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Mirounga angustirostris (Gill, 1866a)
Northern Elephant Seal

Macrorhinus angustirostris Gill, 1866a:13. Type locality “Cali-
fornia”. Gill (18665b:33) further identified the type locality as
*St. Bartholomew’s Bay, Lower California” (= Bahia San Bar-
tolome, Baja California Sur, Mexico).

Morunga angustirostris: Gray, 1871:5. Name combination.

Clystophora). angustirostris: Peters, 1875:394. Name combina-
tion.

[Mirounga] angustirostris: Elliot, 1904:545. First use of current
name combination.

Mirounga leonina leonina: Rothschild, 1910:446 (part). Name
combination; not Mirounga leonina (Linnaeus, 1758).

CONTEXT AND CONTENT. Order Carnivora, Suborder Pin-
nipedia, Family Phocidae, Subfamily Monachinae. Tribe Miroungini.
The genus Mirounga has two species, M. leonina in the Southern
Hemisphere and M. angustirostris in the Northern Hemisphere. M.
angustirostris is monotypic.

DIAGNOSIS. Mirounga angustirostris is distinguished from
most other phocids by its incisor formula (2/1), the simple postcanine
teeth, and the long proboscis of adult males (Fig. 1)—characters
that are similar to those of Cystophora (King, 1966; Kovacs and
Lavigne, 1986). Mirounga angustirostris resembles Monachus in
the simple, countershaded, unspotted pelage and in the catastrophic
molt during which the hair is shed along with the cornified epidermis
in large patches. The teeth are small with single root, the hind feet
lack nails, the nose of the adult male is elongated into a tubular
proboscis capable of dilation and extension, and the palate is short
and emarginate (Elliott, 1904). Gill (18666) described the general
cranial features of a female northern elephant seal and compared
them to similar features of a southern elephant seal (M. leonina)
which he believed also to be female. Further, he distinguished the
northern and southern species from this comparison, based on the
narrower snout and different form of the palatine bones of the former.
It was later determined, however, that the specimen from the south-
ern hemisphere was in fact a young male (Flower, 1881).

GENERAL CHARACTERS. The superior outline of the skull
is irregularly arched from the lambdoidal suture to the end of the
nasals (Figs. 2, 3). The snout of the male is lengthened, narrowed
at the end, widest behind the last molar and equal to 3.5 times the
total length of the skull. The adult cranium is relatively massive with
heavy, broad zygomata with a long interorbital area and a broad
snout. The adult female skull is considerably smaller and more
delicate than that of the male (King, 1972). The squamosal is
truncate above the meatus auditorius. The palatines are short and
the posterior sinus is semi-oval, the bottom of the sinus being about
midway between the snout and the line of the jugular foramina. The
maxillae are deeply incurved and the line of the molars is incurved.
There is a group of vibrissae over each eye. The hind flippers are
emarginate, hairy, and lack nails (Elliot, 1904).

Females grow to 280-300 cm (standard length) and 600-800
kg and males grow to 380-410 cm (standard length) and 2,300
kg. Adult dentition is i 2/1, ¢ 1/1, pc 5/5, total 30, although the
number of postcanines may vary from three to seven, especially in
the mandibles (Allen, 1880; Briggs, 1974; Briggs and Morejohn,
1975, 1976). The postcanines are simple and peg-like and relatively
nonfunctional; the canines are sexually dimorphic in size and shape
(Briggs, 1974; Briggs and Morejohn, 1975).

DISTRIBUTION. Makah Indians along the Washington Coast
traditionally hunted elephant seals each spring near the Strait of
Juan de Fuca, British Columbia (Cowan and Carl, 1945). Aborigines
hunted, and perhaps overexploited, northern elephant seals on the

southern California Channel Islands and on the nearby California
mainland in prehistoric times, perhaps as early as 11,000 years ago
(Lyon, 1937; Stewart et al., in press a; Walker and Craig, 1979).
The species was extirpated from the central California coast and the
southern California Channel Islands and was reduced to small num-
bers on the islands off Baja California by sealers, whalers, and sea
otter (Enhydra lutris) hunters in the 1800s. The species was thought
extinct about 1880, but was rediscovered on Isla de Guadalupe,
Baja California, in 1892 (Bartholomew and Hubbs, 1960; Townsend,
1912). The abundance of the species prior to commercial exploitation
is unknown, but breeding colonies existed at San Cristobol Bay and
Isla de Guadalupe, at least (Scammon, 1869, 1874; Townsend,
1912). The absolute abundance of the species when sealing activities,
and then scientific collections, terminated is also unknown, but there
may have been fewer than several hundred seals alive in the early
1900s (Bartholomew and Hubbs, 1960). Beginning in the early
1900s, northern elephant seals began a well-documented increase
in abundance (Bartholomew and Hubbs, 1960; Cooper and Stewart,
1983; Stewart, 1989; Stewart et al.,, in press a, in press b). Ac-
companying this increasing abundance was an expansion of the non-
breeding and breeding ranges northward from the surviving remnant
population at Isla de Guadalupe (Fig. 4). Seals were observed during
non-breeding seasons in California, Oregon, and Washington waters
in the early and mid-1900s (Anonymous, 1939; Anthony, 1924;
Bartholomew, 1950; Bonnot et al., 1938; Freiburg and Dumas,
1954; Mate, 1969, 1970; Rett, 1952; Rowly, 1921). In U.S.A.
waters, breeding began at San Miguel, San Nicolas, and Santa
Barbara islands in the early 1950s (Bartholomew and Boolootian,
1960; Odell, 1974; Stewart, 1989), at Afio Nuevo Island in 1961
(Radford et al., 1965), at Southeast Farallon Island in 1972 (Le
Boeuf et al., 1974), on the mainland at Afioc Nuevo Point in 1975
(Le Boeuf and Panken, 1977), and at Santa Rosa Island in 1985
(Stewart and Yochem, 1986). A few pups have been born, sporad-
ically, at San Clemente Island since 1977, and in recent years a
few have been born at mainland central California sites at Point
Reyes, Cape San Martin/Gorda, and Point St. George (Allen et al.,
1989; Stewart and Yochem, 1986; Stewart et al., in press b). In
1991, northern elephant seals were estimated to number around
127,000 (Stewart et al., in press b).

