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Abstract

Humpback whales throughout the world's oceans undertake seasoml
migrations between summer feeding grounds in oear-polar waters and
winter breeding and calving groundas in tropical or near-tropical
waters. The influences of thils seasonal migration on the sccial
organizatlion and population structure of humpback whales in the central
and eastern North Pacific were studied through repeated observations of
natural ly-marked individuals. These whales form a zingle "structured
stock® consisting of several geographically-isolafed Ffeading herds"
which intermingle on one or more wintering grounds. Mark-recapture
analyses indicate that the Hawailan wintering congregation is four to
gix times larger than the aocutheastern Alaska feedlng herd. Some
genetic isclation between feeding herda is suggested by a longitudinpal
¢line in the coloration of humpback whale tail flukes,

Migratory movement between ssasonal habitats is accompanied by
earked changes in social behavior and group structure. In Hawali, most
groups ¢f whales are transient aggregations of males competing for
accass to sexually mature females, including cowa with newborn calves.
Aggression between competing males foliows a roughly hierarchical
ascaling of intensity, progressing from apparent threat displays to
physical displacement and charge=strikes. The mating system of humpback
whales 1s proposed tc be polygynous or promiscuous. Humpback whales do
not form stahle palr bonds during the winter season; females are seen

serially and simultaneocusly with multiple males, and malea are seen

serially with multiple females.
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In contrast to the mating system, the foraging strategies of
humpback whales in socutheastsrn Alaska are generally non-competitive.
Although intrasexual asscciations predominated, adult pods can be all

male, all female, or mixed sex, The majority of cow-calf palrs are

unaccompanied by other adults. Most pods are transient and associations

between ilndividuals are fluid. Some whales, however, form stable
asscoclations that endure across a summer season and reocour across
years. Cooperative feeding among stable groups ls evidenced by closely
coordinated behavior, and, possibly, leadership by older experienced
individuals. It is proposed that the structure of humpback whale
populations has evolved to enhance the probability of feeding
cooperatively among closely related individuals within feeding herds,
while competing with distantly related individuals for breeding pariners

on the wintering ground.
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Cverview

"Since man first hunted animals he has been

a student of animal behavior.® Cowan (1974)

Through the course of its lifetime, each individual in a population
attempts to maximize its inolusive fitness {Hamiltor 196l)., The social
organization of a specles, 1n turn, reflects the sum total of each
individual's attempts to maximize its incluaive fitness through
cooperation and competition with other conspecifics. While broadly
limited by phylogenetic inertia, social organizaiicns are remarkably
lablle in responding to apecific ecological pressures (Eisenderg et al.
1972; Eisenberg 1981). E.0. Wilson (1975) has sxpressed the
phylogenetic key to mammalian sociobiology in one word - laatation.
From this single conservative trait flows the twoe common features of
most mammalian societies inciuding such diverse assemblages as prides of
lions, herds of elephants, and, as will be shown in.this dissertation,
poda of wbales,

First, becpuse adult females are committed to gestation and
nursing, they are a limiting resource in sexual selection (Trivers
1972), Males are thus free Lo maximize their fitness by attempting to
mate with many females. As a result, mammals show a strong tendency for
polygynous mating systems and Intrasexual competition between males
(Orians 1969}, The specific form of a polygynous mating system is
further influenced by the effects of predation and the ability of males

to control acceas to femalea or to aome resource to which females are
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attracted {Bradbury 1980; Eisenberg 1981).

Second, because young mammals depend on their mother during a
substantial part of early development, the mother-offspring group ls the
nuclear unit of mammalian societlea (E.Q. Wilaon 1975). Consequently,
when defense against predation or exploitation of some resagurce requires
gooperative foraging or rearing, these strategles usually develop
between females through the formation of matrilineal kinship groups
(E.O, Wilson 1975; Eisenberg 1981},

In this diasertation, I deéﬁribe the seasonal changes in the social
organization of humpback whales in the central and eastern North
Pacific. I show that the extensive yearly migration of humpback whales
creates a unique situation for the evolution of social behavior (Chapter
1); the forces of sexual selection may shape their mating system in one
seasonal habitat, lndependently of the ecologieal forces determining
thelr foraging strategies in the other. The form of the social
organization in each seasomna) habitat is strongly ianfluenced by the
conservative trends common to all mammels, particularly the large cost
te females of reproduction (Chapter 2) and the absence of parental care
by males., On the Hawalian wintering grounds, the so¢izl organization
can be described as a polygynous or promiscuous mating system invelving
male-male competition for access to females (Chapter 3). On the
southeastern Alaska feeding grounds, the social organization is
characterized by a non-competitive foraging strategy invoiving, in some
cases, cooperative dbehavior between mature females {Chapter 4). The
different social and ecological pressures in each seasonal habitat are

reflected in the size, c¢omposition, and stability of humpback whale
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groups (Chapter 5)., Finally, I propose that the structure of humpback
whale populations may have evolved as a novel solution to cne of the

universal problems of group living (Summary and Synthesia).
Background

Although aystematically hunted to near extinction during the last
two cenfturies, baleen whales remain the least understood of tha major
groups of mammals (E.0, Wilson 1975). Historically, the study of baleen
whales was limited to parameters considered important to the management
of exploited species. The examination of thousands of carcasses
provided a wealth of ipformation on morphology, growth rates, and
reproductive cycles (True 1904; Lillie 191S; Mathews 1937;
Chittleborough 1965; MacIntosh 1965), Tﬂe study of free-ranging
animals, however, was limited primarlly to anecdotal and often fanciful
accounts by commercial whalers, In only a few cases were observations
of whale behavior objective and quartitative (Gunter 19%9). Even the
reacent interest in the comparative study of mammalian social
organization and bebavioral ecology has, with some notable exceptions
(Gaskin 1980; Herman 1980}, largely ignored cetaceans, particularly the
baleen whaleas (E.C. Wilson 1975).

Several factors compound the difficulty of studyling the behavior of
baleen whales in the wild. First, baleen whales have adapted to an
entirely marine existence and are isolated from cur normal medes of
observation. Second, baleen whales are relatively long=lived and

itercparous., By nrecessity, any atudy of their 1ife history must be a
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protracted endeavor. Finally, baleen whales are relatively

inaccessible, Although baleen whales are found in all oceans and seas
of the world, only three species regularly inhabit near-shore waters:
the California gray whale {(Eschrichtius robustus), the southern right
whale (Eubalaena glacialis), and the humpback whale {Megapiera
novaeapglize}, A fourth species, the bowhead whale (Balaena
nysticetus), is found near shore in scme seasons but this seems to be an
artifact of polar ice conditions rather than a real preference for
coastal waters. Of these species, only the humpback whale inhabits
coastal waters at both ends of 1ts yearly migration, thus making it the
most suitable species of baleen whale for comparative study.

In spite of these difficulties, baleen whalea present a compelling
challenge to our understanding of masmmalian sociocbiology. In their
adaptaticn to an entirely marine habitat, baleen whales, as a group,
have diverged extensively from other mammals in their morphology and
acology. The posaible impact of these divergences on the soeial
organlzation of baleen whales has remained largely unexplored. In
addition to the potential trends common to all baleen speciles, there may
also be interspecific or even intraspecific grades or scales of social
organization similar to those found in other mammalian groups (Eilsenberg
et al. 1972).

The following sections briefly review aspects of baleen whale

biology that may be pertinent to the sccial organization of humpback

whales.
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Iaxonomy

The order cetacea includes all species commonly referred to aa
whales, dolphins, and porpoises. Cetaceans are divided into Fwo
suborders; the odontocetes, or toothed whales, and the mysticetes, or
baleen whalesa. The mysticetes, Latin for "muatached®, have no teeth.
Instead they have evolved a speclalized filtering system consiating of
hundreds of stiff keratinacecus plates known zs baleen (Lambertsen
1983). The length and number of plates differ from specles to species
but essentially consist of a double series of elongated horny plates
whieh descend, at approximately right angles, from the roof of the méuth
{Gaskin 1982). The inpner side of the baleen plates are frayed, forming
a bristle resembling coarse hair. The fringes of one baleen platse
overlap those of the next, forming a fibrous mat that efficiently
filtersa zooplankion and small fish from seawater.

It is generally agreed that the mysticetes consist of tenm extant
species forming three families (Eerman 1980; Gaskin 1982): the
Balaenidae or right whales, the Eschrichtiidae or gray whale, and the
Balaencpteridae or rorqual whales. The humpback whale is the =ole

member of the genus Megaptera of the family Balaenopteridae,

Distribution and Migration

The humpback whele migrates each yedr from summer coastal feeding
grounds irp high=latitude waters to breeding and calving grounds near
islands or shallow banks in low-latitude waters. Encompassing nearly
10,000 km round-trip, this journey is second ir length among mammals

only to that of the Califernia gray whale,
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The North Pacific peopulation of humpbask whales feeds in the summer

and fall along the upper rim of the North Pacific Ccean {(Figure 1).
Foown sumpering grounds include sites along the coaszt of British
Columbia, the Alexander Archipelago (scutheastern Alaska), the Gulf of
Alaska, and the Aleutian Islands (Andrews 1916; Nemoto 1957; Pike and
MacAakie 1969; Jurasz and Jurasz 1979; Rice and Wolman 1982; Baker et
al. 1985)., Humpback whales also feed in the scuthern Bering Sea, the
waters near the Kamchatka Peninsula, and the Farallon Islands of central
California (Omura 1955; Tomilin 1957; Nasu 1963; Dchl 1383).
In winter, North Pacific humpback whales assemble to breed and give
birth in three geographically iso¢lated tropical areas:
1} the Islas de Revillagigedo off Baja California and adjacent
reglons;
2) the wesatern North Pacific along the Ryukuan, Bonin, and Mariana
Islands; and
3) the windward islands of the Bawaiian archipelago.
The Hawailan assembly is believed to be the numerically largest of the

three (Herman and Artinoja 1977; Wolman 1978; Darling et al. 1983).

Beprodyctive Cycleg

The reproductive cycle of humpback whales 1s inextricably linked to
their sezscnzl migrations. Extensive data collected by commercial
whaling bilolegists show that humpback whalez are reproductively active
only during winter months (Nishiwaki 1959; Chittleborough 1965). Based

on the anatomical examination of carcasses, female humpback whales are

R
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thought to ovulate once or at mast twice Iin a winter season and to give
birth once every two years following sexual maturity (Chittleborough
1965}, Typically, a famale will conceive on the breeding grounds one
winter and, following an 11 to 13 month gestation (Mathews 1937), give
birth during migration to or on the breeding grounds the following
winter. ©Based on the presence of milk in the stomachs of calves
returning to the wintering grounds, whaling bioclogista believed that a
calf nurses for nearly a year and is weaned on its return to ths
wintering grounds with its mother (Chittleborcugh 1958; Dawbin 1966).
There are two alternatives to the "typleal” two~year calving cyele
in female humpback whales. A female may "rest™ a year folliowing the
weaning of 4 calfl, reaulting in a three-year calving cyecle. Or, a
female may conceive immediately following parturition and carry the
fetus to term while nursing the ealf, resulting in a one-year c¢yele.

The frequency of post-partum conception and one-year calving cycles

among females 4in a population has remained controversial {Chittleborough

1955; Chittleborough 1965; Herman and Tavolga 1380; Glockner 1984).

Male humpback whales also undergo a seasonazl sexual cyele
{Chittleborough 1955; Lockyer 1984). During the winter breeding season,
testes enlarge and there is an increase in spermatozoa in the

seminiferous tubules {Nishiwaki 1959; Chittleborough 1955),

Sexual Maturdty and Lifespan
Determining the age of first reproduction or sexual maturity for
humpback whalss remains problematic, Whaling bilologists judge the age

of mysaticete whales based on the number of laminae or "growth ringa® in

10

AR009326



the ear plugs (Purves 1955; Wishiwaki 1957}. Roe (1967) dizscovered that
one pale and one dark lamina together form an anmual growth ring in fin
whales (Balaenootera physalus). 1t is uncertain, however, if this
formation rate is consistent for all species of mysticetes {Lockyer
1984). From limited svidence, Chittleborough (1960; 1965) suggested
that two growth layers form annually in the ear plug of humpback
whales. Thus, while it is known that mele and female humpback whales
reach sexual maturity when between 8 and 12 growth rings are formed, it
is unclear whether this indicates an age of 4 to 6 or B to 12 years
{Symons and Weston 1958; Nishiwaki 1959; Chittleborough 1965; Lockyer
1984). A similar confusion exists about the age of physieal maturity
and the lifespan of humpback whalea. As many as 58 growth rings have
been counted in the ear plug of a humpback whale {Symons and Weston

1958), suggesting a minimum lifespan of either 29 or 58 years.

Epsrgetles

The enepgetic requirements of humpback whales are poorly
underatoocd. Baleen whales have rarely been kept in captivity where
these parameters are easily measured {(for exceptlions see Wahrenbrock et
al. 1974). 1Instead, emergetic requirements of whales have been
eatimated indirectly by measuring thelr average seasonal weight loss
{Rice and Wolman 1971; Brodie 1975) or stomach contents and capacity
{Lockyer 1976). Some species of baleen whales are known Lo underge
prolonged periods of anorexia or fasting during thelr yearly migration
to tropical or near-tropical waters. During these pericds, the whales

rely on lipids stored in their blubber to mest their energetie demands.

11
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The consequences of this scological strategy were well known to whalers
who found that whales returniné from tropical waters were "dry" or low
in renderable oils compared te whales returning from polar feeding
waters. The differences in the renderable oll of whales of the same
length on their way to and from the feeding grounds has bean used to
estimate the total energetic requlrements during the intervenirg period
(Rice and Wolman 1971; Brodie 1975).

In an extensaive evaluation of growth and energy budgets of large
baleen whales, Lockyer (1976} conmcluded that they need a daily ration of
prey egual to 4% of their body weight during the 120-day feeding season
of the southern hemisphere and about a tenth of this {(0.U4% of body
welgnt} during the remainder of the year. Averaged aoross the entire
year, her estimates of daily rations range from 1.5 to 2% of the whale's
body weight. Other researchers have tried to reconcile available prey
densities with the estimated energetic demanda of four whale species:
the fin (Brodle 1975; Brodie et al. 1978); the gray (Rice and Wolman
1971; Nerini 1984; Oliver et al. 1984); the bowhead (Griffiths 1981);
and the humpback whale {(Baker 1984), Each study concluded that baleen
whales must find and feed in "patches™ where prey densities are at least

an order of magnitude greater than the average in surrounding waters.

Feeding

Nemoto (1959) categorized baleen whales as "skimmers" or "gulpers™,
tased on their predominate feeding technique and prey size. Skimmers
feed by filtering water, more or less continuously, as they swim slowly

through the water. Their primery prey are the smaller zooplankton,
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particulary copepods, Nemoto considered the sei (Balaenpptera
boreaiis), right, bowhead, and gray whales to be skimmers. Gulpers, or
more acourately "lungers", feed by engulfing a vast wvolume of water and
filtering the prey as they push the water back out through their baleen
(Pivorunas 1979). The greater speed of the lungers azlliows theam to feed
on both macroplanktoa and small fish. Nemoto (1959) considered the
humpback, minke (Balaenoptera acutorostratal, and fin whales to be
lungers.

Humpback whales are well known for two characteristic
surface-feeding strategles -- lunge feseding and bubble netting
(Ingebrigsten 1929; Jurasz and Jurasz 1979; Watkins and Schevill 1979;
Hain et al, 1882}). Surface=lunge feeding is associated primarily with
feeding on near-surface patches of euphausiids or schools of small
fish., The whale's trajectory may be the resulb of ifs attempt to trap
prey against the surface (Jurasz and Jurasz 1979). During bubblenet
feeding, a humpback whale forms a spiral-shaped curtain of bubbles,
apparently to coneectrate or contaln patchea of euphausiids or schooling
fish. Bubblenets a few meters in diameter are generally aascciated with
feeding on euphausiids., Bubblenets as large as 25 m are associated with

feeding on larger schooling fish such as herring (Jurasz and Jurasz

1979).

Exploitation and Abundance
Intensive 20th-century whaling has reduced populations of humpback

whales to a small fraction of their original abundance. The entire

North Pacific population 18 currently estimated to number less than
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1,200 animals, or roughly 5% of the estimated 15,000 to 25,000 in the
unexploited stock (Rice 1978; Wolman 1978), Among the baleen whalea,
only the right whale is rarer in tbe North Pacific (Herman et al.
1980),

Having survived the direct threat of extinction at the hands of

compmercial whaling, humpback whales now face a more insidious threat -- E
the loss of their seasonal habitats. As a primarily nsar~shore species,?

the humpback whale is partioularly susceptible to the impacts of coastal

and continental-szhelf development., Humpback whale feeding areas in the
Gulf of Alaska and Bering Sea are presently leased or scheduled to be
leased for petroleum exploration and exploitation, In the BHawaiian
Islands, planned projects that may impact humpback whale breeding and
nursing areas include deep-water mining and ocean thermal energy
conversion stations (QTEC).

This near-shore developement has the potential to directly destroy
habitat or to contaminate the local blosphere, Gaskin {1982) considers
that cetaceans are most vulnerable to three broad categories of
contaminants: the chlorinated hydrocarbons such as DDT
(diechlorodiphenyltrichloroethane); compounds containing heavy metals
such as mercury; and petroleum hydrocarbons. Significant levels of
these man-made contaminants are presently reported in most species of
cetaceans that have been examined (Gaskin 1982).

Loss of habitat can also occur indirectly through the displacement
of animals away from sources of human activity. In both feeding and
breeding habitats, dramatic increases in vessel traffic are a source of

disturbance to humpback whale behavior {(Baker et al., 1982; Baker et al,
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1983; Bauer in preparation). While documenied disturbance has generally
been of a short-term nature, the long-term consequences of repeated,
behavioral disturbance are unknown., Attempts by the Cffice of Coastal
Zone Management to establish parts of Alaska and the Hawalian Islands as
a Marine Sanctuary for the humpback whale have been repeatedly rebuffed
by special interest groups and local governments. Unless protection of
its seasonal habitat is insured, the potential for recovery of the Horth

Pacific humpback whales remains uncertain.
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Study Regions

As a migratory species, the humpback whale occupies fwo distinetly
different seasonal habitats: winter breeding or calving grounds and
supmer feeding grounds. A fundamental component of this dissertation is
the comparative analysis of humpback whale social orgsnization in
Hawaii, an insular wintering ground (Berman and Antinoja 1977}, and

southeastern Alaska, a coastal feeding region (Rice 1978).

Hawadl

Physical and Blelogical Characteristiocs. Humpback whales in both
hemispheres prefer to winter over shallow occean banks or near isiands in
tropical or near-tropical waters near 20 degrees latitude (Herman and
Antinoja 1977). The availability of shallow, warm water seems to be the
main characteristic determining selection of winter habitats. Shallow
waters, lesas than 200 m, may provide some protecticn against pelagle
predators which could threaten new-born calves. Warm water, greater
than 22 degrees C, 1s presumably sought by humpback whales in order to
congerve energy during the winter period of fasting (Brodie 1975).

The waters surrcunding the main Hawaiian Islands satisfy both of
these requirements. During winter months, the aurface water temperature
of the main Hawaiilan Islands remains close to 25 degrees C with a
near-isothermal layer extending downward to 50-80 m (Gosline 1965). A
shelf of shallow water is found around each of the main Hawaiian
Islands, More extensive areas of shallow water are found over the

Penguin Bank off the southwest tip of Molokai and between the islands of
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Maul, Kahoolaws, Lanal, and Molokail. Although occasional sightinga of
humpback whales are reported near the leeward isiands of Hawaii, this
area 1s not regularly hablted by humpback whales (Herman and Antinoja
1977). The absence of humpback whales near the leeward islands may be
explained by the scmewhat cooler waters or the apparently greater number
of sharks.

Food availability 13 not an important factor determining humpback
whales' choice of wintering grounds, It is unlikely that humpback
whales feed to any significant degree, if at all, in Hawallan waters.
Zooplankton are fairly uniformly distributed throughout coastal waters
but are present in markedly lesser concentrations than in equatorial
waters or In waters further to the nerth and northeast of the main
islands (King and Demond 1954; King and Hida 1954), The remarkable
elarity of Hawaiian waters further attests to it low productivity.

During the months of February and March there i3 a general
clockwise pattern of the main surface currents in the North Pagific just
north of the twenty degree latitude (Sverdrup et al. 1942), Currents in
the aeastern North Pacific tend to run southerly and turn southwesterly
as they approach 20 degrees latitude. This results in a weak,
predominantly westerly surface current through the main Bawaiian
Isiands. In the central Pacifio region to the north of Oahu and Kauai,
the current begins to gyre, moving north and eventually easterly. Baker
and Herman (1981) suggested that humpback whales migrating to and from
Hawail could take advantage of this current pattern. For whales
departing for Hawalil from the eastern Gulf of Alanska, a known feeding

ground of some Hawalian whales {(Chapter 1), the southerly and
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southwesterly currents could provide an energy saving tail=-current.

Abundance apnd Distribution. The resuli=s of vessel-based and aerial
surveys (Wolmar and Jurasz 1977; Herman and Antinoia 1977; Herman et al.
1980; Baker and Herman 1981) as well as mark-recapture analyses of
photo~identification data {Darling et al. 1983), iIndicate that bebtween
500 and 1000 humpback whales visit the Hawaiilan Islands each winter.
Bumpback whales are found in the waters around all the major islands
during the winter months (Figure 2). The largest number of whales are
generally found in the shallow waters between Maul, Kshoolawe, Lanai,
and Molokai (the "Four-Island Region") and on Penguin Bank, an
approximately 33 lm~wlde shoal extending 46 km southwest of west
Molokai., Other areas of relatively high density include the leeward
coasts of the Big Island {the island of Hawaii) and Kauai, as well aa
the waters surrounding Niihau (Wolman and Jurasz 1977; Herman et al.
1980).

Although humpback whales are reported in Hawail as early as October
and as late az June, the largest numbers of whales are found during
February and March. The seasonal population incréases rapidly in late
January and early February, reaches a peak in late February or early
March, and declines through late March and early April. Although the
rapid influx and eflux are consistent in all years, the timing of peak
relative abundance may shift by several weeks from year to year (Baker
and Herman 1981).

Primary study areas within Hawalil included the leeward coast of the

Big Island and the leeward coast of west Maui. In 1980 and 198?
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Figure 2: The main Hawaiian Islands. The 182-m isobath is shown by
the broken line. The inset expands the "four island®
region where atudy effort was concentrated in most years.
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jdentification photographs were also cellected around all other islands,
including Niihau. Foousing the research on the Big Island and Maui took
advantage of the seasonal shifts in regional abundance., The pgak in
relative abundance tends to occur first in the southeasterly areaa of
the islands, suggesting a tendency for some animals to "parade™ through
the island chain in a southeasterly to northwesterly direction (Baker
and Herman 19871). By méving northwesterly through the islands from the
Big Island to Oahu or Eauai before returning to the feeding grounds,
whales could take advantage of the northerly and northeasterly gyre.
History. The history of humpback whales in Hawail is poorly
documented. Native Hawallans have few words for whalea, no legends
concerning baleen whales, and no history of aboriginal whaling (Herman
and Antinoja 1977; Herman 1979). Although Lahaina is now popularly
assoclated with the whaling industry of the 19th century, it was
primarily a port for provisloning sperm whalers on their way to hbunting
grounds north or south of Hawaii. Only a few humpback whales were taken
commercially by native Hawalians under the direction of missionaries
between 1840 and 1860, The decline in the value of whale products at
this time seems to have put an end to this venture. The absence of
historical records ard anthropologlecal evidence led Herman (1979) to
propose that humpback whales only began migrating to Hawali in the last
two hundred years, Herman (1979) suggests that humpback whales
dispersed or were displaced from other winter grounds because of chronic
whaling pressure or long=term changes in water masses affecting surface

temperature characteriatlies.
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Physical and Biological Characteristica. Southeastern Alaska
includes the Alexander Archipelage and adjacent mainland between 50 and
60 degrees latitude north (Figure 3). This region is characterized by
g8 intricate system of protected bays, channels, and inlets. Often
rofered to ag the "Inside Passage", these calm waters are an ideal area
for the study of feeding humpback whales., Mark-recapture analyses of
photo-identification data indicate a summer population of 270 to 372
humpback whales in the waters of southeastern Alaska (Baker et al.
1985). |

Like other feeding grounds of humpback whales throughout the world,
southeastern Alaska ia an area of high seasonal productivity. The
waters are rich in both vertebrate and invertebrate species. Fish
thought to be taken by humpback whales in southeastern Alaska inmclude
adult Pacific herrring, Clunea harengus, capelin, Mallotus yillosus,
Pacific sandlance, Ammodvigs hezxaoterus, and larval or juvenile walleye
pollock, Theragra chalcogramma (Wing and Rrieger 19833 Krieger and Wing
1984), The primary invertebrate prey is thought to be suphausiids
including at least four species: Ihvsangesss raschii, T. longipes, I.
spipifera, and Euphauaia pacifica (Andrews 1909; Bryant et al 19871; Wing
and Krieger 1983; Krieger and Wing 1984).

The high productivity of the inside waters of southeastern Alaska
during the summer menths L{s the result of high nutrient levels, good
tidal circulation, long daylength, and moderate temperatures.

Freshwater runoff from rivers, melting snow, and glaciers is autrient
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Figure 3: The primary study areas in southeastern Alaska.
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rich and results in variable surface salinities (Wing and Krieger
1983). Surface water temperatures ranges from about 5 to 14 degraes C
during summer months.

Tidal range is large, up %o about 8 m, and water circulation is
complex. Tidal currents vary conaiderably throughout the many inlets
and bays. Average current velocities are 2 to 3 km/hr but may exceed 14
km/hr in narrow passages (Hale and Wright 1979). Water clarity is
variable and dependent upon tide and freshwater runoff. In near-glacial
areaa, such as upper Glacier Bay, visibility 13 only a few centimeters.
In the open areas of Frederick Sound visibility may reach about 8 m
during & rising tide. Daylight lasts for up to 20 hours during late
June and declines to about 16 hours by the end of August. Air

temperature during the summer ranges from S to 27 degrees C and

precipitation is common.

Abundance aod Distribution. Seasonal changes Lln the abundance and
distribution of humpback whales in southeastern Alaska are complex.
Whalea probably begin arriving in substantial numbers during May and
June, although this period has not been well studied. The largest
numbers of whales are generally found in late August and early September
but tae timing of seasonal influx and patterns of regional oceupancy
changes somewhat from year to year {Baker et al. 1985). The factors
controelling these yearly shifts are not understood.

Although southeastsrn Alaska is primarily a summer habitat, feeding
aggregations are also found during fall and early winter (Dawson and
Taylor 1982; Baker et al. 1985). In Seymour Canal alone, as many as 60

whales were feeding until at least mid-December of 1982. In other
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years, a few whales remained I1n Seymeour Canal until at least early
February. These "late-season®” whales include adult males, adult
females, and calves nearly a year old (Baker et al. 1985).

Observations of late—-3eason whales-have often been used to auggest
that humpback whales overwinter in nerthern waters (Berzin and Rovnin
1966; Quccarese and Fvans 19871). However, this suggestion should be
vlewed with caution. Humpback whales can be found in Hawali aa early as
October or as late as the first week in Jure. Given this broad range of
sighting dates on the wintering grounds, it cannot be assumed that
whales seen 1n northern waters during late fall, winter, or early spring
have not or will not travel scuth that year. Although humpback whales
are sighted in scutheastern Alaska during all months of the year, no
single individual has yet been documented to remain throughout the
winter (Baker et al. 1985)., If overwintering occurs in scutheastern
Alaska, it is probably not as common as late-season sightings would
suggest. B

Primry study areas within southeastern Alaska included Glaciler Bay
and the adjacent waters of Icy Strait, and the confluence of Frederick
Scund and Stephens Passage. Separated by approximately 160 km by water,
these two areas are distinetly different humpback whale hablitats.
Humpback whales may establish preferred ranges in either Frederick Sound
or Glacler Bay, but the two area are not discrete. The same whales have

been found in both areas in alternate years and at different times

e

within the same season (Jurasz et al. 1980: Baker et al. 1982; Baker et
al. 1983). VWhales from Glacier Bay frequently move to Frederick Sound

towards the end of the summer, possibly tracking seasacnal changes in the
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abundance of prey (Baker 1984; Perry et al. 1985).

Hiatory. When the English explorer George Vancouver paased through
Icy Strailt in 1794 Glacier Bay was entirely glaciated (Bohn 1876).
Subsegquently, the rapid retreat of these glaciers left bebind a narrow
fjord more that 90 im in lemgth. Tidal velocities are extreme in the
narrow, shallow entrance to the bay and in the adjacent waters of Icy
Stralt, In contrast, the confluence of Frederick Sound and Stephens
Passage {(referred to as Frederick Sound) is a broad, open stretch of
water bordered by many lnlets and bays. Tidal currents are mild (2 -« 3
lm/hr) and glaclal activity is restricted to the upper reaches of a few
of the adjoining inlets,

In the years 1972 to 1978, as many as 28 whales entered Glacier Bay
and remained there to feed for mesat of the summer. In 1978, however, 17
of the 20 whales that entered the bay abruptly departed socn after
entering., Since 1978, the number of whales entering and remaining in
Glacler Bay has been variable and generally lower than previous years,
Two hypotheses were advanced to explain this sudden departure. The
first aszserted that the exponential increase in vessel traffic in
Glacier Bay during the years prior to and including 1978 forced the
whales to "abandon® the bay. The second hypothesis proposed that the
whalea' departure was the result of 2 natural decline in the
availability of their prey. In 1981 the HNational Park Service, with the
assistance of the National Marine Flsheries Service, initiated a
multidiseiplinary study of the behavior of humpback whales (Baker et al.
1382; Baker at al, 1983), the distribution of their prey (Wing and

Kriegar 1983: Krieger and Wing 1984}, and their acoustic environment
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{Malme et al. 1982; Miles and Malme 1983),

The behavicoral studies documented a number of predictable
short=-term responses of whales to vessel traffic. In view of these
results; it is not possible to conclude that vessel traffic did not
gontribute to the whales'! departure from Glacler Bay (Ancoymous 1984).
At the same time, the studies of humpback whale prey documented
gignificant yearly differences in the availabllity of prey in Glacier
Bay and other regions of socutheastern Alaska. During the 1970's
humpback whales in Glacier Bay wers reported to commonly feed on
suphausiids near the surface (Jurasz and Palmer 1981a). From 1981 to
1984, however, humpback whales appeared to feed primarily on schooling
fish and little or no surface feeding was observed. Thig apparent shift
in prey avallability, although not well documented in the years prior to
1981, could also have accounted for or contributed to the whales' sudden
departure in 1978.

From 1981 to 1984 the number of whales entering Glacier Bay varied

from 11 to 28 (Perry et al. 1985). The number that remained in the bay

for substantial periods of time {three to four weeks) varied from one to
3ix. The entire Glacler Bay = Icy Strait area may be visited during
pach July and August by as many as 36 whales or as much as 9-12% of the
total estimated southeastern Alaaska pepulation of humpback whales.

Frederick Sound is generally considered the "center™ of humpback .
whale abundance in southeastern Alaska. In 1907, a shore-based whaling fh
station was established at Murder Cove, Admiralty Island, near the ‘
eonfluence of Frederick Sound and Chatham Strait (Andrews 1909;

Brockstoce 1978). The station harvested several hundred humpback whales

29

AR009345



in its first few years but catches quickly declined and the station was
abandoned in 1913. At its peak, the station operated a fleet of six

catching vessels., A second whaling station was established at Port

Alexander, Baranof Isliand, Iin southern Chatham Strait. This zecond
station exploited off=-shore apecies of whales in addition to humpbacks
but also proved to be unprofitable after & few yvears. The Port
Alexander facility was abandoned in 1922 and there was no further

] inshore whaling of humpback whales in southeastern Alaska {Bockstoce
1978; Rice 1978),

Little is reported about bhumpback whales in Prederick Sound again

until the 1970's, when vessel-based and aerial surveys estimated 40 to

60 bhumpback whales in the area (Rice 1975). In more recent years, over
100 individual whales have been photo-identified in Fredarick Sound
during just a few weeks of late summer (Jurasz et al. 1980; Baker st al.
1982; Baker ot al. 1983: Baker et al. 1485). It is not eclear if this
apparent increase in the number of humpback whales in Frederick Sound,
and socutheastern ilaska in general, 13 the result of improved censusing
effort and methods, or the result of a true population increase.

Unlike Glecier Bay, the predominant humpback whale prey in
Frederick Sound seems to be euphausiids {Andrews 1609; Bryant et al.
1987; Wing and Krieger 1983; Krieger and Wing 1984)., In some years
euphausiida in Frederick Sound are found in large near-surface "swarms"
which are intensively exploited by humpback whales. When humpbacks are
feeding on these swarmsa, bubble-netting and surface~lunging are commonly

observed {Jurasz and Jurasz 1979; Baker et al. 1933).
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Individual Jdentification

Humpback whales were individually identified from phetographs of
the ventral surface of thelr tail flukes and, in some cases, the

profiles of their dorsal firs. The uniqueness of coloration, shape, and
scarring pattern of flukes and dorsal fins allows for the reliable
identification of individuals across many years (Katona et al. 1979;
Jurasz and Palmer 1981a; Baker and Berman 1981). Photographs wers taken
with 35 mm cameras equipped with telephotc lenses and motor drives or
power winders., Photographs were usually taken from small vessels which
were quick and maneuverable, but at times were also taken from larger
research vessels and even shere stations. A variety of films was used
over the years but from 1980 to 1984 most photographs were taken with
high-speed black and white negative film. This film has several
advantages: 1) 1t can be used under a broad range of light conditions
in the field; 2) selected frames can be printed and stored separately
from the negatives; and 3) repeated use of the prints does not degrade
the original negativae.

