edges of the
pectoral fins, and there was a dense infestation of lice
and barnacles. The blood vessels of the meninges
were distended, and some swelling of the brain cortex
was apparent.

Histopathology showed evidence of encephalitis
(inflammation of the brain), suggestive of a viral
infection, and blood sample collected at euthanasia
had antibodies to equine encephalitis virus. Virus
isolation was negative for all tissues later examined,
which may have been a result of culture conditions.
A second necropsied whale was a yearling male
that stranded in Marin County, California, on 26
June 1999. The most notable gross lesions were
granulomas in the wall of the entire length of intestine
associated with parasitic thorny headed worms, and
the stomach was distended with round worm parasites
and food material.
A third juvenile whale that stranded alive in Santa
Cruz County, California on April 8, 2000 (above)
had a ventral blubber thickness of 7cm, depletion of

Left: A very emaciated gray whale that beached in May, 1999. Center: The excised brain of that whale. Right: Intestinal
granulomas caused by thorny headed worms Bulbosoma balanae.
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A stranded juvenile whale showing signs of malnutrition, as indicated the depressed
region behind the skull.

the granules that store digestive enzymes in the pancreas (both consistent
with fasting or starvation), and dark neuronal change in the frontal
cortex and the hippocampus of the brain. Domoic acid, a biotoxin from
phytopkankton, was detected in serum, urine and feces of this whale.
The proximate cause of death was thus determined in only three of the
651 UME animals and each presented unique etiologies (viral, parasitic,
biotoxin). Each of these three animals was emaciated, which may have
been a cause or consequence of the disease processes occurring in these
animals because malnutrition could result from feeding in unusual sites and
acquiring atypical parasites or biotoxins. Malnutrition also can suppress
the immune system and increase a whale’s susceptibility to infectious
disease. As most of the whales were not examined thoroughly, no evidence
is available for the actual cause of death of most of the animals involved
in this event. The emaciated shape of many stranded and living whales in
1999 and 2000 suggests that starvation may have been a predisposing cause
for many of the mortalities, this starvation being either primary, resulting
from a decrease in the availability of prey, or secondary, due to disease and
the inability of sick whales to feed.
What You Can (and Can’t) Learn From Blubber
No reliable quantitative measure of nutritional status is available from these
dead stranded whales, and not all stranded whales were visibly emaciated.
Measurements of blubber thickness have been the most common way to
qualitatively assess body condition and degree of starvation of cetaceans
in the field. However, measurements of blubber thickness are affected by
the state of carcass decomposition, the site measured and the sampling
technique. Lipid content of blubber has also been used to assess nutritional
status. In gray whales, blubber thickness and lipid content vary according
to season, sex, age and reproductive status. In other mysticetes, blubber
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lipid composition is not uniform
throughout the blubber depth
or across the body, so this is
likely to be the case in gray
whales as well. Lipid content of
blubber from the UME stranded
whales was low compared to
published values measured
in subsistence-harvested, and
presumably healthy, whales,
and lipid composition was
influenced by degree of
decomposition. The blubber
samples of stranded whales that
were classified as “decomposed”
contained relatively low
lipid concentrations (<
10%) and lower proportions
of triglycerides but higher
cholesterol and phospholipid
levels in comparison to blubber
of fresher animals.
Decomposition also has
dramatic effects on blubber lipid
composition. The decreased
proportions of triglycerides
in the blubber from these
stranded animals compared
to lipid levels in subsistenceharvested gray whales may be
due to decomposition and to
leaching of these compounds
from the blubber, resulting in
higher proportions of polar
compounds. Blubber samples
from subsistence-harvested
gray whales from Russia in
1994 were 43% lipid, thus
considerably higher than the
12% lipid in blubber from the 22
fresh whale samples in 19992000. Relatively high lipid
concentrations were expected in
the subsistence harvested gray
whales because samples were
taken in the early fall after these
animals had been feeding in the
Bering and Chukchi Seas and the
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If poor nutrition is accepted as the most plausible explanation for the
1999-2000 UME, the main question remaining is “why?” Why does a large
mammal capable of migrating thousands of miles and moving amongst
different sources of food starve? Determining whether malnutrition in
those years resulted from an increase in whale numbers approaching
“carrying capacity,” (essentially reducing prey availability by overgrazing)
or to changes in ice distribution limiting access to feeding grounds, or
even to some yet unexplained change in prey distribution, will require
continued collaborations amongst population biologists, physiologists and
veterinarians. New techniques are needed to evaluate nutritional status
in live and dead whales that can be used to distinguish starvation from
seasonal fasting. The susceptibility of gray whales to malnutrition coupled
with their proximity to the coast line make them an ideal species to evaluate
impacts of climate change in the Arctic on a marine mammal. Whatever the
cause of the mortality associated with this event, the consequences to the
eastern gray whale population were severe. The event and its immediate
aftermath is estimated to have reduced the eastern gray whale population by
almost one-quarter (5,000-6,000 whales) of its pre-UME numbers.
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A tentative conclusion
Factors which may have
contributed to the increased
mortalities observed in the
1999- 2000 UME are: 1)
nutritional stress; 2) chemical
contaminants; 3) biotoxins, 4)
disease, in which animals are
either directly affected or are
incapacitated and unable to
feed, migrate, or reproduce; and
5) direct anthropogenic factors
such as fishery interactions or
ship traffic. The latter three
factors are considered unlikely
to be the cause of the UME.
The mean concentrations of
organochlorines in the blubber
of gray whales that stranded
in 1999 were well below those
observed in apparently healthy
subsistence-harvested gray
whales suggesting that acute
organochlorine toxicity was
unlikely important as a factor in
this mortality event. Tissues of
four gray whales that stranded
in the Gulf of California during
1999 had low levels of total
mercury and methylmercury
in muscle, kidney and liver.
The importance of ship strikes,
disease and biotoxins as factors
in this mortality event cannot
be adequately assessed as too
few carcasses were sampled