Small, but increasing, numbers of seals haul out along the coasts
of northern California and Oregon from spring through autumn (King
et al., 1989; Stewart, 1989; Sullivan, 1980). Several northern
elephant seals were seen along the eastern Aleutian islands in 1977
and 1978, two juveniles were reported at Midway Island in the
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and nursing young at San Miguel Island, California.

Photo of M. angustirostris adult male, adult female,
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Cranium of adult male Mirounga angustirostris in
dorsal, ventral, and lateral views, and lateral view of mandible (con-
dylobasal length is 46.4 cm). Photos by M. Muto.

northwestern Hawaiian Islands (Antonelis and Fiscus, 1980), and a
juvenile male hauled out on Niijima Island (34°20'N, 139°15'E),
near Japan, in 1989 (Kiyota et al., 1992).

Recent studies have shown that northern elephant seals range
widely in the North Pacific when they are not ashore during brief
periods to breed and molt. Adult males range into the Gulf of Alaska
and along the Alaska peninsula and eastern Aleutian Islands whereas
fernales remain further south between 40-45°N latitude and as far
west as 173°W longitude (DeLong et al., 1992; Stewart and DeLong,
in press a, in press b). Adults remain far offshore while migrating
and foraging whereas juveniles and subadult males are reported often
in nearshore waters of Oregon, Washington, and British Columbia
during some seasons (Condit and Le Boeuf, 1984; Cowan and Carl,
1945; Freiburg and Dumas, 1954; Scheffer and Kenyon, 1963;
Willett, 1943).

FOSSIL RECORD. Recent fossil evidence supports the view
that the monachine Callophoca group, which occurred in the Car-
ribean in the Miocene, passed through the Central American Seaway
(by at least 5 x 10° years ago) prior to its closure in the early
Pliocene and gave rise to the Mirounga lineage in the Pacific about
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ventral, and lateral views, and lateral view of mandible (condylobasal
length is 34.6 cm). Photos by M. Muto.

Cranium of female Mirounga angustirostris in dorsal,

3-4 x 10° years ago (Hendey, 1972; de Muizon, 1982; de Muizon
and Hendey, 1980; Ray, 1976; Repenning et al., 1979). Presum-
ably, with the subsequent cooling of the Central American Pacific
during the Pleistocene, representatives of this lineage crossed the
equator and dispersed southward along the west coast of South
America; disruption of genetic exchange, perhaps by warming of
the equatorial Pacific, may have isolated Northern and Southern
Hemisphere populations with later divergence giving rise to M.
angustirostris in the Northern Hemisphere along the Pacific coast
of North America and M. leonina in the Southern Hemisphere along
the western coast of South America and on the subantarctic islands.
The earliest confirmed records of Mirounga in the North Pacific
are from late Pleistocene rocks of southern California (Barnes and
Mitchell, 1975; Ray, 1976) and no records are known for the
Southern Hemisphere. Hendey (1972) thought that the genus prob-
ably arose during the Pliocene and that the present distribution
developed during the Pleistocene.

FORM AND FUNCTION. There are 39-40 vertebrae; 7 C,
15T.5L, 3S, and 9 or 10 Ca (Davidson, 1929). The hypapophysial
tubercle of the atlas is well developed, and the lateral laminae are
depressed apically causing the outline of the lower margin to be
sinuous. The anterior articular surfaces of the axis are narrow. A
ventral keel is present only on the anterior and posterior vertebrae.
The lumbar vertebrae are slightly flattened, or, in some cases have



MAMMALIAN SPECIES 449

AN

! L L Il

T 30°

S5

NI 1 1

=t + Pttt et

170°

Fic. 4.
distribution in non-breeding season.
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a double keel creating a ventral groove. Scapular morphology is
quite variable. Bone density is low, presumably a secondary adap-
tation associated with deep diving by northern elephant seals (Stein,
1989). There are usually 8~10 brow vibrissae. One vibrissa is present
on each side of the median line of the head halfway between the
nostril and eye. The mystacial bristles are arranged in seven rows
and number from 46 to 49 (Davidson, 1929). The gross anatomy
of the cerebrum, cerebellum, and cranial nerves indicate neurological
specialization for vision, audition, and facial-axial somatic sensation
whereas olfaction appears to be a minor sense; the occipital and
parietal lobes of the brain are elaborate and the olfactory bulbs are
small (Shipley et al., 1983). Brain mass is about 700 g for adult
males and about 640 g for adult females (Shipley et al., 1983).