Photographs from each observation of a whale or pod were examined
and the best photograph of each Individual was selected. Each
photograph was then assigned a unique "Fluke Observation™ number. If
that photograph was then matched with anotheyr, both photographs were
assigred an "Animal" number which was used for all subsequent sightings
of that individual whale. The record of each Fluke Qbservation included
é sighting date, location, and sequence, as well as the tehavioral role of

the whale and its group size (Table 1). This information forms a
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"library® of sighting histories that was used in nearly every aspect of
the dissertation.

Fluke photographs were graded according to their proportion of
pigmentation. Following a modification of the system used by Pike
{1953), an individual's flukes were placed into one of three color
phases (Figure 4): 1) predominantly white, with white extending across
more than 50% of each fluke; 2) moderately white, ineluding all flukes
with some discernable white coveripg less than 50% of each fluke; 3)
dark, with ne white pigmentation except for what appeared to be
searring. The color phases of humpback whale flukes were used 1n the
analysis of geographie variation (Chapter 1) and sexual dimorphism
{Chapter 2).

All fluke photographs were judged to be of either geood, fair, poor,
or insufficient quality. Good and fair guality photographs showed at
leaat 50% of both flukes at an angle sufficiently vertical to
distingulish the shape of the flukes' trailing edge. Poor quality
photographs showed at leaat scme distinctive feature of the flukes.
Insufficient quality photsgraphs did not show enough information to make
an unambiguous match to another photograpk. Inaufficent quality
photographs were excluded from 211 analyses. In some of the statistieal
comparisons of fluke photographs, poor quality photographs were also

eliminated.
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Table 1
Examples ¢f the primary variables stered with each

ffluke cbservation” record in the database library.

Observation Anima]l Region Date Pod Pod Hole Color Qualty
fiumber Number Number Size

0101 022 HI 02Feb80 4 4 None 1 Fair
0104 -_— HY 02Fgb80 4 4 None 3 Gocd
0388 - HI 19Feb81 5 3 Cow 3 Good
0398 022 HI 19Feb81 5 3 Eggort 1 Geod
1149 ol4s HI 20Mar81 1 1 Singer 1 Falr
a727 599 AKX 03Juld1 2 1 None 3 Good
0728 caz AK 03Jul8t 3 2 None 1 Good
0730 506 AK 03Jui81 3 2 None 1 Good
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Figure 4: Representative flukes of each color phase: 14) and 1B),
predominantly white; 24) and 2B), moderately white; 34) and
3B), no white pigment except for secarring.
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Study Platforms

In Hawaii, data were collected from three observationmal platfornms:

aerial, shorebased, and shipboard. In Alaska data were collected only

from shore and shipboard.

Shipboard

In all years whales were observed, photographed, and acoustically
monitored from vessels ranging in size from a 3 m inflatable to a 0 m
brigantine schooner. Vessels provided ths greatest access to whales in
most cases and allowed for more protracted observations than were
generally poasible from shore or zairplanes. Positions of whales under
observation from vessels weres dstermined by radar and compass

triangulation to known landmarks.

Aerial
From 1977 to 1380 an extensive series of aerial surveys were

conducted throughout the Hawalian Islands (Berman and Antinocja 1977;
Baker and Berman 1981). These surveys were made from single-engine,
high~wing alrcraft at an altitude of 152 m and 3 speed averagiong 160 km
per hour, In additien to information on abundance and distributon,
aerial surveys provided data on social crganization, movement patterns,
and social behavior., Data collected during zerial surveys was recorded

in gify by hand and by volece on cassette recorders.
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Shore Platforms

Shore observation platforms wers used most extensively in Hawaii
during 1980 and Alaska during 1981 and 1982 (Baker et al. 1982; Baker et
al. 1983). In general, shore platforms were elevated locatlions near to
shore with as much unobstructed horizon as possible., Whale behavior was
observed with the aid of bincculars (7 x 35 power) or high powered field
telescopes. The movement of the whales was tracked with either
surveyor's transits or theodolites. In Hawall two surveyor's transits
wers used from elevated vantage points approximately 2 km apart. Ths
exact poslition of both transits was determined from United Stated
Geographic Survey topographic maps and by aligning the horizontal scales
with true oorth. By collecting simultaneous horizontal angles (angles
of azimuth) to the whales with both transits, the position of each whale
¢could bhe aceurately calculated. Nikon NT-24 theodolites were used in
Alaska in 1981 and 1982. Like a surveyor's transit, a theodolite
measures the horizontal angle to a target. In addition, the theodolite
providaes an accurate vertical angle (angle of depression) to a target.
¥hen used from a known elevation and position, the angle of depression

and angle of azimuth provide Iinformation on the exact positlion of a

target (Tyack 1981).
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Benavioral Observations

In all behavicral observations from aerial, shore, and shipboard

S e

platforms, a focal individual or focal group approach was employed

(Altman 1974). A focal individual approasch c¢an be used for singletons
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and, because of the small size of most humpback pods, a focal group
apprcach can be used for most pods without undue confusion.

The surface behaviora of humpback whales were characterized
according to an ethogram initially developed by Herman (1978, in Norris
and Reeves 1978) and elaborated by Baker et al, (1982)., This sthogram
was supplementad by Jurasz and Jurasz's (1579) descriptions of feading
behavior in socutheastern Alaska and by observations of behavioral
patterns reported for the first time in this dissertaticn {(Chapter 3).
The descoription and inclusion of a behavioral pattern in the evolving
ethogram followed the criteria suggested by Slater (1978): 1)
behavioral patterns were species=typical; 2) component movements that
made up the behavioral patterns cccur together, simiitaneously or
sequentially, with a high degree of predictability; and 3) behaviorsal
patterns were discrete and repeatedly recognizable. Some of the
behavioral patterns referred to most frequently in this dissertation are
il1lustrated in Figure 5.

The behavior of the focal pod was recorded with one of three
techniques: 1) written annotation; 2) volce annotation on cassstte
recordera; or 3} microprocessor time-event recorders. In Alaska during
1981 and 1982 most behavioral data were collected with the aid of
microprocessor-operated, time-event recorders (MOREs). The behavioral
patterns of the f'ocal pod were entered as a two or three digilt code
directly into the MCRE. The MORE stores each behavioral event together
with the elapsed time from the start of the sampling period. The times
recorded were accurate to the ndarest second. "Header" information

representing parameters asscciated with the observation were entered
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into the MORE at the sfart of the observation. This header information
ineluded the date, the starting time of the observation, and information
on the identiflcation of the whale or whales under observation.

Iz Hawaii during 1980 and 198! behavioral data were recorded by
vojce annotation on cassette recorder uing the same two and three digit
codes for behaviors used with the MORE. A time base was also provided
by volce with the ald of a digital cloek or watch. In all years some
behavioral observations were collected by written notation. Because of
physical Jlimitations, written notatlons of behaviors were collescted
synoptically ia 10 or 20 minute time blocks. Within each time block,
all behaviors of interest were counted., Though some information on the
sequence and intervals between behaviors is leost with this approach, the
use of standardized sampling periods makes these data reasonably

comparable to the real-time recordings of the other two tschnigues.
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Seme characteristic behavioral patterns of humpback

whales.

Figure 5
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Acoustic Recordings and Playbacks

During 1981, a preliminary study was made of the response of

humpback whales to sound playback. For these experiments, recordings of

-
i
il
Hi

humpback whale songs from 1979 to 1981, as well aa synthetic control
sounds, were played to whales from a stationary, 30-m long research
vessel with 1ts sngine off. A4ll recordings were made using an H-56
hydrophone, obtained from the Underwater Scund Reference Division, Naval
Research Laboratory, and a Uher 4200 Report Stereo IC tape recorder.
Playbacks were made from the same Ther tape recorder, amplified by a
Crown DC amplifier, and projected underwater through a J=13 apeaker,
also obtained from the Naval Research Laboratory. Both the recording
and playback systems were low~noise, high=-fidelity, and flat in the
frequency response from 40 to 20,000 Hz. This covers the known
frequency range of humpback whale vocalizations (Winn and Winn 1978).
In southeastern Alaska, whale vocalizations were monitored with a
Clevite CH=13A hydrcophone and a Sony TC DSM cassette recorder. This
system Wwas also flat in response to freguencies between 40 and 16,000

Hz.

Study Effort

Data employed in this dissertation were c¢ollectad primarily in
Hawali during the winters of 1979 tc 1982 and in southeastern Alaska
during the summers of 1980 to 1984. Data from additional study regions

and years were used when available. A brief methods amecticon at the

y2
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| ~ beginning of each chapter cutlines the specific database and additional
”ééaeumds unique to that chapter.
Study effert in Hawall and scutheastern Alaska is best reflected by

the length of the field season and the number of fluke cobservations

S S S i
e e o i
e

collected in each year (Table 2). In most years, the database available

e
L

for many of the anzlyses in this dissertation was augmented by fluke
paotographa from other researchers, The contributions of these
rasearchers are acknowledged in Table 2 and elsewhere {Chapter 1).

The field season in Eawali usually encompassed the months of
February and March, In some years the season also extended into late
January and early April. The number of fluke observations collected
grew rapidly from 1977 to 1980 and leveled off from 1981 to 1984. A
decline in the number of fluke observations collected during 1982 was
the result of a shorter season and poor weather. The largeat mumber of

fluke observations, 270, was collected in 1983,

The field season Iin southeastern Alaska usually extended from early

-

July to early September (Baker et al. 1982; Baker et al. 1983; Baker
1983; Bakar 1983). Photo-ldentification data of late~seascn studies
frem November to January or February were alao available for 1979 to
1982 (Baker et al. 1985). The largest number of flukes cbservations was
collected in 1982. In 1983, research was restricted to the Glacier Bay
= Iey Stralt area, except for a briefl survey of Frederdck Sound and

3tephens Pazsage in mid=September.
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Study periods, fluke observations, and contrituting sources
of photo=identification data on humpback whales
in Bawali and Southeastern Alasica.

Table 2

Year  Study Fluke Obgervations Source
Period Good  Fair  Peor Total
Hawali

1977 Jan = Mar 5 4 1 10 a

1978 Jan - Mar 11 10 2 23 a

1979 Feb =~ Mar h3 17 g £9 a

1980 Jan ~ Apr 108 48 17 173 a&d
1981 Jan - Apr 158 il & 246 a, b, & ¢
1982 Mar Apr 105 17 12 134 &, b, & ¢
1983 Jan = Mar 172 65 33 270 d

1984  Jan - Mar 17 57 31 205 d

Southasastern Alaska

1979 Jun =~ Fed T 14 2 93 e & f
1980 Jul Jan 119 31 i3 163 a e, & f
1981 Jul -~ Dec 210 55 12 277 a, b, & ¢
1982  Jul - Dee 314 150 26 490 a, b, & f
1433 Jul Sep 43 by 6 93 b

1984 Jul - Sep 284 102 24 410 b

Berman, L.M. Director, Kewalo Basin Marine Mammal Laboratory,
University of Hawalli.

Baker, C.3. Kewalo Basin Marine Mammal Laboratory, Universiiy of
Hawaili.

Kaufmar, G.D. Pacific Whale Foundation, Kehle, Hawail.

Bauer, G.B. Kewalo Basin Marine Mammal Laboratory, Univeraity of
Hawaii.

Lawton, W.S. Global Naturalists, Seattle, Washington.

Straley, J.M. and J.H. Straley, Sitka, Alaska.




Chapter I

Migratory Movement and Population Structure of Humpback Whales

in the Central and Eastern North Pacific
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Abstract

Photographs of individually identified humpback whales were

collected in reglons throughout the ceatral and eastern North Pacific

during the years 1977 to 1983. A comparison of iadividual

i
&
=

identification photegraphs revealed a complex pattern of migration.
Whales found wintering in Hawall traveled to feeding regions throughout

Alaska. Whales wintering in Mexico were found in Alaskan feeding

reglons and near the Farallon Islands of California. Little exchange

was found between the two wintering grounds or among the five summering

grounds. Fidelity to a glven feeding region was demonstrated by a high
proportion of migratory return. Evidence of fidelity to a given
wintering ground was less oconclusive., Mark-recapture analyses of
resighting data indicate that the Hawalian wintering congregatlon is
four to six times larger than the summering population in scutheastern
Alaska. The coloration of humpback whale f{fiukes showed a longitudipal
¢line across the five feeding regions. Flukes of whales from the
eastern-most feeding regions were, on average, darker than those from
the western-most feeding regiona. Whales in Hawali and Mexico were
similar in fluke coloration and the average coloration on both wintering
grounds was intermediats between the extremes of the feeding regions. I
propose that humpback whalea in the eastern and central Horth Paci}ic

form a single "atructursd stock™ consisting of several

geographically-isolated "feeding herds® which intermingle on one or more

wintering grounds.

ug

o
-
-
o
=
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l’itithin this structured stock, sets of whales interact with different
probabilities in each seasonal habitat. This, in turn, has important
implications for the social organization and management of these

whales.
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Introduction

Humpback whales, in most oceans of the world, form sub~populations

referred teo in the whaling literaturs as "atocks™, In the southern

hentisphere, Mackintosh (1965) recognizes six stocks distributed around

the Antarctic continent during the austral summer. During the winter,
each stock migrates towards the equator to its own eoastal or insular
breeding ground in tropical or near-tropical waters, Chittleberough

(1965) reviewed the reaults of discovery-tag marking and recovery from

the two stocks which feed in the Antarctic Ocean south of Australia. He
concluded that these stocks show strong fidelity to breeding grounds on
oppesite sides of the Australian continent even though some
intermingling mey take place during the feeding aeason.

Variation in the coloration of humpback whales has alse begn used
to characterize different stocks in the southerrn hemisphere (Lillia
1915; Mathews 1937). Omura (1953) summarized Japanese whaling data
showing a clinal decrease in the proportion of darkly pigmented animals
among the South Atlantle stock eastward to the eastern Australian and
New Zealand stock. Chittleborough {1965), in examining Australian
whaling data, agreed with Cmura in differentiating the westernm and .
eastern Australian stocks based on color differences as well as -
discovery-tag marking and recevery.

The recent use of natural markings and photographic documentation
to identify individual humpbaci whales (photo-identificaticn) has
provided considerable data on migratory movement and populational

structure in the North Atlantic (Katoma et al. 1979; Katoma and

48
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Whitehead 1981}. These data indicate that humpback whales segregate
during the summer in several geographically-isolated feeding regions of
the North Atlantice but congregate during winter om the Silver and
Navidad Banks near Puerto Rico (Ratona and Whitehead 1981; Whitehead
1982; Martin et al. 1984). Some North Atlantic humpback whales also
winter near the Cape Verde Ialands off Africa, but this group is not
well-documented (Winn et al. 1981). No systematic differances in the
ecoloration of North Atlantic humpback whales are reported (True 1404).

The migratory movement and stock segregation of humpback whales in
the North Pacific is poorly described. FKellogg (71929), using only the
observations of early whalers {(Scammon 1874; Andrews 1916) suggested
that humpback whales in the North Pacific are divided inteo an American
stock and an Asian stock. He proposed that the American stock breeds in
the waters of f the west coast of Mexico and travels northward along the
coast of North America to {eedlng grounds 1o the Gulf of Alaska, the
Bering Sea, and near the Aleutian Islands. The Asian stock was thought
to winter near the Ryukyu and Bonin Islands, south of Japan, and to
travel north to feeding areas in the Sea of Ckhotsk and along the
Eamchatika peninsula., Although Rice (1978) suggested that animals from
the Hawaiian wintering grounds afe part of an extended Ameprican stock,
Rellogg (1929) did not consider this group and may have been unaware of
its existence (Hermar 1979).

Discovery~tag marking and recovery has provided 1l1ittle data to
clarify Kellogg's (1929) proposal. Of the $14 whales tagged in the
Nerth Pacific, only 22 were recovered and only nine of these showed

long~range migratory movement (Ivashin and Rovnin 1967; Nishiwaki 1967;

49

AR009365



Ohsumi and Masaki 1975; Rice 1978}. 4ll of this movement was bstween
the Ryukyu and Bonin Islands to the south of Japan and feeding areas in
the zastern Bering Sea. Although a number of authors comment on the
coloration of whales from different regions of the North Pacific (Pike

1953; Tomilin 1957; Nishiwaki 1959, 1962; Herman and Antinoja 1977;

Glockner-Ferrarl and Venus 1983), their methods are not sufficiently
simllar to allow reliable compariaons.

Photo=identification of humpback whales in the North Pacifiec has

been used to dooument the movement of humpback whales betwsen the
following seasonal habltats:
1) Hawaii and southeastern Alaska (Baker et al. 1982; Baker et al.
1983; Darling and Jurasz 1983);
2) Hawaii and Prince William Sound, Alaska (Baker et al. 1983;
Darling and McSweeaney 1983);
3) Hawaii and the Gulf of Alaska west of Princs William Sound
{Baker et al. 1983):
4) Mexico and southeastern Alaska (lawton et al. 1979¢; Baker et al,
1985); and
5) Mexico and Hawaii (Darling and Jurasz 1983).
Short-range movement through the Hawalian Islands and within
aoutheastern Alaska has alse been demonstrated $hrough
photo-identification {Baker and Herman 1981; Baker et al. 1982; Baker et
al, 1983).

Here I report the results of an extensive comparison of individual

identification photographs collected in known feeding and breeding

grounds of the central and eastern North Pacific. The photographs were
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zken as part of esight independent research projects. The combined data
provide a more complete picture of the migratory movement and population
‘gtructure of the North Pacifie humpback whales than would have been

:gﬁmsible from any single study. The final results of these comparisons

18 in preparation for publication with the joint authorship of the

; contributors.

Methods

Each of the eight studies summarized in this paper provided
information from different years or reglons of the North Pacific across
the seven-year pericd from 1977 to 1983, Although the regions and study
periods differed, the methods of data collection were similapr in each
project, 4As deseribed 1n the General Methods, idividual identification
photographs from all regions were graded according to their guality.

For the purposes of the analyses in thia chapter, only good and fair

quallty photegraphs were 1lncluded,

Study Locations and Perdods

Research effort was concentrated in seven‘regions of the central
and eastern North Pacific. 7Two of these regions are winter habitats or
breeding grounds (Table 3):

1) the main Hawaijan Islards; and

2) the west coast of Mexico, including the Islas Tres Marias and

the Islas de Hevillagigedo.
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a)

b)

e)

d)

8)

£}

Table 3

Study pericds and data sources for the wintering regions.

Year

Identified
Study Period Whales

Source

1977
1978
1979
1980
1981
1982
1983

1978
1980

Jan
Jan
Feb
Jan
Jan
Mar
Jan

Hawail
~ Mar 9
= Mar 19
= Mar 56
- Apr 130
- Apr 175
- Apr 115
- Mar 209

Mexico

28
15

a&bd
a, by & ¢
ay b, & ¢

Herman, L.M. Director, Kewalo Basin Marine Mammal Laboratory,
University of Hawaii,

Baker, C.S8. Kewalo Basin Marine Mammal Laboratory, Oniversity of

Hawaiil.

Kaufman, G.D., Pacific Whale Foundations, Kehiea, Hawail.

Bauer, G.B., Kewalo Basin Marine Mammal Laboratory, University of

Hawaii.

Winn, H.E. Graduate School of Oceancgraphy, University of Rhode

Ialand.

Lawton, W.S. Global Naturalists, Seattle Washington,
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Five of the regions are primarily summer habitats or feeding grounds
(Table 4):

1) the Farallon Islands off the coast of central California;

2} southeastern Alaska, including the Alexander Archipelago;

3} Yakutat Bay, Alaska;

4) Prince William Sound, Alaska; and

S} the Gulf of Alaska west of Prince William Sound (subsequently

refarred to as the western Gulf of Alaska).

Photographs were collected in Hawaii during 1977 to 1983 from late
January to early April, the period of peak seasomal abundance on the
gawaiian wintering grounds (Herman znd Antinoja 1977; Herman et al.
1980; Baker and Herman 1981; Baker and Herman 198%a)., Whales were
photo=identified in the Islas de Revillagigedo during March of 1978 and
near the Islas Tres Marias during March of 1980. Photographs were
collected in southeastern Alaska during the summers of 1979 to 1983 and
during the "late seasons™ {November to February) of 1979 to 1982 (Baker
et al, 1985), Whales were photo—identifigd in Yakutat Bay and the
western Gulf of Alaska during the summer of 1980 (Rice and Wolman 1982}
and in Prince William Sound during the summers of 1977 (Hall 1679), 1980
(Rice and Wolman 7982), and 1982, Photographs were collected in the

Farallon Islands on 18 days between June and October of 1983,
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Table 4

Study periods and data sources for the feeding regions.

Identified E

Year 3Study Period Whales Source
Southeastern Alaska
1979 Jun = Fab¥ 83 2 &b
1980 Jul - Jan#* 122 a, b, & ¢
1881 Jui - Dec Wwr by, ¢, & d
1983 Jul - Sep §5 d
Yakutat Bay
1980 8 a
Prince William Sound
1977 25 £
1980 N e & g
1982 3 f
Hestern Gulf of Alaska
1980 15 e
Farallon Islands
1983 8 h
5l

=il
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Table 4 {(continued)

#Study pericd extended into the early part of the following year.
a) Lawton, W.S. Global Naturalists, Seattle Washington.
b) Straley, J.M, and J.H. Straley. Sitka, Alaska.

¢) Herman, L.M. Kewalo Basine Marine Mammal Laboratory

d) Baker, C.53. Kewalo Basine Marine Mammal Laboratory

e) Wolman, A.A, and D.W. Rice, National Marine Mammal Laberatery,
Seattle, Washington.

f} Hall, J. D. Solace Enterprises, Anchorage, Alaska.
g) Reinke, J.H. Seattle, Washington.

h) Ostman, J. Gulf of Farallones Research Group, California.
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Results

Regional Return

Fluke photographs were compared hierarchically beginning with those ’
taken in the same region and year (General Methods, Table 2).
Within-year-and-region resights were then deleted from each sample
leaving only one sighting of each individual in any given year and
region (Tables 3 and 4). The yearly aightings from e¢ach region were
next compared to determine the number of years an individual was seen in
a given region. Individual whales ware sighted repeatedly in most of
the regions where photographs were collected in more than one year
(Table 5). Subtracting the resights of whales seen in more than one
yvear resulted in the total number of individuals seen in that region.
In southeastern Alaska, 154 of the 326 individuals (47.2%) were sighted
in more than one of the study years. Three whales were seen in ali five
study years. In Hawaii, 83 of the 804 individuals (73.7%) were sighted
in more than one study year. No whales were seen in all seven of the
study years. In Prince William Sound, 8 of the 55 individuals (14.5%}
were sean in more than one study year. Mexdco was the only region
sampled in more than one year that did not have scme resights acroass

years.
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Tahle 5

The number of vears individual whales were sighted
in each reglonal habitat.

. Reglonal Years Sighted Total
Aabitat 1 2 3 b 5 Whales

Hawali 521 65 11 6 1 604
(86.3) (10.8) (1.8) (1.0) (0.2)

Mexico 43 53
{(100.0}

~ Southeastern 172 88 43 20 3 326
Alaska (52.8) (27.0) {(13.2) (6.1} (0.9}

Yakutat Bay 5 5
{100.0)

Prince William u7 T 1 55
Sound (86.0) (12.,2) (1.8)

Western Gulf 15 15
of Alaska (100,0)

Farallon 8 8
Islands (100.0)

—— - -

All Regions 1056

— i

Note: Percentages of total whales are shown In parentheses.
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Regional EZxchange

A comparison of photographs among the five feeding regions and
between Hawalii and Mexico revealed very litile exchange within a
seagonal habitat (Table 6 and Figure 6)., One whale was sighted in the &E
Islas de Revillagigedo. Mexico, during the winter of 1978 and in Hawail |
during the winter of 1981, Ome whale was photographed in Yalkutat Bay
during 1980 and in scutheasterm Alaska, in 1982. No movement was found
between the feeding regionsa of socutheastern Alaska, the Farallon
Islands, Prince William Sound. and the western Gulf of Alaska during the
studies reported here. & more recent study, however, found that two
whales sighted in Prince William Sound during 1977 and 1980 were sighted 'g
in scutheastern Alaska during the summer of 1984 (Baker 1984). The .
movement between scutheastern Alaska and Prince Willlam Sound is shown
in Figure 6, but these matches were not included in the table of
resights or the following statistics.

If humpback whales randomly assorted among the five feeding regions
or between the two wintering grounda in alternmate years, the chance of
resighting a whale in a different region of a seasonal habitat should .;;
approximately equal the chance of resighting 1t across years in a single |
region. For example. a whale sighted in Hawail one year should have an
equal probability of being resighted in either Rawaiil or Mexlco in

altermate years,

58

o

AR009374



Table 6

Sighting Resighting Reglon

The regional exchange and migratory movement of humpback
whales in the central and eastern North Pacific.

e

Region HI ME SEA YB FWS WGA FI

Pawail (604) 1 65 3 8 3 0
. Mexiog {43) 1 0 1 4] 1

Southeastera (326) 1 o% 0 0

Alaska

Yakutat Bay (5) C 0 0

Prince Williams (55) 0 0

Sound

Western Gulf (18} 0

of Alaska

Farallen Islands (8)

Total Individuals 971

is shown in parentheses.

5%

Note: The number of whales sighted in each regional habitat
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Figure 6:

The migratory movement of humpback whales in the central
and eastern Neorth Pacific.

Lines connect seasomal habitats
visited by individually identified whales. Lines do not
indicate migratory routes,
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Following the logic of mark~pecapture analyses. the probability of

an aeross-years resighting for a given reglon was calculated as

r p = 1/(N + 1.96 (SE))

where N and SE are the weightsd mean and standard serror of the Petersen

population estimate (Begon 1979). The weighted mean was calculated as

M
=

}J
=}

-~

where M, {s the number of whales sighted prior to year i (whales at

risk in year 1), n, is the number of whales sighted in year 1. and

mi iz the number of individuals resighted in year 1. The standard

error is given by

1 2 6

+ + - ———

SE = N —
(Zm+1) (% ay + 1)2 (F =+ D3

Using the cumulative sightings across all years. rather than only
contiguous pairs of years, should result in an inflated estimate of the
population since births and deaths in the population cause a general
decline in resights acosg yeara (Seber 1982). An inflated population
estimate will provide a conservative estimate of the

{ acroas~years~within-region resighting probability. The use of the upper
35% confidence limit of the population estimate 1s further assurance
that the across-years-within-region resighting probability is

conservative,

i Among the feeding regions, only southeastern Alaska provlded a
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 sufficient sample 3ize to estimate abundance and the probability of

zoross-yeara-within-region resightings {Table 7). The weighted mean of
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the Petersen estimate suggested a seasonal "population®™ of 374 (+/- 47

it the 95% confidence interval) animals in southeastern Alaska. Using
the inverse of the upper confidence limit as the
across=years-within-reglon resighting probability, it was then possible
to determine the expected number of resights between scutheastern Alaska
and the other feeding regions (Table 8), For example. the expected
mmber of reaights batween szcutheastern Alaska and Prince William Sound
(42.6) was calculated by multiplying the number of photo-identirfied
whales from scutheastern Alaska (326) by the number of whales in Prince
William Sound (55) and by the estimated acress~vears-within-region
resighting probability {1/821), A Chi-square test showed that the
obseryed values clearly differed from the expected values under the null
hypothesis that whales randomly assorted among the feeding regions

(Chi-square [3] = 105.9; P < 0.005),

This process was repeated for the wintering grounds, using the
across-~years resighting data from Hawaii (Table 9). The welghted mean
of the Petersen estimate suggesated a "population™ of 1,627 (+/- 307 at
the 95% confidence interval) animals that have visited Hawaii across the
study period. Based on this across-years-within-reglon resighting
probability (1/1.934), the number of identified whales from Hawaii
(608), and from Mexico (43). the expectad number of between region
resightings was 13.4; significantly greater than the single observed

resight between Hawaii and Mexico (Chi-square [1] = 16.6; P < 0.005}.
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Table 7

The across=year resighting of whales in southeastern Alaska.

T RS S
s e

Study Year
79 80 81 g2 83 Sum

————

Whales Sighted 83 122 147 175 a5 =
(n,)
Whales Resighted - 33 TU 105 34 246
(mi)
Sighted Whales -— a3 172 245 315 326

at Risk (M)

Note: See text for deseription of mark-recapture notation.
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Table 8

The obaserved and expected number of resights between
southeastern Alaska and other feeding regicns,

Resighting Region

Sighting B PWS WGA I
Region n=5% n=>5% =1 n=28§
SEA 1 o# 0 0
n = 326 (3.9) (42.86) (11.6) {6.2)

- Note: Expected number of matches, shown in parentheses, were calculated
from the between-seasopmal-habitat resighting probability. See
text for detaila.

% Two resightings were found between Prince William Sound and
southeastern Alasks in 198%.
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Table 9

The across-year resighting of whales in Hawali.

Whales Sighted
(n,)

Whales Resightad
(m)

Sighted Whales
at Risk (Mi)

Study Year
7 78 79 80 81 82 83 Sum
9 19 56 130 175 115 209  wmw
- 1 5 7 23 3N 42 109
== 9 27 78 201 353 437 604

Note: See text for descripfion of mark-recapture notation.
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Higratory Destinations

The photographs of individual whales from the two wintering grounds
vere compared to those from the five feeding regions in order to
jetermine the migratory destinations of humpback whales in the central
and 2astern North Pacifice. 7The comparison revealed extensive
irterchange between seasonal habitats (Table 6). Whales from Hawaii
traveled to all of the feeding grounds in Alaska. The only feeding area
where Hawaiian whalea were not found was the Farallon Islands. Whales
gintering in Mexican waters traveled to at least three of the five
feeding grounds included in the study: socutheastern Alaska., Prince
¥illiam Sound, and the Farallorn Islands. The whale that traveled to
southeastern Alaska and the whale that traveled to the Farallon Islands
were photographed near the Islas Tres Marias during 1980, The whale
that traveled to Prinece Willizm Sound was. photographed in the Islas ds
Revillagigede during 1978.

Following the procedure described earller, the overzll probability
of resighting between seasonal habitats was determined from the total
number of photographs from the wintering grounds (847), the total number
from the summer feeding regions (409), and tke total number of resighta
(83). This resighting probability (1/3788) was used to calculate the
expected number of resights between each of the two wintering grounds
and the combined sample of whales from the five feeding regions (Table
10). DBased on the results of a chi-square teat, it was not possible to
reject the null hypotheais that the combined sample of whalea from all
feeding regions was equally represented on each of the two wintering

grounda (Chi-~aquare [1] = 1.22; P > 0.25).
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The between-seasomal-~habitat resighting probability was also used
to calculate the expected number of resights between each of the two

wintering grounds and each of the five feeding grounds, saparately

{Table 10). Although the expected mumber of resights in some of the _
table's cells were too small (less than 1) to make a chi-square test fi?3
appropriate, the table does suggeat some trends. The observed number g :;i
resights between Hawaii and Yakutat Bay was unexpectedly high and the :hi

number between Mexico and scutheastern Alaska was unexpectedly low.

Given the small sample sizes from both regions, the single resight
between Mexico and the Farallon Islands was unexpected. Given the larg
sample from Hawaii, the absence of any resightings with the Farallon

Islands was unexpected.

Migratory Iransits y

Many of the photo-identified whales traveled between seasonal
habitats more than once. The 65 whaies seen In both Hawaii and
southeastern Alaska made a total of 115 one-way transits between these
two regions. A one-way transit was considered to be any pair of
sequential, though not necessarily consecutive, sightings in two
differeant seasonal habitats uninterrupted by a sighting in a third
region. The most extensive migratory transiting was shown by whale
#022, an individual seen duripg four years in scutheastern Alaska and
during four years in Rawalil (Figure 1.2). The eight regional sightings
indicated at least six transits {three round-trips)} between Hawali and

southeastern Alaska. Although it is likely that animal #022 completed
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Table 10

The cbserved and expected number of photographic
resightings between seasonal habitats of
the central and eastern North Pacific.

Wintering Summering Grounds
Grounds SEA YB PW3 WCA FI Total
n=326 n=5 n=% n=1% n=18 Resights

Hawail 65 3 8 y 0 80

- Mexico 1 0 1 0 1 3
n= 43 (4.4) (0.1)  (0.7) (0.2) (0.1) (5.5}

Note: Expected number of matches, shown in parentheses, were calculated
from the between-seasopal-habltat resighting probability. See
text for details.
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The migratory transits of Animsl #022 between Hawail and

Figure T

Broken lines indicate the probable

presence of undocumented transits,

southeastern Alaska.

A e
SR

i G
e 5

70

AR009386



Southeastern Alaska

SUMMER

/9 3
J

0
t

70 ey 8

0

WINTER

Hawaiti

AR009387



the migration between summer and winter grounds each year, only

confirmed transits were included in this analysis. The only other

repeated migratory returnsg were found between Hawall and Prince William

Sound, where three whales made round-trips.

Two whales were seen in three regions. Anima]l #232 was sighted i

Glacier Bay, scutheastern Alaska during the summers of 1974, 1975, 147

and 1977 (Jurasz and Palmer 1981a, b). It was next sighted in Yakutat

Bay duriag the summer of 1980 and then returned to Glacier Bay in 198
Finally, it was seen in Hawalil during the winter of 1583, Animel #301
was seen in Prince William Sound in 1977 and 1980 and in Hawaii during
the winter of 1983, Animal #3071 was next seen in southeastern Alaska

during the summer of 1984, Apimls #232 and #301 are both thought to be

=
N
e " S
L
e

mature females based on their close association with a calf in one or

o

more years {Chapter 2).