adequately to assess these factors. In the three animals sufficiently
examined to detect disease or biotoxins, viruses, parasites and domoic acid
were all detected and played a role in the death of the individuals. The
magnitude and the wide temporal and spatial distribution of the strandings,
however, suggest that a common factor was involved in mortality of these
whales, so it is unlikely that a single infectious disease or biotoxin was
responsible for the entire die-off. Thus nutrition remains the most likely
dominant factor in precipitating this mortality event, although direct
evidence of starvation in stranded whales is limited.

estimated population size

samples were fresh. In contrast,
most of the stranded gray
whales were on their northward
migration in winter, spring, and
early summer, and many of the
samples were from carcasses
that were more decomposed.
The low lipid content of blubber
from the stranded whales may
thus be due to poor nutritional
condition, decomposition, or
sampling differences.
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year
Impact of the 1999-2000 UME on the eastern gray whales population, based on the
model of population abundance by Punt and Wade (2010).
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Watching Gray Whales
by Celia Condit and Paul Jones
“There is one group which should take the credit for the development of whale watching: it is the whales
themselves. Described by Roger Payne as nature’s self-publicists, there is nothing more remarkable than seeing a
whale for the first time.” (O’Connor et al. 2009)
It is fascinating to imagine what the earliest human encounters with whales were like. Surely as humans pressed
out of Africa along coastal routes across the Indian subcontinent and to Australia, they saw and possibly foraged
on whales. We now know early humans were surviving on marine animals in the Cape region of South Africa.
However, we will never know who watched the first gray whales. It was either the descendents of the earliest
migrants who made it to the shores of the Atlantic and saw what is now an extinct population of grays or the
proto-Alaskans who crossed Beringia 10-15,000 years ago and saw them in the extreme north Pacific.
Either way, the awe, fear, and excitement they surely experienced from seeing such huge animals surfacing
and breathing air are likely similar to what the earliest whalers felt as they plied the coastal waters in search
of gray whales for exploitation. Baidarkas (or Alaskan kayaks) were built by Aleuts some 4,000 years ago and
would have afforded a close and personal whale watching experience. With the advent of sail and then power
vessels, whalers had more opportunities to pursue and watch whales. Charles Scammon had powerful skills
of observation as a naturalist, and should be considered an early whale watcher, if we are willing to accept the
much different attitudes of the day that allowed one to be both hunter and naturalist philosopher. What started as
watching, transformed to scavenging and killing, and is now evolving back to a relationship of mutual respect and
observation.
The 20th Century brought significant changes with the ban on
commercial whaling, resulting in more gray whales along the
West Coast. Pioneers like Carl Hubbs and Raymond Gilmore
in San Diego led the way to a less lethal way to watch and
study whales. Students counted them from shore, and public
parks at many locations along the West Coast offered venues
for shore-based viewing. In 1955 people paid a dollar to
watch them from boats. Interest continued to grow during the
1960s and 1970s and boat-based trips spread throughout the
west coast and the first trips headed south into Baja’s lagoons.
“Animals and humans share a powerful and primal urge to
seek out what they need in life. We depend on this emotion
to stay alive, because curiosity and active interest in the
environment help animals and people find good things, like
food, shelter, and a mate, and it helps us stay away from bad
things, like predators.” (Grandin and Johnson 2005).
In characteristic exuberance, gray whales can be
seen in an array of displays, from a breach to a spy
hop to lob tailing. In this rare photo, a cow and calf
are seen spy hopping together. Photo by Alastair
Marsh.
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What drives us to watch whales? Some might describe
the need as curiosity--a strong desire to know something.
Whatever the reason, whales have drawn us to them, to watch
and encounter them in their natural environment, not just
to kill them. While we are still learning impacts of whale
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Whale watchers in Baja's lagoons meet a "friendly" gray whale. Who is watching whom? Photo by Alastair Marsh.