The pelage of adult males is generally darker brown and sparser
than that of females. Growth of a male’s nose accelerates during
puberty and becomes quite elongated by physical maturity. In ad-
dition, the skin on a male’s neck and chest becomes thickly calloused
and rugose and loses most of its hair. When seals moit they shed
the cornified epidermis and old hair in large patches. Young under-
nourished seals often lose single hairs at some seasons, becoming
bald in spots.

Northern elephant seals fast continually for 1 (females) to 3 (males)
months while ashore during the reproductive season (December to
March) and for 3-4 weeks when molting (April to August; Stewart,
1989). During these fasts, water loss is less than or equal to metabolic
water production from metabolization of fat (Ortiz et al., 1978).
Respiratory water loss accounts for about 65% of metabolic water
production while the remainder is lost as urine, feces, and cutaneous
evaporation (Costa and Ortiz, 1980). Complex turbinate processes
in the nasal passages function as countercurrent heat exchangers
that significantly reduce respiratory water loss to maintain positive
water balance (Huntley et al., 1984). In weaned young the total
surface area of both turbinate structures is around 720 cm?® whereas
it is around 3,140 cm? in adult males (Huntley et al., 1984). Re-
spiratory water recovery is about 72% at an ambient temperature
of about 14°C, but the efficiency of the system decreases with a rise
in ambient temperature (Huntley et al., 1984). The skin and blubber
layer are effective insulators, whereas the appendages, especially
the rear flippers, dissipate or conserve heat when blood flow is
increased (vasodilation) or decreased (vasoconstriction) to them when
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Distribution of Mirounga angustirostris in the northern Hemisphere. Pale shading indicates breeding range; hatching indicates

ambient temperatures are high and winds are light or when tem-
peratures are low and winds strong, respectively (McGinnis, 1975).

Average rectal temperatures of adult males are between 33-35°C
at night and between 35-38°C during the day (Bartholomew, 1954,).
McGinnis and Southworth (1967, 1971), found that most northern
elephant seals were relatively stenothermic but that some were eu-
rythermic and exhibited declines in body temperature when they
were inactive while ashore, perhaps due to an abnormal metabolic
rate resulting, partially, from malnutrition. Rectal temperatures of
fasting, weaned young varies from 35 to 37.4°C (McGinnis, 1975).

When sleeping ashore, northern elephant seals often are apneic,
during which bradycardia occurs and metabolism decreases (Bar-
tholomew, 1954; Huntley, 1984). Sleep apneas of up to 21 min
have been observed in lactating females (Le Boeuf et al., 1986).
The metabolism of fasting, weaned pups is reduced by 48% during
periodic sleep apneas (Huntley, 1984). Bartholomew (1954) found
no difference in the mean pulse rate of newborn during apnea (ca.
100 beats/min) and eupnea (ca. 99 beats/min) although in older
animals (that is, larger than 2.6 m in length) the mean pulse rate
during apnea (54 beats/min) was about 15% lower than during
eupnea (64.5 beats/min).

During simulated dives in the laboratory, anesthetized elephant
seals developed bradycardia on immersion and the heart rate became
progressively slower as the duration of the dive increased; after about
40 min of submersion, the heart rate had dropped to about 4 beats/
min (Elsner et al., 1966; Hammond et al., 1969; Van Citters et al.,
1965). Aortic blood pressure was, however, maintained or slightly
elevated suggesting selective vasoconstriction during those simulated
dives; blood-flow in the carotid artery decreased as a function of
bradycardia, whereas iliac artery blood-flow ceased in simulated
dives greater than 10 min (Van Citters et al., 1965).

Blood volume is at least 12% (Elsner et al., 1964) and perhaps
as great as 20% of body mass (Simpson et al., 1970). At rest, blood
pressure is 120 systolic/90 diastolic (Van Citters et al., 1966).
Northern elephant seals have high hematocrit, high blood viscosity
(primarily because of high hematocrit), and high plasma viscosity
(because of high concentrations of plasma proteins) resulting in
increased oxygen storage capacity (Hedrick and Duffield, 1991;
Hedrick et al., 1986). Concentrations of hemoglobin were about 19
g/100 ml blood and ca. 22.1 g/100 ml blood in a captive and two
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wild northern elephant seals, respectively (Lenfant, 1969). Hemat-
ocrit increases in young during sleep apneas (Castellini et al., 1986).
In yearlings, hemoglobin concentrations are 24.9 g/100 ml, he-
matocrit is 65.3%, and viscosity for whole blood is 8.9 + 0.5 cP
(Hedrick et al.,, 1986). Hematocrits of captive northern elephant
seals were similar to free-ranging northern elephant seals but white
blood cell counts were 41% higher, mean corpuscular volume 12%
higher, and total plasma protein levels 16% lower than in wild seals
(Wickham et al., 1990). The volume of the inferior vena cava of
adults is large and may contain ca. 20% of the total blood volume
(Elsner et al., 1964).

During the ca. 28 days that young suckle their body mass in-
creases from approximately 42-127 kg, solely from ingesting milk
(Le Boeuf and Ortiz, 1977; Ortiz et al., 1978; Rea and Costa, 1992).
During lactation, the milk becomes progressively more concentrated
as the fat content rises from about 15 to 55% and the water content
declines from ca. 75 to 35%, about 21 days after birth (Le Boeuf
and Ortiz, 1977; Riedman and Ortiz, 1979). The protein content
remains relatively constant from about 5 to 12% by mass (Riedman
and Ortiz, 1979). About 75% of the milk fatty acids are unsaturated
and the carbon chain lengths of most are from 14 to 22 (Riedman
and Ortiz, 1979). .