Migratory Rates

Five whales were found in southeastern Alaska during the fall or

diss

winter and in Hawail later that same winter (Table 11). The most rapld
migratory transit was recorded for animal #203, last seen in
southeastsrn Alaska on December 8, 1982, and first seen in Hawaii on
February 25, 1983, Using the minimum distance between Hawali and

southeastern Alaska (about 4500 km) and the shortest peried of transit

(79 days) yielded 2 minimum migrstory speed of 2.38 kxm/hr, traveling 24

hours a day. The average migratory speed of the five whales was 1.88
km/hr (SD = 0.29).
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fluke photographs used in the previcus comparisons were analyzed

_)aits color phase (Table 12): 1 for predominantly white, 2 for
 goderately white., and 3 for dark. To prevent a bias from frequently
sighted whales, an indivlidual was counted only once in sach region that
it was sighted.

Considering the total number of whales from all regions of the
central and eastern North Pacific combined, the largest proportion of
flukes were moderately white (39%) and nearly equal proportions were

predominantly white (31%) or dark (30%3). The proportion of flukes in

each color phase, however, changed markedly from one region to another.
The coloration of flukes differed significantly among the seven regions
(analysis of variance; F [6/1089] = 6.99, p = 0.0001), Multiple

comparisons between the means suggested two basic groups differing at

the 0,05 level of preobability. The darker group included the Farallon
Islands, southeastern Alaska. and Yakutat Bay. The lighter gzroup
included Mexico, Prince William Sound, Hawail, and the western Gulf of

Alaska.

The mean colar scores from the feeding reglions suggested a
longitudinal trend, ranging from lighter in western-most regions to

darker in eastern-most regions {(Figure 1.3). 4 regression of fluke
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coloration on lengitude of the feeding region where the whale was
sighted showed this relationship to be significant (F [1/407] = 24.32;3 |

= 0.0001; r=square = 0.055; ¥' = 5,806 - 0.0342(longiltude}}. &

longitudinal analysia of fluke coloration in the two breeding regions

was not significant (F {1/645] = 0.11: p = 0.74; r-aquare < 0.001}.

e 2 . s =
o e e e

Yearly differences in the color phases wera also examined for [

R
Bawali and southeastern Alaska, the two regions with large sample aizes .

in more than one year. Using the two years with ccomparable effort and

i

similar research methoda (1980 and 1981 in Hawaii, 1981 and 1982 in
southeastern Alaska) a nested analysis of variance confirmed the
differences between regions (F [1/2] = 434,63; p = 0.005) but showed no

differences between the yearly samples within each region (F [2/620] = éé
0.10; p = 0.75),
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Taple 11

Migratory transits of late-season whales.

Last sighting First sighting Migratory Winimum
Southeastern Hawail transit speed
Alaska (days) (km/hr)

Nov 24, 1981 Mar 21, 1982 117 1.60

Nov 24, 1981 Mar 15, 1982 T 1.69

Nov 29, 1981 Mar 15, 1982 106 1.77

Nov 29, 1982 Mar T, 1983 98 1.92

Dec 8, Feb 25, 1983

SRR
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Table 12
The fluke coloration of humpback whales in each regional habitat. -

Sighting Color Phase Mean Coleor %
Region 1 2 3 Phase i
Hawali 199 252 153 1.92 ;

(33) (42) (25} :
Mexdco 18 12 13 1.88 !

(42) (28} (30)
Sputheastern 79 110 137 2.18
Alaska (24) (34) (u42)
Yakutat Bay 1 1 3 2.40

(20} {20) {60) -
Prince William 21 2y 10 1.80 .
Sound (38) {4y) (18)
Western Gulf Q 6 4] 1,40 :
of Alaska {(60) {(40) (00) -
Farallon 0 3 5 2.63 .
Islands (00) (37) (63)
All Regions 327 %08 321 1.99

{(31) (39) © (30}

Note: Percentages of flukes in each color phase are shown In
parentheses,
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The regression of average humpback whale fluke celoration
from each feeding region on the regilon's longitude.
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Discussion

Humpback whales in the central and eastern North Pacific
&”ﬁélonstrated a complex pattern of migratory movement. Whales from
}ﬁxﬁm traveled northwesterly to the Farallon Islands, southeastern

4laska, and Prince William Sound. Whales from Hawail traveled

. northeasterly to southeastern Alaska, Yakutat Bay, and Prince William

 Sound, and due morth to Chirikof Island in the western Gulf of Alaska.

fhese observations contradict Darling and Jurasz's (1983) proposal that

~ the predominant migratory directicn in the North Pacific is along a

southwest to northeast axis. Darling and Jurasz's (1983) observation
appears to be an artifact of sampling primarily in Hawaii and
southeastern Alaska. which fall along a southwesterly to northeasterly
axis, In any case, the axis between migratory destinations reflects
oaly the vectoral sum of migratory movement, not the actual path of

humpback whale migration in the North Pacifiec.

Migratory Rates
Chittleborough (1953) estimated a migratory rate of 8 km/hr for

humpback whales based on shert=term observations of awimming speed.
Dawbin (1966) used the time delay between seasonal peaks in the catches
of shore~based whaling stations at different latitudes to estimate an
average rate of 2.28 iam/hr (15 degrees per month) for the entire
migratory transit. The fastest documented migrateory rate of

goutheastern Alasks whales, 2.38 km/hr, agrees closely with Dawbin's
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estimate. However, my estimates, like that those of Dawbin, make the
unlikely assumpticn that the migrating whales followed a straight-line
path between southeastern Alaska and Hawali., It 1s also unlikely that
these whales were photographed on their last day in scutheastern Alasia
or on their first day in Hawali. The actual time in migratory transit

may be considerably less than implied by the photographic data.

Population Structure

Humpback whales in the eastern and central North Pacific do not
aprear to form two reproductively isclated stocks with separate feeding
grounds correspending to the Hawaillan and Mexiean wintering grounds.
Nelther are they entirely nomadic, assorting randemly among different

regions of each seascpal habitat in alternate years. Instead, the

.

i 5 i T

analysis of migratory return. migratory movement, and fluke coloration
indicated that these whales, like humpback whales in the North Atlantie
(Whitehead 1982; Katorma et al. 1983; Martin at al. 1984), form several
geographically-isolated "feeding herds®™, Individuals from these feeding
herds intermingle in either Hawati or Mexico during the breeding season
but show little tendency to alternate between the two wintering grounda
in different years. In most caszes, the segregation or intermingling of
whales from different regions was not absolute, but a matter of degree.

Strong site fidelity to a given feeding region was indicated by the
large proportion of migratory returns to southeastern Alaska. Of the
326 photo-identified whales from this region, 47.2% were sighted in more
than one ¢f the five study years. Long-term studies of whales in

Glacier Bay, scutheastern Alaska. show that individual whales have
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elve year pericd (Jurasz and Palmer 1981a.b; Perry et al. 1985]. Site

Fdelity, as demonstrated by photographic resightings, 1s also reported

for whales that summer in Prince Willjam Scund (Hall 1979; Matkin and

Matkin 1981) and other parts of the Gul? of Alaska (Rice and Wolman

1982).

Geographlc segregation of feeding herds was indicated by the

analysis of regional exchange. The comparison of photographs among the

feeding regions resulted in only one match; southeastern Alaska %o

Takutat Bay. Some movement or exchange between southeastern Alaska and

Prince William Sound was shown by photographs from a 1984 study (Baker

e
=

S
=

o

et al. 1985), but the number of matches was still far less than expected

from the z2cross-years=within-region resighting probability. Other

comparisons of photo-identified whales from the North Pacifiec also

revealed 1little or no exchange among summer habitats (Jurasz et al.

1981; Darling and McSweeney 1983). Although the waters of aoutheastern

Alaska seem to encompass the primary range of a single feeding herd

(Baker et al., 1985}, the exact geographic boundaries of each feeding

herd are unknown and may involve scome overlap.

The coloration of humpback whale flukes showed systematic

difference across the five feeding regions. The clinal inerease in the

proportion of darkly pigmented flukes from the Gulf of Alaska sastward

to the Farallon Islands was similar to that observed among stocks in the

southern hemisphere {fmura 1953: Chittleborough 1965). Presumably,

humpback whale coloration is genetically controlled, and coleration

differences of whales in the scuthern hemisphers are the result of scome
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genetic isolation (Gaskin 1982). Although feeding herds in the North f
Pacific intermingle to breed, a genetic cline could be maintained in o
or more of the following ways:
1) mating within a feeding herd while a3till in the feeding reglen
or during migration;
2) assortative mating between like-colored whales on the wintering
groeunds, similar to the assortative mating found among color
phases of the lesser snow geese (Anger caerulescens) {Coocke et

alo 1976) s O

3) maternal inheritance of coloration and maternally-directed

fidelity to a feeding region.

The intermingling of different feeding herds in Hawafi and Mexice
was clearly demonstrated by the analysis of migratory movement and fhme
colorations. Whalea from different feeding regions traveled to the same 0
wintering ground and whales from the same feeding reglon traveled to .
different wintering grounds., The average fluke coloration of whales %23. 
from Hawall and Mexico was similar and intermediate between the exiremes EEE'
of the feeding regions., The distribution of color phases In Hawall and

Maxico may reflect the intermingling of different feeding herds.

Although not statistically aignificant, a tendency for whales from |

-

feeding regions in the central North Pacific to travel to Hawaili and for

whales from the eastern Horth Pacifiec to travel to Mexico is suggested
by the migratory movement data. No whales from Hawaii were found npear

the Farallon Islands and no whales from the western Gulf of Alaska wers

found in Mexico. A longitudinal trend in salecting wintering grounds
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Id be energetfically economical 1f migratory travel follows a
aight-line path bstween seasomal habitats.

The apalysis of migratory return was inconclusive in determining
the strength of fidelity to a single wintering ground. Only 13.7% of
Ehewmalas photo=identified in Hawali were resighted across years and neo
whales were seen in hoth of the small sampies of photographa from
Mexico. However, the proportion of resightings acreoss years is a
.1nmction of both sample size and the true abundance of animals in a
reglon, Consequently, it i3 not strictly comparable between regions
unless standardized by an independent estimate of abundance.

Some sxchange between the Hawalian and Mexican breeding grounds was
confirmed by the resighting, across years, of at least ome whale.
However, this single match was far less than expected if whales
alternated randomly between the two wintering grounds., A greater degree
of interchange between wintering grounds is suggested by Parling and
Jurasz's (1983) report of two resightings among a much smaller sample of
photographs from Bawaii and Mexico. Further photographic data from
Mexieo will Le necessary to determine, with confidence. the extent of
exchange among wintering grounds.

Several authors have suggested that the recent analyses of humpback
whale song provide additiomal evidence for populatiomal exchange across
the wintering grounds of the central and eastern North Pacific. Winn et
ale. (1981) and Payne and Guinee (1983) found that the structure of
humpback whale acngs from Hawali and Mexlco was essentially identical in
a gilven year, but clearly different from the structure of songs shared

by whales from cther oceans, Because humpback whale song changes. to
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some degree, from year to year (Winn and Winn 1978; Payne et al. 1983),
whales that travel to Hawalil and Mexlco presumably wmust be in acoustie

contact at 3cme point to learn the new song. Although the data

presented here show that whales which winter in Hawali and Mexice are

found together in southeastarn Alaska and Prince William Sound, singing

i T RS S
.‘

is rarely bheard during the summer season when nmost whales are found in .
these feeding regions. N

Payne and Guinee (1983) suggest that song change may be transmitted =
by singers that visit both wintering grounds during a single winter

season or by a 4,800 km long "string" of migrating singers maintaining

acoustic contact between the two reglons. An alternative hypothesis {s

suggested by observations of whales singing in socutheastern Alaska

during late fall and winter {(Baker et al. 1985}. Whales found in

southeastern Alaska late-~season groups are known to migrzate to both
Mexico and Hawaii and some individuals complete the southerly migration
even after remaining in northern waters until as late as December. If
the new song is established by late=season gingers in northern latitudes |

and these singers later travel to different wintering grounds, they

could act as the vectors of song exchange. In this caze, no direct

interchange between wintering grounds would be necessary.
Payne and Guinee (1983) conclude that the analysis of song
structure provides an accessible method of delineating stocks or

reproductively-isclated groups of humpback whales. However, neither

Winn et al., {1981) nor Payrme and Guipee {1983) demonstrate geographic
variat;on in the songs of different aub-populations of humpback whales

in the same ocean, only differsences in the songs of populations in
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rent cceans. Until differences between the songs of

L
i

sub-populations are found, the validity of this method remains in

tion. Additiomslly, the potential for whales to exchange songs

while still in northern latitudes cautions against rellance on this

ﬁkﬂﬂﬁque to distinguish breeding groups.
e& A whale stock is generally considered to be a relatively

:;éham_egenews sub~populaticn which remaing segregated from other 3tocks

’3‘ throughout the year and within which individuals have the potential to

i

 freely interbreed (Chapman 1974). This traditional definition is not I

adequate for the complex peopulation structure of humpback whales in the

.

G

North Pacific and the North Atlantic. Instead, both groups are best
deseribed as "structured demes™ (D.S. Wilson 1975; 1977) or, in keeping
with whaling terminology, "structured stocks™. FEach structured atock
econsistas of several feeding herds or Tecoclogical demes®™ which
intermingle to breed on one or @more wintering grounds, Within a
structured stock sets of whales associate with different probabllitiles
in each seasonal habitat, These seasoral changes in associations have
important implications for the evolution of socizl organization in
humpback whales,

Recent observations of humpback whale behavior indicate that sexual
selection and ecological forces have acted Independently in each
seasomal habitat to create contrasting social systems (Baker and Herman
1984b), On the wintering grounds, the sceial organization of humpback
whales cap be deseribed as a polygamous mating system involving
male-nzle competition for sexually mzture femalea {(Chapter 2; Chapter

3}. In some féeding regions, the scclal organization 1s characterized
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by nen-competitive and, at times, cooperative feeding behavior invelus
long-term associations between individuals (Baker et al. 1982; Baker e

al., 1983; Weinrich 1983; Baker and Herman 19BUb; Chapter U).

In a competitive mating aystem, an individual will decrease ifs

inclusive fitness by competing with related individuals. In a

cooperative feeding system, an individual will inerease its inclusive

fitness by cooperating with related individuzls, For humpback whales,

the inclusive fitness of individuals could be optimized by forming a

structured stock in which individuals feed among related individuals Mtq

breed among unrelated individuals. Matrilinial kinship within feeding f

herds could be maintained 1if fidelity to a feedlag region is established

when a calf first travels to the feeding grounds with its mother (Baker

and Herman 1984b; Martin et al. 1984), CObservations of several

individuals, first identifisd as calves, repeatedly returning to the

same feeding region as their mothers, suggests that this is the case

i RO

(Jurasz and Palmer 1981a,b; Mayo and Clapham 1983). Baker and Herman

(1984b) suggast that the hypothesis of a structured stock could be

further tested by determining the relatedness of individuals in feeding

groups and breeding groups with lmmunological or isozymatic techniques,

The formation of a structured stock also has consequences for the

management of humpback whales. In recent years. the zabundance of

humpback whale populations has been estimatad by applying mark-recapturs

models to photo-identification data {Baker et al. 1982; Whitehead 1982;

Darling et al. 1983). These mcdels assume that all individuals within a

population have an equal probability of being marked and recaptured

{Seber 1982), A structured stock, however, is composed of sets of
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es with different probabillities of associations. This suggests that
ﬁ&jrawpture models must be applied with caution if they are to yield

. results. Geographically-isclated feeding herds can be estimated
sempling within their respective feeding regions where the

bility of capture is aqual for all members of the herd (Whitehead
al., 1980; Baker et al. 1982; Whitehead 1982; Baker et al. 1983; Baker
g;al.1985). The welghtad pean estimate of 3IT4 animals (+/- 47 at the
95} confidence limit) in the southeastern Alaska feseding herd is
@wmdaingly ¢loge to Baker et al.'s (1285) estimate bassd on Petersen
stimates from contiguous years. Estimting the abundance of an enfire
structured stock, however, may be more difficult., Althocugh the weighted
mean estimate of 1,627 animal (+/~ 307 at the $5% confidence interval)

~ for the Hawaiian wintering congregation is also in ¢lose agreement with
another recent estimate (Darling et al. 1983), both estimates should be
considered with caution., If altermating between wintering grounds is
common, whales must be marked and recaptured in all wintering grounds to

assure an unblased estimate.

S
e

Exploitation of a structured stoek ocould have a differential impact
depending on its seasornal timing. Local harvesting during the feeding
season ¢ould quickly deplete a feeding herd. Thias may have been the
case in southeastern Alaska where the harvests of shore~based whaling
atations declined rapidly after only one or two good seasons (Bockstoce
1978; Rice 1978). On the other hand, shore-based whaling stations along
migratory routes or near the wintering grounds were able to take greater
pumbers of humpback whales over many seasons (Nishiwaki 1959; Pike and

MacAskile 1969; Riee 19T74; Risze 1978),
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Why does the apparent population structure of humpback whales in
the northern hemisphere differ from that in the southern hemisphere?
can suggest two answers. Firat, the differences in the ecologieal
conditions between the two hemispheres could be large enocugh to
influernce the animals' social structure. The coastal diversity of the
North Pacific and the North Atlantie offer a fine-grained habitat in
which prey distribution may be relatively predictable dus to topograph ”

upwellings and eoaatal runoff. This could facilitate the establishmen

of site fldelity by feeding whales. The pelagic feeding grounds of th ;
Antarctie, by comparison, seem featureless. The distribution of prey
thought to be determined by dymamic upwellings (Gaskin 7982) resulting

from shifting cyclonle weather patterns (Chittleborough 1965), Prey

type may also influence social organization. Humpback whale diet in th
northern hemisphere is extrgmaly varied and consists of both
macroplankton and schooling Pishes {Mitchell 1975). Baker and Herman
(1984b) report that cooperative behavior among North Pacific humpback
whales is associated primarily with feeding on schooling fishes. On thef
feeding grounds of the southernm hemisphers, the diet of humpback whales

consists almost entirely of euphausiids (Gaskin 1982). This monotypic

diet may not have encouraged the development of cooperative feeding
strategies,

Second, structured stocks may also exist undetected in the southers
hemisphere. Stocks in the southern hemisphere were delineated primrﬂy'
through discovery=tag marking and recovery. Because the recovery cf a
discovery tag was a terminal event for the whale, information collected

from a single whale was usually limibted to only the time and position of
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'-ma?king and the time and position of recovery. Only in rare cases
5 3 whale tagged more than once before it was recovered. Az a
f:quence. discovery tagging could not reveal repeated migratory

s'ﬁurn or individual associations sunong‘ whales, both of which are

portant in describing a structured stock.

What is the relationship between whales from the Asian wintering
grounds and those which winter near Mexico and Bawaii? Is there enough
géintémingling of feeding herds and exchange between wintering grounds to
consider all whales in the North Pacific a single structured stock?
Wraling tlologists agree that humpback whales throughout the North
Pacific have darkly pigmented belllies and flanks {Pike 1953; Tomilin
1957; Nishiwak: 1959, 1960, 1962)}. Glockner-Ferrari and Ferrari (198%)
suggest that this 1s evidence for the existence of only one stock in the
North Pacific. The uniformity of flank and belly coleration 1s puzzling
given the diversity of fluke coloration. Unfortunately, whaling
biologista, with the exneption of Pike (1953), provide little
guantitative data concerning the relatiocaship between ventral baody
eoloration and fluke mlox;atd.on. This absence of data is probably
attributable to the whalers’' practice of removing the flukes while at
ssd, before the whales were examined by biologists (Pike 1953). The
limited data presented by Pike (1953) indicate that fluke coloration is
not highly correlated with belly or flank coloraticon. Similarly, the
data on variation in flipper coloration lndicate little correlation with
belly and flank coloration among the humpback whales which winter in
Hawai ian waters (Berman and Antinoja 1977; Glockner-Ferrari and Venus

1983).
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Discovery tag marking and recovery showed that whales traveii
winter grounds south of Japan were found summering in the Bering Sﬂ‘
far east as Unimak Island (Nishiwaki 1967). This eastern-most
documented feeding area of Asian whales is only a few hundred kilome
west of Chirikof Island, the western-most documented summering groun
whales from Hawaiil. The proximity of these sightings suggesta some
overlap in the summering grounds of whales from Hawail and the wuﬂa@
Pacifie., However, observations from the scuthern hemisphere
(Chittleborough 1965} indicate that overlap of the summer range is no
necessarily evidence of significant exchange between stocks.

Speculation aside, available data does little te confirm or deny

e

Kellogg's (1929) originmal hypothesis of an American and an 4sian atmﬁé

in the North Pacific. The populaticon structure of humpback whales {n

the eastern and central North Pacific, as deseribed by individual
movement, coloration, and song struetura, is complex. Without

comparable data from the western Worth Pacific, the relaticnship betwe
these two groups remains unknown, and our knowledge of humpback whale.ﬁ

abundance., migratory behavior, and soclal organization remains

incomplete,
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Chapter II
The Reproductive Histories of Humpback Whales

in Hawail and Southeastern Alaska
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Abstract

e

S

A total of 1230 whales were photo=-identified in either southeastem.

e e D

e

Alaska or Hawall during the years 1977 to 1984, 119 of these whales
were inferred to be reproductively mature females based con theirclm@
assoclation with a calf in one or more years., 154 whales were inferred
to be males based on their roles as singers or eacorts in Bawail. iz j
additiconal three whales, sighted only in southeastern Alaska, were

inferred to be males based on the absence of an accompying calf across

sighting histories of five or more years., Differences in the fluke

coloration of males apd females may suggest either sexual dimorphismcﬁ
sex-based differences in migratofy movement. Reproductive histories of _
males corroborate the hypothesis that singing and escorting are
interchangeable male roles. Interbirth or "calving" intervals'were
determined from multiple sightings of individual females and ranged fro
one to six years in length. In Hawaiil, sightings of seven females
across contiguous years gave an estimated reproductive rate of 0,60
(calves per mature female per year). In socutheastern Alaska, sightings
of 30 females across contigucous years gave an estimated reproductive ,
rate of 0.349. The survival of a calf through at least its first year {
of lif'e was documented in five cazes and one incident of possible ;
weaning was observed. The apparent loss of a calf between Hawaili and ‘
scutheastern Alaska was documented in one case, Neonatal mortality of
2.6% = 8.1% during the first six months of life was estimated by
'comparing the observed calving rates in socutheastern Alaska to reported l

pregnancy ratea from commercial catches, I suggest that reproductive
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ightabllity of cow=-calf pairs and the failure te account for

o

mortality. The lower interbirth intervals observed in

m Alaska may more c¢losely reflect "trus" rates of population
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Introduction

The humpback whale, like other baleen whales, lacks any obvicus
sexually dimorphie traits. Although adult females are, on average,
slightly larger than adult males, this difference i3 of little use in

sexing individuals (Mathewa 1937; Ralls 1976). Conclusive proof of an

o

individual's sex comes only from full-ventral observations of the

genitals (True 1904; Mathews 1937). While such observations are easily

e

obtained on the flencing deck of a whaling vessel, they are considerably
more difficult to obtalin from live animals in the wild. Recently, |
photographs of tha lateral profile of the genitals have also been used ;
to sex individuals (Glockner~Ferrari and Venus 1983). Unless a whale is

inverted at the surface, howaver, its genitals are visible only to an

underwater observer. This restricts the direct sexdng of animals in

e

many situaticons, lncluding behavioral studies in northern waters.
Indirect evidence of a whale's gender can accumulate from its
long~term sighting histories and documentation of social behavior.
Because of the close assoclation of a cow and her calf it is usually
possible to identify a calf's mother, even when other adulfs are pmwmﬁz
in a group {Herman and Antinoja 1977). The fact that cow-calf pairs |
naver assoelate with each other on the Hawalian wintaring grounds heﬁm%
to prevent confusion about the mother of arn individual calf (Herman mmé
Antinoja 1977; Herman et al, 1980),. ,
Data have also accumulated on the aex of indilviduals found in two
behavioral roles characteristic of humpback whales on the wintering

grounds: "escorts™ gnd "singers". BHerman and Antinoja (18977) first

g4
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bed the common asscciation of an adult humpback whale with a
f pair in Hawaiian waters and termed the adult companion of the
an "escort™. Herman and Tavolga (1080) later suggested that the

t zay play an allomaternal role in protecting the ecalf or,

s’%mtively, that it may be a male consorting with a female ovulating

artum, Recent studies show that the duration of affiliation

tween an individual escort and cow-calf pair is generally only a few

rours (Darling et al. 1983; Tyack and Whitehead 1983; Mobley and Herman

1985; Chapter 3). Such a brief period of association is unlikely if
alicmaternal behavior were involved and suggests instead the temporary
affiliation of a2 courting male. Glockner (1983) sexed 14 individual
ascorts from photographs of thelr gepnitals and found all to be males.
Payne and MeVay (1971) and Winn et al. {1971} first describsd the
gong of the humpback whale and commented on its posaible functions.
Wion et al. {1973) reviewed whaling literature and used cytological
techniques to suggest that only mature males sing. Tyack {1981}

reported observations of singers involved in aggression and in behavior

he believed to be associated with mating. Glockner (1983) determined
that four singers were malea based on the lateral profiles of their
genitais, The repeated cbservations of individually ldentified whales
acting as escorts or singers over severzl winter seasons provides
further evidence that these rcles are interchangeable and sex-apecifie
to males (Darling et al., 1983; Chapter 3).

In addition €o providing infermation on the sex and social roles of

individual humpback whales, long-term sighting histories are the only

method currently available for studying the reproductive cycle of female
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humpback whales. Based on the examination of carcasses 1in commercial
catches, humpback whalaes are generally thought to give birth once every
two or three years after reaching sexual maturity (Chittleborough 1965;
Lockyer 1984), Pregnancy rates are reported to be 0.83 (calves per

mature female per year) in the coastal eastern North Pacific {Rice

1963), and 0.40 in the western North Pacific (Nishiwaki 1962). Based o
aerial censuses of Hawallar waiers during the pesk of the winter seasa
Herman and Antinoja {1977) report that 9.7 ~ 9.6% of all whales observel
were calves, This suggests a calving rate of 0.%0 - 0,42, very close g
the pregnancy rates reported by Rice (1963) and Nishiwaki (1962).

Qbservations of individually identified cows in Hawall indicate that

E3

some cows give birth every year (Glockner-Ferrari and Ferrari 1984},

L

confirming earlier reports of post-partum ovulation ip a small
percentage of females (Chittleborcugh 1965). However, the proportion of |

the female population on a yearliy birth cycle and the viability of these

fyearly® calves remains in question.

Here I present data from which I infer the sex and age-class of
individual humpback whales based on sighting histories and behavioral
roles. The sighting historles of eacorts and singers provide further
avidence that these roles are sex-spacific to males. 3Sighting histories

of cows provide information on thelr reproductive oycles and, in a few

_,\Q_..w

cases, document the survival or death ¢f calves during their first year f E

of life.
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Methods

Field studies of humpback whales were conducted in Hawalian waters
"inﬁthe winters of 1979 to 1984 and in scutheastern Alasks during the
umpers of 1980 to 1984 (General Methods). Whales were observed and
¢£&4dentified from small vessels on a daily or near-daily basis
fmmeral Methods) Additiomal data from years previous to 1979 are
presented when available and relevant (Herman and Antinoja 1377; Herman

et al. 1980),

Results
Pemales

Of the 1230 whales ipdividually identified in sither Hawaii or

southeastern Alaska from 1977 to 1984, 119 were inferred to e

3e reproductively mature females based on their c¢lose association with a
calf in one or more years, U6 of these females were sighted only in
scutheastern Alaska, 59 were sighted only in Hawaili, and 14 were common
to both regiona.

Calvying Cyeles. Sightings of females across more than a single
year provided information on calving intervals of humpback whales.
Because sighting histories were seldom continuous, it iz useful %o
distinguish "determined" calving intervals from "undetermined™ calving
intervais, Undetermined intervals were defined as the longest
continuous series of sightings of 2 female without a calf, regardlesz of

whether of not those sightings were bounded by a previous or subsequent

sighting with a calf, Consequently, undetermined intervals are only a
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minimum estimate of the true calving interval. Determined intervals
were defined as consecutive sightings of a female that were bounded by
previous and subsequent sightings with a calf., 4 determined interval
can be one year or more in length, An undetermined interval, by
definition, must be two years or more in length., Any sighting of a
female without a ¢3lf was assumed %o represent a two=year undetermnmdf

interval. For example, #530 (Case 31, Table 13). was sighted without

calf in 1987 and 1983 and with a calf in 1982 and 1684, These four
sightings indicate one determined two~year interval between the birbh&%
a calf in 1982 and the birth of the next calf in 1984, An undetermumd;
two=year interval 1s indicated by the absence of a calf in 1981. |
Forty females were sighted in southeastern Alaska during more than
one year {Table 13). The 114 sightings of the southeastern Alaska ;
females provided informatlion on 55 calving intervals. Only 3 calving
intervals were determined; 2 intervalg were two~year and 1 was
ong~year. The 52 undetermined intervals included 40 two-year, 8
three=yesar, 2 four-year, 1 flve-year, and 1 six-year intervals.
Eighteen females were aighted in ﬁawaii during more than one year
(Table 14), The 40 total sightings of the Hawaiian females showed 16
undetermined twowyear intervals, 1 determined two-year interval, and 1

determined one=year interval.

28




Table 13

Hem@ductive histeories of female humpback whales sighted
on more than one year in southeastern Alaska.

Apimal Sighting Year Iotal Iotal
Case Number Bo® 81 82 83 84 Sightings Calves
1e 154 c a A 3 1
2. 235 A c C 3 2
2. 508 A c ¢ 3 2
4, 873 C A A C y 2
5. 161 A A A C A 5 1
B. T6EE* A A A A A 5 0
T. 53¢ A A C A A 5] 1
8. BE87 A A &8 A c S 1
9, 229 C A 2 1
10. 289 A C 2 1
11. 501 A o) 2 1
12, 510 C A 2 1
13, 535 C C 2 2
15, 550 %% A A 2 0
16, 555 A C 2 1
17. 861 A C 2 1
i8. 569 A C 2 1
19, 595 A C 2 1
20. £99 A C 2 1
21. 155 A c A 3 1
22. 258 A A ¢ 3 1
23. 2717 A A o 3 1
24, 519 A C a 3 1
25. 541 A A C 3 1
26, 5864 A C A 3 1
27. 580 A . A 3 0
28, 600 c A 4 3 2
29. Ty C A A 3 1
30. 193 A o A A L 1
1. 530 A C A C b 2
32. 581 A A . C b 1
33. 593 A A C A i 1
3%, 114 C A 2 1
35, 216 C A 2 1
348, 231 A C 2 1
37, 232 A <+ A 2 0
38. 268 A C 2 1
39. Loy A C 2 1
bo. 236 C A C 3 2
- Total 1% 43
.I
|
I g9a
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Table 13 (Continued)

Note: The letter C ipdicates the presence of calf in that sighting
year. The letter A indicates the absence of a calf.

o

% Some sighting data taken from Jurasz st al. 1681.
#% Reported to be a female by Jurasz and Palmer 1981a.

+ Sighted with a calf in Hawail during indicated year.
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Table 14

Reproductive historiles of female humpback whales sighted
more than one year in Kawailil,

Bumber 78 79 80 81 82 83 84 Sightings Calves

062 c c
42y A e
- D75 [0
370
011
100
183
071
082
114
117
245
346
354
432
355
365
442
540

PR RDRORNDNMD NN SR NN D
N T N = N T L A R L6 i A S I 8 ]

=
o
™
w

Hote: The letter C indicates the presence of calf in that sighting
year. The letter A indicates the absence of a calf.

+ Sighted with a calf in southeastern Alaska during indicated year.
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Calving Rates. Several different estimates of calving rates can '_‘_Q
derived from the sighting histories of females in Hawall and ?
southeastern Alaska., If resight historiss were complete, calving mﬂﬁ”
would be a direct function of birth intervals. Unfortunately, the §
number of determined calving intervals i3 presently too small to |
estimate calving rates, Using undetermined calving intervals would

require making the unlikely assumption that all females gave birth in

years that they were not sighted.

o s o

It seemed a better strategy to estimate calving rates by dividirg E
the number of yearly sightings with calves by the total number ofjmaﬁ;
sightings of females, This estimete makes no assumption about the ;
presence or absence of a calf during years when a femals was not .
sighted. BHowever, it will be inflated if females with calves are
over-represented in the sighting histories, or deflated if females with
calves are under-~represented in the sighting historles, The calving ;
rate based on all sightings of females was $.575 for Hawall and 0.37%
for southeastern Alaska.

A more conservative estimate of calving rates can be derived from

the inclusion of only the sightings of a female in two or more

contiguous years. This requirement should help te control any bias

e

introduced by the conspicuous presence of a calf, unless the female was
calving yearly. Using contigucus sightings alsc helps to guard against :
any cyclical biag in the presence or sightability of a female Iin a given

region or year, Like the previous estimate, however, this assumes thet

the observed calving intervals were a representative sample of all i

intervals in each region. In Hawailil only seven females had contiguous
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iving a calving rate of 0.60. In southeastern Alaska, 29
had one or more cases of contiguous sightings. From these 83
there were 29 calvings giving a rate of 0.349.

alf syrvival and mortality. The survival of a ezlf through at
firat year of life was documented in four cases (Table 15).