watching on both the whales (disruptions on feeding
or breeding grounds and migratory routes, noise
disturbance, energy budget changes) and humans
(emotional welfare, economic benefits, increased
conservation), the human response is undeniable. The
curiosity about whales has created a global paradigm
shift in public attitude from whales as a product, to
whales as an object of admiration, with an attendant
increase in support for whale conservation.
Whale watching, the human activity of encountering
cetaceans in their natural habitat, is now considered
an economically important tourism activity around
the globe, even in countries where whaling still
exists. In 2008, global ticket sales for whale watching
trips generated $2.1 billion in direct and indirect
expenditures. Overall, in 1998, there were 9 million
whale watchers in over 80 countries, and this number
jumped to 13 million in 119 countries by 2008.
The annual growth rate of 3.7% is similar to other
forms of tourism worldwide. A report written for the
International Fund for Animal Welfare states that “[a]
nimals and people both do better when whales are
seen and not hurt.”
During the 1950s and 60s, gray whale numbers
increased enough to interest whalers once again and
they considered killing whales in the Baja lagoons
(and they were still being taken from a shore station

in Richmond, CA. into the early 1960s). However,
Mexico turned to science – to gray whale researchers
from the US, American Cetacean Society members,
and Mexican environmentalists – and instead of
whaling, the watching increased under closer scrutiny
from the government. Growth in Baja California’s
local whale watching has increased as well,
representing 85% of all of Mexico’s revenues from
the industry, which exceeded US$85 million total.
And today’s whale watching in the Baja lagoons is
a grass roots operation, with locally owned pangas
(small boats) taking Mexicans and foreign tourists
alike to encounter gray whales.
In the U.S. and Canada, tourists took to whale
watching from boats, turned their binoculars towards
the nearshore waters, and continued to visit Baja
lagoons in larger numbers. New questions arose.
Would human disturbances from watching offshore
or in Baja lagoons harm the whales? After Mary Lou
Jones and Steven Swartz spent five years of study on
the shores of Laguna San Ignacio from 1978-1982,
they observed and reported on activities associated
with tourism in addition to other research. They
suggested that Mexican refuge regulations were key
during this period of increased human visitation.
The number of tour boats was limited and vesselfree zones were identified as part of the Laguna San
Ignacio refuge.
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In 1972 Mexico declared Ojo de Liebre (Scammon’s Lagoon)
its first refuge for whales and the first marine protected area
designated specifically for cetaceans. Guerrero Negro and
a nearby smaller lagoon were added to the refuge in 1980.
Protection for Laguna San Ignacio came in 1972 as a Migratory
Bird Refuge, and then as a whale refuge in 1979. Several
areas used by gray whales were combined into the El Vizcaino
Biosphere Reserve in 1988, an international designation for
the sustainable use of both land and sea biodiversity, including
protection of the local economy and eco-tourism. In 1993
UNESCO designated the area, called The Whale Sanctuary of
El Vizcaino, a World Heritage Site for its “exceptional universal
value as a sanctuary for gray whales and other important
species.”
Protected areas regulate human activities such as limiting
boat traffic based on whales’ use of the habitat, viewing
distances, and use of certain equipment. There are sanctuaries
for breeding adults and nursing areas for mothers and calves
away from tourist zones. Thoughtful management establishes
an atmosphere of respectful coexistence with gray whales and
tourists in the Baja lagoons.
In U.S. waters, whale watching is regulated by NOAA, which
limits approach distances and angles, requires careful operation
around mothers with calves, and suggests non-harmful speeds
and course lines. These rules were written to “help viewers
avoid violating the Marine Mammal Protection Act and
Endangered Species Act.”