During the nursing period, young gain ca. 10% while females
lose about 4% of their respective body mass/day (Costa et al., 1986);
a female transfers an average of 138 kg of milk, equivalent to about
6.0 x 10° keal of energy, to her young during this period (Ortiz et
al., 1984). The metabolic rate of suckling young is higher than that
of weaned young (Heath, 1975; Heath et al., 1977) and frequent
suckling during the day and at night may permit the maintenance
of a high metabolic rate until an insulative subcutaneous fat layer
is deposited (Heath et al., 1977). By the time the young seal is
weaned, its mother has lost about 42% of her initial body mass,
55% of which is transferred to the young (Costa et al., 1986). A
nursing female loses about 15% of her lean body mass compared
to about 58% of her adipose mass (Costa et al., 1986). Milk pro-
duction accounts for about 60% of the female’s total daily expen-
diture of about 163 MJ (Costa et al., 1986).

Body fat of young increases from 4% of body mass at birth to
about 48% at weaning when body water constitutes about 40% of
total body mass (Ortiz et al., 1978; Rea and Costa, 1992). Once
young are weaned they remain ashore and fast for another 6-8
weeks while they molt (Reiter et al., 1978; Stewart and Yochem,
1984). Fasting young lose mass at an average rate of ca. 5 g/kg/
day, although the water turnover rate is small (about 13 ml/day)
and the average metabolic rate is about 168 kcal/kg* */day (Ortiz
et al.,, 1978); the proportion of body fat to body mass remains
constant during the fast (Rea and Costa, 1992). Fasting young loses
ca. 20% of their mass (mean mass loss averages 768 * 342 g/day;
Condit and Ortiz, 1987), but a positive water balance is maintained.
Low urine output (<200 ml/day) by fasting young results from
tubular resorption rather than depressed glomerular filtration rate
(GFR = 78.9-135.2 mL/min; Pernia et al., 1989). Plasma volume
decreases with age but there is relatively no change in the ratio of
blood volume to mass (Huntley, 1984). Fat is the primary energy
substrate during the fast, and protein catabolism is relatively un-
important (Castellini et al., 1987; Condit and Ortiz, 1987; Pernia
et al., 1980). Levels of circulating serum glucose, urea nitrogen,
and creatinine decline while total protein, albumin and globulin levels
remain relatively constant as the fast progresses. Alkaline phospha-
tase activity increases, serum glutamic oxalacetic transaminase and
lactate dehydrogenase remain relatively constant, and electrolyte
levels are maintained within a small range during the fast. Although
levels of triglycerides, cholesterol, uric acid and bilirubin vary, there
are no well-defined trends (Costa and Ortiz, 1982). Weaned young
have a glucose mass of ca. 60 mg/kg and a blood glucose concen-
tration of about 174 mg/100 ml. While young fast, ca. 30 g of
glucose are removed from the blood each day but only about 25%
of it is oxidized, most being recycled and returned to the blood (Keith
and Ortiz, 1989). Male northern elephant seals weigh as much as
2,300 kg early in the breeding season (Deutsch et al., 1990). They
lose between 4.6 and 7.1 kg each day depending on their age and
initial body mass and weigh between 600 kg (subadults) and 1,500
kg (adults) after fasting for 30-90 days (Deutsch et al., 1990;
Stewart and DeLong, unpubl. data).

Helm (1983) found that the length of the small intestines of
weaned young varied from 2,918 to 5,392 cm, depending on the
length of the young, while the large intestine was between 43 and
60 cm long.
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Phencyclidine HCI (Sernylan), Ketamine hydrochloride, Sernylan
with Sparine and Xylocaine, and Telazol have been used to chemically
immobilize northern elephant seals (Antonelis et al., 1987; Briggs
et al, 1975; DeLong and Stewart, 1991; Elsner et al.,, 1966;
Stewart, unpubl. data; Van Citters et al., 1965). Doses of 1 mg of
Sernylan/kg of body mass produced evidence of lethargy in about
10 min and immobility in 20 min and spontaneous movements usually
recurred after 2 h, and within 4 h most animals were ambulatory
(Van Citters et al., 1965). Intramuscular injections of Ketamine
hydrochloride in doses from 1.4 to 6.9 mg/kg of body mass im-
mobilized adult males, females, and pups within 2—15 min of injection
(Antonelis et al., 1987; Briggs et al., 1975; DeLong and Stewart,
1991); the time between induction of immobilization and recovery
was dose-related. Briggs et al. (1975) reported a slight increase in
heart rate (to about 13 beats/min) in females and a stable body
temperature of about 37°C while seals were immobilized. Doses of
Ketamine of 2.51-3.50 mg/kg of body mass effectively immobilized
juvenile and adult males and females 210-280 c¢m long; the optimal
dose for males > 250 em long was between 2.5-3.0 mg/kg (Antonelis
et al., 1987; DeLong and Stewart, 1991). Ketamine induced apnea
in about 24% of seals immobilized.