¢ calves, identified by their flukes or distinctive dorsal fins,
observed as yearlings in Hawzilan waters. Animal #72 was first
epved as a newborn with its mother (#71) near Maui on March 6, 1980.
#72, then a yearling, and its mother were seen the following year
‘the Big Island across a three day period. On the first two days
yearling was sighted with the female and another adult. Behavioral
w‘&ewars did not recognize #72 but did note that it was smzll and
:;gﬁggested that it might be a yearling. On the second day the yearling,
;"emale, and adult "escort® were observed for over five hours during
yhick they repeatedly tail-slapped, Clipper~slapped, and breached,
 sopetimes Iin tandem. The third day the female was seen alone.

Animl #416 was first observed as a calf with its mother (#541) on
September 4, 1983 in southeastern Alaska. They were next seen traveling
together on February 3, 1984, near Maul, unaccompanied by other adults,
‘Behavioral observers did not recognize the yearling and assumed that it
wag an adult.

Animal #1072 was sighted with its mother, #245, near Maul during
the winter of 1981. The cow=calf pair were next sighted in southeastern
Alaska the following summer (1881). Animl #245 and #1072, then a

yearling, returned to Maul and were sighted or Mareh 9, 1982,
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Table 15

The documented survival of humpback whale calves during their
first year of life,

Calf Cow First Sighting Last Sighting Interval
# # Date Region Date Region  (Days)
1. 072 071 Mar 6, 1980 HI Feb 14, 1981 HI 345
2. 1072 245 Mar 3, 1981 HI Mar ¢, 1982 HT EYA
3. 188 539 Jul 10, 1982 SEA Dec 5, 1982 SEA 148
4, U418 5t Sep ¥, 1883 SE4 Feb 3, 1984 HI 152
104
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ompanied by a male, #022, also from scutheastern Alaska (Chapter 5),

'_an adult of unknown sex., Once again, behavioral observers did not

ognize the yearling and assumed that it was an adult. All of the
*mls acconpanying the female, including the yearling, were involved
n:surra_ce activity associated with aggression (Chapter 3).

The fourth yearling, #7198, was observed as a calf with its mother,

#839, in southeasterm Alaska throughout the summer of 1982.

v

:G_bservations of late-season whales in southeastern Alaska showed that

§ #7198 was still accompanied by its mother at least until December 5,

1__982. The femzle, #539, was subsequently seen in southeastern Alaska

during 1983 and 1984 unaccompanied by #198 or a new calf. Animal #7198
has not been resighted since the late-season of 1082,

One incident of apparent calf mortality was documented. Animal

#183 was sighted with a newborn ¢alf on March 15, 1982 near Maui. 3he
was next sighted in southeastern Alaska the following August and

September, 1982, unaccompanied by a calf.

Hales

A total of 154 whales were inferred to be mature males based on

thelr roles as escorts or singers in Hawzli. Twenty-five of these males

s

were sighted in both Hawail and acgutheastern Alaska. An additional
three whales, aighted only in southeastern Alaska, were inferred Lo be
males based on the absence of an accompanylng calf across sighting
histories of five or more vears.,

Many of these males were sighted in either Hawazll or southeastern

Alaska acrossa more than one year, Of the 157 males, 3 were sighted in

1¢5
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six years, 9 in five years, 9 in four years. 13 in three years, and 18
in two years, No animal identifilad as an escort or singer in one year
was observed as a cow with a calf in any alternate years.

Contipuity and iptepchange of behavioral roles. The 154 males were
sighted in Hawall on 269 occasions, including multiple sightings within
years. The animels were acting as escorts in 159 of these aightings, a3
singers in 27 sightings, and in two sightings the whales were escorting
and singing simultanseously. In the remaining 81 sightings, no
behavioral role was determined.

Several males were obmerved acting repeatedly as escorts or singers
and a few were ohserved interchanging roles {(Table 16)}. The most
extensive resighting histories are availlabie for #13 and #51. Animal
#13 was observed escorting a cow-calf pair or female on five separate
cccasiens and both singing and escorting a cow=calf pair on a single
cccasion during the years 1978 to 1984. Animal #51 was observed as an
escort on five occasions, as a singer on twoe occasions, and with no

known role on three occcasions during 1979 te 1§84. Further details of

the behavior of these and other individual malea are presented in

Chapter 3.

—————
P
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Table 16

The behavioral reles and role transitions of individually
identified males in Hawaii,

Cbservations
Frequency 1 2 3 y 5 6 7 8 9 10

Escorting Only
a7 E
6 E E
16 E N
2 E E E
6 E N N
2 E E N N
1 E E E E M N
1 E 5 “lag and
1 E E E E g ES
1 E ES N N | N
1 E E 3 S N N N N 8
1 E E £ E S 3 N N N N
Sloging Only
16 3
3 8 N
1 3 N N
3 3 N ¥ N
154

Hota: The letter E indicates escorting, S singing, ES escorting and
ainging simultaneously, N no observable behaviorsl role. The role
transitions are grouped inte sighting categories, not listed by
chronological order. Thus 87 individuals were sighted as escorts
only cnce, six were sighted twice as escorts, 16 were sighted once
as escorts and once without a known role, etc., irrespective of
the order of the aightings.
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Coloration of males and females

Fluke photographs were used %o examine differences in the

coloration of males, females, and animals of unknown sex from Hawaii
southeastern Alaska., FEach fluke was assigned a score corresponding to
its color phase (General Methods): 1 for predominantly white, 2 for
moderately dark, and 3 for dark (Table 17). An individual was counted
once in each region that it was sighted. Because some individuals wers B
seen in both regions, this resulted in a loss of independence in
regional samples but allowed for the simultansous analysis of
differences between all sexed animals as well as differences between
sexed animals in each region.

Overall, animels from scutheastern Alaska were darker than those
from Hewaii and females were darker than males or unknowns (ANOVA regiun;‘
F[1/1269] = 29.51, p < 0.001; sex F[2/1268] = 3.37, p < 0.035; Tukey
pair-wise comparisons p < 0.05). Females from scutheastern Alaska wers
the darkest group followed by unknowns from southeastern Alaska and
females from Hawail. Males from scutheastern Alaska and Eawall were
almost identical in coloration and slightly darker than unknowns from
Hawali., The average coloration of unknowns from southeasterm Alaska was
nearly midway between the average of females from scutheastern Alaska

and males from hoth regions.
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Table 17

The fluke coloration of sexaed whales in Hawaii and
southeastern Alaska.

Scutheastern Alaska
Color Phase Mean Color
1 2 3 Phase
Famales 8 19 33 2.42
(13 (32) (55)
9 12 T 1.93
(32) (43) (25)
Unknowns B4 127 137 2.14
{24) (37) (39)
109
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Table 17 (continued)

Hawadl
Color Phase Mean Color
Sex 1 2 3 Phase
Famales 20 34 19 1.99
{27) (4T (28)
Males 54 53 37 1.89
(35) (41) {24}
Unknowns 205 263 145 1.90
(33) {43) (24

Note: Percentages

of flukes in each color phase are shown in

parentheses,
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Discussion

The sighting histories of faemale humpback whales in scutheastern
’1aSMainﬁicate that the reproductive rate of this population was 0.34%
gaU.STH during the study years. Calving ¢yecles of individual females
‘were variable, ranging from one year to five years, If the observations
of Jurasz and Palmer (1981a) are correct, one female, #166, seen with a
- calf in 1974, was without a calf in five consecutive years of
observations,

Why were reproductive rates of females 1n southeaatern Alaska lower
and more variable than estimated rates based on commercial catches,

survey counts, and other individual animal studies? The anawer can be

found in the potential biases of each technique. Pregnancy rates based

on the presence of fetuses in commercial catches do not aceount for
stillbirths or neonztal deaths and may be biased by internationpal
regulations which prohibit taking females with calves, effectively
excluding these females from cateh statistics. Differences in the
migratory timing of age-sex classes may also result in differential
exploitation (Mi;roch 1983).

Counts of calves on the wintering grounds may be affected by the
sightability of cow=calf pairs and seasonal changes in the relative
abundance of other age-sex classes (Herman and Antinoja 19773 Perrin and
Donovon 1984}, Individual animl studies may suffer from the problems
of discontinuous sighting records and the conspicuousness of females

when accompanied by a calf. Studies confined to the wintering grounds
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will not account for neonatal mertallty unless the studies are able %o é é E
document the calves! return the following year. The sstimates, reportw. g- {
here, of calving rates 1n Hawallan watars (0.527 - 0.600) are probably 1? ; ¢
inflated for these reasons. :

Many of the biases affecting other techniques did not affect the

estimates of reproductive rates based on sighting historles of females

from southeastern Alagka. The high probability of return to the region

|

(Chapter 1) helps assure that individuals ars seen repeatedly and

it

continuously across several years, regardless of the presence or absence _
[

of a ealf., Estimates of reproductive rates from southeastern Alaska

also take into account stillbirtha and some necnatal mortality; a calf
sighted in southeastern Alaska during July or 4dugust has already l
survived its first six months of life and its first long-range h
migration. The only bias I could not prevent was the possible inclusion 1 ;
of sighting vears prior to a female's sexual maturity, resulting in an ? }
gverly conservative estimate of calving rates, Only very long-term ij
reproductive histories similar to those available for humans (Palmore
and Gardner 1983) will assure a thorough understanding of all fmpartant rf
reproductive parameters.

The survival of calves through the first year of life was
documented In four cases. Three cases showed the migratory return to
Hawali of the yearling w@with its mother. In one of these cases the
vearling disaffiliated from the cow following a strenuous episode of

aerial behavior lasting over five hours. It i3 pcaaible that the calf's

departure was an instance of weaning and that the preceding aerial

activity was the result of the cow's rsfusal to nurse, Similar
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parent~cffspring conflicts are common during weaning in some ungulates

(Leuthold 1977). If this interpretation is correct, it supports the

aearly a full year (Chittleborough 1965; Lockyer 1984). Behavioral
observations of right whales (Eubalaena glacislis) also indicate that
yearlings are weaned after thelr return with their mother to the
wintering grounds {(Taber and Thomas 1982).

One case of neonatal mortality was documented by the loss of a calf
between Hawail and southeasterr Alaska. An overall neonatal mortality
of 2.6 - 8.1% during the first 3ix months i3 suggested by comparing the
observed calving rate in southeastern Alaska (0.374 - 0.349) to the
pregnancy rates from commercial catches in the western (0,40, Nishiwaki
1959) and eastern (0.43, Rice 1963) Narth Pacific. Although this
estimate of neonatal mortality may be inflated if reported pregnancy
rates from cateh statistics are inflated, it i3 comparable to Sehwartz
and Jones! (1984) report of 5.3% mortality among gray whale calves in
the calving lagoons.

Pomssible causes of mortality for humpback and gray whales include
stillibirths, accidental strandings, predation, and even harassment by
vessel traffic (Lockyer 1984). Evidence of non-fatal attacks by killer
whales, Orolpus orea, or pelagic sharks comes from the presence of
parallel scarring on the flukes of the humpback whales. These scars are
found on 3% of the 1388 (2.5%) flukes in the entire photo-identification
catalog {unpublished data). Like other large mammals, humpback whales
are probably most suaceptible to predation when they are young or 3ick

{(Caughley 1977). In one case a &6 - § month old calf aighted in
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southeastern Alaska on September 6, 1984, showed extensive scarring,
apparently ag the result of an orca attack {Figure 9). No adults were

documented to have acgquire similar seara during their sighting

histories.

Males

The sighting histories of animals Inferred to be malea corroborats
other reports, reviewed earlier, that escorting and singing on the
wintering ground are sex-specific role of males. Some males have been i
gighted repeatedly acting as an escort over as many as six consecutive
vears. Individuals seen as escorts were zlso seen as singers,

confirming the interchangeabllity of these behavioral roles. No animl

sighted as a cow in one year was sighted as an escort or a singer in

alternate years.

R

There is only one report of singing by a cow (Tyack 1982). In this
r
single incident, singing was heard for 19 min in the vicinity of what |

appeared to be a lone cow-calf palr. BEased on the absence of more than

R —
e

a single adult at the surface, the observers assumed that the cow was
singing. However, the possibility cannot bte excluded that a second
adult was also present and surfacing alternately with the cow (Watkins

and Moore 1983). Other incidents of singers in the company of cow=-calf

palrs initially resulted ip a similar confusion (Herman and Tavolga |

1980; Chapter 3). :_
It is tempting to assume that all adults accompanying femalss in

Hawail are males, In large, surface-active pods that inelude females

without a ecalf, the role of the accompanying adults appears directly
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flaure 9: Scarring from a killer whale attack on the fluke of a
humpback whale calf, approximately 6 - U months old.
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analogous to that of escorts (Tyack and Whitehead 1983; Chapter 3).
¥nile this may be true in most cases, the observation of a female and

~ her yearling in a surface-active pod cautilons against an uneritical
acceptance of this analogy. This caveat does not'necessarily apply to
esecorts accompanying a cowwcalf pair. The chance of a cow with a calf
“;mﬁng Tesqorted™ by her yvearling is probably vanishingly small due to
the infrequency of yearly calving cycles and the likelihood that a
yearling is weaned before a new birth., To date, no observatipns of a
cow-calf pair accompanied by a yearling have been reported.
lionatheless, inferring gender from behavioral roles must continue tc be
evaluated and corroborated by direct sexing with genital photographs

and, possibly, karyotyping or other cytological techniques.

Loloration

The analysis of fluke coloration indicates that females were darker
than malea and unknowns, even after attempting to account for overall
differences in the coloration ¢f whales from Hawalil and =outheastern
Alaska. In his study of humpback whaleas taken from a shore-based
whaling station on Vancouver, British Columbia, Pike (1953) reported
that females were generally darker than males in throat, flank, and
fiuke coloration. Glockner-Ferrari and Venus (1983) present data
suggesting similar differences in the coloration of escorts and females
from Hawaiian waters but they did not comment on this trend.

Interprating color differences in females and presumed males as
gexual dimorphism 1s confounded by evidence for a general cline in the

celoration of humpback whales across the feeding grounds of the central
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and eastern North Pacific (Chapter 1), This is further complicated by

the overall differences batween whales from 3ome feeding regions, B
including southeastern Alaska, and whales on the Hawaiian and Mexican =
wintering grounds. Regional differences were also apparent in the =
coloration of females and unknowns from Hawaii and southeastern Alaska; ¢

!

only presumed males from both regions were of similar coloration. This
confusing situation could be explained by the followlng hypotheses:

1)} there is a general cline in the coloration of whales from
different feeding grounds;

2) females and males from different feeding regions mix on the
wintering ground, resulting in an average coloratiocn
intermediate between the extremes of the feeding regions;

3) females are more site specific to thelr natal feeding ground
(philopatric) than males, resulting in some dispersal of males

from their natal feeding ground.

Scme avallable data are consistent with these hypotheses. The

pixing of males and females from different feeding herds during the

]
winter seazon and the possible mechanisms for maintairing a genetic T??f
cline in the feeding regions were discussed previously (Chapter 1). A {
greater degree of philopatry in female humpback whales would be |
consistent with the general trend among mammals (Eisenberg 1981

Greenwood 1983). In the North American black bear, Ursus americanus,

for example, females often inherit part of their mother's territory and

are tolerant of territarial overlap with related females (Rogers 1974,

cited in Wilson 1975).
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One testable prediction of this hypothesis is that females from

Prigce William Sound, the Gulf of Alaska, or other feeding grounds to

e

tze west will be lighter than females from southeastern Alaska, while
jﬂesf?om these region will be similar in coloration. A small sample
of sexed animals from Prince William Sound and the western Gulf of

‘f'ﬂaska is suggestive but far from conclusive: the three females were all
pfthelightest calor phase while the two males were intermediate and
gark. Counter-—evidence for a greater degree of philopatry among females
comes from the three animals sighted in more than a single feeding

region (Chapter 1); two are thought to be reproductively mature females
 and the third is of unknown sex.

The possibility must alsc be considered that the apparent

.differenee in the fluke coloration of males and females is an artifact
of the method used to sex males in scutheastern Alaska. The majority of
pales in southeastern Alaska (25 of the 28) were alsc sighted in

Hawaii. If only light colored males from southeastern Alaska travel to Il
Hawaii, the results of the color analysis would be misleading. It is
difficult, however, to lmagine a behavioral or population mechanism that i
would account for such a systematic bias., The fact that, in
southeastern Alaska, animals of unknown sex were mid-way in coleratlion

hetween males and females i3 zome evidence against the possibility of a

e

systematic bias. Nonetheless, an independent methoed of sexing animals

in northern waters and further study of the coloration of sexed animals

P

from feeding grounds to the west of southeastern Alaska are necessary to |

clarify this complex situation. I

i
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Introduction

The aggressive behavior of mysticete whales remains relatively
undascribed. In his early review of cetacean aggression, Norris (1967
conciuded that aggresasion, particularly in the context of male-mzle i
compotition, is apparently universal in the odontocetes but nearly
absent in the mysticetes., He noted as an excepiion only the gray whals,

Eschrichtius robustus, whose violent defense of its young and aggrassive

hehavior toward whalers earned it the name "devilfish", A few octher

exceptions to the portrayal of mysticetes as timid and docile creatures |

have aiso bsen noted. The defensive use of the flukes by humpback

whales (Chittleborough 1953), and by right whales, Eubalaena glacialis
{Donnelly 1967), in response to approachea by killer whales has been
reported, Right whales have been observed to Jostle each other in
possible competition for females and, in a manner similiar to j

odontocetes, to use their flukes to strike conspecifics {Saayman and f

Tayler 1973; Payne and Dorsey 1983). Herman and Tavolga {1980} reviewed
research on the social behavior of humpback whales and coneluded that

aggression in this species may be more common than previously suppozed.

They hypothesized that humpback whales, like most mammalian species, are
polygamous and that males may compete, at least through epigamie
displays, for access to sexually mature females. Soms reperts of
aggressive or competitive behavior in humpback whales have corroborated
this conclusion (Baker et al. 1%81; Glockner-Ferrari and Ferrari 1981;
Darling et al. 1983; Tyack and Whitehead 31983).

Agonism is often defined to as the broad range of behaviors which
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cour between conspecifics during conflict over access or priority of
ne38 to some resource (Scott and Fredericaon 1951 gited in Brown 1975)
onistic behavior frequenty includes acts of threat, defense, attack,

¢seape, and appeasement. In this chapter I present observations that

run counter to the popular view of mysticetes as "gentle gianta™,
indicating instead that humpback whales engage 1n strenucus and
 gemetimes violent behavior toward conspecifics. Although appeasement,

 defense, and escape may also have occured during these observation, my

descriptions are generally limited to behaviors that appeared to be

tﬁreats or direct attacks. For this restricted set of behaviors that
post simply resembled "fighting™, I prefer to uzse the term aggression
{Wilson 1975). This aggression occurs in predictable sccilal contexts,
in a roughly predictable scallag of intensity, and shows a seasonal

increase and decrease in frequency paralleling changes in the abundance

of whales in Hawalian waters. Further data are presented on the sex of

singers and eszcorts and on the interchangeability of these reoles. The

overall evidence supports the hypothesis that, as ir the odontocetes,
aggressive behavior ia humpback whales is the result of male-male

competition for access to sexially mature females.
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Methods

Fisld observations of humpback whales were carried out in Hawaiian
waters during the winter~spring seasoms of 1979, 1980, and 1981.
Additional observations from 1982, and from years prior to 1979, are
presented where available and relevant, Whales upnder observation were
individually identified according to methods described eariier (General
Methods). If an animal has been obaserved more than once 1t is referred
to by its animal number. If resighting information is not available on
an individual, it is referred to by a letter indicating its spacial
position in the group of whales under observation.

Observations of whale beh§vior were made dally or near-daily from
small boats, a3 well as during biweekly aerial surveys (Herman and
Antinoja 1977; Herman et al. 198C; Baker and Herman 1981). COne of the
research boats was equipped with a submerged plexiglass viewing chamber
(developed by L.M. Herman) which allowed the observation and filming of
whales near the vessel. Altogether, several thousand hours of

observation were made over the three-year period.

Results

Results are presented in three sections: Behavioral Observations,
Behavioral Continuity, and Populational Dynamicas. The first section
reports some exemplary observations of aggressive behavior hbetween
humpback whales. The selection of these observations was based on cne

cor more of the following criteria: 1) the observation contained the
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only example of a rare behavior; 2) the observation was of sufficient
duration to encompass a broad repertoirs of behavior; or 3) ths
Aﬂmividuals involved nave a behavioral history relevant to the topie.
The second section presents further evidence on the social roles
. characteristic of individuals engaged in aggression, and on the

: gontinuity of individual behavior across several years. Finally, the
 section on populational dynamics relates changes in the frequency of
aggressive behavior across the winter season to changes in whale

apundance and the composition of groups (pods) of whales.

Cow, calf, and escort poda. Observation I: On March 24, 1979, a

cow, calf, and escort were seen near Lahaina, Maul. I photographically

identified the cow (#172) and the escort (#13), and observed them for

about one hour as they slowly moved south toward the island of Lanai.
The same cow, c¢alf, and escort were seen three hours later; at that time
they were accompanied by an additional three escorts, two of which, #48
and 49, had been seen in previous years (see Behavioral Continuity).

The fourth escort in the ped has not been resighted and is referred to
a3 whale F. The whales were extremely active ard remained near the
surface. Consequently, we were able to record much of the next Lwo
nours of observation on videotape, through the plexiglass viewing
chamber ¢f the research vessel. The videctape records showed the
ventral and lateral aaspects of the escorts, allowing us to identify
three of the escorts as males, #13, 48, and 49. Whale #13, the original

escort, occupied a position nearest the cow-calf pair, which remained at
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the front of the group during the entire observation. The other three
escorts repeatedly exchanged proximity to #13 and were repeatedly
displaced rearwards. At each surfacing #13 1ifted his jaw or rostrum
above the water, exposing his ventral pleats and a partially inflated
throat as he lunged ahead of the other escorts (Figure 10)., This
hehavior has been termed an "inflated headlunging," or, more simply,
Theadlunging™®.

Viewed from below the surface the lead escort, #13, often appeared
to be physically displacing the other escorts, at times actually 1ifﬂmgf FE
them up tfhrough the surface of the water. The escorts frequently

released long atreams of alr from their blow-holes while swimming

underwater, a behavior we have termed "hubble-trailing,” and released

large bursts of air Just before surfacing and headlunging. The release

'%i;;i
of large bursts of air from the blow-hole either singly or in rapid 'Eféé
sequence i3 referred to as "underwazter blowing". Whale #13 also %
released an lmmense amount of air from both sides of his mouth. This *
formed a large "V"-shaped curtain of bubbles that flowed rearwards as

the whale moved through the watsr.

In addition to interposing himselfl between the cow=c¢alf pair and

the cother escorts, #13 repeatedly crossed the bow of the small research
vassel, showing his full lateral aspect and extending his flipper to
within a few meters of the vessel (Figure 11). I have interpreted this
posturs as a broadside display, similar in form and function to that

seen in many other mammalian species (Leuthold 1977).
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¢ 10: Typleal postures of headlunging humpback whales. A} The
: posterior to anterior aspect of whale #49 shows the
engorgement of the ventral pouch. B) Lateral view of two
whales headiunging. The forward whale blocked the rear
whale's approach to a cow and calf in the lead of the
pod. Photographas by Willliam Stifel, Kewalo Basip Marine
Mammal Laboratory.
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e 1: A broadside threat by an escort whale. The right flipper
is pointed towards the foreground resulting in its extreme
foreashortening. Note parallel scars along the whale's
side, Photograph by Ron Antinoja, Kewalo Basin Marinpe
Mammal Laboratory.
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The cow~calf palr remalned one to two whale lengths in frent of the
" p and was not involved in physical interactions with the escorts.

e trailing escorts, #48 and whale F, were also scmewhat removed from
direct competition and both disaffiliated from the pod during the
atter part of the observation., Whales #13 and 49 showed the most
intense interaction, and struck ventrally and laterally toward each

ther with their flukes. The level of activity remained high for more
’?than two hours of observation.

Observation 11: During an aerial survey conducted on April 10,
1979, a cow, calf, and escort were seen moving east along the south
¢oast of Molokal. A fourth whale approached the trio from several

: hundred meters to the rear and approached the ped. On the first two
approaches the escort whale changed course to diagonally intercept the
Fintruder® and block its approach. During the second approach the
escort appeared to make body contact with the intruder and released =z
long bubble=trail across its path. On the third approach the escort
turned arcund and headed towards the intruder. The intruder veered to
the side as the escort delivered a violent blow with its caudal peduncle
and flukes while making an abrupt 180 degree turn (Figure 12), The
force of the blow lifted the posterior half of the intruder clear of the
water. The original escort thern moved rapidly back towards the cow and
calf while the intruding whale continued to trall the tric by several

hundred meters.
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Figure 12: A lead escort uses its peduncle and fluke to strike the
trailing escort of a cow, calf, and two-eszcort pod. A)
The lead escort is turning just below the surface as it
strikes the trailinpg escort with its flukes and peduncle.
The force of the blow lifted the posterior third of the
trailing escort out of the water. B} The lead escort
completes its strike to the tralling escort and turns back
in the direction of the cow and calf. Photographs by C.
Scott Baker, Kewalo Bamzin Marine Mammsl Laboratory.
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Observation ITI: On Mareh 15, 1981, a cow, ¢alf, and four escorts
were obgserved southeast of wesat Maul moving rapidly and on an erratic
course. One escort, #1090 (see Ohservation I), remained nearest the cow
and repeatedly displaced the other escorts rearwaéds by positioning
itself behind the cow-calf pair and headlunging directly in the path of
the other escorts. At least once he charged and butted one of the
tralling escorts as the latter attempted te¢ approach the cow-calf pair, =
Although the trailing escort turned sharply aside from the ¢harge, it ‘
did not avoid a blow to its side by #49's rostrum (Figure 13). As in | g ; Fign

Observation IT the animal receiving the blow rolled to one side and

lifted its flipper out of the water.

After 95 minutes of interpositioning and headliunging by #49, one of
the trailing escorts slapped its tail flukes on the water (flukeslapped)
aix times in succession. Within a few minutes the three trailing

escorts disaffiiiated from the pod and moved away in a2 northerly

direction. Only one escort, #4909, remained with the cow~calf pair. I t'f

followed the cow, c¢alf, and #49 for another 40 minutes as they moved

slowly and quietly to the socuthwest. No further surface bshaviors or

signs of disturbance were observed. 'i
Observation IV: On March 20, 1980, in mid-channel between Maui and Jf;

Lanal, a cow, calf, and escort were resting on the surface. Before we

eould photographically identify the original escort a fourth animal ;?

leaped from the water (breached) approximately 100 m away and moved

rapldly toward the cow and calf. The original escort quicky moved to

block the new whale's approach. I deployed a hydrophone and heard loud

singing originating from one of the whales in the group. The two
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ure 13: A charge and strike between iwo escorts, The whale with
- the upraised rostrum charged the other and butted it just
bhalow the jinsertion of the flipper. Photograph by William
Stifel, Kewalo Basin Maripe Mammzl Laboratory.

AR009449



S

e

136

AR009450



;mxts began headlunging while the cow and calf remained quietly at the
3ﬁf&ce agbout two whale-lengths distant. During the observation we
stermined which whale was singing by correlating attenuations in song
ntensity with each animal's respiration at the surface (of. Tyaék
1981). The singer was the escorting whale being displaced away from tke
cow and calf. The singing stopped as the four animals began moving
north together with the cow and calf in the lead. The two escorts
continued headlunging and the escort that had been singing continued to
be displaced rearwards.

Observation V: On Mareh 11, 1981, a cow, calf, and escort were
seen resting quietly in Maalaea Bay, Maul. The cow, identified as #62,
had been seen previously in 3978 and 1979 (see Behavioral Continuitv for
details)., The escort, #5684, had not been seen before, Mut was
jdentified 1n Southeast Alaska later, during the summer of 1981. 1
approached the pod to within 100 m and deployed the J-13 underwater
speaker from the resesarch vessel. A humpback whale song recorded near
Maui in 1979 was played back to the pod for tepn minutea. Five minutes
after the playback began the eacort suddenly headlunged near the c¢ow and
appeared to "herd™ the cow-calf pair away from the vessel. The pod then
submerged and was next seern seven minutea later, lying quietly at the
surface over 500 m away. I slowly moved the vessel towards the pod to
attempt a second playback. The vesasel neared the pod and the engine was
stopped. As we were c¢oasting to a halt the pod surfaced abead of us and
the escort moved perpendicularly across the vessel's path, within 10 m
of the bow. The eacort then turned parallel Lo the vessel, swam

approximately 15 m toward the rear of the vessel, and then turned
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aside. The pod moved away slowly and resumed its surface resting

behavior within 100 m of the ship. During two more replicaticons of the

i
o

ten-siinute playback the whales remained apparently undisturbed while
mainftaining thelr proximity to the veasel.

Pods without calves. Observation ¥I: On February &, 1980, a pod
of three adult whales was observed nearshore of the northwest coast of
the island of Hawali. When surfacing, the three whales maintained a
constant linear order, Whale A remained in the lead some one to two
whale lengths ahead of B, who 1n turn was ahead of the third whale,
#22, At each surfacipg B headlunged in front of #22, physically
diaplacing #22 to the rear of the pod. Raw and bleeding areas on the
leading edges of the dorsal finas and rostrums of B and #22 attested to
the foreceful contact between them. The headlunges were frequently
preceded by underwater blows, and both B and #22 bubble-trailed,

The animals remained pear the surface, making 1i pessible to view
some of their underwater behavior. During one underwater observation
all three animals were positioned horizontally and motionieass
approximately 15 m below the surface; #22 was behind whale B and both
were facing toward and perpendicular to whale A, Whale #22 then swan
toward the surface, and making a large are, resettled at its original
depth but facing A head to head. Whale B animicked this movement,
maintalning its posltior between A and #22.

During most of this observation A remained quietly in place.

However, at one polnt it relled ventral-up at the surface and forceefully

slapped the dorsal side of its flukes against the surface of the water

(inverted flukeslap). Whale A later breached. These were the only
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al behaviors observed by any of the whales.

¥hale A was ldentifled as a female from photographs of its genital
area taken when it was inverted at the surface, Whale #22 has been
resightsd extensively in both Hawail and Southeast Alaska and ia thought
be a male. Details of #22's sightings are shown in Table 18§ and
discussed later in the section on behavioral continuity.

Observation VII: On March 11, 1980, a pod of three whales was
sighted moving ﬁﬁrthwest of fshore of Olawalu Point, Maui. A4sa in
QOpservation VI, the animals were moving in a line-astern formation, and
‘:arereferred to by latters indicating their relative order in the pod.
The position of the whales remained constant throughout the observation
with A in the lead and B continuously displacing € to the rear of the
formation. Both whales B and C engaged in frequent headlunging and
underwater~blowing. The three whales remained at the surface during
most of the observation; at one point whale A began a short series of
flukeslaps and inverted flukeslaps. Forty minutes into the period of
observation, whale C disaffiljated from the pod and was not resighted.
The surface activity subsided and A and B moved slowly northwest for the
next thirty minutes, surfacing regularly every seven t{o nine minutes.

fn unidentifled animal then breached approximately 200 m away from the

e

pair and joined the pod. The surface activity of the pod suddeniy

e

inereased, and the new whale was mef with a display of headlunging and

e
s

interpositioning similiar to that seen earlier. Shortly after this
affiliation, 4 again flukeslapped several times and, at one point,
rolled ventral-up at the surface and repeatedly slapped i{ts flippers

against the surface of the watsr,

i
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Obaervation VIII: Orn February 21, 1980, a pair of whales was

obgerved moving slowly north near the northwest point of the island of

Hawail. A flurry of aerial behavior suddenly ensued which concluded {2 |

a breach and several flukeslaps. A third whale appeared at the surfas

and all three animels begar moving rapidly narth. As in Cbservations il

and VII, the second and third animsl in the line-astern formation

headlunged at each surfacing, with the second whale consistently

displacing the third to the rear of the formation, This behavior

contimued for 20 minutes until the third whale turned inshore and began Figar

to sing. The origipal palr resumed its previous, leisurely pace and

moved north out of viewing range. I continued to observe and record ths

lone singing whale for 30 minutez, during which time 1t moved leas than

50 m and remalned submerged, on the average, for iwelve minutbes bhetween

surfacings.

Behavioral Continuity

Figure 14 presents the resighting history and complex pattern of

assoolations of scme individuzally ldentified escorts and mature femalas

resighted over six years of observations. Whale #49 was first sighted

in 1976 and subsequently sighted twice in 1979 and once in 1981. In all

four of these chbservations #49 was an escort. In Observation I, #49 was

l
identified as a male. T
{
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The asasgciation of cows and escorts in Hawali.
Individually identifled whales are designsted by their
whale number and behavicoral role. Resighted individuala
are shown across rows connected by dashed lines. Boxes
enclose pnds. A = adult, C = cow with calf or yearling, ¢
= ¢calf, E = escort, SE = sainger-escort, and ¥ = yeariing.
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‘Whale #13, a male, was first sighted in 1978 and on nine subsequent
ions over the following three years. In nine of the ten total
}41355 #13 was escorting a cow-calf pair. 9nly once, over a

ighting interval of about three hours, was the cow being escorted the
s (see Observation 1), On Mareh 5, 1981, researchers from the

cific Whale Foundation obzerved #13 escorting #75 and her calf. As
ong of the researchers approached the pod underwater, #13 began to sing
and slowly escorted the cow and calf away from the diver (G. Kaufman,
perscnal communication)}.