Gray whales appear curious about boats and whale watchers. We don't
know if they are attracted to boat noise or the strange creatures in the
boats. Photo by Charles Howell.
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In the Baja lagoons, because of the refuge
status and the regulatory process involved
with gaining access, there are very few
permits granted for large boats to access a
defined zone. In Laguna San Ignacio, the
local cooperative manages the numbers and
schedules of pangas, which take tourists
from the larger boats and the land-based
camps out whale watching, through a selfgoverning process that runs yearly from
January 15 through April 15.
According to Steve Swartz and Aaron
Thode, research underway today in Laguna
San Ignacio includes visual surveys to
document the numbers and distribution of
gray whales in all areas in the lagoon during
the winter, and the collection of sounds,
both environmental (wind, fish, tides)
and human-related (boats). This research
provides baseline information to guide the
identification of trends in whale abundance
and underwater noise over time.
The behavior of gray whales in the lagoons
suggests that the tourist boats are not a
deterrent. Some individuals and cow-calf
pairs approach pangas, swim alongside,
spy hop, and come close enough for people
to reach out and touch them. Perhaps
gray whales are curious about the lowfrequency engine noise or they seek sensory
stimulation to the skin. Perhaps gray whales
are interested in the strange creatures from
above the water line. Panga operators report
that cow-calf pairs remaining in the lagoon
into late April, well after the end of the
tourist season, continue to approach their
boats as they transit the lagoon on fishing
trips.
Ray Gilmore described this behavior as
“friendly” in 1975 and others may have
experienced it earlier. Today one doesn’t
talk about gray whales in Baja without
mentioning the “friendlies.” According
to Jones and Swartz, the number of gray
whales approaching boats was rare and
involved only a small number of whales
during their first research season in
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1977. But by 1982 they personally had encounters with at least 200 whales during their field season. And the
commercial vessels visiting the lagoon from 1980-1982 reported almost all passengers having contact with a
friendly whale.
As operator (Condit) and naturalist (Jones) with extensive experience with gray whale watching in all its forms,
it is clear to us that the immersive whale watching in the Baja lagoons “kicks it up a notch.” The close encounters
by friendly or curious adults, juveniles, and - most surprising - cows with calves, is incredible. Lingering long
enough for people to stroke their backs, faces, and even their tongues, these whales afford tourists with an
opportunity to experience the unbelievable. It is difficult to describe the sometimes sublime, but often thrilling,
scene of a mother pushing her calf over to the boat to be touched by people.
In the spirit of “it takes a village,” perhaps it is the effect of the vessel operators, guides, tourists, resource
managers, and researchers creating a collective stewardship that provides a rich and protective whale-watching
environment. Experienced operators and informed guides are the guardians of the tourists’ experience and are
vested in the future from both an economic view and from their own passion about conservation. According to
recent research, tourists wanted assurance that whale watching boats were following approved guidelines and
keeping a safe distance from whales. In addition, the knowledge that guides and boat crew were trained in whale
watch practices was more important than being as close as possible to the whales. Tourists won’t passively stand
by while a boat operator chases a whale or approaches too close. And guides are at their best while answering
probing questions about gray whale natural history and imparting messages of preservation and stewardship.
A recent threat to the ecological integrity of Laguna San Ignacio came from Mitsubishi Corporation’s proposed
plans to build extensive salt works and docks. Local Mexican stakeholders worked closely with international
environmentalists and were backed by conservation-minded whale watchers to oppose the project. In 2000,
former Mexican President Ernesto Zedillo made a courageous decision to deny the project. This contingent of
local stewards, representatives of the whale watching community, and well-informed elected officials were able to
protect this magnificent place, which is a rich ecosystem for many species and a revenue source for its citizens.
Thus with sound refuge planning and management, committed stakeholders, and stewardship promoted through
education, we can expect a bright future for whale watching. When you add a special encounter, such as
witnessing an aerial breach or being able to touch a whale, whale watching becomes more than a curiosity or just
watching – it’s life changing.
“While governments continue to debate the future of whaling, the bottom line is increasingly clear: Responsible
whale watching is the most sustainable, environmentally-friendly and economically beneficial ‘use’ of whales in
the 21st century.” (O’Connor et al. 2009)

																										

A very young calf comes in for a
close look in the vortex of water
created by the cow. Photo by
Alastair Marsh.
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Gray Whales in Captivity
by James Sumich
Baleen whales in captivity are a rarity.
They are so large that they can’t be
held until mature, so captive breeding
is impossible. Even young ones require
enormous amounts of food – and they
won’t do tricks for a handful of fish. Even
so, five young gray whales have been
held in tanks at Sea World, San Diego,
for varying periods, some purposefully
captured, others rescued after stranding
ashore. Here the three with the longest
residence times are described.
The Two Gigis
A March, 1971 expedition sponsored
by Sea World, San Diego, with support
from the University of California, San
Diego, arrived by boat in Laguna Ojo de
Liebre. A few days later, a 5-6 week old
female gray whale calf was captured and
transported to San Diego where she was
maintained for the next year. This whale,
named Gigi II, became a major attraction
at Sea World, where thousands of people
obtained their first close look at a gray
whale (top). Sea World was established in
San Diego in 1964 as a marine zoological
park for the public display of dolphins,
sea lions and other marine animals. Sea
World was an immediate commercial
success, attracting more than 400,000
visitors during its first year. It also was
the only facility on the U.S. west coast
capable of housing a young gray whale
for an extended period.
Gigi II was not the first gray whale calf
to be captured by Sea World, but she
was the first to survive and be released
successfully to the wild. Her predecessor,
Gigi I, also from Laguna Ojo de Liebre,
was captured in 1965 (barely a year after
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Gigi II in tank prior to her release, with the pad to receive her radio pack
surgically attached. NOAA National Marine Fisheries Service.