Blubber oils of northern elephant seals are mostly (80%) unsat-
urated C,,—C., fatty acids and smaller amounts (20%) of saturated
C,,—C,, fatty acids (Tsuyuki, 1957, 1958). Blubber of northern
elephant seals contains a greater percentage of unsaturated C,, fatty
acids and a lower percentage of unsaturated C,, fatty acids than
blubber from southern elephant seals (Tsuyuki and Itoh, 1966).
Bryden and Stokes (1969), however, found different fatty acid com-
ponents of southern elephant seals than those reported by Tsuyuki
and Itoh (1966) and suggested that the analyses of fatty acids of
northern elephant seals may have suffered from methodological
problems.

The eye is protected by a well-developed nictitating membrane
with a cartilaginous support along the leading edge that evidently
functions to quickly clear the eyes of sand and debris when northern
elephant seals are ashore (Morejohn and Briggs, 1973). The eye
lens is large and spherical to compensate for the absence of the
refractive power of the cornea in water which permits enough ac-
commodation to form a well-defined image on the retina (Walls,
1963). The retina has a high ratio of receptor to ganglion cells,
relative to that of other pinnipeds, suggesting that its sensitivity to
light is greater than in other species (Landau and Dawson, 1970).

Swimming, as in other phocids, mimics that of thunniform pro-
pulsors (Fish et al., 1988); locomotion occurs by alternate sweeps
of the hindflippers while the fore-flippers are adducted against the
sides and the neck is retracted. While both hindflippers are swept
laterally, the digits of the trailing flipper are spread while the digits
of the leading flipper are closed.

ONTOGENY AND REPRODUCTION. A female northern
elephant seal gives birth to one young about 6 days after hauling
out between December and March and nurses it for about 27 days
before abruptly weaning it when she mates and returns to sea to
feed for 2 months (Le Boeuf et al., 1972; Reiter et al., 1978;
Stewart, 1989; Stewart and Yochem, 1984). Full gestation is about
11 months but a 2-3 month delay in attachment of the fertilized
egg to the uterine wall (delayed implantation), similar to other pin-
nipeds, is presumed. Twins have never been observed. Premature
births are rare (Huber, 1987; Stewart, 1989). The sex ratio at birth
and at weaning rarely varies from parity (Le Boeuf et al., 1989a;
Stewart, 1989). At birth young are about 125 c¢m (standard length)
and weigh about 35 kg. The black natal pelage is molted shortly
after weaning at 3-4 weeks of age and is replaced by a silvery-gray
pelage. This hair gradually fades to a dark brown dorsally and tan
ventrally before pups go to sea at 11-16 weeks of age. Most females
nurse their own pups exclusively until weaned, although the number
of orphaned and adopted pups is influenced by the timing and severity
of winter storms and, perhaps, by crowding on rookeries (Huber,
1987; Le Boeuf, 1972; Riedman and Le Boeuf, 1982).

Preweaning mortality varies among rookeries from about 3-4%
at San Nicolas Island (Odell, 1974; Stewart, 1989; Stewart and
Yochem, 1984, 1991), 5-10% on Isla de Guadalupe (Bartholomew,
1952) and San Miguel Island (Stewart, 1989, 1992), 13-48% on
Afo Nuevo Island (Le Boeuf and Briggs, 1977; Le Boeuf et al.,
1972; Riedman and Le Boeuf, 1982), and 7-76% on South Farallon
Islands (Huber et al., 19915). Reiter et al. (1981) reported that
neonatal mortality was density-dependent on Afio Nuevo Island but
Stewart (1989) found no significant density-dependent relationship
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there or on San Miguel, San Nicolas, or South Farallon Islands;
preweaning survival of pups may be primarily habitat-dependent
(Stewart, 1989). Most neonate deaths result from separation of
mothers and young during the first week of life and subsequent
starvation of young (Le Boeuf and Briggs, 1977; Le Boeuf et al.,
1972; Morejohn and Briggs, 1973; Stewart, 1989).

Reiter et al. (1978) estimated that at least 50% of young survive
from about 3 to 7 months of age and found that there was no
difference in survival between males and females to 2 years of age.
From tagged cohorts born on the Farallon Islands, Huber et al.
(1991b) estimated that from 1978 through 1982, minimum survival
of tagged young was 45% to September, and 35, 30, and 22% to
1, 2, and 3 years of age, respectively. However, survival of the
1983 and 1984 cohorts was significantly lower, ca. 15, 8, and 2%,
to 1, 2, and 3 years of age, respectively. Further, age-specific natality
among 3-10 year-olds was lower in 1984 and 1985 than in other
years, apparently related to poor feeding conditions during El Nifio-
Southern Oscillation event of 1982-1983 (Huber et al., 1991aq,
1991b).

Females give birth when 2 years old on occasion (Reiter et al.,
1981; Stewart, unpubl. data). At South Farallon Islands between
1975 and 1989 age at primiparity ranged from 3 to 8 years but
most (62.6%) females first gave birth when 4 years old (Huber,
1987; Sydeman et al.,, 1991). At Ao Nuevo Island, Reiter et al.
(1981) found that 1, 20, 62, 8, and 1% of the females studied there
first gave birth when 2, 3, 4, 5, and 6 years of age, respectively.
Reiter et al. (1981) and Le Boeuf et al. (1972) reported that once
a female gave birth, she gave birth every year afterwards until death.
Huber (1987), however, found that 8-20% of females that gave
birth in any year did not give birth the following year. The range
in ages of females giving birth on South Farallon Islands increased
gradually from 3-5 years in 1975 to 4-13 years in 1983 (Huber,
1987). Huber et al. (19915) found that age-specific natality of
females at South Farallon Islands was 0.13 for 3-year-olds, 0.75
for 4-year-olds, and 0.80 for 5- to 10-year-olds. The success of
females in weaning their young increased with age and previous
maternal experience at South Farallon Islands between 1978 and
1989 (Sydeman et al,, 1991). Lifetime reproductive success of
females at Afio Nuevo Island was about 0.75 young (Le Boeuf and
Reiter, 1987).