Whale #75 was first identified in 1979 with a calf and a single
escort, #512. She was not seen in 198G, but was seen again with a celf
in 1981 on three occasions, each time with different escorts. On March
§, 1981 she was escorted by #13, and on Marech 20 by #83 who was singing
at the time (G, Raufman, persomal communication).

Whale #71 was sighted near Maui in 1980 with her calf and escorted

by #13. On February 13, 1981, she was seen off the island of Hawaii

with her calf from 1980, now 2 yearling, and escorted by #73.
Underwater observations of the trioc did not indicate any distention of
the abdomen or other obvious signs of pregnancy in #71. On the
followlng day #7171 was atill with her yearling and #73. Shs and the
yeariing were cobserved breaching repeatedly for nearly an hour. On the
third day, #71 was sighted alone, resting quietly within a kilometer of
her location on the previous two days.

¥Whale #62 was first seen on February 17, 1978, offshore of the
aputheast ccast of Molokal, with a calf and unescorted. In 1979 she was

seen, without a calf, in a pod with four other adult whales. 3She was
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pot sighted ip 1980, but in 1987 she was seen again with a calf on fim

cecasions. She was unescorted on only the firat of these five

sightings. On March 3, 1981, she was escorted by #13., On March 11 she
was escorted by #56U and was the subject of the playback experiment
deseribed in Observation V.

Whales #51, 83, and 48 have been seen in company with at least ope
of the individuals deacribed above and have been identified as escorts
onr several occasions. Whale #22, discussed in Observatlion VI, also has
an extensive resjighting record, shown in Table 18, but has not been seem
in the company of any of the animals in Figure 14. Whale #22 was radio
tagged on July 23, 1977, in Southeast Alaska by personnel from the
National Marine Mammal Laboratory (Maripne Mammsl Division 1977) and was
seen subsequently in Southeast Alaaka in 1981 and 1982. In Hawaii, #22
was observed escorting a cow-calf pair in 1979, competing for proximity
to a female in 1980 {see Observation VI), singing while escorting a
cow-calf pair in 1981, and in a pod of four adults in 1982. In total,

#22 has been sighted twelve times in six years.

Populatiopal Dypnamics
Data from 1981 were examined in order to evaluate the relationships
between seasonal changes in the abundance of whales and the frequency of

aggression, During 1981, observations of pod size and behavior were

made from small boats during non=systematic surveys of Hawalian waters.
Pods were approached in order to collect individual ldentifilcation
photographs and were observed for a minimum of 20 minutes to determine

the number of whales present {pod size) and their activities. Across
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eewgonth study we ohserved 331 pods totaling 726 whales.
fhundance was estimated by dividing the total number of whales

rred during two-week intervals by the number of boat=days during
period; this approximates a "catchepar-unit-effort™ statistic that
ld reflect seasonal changes 1in abundance. Although this statistie
) des only a rough estimate of abundance, the general trends show
.. agreement with data from aerial surveys in past years (Herman ot
1, 1980; Baker and Herman 1981),

in index of aggressive activity was generated for each two-week

-

{'period by reviewlng behavioral records of the poda. Poda were judged to
Seangagad in aggression 1f headlunging or active displacement between
whales took place. The number of pods judged to be engaged inm
gggression, multiplied by 100, was then divided by the total number of
pods observed, to give the percentage of pods engaged in aggression.

The results are presented in Figure 15 and show that both abundance and
percentzge of pods engaged in aggression were low early in the season
and rose rapidly to a peak during the first twe weeks of March, These
indices declined somewhat more siowly than they increased.

The seasonzl changes in pod size apd composition are presented in
Figure 16, based on the same two-week periods shown in Figure 15, Pod
sizes of one or two predominated during January and early February and
the mumber of calves were low. During March and early April there was =z
rapld increase in pod size with pods as large as nine animals observed
on occasion. The peak number of calves and the largest average pod size
were observed during the first two weeks of March, synchronous with the

peak in abundance and peak percentage of agonistic pods. A
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Flgure 15: The seasonal changes in abundance and frequency of
aggression during the winter of 1981. Abundance ia
represented by the average number of whales observed per
boat per day for a given fifteen-day periocd. Frequency of
aggreasion is represented by the percentage of pods
engaged in aggression during each period.
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Debavioral Contexts and Scaling of Ageression

The observations reported here indicate that aggression in humy
whales during the winter breeding season was the result of maleﬁmléé
competition for reproductively mature females. In cow, calf, and
pods it is certain that a semally mature female is present andewi;w
reported here and reviewed earlier (Chapter 2) indicates that, in m:
cases, escorts are males. Lone escorts were typlcally seen behind and
little below the cow=calf pair. If ancother whale approaches the u%él
the Iinitial escort attempted to maintain its proximity to the cow aﬁf
displace the intruder to the rear of the pod and away from the cow= ‘f
pair. If the intruding wkale persisted in its approach to the cow,iﬁi
was met by an escalating serles of aggressive behaviors by the inﬂﬁﬂz
escort. All multiple-escort pods observed in 1981 exhibited aggression?i-
that centered around the escorts' competition for phy=ical proximityt&é
the cow. A similar spatial relationship of escorts in large pods has
been described for humpback whales wintering on Silver Bank in the

Caribbean (Tyack and Whitehead 1983). -

In the observations of non-calf pods, the cortext of tha aggressimaf

appoared to be identical to that for pods having a cow-calf pair. 1In
one reported observation of a non-calf pod (Observation VI), the
individual in the lead position, the position amalogous to that of the
cow in cow=calf pods, was identified as a female. Other cases of mature
females in the lead of non-calf pods are reported in Chapter 5. Because

of the frequency of surface-lunging and the increased respiratory rate
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of these pods. they are often referred t¢ as "surface-active™ (Herman
and Antinoja 197T; Glockner-Ferrarli and Ferrari 1987; Tyack and
Whitehaad 1983}, Several of the accompanying or trailing whales in the
non~calf pods have been identifiaed on other oc¢casions as singers,
ascorts, or both., This suggests that these accompanying whales were
also males and that, like the escorts accompaning a cow-calf pair, they
were competing for proximity to a sexually mature female in the lead of
the pod.

Aggressive behavior between escorting whales followed a rouéhly
hierarchical scaling of intensity. An aggressaive sncounter between
humpback whales probably began with a simple interception and broadside
threat. Here the lead eacort simply moved horizontally or diagonmally
across the path of the intruder. Unfortunately, this level of threat
usually oeccured without any obvious surface behavior and was obgervable
only from an aerial platform or an underwater viewing chamber (see
Observations I and II}. For this reason it was difficult to judge the
relative frequency of such behaviors.

The headlunge was the most commonly observed aggreasive behavior
and appears to be irndicative of a broad intermediate level of
aggression., As shown in Figure 10, the whale lunged forward near the
surface. engorglng its ventral pleats with water or air. To the human
observer, the visual effect of this engorgement was a marked increase in
the zize of the animal. The apparent enlargement of an animal through
piloerection, abnarmal inhalation, or spscialized morphology 1ls one of
the moat common elements of agonlstic displays in vertebrate species

(Darwin 1872). The feeding mechanisms of the humpback whale (Jurasz and
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Jurasz 1979) may have preadapted it for this type of display. However,
there 1s a qualitative difference in the degree of engorgement of the
veatral pleats during feeding and that observed during the headlunge.
In the headlunge. the ventral pleats, although enlarged, remained taut
and the animl reftained a generally fusiform shape. In contrast, durinm
feeding the ventral pleats are relaxed and grossly distended aa the
whalse engulfs its prey (Figure 17). The lessar degree of engorgement
seen during aggresslve encounters may represent an attempt to lnereass
apparent size without sacrificing hydrodynamic efficiency. ; é  Fie
The headlunge also differed from the less frequently observed
"headrise® or "spy-hop". In the headrise there was no engorgement of
the ventral pleats and the rostrum was raised verticallf out of the

water in an almost languid fashion (Madsen and Herman 1980).

If the intruding whale was not initially discouraged, the frequency
and strenuousness of the headlunges increased, as did the proximity of
the escorts to one another. Scme degree of the range of intensity of
this behavior can be seen in a comparison of Figure 10 to Figure 18.

Often the headlunges of the lead escort were directly in front of the

trailling animal which appeared, as a result, to be physically displaced =
r

.
|'E

to the rear of the pod was also attempting to bodily submerge the lead ;

to the rear. It also appeared, at times, that the whale being displaced

whale. possibly to deny the lead animal aceess to air. In this respect
the physical contact often observed during headlunging may act to the . ;
advantage of both contestants; the lead apnimal maintains his lead

position but must suffer vulnerability to suffocaticn by an intruder

approaching from the rear.
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re 17: Vertical lunge-feeding by a humpback whale. During
] lunge~feeding the throat ls greatly enlarged and the
ventral pleats are unfolded., Photograph by Thomas

Kieckhefer, Kawalo Basin Marine Mammal Laboratory.
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fare 18: Headlunging whales. A) An escort lunges through the

. surface., Note the partially inflated throat and the open
eye near the waterlipe. B} An escort lunges over the back
of 2 second esacort., Photographs by William Stifel and
Thomas Kieckhefer, Kewalo Basin Marine Mammal Laboratory.

AR009469



EEEEee e e D

SR

s

ag
tn
—

AR009470




In some instances (see Observation VI) forceful contact was
Bgmed by raw areas on the escorts' dorsal fins and rostrums. I have
&>mmerved scarring and abrasions on the back and sides of escorts
{gure 10 and 11). Similar scars are observed on right whales and are
ght to result from the use of their callosities as weapons in
wle-male aggression (Payne and Dorsey 1983). Humpback whales lack
@ulosities, but the barnacles that colleet on discrete parts of the
lckes, Flippers, and rostrum may also funetion as abrasive "weapons” in
gagpessi?a encounters.

The underwater relesse of air, referred to as "bubbling,™ was
= commonly observed in association with headiunging and characteristically
teck one of three forms: bubble-trails, underwater blows, and, more
parely, the release of air from the mouth. A&s with the headlunge, the

feeding behavior of the humpback whale may have preadapted it for these

displays. Like the bubblenet, which in theory diserients the schoollng
prey {Genaeral Introduction), the underwater exhalations observed in
Hawaiil may visually disorient an intruding whale., To a2 human observer
in the water, being immersed in a hubble-trail is extremely
disorienting; even a thin curtain of bubbdles reduces vigibility to a
meter or less. Circular or spiral bubble-trails have not been observed
in Hawaii and the underwater exhalations observed during aggreasive
encounters wers always longitudinal or sinusoidal im shape. Underwater
blows have been observed from humpback whales in the Northwest Atlantic
{(Hain et al. 1982) and alsc appear to be used as z feeding strategy. To
my knowledge, however, the release of large amounts of air from the

mouth of a whale has not been previously documented. Although air may
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be taken inte the mouth at the surface during a headlunge, the large
volume observed suggested that it was released from the lungs and
the mouth. Yablokov et al. (1972) described the respiratory systex
baleen whales and proposed that the trachea may be easily dislodged
the internal nares, allowirg air to be released into the mouth. A
dissection of a humpback whale in which I assisted confirmed this
description of the trachea.

In many observations the intruding whale or whalea were discoury
enocugh to disengage from the pod during the intermediate level of
aggression characterized by headlunging and bubbling. In a few oage
however, the violence of the contest escalated beyond the level of
displacement to the level of charge-stirikes. I have observed three
types of charge-strikes by humpbacks: butting, lateral fluke strikes,

and peduncle strikes. Butting was discussed in Observation IIT a2nd i

illustrated in Figure 13. The whale in the foreground of the figure
charged the other and butted 1t with its rcatrum. The whale receiving
the blow rolied to 1t3 right and 1ifted its left flipper. The upraised
flipper may be the result of the force of the blow, a defensive posturs
or the result of an attempt by that whale to place 1tself im a positio
to reciprocate with a ventrally directed strike of the fluke or

flipper. In some extreme cases, butting whales rose up out of the wat‘sr;
in 2 near-vertical posture (Figure 19). The position of the two whales

in Figure 19b closely resembles descriptions of alleged vertiecal

oopulation in humpbacks (Nishiwaki and Hayashi 1950; Slijper 1962},
Possibly, early whalers misinterpreted the physical competiticon between

males as mating.
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ure 19: Vertieal posture of butting humpback whales. A) One whale
: rises veptically out of the water as it butts a second
whale., B) Two whales butting and rising vertically ocut of
the water i1n a ventral to dorsal position. Photographs by
William Stifel and Thomas Kieckhefer, Kewalo Basin Marine
Mammal Laboratory.

AR009473



L

e e

e

Haiiiae - el e e
BRI e e

162

AR009474



. Lateral fluke strikes were cobserved when competing whales were
%ndng side by side. Here the animals jostled each other and rollad

y one side whlle they lashed ventrally or laterally with their flukes,
ar behavior is commonly observed during aggression between dolphins
captivity (persomal observation}.

The third type of charge-strike was the most violent and was
Jiscussed in Observation II {(Figure 12)}. In this inatance, the lead
sscort turned and headed direetly toward the approaching whale to
elivar a forceful strike with its caudal peduncle., As in Figure 13,
the whale on the receiving end turnmed and rolled to one side,

In observations to date, the esccrt initially accompanying the
cow=calf pair, cor the escort closest to the pair at the beginning of the
gbservation, was always successSful in meintatning its proximity during a
single cbservation period. In protracted cobservations, such as those
deseribed 1n Observations I and III, the lead escort was also the one
that remained when other escorts disaffiliated. The length of time from
the first assogiation of the challenger to its disaffiliation ranged
from as little as ten minutes to as long as severazl hours, However, it
{3 clear from the resighting histories that lead escorts left or were
replaced over perilods of only a day. Other researchers in Hawali have
observed the displacement of a lead escort during a single hour=long
observation (Darling et al. 1983). On the Silver Bank in the Caribbean,
Tyack and Whitehead (1983} report that lead escorts maintained their

position for an average ¢f 7.5 hours before they were replaced.

During aggressive encounters between escorts, the cow~calf pair

usually remained in the lead of the pod some ore fo two whale-lengths
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removed from tha activity. Aggression directed towards a cow-calfpa_
by an escort was rare and, when it was obgerved, appeared to be an %
attempt DY the escort to herd the cow~calf pair away from a singer or:
playback of a whale song (see Observation V). In pods without calmsi
the behavior of the lead animal was also relatively stereotyped. The ol
lead animl was most likely to engage in flipperslapping, flukeslappit, 33
inverted flukeslapping, and breaching. Flukeslapping in odontocetes hi 3
been interpreted as an indicant of fear or stress (Defran and Pryor
1980). The inverted posture has been observed in female right whales
apparently attempting to avoid copulation (Mandojana 1981). Although
the humpback whale may flukeslap in other contexts as well, the
combination of posture and behavior in the observations reported here
sSuggests a response of the female to the aggression and advances of the
competing males. Cows with calves may avoid such forceful displays for

fear of injuring the calf, or because of the need tc conserve energy at

a time when they are lactating but not feeding.

Behavioral Continuity

An individual aoting a=s an escort on one occasion wag likely Lo be
an escert in subsequent obsepvations, both within seasons and across
years {Chapter 2). Animl #49, for example, was seen four times over
five years, always as an escort. Whale #13 was observed ten times over
four years and was an escorft in all but one observation. Both #49 and

13 were photographically sexed as males. Other animals observed as

escorts have not been directly sexed but circumstantlal evidence {

suggesta that these individuals are males. Female humpback whales ﬁ
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._“'_eaily give birth once every two or three years followlng sexual
g‘?;,m-it:,r (Chittleborough 1965; Chapter 2). Consequently, an adult whale
"“Q: over several years without a calf Is likely to be a male. Whales
izzand 48, not directly sexed, have resighting histories spanning four

%f’ive years each. Both whales appeared to be adults when firat

.;igbted, both have acted as escorts, and neither has been cobserved with
its own calf. The resighting historiea and behavioral roles of these
.

wo individuals parallel those of known males #49 and 13. Thus, it is

i
.
]

.
~ likely that #22 and 48 are also males, and that escorting behavior is

e
1
Al
§:
:%

E pairs were reviewed briefly earlier., Additional data on the transience

=
%
-

generally sex-specific (Chapter 2).

Data on the duration of affiliation between escarts and cow=calf

of the asscclation between escorts and mature females can be found in
Figure 14. With but one exception, no two adults were seen together for
more than a few hours over the six years and 33 sightings. Only #73 and
71, the latter a cow accompanied by her calf of the previous year, were
sean together across a two-day period, at a time when the cow was
apparently weaning her yearling, If the associatlon between tha twe
adults was continuous, it suggests that a courting male humpback may
accompany a female for as long as a few days. This is somewhat longer
than the 3.5 hour maximum period of affiliation reported by Mobley and
Herman (1985), However, the overall pattern of social fluidity shown in
Figure 14 13 in general agreement with their conclusion that humpback
whales are not monogamous and do not form stable pair-bonds durling the
breeding season. Instead, females aasoeciate both serially and

simeltanecusly with multiple males and males assoclate serially with
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multiple females. This suggests that humpback whales have a polygmms?
or promiscuous mating system. 4 further distinetion between these mc.-
systens will only be possible with data on frequency of mating betweer
individual males and females within a season. Such data will be
extremely difficult to obtain; thus far, there appear to be no reliably
documented reports of humpback whale matings.

Ar escort was also likely to be a singer (Chapter 2). The
interchangebility of these roles supports Winn and Winn's (1978) and
Tyack's (1981} conclusion that singing, like escorting, 1s a
sex=-specific behavior of males. Some of the observations documented
whales singing and escorting simultaneously. In these cases it scemed
that the vocalizations functioned, in parp, aa a threat display between
escorta. Ia Observation IV, one of the escorts was singing as it
attempted to displace another escort. Whales #13, 22, and 83 were each
singing while sscorting cow=calf pairs away from underwafer observers.

In CObservation V, the escort, #5644, initially responded to the playback

of a song by herding the cow-calf palr several hundred meters away from
the sound projector and vessel. These observations agree with earlier '% }

reports that singing whales are at times accompanied by other whales

(Herman and Tavolga 1980), but are contradictory to Wian and Winn's

(1978} observation that all singing whales are alone, and to Tyack's

e
-

(1981) report that singers stopped singing when approached by other

whales. Our observations are coasistent with the hypothesis that

= - e R

singing plays a role in the mating system of humpback whales, bdut
further suggest that singing is more plastie and occurs in a broader

range of contexts than previously reported.
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At least two factors could have contributed te the seasonal peak in

i

_‘f fgﬂm occurrence of aggression, First, the increase in aggression

§§§ %oceuz’red concomitantly with an increase in abundance or local density.
;ﬁ% . ;églugh density of conspecifics, in itself, can lead to lncreases in
i%%?i ggaggwssion. Second, if the observed aggression was primarily a result

 of competition between males for access to females, then its occurrence

S

~eould also have been influenced by seasonal changes in the reproductive

states of mature males and females.

e

e

Like many migratory species. the humpback whale i3 seasonally

L

reproductive, For the South Paclific humpback whale. Chittleborough

& {1965) determined that the height of gonadal activity coineides with the

§ peak overall numbers of whales in the breeding grounds, In females, the

f prasence of corpora lutea, near=term fetuses, and a marked increase in |
@ the number of newborn calves indicate a2 pesk in both ovulation and

parturition during the two~week pegk of the seasonal population
(Chittleborough 1958). In males, a peak in gonadal activity at this
same time is evidenced by changes in testes weight, the diameter of
testes tubules, and the densaity of sperm in the vasz deferens
{Chittleborough 71955). Because the activity of male gomads ls under the

general control of androgens, it is reasomable to assume that the levels

of these hormones are highest at this time. In addition to controlling

e
i
-
e
i

gonadal aectivity. the androgens, in particular testosterone, have been

S

S

implicated in the aggressiveness of males in many mammalian species

(Wilson 1975).

Chittleborough (1955, 1965) also reported an annual period of
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quiescence in male apd female gonmadal activity during the feeding
season. Aggressive behavior is rare during the summer feeding season,
even though the local density of whales often exceeds that founrnd in
Hawaii (Baker et al. 1982; Baker et 21, 1983). I have observed the
behavior of a number of of the same individual whales in Rawali during
the winter and in Alaska during the summer (Chapter 1). At least three
of these individuals, #22, 512, and 564, were observed singing or
escorting in Hawaili; some of the aggressive behaviors of #22 and 5614 are
deseribed in Observations V and VI. None of these individuals displayed
aggression 1n Southeast Alaska. The infrequency of aggressive behavior
during the summer supports the argumeni that the aggression seen in
Hawail was, in part, the result of inoreased gonadal activity of both
males and females during the winter season. It seems probable that an
increase in population density. ovulatory activity in mature femalas,
and testicular activity in mature males each contributed to the observed ﬁ 1
peak in aggressive behavior. % ;

Changes in the abundance of whales and the frequency of aggression :ﬁéé
were paralleled by changes 1ln pod size and the number of calves in
Hawail, Consistent with Findings in earlier vears (Herman et al. 1980},
the relative frequency of large pods increased as the season

progressed. The presence of peak numbers of calves with the overall

peak abundance in the middlie of the seaszon, but a2 greater proportion of
galves late in the season, was also consistent with earlier data from
aerial surveys (Herman and Antinoja 1977; Herman et al. 1980).

The changes in pod size and the nugbers of calves may, in part,

have reflected differences in the migratory timing of certain age-sex
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@égjs&m. A3 described by several researchers (Nishiwaki 1959, 1960;

Chittleborough 1965; Dawbin 1966), humpback whales arrive on the

o
e

o

f;wnmering grounds in the following order: late~lactating fem2lea and

immtures, mature males and females, and late-pregnant females. The

e

return to the feeding ground follows roughly the reverse order: rnewly

B
E
B
|
|
B
|-

~ pregnant females, immatures, mature males and females, and females with

rewborn calves. In the data summarized in Figure 16, the proportion of

Sati
i

i
.
i
o
e
-
e
%
o
.
|
.

e
e

rairs was large during the last half of January. Many of the

early=season pairs consisted of a large whale and a much smaller one.

G

These may have been newly arrived cows with unweaned yearlings. In

February, when population numbers were 3till low, thers was a

i
L

predominance of singleteons which may have been unaffiliated lmmature

animals. The sudden increase in the frequency of large pods during

S

ﬁ March probably resulted from the same factors contributing to the
increase in aggression: a high peopulation density, the arrival of mature
males and females, and the tendency for competing males to temporarily
affiliate with ovulating females., Finally, in April, the large
proportion of calves reflected the tendency for cow=calf pairs to remailn
on the wintering grounds while other age classes were beginning to leave

- (Dawbin 1966),

Chittleborough (1965) noted that the timing of peak ovulation in

S

females 13 closely correlated with the timing of peak spermatogenesis in

males and that both are in synchrony with vearly migration to the

wintering grounds. However, the timing of migration in the North

:&&%&

Pacific humpback whale i3 somewhat variable from year teo year, with peak

numbers on the wintering grounds cecuring as much as three weeks apart
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across a three-year period (Nishiwaki 1962; Herman et al. 1980; Bﬁmr.
and Herman 1987). Because of the rapid increase and decrease in the e
mumbers observed within a winter season, a small shift in the timingof
migration may result in great differences in the relative abundancecf’
whales present on any particular date from year teo year. For example,
aerial surveys in Hawaii showed peak numbers of whales during the last
two weeks of February in 1977 and less than half that number during the
same period in 1979 (Herman et al. 1980; Baker and Herman 1981).

Thalmajority of female humphback whales are thought to ovulate oniy
once or, at most, twice during a breeding season (Chittleberough 19465).
If reproductive auccess 13 to be assured, the timing of ovulation must
correspond cleosely with the peak abundance of mature males on the
breeding grounds. The envirommental factors intiating the departure of
humpback whales from the summer feeding grounds are unknown (Nishiwaki
1961; Dawbin 1966; Baker and Herman 1928%1; Baker et al. 1985). It is not :
likely, however, that a migratory releaser could synchronize the
reproductive states of animsls on the breeding grounds; the Journey is
3imply toc long and the timing of migration is too variable. Instead,
it seems reasonable that a behavioral system may have evolved to

sychronize the gonadal activity of male and females deapite the

year-to-year shifts in migratory timing. I suggest here that this
system is the song of the humpback whale., The singing of mature males, éé
inciuding the simultaneous chorusing of many males, could communicate

the presence of adequate bdreeding partners and help stimulate owulation

in females. This would not only assure reproductive suceess, 1t would

also help minimize the time that mature animals, males or females, need
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n on the wintering grounds where the abuhdance of food 13 low
Gereral Methods),
Reproductive synchronization of this type 1s not uncommon. The
stimilation of reproductive activity at a soccial level, known as the
*fraser Darling effect,™ helps synchrenize breeding in many colonial
birds (Wilson 1975). Both visual and auditory stimuli from the male
pate and the colony milieu help induce ovarian development (Lott et al,
1967). Synchronized breeding also occurs among social ungulates, e.g.,
the wildeheeste, Conncchaetes faurinus, but the factors controlling this
phencmenon are unknown (Wilson 1975).

I am not proposing that the humpback whale song functions solely to
synchronize ovulation; only that it may be a major funetion.
Froviously, it has been proposed that the song of the humpback whale

communicates an individual's speciles, location, sex, readiness to mate,

or willingness to engage in aggression (Payne and McVay 1971; Winn et
al. 197%1; Herman and Tavolga 1980; Tyack 1981). However. attempts to
determine, through playback studies, the specific communicative function
of singing were inconclusive (Tyack 1983; Baker and Herman 1984a).

Given the large investments of both sexes in the winter breeding season,
aynchronizing or inducing ovulation seems of paramount importance. and

may be a drivipg force for this complex and prolonged acoustic display

by males,
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Chapter IV

Cooperative Feading Among Rumpback Whales

in Southeastern Alaska
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Abstract

Pods of up to ten humpback whales were observed feeding
cooperatively in southeastern Alaska. Cooperation was evidenced by
¢losely coordinated behavior, repsated associations between pod members,
and, possibly, leadership by older experienced individuals, The
gcological basis of cooperative feeding may lie in an increased ability
to herd or corral agile and fast-swimming schools of fish, particularly
Pacific herring, Clupea harengus. Membership in cooperatively-feeding
pods is influenced by gender, reproductive atatus, and idiosyneratic
partner preferences. A predominance of female members suggestis some
dimorphism in the prey preferences of humﬁback whales. A unique serles
of trumpet~like yocalizations, termed a "feeding call®, is described.

The call hay help coordinate surface lunging in large pods. Duetting of

the feeding c¢all was recorded in one observaticn. I suggest that the
complex winter song of the humpback whales may have its evolutionary

origins in vocalizations from the summer feeding grounds.
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Introduction

A social group differs from a simple aggregation in that its
members exhibit some degree of cchesiop and coordination, as well as
instances of cooperation (Wilson 1975; Leuthold 1977). Coordinated
behavior, particularly in hunting strategies, and group cohesion are
well known among some specles of odontocetes (Norris and Dohl 1980),
ineluding the killer whale, Qrca greinus, the bottlenose dolphin,
Tursiops truncatus {(Wells et al. 1980}, the dusky dolphin,
Lagenorhynchus obscurus (Wursig and Wursig 1980), and the aperm whale,
Physeter macrocephalus (Bast 1979). It has even been argued that
dolphins are true "altruists™ {Norris and Dohl 1980). For baleen
whales, however, there i1g little evidence of these characteristlics of
sociality. Instead, baleen whale groups, referred to as pods, are
traditionally defined simply by spacial proximity and synchrony of
respiratory behavior {(Gunter 1047 Hertman and Antinoja 1977; Baker et
al. 1982; Whitehaad 1983).

Among humpback whales, only a single feeding stategy, known as
"echelon™ feeding, has been previocusly suggested as evidence of
cooperative behavior. As first described by Jurasz and Jurasz (1979),

echelon feeding invelves two to four whales surface=lunge feeding in

synchrony. During each lunge, the whalea are positioned in an inverted

¥-formation, paralliel t¢ each other and staggered by a half a whale

length. Echelon formations are also observed among skim=feeding bowhead

whales, Balaena mysticetus (Wuprsig ot al. 1982). The trailing animals

in the echelon formation presumably benefit from a temporary increase in
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epsity of prey escaping to either side of the lead animal. The

benefits to the lead animl in the echelon are unknown, however, and a :

. gon-mutualistic basis for the coordinated behavior cannot be excluded.
Repeated asscciations between~individuals feeding together in an echelon
;#mud be stronger evidence for true cooperation or reciprocation
'(ﬁdvsrs 1971; Axelirod and Hamiltor 1981). However, neither Jurasz and
Jurasz (1979) or Wursig et al. (1982) document such assocciations. In

~ his study of feeding humpback whales off Newfoundland, Whitehead (1983)

concluded that coordinated behavior in small groups was the result of

each member's attempt to avolid disrupting the prey patch, rot the result
of cooperative action. Whitehead et al, (1982) found no repeated
associations between feeding humpback whales beyond that expected froo

chance.

More recently, Baker and Herman (1984b) have described two distinet

modes of soc¢ial organization among feeding humpback whales in
southeastern Alaska. The first involves casual associations among
whales in small pods or large aggregations feeding on swarming

euphausiids. The second, less commen mode, involves large pods of

whales cooperatively feeding omn scheooling fish. Hare I present, as
evidence of a cooperative feeding strategy among humpback whales,
further observations of repeated associations between individuals and

the closely synchronized bebavior of large pods. 1In some cases the

association between individuals involved in cooperative feeding extended
across several years., A unique series of vocalizations was recorded
from scme cooperatively feeding whales, This "ecall™ occcured in a

specific feeding context and remained stereotyped across years,
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Methods

Field studies of humpback whales were carried out in the waters of
southeastern Alaska during the summers of 1980 to 1984. Some addiﬁﬁﬁdg
ocbservations from the summer of 1985 are included where available and
relevant (Baker 1985). Informal observations of whales' behavior were
made daily or near-daily from small boats. Formal observations of whals
behavior and movement were made from land~based obmervation stations

(Baker et al, 1982; Baker et al, 1983)., An attempt was made to

individually identify all whales during both formal and informal

behavioral observations.

Proy Aasessment

Bumpback whale prey was assessed with a chart-recording fathometer
or echoscunder (Whitehead 1983; Wing and Erieger 1983; Krieger and Wing
1984). A fathometer introduces short pulses of high freguency sound
into the water through a hydrophone or transducer. The echos of the
sound are then received by the tranducer between transmissiona of the

pulses and evaluated for their timing arnd strength. The timing of the

echo's return gives the depth of an object or "target™. The strength of 9%
the return provides information about the size and density of the targst %;g
{(Krieger and Wing 1584). The use of fathometers or echosounders to tﬁ
detect and evaluate bicological targets 1s generally referred to as
"hydroacoustices” to distinguish it from bioacousties or the study of 1

biologically generated sounds.

In 1984 and 1985, humpback whale prey were qualitatively assessed 'Q
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i&ﬂza Ross Flneline 250-C, recerding fathometer equipped with a 45-kHz
f& 2 100-kHz tranducer (Baker 198%; 1985). The lower frequency used in
_éwﬁﬂﬁms adequate for detecting nektonic targets the size of small
%#dwoling fish and larger. The 100-kHz tranducer was capable of
éﬂehwting planktonic targets, including suphausiids and copepods, as
;Hﬂl as the larger nektonie targets. Both aystems were capable of

' observing prey in the upper 200 m of the water column.

T

During the summers of 1982, 1983 and 1984, quantitative surveys of
. humpback whale prey were conducted by Ken Krieger and Bruce Wipg of the
| Auke Bay Laboratcry of the National Marine Fisheries Service {Wing and
Erieger 1983; Krieger and Wing 1984: Krieger and Wing 1985).
Quantitative hydroacoustica involves use of a carefully calibrated
echosounder and the confirmation of target species with net fows. Much
of my interpretation of fathometer recordings 1s based on c¢ccllaboration

win Krieger and Wing and, where possible, their reaults are used to

substantiate my own {Baker 1984),

Bloacougtics

The vocalizations of humpback whales were monitored with a Clevite
Gould CHB=13A hydrophone and recorded with a Sony TC D5M stereo cassette
recorder (Gemeral Methods). Recordings of whale veocalizations were
analyzed with a Kay 606 1-A sonograph at the University of Hawaiitls

Department of Linguilstiecs,
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Results

Results are presented in four sections: Behavioral Observatioans,
Yocalizations, Group Composition, and Prey Assessment. Each section
focuses on three cooperatively feeding groups distinguished by their

location, group membership and characteristic behavior.

Behayioral Qbservatiops

Surface-Feeding Grouv, 4 surface~feeding group of from 3ix to ten
humpback whales was observed on fhree occasions during the summer of
1981 and on three occasions during the summer of 198L4 (Tzble 19). The
whales were flrat sighted in Frederick Sound on both July 17 and July
20. On September 7, 49 days later, they wers found at the mouth of
Tenakee Inlet, approximately 154 km by water from the location of the
previous two aightings. In 1984 the group was found at three locations
in Chatham Strait: in Chaik Bay on July 27, at the mouth of Tenakee
Inlet on August 18, and near Peril Strait on September 3. On each of
the three sighting dates in 1984, vessel-based surveys found few if any
gther whales Iin Chatham Stralt from Point Gardner to Point Couverton, an
area 90 km in length.