Sea World was established) by being first restrained with a small
harpoon and then netted. After being returned to San Diego,
Gigi I survived for two months before succumbing to infection
of her harpoon wound. Gigi II, on the other hand, was captured
with nets only, and the extent of capture-related injuries was
greatly reduced. Gigi II weighed almost two thousand kg at the
time of her capture, and was 5.8m long. At Sea World, Gigi II

Left: Gigi I soon after capture in 1965. Right: Gigi II just before release
with her radio pack in position. The Gilmore Collection, SDMNH.
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was first fed a fat-rich artificial formula by stomach tube, and after several months was weaned to a diet of whole
squid dropped into her tank as large frozen blocks. By the time of her release in March, 1972, she was consuming
850 kg of squid each day and daily converted that to about 33 kg of additional body mass. By her release,
she had increased to about six thousand kg in mass and 8.2m in length. A large radio transmitter package was
surgically attached to facilitate tracking her after release. From her release site off San Diego, Gigi II was tracked
intermittently for eight weeks as she made her way slowly northward to Monterey Bay, a distance of 700km,
where contact was lost, and was never reliably re-sighted.
Gigi II was my first gray whale. Beginning a few months after moving to San Diego with a newly-minted Masters
degree in biological oceanography from Oregon State University and a new position teaching marine biology at
Grossmont College, I had a year of opportunities to closely observe this very special whale before she was reintroduced to the open ocean. Recordings of a series of rapid echolocation-like clicks that Gigi II made during
her release were unlike any sounds previously recorded from gray whales. These unusual sounds prompted my
first fieldwork with gray whales, recording their vocalizations in their natural environment along the west coast
of Vancouver Island, Canada. The results of this and other research projects involving Gigi II were summarized
in a special issue of Marine Fisheries Review, published in 1974. The experience that the animal care staff at Sea
World gained during the year of working with Gigi II set the stage for a remarkable rehabilitation effort of an
orphaned or abandoned gray whale calf more than 25 years later.
JJ – A Rescue Success Story
On a wintery January morning in 1997, a small and apparently newborn gray whale calf was spotted in seeming
distress in the surf near Los Angeles, CA. Its appearance set into motion a large and complicated multiple agency
and corporate response to rescue this whale and eventually rehabilitate her and release her back into southern
California coastal waters. The staff at the Los Angeles County Museum of Natural History were asked to assist
in moving the calf into deeper water. An extensive surface and aerial search for the calf’s mother was conducted,
as the best outcome for this calf would be to reunite it with its mother. However, no adult whale was observed
in the immediate area. Soon the calf was washed against some boulders of a nearby breakwater, then back into a
deeper channel. As long as the calf was able to swim, the staff of the National Marine Fisheries Service (NMFS),
the agency authorized by the MMPA to respond to stranded marine mammals, continued to closely monitor it but
did not intervene. The NMFS policy is to avoid intervening with any free-swimming cetacean that appears to be in
difficulty until it is clear that its stranding is imminent.
When the calf continued to swim erratically and in apparent distress very near shore, NMFS contacted the Sea
World, San Diego, oceanarium to ascertain its willingness to accept the calf if it did not move away from shore.
Sea World was the only facility on the west coast able to house and possibly rehabilitate a baleen whale. It had
previous experience housing the earlier captive gray whales,
Gigis I and II, and also had attempted to rescue a malnourished young gray whale with severe scoliosis and whale lice
infestations in 1982. That whale, however, died within hours
of arriving at Sea World.

Rescuers attempt to ease JJ into a sling for transport
off the beach.

Although Sea World was under no obligation to assume a
large and expensive responsibility to provide care for a newborn gray whale calf, its parent corporation agreed to accept
the calf for recovery, rehabilitation and, hopefully, eventual
release back to sea. As the calf continued to remain close to
the beach, rescuers decided its best chance for survival was
to remove it to SeaWorld where it could receive appropriate
veterinary care. On the afternoon of January 11, the calf was
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loaded onto a truck for the two-hour drive to San Diego. Thus began a 14-month adventure for Sea World staff,
researchers, and thousands of other people who got their first up close and personal look at a baleen whale.
When the calf, now named JJ, arrived at Sea World, she was comatose, emaciated, dehydrated, severely hypoglycemic and had a barely detectable heartbeat. On arrival at Sea World, JJ was given only a 50% chance of
surviving the first night. Yet within 30 minutes of receiving a sugar solution directly into her stomach to counter
the hypoglycemia, JJ opened her eyes and was swimming unassisted. An hour later, she was force-fed her first
artificial formula with a stomach tube and antibiotics were administered to speed healing of the many shallow cuts
and scrapes she received when she was washed against the jetty rocks before rescue.

JJ in her quarantine tank soon after arriving at Sea World,
San Diego.

JJ with her feeding tube.