Males may be sexually mature when 6 or 7 years old, but generally
do not breed until 9 or 10 years old, except at newly established
rookeries (Le Boeuf et al., 1974). During the breeding season (De-
cember to March) males compete with each other for access to
estrous females and dominance hierarchies are consequently estab-
lished. Males spend <1% of their time in aggressive activities and
most agonistic interactions are visual and vocal threats rather than
physical combat (Cox, 1981). Fewer than one-third of males present
during the breeding season may copulate and even fewer account
for most of the copulations (Le Boeuf, 1974; Le Boeuf and Peterson,
1969a).

ECOLOGY. Great white sharks (Carcharodon carcharias) and
killer whales (Orcinus orca) prey occasionally on northern elephant
seals (Ainley et al., 1981, 1985; Le Boeuf et al., 1982; Rice, 1968;
Stewart and Yochem, 1985) but they evidently have no significant
impact on demography of elephant seals. Small numbers of northern
elephant seals become entangled in fishing lines, net fragments, and
marine debris but the population effects of any associated mortality
are unpredictable (Stewart and Yochem, 1987).

There are three seasonal peaks in abundance; one in late January,
at the height of the breeding season; one in late April and early
May when adult females and juveniles are ashore molting; and one
in October when non-pregnant females, pups-of-the-year, yearlings,
and juveniles haul out briefly (Bartholomew, 1951; Bartholomew
and Boolootian, 1960; Bartholomew and Hubbs, 1952, 1960; Odell,
1974, 1977; Stewart, 1989; Stewart and Yochem, 1984). Relatively
few seals are ashore in June, when subadult males molt, and in July
and August when adult males molt.

Females return to land to molt in April and May about 65-85
days after departing at the end of the breeding season in January
and February (Huber et al., 1991a; Le Boeuf et al., 1986; Stewart
and DeLong, in press a, in press b; Stewart and Yochem, 1991).
Females that successfully wean their young spend more time at sea
than do unsuccessful females (Stewart and Yochem, 1984). In 1983
females spent substantially more time at sea before returning to molt
than in other years and the differences were attributed to the anom-
alous oceanographic conditions associated with the 1982/1983 El

5

Nifio southern Oscillation (Huber et al.,, 1991a; Stewart, 1989;
Stewart and Yochem, 1991). Females spend about 4 weeks ashore
in April and May while molting and then return to sea where they
remain feeding until December or January (Stewart and DeLong, in
press b); some non-pregnant females haul out briefly in autumn
(Huber, 1987).

Examination of stomach contents of northern elephant seals found
ashore dead during various seasons indicated that they had eaten
rockfish (Sebastes sp.), ratfish (Hydrolagus colliei), spiny dogfish
(Squalus acanthis), squid (several genera), skate (Raja sp.), spotted
cusk eel (Otophidium taylori), plainfin midshipman (Poricthyes
notatus), flatfish (several species), catshark (Apristurus brunneus),
octopus (Octopus sp.), Pacific lamprey (Lampetra tridentata), hag-
fish (Epatretus sp.), Pacific whiting (Merluccius productus), and
stingray (Urolophus halleri; Antonelis and Fiscus, 1980; Condit
and Le Boeuf, 1984; Cowan and Guiguet, 1956; Frieburg and
Dumas, 1954; Jones, 1981; Morejohn and Baltz, 1970; Pike and
MacAskie, 1969). Recent stomach lavage studies of living seals have
shown that stomachs of dead seals did not fully describe the diet of
northern elephant seals; they prey mostly on mesopelagic squid and,
to a lesser extent, fish (Antonelis et al., 1987, in press; DeLong and
Stewart, 1991).

Brown and Norris (1956) observed adult seals feeding, along with
Pacific white-sided dolphins (Lagenorhynchus obliquidens), on
northern anchovies (Engraulis mordax) in southern California wa-
ters. Condit and Le Boeuf (1984) reported observations of elephant
seals eating stingrays (Urolophus halleri), dogfish sharks (Squalus
acanthus), blue sharks (Prionace glauca) and angel sharks (Squa-
tina californica).

Adult males and females that breed at San Miguel Island forage
in different areas; males migrate to the Gulf of Alaska and eastern
Aleutian islands from March through early August (post-breeding)
and then again from early September until December (post-molt)
whereas females remain further south during their post-breeding and
post-molt foraging migrations, moving well off the coasts of Oregon
and Washington as far west as 173°W longitude (Stewart and DeLong,
in press a, in press b).

Exudative pyodermatitis was present on four northern elephant
seals and Streptococcus sp., Bacillus sp., Escherichia coli, and
Acinetobacter sp. were cultured from those skin lesions and from
the peripheral lymph nodes; another yearling seal had poxlike dermo-
epidermal lesions covering most of its body (Stroud and Roffe, 1979).
An unidentified fungus that causes depigmented lesions on the epi-
dermis, which disappear when the animal molts, has been observed
in captive northern elephant seals (Sweeney, 1974).