The details of two observations are deseribed here to characterize

the unique behavior of the surface-feeding group. On July 17, 1981, six

surface=-feeding whales were obzerved from a small veasel near the mouth

of Gambier Bay in Frederick Sound. All whales remained submerged for up
to five minutes before lunging through the surface in a c¢losely-packed

group (Figure 20), After surfacing, the animals milled together for
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Table 19

Location

Sightings of surface~feeding group in socutheastern Alaska.

Date Pod 3ize Prey Specles
Jul 17, 1981 Gambier Bay GA schooling fish
Jul 20, 1981 Gambier Bay 104 s

Sep 7, 1981 Tenakee Inlet 24 schooling fish
Jul 28, 1984 Chaik Bay 6a+1c schooling fish
Aug 18, 1984 Tenakee Iniet Ta+1c Pacific herring
Sep 13, 1984 Peril Strait  T7a+le  schooling fish

the letter ¢.
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Figure 20:

Surface lunge of cooperatively feeding whales. A} Seven
whales lunge through the surface in the pursult of
schooling herring at the mouth of Tenakee Inlet on Aug 18,
1984, B) Six whales lunge through the surface near
Gambier Bay on July 17, 1981. HNote the vertical posture
of the central lead whale, This animal was identified as
#561, the consistent group leader, by the unigque barnacle
scarring on the edge of her lower rostrum.
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approximately two minutes before diving. From 16:00 to 17:11 that
afternoon, thirteen surface lunges ware obgerved. Two of these lunge:
were preceeded by a large (20 m in diametsr) bubblenet formed in a
counter-clockwise direction. In each lungipng episode, one whale was
firat to surface through the water and was positioned centermost in the
group (Figure 20b). The presence of a leading, central whale was

characteristic of each surface lunge durlng this and all other
observations,

On July 20. 1987, the surface-feeding pod was found withip a few p
kilometers of its position three days earlier. An additional four
whales had joined the group bringing its total size to ten. A 20 minuie
observaticn from a shore-=based platform provided a complete record of
four surface-lunging episodes {(Figure 21). The synchronous diving and
surface lunging were aimilar to the grevioua obaervation but no
bubbienets were observed. Before each surface lunge, zll whales
remained submerged for two to filve minutes. After sach lunge, the pad
divided; one subgroup traveled in a counter-=clockwise arc about 50 m in
diameter, rejoining the second subgroup which was traveling along a
complementary are in a clockwise direction. Following the confluence of

the subgroups the whales dived. The group remained at the surface for

about two minutes between dives, with longer surfacings following longer

dives,

The whales'! closely coordinated behavior was demonstrated by the

simultanecus surface lunges, common dives, and highly clumped

distribution of respirations or blows. The average interval between

blowa was 7.9 seconds (n = 145) with a standard deviation of 28.5
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'.'e 21: Behavioral record of ten whales in a surface=feeding group
near Gambier Bay on July 20, 1981. L = surface lunges, D
= common dive perlods, B = blows (visible respirations).
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__saanﬁs, giving a coefficlent of variation of 3.61. If individual

 whales were acting independently, the intervals between their blows

should approximate a2 time-~homogenecus Poisgon process (Fagen and Young 1
1978}, with a resultant coefficient of variation of 1 (Snedecor and
Cochran 1967).

Point Adolphus. A behaviorally coordinzted pod of

subsurface-feeding whales was found near Point Adolphus in Iey Strait
throughout July and August of 1982 and 1983 (Baker 1983; Baker et al.
1983). In 1984, the group disbanded although individual members

repained in the area (Perry et al. 1985). In 1985, the group reformed
and remalined together from June to mid-September. Observations at Point
Adolphus in 1580 and 1981 suggested that the group also occupied the
area for at least part of these years (Jurasz et al. 1980; Baker et al. .

1982}, The "core members"™ of the subsurface-feedingz ped ranged from

i
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four to seven whales, Although lacking the spectacular lunges of the
surface=feeding whales, the subsurface-feeding pods were equally

synchronized in their movement and respiration.

Bartlett Cove. A second pod of subsurface-feeding whales was f[ound

in Bartlett Cove of Glacier Bay during the summer of 1682. This pod was

e e

cbserved from a shore-based platform on a near=daily basis from July 9
to fAugust 6 (Baker et al. 1983)., The cors members in Bartlett Cove

consisted of a cow-calf pair and two adults.

i

Yocalizations
Lynge-Feeding Group. The vocalizations of the surface=lunging pods

were monitored during two cbservations. On September 7, 1981,
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hydrophone recordings were collected during three of the surface-lunging
episcdea. VYocalizations just pricr to each surface lunge were
stereotyped and are typified by the sonographs from one episode showe
Figure 22, The whales were silent for appreoximately three or four
mimutes following submergence. About 35 seconds vrior to surface
lunging a aingle whale began a serdes of five trumpeting calls ofimﬂﬁﬁé
in frequency and 2.5 seconds in length. At the end of the fourth callam
second voice joined at 500 Hz and rose to 550 Hz during its 4.5 seconds
duraticn. Following a pause of eight seconds, the first voice began a | i
sixth call, of 2 seconds in length, at about 500 Hz, and ended with a
3.5 seconds call that gradually rose to 550 Hz. The rise in frequency
seemed Lo be accompanied by an increase in volume and gave the
impression of a musical c¢rescendo. The second volice jecined in at 1040
Hz during the sixth call and rose abruptly to 1500 Hz at the beginning
of the last call (Inset, Figure 22). The vocalizations of both whales
ended just as the group erupted through the surface. With the exception
of the second voice. whiech was not present in other eplscdes, the wvoeal
series prior to all three surface lunges were nearly identical.

On September 13, 1984, vocalizations were monitered during two
surface lunges. Sonographs of these vocalizations showed them to be

similar to those collected three years before (Flgure 23). Following

the ped's submergence. the whales were 3ilent for approximately three
minutes., Fifty seconds prior to surfacing a single whale began a series

of trumpeting calls at Y40 Hz in frequency and averaging 2.2 seconds in

duration. After 17 seconds of silence, the whale called twice more,

rising in frequency to 550 Hz, The last ¢all ended just as the whales
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Sonograph (Kay 6061<A sonograph, 10 teo 1,000 Hz scale)
showing the feeding call recorded from surface feeding pod
on September 7, 1981, The abrupt end of the sixih call
coincided with the simultaneous surface lunge of nine
whales. Inset shows expanded f{requency scals (20 to 2,000
Hz scale) of apparent vocal duet.
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Sonograph (Kay 6061-A, 10 to 1,000 Hz scale) showing
feeding call recorded from surface feeding group on
Septemher 13, 1984, The abrupt end of the ninth ecall
coincided with the simultaneous surface lunge of seven
adults and a calf. The broadband, low freguency "grunts®
following the end of the ninth cazll were made while the
Wwhales were at the surface, af'ter the group lunge.
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o
%%mgedtmrough the surface., No zecond voice joined the primary voice in
this recording.

Point Adoiphus. Whales near Point Adelphus were monitored by
dropbone on only a few occasions. Although sporadic low frequency
_grunts and moans were recorded, no structured or repeated calls were
| E!‘cund.

Bartlett Cove, Whales in Bartlett Cove were monitored regularly

. during 1982 (Miles and Malme 1982). These recordings also showed

gporadic vocalizations but no structured callas.

Srowp Composition

Surface-Feeding Group. The analysis of individually identified
whales from each of the six surface~lunging poda showed repeatad
associations between many of the membars (Figure 24). Two individuals
(#561 and 578) were common to all six pods. One whale (#5439} was common
to five pods, two whales (#569 and 252) were common to three, and thrse
whaies (#562, 556, and 557) were common to two pods, The calf (#385)
was common to the three 1984 observations. Among the whales sighted
repeatedly, four were =2een in at least one observation from each year.
The remaining 15 whales were aighted only once.

From the characteristic chin patch and barnacle scars along its
lower rostrum, it was possible to determine that #5671 was the lead
animal in each of the surface lunges across all observations (Figure
20b). Based on its close association with the calf in 1984, I assumed
that #5671 was the mother. This coneclusion is supported by the faect that

only #5611 and 578 were with the calf in each of the 1984 observationa.
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e

Figure 24: The sighting record and associations of whales in the
surface feeding pods. Boxes enclose pods. Letters
indicate behavioral role or age class: A& = adult, C = cow
with calf, ¢ = calf.
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To determine the age-sex class of other individuals in the
surface=-feeding groups, I examined their complete resighting histories
in Hawall and southeastern Alaska (Chapter 2)}. Animals #10 and 104 are
thought to be mature males based on their roles as escorta on the
Hawaiian wintaring grounda. Three other adults, in addition to #5671,
are thought to be reproductively mature females based on thelr close
association with a calf in Hawaii or southeastern Alaska. Animal #5417
was seen with a calf in southeastern Alaska in September of 1983 and
with the same calf, then a yearling, in Hawali during February of 1984,
Aniwal #556 was seen with a calf in September of 1982 and #569 was seen
with a calf during July of 1982; both sightings were in socutheastern
Alaska. There i3 no direct evidence to determine the sex of the other
18 whales in the six pods.

Point Adoiphus. Long-term agsociations were also found among
subsurface~feeding whales (Figure 25). The core members of the
subsurface-feeding pod near Point Adolphus consisted of three
individuals (#577, 1686, and 587) during 1981, 1982, 1983 and 1985, and
up to four other individuals (#236, 581, 573, and 155) that wers present
for most of one or more of these seasons. Other individuals associated
with the core group for periods of a day or less, occasionally forming a
pod of as many as nine whales.

Five of the seven whalss f{rom the core group are Known to be
females based on their associations with a calf in one ¢f the study
years {(Figure 25): #155, 236, 573, 587, and 581. A sixth, (#168) is

thought to be a cow based on observations of Jurasz and Palmer (1981a)
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The sighting record and asscciations of the "core membera®
of subsurface feeding pods at Point Adolphus. Boxes
enclose pods, Letters indicate behavioral role cor age
class: A = adult, C = cow with calf, ¢ = calf.

AR009507



9
<l
[+

o] Lo lo]

9]

Y|V

< Q

-ﬂ:-:CU’-

3

v
]

V||

greL
Bl2
A 191
Gss
66¢1
i
4 63
St
161
86l
I8
656
&
S S
i
2 gt
& 6ES

"sTaTailzziettgie lezizz’ailalunlaiio

Ty lgg’

T Tl

TR

230 _ .amw_

fny i

nr

1deg _ By

[ o |

ge

BYSely ¢8tl

BySelY

1861

nemety

1AQUINY
ey

196

AR009508



but has not been seen with a calfl during the years 1980 to 1985. The
zex of animal #577 1s unknown. (

During the summer of 1984 all seven of the animals from the core i
group were sighted repeatedly in the Point Adolphus area, but ;nly a few
individuals briefly associated with sach other. Four of the core
animals {#236, 581, 587, and 573) were accompanied by calves during
1984,

Bartlett Cove., The subsurface-=feeding pod in Bartlett Cove
consisted of a cow-calf pair, cow £#539 and her calf #1298, and two
adults, #559 and 118 {Figure 26). During its residency in the cove, the
pod was joined by az many as five other whales, including a second
cow-calf pair (cow #569, alse found in the surface-feeding pod during
1981), Of the nine other whales identified with the residents, orly
#1857 and 565 were seen in the cove for more than one day. In some
instances the presence of the transient whales appeared to disturt the
resident four, resulting in aerial behavior and dissynechrony of
behavior.

The three adult Bartlett Cove residents showed associlations over
more than a single summer season and In two seasonmal habitats. Animls
#118 and 539 were observed within a kilometer of each other near the
island of Hawaii on February 13, 1981. Animls #539 and 559 were seen
together in Frederick Sound, southeastern Alaska, on August 26, 1981, !
and again with #565 on September 1, 1981. After leaving Bartlett Cove
in mid-August of 1982, #539 and her calf #1098 were seen in Frederick 1
Sound within a few hundred meters of #559 (Dawson and Taylor 1982). At

this time, the three were surface feeding on swarming euphausiids, a
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Figure 26: The sighting record and associations of whales feeding
together in Bartlett Cove. Boxes snclose pods. Latters
indicate behavicral role or age class: A = adult, C = cow
with ¢alf, ¢ = calf,
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distinet departure from theilr earlier feeding behavior in Barlaett Cove.
In 1984, animals #53% and 559 were found feeding together again on
euphuasiids in Stephens Passage on September 6 and 3.

Animal #118 is thought to be a male based on his role as an escort
in Hawali during the winter of 1981 and his long history of sightings
without a calf in southeastern Alaska. Animal #559 has been =een in
1980, 1981, 1982, and 1984 without a c¢alf (Jurasz et al. 1980; Perry st
al. 1985), but due to the variability of calving intervals among f'cmale
humpback whales in southeastern Alaska (Chapter 2), I cannot yet

confidently assume that it is a malae.

Prev Assessment

Surface-~Feeding Group. It was possible to determine, with
reagsonable certainty, the primary prey of the surface~lunging pods
during four of the six observations. On July 17, 1881, hard~-size fish
were seen leaping out of the water just before the whales lunged through
the surface. The 8ize and cclor of the fish suggested that they were
herring, Clupea harengus. On September T, 1981, a recording fathometer
aboard the research vessel showed dense traces of schooling fish in the
path of the whalea, The fish were at depths of about U0 m in 50 w of
water. Fathometer tracings from July 23 and August 18, 1984, showed
dense traces of schooling fish along the face of the rocky coastline
where the whales were feeding. The shape and backscattering

characteristics of the achool auggested that these flsh were alsc

herring (Xrieger and Wing 1G84).

Point Adglphus. FHumpback whale prey near Point Adolphus was
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determined with hydroacoustic surveys and net sampling during the
summers of 1982 to 1985 (Wing and RKrieger 1983; Xrieger and Wing 1984;
Frieger and Wing 1985; Baker 1985}, Hydroacoustic surveys in the paths
of the feeding whales showed dense traces of schooling fish in each
year. Sampling with mid-water trawls during 1983 and 1984 confirmed
that these fish were herring averaging 205 mm in length (Krieger and
Wing 1985).

Bartleft Cove. A dense school of fish was found in Bartlett Cove

during each of the seven hydroacoustic surveys of the cove in 1882. Net

sampling with a pelagic fish trawl from the John N. Cobb yielded pure

catcpes of capelin, Mallotus yillosus (Wing and Krieger 1983). No fish

scheols were found in Bartlett Cove during 1933 or 1984 despite frequent
hydroacoustic sampling., Few whales entered the cove during these years

and none stayed for more than a few hours (Baker 1983; Perry et al,

1985).

201

AR009513



may also function as leaders {(Leuthold 1977). Among many ungﬁﬂta,f
these animals are typlecally females. It is possible that matrianmm;
similar to those found among elephants (Loxodonta africana), areal%.
found among humpback whales. These animals could be important
reservoirs for cultural information including migratory routes,
specialized feeding strategles {such as those described here), and ag :

understanding of the patchy distribution and seascnal changes in prey

abundance.
Perhaps the most persuasive evidence that these feeding groum;%ﬂg
acting cooperatively comes from the documentation of repeated
associationa between group members. In many cases, associations betws
individuals persisted througheut an entire summer season and extended
across years. A repeated assceilation extending from one year to anothe
is particularly impresaive considering the long migration to the
wintering grounds and the dispersal of feeding herds which intervenes
betwaen summer seasons {Chapter 1). There is only one previous report
of an assoclation between humpback whales extending across seasons.
Remoto (1964) noted that a pair of whales were Discovery=tagged on the

Antarctic feeding grounds one austral summer and captured together the

next summer.,.

Ecological Bages of Oroup Formation
Why 13 feeding on schooling fish asociated with coordinated
behavior and groups cchesion among humpback whales? By feeding in

large, coordinated groups, humpback whales may increase the probability
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of contreclling the movement and preventing the dispersal of large fish
schools. Analogoualy, the pack-gunting tactics of the social canids and é
feiids allow these animals to capture prey several times their size M
{Rleiman and Elsenberg 1973; Bertram 1978)., For small, slow-moving
prey,; such as swarming euphausiids, herding and large group size 1s
probably unnecessary.

Why bother to feed on schooling fish when swarming euphausiids are
readily availabié and require less complex soclal interactions?
Contrary to what is generally assumed (Andrews 1909; Bryant et al.
1981), swarming euphausiids may not be readily avallable every year or

during all times of the =eason. Recent studies of humpback whale prey 1

iz southeastern Alaska show significant seasomal and yearly fluctuations

in abundance and distribution of different prey types (Wing and Krieger

1983; Krieger and Wing 1984). Although only about 20% of the whales

encountered in southeastern Alaska during July and August of 1984 were

R

feeding on schooling fish {Baker 1984; Krieger and ¥Wing 1985), little is
known about the predominant prey during the spring and fall. ;J
Observations of feeding whales during late November and early December 1
suggest that schooling fish are a primary late-season prey in some years
{Baker et al, 1985). Possibly more important, the nutritional content
of some speecies of schooling fish is far superior to that of
euphausiids. A nutritional analysis of prey collected in southeastern
Alaska during 1984 showed that herring have an average energy content of

2.6U kecal/gr wet welight compared to 1.72 keal/gr wet weight for S

suphausiids (Baker 1984). This higher caloriec value is an attractive
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bormus for an animal that has only a few months in which to gather its
food for the entire year. As with the soclal carnivores, cooperative
feeding may allow humpback whalea to explolt an energetically rich
trophic level that is unmavailable to, or inefficiently utilized by,
sclitary feeders,

Group foraging may alsoc result in some degree of increased feadim
ef ficiency even in the absence of true cooperative benavior (E.O. Wilsy
1975}. In dese;t finches, group foraging within bounded areas increass
the probability that the next prey patch encountered by the group has
not been recently depleted or dispersed by wandering singles {Cody
1971). A similar advantage to group movement may exist for foraging
whales 1f fish schoola are most efficiently exploited by groups and {§f
feeding singles dlsperse schools. 3Some evidence of this 1is suggestmiw;

the group movement of the surface-feeding pods and the absence of other |

whales In the Chatham Stralt area during these observations.

A fipal factor influencing the formatlon of humpback whale pods
could be predation. Group foraging provides superlor defense against
predation in many species, and is a primary force maintaining

agegregations in grazing ungulates (E.0Q. Wilson 1975; Leuthold 1977).

- The only known predator of humphack whales in northern waters is the
killer whale {Chittleborough 1953; Whitehead and Glass 1985)., Reports

of killer whale gttacks ars infrequent, but an analysis of scarring on

the flukes of humpback whales in the central and eastern North Pacifie
showed evidence of nonfatal attacks on humpback whales, at some point in

their lives, in 2.5% of the individuals examined (Chapter 2). In the
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Yorthwest Atlantic, a similar analysis of scarring showed evidence of |

nonfatal attacks in 339 of 756 flukes examined (¥Xatoma et al., 1980).

Membership in coeperatively feeding groups seemed to be influenced .
by gender, reproductive status, and nartner preference, The
predominance of mature female members may suggest some dimorphism in the
prey selection ;f bumpback whales. Undoubtedly, the energetic demands
of pregnancy and lactation on female humpbacik whales are extreme
(Lockyer 1976)., Baleen whales exhibit one of the highest relative and 15
absolute Intrauterine growth rates of any group of mammals (Eisenberg
1981). Ralls {(1978) suggests that the larger average size of female
baleen whales, compared to males, 1s not due to an absence of sexual
selection on males but rather the greater pressure on females to be
"higger mothera™ and thus "better mothers". The energetic demands of
reproduction are further exascerbated by the seasomal fasting and
lengthy migration of baleen whales. The low and varlable calving rate
of females in southeastern Alaska indicates some resource limitation on
female reproduction (Chapter 2}. Ccoperating te feed on an

energatically superior prey could enhance a female's reproductive

potential.
Females were more likely to join feeding groups in yearsa that they

ware not accompanied by a calf. Cow-calf pairs are relatively solitary

on the feeding grounds and the presence of a calf in a large pod is rare |
I

(Nemoto 1964: Chapter 5). In particular, cow-calf pairs are only rarely
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found with other cow-calf pairs (Chapter S). The disruption of the
Point Adolphus core group may have been tﬁe result of births to severil
of the group members during 1984 (Perry et al. 1985). The posasible
reasons underlying the avoldance between cow-calf pairs aPE(HACUS%Gif
later chapters (Chapter 5; Summary and Conclusions).

Partner preference, as well as gender and reproductive stajus,
played a role in pod composition. Animals #539 and 559, for exampls,
continued to as;ociate after moving to different areas of southeasters
Alaska and while feeding on euphuasiids. At Point Adolphus, as many &
seven other whales, including some mature females without calves, were
resident in szome summers but repeated associations were generally
restricted to only the seven "core members."

It 1s tempting to speculate that kinship ultimately determines
partner preference and the compecsition of feeding groups. A tendency
for neighboring whales to be matrilineally related could exist 1f
fidelity £o a feeding locale is established when a calf first travels to
the feeding grounds with its mother (Baker and Herman 1984b; Martin et
al. 1984; Chapter 1). The relatedness of adults in the feeding groups
described here is known in only one case; #516, first observed as a calf
in 1974, is reported tc be the offspring of #166 (Jurasz and Palmer

1981a). A&lthough these two animals were found near each other in most

years, they were found feeding together 1n the same pod on only a few

oceasions during 1982 and 1984 {(Perry et al, 1985). In many mammallan
species, however, it is the relationship hetween cows and their female

of fspring that is enduring (E.O. Wilson 1975); #516 is thought to be a

male.
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Functions of Vocglizations
The apecific behavioral coantext and funetion of humpback whale

vocalizations during the feeding season have not been described. Only

=

ool

B

the function and context of the winter song and "social sounds®" have

e ]

o

been atudied through playback experiments {(Tyack 1981, 1982, 19383; Baker
and Herman 1983a)., The stersotyped series of vocalizations reported
here, referred to as a "feeding call", occurred specifically though not
exclusively dur;ng group feeding, and may have one or more of three
functions: 1) agonism or establishing dominance in relation to
individual spacing; 2) coardinating group behavior; and 3) disorienting
or herding schooling fish.

The hearing capabilities of the Pacific herring have not been
studied, but its close relative, the Atlantic herrring, is sensitive to
sounds ranging in frequency from 30 Hz to 10,000 Hz, with greater

sensitivity towards the lower frequencies (Enger 1967). Playback

e
R S s

experiments show that Pacifle herring respond with avoidance and "alarm"
to some synthetic and vessel sounds (Sehwartz and Greer 1984}, The
frequency and duration of the numpback whale feeding calls are similar

to thosa of scome aynthetic sounds which elicited strong responses from

the herring. Schwartz and Greer (1984) report that herring schools

e

Ch e
o

coalesce and become more uniform In thelr movement during avoidance and
alarm. It is possible that humpback whales exploit these predictable
responses and use vocalizations to herd or coalesce the schools of

herring.
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Evidence of an agonistic component to the feeding call comes fru
recent playback experiments in Hawailil (Joseph Mobley, personal
communication). A large proportion of responses to the feeding oall f
involved "charges® similar to those reported ia playbacks of “smuali
sound” (Tyack 1983) and agonistie behavior similar to that observediﬁ§
male-male competition (Baker and Herman 1984a; Chapter 3). However,
extrapolations to the function of feeding-season vocalizations based ap
behavioral respénaes on the wintering ground may be unfounded giventﬂé
profound differences 1n motivational regimea operating in the two s
habitats {Baker and Herman 1983b)., Whales in Hawaii, particularly
males, may be motivationally potentiated to respond aggressively to any
conspecific vocalization.

Counter=evidence to an agonistic function is provided by the
absence of other behaviors asscciated with aggression. The calls did
not result in dispersal of the pods and no whales disaffiliated from the
pod following a feeding call. Inatead, the close proximity of the
lunging whales and the propinquity of the feeding call with the surfmw.
lunges are circumstantial evidence for an affiliative or coordinative
function., Playbacks of the feeding calls on the feeding grounds are

neceagary toe:clarify these interpretations.

Feeding Calls and the Evolution of the Hinter Song i
Several characteristicas of the szecond volce in the feeding calls
recorded in 1981 {Figure 22) suggest that this was a case of vocal

duetting. The sscond voice matched, to some degree, the first voice in
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both timing and frequency, though offset by one or two octaves. The

tendency to be offset by one or more cctaves durlng vocal mimiery is
vell known to anyone who sings and is a characteristic of vocal mimiery

in dolphins (Richards et agl. 1984). Although studies of yearly changes

S

in humpback whale song show that these animals are impressive vocal

o

mimics, no other instance of duetiing haa been reported (Winn et al,
1981),

The observééion of stereotypic calls and vocal dueiting in the
context of group feeding may have important implications for

understanding the evolutionmary origins of the winter scng., Tyaek (1982}

has suggested that the complexity of humpback whale song ls the result
of runaway sexual selection, a process which may explain the evolution
of exaggerated secondary~sexual ¢haracteristics in one sex, usually the
male, of some species., According to Fischer {1958), the initial phase
of runaway Sexual selection requires that the trait under selection must
be of some survival value fo the individual, as well as belng attractive
to some members of the opposite sex. Without some initial survival
value the gene controlling the attraction of ons sex to a tralt of the
other could not becomrs established in the population. Although recent
theoretical treatment shows that in some circumstances this reguirement
is not necessary, Fischer's original formulation remains the most
plausible.
If humpback whale song evolved through runaway sexual selection,

then ita fundamental components, an impressive acoustic memory and

ability for vocal mimicry, may still be important characteristics in the
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other could not become established in the population. Although rmwnf
theoretical freatment shows that in some circumstances this requiremen
is not necessary, Flscher's original formulation remains the most
plausible. If humpback whale song evolved through runaway sexual
selection, then its fundamental comporents, an impressive acoustic
memory and ability for vocal mimicry, may still be important
characteristics in the foraging success of males and females on the
faeeding grounds as well as the mating success of males on the wintering
grounds, Like many of the stereotyped behaviors observed during
aggressive competition in Hawaii (Chapter 3}, the song may have its

evcolutionary origin in feeding bebavior.
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Cnapter ¥

Seasonal Cnhanges in the Size, Compositions and atability
of Humpback Whale Groups
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Abstract

The size, compositicn, and atability of humpback whale groups were
studied in two seasonal habitats of a single population. The struecture
of humpback whale groups, referred to as pods, was not determined solely
by random processes in either habitat. On the southeastern Alaska
feeding grounds there was an unexpectedly high proportion of singles and
large pods of adults, Although intrasexual associations were the most
common, adult pods could be all male, all female, or mixed sex. The
majority of cow-calf pairs were unaccompanied by other adults. When
cow=calf pairs did associate with other whales, they could be
accompanied by either malez, females or both sexes., Some whales formed
stable associations 1n pods that endured for an entire summer season and
re-occurred agross years. Most pods, however, were transient and
associations between individuals were fluid., On the Hawalian wintering
grounds the size of adult pods was significantly larger than in
southeastern Llaska. The majority of cow=calf pairs were accompanied by
one or more escorts, thought tc be courting males, Associations between
sexes seemed to follow rigid rules, No females were found with other
femalea. Pod structure was very fluld and associations were transient.
Whales seen together in a pod on one ocecasion were unlikely to be seen
together agaln. Overzll, the structure of humpback whales showed
profound geasonal changes shaped by a compefitive mating system on the

wintering grounds and a non-competitive or cocoperative foraging strategy

on the feeding grounds.
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Intreduction

"T would think the schools of baleen whales should be
examined also in the breeding areas, in which the meaning
of the achocl of baleen whales is zomewhat different from

that of schools in the feeding areas."” 7. Nemotoc (196%4),

Soaial organization 1s potentially the most variable structure

characterizing a species {Eisenberg 1981). While broadly limited by
phylogenetic inertia (E.O. Wilsorn 1975), the social organization of most §g
species 1s remarkably labile in responding to proximate changes in :
envirommental and populational pressures, Important ecological factors
influencing social organization include the distribution of food and the
effects of predation (Eisenberg et al. 1972). Other determinants of
soclal organization are the reproductive strategles and the mating i’
system of a specles. In migratory or seasonally reproductive species,
thera may be distinct social systems operating during different times of
the yvear {Leuthold 1977).

Ontil recantly, the sccial organization of baleen whales remained E;
virtually undescribed {(E.C. Wilson 1975). DBased on the predominance of 1
pairs and triocs on the feeding grounds, commercial whalers assumed that
mest baleen whales formed meoncogamous pair-bonds or small family units 5
which remained together throughout the year (Nemoto 1964}, In only a
few cases did whaling biologists examine the group structure of baleen
whaies by documenting seascnal changes in group silzes or the age-sex

class of group members (Nemoto 1964; Chittleborough 1965; Dawbin 1966).

215

AR009525



Among humpback whales, recent studies argue against the tradiﬁaﬁf
assumption that all baleer whales form family units., During the winfer
breeding season, the .structure of humpback whale groups is transienbeﬁ?
associations between individuals are fluid {Mobley and Herman 1985;
Tyack and Whitehead 1983; Chapter 3). Pods of humpback whales apmwrta%
result from males aggregating in response to the presence of a mature
female., Within these pods, violent aggression is observed betwemtmah{
competing for proximity to the female (Glockner=Ferrari and Ferrari
1981; Tyack and Whitehead 1983; Chapter 3}.

The function of groups on the feeding grounds iz less clear.
Whitehead ot al. (1982), in his study of humpback whalegs on the feeding
grounds of the northwestern Atlantie, found no evidence of repeated
asgociations, above that expected by chance, among adult whales., In
southeastern Alaska, however, associations between some individual
whales are stable and extend over seasons and years {Baker and Hernan
1984h; Chapter 4). Repeated assoclations are also reported among
humpbacks feeding on the Stellwagon Bank near Cape Cod (Weinrich 1983).

While these behavioral studies have begun to characterize some
seasoml aspects of group structure and soclial behavior, they have not
yvat addressed Lthe interaction of these seasonal components in the
overall social organization of humpback whales, Here I present data on

the group size, group composition, and group stability of free-ranging

humpback whales from both the feeding and wintering grounds of 2 single
population or structured stock {Chapter 1). These three attributes of
sociality form the basis for 2 more complete model of seasonal changes §

in the =o0ecial organization of humpback whales.
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Methods

T

Field studies of humpback whales wers conducted in Hawailan waters

during the winters of 1979 to 1984 and in southeastern Alaskas during

SR e

the summers of 1980 te 1984, Whales were observed and photo-identified

i §§
ﬁ_;“ g from small vessels on a daily or near-daily basis (General Methods).
%%é; é Additional data from yvears previous to 1979 are presented when available
| §- and relevant (Herman and Antinoja 1977: Herman et al. 1980},
. Gnit of Aalvats
gﬁg- 6 Hineteenth century whalers distinguished thres levels of group size
§ f in baleen whales (Clark 1986, cited in Nemoto 1964); "poda" or "gams"
§ ﬁ: aumbering up to about twenty whales, Tschoola™ or "shoals” of some
g : twenty to fifty whales, and the "herd"™ or "bhody of whales" comprising
§§ - ; fifty to several hundred individuals. Followlng this traditional
£§ % nomenclature I have deflned a pod as two or more individuals moving in
%?% the same direction, within two to three whale lengths of each other, and
?QE in c¢lose behavioral synchrony, particularly with respect to respiration,

diving, and surfacing (Berman and Antinoja 1977; Baker et al. 1982;
Whitehead 1983). For convenisnce, a single whale was also referred to
as a pod. Although I did anot attempt to quantify spatial proximity or
behavioral synchrony, pods were easily distingulshed. Groups

characterized as pods vwere observed in both Hawail and scutheastern

Alaska.

A shoal has been described as & dense aggregation of whales in an

.

area of only a few square kilemeters in extent (referred to as a "flock"
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in Baker et al, 1982; Baker st al. 1983). Whales in a shoal, though
milling in a common area, do nof move in & uniform direction.
Individuals are separated by relatively large interindividual distantes,
and show oo obviocus synchrony of respiration, diving, or surfaeing.
Within a shoal, whales are sometimes found in peds of twe to four, but
often it is not possible to distinguish any group subunits. Presently
available data suggest that shoals are tranaient groups aggregating in
response to local concentrations of prey, particularly swarming
euphausiidas (Baker et al, 1983: Baker 1981; Wing and Krieger 1983;
Krieger and Wing 1985). Groups characterized as shoals were observed
only in southeastern Alaska.

A herd of humpback whales was defined earlier as a unit of a
structured stock {(Chapter 1), Southeastern Alaska seems to encompass
the range of a s8ingle feeding herd which remains segregated, during

summer, {rom other feeding herds tc the north and weat. The

southeastern Alaska feeding herd is estimated to number between 270 and
374 animals (Baker et al. 1985). Whales in Hawailan waters are a
congregation of several feeding herds (Chapter 1).

Although socizal structure may exist at all three levels of group
size, determining the significance of such a structure in the larger
groups is problematic. It iz difficult to quantify the exact extent of
shoals or herds, Given their size, a very large data set would be
necassary to distinguish meaningful from coincidental associations
within the groups. As a consequence of these problems, the analyses of

group size, composition, and stability is restricted to the level of

pods. Because of their particular behavioral and populational
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SEImportance, pods with a calf are examined =eparately as a subgroup of

all pods in each seasonal habitat. .

Bod Size
The initial size of humpback whale pods was determined visually
z% during vesgel-based surveys of southeastern Alasiksz and Hawaii., The

e

overall analysis of pod size 1s restricted to data collected during

surveys of Hawailan waters in 1980 and 1981 and of scutheastsern Alaska

e

waters during 1981 and 1982, These years are the most comparable in

terms of study effort and area. Although vessel-based surveys were f

@I non=-aystematic in design, the large number of pods encountered and the
large area surveyed helped assure that the sample of pod size was
approximitely random during each study period.