The presence of a few whale lice on JJ suggested that she had some physical contact with her mother before
coming ashore. Additionally, a specific protein, gamma globulin, was detected in a sample of JJ’s blood
indicating that she had suckled at least once, as that protein can be obtained only from the mother’s milk.
Whether she was abandoned, orphaned, or simply lost was (and still is) unknown.
Within a week of arriving at Sea World, JJ was voluntarily taking 10 liters of formula from a specially designed
nursing tube seven times a day. When feeding, she used her tongue to seal the nursing tube against the roof of her
mouth, losing very little formula in spite of her gaped lower jaw, to rapidly drain the formula container. By the
end of the second month, the volume of formula was slowly increased to about 20 liters per feeding.
Whole fish, squid and krill were introduced after about four months, but, like many young mammals, she
preferred to play with her food rather than consume it. At six months of age, she didn’t seem inclined to wean
herself, so her formula was gradually reduced to increase her appetite, and by August she was completely weaned
onto solid food placed in piles on the bottom of her tank. By late September, JJ was consuming over 400kg of
solid food each day.
At the end of her first month at Sea World, JJ was moved from her quarantine facility to a much larger tank that
had a large underwater viewing window accessible to the public. To monitor her growth and general health, she
was periodically moved to an adjacent small pool equipped with a false bottom that could be raised to partially
strand JJ. Here she was carefully examined, several standard body measurements were made and blood samples
were taken. Then she was placed in a sling and lifted with an industrial crane equipped with a strain gauge to
determine her weight. It was during these periodic temporary strandings while JJ was somewhat immobilized in
her sling that I and other researchers also had access to JJ for studies not related to her immediate health, captive
maintenance and eventual release issues.
The opportunity to have repeated access to a healthy, growing JJ over the entire time span of her rehabilitation
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It was also apparent that the nutritional regime
provided to JJ was much improved over that received
by Gigi II a quarter century earlier. Although JJ began
life as a smaller whale than Gigi II (she weighed 758
kg when she first arrived at Sea World), she soon
overcame that deficit in both body length and body
mass. By one year of age, JJ’s length surpassed the
expected average length for wild calves at comparable
ages, likely because she was eating well through her
first winter while wild calves in her age class were
dealing with winter-induced food scarcities made
even worse by the developing strong ENSO/El Nino
that year. By her release date, JJ’s mass exceeded the
capacity of the largest capacity strain gauge available
to us, and we calculated that JJ weighed around 9,280
kg, about 50% heavier and one and a half meters
longer than was Gigi II at the same age.

The author and several Sea World staff holding a
pneumotachograph in place to measure JJ’s lung volume.