Goose barnacles, Lepas pacifica, L. anatifera, and L. hilli, and
stalked barnacles, Conchoderma auritum and C. virgatum, occa-
sionally attach to the skin of young northern elephant seals (Bald-
ridge, 1977; Joseph et al.,, 1986; Roletto and Van Syoc, 1986).
The greenish colored alga Navicula grevillei also is occasionally
found on the dorsal surface of young elephant seals (Baldridge,
1977). The cookie cutter shark (Isistius) evidently attaches to the
skin of some seals and may remove small plugs of their skin and
blubber (Le Boeuf et al., 1987).

Several serotypes of San Miguel Sea Lion Virus, a marine cali-
civirus, were isolated from northern elephant seals on San Miguel
Island (Barlough et al., 1986, 1987) but antibodies to Tillamook
(bovine) caliciviruses were not found in sera collected from 66 seals
there (Barlough et al., 1987).

Three species of nematodes (Anasakis simplex— A. similis, Ter-
ranova (Porrocaecum) decipiens, Contracaecum osculatum) have
been found in stomachs of elephant seals (Dailey, 1975; Dailey and
Brownell, 1972; Stroud and Dailey, 1978). Stroud and Dailey (1978)
observed gastric ulcers associated with large numbers of the nem-
atodes C. osculatum and A. simplex. The trematodes Cryptocotyle
lingua and Pricetrema zalophi have been isolated from intestines,
the trematode Zalphotrema hepaticum from the liver, and the
nematodes Parafilaroides sp. and Ostostrongylus circumlitus have
been found in the lungs (Dailey and Brownell, 1972; Stroud and
Dailey, 1978; Sweeney, 1974). The turbinates are frequently in-
fested by the nasal mites Halarchne miroungae (Ferris, 1925). The
acanthocephalans Corynosoma bullosum and Corynosoma sp. have
also been found (Dailey, 1975; Dailey and Brownell, 1972).

Stroud and Roffe (1979) observed verminous pneumonia in one
yearling that was heavily infested with lungworm (Parafilaroides
sp.) and in another that was infested with O. circumlitus. Saunders
and Hubbard (1966) described emphysema as a cause of death
among captive seals.



BEHAVIOR. As males compete for access to estrous females
during the breeding season, dominance hierarchies are established
through stereotyped visual and vocal threats and, occasionally, phys-
ical combat (Bartholomew, 1952; Le Boeuf and Peterson, 1969aq;
Shipley et al., 1981, 1986).

Vocal threats include the snort, made by expulsion of air through
the proboscis, and the clap-threat, the primary vocal threat so-called
because ‘it is an extremely loud, resonant, clapping sound with a
metallic quality which suggests the exhaust noise made by a diesel
engine” (Bartholomew, 1952; Bartholomew and Collias 1962:11).
Bartholomew and Collias (1962), Le Boeuf and Peterson (19695)
and Shipley et al. (1981) described differences among individuals in
the pulse or syllable (Shipley et al., 1986:527) rates in clap-threats.
Further, Bartholomew and Collias (1962), Sandegren (1976), and
Shipley et al. (1981, 1986) suggested that characteristics of clap-
threat vocalizations might communicate identity, size, age, or dom-
inance status to other males. Le Boeuf and Peterson (19695) reported
differences in syllable rates among rookeries on San Nicolas, San
Miguel, and Afio Nuevo islands, but Le Boeuf and Petrinovich
(1974a, 1975) later found that the syllable rates varied among years
on Ano Nuevo Island. Shipley et al. (1981) found no evidence of
dialects among northern elephant seal bulls. Clap-threats are of
several types (clap, clap burst, and patterned; Shipley et al. 1986)
and have different syllable rates which vary with age. The syllable
rates of young bulls are greater than those of adults; the syllable
rates of young juvenile males vary greatly, but stabilize as they
mature (Shipley et al., 1981, 1986). The syllable rates of northern
elephant seal bulls that emit clap-threats are faster than those of
bulls that emit clap bursts. Dominant and subordinate males are
least active vocally at mid-day, perhaps because of thermoregulatory
constraints (Shipley and Strecker, 1986).

Northern elephant seals create low-frequency, substrate-borne
sounds incidental to locomotion and air-borne vocalizations and con-
specifics detect and alert to those seismic disturbances. Those seismic
signals appear to be important social cues that help seals, particularly
adult males, maintain social hierarchies in crowded, busy and noisy
environments (especially at night), and help minimize energy ex-
penditure during the breeding-season fasts (Shipley et al., in press).

Nursing young produce two basic vocalizations when distressed,
uncomfortable, or to attract or prod their mothers to permit them
to suckle (Bartholomew and Collias, 1962). Females respend to
vocalizations of their young with an unpulsed attraction call, whereas
they produce a highly pulsed, harsh call when threatening other
females, males, or alien young (Bartholomew and Collias, 1962).
Klopfer and Gilbert (1966) believed that females could discriminate
between vocalizations of their own and alien young and Petrinovich
(1974) found that females responded more frequently to distress
calls of their own pups than to those of alien young.