A preliminary inspection of the frequenecy of pod sizes in

southeastern Alaska and Hawasil indicated that the distribution was

G e

3 skewed positively. To allow the use of standard parametric statistics

| in some analyses of pod size, the data were normalized with a
logarithmic transformation (Snedecor and Cochran 1967). <Consequently,
only gecmetric means are reported and standard deviations are omitted.

In determing the size of calf pods, only the adults were cournted.

Sex Compogition and Size Preference

S e e

Whale pods encountered during vessel-based surveys were approached

S

in order to photo-identify the pcd members. The sex of each member was
later inferred, if possible, based on all avallable sighting information

of that individual {(Chapter 2). The data set used to determine
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aex-based preferences in pod size and c¢omposition included sighting
records from all study years. All fluke observations were used except
those of insufficient quality.

The determination of sex was usually based on extensive slghting
raecords of an identified individual. Consequently, some sexed
individuals account for a large number of sightings in the data set.
For this reason, it cannot be assumed that the analysis of sex
composition and size preference is based on a random sample of the
population.

For the analyals of sex-based preferences for pod size, a pod was
considered a female pod if it contalned at least cone female or z male
pod 1f it contained at least one male. A pod wag c¢onsidered both a mals
and a female pod if it contained both sexes. Although this resulted in
some loss of independence in the data set, the number of pods classified
into more than one category was relatively small. The number of sexed
adults found in cow=calf pods was small and did not warrant a2 separate

analysis.

Pod Stability and Repeated Associations
Pod stability and repeated assoclatlons are related but distinet
measures of social affiliations. Pod stability is defined here as the

persistence of asscciation between individuals in the same pod.

Stabllity ia reflected by the frequency of changes in pod size and
membership. A repeated association is defined as the grouping of two

individuals in the same ped on two or more days regardless of the

e

intervening associations. PBecause individual whales were seldom under
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continuous observation it was not always possible to distinguish
repeated associations from stable groupa.

Pod stability 1s illustrated through case histories of frequently
sighted individuals selected from the fluke library (General Methods).
These case histories were chosen to demonstrate the range of pod
stabllity in each seasonal habitat. The analysis of repeated
associations was more complex. First, it was necessary to designate a
focal individual and determine the identity of the focal animal's
associates in each sighting. These records were then examined for
common associates across gsightings. To accomplish this task, a computer
program was written to search through the fluke sighting library
(General Methods) by iteratively treating each identified whale as the
focal individual., The output of this program included the number of
sightings, the number of asscciates, the number of repeated
associations, and the identity of the repeated partner for each
individual in the catalog. The search for repeated associations was
conducted firat within each seasonal habitat, Hawall and southeastern
Alaska, and then across séasonal habitats, Sightings from all years of
the study were used and only fluke cbservations of insufficient quality

were omitted from the search.
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Group Size

Southegstern Alaska

Adylt Pods. A total of 483 pods of whales were encountered during
vessel-based surveys of southeastern Alaska in the sumper of 1981 and
1982, Of this total, 390 pods consiated entirely of adulta. Tearly
differences in the sizes of adult pods were not significant (F[1/388] - |
6.01, p = 0.95). In the combined sample from 1981 and 1982, 52.8% of
the adults encountered were singletons, 29,.T% were paira, 10.5% were
trios, and 7.0% were larger pods {(Table 20).

If pod size in Alaskza was determined simply by coincidental
meetings or other random events, the distribution of sizesa should
approximate a zero-truncated Poisson distribution (Cohen 1969). To test
this null hypothesis, the expected frequency distribution of pod sizes
was calculated from a zero-truncated Poisson distribution (Caughley
1977} and compared to the combined data from 1987 and 1982 (Table 20).
The observed frequency distributicn of pod sizes in southeastern Alaaka
differed significantly from the predicted distributien (Chiwsquarel[lils
27.44; p = 0.005), with fewer pairs, trios, and quartets, but more
singles and large pods than expected.

The only other data available on group sizes of feeding humpback
whales, those of Nemoto (1964), come from the pelagic whaling grounds of
the North Pacific (Table 2t). The pods observed by Hemoto also differed
from a zero=-truncated Poisson distfribution (Chi~square[3]= 9.7; p <
0.025) but included more pairs and fewer larger groups than expected;

nearly the oppoaite of the trend in southeastern Alaska.
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Table 20

S

-

Pod sizes of humpback whales encountered during
- § vessel-based surveys of southeastern Alaska
| in the summers of 1981 and 1982.

o
e

Adult Pods
(mean size = 1,54)
14 2A 34 b4a 54 b+4 Total
s 52.8 29.? 10a5 2.6 "‘“‘"“.3-—--—
Prequency 206 116 4 10 9 8 390
~ Chi-square 3,48 0.62 4,69 4,85 ==13.80=~ 2T.44
| (p<0.01}

Cow=Calf Pods
(mean size = 1.62 adults)

; 14-1c 2A-1¢ 3A~1¢c UA-1c SA«Te 6b+4=14c  Total

| ; f g 55.4 20,7 141 u.u 5 e
F : Frequency 51 19 13 4 3 3 93
| Expected 42,2 29.5 13.8 4.6 —e!.Brmu
; Chi-square 1.84 3,74 0.05 0.08 <=w=-9.80-= 15.51
b (p<0.01)

i v

=
e

Note: Expected number of pods were calculated from the zero=truncatsd
Poisson distribution (Caughley 1977). Adults are noted by the
letter A and calves are noted by the letter c.

i

e
S
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Table 21

Pod 3izes of humpback whales on the pelagic whaling grounds
of the North Paciflc in 1955 and 1956 (from Nemoto 1564).

Total Whales®

1 2 3 y 5 6+ Total
4 606.0 42.,4% 3.3 4,3
Frequency u6 39 3 2 1 1 g2
ExpectEd 50.2 2?09 10-3 — 305"“"’
Chi-square 0.35 &.,42 5.17 Cotom 9.7
(p<C.025)

Note: Expected number of pods were calculated from the zero-truncated
Poisson distribution (Caughley 1977). Adults are ncoted by the
letter A and calves are noted by the letter c.

# It is not clear from Nemcto (1964) whether his pod sizes include total
whales or adults only.
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galf Pods. Of the 194 pods observed in 1981, 32 {16.5%) included a
calf. Of the 289 pods observed in 1682, 61 (21.1%9) included a calf. 1In
the combined sample of §3 cowe-calf pods, 55.4% were unaccompanied by
another adult, and 20,73 were accompanied by a single adult (Table 20).
The remaining 23.9% of cow=calf pairs were accompanied by two Or more
adults. 7The average pumber of adults, including the cow, in cow-calf
pods did not differ significantly from adult-only pods (F[1/482] = 0.62,
p = 0.43). Like adult only pods, the number of adults in cow-calf pods
was not adequately modeled by the a zero-truncated Poisson distribution
(Chi-square[5] = 15,571, p < 0.025).

Only twice in 1981 and once in 1982 did a pod include more than a
single calf, If multiple~calf pods resulted from the chance enccunter
of cow=calf pods their probability of occurrence should approximately
equal the product of their independent probabilitiy of oceurrence in the
population, Given the overall percentage of cow=calf pairs in the two
sample years (19.2%), multiple cow=call pairs should occur in
approximately 3.7% (0.192 X 0.192) of the observations. Thus, from the
total of 483 pods, 17.9 multiple-calf pods were expected, significantly
more than the thrae observed (Chi-square[1] = 13.10, p < 0.0C5).

Observations of two multiple calf pods suggested some behavigral
disturbance asscclated with the confluence of cow-calf pairs. On
September 3, 1981, a cow, calf, and a second adult moved toward a pcd of
six adults with a ¢alf. As the pods joined, the first calf began an
intense display of breaching snd headslapping that lasted for
approximately 20 minutes. Shortly afterwards the pod disperszed and the

two cow-calf pairs separated, On July 16, 1982, a pod of five adults

225

AR009535



and a calf were joined by a second cow~calf palr. Although themewaa@%
ipcreased lavel of surface activity by the pod, the two cow-calf pairs
remajned asscciated for most of the day.

Sex-Based Preferences. Sexed whales were found in 301 adult pods ;

i
S
s
-

during the years 1980 to 1984 {Table 22). One or more males were f‘m.n'iﬁ':'°
in 163 adult pods., One or mors females were found in 115 adult pods,
23 pods included both males and females and were counted in both
categoriezs, The average size of a pod containing a male was
significantly smaller than the average pod containing a female (F(U3&]f
= 11.27, P < 0,001),
Pod size preference, however, was not strictly determined by:mxsr'l
reproductive condition. Idiosyneratic prefepences for pod slze were t
cbvious in the sighting records of both sexes, TFemales were
particularly variable in their pod size preferences. OCne of the most
golitary animals in the sighting records, #530, was observed on 21
oceasions while she was resident at Point Adolphus from 1981 to 1984,
Although she was accompanied by a calf in 1982 and in 1984 she was never
found in the company of another adult, Animal #530's sclitary behavior
could not be explained by ar absence of soclal opportunities. As many
as nine other adults were resident at Polnt Adolphus during these years
(Chapter 4}, One of these residents, #587, also a female, was sighted
15 times during 1981 te 1983. She was z2lone on only one occasion. In
1984, #587, accompanied by a calf, was sighted eight times in Glacier
Bay. In spite of the general solitary nature of most cows, she was

accompanied by other adults twice and by a second cow-calfl pair once.

s = i TR
e
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Table 22

The size of humpback whale pods in southeastern Alaska
containing individuals of surmised sex.

14 24 3A kA SA B+4 Mean
Males
. B 5t1.1 28.0 11.8 1.1 2.2 5.9
~ Frequency 95 52 22 2 4 11 1.63
Females
2 33.3  32.6 14,5 7.3 3.6 T.7
Frequency &6 ks 20 10 5 12 2.0U
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Possibly the most gregarious animal in the sighting record,#%ig;
also a female, was found in three pods during 1981 with six, nine, anﬂ
11 other adults, respectively {(Chapter #). During 1984 she was |
accompanled by a ecalf and four te six other adults in each of thres
separate sightings.

Idiosyneratice differences were apparent, though less dramatie,in:i
the pod size prefeprances of males. Animal #159, for exampls, was :
generally, but not exclusively, solitary. Out of a total of 24
sightings from 1982 to 1984 nhe was alone 16 times (67%), with one other

i

adult five times (21%}, with two adults three times (12.5%), and once
with two adults and a calf. Animal #564, on the other hand, was sightel
nine time during 1981 to 1984 (see Figure 29) -~ on no occasion was he

glone.

Hawall

Adult Pods. A total of 575 pods of whales were encountered during
vessel-based surveys of Hawailan waters during 1980 and 1981, Of this
total, 476 pods consisted only of adults. Yearly differences in the
size of adult pods were not significant (F[1/478) = 3,86; p = 0.051).
In the combined sample, 33.5% of the adult pods were singletons, 42.4%
were pairs, 12.2% were trios, and 11.9% were larger pods (Table 23).
The observed frequency distribution of pod sizes from the combined data
differed significantly from the the zero-truncated Polsson distribution
with far more pairs than expected (Chi-square [3] = 37.63 p < 0.008).

Further details of pod size in relationship to aggression and seascnal

i s

abundance are presented in Chapter 3.
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Table 23

Pod sizes of humpback whales encountered during vessel-based
surveys of Hawaii in the winters of 1980 and 1981.

Adults Pods
(mean size = 1.84)

TA 24 34 La 54 6+4 Total
S 33-5 u2.ll 12.2 ? -—-—-u.a-—-..
frequency 159 201 58 33 11 12 474

Expected 176.7 152.8 88,1 38.1 13.2 5.1
Chi-square 1.8 15.2 10.3 0.7 0.4 9.43 37.65
(p<0.00%)

Cow=Calf Pods
{mean size = 1.9Y4 adults)

14-1c 28=1¢ 34=-1c liA«iec SA-1c 6Had=1c Total

——————

2 w3 2em-

3 23.2 52.5 16.8 ]
Prequency 22 50 16 b 2 1 g5
Expected 4.3 30.5 18.1 T.8 e mlf y Fm
Chi~square 4.3 12.5 0.2 1.9 —0 e 19.3
{p<0.025)

Note: Expected number of pods were calculated from the zere-truncated
Polsson distribution (Caughley 1977). Adults are noted by the
letter A and calves are noted by the letter c.
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Calf Pods. Of the 248 pods observed in 1980, 52 (21%) includeds
calf. Of the 323 pods obzerved in 1981, 43 (13.3%) included a calf,

the combired sample of 95 cow=-calf pods, 23.2% were unaccompanied ty

.
another adult, 52.6% were accompanied by a single adult, and 24.2¢ were

S

accompanied by two or more adults (Table 23). WNo pods were observed ta

e

have more than a single calf. Although cows with calves appeared to be.i

o

somewhat more gregarious tham adults without calves, this difference was

not significant (F[1/568] = 0.89; p = 0.347). The number of adults in

=
i

Hawailan cow=calf pods was not adequately modeled by the zero-truncated
Polsson distributioen (Chi-square (4] = 19.34, p > 0,005); cow=call pairs
were accompanied by one other adult far more often than expected.
Sex~Based Preferences. Sexed whales were found in 107 adult pods
during 1977 to 1984 (Table 24). One or more males were found in 76 pods
and a female was found in 19 pods. Five pods included both males and
females and were ocounted in both categories {see Group Composition for
further details)., Although males were found alone and in large pods
somewhat more offen than females, the average size of male and female

pods was not aignificantly different (F[1/109] = 0.03, p > 0.86),
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Table 24

The size of adult pods in Hawaii containing individuals

of surmised sex.

14 24 3A LA SA 6¢A Mean
Males
% 33.3 25.3 18.5 8.1 3.5 15.0
 Frequency 29 22 13 T 3 13 2.19
Femaies
;] 20.8 45,8 12.5 16.7 ) O
Frequency 5 11 3 It —— ] - 2.14
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Seascnal Comparisons

Agdult Pod=. The sizes of humpback whale pods 1n Hawaii and

southeastern Alaska are summarized in Figure 27 and show marked seasonal
differences. In southeastern Alaska, ébout 30% of the adults
encountered (52.8% of the pods) were alone., In Hawaill, only about 15%
of the adults encountered (33.5% of the pods) wers alone. The average

aize of adult pods 1n southeastern Alaska was significantly smaller than
in Hawaii (F{1/862] = 24,92, p < 0.0001},

Calf Pods. Seasonzl) differences in the size of calf pods were even o
more dramatic than differences in adult pods (Figure 27). The average
number of adults in calf pods was significantly smaller in scutheastern
Alaska than ip Hawail (FI1/187] = 5.69, P < G.018). In southeastern
Alaska 54% of the cow~calf pairs were unaccompanied by other adults
while 349 were accompanied by one or two adults, In Hawaill only 23% of
the cow-calf pairs were unaceompanied while 70% were accompanied by one
or two adults. Cow=calf palirs accompanied by three or more adulis,
however, were found in nearly equal proportions in beoth regilons.

Sex-Based Preferences. Comparing the size of male and female pods
confirmed that males were more sclitary in southeastern Alaska than in
Hawaii (F[1/271 = 14,22, p < 0.0002). Females were more likely to he
found in pairs in Hawaii but average pod =ize was similar in both

regions (F{1/160 = 0.13, p < 0.71).

e
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The size distribution of humpback whale peds in Hawali and
southeastern Alaska. Pod size information comes from
vessel-based surveys of Hawaii during 1980 - 1981 and of
southeastern Alaska during 1981 - 1982. The size of
cow=czalf pods indicates only the number of adults.
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Pod Composition

Southeastern Alaska

Adult poda. Sexed whales were sighted Iln 301 adult pods during the
years 1980 to 198U (Table 25}, 1In S5 of these pods, two or more sexed
whalea were ldentified. In order to examine the patterns of
associations between sexes within pods, all pair-wise assoclations were
¢caleulated between pod members, For example, 2 pod containing one
female (') and three males (M) contalned (U4){U~1}/2 = 6 palr-wise
associations: three ¥M pairs and three MM pairs.
To test the hypothesls that members of each sex azssociated at
random within pods, the expected distribution of pair-wlse associaticna
was calculated with the binomial equation from the pbserved contribution
of aach sex class (Table 26), This distribution assumed nothing about
the overall proportion of sightings of each sex or the average group
aize Iin the population. Instead, it addressed only the queation of
equality within the matrix of observed pair~wise aszociaticns and
g;[) assumes only that sexed individuals were an approximately random sample
of all members of each sex. The binomial equation predicted
significantly more FM pairs and fewer MM or FF pairs than observed
(Chi~square{2]= 6,95, p < C.03),

Calrl pods. Sexed whales were found in 125 calf pods (Table 25). In
100 of these peods, only the cow was ldentified. The remaining 25 pods

contained 4% palr-wise associations {Table 26).
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Table 25

The sex compesition of humpback whale pods
in scutheastern Alaska.

Adult Pods
Freguency Al A2 A3 A4
89 ¥
14 F F
5 F F F
1 F F F F
2 F F M
15 F M
5 F M M
1 F M M M
148 M
11 M M
1 M M M
236
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Table 25 (continued)

Cow=-Calf Pods

Frequency Al A2

—

e
o
s ]

. R T I )
AT aOaG

mERT T an

Note: Letters denote sex or reproductive role: A = adult, F =

without a calf, M = male, C = female with a calf.
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Table 26
Pair-wise associations between individually identified
whales of surmised sex in scutheastern Alasks.
Adult Pods

Females Males

Females 37 32
(30.8) (44,2

Males 22
{15.9)

Low~Calf Pods

Cows Females Males

Cows 2 14 21
(7.8) (10) {13.5)

Females 3 5
{3.2) (&,3)

Males i
(5.9)

Note: Expected frequencies of assoclations based on the binomial
eguation.
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The difference between the observed distribution of pairs and the
predicted binomial distribution was only marginally significant
{Chi-squaref5]= 10.76, 0.70 > p > 0.05), even though CC associaticns
were far less common than expected and CM assceiations were more

common,

Hawadidl

Adylt pods. Sexed whales were found in 106 adult pods during the
years 1977 to 1984 (Tabie 27). The majority of assoclations in these
pods were betwaern individuals of unknown sex. In only 11 pods were two
or more sexed individuals ildentified. The 11 wultiple animal poda
yvielded 11 pair-wise associations (Table 28). Although there were no
obaerved associations between females, the sample size was too small to
confidently determine that this was a trend. The distributicon predicted
by the binomial equation 4did not differ signifieantly from the observed

distribution of associations between males and females (Chi-square [2] =

o

0.676, p > 0.75).

Females were sighted with males in five pods. 1In one of these pods

a female was accompanled by her caif of the previous year, as well as a

i
G
i
i
s
i
o
i
o
¥
e
-
i
S
s
e
Z
2

E | females were sighted in pods with males one year and with a calf the

-
-
-
-
-
-
-
-
-
i
-
-
-
-
-
-
i
o
-
o
o
o
-
o
=
e
i
i
o
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male, and another adult of unknown sex (Chapter 1). In two cases

foellowing year. Animal #355 was sighted on February 7, 1983,
accompanied by #18, a male, and two other adults of unknown sex. She
was sighted the following year in Hawaii, accompanied by a calf. Animal
#68 was accompanied by #U45, a male, and #69, an unknown, near Maul on

Mareh 7, 1981, Thirty days later (April 7, 1981) she was aighted
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swimming slowly with one other whale near Niihau. A few minutesinmﬂz

G

S
2o
-

the obaervation four other adults joined the pair, forming an
aggressive, surface~active group. Animl #68 was seen with a calf in
southeastern Alaska the next summer (1982).

Females without calves were sighted in several other largs,
surface-active pods which probably contained males (Chapter 3). Inomtg
case the female, #3486, was sighted in a surface-active pod with thrae
other adults on February 25, 1982. She was sighted in Hawaii the

following year zaccompanied by a calf.

Males were found together 1n six poda not known to contain
females. In none of these pods, however, was it possible to determine
that all members were males; each pod contained membera of uninown sey
or unidentified animals.

Calf pods. Individually identified whales were found in 170 calf
pods {(Table 28). In 43 of these pods only the cow was identified. The
remaining 127 pods contained 228 pair-wise asscciations. The observed
distribution of pairs differed from the predicted binomial distribution
{Chi=-square {2] = 73.29, » > 0.01) with far wore CM and far fewer MM
associations than expected. There were ne CC assocciations and no CF
assoclations. However, the behavioral determination of sex, if

unreliable, could have bilased this result (Chapter 2).

e -
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Table 27

The sex c¢ompozition of humpback whale pods in Hawaili.

Adult Pods

Frequency A1 A2

1¢ F
5 F M
76 b
8 M M

k-3
—y

Frequency A2 A3 &k A5 A6 AT

43 c
109 C M
8 ¢ M M
5 C M M ]
2 ¢ M M M M
2 C y| M M M M
2 C M M M M M M

Note: Letters denote sex or reproductive role: & = adult, F = female
without a calf, M = male, C = female with a calf.
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Table 28

Pair-wise assoclations between individually ldentified
whales of surmised sex in Hawaii.

Adult Pods

Females Males

Females s} 5
(0.6) (3.9}
Males 6
(6.6)
Low=Calf Pods

Cows Femaleas Males

ket B et -

Cows 0 0 163
(29.7) (0) (103.7)

Females 0 0

(0} (0)

Males 61
(90.6)

Note: Expected frequencies of associations based on the binomial
equation.
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Pod Stability and Repeated Asscciations

Seutheastern Alaska
Pod Stability. Transient pod strueture and fluid asscciations

petween individuals are illustrated by the sighting history of #5853
{Figure 28), an animl of unknown sex. Animal #5588 was first sighted on
July 7, 1981, and sighted subsequently on four occasions during 1981 and
four occasions during 1982. In total, #558 was observed with 13 other
identified whales in ten pods on nine separate days during 1981 and

1982, In only one case was #558 accompanied by the same individuwal in
two observations; with #547 in two pods on the same day, July 7, 1581,
Because this associatlon lasted only a single day it ls not considered a
repeated assoclation,

Fluid, but in a few cases, repeated aasociations were observed in
the sighting historiles of #5684 (Figure 29}, a male (Chapter 2). Animal
#5614 was sighted in nine peds on seven different days during 1981 -
1984. Across these sightings he associated with 29 other whales,

including at least two females and two males. He was found repeatedly

with two other whales: #547, another male, on July 7, 1981, and August
28, 1982; and #503, an animel of unknown 3ex, on July T, 1981, and
September 1, 1981,

Continuous or nearly continuous associations were observed among a
pod of animals found in Bartlett Cove, Glacier Bay, during 1982 and a

ped of animals found near Point Adolphus during the summers of 1981 to

1 1983 and 1985. Details of the social stability and behavior of these

pods are presented in Chapter 4.
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Figure 28:

The sighting record and companions of #558, an animal of
unknown sex, in southeastern Alaska. Boxes enclose pods.
Letters indicate behavioral role or age class: A = adult,
C = cow with ealf, ¢ = calf.
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Figure 29: The sighting record and companions of #56%4, a surmised
male, in southeastern Alaska. Boxes enclose pods.
Letters indicate behavioral role or age class: A = adult,
C = ocow with calf, ¢ = calf.
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Animal
Number

28I
Alaska

982
Alaska Alaske

1984

Aug | Sept

Aug

Sept

21, 28 8 ;15

564 3
507
578
547 4
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558 ¢
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526
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2t
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1358
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215
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560
580 9
582
584
1272
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Repeated Agsociafions. OFf the 41U whales individually identifiad
in southeastern Alaska from 1980 to 1984, 189 ware sighted on two or
more days, the minimum requirement to engage Iin 2 repeated association.
In the 895 observations of resighted whales, there were 1130 pair-wise
associaticon. Among these 1130 associations, there were 87 repeated
associations, of which 56 invelved twe asscciations, 11 inveolved three
associations, and 20 involved four or more repeated associations (Table
29). In two cases, pairs of whales consisted of the same individuals on
13 separate days, In total, 6% of the 189 resighted whalesa were
documented to have engaged in at least one repeated asscciation.

Most of the multiple, repeated associations (animals seen together
mere than twice) in this analysis were accounted for by individuals in
large stable pods (Chapter 4). These multiple, repeated associations
were the result of intermittent observations of esazentizally continuous
associations between pod members.

Many of the single repeated aasociations could be expected from
chance given the size of the feeding herd and the fluldity of
associations in non-stable pods. From the sighting record of #564, for
example, it is possible to ecaleulate the size of the population from
which a repeated observation could ocecur at random. On the first
sighting day, #564 was found with two other arimels. On the subsequant
9ix sighting day=s, he was found with seven, two, four, fifteen, and one
whales, respectively. Thus the chance of #564 assoeilating again with F
either of his two companions from the first day should be

2(1/n-1)(29)

where n is the size of the population within which these animsls

cug
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randomly mix. On the second sighting the chance of a single associaticn
should be
g(1/n-1)(22},
the sum of the whales seen on the first and second sighting multiplied
by the sum of all companions in subsequent sightings. The probability
of a single resight among all of the observed asscciations, iz the sum
of each per=sighting probability
2(1/a=1)(29) + 9(1/n=1)(22) + 11(1/n~1)(20) +

15(1/n-1)(16) + 30(1/n=-1){1).
Rearranging the equation provides a population estimate of TU47, This
suggests that, given the number of animmls with which #564 assoclated, a
single repeated association would be expected by chance in a randomly ?
mixing population of T¥T. Two repeated observations, the number

observed, would be expected from chance in a population of TU47/2 = 374,

very nearly the estimated size of the southeastern Alaska feeding herd
{Baker et al, 1985).

Repeated asscelations cccured among females, among males, and
between males and females (Table 30)}. However, repeated associations

predominated among members of the same sex. Based on the frequency of

males and females in all repezted associations the binomial eguation

predicted mora FM pairs than observed (Chi-square[2] = 5.88, 0.05 < P ¢ ‘
0.10). This tendency was even more proncunced when the analysis was é
restricted to individuals sighted togther three or more times |

{Chi-squarel2] = 8.84, p < 0.025). ;
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Table 29

A summary of sighting data used to determine the
repeated assoclations between individuls in
southeastern Alaska and Hawaili.

Total Resighted Total Total Pair-Wise Assceciations
Individuals Individuals Pods  Pairs 1 2 3 Ly

Southeastern Alaska

41l 189 895 1130 1043 56 11 20
Hawail

869 136 305 798 793 5 == a=
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Table 30

The frequency of repeated associations between humpback whales
of surmised sex in southeastern Alaska.

Pairs Sighted Toather at Least Twe Times

Females Males

Females 33 23
(28.3) {32.8)

Males 14
(9.3)

Pairs Sighted Together at Least Three Timeg

Females Males

Females 23 g
{18) (19)

Lo el s

Males 10
{5)

Note: The predicted number of assoclations, shown in parenthesesz, was
calculated with the binomial squation.
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Hawald

Pod Stabllitv. There were ne obviocus cases of pod stability in
Hawalian waters. Examples of fluid pod structure were presented in
Chapter 3. Additionral aspects of fluid pod structure in Haéaii are
discussed by Mobley and Herman (1985).

Reveated Associations. Of the B69 whales identified in Hawaii
between 1977 and 1984, 136 were sighted on two or more occasions. In
the 3C5 sightings of resighted whales there were 798 pair-wise
assoclations. Repeated associations were observed only five times
(Tabie 31). Two repeated associations involved pairs of animals of
unknown sex. One repeated association involved a male and an animal of
unknown sex. One repeated assocciation involved an escort and a cow-calf
palr and cne involved a pair of escorts in two different cow-calf pods.
In four of the five cases, repeated associaticns were documented te
cecur only from one day to the next, In the fifth case, the interval
between documented asscociations was four days., A sixth repeated
association {(Chapter 3), between a female with her yearling and an adult

of unknown sex, was based c¢n identification of the femaie {rom unique

characteristics of her dorsal fin. This assceciation spanned from cne

day to the next {(Chapter 3),

Seasonal Comparigons

A total of 76 whales from southeastern Alaska were sighted in
Hawali at least once between 1977 and 1984, Socutheastern Alaska whales
were found in 117 Hawaiian peds involving 139 pair-wise associations.

Southeastern Alaska whales were found associated together in nine
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Hawaiian pods. Ejight associations finvolved pairs of whales and the
ainth invelved a trio giving a total of 11 pair-wise assceiations
between southeastern Alaska whales on the wintering ground.

Southeastern Alaska males were found with southeastern Alaska female
four times (Table 32}, Southeastern Alaska males were found together
once, apparently competing for the szame unidentified female in a surface
active ped on March 12, 1979. A second assaocilation between southeastern
Alaska males 13 suggested in Case 3, where #69 appeared to be competing
with #45 for access to #68.

Cnly once were two whales which associated in southezatern Alaska
sighted together in Hawail. Animmals #552 and 503, both of unknown sex,
were sighted together in Hawail on January 25, 1981, and in scutheastern
Alaska seven months later on September 3, 1981. Apimals #552 and 503
were not sighted together repeatadly in southeastern Alaska, although
both were sighted there more than ence. Animal #5003 was aighted ten
times with a total of 37 other whales and engaged in several repeated
aszociates., Animal #552 was sighted three times with a total of three

other whales but engaged in no repeated associations.
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Table 31

Repeataed agscciations between humpback whales in Hawaiian waters

Case Animal Surmised Behavioral Initial/Subsequent Interval

Sex Role Sighting

1. #0580 Male None March 30, 1979 1 day
#0047 Unknown None Mareh 31, 1879

2. #083 Male Esecort March 19, 1981 1 day
#075 Female Cow March 20, 1981

3. #066 Unknown None February 3, 1981 1 day
#067 Unknown None February 4, 1931

4, #329 Male Escort March 8, 1983 1 day
#326 Male Escort March 9, 1983

5, #4386 Unknoewn None January 31, 1984 4 days
#366 Unknown None February 4, 1984
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Table 32

Associatlons between southeastern Alaska whales in Bawail.

Case Animal Surmised Behavioral Pod Sighting

Sex Role Size Date
1. cz22 Male - - Mar 12, 1979
ous Male —
2. 503s Unknown None 4 Jan 25, 1981
552 Unknown None
3. 069 Unknown None L Mar 7, 1981
- 045 Male None
] 068 Female None
.
- 4, 078 Unknown None 8 Mar 24, 1981
- 169 Unknown None
5. 022 Male Nons I Mar 9, 1982
245 Female None
; ; 6. 505 Unknown None g Mar 7, 1983 '
8 | 536 Unknown None
; 7. 045 Male Escort y Mar 13, 1983
; 232 Female Cow
‘ 8. 237 Male None 2 Feb 17, 1984
- 4Ly Unknown None
¥ 9, 098 Male Escort 5 Mar 22, 198%
415 Female Cow

* Also seen together in southeastern Alaska on September 3, 1981.
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Discussion

Southeastern Alaska
The size of humpback whale groups in southeastern Alaska was not

determined solely by random processes., Although superficially

resembling a zéro-truncated Poissaon distributions, the frequency of

group sizes departed signifiecantly from that expected by chance.

Singles and large groups of five or more adults were unexpectedly commen "

while pairs, trios, and quartets were unexpectedly infrequent.

There were po rigid rules for pod composition and the associaticns
between the sexes in southeastern Alaska. Adult pods could be a2ll male,
all female, or mixed=sex. However, the predominance of intrasexual
assoclations and the larger size of female pods suggests that
assocliations between females were the most common. In comparison to
Bawall, cow-calf pairs were relatively solitary, and when they did
assoclate with other whales, were accompanied by either males, females,
or both sexes.

The stability of pods and the patterns of repeated associations
between individual whales in southeastern Alaska were complex., Some
whales formed stable associations in pods that endured for an entire
summer season and reoceurred across several years. Most poda, however,
wera transient and asso¢lations between members were fluid. Occasional
repeated assoclations were observed between members of transient pods
but could be explained by chance given the size of the feeding herd and
the frequency of social transitions., The fluidity of associations,

however, was not due to aggression or overt competitlon. Aggressive
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behavior similar to that observed in Hawail was extremely rare in
southeastern Alaska. Most feeding groups seem to form and disperse
tasually in response to transisnt concentrations of prey.

The choice of prey type was a primary factor underlying variability

in the asocial organization of humpback whale in scutheastern Alaska.

Humpback whalea will feed on prey ranging in size from centimeter-long

euphuasiids to schooling fish, 250 cm or more in length (Gaskin 1982).

o
3 ':{ Exploiting this broad range of trophic levels has resulted in at least

- two distinctive foraging strategies in southeastern Alaska (Baker and

Herman 1984b): small pods or singles feeding on swarming euphuasiids,
and large pods feeding cooperatively on schooling fish (Chapter 4).

When feeding on esuphuasiids, associaticons between whales weare
generally transient and pod size was unstable. In Frederici Sound,
where the primary prey was euphausiids (Wing and Kreiger 1983}, mean pod
size was 1.6 animals and changes in pod composition occurred about once
every two hours (Baker et al. 1983). Ir contrast, at Point Adolphus,
where the primary prey was Pacific herrirg {Krieger and Wing 1984), a
pod of six adults and a calf remained together nearly continuously for
over three months {Chapter 4),

The bimodal departure of pod sizes from the zero-truncated Poisson
distribution may actually reflect a compound size distribution
controlled by prey type. Pod= feeding on esuphuasiids, probably the wmost
common prey type in southeast Alaska during summer months (Krieger and
Wing 1985}, could account for the large proportion of aingletons
observed. Pods feeding on schocling fish could account for the

unexpected number of pods larger than five adults. Pods sizes of three
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or four may be relatively inefficient when feeding on either prey.
Neither of these distinctions, however, was abaclute. The size of whale
pods was also influenced by the density of either prey type. Increases
in the densgities of euphausiids during late summer results in scme
inerease in the pod size of whales (Baker 1684). Similarly, single
whales and small pods have been observed feeding on small schools of
fish (Baker 198Y4; Krieger and Wing 1984; Baker 1985). Further evidencs
for the influence of prey type and densitiea is suggested by differences
in the pod sizes observed in southeastern Alaska and those reported by
Memoto {1964) from the feaeding grounds of the Bering Sea and near the
Aleutians Islands. UOnfortunately, Nemoto (1957;: 1964) provides
insufficient data on prey type to determine the nature of the
influence.