We found that at each successive age, her tidal lung
volume, the amount of air actually exchanged with
each breath, was related both of the duration of the
expiration, and of her body length. Our work with JJ
also allowed us to refine the relationship between the
duration of a breath hold and the amount of O2 used
that we had found earlier with lagoon calves. Taken
together, these results gives us a basis for estimating
field metabolic rates of gray whales through their first
several months of age.
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at Sea World allowed us to document for the first
time a baleen whale’s developmental changes from
neonate to independent yearling. As an example,
we determined JJ’s lung volumes by repeatedly
measuring the volume of air she expired at the end of
each breath hold, and did this at several different ages
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Once it was clear that JJ was thriving in her Sea World environment, our attention turned to deciding when and
where to release her. In June, 1997, a re-introduction workshop was convened and several ideas were discussed,
ranging from a release soon after weaning to a proposal that JJ remain at Sea World indefinitely. A post-weaning
release would allow transport by air to a favorable release site north of southern California because JJ would still
be a manageable weight. However, 1997 saw the beginning of the most intense ENSO event yet monitored along
the U.S. west coast, and the consensus decision was that JJ would be better served by remaining at Sea World
through the winter months of poor food availability and aim for a March, 1998 release off the San Diego coast.
Planning for the release required coordination between SeaWorld and numerous federal, state and local agencies
and officials, and even Mexican officials, as JJ just might choose to swim south into Mexican coastal waters after
her release.
JJ’s body mass at her release date posed some substantial logistical challenges. At that size, she would be the
largest animal ever maintained in captivity or transported. A U.S. Coast Guard buoy tender, the Conifer, was
berthed in San Diego and was selected as the release vessel as it was the only available vessel capable of lifting,
transporting and releasing JJ safely into the water. After a series of storm-caused delays, the weather cleared, and
in the early morning hours of March 31, 1998, JJ was eased into a specially constructed sling by Sea World staff
and lifted into a foam-padded shipping container on a flatbed tractor-trailer rig.
From Sea World, JJ’s convoy rolled through San Diego to the delight of hundreds of onlookers who turned out to
wave good-bye. At a U.S. Navy pier in San Diego Harbor, JJ and her foam bed were transferred to the Conifer
by crane for the short trip offshore to her release site. The Coast Guard also provided a cutter to serve as a media
platform and several smaller vessels to enforce a safety zone around the Conifer at the release site. About 10 am,
the crane aboard the Conifer lifted JJ over the side and lowered her into the water as quick-release connectors on
the outboard lifting cables were activated and JJ rolled into the sea, took a breath, dove and was not seen again
for over four hours despite the presence of several hundred observers and onlookers aboard the release and escort
vessels and in search aircraft overhead.
Just before leaving Sea World on the release day, JJ was fitted with two buoyant housings containing both shortrange UHF and long-range satellite-linked VHF radio transmitters. Both housings were attached by fine stainless
steel cables to anchor heads surgically placed in JJ’s blubber several days before her release. Signals from either
type of transmitter could be detected only when the transmitter antenna was above the sea surface; and the VHF
transmitters were further limited to short windows five times each day when one of the two ARGOS satellites that
received the transmitter signals were overhead while JJ was at the surface.
After her four-hour disappearance, transmitter fixes placed JJ several km from the release site where she was
observed swimming strongly near shore. She swam south along the shore, then back north again when her radio
signal was lost during the night. More satellite position fixes
were obtained over the next few days, but there was some
confusion about whether these signals were coming transmitters
still affixed to JJ or were free-floating and were rising and
falling with the sea swell after they had become detached. One
transmitter package was retrieved from the beach on April 2
and the other the following day. Whether by intent or accident,
and to the dismay of thousands of people who planned to follow
her post-release exploits via the internet, JJ was free of all our
connections with her, an anonymous, free-swimming gray
whale. To date, there have been no confirmed sightings of JJ
since the afternoon of her release.
JJ in her release sling just before becoming a wild
whale once again.
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of the most remote field camps anywhere in the world and shared his experience and wisdom with countless students and
colleagues (including many that spoke no Russian!).
John Calambokidis is a Research Biologist and one of the founders of Cascadia Research, a non-profit research
organization formed in 1979 based in Olympia, Washington. He has directed long-term research on the status, movements,
and underwater behavior of blue, humpback, and gray whales. Some of his recent research has included attaching tags
to whales with suction cups to examine their feeding behavior and vocalizations. His primary interests are the biology of
marine mammals and the impacts of humans. He has authored two books on marine mammals as well as more than 150
publications in scientific journals and technical reports.
Celia Condit is a former marine-life educator and whale-watching guide. With her husband Captain Art Taylor, she coowns Searcher Natural History Tours. Their boat-based business has a 30-year history of operating tourist excursions in the
refuges, reserves, and marine parks of Baja California, Mexico and southern California.
Dave Duffus is on the faculty at the University of Victoria and directs the Whale Research Lab. The passage of a large
number of talented graduate students in his lab has fomented a varied body of work on ecology, population dynamics, the
social/cultural domain, and resource management of marine wildlife in many settings. Together with Laura Joan Feyrer and
Rianna Burnham, from Victoria and Birmingham UK respectively, they have spent about 8 years examining the interplay
between gray whales and prey on the research group’s long term study site in Clayoquot Sound on Vancouver Island, now
into its 26th year or research.
John Durban is originally from the UK and studied for his undergraduate and Ph.D. from the University of Aberdeen. Since
then, John has been based in the US: firstly working with the NOAA Alaska Fisheries Science Center in Seattle, conducing
research on the role of killer whales as predators in Alaskan marine ecosystems; now with the NOAA Southwest Fisheries
Science Center in La Jolla, where his research includes the ecology of Antarctic killer whales and the impact of killer whale
predation on gray whales.