Dominance is determined by ritualized threat displays and, to a
lesser extent, fighting, and the hierarchy is structured according to
age, size, and previous breeding experiences of males (Sandegren,
1976). Older, higher-ranking males have greater reproductive suc-
cess than lower-ranking males, because dominance permits them
greater access to estrous females (Le Boeuf, 1971; Le Boeuf and
Peterson, 1969a). Most males never breed (Le Boeuf, 1974). A few
subordinate males may breed each year, but their reproductive
success is low (Cox, 1983). Christenson (1974) and Christenson and
Le Boeuf (1978) found that aggressive females at Afio Nuevo Island
were more likely to wean their pups because their young were bitten
less often than were those of submissive females. Ribic (1988),
however, found that female aggression on South Farallon Islands
was stimulated by presence of the young, but that weaning a pup
successfully was influenced more by dominance rank than by ag-
gression, which she found to be mostly independent of rearing suc-
cess. Reiter et al. (1981) reported that females more than 5 years
old were more likely to wean their pups than were younger females.

Female southern elephant seals (M. leonina) are less aggressive
than female northern elephant seals, resulting in fewer mother—
young separations and lower young mortality (Le Boeuf and Petri-
novich 19745). The differences in aggression are, however, related
to lesser crowding on rookeries of the southern elephant seal.

Rasa (1971) described the predominant social behavior among
weaned male young as wrestling, similar to the adult male dominance
fights, and the predominant behavior among weaned female young
as a vocalization that served to maintain or increase spacing among
seals. Young are most active in morning and evening and least active
at mid-day (Rasa, 1971; Reiter et al., 1978). Suckling young are
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dependent on their mothers for protection and most pre-weaning
mortality occurs because of separation of cows and their young that
may lead to starvation and death or to fatal bites from alien females.
Sandflipping behavior (tossing sand on the back with the fore-flippers)
is both a thermoregulatory response to overheating (McGinnis, 1975;
White and Odell, 1971) and a displacement behavior when seals
are agitated or stressed (Heath and Schusterman, 1975).

When at sea adult male and female northern elephant seals dive
continually with rare interruption. Dives average ca. 23 min long
(Le Boeuf et al., 1988, 19895; DeLong and Stewart, 1991; Stewart
and DeLong, in press a, in press b). The longest recorded dive is
77 min for an adult male (Stewart and DeLong, 1990). Inter-dive
breathing intervals at the surface are brief, lasting 2-4 min and
inter-dive surface periods longer than 5 min oceur only rarely during
the seals’ 3-8 months at sea (Le Boeuf et al., 19894; Stewart and
Delong, in press a, in press b).

Maximum depths of dives average between 350 and 550 m but
there is substantial variation depending on time of day and season
(Le Boeuf et al., 1989b; DeLong and Stewart, 1991; Stewart and
DeLong, in press a, in press b). The deepest recorded dives are
1,585 m for a male and 1,561 m for a female (Stewart and DeLong,
1990).

Adult northern elephant seals make two migrations each year
(Stewart and DeLong, in press a, in press b). In January and February
females depart rookeries in southern California and range north to
40~45°N latitude and as far west as 173°W longitude during a 65—
75 day foraging period before they return to the southern California
Channel Islands in April and May to molt. Females return to sea in
late May and June and migrate to the same general areas that they
visited in early spring; they remain there for 6~8 months before
returning to the islands again to breed in January. Adult males depart
rookeries of the Channel Islands in late February and March and
spend the next 3—4 months traveling to and foraging in offshore
areas in the Gulf of Alaska and near the eastern Aleutian Islands.
They return to the Channel Islands by July, haul out for 3-4 weeks
while molting and then migrate north to the Gulf of Alaska again
before returning to Channel Islands rookeries by December and
January.

In spring 1982, two females gained 25 and 132 kg in 66 and
63 days at sea, respectively, whereas two in spring 1983 gained 19
and 57 kg during 127 and 93 days at sea, respectively, and 7
females in spring of 1985 and 1986 each gained about 76 kg, on
average, during an average of about 72 days at sea (Le Boeuf et
al., 1986, 1988). Adult males gain about 30-40% of their post-
breeding season mass while at sea in spring and early summer
(Stewart and DeLong, unpubl. data).

GENETICS. The modal chromosome number is 34 (Duffield-
Kulu, 1972). Electrophoresis of blood samples from 159 young from
five rookeries detected no polymorphisms among 21 blood proteins
(Bonnell and Selander, 1974). Further, little variability was detected
in hypervariable minisatellite DNA (Lehman et al., in press). Low
genetic variability has been hypothesized to have resulted from loss
of genic variation during the population bottleneck in the late 1800s
when the species was reduced to several hundred or fewer seals.

REMARKS. The geographic derivation of M. angustirostris is
unknown although two alternate hypotheses have been proposed.
Davies (1958) suggested that the northern elephant seal arose from
a Southern Hemisphere ancestor that expanded into the North Pacific
during the Pleistocene and was later isolated from its parent stock
when equatorial waters subsequently warmed. McLaren (1975:45)
believed that the entry of elephant seals into the North Pacific was
*“. .. clearly by way of western South America.” Briggs and More-
john (1976) presented morphological evidence to support the hy-
pothesis that the genus arose in north tropical regions and that the
southern elephant seal (M. leonina) evolved directly from the north-
ern elephant seal or from a common ancestor.

According to the most recent taxonomic scheme, elephant seals
(northern and southern species) are assigned to the tribe Miroungini
of the subfamily Monachinae which is in the family Phocidae of the
Order Carnivora (de Muizon, 1982). Mirounga is derived from
miouroung, the Australian native name for the elephant seal. An-
gustus (Latin) means narrow and rostris means snout, referring to
the narrower snout of this species compared to the Southern Hemi-
sphere species, M. leonina (King, 1983).
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