The preference for different prey types in southeastern Alaska was,
in turn, influenced by a whale's sex and reproductive status. Males
vere more solitary than females without calves. Females without calves .j€
tended to predominate in large pods feeding cooperatively on schooling

fish (Chapter 4). Together, the size preferences of different sexes and

the relatlonship hetween pod size and prey type suggesat some dimorphism
in the prey preferences of bhumpback whales (Chapter 4). The basis of
this dimorphism may be the extreme energetic demands on female whales
during pregnancy and lactation (Lockyer 1476; Ralls 1976). By
cooperating to feed together on schooling fish, an erergetically
superior prey, females may inerease their reproductive success. The
incentive to cooperate could be enhanced by kin selection acting through

matrilineal associations meintained on the feeding grounds {(Chapter 1).
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Although the intense competition between males on the breeding grounds
(Chapter 3) must also require a considerable expenditure of energy, it
probably does not approach the sustalned, two-year costs of reproduction
to females,

From the standpoint of energetics and the hypothesis of dimorphism
in prey preference, cow=calf pairs should also cooperate with other
females in seeking high energy prey. This was not generally the case.
Although some coww-calf pairs were obszerved in large pods (see Figures
4,5, 4,6 and 4.7), they were on average more solitary than females
without a calf. This suggests that other factors interfere with or
outweigh the advantages to cow-calf pairs of group feeding. For
example, an inexperienced calf may disrupt the ¢cordinated vehavior
necessary for pods to herd schooling fish. Or, a cow may choose
planktonic prey to help initiate feesding behavior in the calf. Some of
the cost of lactabion could be offset if the calf achieves success in
capturing slow=moving planktonic prey.

Finally, humpback whale cow=calf pairs appear to actively avoid
each other 1n both southeastern Alaska and Hawasii (Herman and Antincia
197TT: Tyack 1982; Mobley and Herman 1985). The disbanding of the M"core
membsrs™ at Point Adolphus coinecided with birtha to several of the
whalea {Perry et al. 1985; Chapter 4). One explanation for the
avoidance between cow~calf pairs 1s the potential danger of nursing
another cow's c¢alf {Mobley and Herman 1985). Among some pinnipeds where
lactation during fasting also creates a heavy energetic cost to females,
orphaned or wandering pups are sometimes killed by nursing females

(Reidman and Lebouf 1982 ??). Like a two=-edged sword, the energetic
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demands of female reproduction may cut both ways, resulting in either
social affiliation or dispersion depending on the influence of other

variables.,

Hawaii

The modal size of humpback whale adult pods and the modal number of
adults in cow=calf peds increased from one in aoutheastern Alaska to twe
in Hawaii, The major departure from the zerowtruncated Poisson
distribution was found in the urexpectedliy large proportion of adult
pairs as well as cow-calf palirs accompanied by a single adult.

The modal slze and the distribution of both adult and cow=calf pod
gizes was consistent with that reported in Hawzaii by Mobley and Herman
(1985) from comparable vessel=-based surveys. Previous aerial surveys,
however, reported a larger percentage of singles and pods of five or
more {(Herman and Antinoja 1977; Herman et al. 1980). These differences
can be accounted for by the relative biases of each observation
platform; vesszels-based surveys accurately determine the size of t*

relatively small pods but often underestimate the size of large pods

e

(Herman and Arntinoja 1977).

Associations between sexes in Hawail seemed to follow rigid rules.
No females were found with other females,

Whales seen together in Hawaii or one occasion were unlikely %to be
sean together again. OFf the 789 documented pair-wise associations
between adults, there were only five cases of repeated azsocilations. 4
sixth repeated assoclation was based on dorsal fin identification

(Chapter 3). No repeated associations were observed Lo extend from one
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year to the nexf. Five of the six repeated asscciations spanned only
from one day to the next and were probably continuocus across that
peried., Four of these may have been temporary courting bonds, although
the sex of the assoclates was unknown in some cases. The fifth,
involving two escorts, may have been a prolonged cowpetitive interaction
(Tyack and Whitehead 1983; Chapter 3). Only the repeated association
which spanned four days is difficult to explain., The period of
aasociatlon, 1if continuous, seems toe long for a courtship bond or a
competitive interaction, It is possaible, however, that this was an
cbaervation of a cow and unweaned yearling whose age-class was not
identified {Chapter 2).

It is difficult to escape the conclusion that the sceial
organization of humpback whales in Hawail is primarily a function of
thelr pelygamous or promiscucus mating system (Chapter 3). The modal
3ize of adult pods, the modal number of adults in cow-calf pods, and the
modal size of female pods, each two, =trongly suggests an abundance of
mating pairs, The predominance of intersexual assoclations in adult
pods, although only a small sample, was further evidence for the
preaence of mating pairs.

The somewhat bimodal size distribution of adult male peds reflected
alternative mating strategies of males. Large adult pods were almost é
unanimously "surface-active® aggregations of males competing for access
to a lead female (Tyack and Whitehead 1983; Chapter 2; Chapter 3). Many
of the single may have been singers, which are almost invariably lcme
males (Winn et al. 1973; Tyack 1981; Glockner 1983)., Singers presumably

attempt to attract receptive females rather than actively seareh for or
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compete Ffor them in large pods (Tyack 1981; 1982; Chapter 3).
Consistent with a polygamous or promiscous mating system,

agsgociations between all adults in Hawali were fluid. The rare
asscocietion that extended from one day to the next may have indicated
successful courtship between a male and a female or a prolonged
competitive interaction between males, As Mobley and Herman (1985)
suggest, the dynamic character of pods in Hawail is probably due to
males "prospecting®™ for females in estrus and the aggressive competition

between males seeking access to these females {Chapter 3}.

Influences of Population Siructure

The seasonal migration of humpback whales has profoundly influenced
their population structure in the North Paoific {Chapter 1) and the
Northwest Atlantic (Whitehead 1982; Martin et al., 1984), On the feeding
grounds humpback whales segregate into a number of
geographically-discrete "feeding herds™. Each winter these feeding
herds congregate on one or more large wintering grounds., Earlier
(Chapter 1), I proposed that by forming such a "structured stock",
numpback whales could increase the chances of cooperating with related ié
individuals on the feeding grounds but decrease the chances of competing
with a related individual for breeding partners on the wintering :;
grounda, At present, the relatedness of individual humpback whales in ;é
each seasonal habitat remains unknown. However, the analysis of |
repeated associations between individual whales provides data to
gvaluate two corollaries of the structured stock hypothesis: 1)

repeated associztions between individuals should be more common on the
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feeding grounds than on the wintering grounds; and 2) interactions
tetween members of the same feeding herd should be relatively uncommon
on the wintering ground.

The magnitude of difference in the patterns of associations between
whales in Hawail and southeastern Alaska corroborates the first
corollary. Repeated interactions between individual whales were found
in about 1 1in 13 of 31l documented pair-wise associations in
southeastern Alaska but in only 1 in 160 of all documented palr-wise
associations in Hawaii. Some repeated associations between whales in
southeastern Alaska were the resuli of whalez forming stable pods which
reoccurred across ysars. Other repeated associations were transient and
may have occurred simply by chance given the size of the feeding herd.
In elther atable pods or fluild but repeated interactions, the
opportunity exista for cooperation or reciprocation betweer individuals
in a feeding herd. In contrast, the rare repeated interactions in
Hawall were generally the result of temporary courtship bonds or
prolonged competitive interactions.

At least one southeastern Alaska whale was included in 139 of the
pair-wise associations documented in Hawaii. In orly 11 of these pairs
were both members socutheastern Alaska whales. To corroborate the second
corollary of the structured stock hypothesis, the observed number of
Hawalian pairs contalning two southeastern Alaska whales nmust be less
than or equal to the number expected by chance glven the number of
Rawalian pairs with one southeastern Alaska member. If the 11 Hawalian
pairs with two southeastern Alaska member i3 more than expected by

chance, 1t would suggest that even though feeding herds congregate on
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the wintering grounds, nembers of different feeding herds do not
intermingle.

The probability of southeasternm Alaska whales co-occurring in
Hawail can be framed as follows: given that one member of a Hawaillan
pair is a southeastern Alaska whale, what 1s the probability that both
members are southeastern Alaska whales? If all whalieas from southeastern
Alaska feeding herd travel to Hawall, this probability should be equal
to the number of individually identified whales from the southeastern
Alaska divided by the total number of whales which visit Hawaii,
Although some southeastern Alaska whales migrate to Mexico, this appears
to be a small proportion and can be ignored in this "roughn®
ecaleulation. 4 liberal estimate of the number of whales vislting Hawaii
during the 1977 %o 1983 study vears was calculated in Chapter T1: 1,933
animals. Dividing this estimate by the number of southeastern Alaska
whales photo-identified during a comparable period (326 animals),
suggests that 1 in 5.9 of the Hawalian pairs containing at least a
single scutheastern Alaska whales should also contain a second. Based
on this probability and the 139 Hawaiian pairs with at least one
southeastern Alaska whale, the expected number of Hawaiian pairs
containing two southeastern Alaska whales i{s about 23,3, significantly
more than the 11 observed (Chi-square(1] = 7.79; p < 0.01). The
difference in the observed and expected co~occurrences of southeastern
Alaska whales carroborates the second corollary of the structured stock
hypothesis; by congregating with other feeding herds, socutheastern
Alaska whales decrease their chances of competing against each other on

the Hawaiilan wintering ground.
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Influences of Calf Rearing

Tt is puzzling that the social organization of humpback whales in
Hawaiil shows so little influence of the other major winter activity ==
parturition and rearing of calves. Unlike the gray whale, Eschrichfious
robustus, (Swartz and Jones 1980; Norris et al. 1983) and the right
whale, Eubalaens glaclalis, (Gilmore 1969: Taber and Thomas 1982) there
is no distinet segregation of cow-calf pairs on the wintering grounds.
Instead, cow=calf pairs are found throughout the Hawailan Islands, with
only a slight prefersnce for near-shore or shallow areas (Hearman et al.
1980)., Although humpback whale cow=calf pairs tend to migrate somewhat
later than immatures, matura males and "resting™ females without calves
{Dawbin 1966), there is considerable overlap with these other age-sex
¢lasses while on the wintering grounds. Cowe«calf pairs tend to be
sclitary early in the winter season and escorted more frequently as the
season progresses (Herman et al. 1980; Mobley and Herman 1985). Herman
et al, (1930) suggest that this may indicate an initial peried of
self-imposed isolation after parturition to insure bonding between the
cow and her calf. An alternative explanation i1s that cows are simply
anestrouz shortly after birth and thus do not atiract courting males
early in the sezson. If post-partum ovulation occurs, 1t is delayed by
perhaps a month relative to the peak period of ovulation in females
without calves (Chittleborough 1958).

The only obviocuas trend amoang cow~calf pods is that they do not
associate with each other (Herman and Antinoja 1977; Herman et al. 1980;

Mobley and Herman 1985; this chapter). Tyack (1982), 1in his analysis of
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pod movement and orientation, showed that cow-calf palrs detect and
avold each other at some distance. As discuased previously, this
avoldance is probably due to the danger of nuraing another female's salf
at a time when fasting and lactation imposze severe energetic demanda o
a COW.

Are there other, less apparent, influences of parturition and calf
rearing on the social organization of humpback whales in Eawaii? This
gquestion could be addressed in future studies with presently available
techniquez. FPhotogrammetry, the use of large-format aerial photographs
to determine the size of animals, could provide information on the size
of pod members (Ratnaswamy 1980; Scott and Winn 1980)., With the
age-length tablea avallable from whaling catches, the age and poasibly
sex composition of podsg could be determined. This may reveal more
subtle temporal and apacial segregation of age-3ex c¢lasses, A
cytogenetic study of humpback whales is presently underway in the
northwest Atlantic and the North Pacific (Richard Lambertsen, personal

communication). Small blopsies of skin and blubber are collected from

E

whales with the retrievable shaft of a cross~bow. The tissue 1s then
cultured and karyotyped. Through the analysis of chromoscmal banding it
may ba possible to determine, in some c¢azes, the relatedness of
individuals in pods other than the cow and the calf. With the combined
use of photogrammetry, cytogenetics, and photo~identification, we could
galn a thorcough understanding of the social organizatlion and pepulation

structure of humpback whales in the North Pacific.
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Summary and Synthesis
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In describing the social organization of a mammalian species iy iz
convenlent for heuristic purposes to consider several life phases
{Eisenberg 1981): 1) the mating system, 2) the foraging system,andii
the rearing system. In examining each phase 1t 1s important to accoimt
for the often conflicting interests of males and females, Among
mammals, where polygyny is the rule, the mating system is most often
viewed from a male perspective. Rearing aystems, on the other hand,aref%.
generally vieweé from a female perspective. For baleen whales, the
evolution and influences of migration on social corganization is an
important additiomal consideration. In the following sections, I
attempt to briefly summarize the major findings outiined in this
dissertation, as they relate to each of these life phases and the

evolution of migration in humpback whales. 'ﬂ}

Mating System

Male mapmals do not lactate and are seldom involved in direct
parental care, The greater parental Investment by most female mammals
makes her the limiting rescurce and leaves males time to increase their 5%3
fitness by attempting to mate with as many females as possible (Trivers
1972). A1l avallable evidence indicates that humpback whales follow
this general mammaiian trend toward polygyn}. Male humpback whales are
agen Iin rapid sequence with different females. Males compete
aggressively with each other to escort females presumed to be in
estrus., Asscciations beiween males and females thought to be mating
pairs are brief, lasting at meost a few days.

Beyond the aimple attributes of polygyny, the mating system of the
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bumpback whale is difficult to categorize. Some polyandrous or
promiscucus component is {ndicated by observations of females
assooiating simulitaneously and in rapid sequence with multiple males,
Hany of these associations are probably prospecting by males (Mobley and
Herman 1985) and do not result in multiple matings by females, However,
i1f a female ovulates more than once in a season, she 1s almost certain
to mate with more than one male, The observation of female #68 =aighted
with a single m;ie on March 7 and in s large surface-active group on
April 7 (Chapter 5) may have been such an incident,

The operational sex ratic. The degree of competition between males
of polygynous species 13 determined to a large degree by the gperational
sex ratio, defined by Emlen and Oring (1977) as the number of sexually
active males divided by the number of fertillzable females, In general,
highly synchronized breeders have a low operational sex ratic and thus a
low variance of male reproductive succesas and weak sexual selection,
Although seasonally synchronlzed in theilr breeding, humpback whales
appear to have a very high operational sex ratio.

The percentages of male fetuses (52% of 2,063 examined) and adult

males (52% of 18,136 examined) from commercial catches in the southern

-hemisphere (Chittleborough 1965) indicate a sex ratio slightly blased

towards males in all age classea. The operational sex ratio is further
bilased by the percentage of non-ovulating cows with a calf. It has
generally been assumed that about one third of mature females give birth
gach year and are thus unavailable for mating. Only a small percentage
(8.5%) of cows were thought to ovulate post-parturm (Chittleborough

1965). This estimate, however, was based on the presence of a fetus in
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lactating females and thus indicates only the percentage of pomwpm%ﬁ
conceptiona. The large percentage of cow-calf palrs accompanied by
courting males suggests that the frequency of post-partum ovulation is
probably much higher (Herman and Tavolga 1980; Mobley and Hermani?%;':
Tyack 198t; Chapter 3).

A far more lamportant factor contributing to a biased sex ratio on
the breeding grounds 1s the relative timing and duration of reprodmwlu.f
activity in eac; sex., The majority of female humpback whales are |
thought to ovulate only once or, at most, twice during a breedingaewm:;
(Chittleborough 1965). Like most mammals, female humpback whales may be
receptive for only a few days prior to and after ovulation. Males, on
the cther hand, are presumably sexually active througout fhe winter
season, a periled of possibly four to six months (Chittleborough 1955),
If females come into estrus at slightly different times throughout the
winter season, the ratio of the duration of female receptivity to the
duration of male activity could be extreme. This would guarantee za
surfeit of males available to compete with each cother for access to
females,

Conyergence with ungulates. Based on his observaticns of the
southern right whale, Eubalaena glacialis, Donnelly {1967) first
proposed a similarity between the reproductive behavior of mysticetes
and ungulates. Many of the observations reported in Chapter 3 also
suggest a convergence in behavior between the two group=s. The social
context and pod geometry of escorting whales closely resembles that of
the "tending®” or "driving™ meles in many ungulate species, Among some

ungulate speciesg, the tending male temporarily associates with a
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nre-estrus female during the breeding season and defends her against
intruding males {Leuthold 1977). As with the humpback whale escort and
cow=calf pair, the affiliation between the tending male and the female
upgulate 1s usually brief, ranging from less than an hour to at most a
few days. The tending male's ability to remain close to the female and
to dissuade intruding males seems to play a key role in his reproductive
success {Leuthold 1977). If uninterrupted by intruding males, he simply
follows the fem;le until she signals her irntent to mate by stopping, at
which time the male mounis and copulates. Because mating has not yet
been observed in humpbac¢k whales, the extent of the similarity between
escorting and tending remains unknown.

The form and hierarchy of aggressive behavior in humpback whales
also show simllarities to those of some ungulate species, particularly
the unhorned groups such as the equids. As deseribed in Chapter 3,
aggression in humpback whales follows a progression from simple
interception and broadside displays, to dilsplacement and headiunging, to
charge-strikes. Many unhorned ungulates follow a similar progression
from broadside threats, to parallel threats or neck-wrestling, to
butting, biting, and kicking {Klingel 1974).

Do humpback whales lek? The mating system of humpback whales has
several characteristics of a lek (Herman and Tavolga 1980; Tyack 1982;
Whitehead and Moore 1983). Male humpback whales provide neither
resource for females or parental care. Males congregate and display
(sing) in large numbers on a colenial breeding ground which 1s separated
from the feeding grounds.

Unlike most lekking species, however, male humpback whales do not
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dafend specific territories on the breeding grounds. Most leks alse

involve a rank-ordering of territories implying some aystem of dominance

between males (Eisenberg 1981). Darling (1983) has suggested that sual
a system exists among male humpback whales, He reports that male-male
interactions cccur in the abaence of females in order to establish a
future hierarchy of access to estrus females, Darling (31983} further
proposes that the song of male humpback whales 13 a display of rescurc
holding potentiél and functions primarily to mediates or initiate
dominance disputes between males. I find it unlikely, however, that
male humpback whales would devote much time and energy to establishing
dominance In such a large and fluld congregation. The rarity of
repeated interactions between males and the violence of their
competition would make such a sirategy futile and dangerous. &
dominance hierarchy would also be expected to decrease overt aggresaion

and competition for females. The cbservations of violent competition

between multiﬁle egcorts does not Indicate a prearranged ordering of 32
access but rather, a general "free-for=all" in which each battle must be
Won anew.

The hypothesis that singing functions, at least in part, to
communicate the resource holding potential of the singer was first
considered by Tyack (1982) and is not without merit. However, an
intrasexual dominance display should be relatively unambiguous,
reaistant to cheating, and have a strong compenent of individual
recognition. The length, complexity, yearly changes, and mimicry of the
song make 1t an unlikely candidate for such an display and suggest

instead, an eplgamic display shaped by fsmale mate choice,

272

—

AR009582



In their evaluation of the lek hypothesis, Whitehead and Moore
(1982) note that male humpback whales do not establish a displaying
"arena” which females visit solely for the purposes of copulation.
Instead, they argue, male humpback whales, like male anuran amphiblans
(Arak 1983}, congregate, compete, and display in an area chosen by
females for parturition and rearing (Whitehead and Moore 1982}, This
analogy fails, however, on a critical point; male humpback whales,
acting 1nd1viduélly, do not defend specific areas with a resource value
to femaies such aa egg-laying sites for amphibians or pupping beaches
for pinnipeds. Male humpback whales simply overlap with females
throughout the breeding grounds.

Male or female~initiated congregations? Whitehead and Moore's
(1982) argument does, however, raise one of the most interesting
questions about the evolution of the humpback whale mating system -- are
the lek-=like congregations of humpback whales on the wirtering grounds
male initiated or female Initiated? In other words, do males initlate
congregations for their own benefit, or do females compel males to
congregate in order to mate? Bradbury and Gibson (1983) outline reasons
for male~ or female~initiated clumping including the relative lmpacts of
predation, signal enhancement and reception, and reacurce distribution.
They conclude that two models, one male initiated and one female
initiated, are the moat consistent with avallable data ¢n most lekking
species: 1) Males simply clump in "hotspots™ where the largest number
of famalas are likely to ﬁass or be found; or 2) females prefer large
clumps of males because it facilitates mate choice.

For humpback whales, these two models could be distinguished by the
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answer to a single question: Were female humpback whales hismwiwnf
constrained to choose specific wintering grounds primarily for
ecological characteristics condueive to parturition and calf rearing, o
did they choose specifie wintering grounds by convention to faecllitate
mate selection? I believe that circumstantial evidence supports the
latter hypothesis and the general model of female~initiated
congregations in humpback whales,

Altbough h;mpback whale wintering grounds throughout the world
share certain common ecological characteristics such as warm, shalloy
water (Gene;al Introduction), there appear to be an abundance of
unoccupled areas with aimilar charazcteristicsa. In the Caribbean, for
example, the vast majority of humpback whales winter on the Silver and
Navidad Banks north of the Dominican Republic (Scott and Winn 1980;
Whitehead 1982; Whitehead and Moore 1682). BHowever, neighboring areas
of the Caribbean are replete with warm, calm, and protected waters.
Cbservations of birth on the wintering grounds are rare and commercial
whaling statistics indleate that a considerable number of births
actually occur during migration (Chittleborough 1965). This suggests
that the cholce of wintering grounds with shallow, near-shore waters is
not primarily for parturition. Other balaenopterid whales apparently

give birth and raise calves in an entirely pelagic environment, Only

the right whale, and the gray whale, Eschrichtius robustus, seek shallow

near-shore areas for calving and rearing, Among gray whales, however,

it 1s clear that the cows enter the lagoons along the coast of Baja

———

Califernia prior to giving birth and remain deep in the lagoons to railse

their calves., Other age~sex classes, including mature males and
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nonparturant females, congregate at the lagoon mouths where scme mating
is thought to occur (Norrils et al 1983; Swartz and Jones 1980).
Onfortunately, the absence of documented copulation by humpback whales
on the wintering ground could be considered evidence tha:t this alseo
takes place elsewhere. However, behavioral evlidence (Chapter 3) and
commarclal whaling data indicate that a asignificant proportion of
matings do, in fact, ogcur on the winter grounds.

Finally, tﬁere is evidence of female mate cholce coperating on other
male courtship behavior. The elaborate song of the humpback whale may
have evolved as a courtship display through runaway sexusl selection
{Tyack 1982)., No other baleen whale 1s known to have such an elaborate

display assoclated with the mating season.

Foraging System
In striking contrast to their competitive mating system, the
foraglng system of humpback whales in southeastern Alaska can generally
be characterized as non~coupetitive and, at times, cooperative.
Group Foraging. When feeding on euphausiids, humpback whales are
solitary or form small peds that are fiuid and transient. When

euphausiids begin to swarm and concentrate in late summer, humpback

1 . R S R

whales will form aggregations of as many as 40 individuals in an area of
only a few square kilometers. Early whalers referred to these
aggregations of feeding whales as "shoals™. Most shecals that I have
observed ware itransient, forming and dispersing across only a few days,
Although the local density of whales within a shcal is far higher than I

have ever observed in Hawail, there is little evidence of aggression or
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competition, Within a shoal, whales casually join and leave smaller
behaviorally synchronized pods of four or less.

The absence of aggressalon or territoriality in humpback whales
feeding on euphausiids ia almost certainly explained by the patchy
distribution of this prey. The factors controlling aerial and vertical
distribution of euphausiids include light, salinity, tidal veloecity, and
the location of phytoplankton blooms (Mauchline 1968}, The formation of
swarms, particuiarly dense concentrations of euphausiids, alsc has a
behavicral component that 1s poorly understood. Although concentrations
of euphausiids tend to reoccur in certain locations of southeastern
Alaska (Krieger and Wing 1984; 1985), their exact timing and positioen
seem to be relatively unpredictable and transient. If a food source is
rich but unpredictable in time and space, territorial defense 1Is npot
usually an efficient foraging strategy. Instead, individuals should
forage in groups (Horn 1968}, which can efficiently exploit a rich but
patechily distributed resource. My observations of humpback whale shoals
are consistent with thls hypothesis of group foraging.

Recdiprocation. Within foraging groups of birds, on which Horn's
{1968) model 1s based, the energetic advantage to individuals ir the
group is essentially the result of geometry. Little Is demanded in the
way of behavioral interactions between individuals except that they move
as a group. The coordinated behavior ¢f humpback whales in some feeding
strategies suggests a more complex system of cooperation. In echelon
feeding, for example, the trajiling animal in the formation presumably
benefita from a temporary increase in the density of prey escaping to

either side of the lead animal. Although it seems unlikely that there
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is any immediate benefit to the lead animl, a long-term benefit could
acerue through reciprocation., In a reciprocal system, each individual
followa the lead some proportion of the time, thus outweighing the
coats, If any, of taking the lead at other times, A primary requirement
for any system of raciprocation is repeated interactions befween
participants {Trivers 1971; Axelrod and Hamilton 1981). Without
repeated interactions, there would be little incentive against

cheating. The %requency of repeated interactions between individuals in
southeastern Alaska (Chapter S) demonstrated the minimum requirement for
raeciprocation. In combination with a long lifespan and a reasonable
degrea of intelligence, the resultz of reciprocation in even casual
associations could be a powerful force in shaping the non-competitive
feeding strategy of humpback whales.

Looperative feading. When feeding on schooling fish, some humpback
whales forw large pods which remain stable across an entire summer
season and reoccur across years. Cooperative beshavior is evinced by
¢losely coordinated behavior, repeated assoclations, and posaibly
leaderahip by older experienced individuals. By acting cooperatively,
individuals may irncrease their efficiency at feeding on agile, fast
swimming fish which are a calorically superior prey. Membership in
opoperatively-feeding pods is influenced by gender, reproductive status,
and idiosyncratic partner preference, Kinship relations may underiie
partner preference and group formation. A predominance of female
menbars suggests a dimorphism in prey preference. If reproduction in
female humpback whales is food limited, cooperative feeding could

directly enhance each group member's reproductive potential and the
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inalusive fitness of all related members.
The advantages to males of feedling together cooperatively could e
offaet by the risk of having to later compete with a former feeding
partner for breeding partners on the wintering grounds. This petential
disadvantage does not necessgarily apply 1f there is only one male member
in a cooperate group, especially if that male is related to the
females. This disadvantage also does not apply teo female group
mepbers, Given.the operational sex ratlioc and the amall parental
inveatment of males, it is unlikely that females humpback whales ever

compete with each other for breeding partners.

Rearing System

The rearing systems of mammals are usually classifled by the degree
of cooperation between females (Eisenberg 1981). At present, there is
little evidence of auch cooperation in the rearing of humpback whale
calves. Cow=-calf pairs on the wintering grounds seemed to be
accompanied only be courting males. On the feeding grounds, cow-calf
pairs are relatively solitary and when they are accompanied, may
associate with adults of either sex. Single cow=calf palrs were found
in large cooperatively feeding pods but this seemed to be the exception
rather than the rule. Cow-calfl pairs were never seen to associabe with
each other in Hawall and only rarely seen together in southeastern
Alaska.

What prevents female humpback whales from forming a cooperative
rearing systesm similar to that of the African elephant, Loxodenta

africana? Like elephanta, humpback whalez are long-lived and

278

AR009588



iteroparous; two characteristics considered prerequisite for developing
advanced social organizations (Dublin 1983). Allomethering would seem
to be particularly advantagecus for defense of the calves. Like other
large mammals, including elephants, humpback whales are probably most
susceptible to predation when they are young {Chapter 2). Even a small
risk of predation should be a powerful force inducing a group rearing
system among humpback whales.

While atta;pting not to beg the question, I can only speculate that

when a calf is present, the potential costs of cooperation between

females outwelghs the banefits. The most obvious cost is the danger of
;gf% ; nursing another female's calf, Given the prolonged perioda of fasting
';éé and the energetic costs of lactation in female baleen whales, this

- danger may be overiding. In elephants, allomothering, including the
pursing of other females' calves, is encouraged by the interelatedness
between females, DBecause female elephants breed synchronouszly, a single

dominant bul) mey inseminate several females in the same herd (Dublinp

1983). This results in a high degres of kinship within & eohort. A
similar system of kinship seems teo account for allomothering in lion,
Panthersa leo, prides (Bertram 1976). The mating system of humpback
whales, on the cother hand, seems to guarantee that each offspring of a
female has a different sire. This would result in relatively weak
kinship tles within and across c¢ohorta.

Bertram (1976) also suggests that reciprocal altruism and the
increased survival of cubs born with companions may contribute, in
additiop to kin selection, to communal suckling among lions. In

humpback whales, these potential advantages are offset by the
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asynchronous calving intervals, the weak kinship ties, and the higher 'f, mii

coats of lactdtion durding the compressed nursing period. ; E ke
The potential disruption of a calf in a feeding group may ﬂﬁﬁht—f é_ w
important., For the grazing elephants, there is little chance that ag § ¢

inexperienced calf could substantially disrupt group feeding. In the

~x

highly coordinated feeding strategy of some humpback whales this is gt
the case. An inexperienced animal could be a significant cost to the
group. In pack:hunting carnivores, this disruption is avoided by
provisioning the parent or helper that takes care of the young while the
other adults hunt (X¥leiman and Eisenberg 1973; Bertram 1976; 1978;
Moehlman 1979). The obvious inability of baleen whales to provision
gack other prohibits this system from evolving.

Finally, the long-range migration of humpback whales 1s in itself
disruptive to the social coheslon necessary to form rearing groups.
Although group integrity 1s maintained by some speciles during migration,
humpback whales are known {0 segregate by age~sex claass, Arrival on the
wintering grounds tends to occur in the following order: late-lactating
femaley angd imeaturag, mobure 22lis and nonparturant females, and
late~cregnant females. The return to the feeding ground follows roughly
the reverse order, The staggered migratory timing of females within and
across cohorts would require that rearing groups reform in each seasonal

habitat.

Migration and Population Structure
Migration is generally considered the movement between areas of

greatest aseasonzl resource value {R. Baker 1978), Extensive latitudinal
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‘he

migration allows baleen whales to exploit an extremely rilch source of
food in northern waters during summer meonths and conserve energy by
moving into warmer water during winter months {Brodie 1975). One author
(R. Baker 1978) has even suggested that the migratory paths and
deatinations of baleen whales can be explained simply as movement along
a seascnally=-changing, latitudinal cline of greatest avallability of
food. This hypothesis predicts that migration §hould be st?iqtly
latitudinal, = ;low movement towards the equatoq, poééiﬁlﬁ terminating
wherever a continental upwelling or the equatorial convergence results
in some available prey. Clearly, humpback whales have carried migration
one step further., Abandoning any chance of feeding, they may move
lopgitudinally as well as latitudinally in order to seek not only a new
ecological enviromment, but possibly more important, a new social
environment.

Ultimately, the driving force behind the evolution of social
organization is the attempt by each individual in a population to
maximize its ineclusive fitness (E.0Q. Wilson 1975). In a cooperative
foraging strategy, an individual will increase its inclusive fitness by
cooperating with closely related individuals, In a competitive mating
system, an individual will decrease its inclusive fitness by competing
with closely related individuals. For birds and mammals which form
stable soclal groups with related individuaiz, this often leads to a
conflict of interest which resuits in periocdic fiasion of groups or in
the permanent dispersal of elther male or female offpring from their
natal group (Greenwood 1983). But a migratory whale need not suffer the

conflicts of cooperatively feeding and competitively breeding in the
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same group. Instead, humpback whales may organilze into a "structured
atock®™ (Chapter 1), consisting of segregated "faeding herds™ which
intermingle on one or more wintering groundsa.

By forming a structured stceck sets of whales can associate with

different probabllities in each zeazonal habitat -- individuals cani%ﬁi:

among closely related individuals but breed among distantly related
individuals (D.S. Wilson 1975; 1977)., Matrilinial kinship groups can
form within a f;eding herd if fidelity to a feeding reglon is
established when z calf first travels to the feeding grounds with its
mother. The frequency of repesated association between some whales in
southeastern Alaska 1s persuasive circumstantial evidence of such
kinship relationships on the feeding grounds., Even in the absence of
kin selection, repeated assoclation within the relatively small feeding
herds could provide the basis for reciprocal ccoperation.

The congregation of several summer feeding herds con a large
wintering ground would help prevent inbreeding as well as decrease the
probabllity that closely related males would compete with each other for
access to females, It would further assure females an adequate cholce
of breeding partners during the short reproductive season, The
“free-for-all® mting system observed in Hawall, with its {ntense
male=male competition, rarity of repeated assoclations, and
intermingling of feeding herds, supports the conclusion that the winter
migration carries whales from each provincial feeding herd into a

dynamic sccial milieun,
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