Frances Gulland is a veterinarian at The Marine Mammal Center in Sausalito, California. She has been actively involved
in the veterinary care and rehabilitation of stranded marine mammals and research into marine mammal diseases there
since 1994. Her interests include determining the impacts of human activities on marine mammal health, and how marine
mammals can in turn serve as indicators of ocean health. She received a veterinary degree from the University of Cambridge,
U.K., in 1984, and a PhD in Zoology there in 1991. Before moving to California in 1994, she worked as a veterinarian and
research fellow at the Zoological Society of London. She currently serves as Commissioner on the U. S. Marine Mammal
Commission.
Paul Jones is a marine scientist who has participated in marine mammal and seabird research, taught intertidal ecology, and
has led natural history trips in California, Alaska, Canada, and Mexico for over 30 years. As a licensed captain, Paul has also
taught sailing and navigation on and off for over 40 years.
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Aimee Lang first started working with gray whales as a PhD student at the Scripps Institution of Oceanography, where her
dissertation research focused on the population genetics of gray whales in the North Pacific. As part of this work, she spent
six field seasons studying the small group of gray whales that feed off the coast of Sakhalin Island, Russia, during summer
and fall. After completing her Ph.D. in 2010, she began a postdoc with the Marine Mammal and Turtle Division at the
Southwest Fisheries Science Center in La Jolla, CA. As a postdoc, Aimée continues to explore the population structure of
gray whales in both the eastern and western North Pacific while also working on a project to assess the subspecific taxonomy
of blue whales.
Craig Matkin is executive director of the Alaska based North Gulf Oceanic Society, has studied cetaceans in Alaska since
1977. He has spent seven spring seasons since 2003 observing the gray whale migration and predation by killer whales in the
Unimak Island region. Together with John Durban he is completing a manuscript on the tagging studies that they conducted
in that area.
Wayne Perryman spent a 20 year career as an Officer in the NOAA Corps before taking a job at the Southwest Fisheries
Science Center where he now leads the Cetacean Health and Life History Program. His research has focused on the use of
vertical aerial photography to investigate reproductive and nutritive condition of large cetaceans and on shore-based surveys
of eastern north Pacific gray whales. His most current efforts include an investigation on the use of small unmanned aerial
system (UAS) for collection of vertical images in areas where manned platforms are unavailable or excessively expensive.
Hiram Rosales, Jorge Urban and Sergio Martinez are researchers associated the Programa de Investigación de Mamíferos
Marinos at the Universidad Autónoma de Baja California Sur, La Paz, B.C.S., México.
Dave Rugh is a retired Wildlife Biologist who has studied the distribution and abundance of Alaska’s gray whales, belugas,
and bowhead whales, working 34 years for the National Marine Mammal Lab, NOAA Fisheries Service. This included
oversight of NMFS’s shore-based census of gray whales during their southbound migration at Unimak Pass, AK, and at
Granite Canyon, near Carmel, CA, with an emphasis on studying observer performance.
James Sumich began conducting research on gray whales in the mid-1970s while, early in his 35-year career teaching at
Grossmont College in southern California. He has studied gray whales from British Columbia to Baja California as part
of his PhD research at Oregon State University, and was fortunate to work extensively with the rescued calf, JJ, during her
rehabilitation at Sea World, San Diego in 1997-98. Jim is the author of a widely used marine biology textbook, has coauthored a marine mammal textbook with Annalisa Berta and Kit Kovacs, and is currently teaching occasional classes at
OSU and putting the finishing touches on a general audience book on gray whales.
Steven L. Swartz is a 1986 graduate of the University of California at Santa Cruz, Steven has researched and published
widely on gray whales and their breeding lagoons in Baja California. He served as a consultant to the Mexican government’s
Ministry for the Environment, Natural Resources, and Fisheries (SEMARNAP), and worked for the Ocean Conservancy
(previously the Center for Environmental Education), the U.S. Marine Mammal Commission, the National Marine Fisheries
Service, and the International Whaling Commission. He now works with non-government (NGO) organizations on various
marine protected area conservation projects, and he co-directs the Laguna San Ignacio Ecosystem Science Program in Baja
California, Sur, Mexico. He is the author of “Lagoon Time”, a new book on the gray whales, the history, conservation, and
natural history of Laguna San Ignacio due out in 2014.
David W. Weller is a research biologist with the Marine Mammal & Turtle Division, Southwest Fisheries Science Center
in La Jolla, California. Dave spent much of his youth exploring and enjoying the ocean off Southern California. He has been
studying the biology and ecology of marine mammals across the globe for over 25 years. In 1998 he received his Ph.D. from
Texas A&M University where he studied bottlenose dolphins in the Gulf of Mexico. Current research conducted by Dave
includes studies of (1) the behavior, ecology and population dynamics of gray whales in the western and eastern North Pacific
and (2) the behavioral ecology and population dynamics of coastal and offshore bottlenose dolphins off California. In the past
decade, he has worked closely with the International Whaling Commission and the International Union for Conservation of
Nature (IUCN) on issues related to the conservation and management of gray whales.
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You care about whales, dolphins, and
porpoises. We’re here to protect them,
but we can’t do it without your help.
The American Cetacean Society is proud to present this issue of Whalewatcher, dedicated to gray
whales, and is grateful to guest editor, James Sumich, and the authors and photo contributors who
made this special publication possible.
Uniquely written by scientists for the lay community, Whalewatcher is just one of the many benefits
you’ll enjoy as an ACS member – from local chapter meetings and action alerts, to discounts
on whale watching trips and issues of Spyhopper, our quarterly newsletter, your support of ACS
puts you at the epicenter of our efforts to protect the future of cetaceans. The best benefit of all,
however, is knowing that your investment in the American Cetacean Society is making a meaningful
difference in the lives of whales, dolphins, and porpoises everywhere.
To activate or renew your ACS membership today or to make a donation, visit our website at:

www.acsonline.org
When you join or donate to ACS today, you’ll help us achieve lasting results for cetaceans and the
healthy habitats upon which they depend. Thank you for becoming a member!
On behalf of whales, dolphins, and porpoises,

President
ACS National Board of Directors

Photo by Morris Grover, © Groverphoto.com

Whalewatcher
JOURNAL OF THE AMERICAN CETACEAN SOCIETY
P.O. BOX 1391
San Pedro, CA. 90733-1391

