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Elephant Seals: 
An Introduction to the Genus 

Burney j. Le Boeuf and Richard M. Laws 

ABSTRACT. The two species of elephant seals, M. angustirostris ;md M. ltonina, in
habit different parts of the world, in opposite hemispheres and contrasting climatic 
zones, they breed at different times of the year, and they differ ill size and elabora
tion of male secondary sexual characteristics. The northern species is lacking in 
genetic variation, apparently the result of an extreme population bottleneck caused 
by sealing in the last century; the population has increased rapidly in this century. 
The southern species has decreased in overall number over the last half century. 
There are three (or four) stocks, with little genetic interchange; the major stock 
appears to be stable, others have decreased, and one population is increasing. De
spite these differences and thousands of years of separation without intermingling, 
the .two species are remarkably similar in morphology, behavior, and life history 
traits serving reproduction and the diving pattern. 

The ain:a of this chapter is to provide information on the origins, nomencla
ture, and key features in the ecology and life history of elephant seals that 
will serve as background for the specialized chapters that follow. Research 
on both species has been both intensive and extensive. The more accessible 
northern species has been particularly closely studied at Ano Nuevo Island, 
where large cohorts of known-age marked animals provide longitudinal 
data, and intensive year-round studies of behavior have been made. Re
search on the southern species has been concentrated on the breeding sea
son because the remote and rigorous environment in which it lives has 
made year-round studies more difficult. Nevertheless, a recent review re
marked that it "is one of the' most exhaustively and widely studied pin
nipeds" (Ling and Bryden 1992). 

While the northern species' breeding range is comparatively limited, 
with extensive interchange between colonies, the southern elephant seal has 
a number of separate populations, with limited interbreeding, over a cir-
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2 ELEPHANT SEALS 

cumpolar range and in a broad range of latitudes (Laws, this volume). Its 
population ecology is more varied. 

ORIGINS 

Elephant seals are the largest in size of the 34 extant species of pinnipeds 
(King 1983). There arc two species in the genus Mirounga, the northern 
elephant seal, M. angustirostris, and the southern elephant seal, M. leonintz. 
The genus is in the family Phocidae, the true seals, as distinct from the 
other two families in the suborder Pinnipedia: Otariidae, the fur seals and 
sea lions, and Odobenidae, the walrus. 

Northern elephant seals are distributed along the west coast of North 
America from mid-Baja California, Mexico, to the eastern Aleutian Islands 
in Alaska (Stewart et al., this volume). The distribution of southern ele
phant seals is circumpolar on island and mainland sites, from the Antarc
tic continent to Patagonia, but concentrated on subantarctic islands (Laws, 
this volume). 

The origins of elephant seals, like all pinnipeds, are obscure, but there is 
general agreement that phocids originated in the Tethyan-Mediterranean 
part of what is now Asia during the middle Miocene, about 15 to 20 million 
years ago (King 1964; Hendey 1972; Hendey and Repenning 1972; Repen
ning 1980). J. L. Davies (1958), drawing heavily on J. E. King (1956), 
argues that Antarctic seals derived from ancestral monachinoid seals that 
spread southward to the Caribbean at the time of seawater cooling in the 
Miocene and thus took advantage of the absence of the Central American 
isthmian barrier and entered the East Pacific cold-water route to the south. 
C. A. Repenning (1980) also thinks that phocid seals first invaded the south 
during the Miocene, approximately 10 million years ago. The earliest fossil 
records of seals in Argentina and South Africa date from this time. 

J. L. Davies (1958) and Q. B. Hendey (1972) argue that the elephant 
seal genus developed in the Antarctic and the present species, M. leonina, 
colonized most of the anti-Boreal zone. They reason that elephant seals 
reinvaded the Northern Hemisphere by retracing the ancestral route along 
the west coast of South America during a Pleistocene glacial age, a time 
when passage to the Caribbean was closed. When the rewarming of the seas 
occurred, the group in the lower California region, which we now know as 
M. angustirostris, was cut off from the main elephant seal population to the 
south. According to Hendey (1972:108), "Mirounga angustirostris can thus be 
regarded as a relict species, surviving in isolation far from the origins of the 
genus." 

K. T. Briggs and G. V. Morejohn (1976) present a different interpreta
tion. They argue that the presence of fossil elephant seals in California and 
the relative primitiveness of the northern species (more complicated teeth 
and reduced sexual dimorphism) are inconsistent with a putative southern 
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origin. They propose that the genus originated in the subtropics from un
specialized ancestors of modern monk seals. Ancestors of Mirounga entered 
the Pacific by way of the Central American Seaway. Uplift of the Tertiary 
Central American Seaway and poleward retreat of elephant seal popula
tions, due to climatic conditions, led to geographic isolation, speciation, and 
the present distribution of the two species. According to this interpretation, 
the northern species is the older of the two. The southern species either 
evolved directly from the northern congener or they shared a common 
ancestor. 

The poor fossil record docs not permit an adequate test of these compet
ing hypotheses. It is also difficult to say how long the two species have been I 

separated. Perhaps the separation was as recent as the last major glacia
tion, which ended about 5 to 10 thousand years ago, or possibly it began as 
long ago as the early Pleistocene. Elephant seals were in California 100 to 
130 thousand years ago as revealed by fossils found in the San Diego forma
tion (Miller 1971), about the time of the beginning of the last glaciation. 
Other fossil material from California may be from I to 4 million years old, 
but whether the material is definitely Mirounga is in question (C. A. Repen
ning, pers. comm.). That the two species arc considered distinct and dilfer 
in many ways argues for a separation long enough to have permitted the 
evolution of different structures and behaviors. The distance separating the 
breeding ranges of the two species today is more than 8,000 km, and there 
is no evidence of in

�
termingling. 

NO M ENC LATURE 

Whether the ancestors of elephant seals headed north after entering the 
Pacific or headed south to the Antarctic, or took both directions, remains 
moot, but it is clear that the name for the genus has a southern origin. 
Mirounga is from miouroung, an old Australian Aboriginal name for elephant 
seals. A more fitting name, Macrorhinus, was proposed by Cuvier in 1824, 
but the name had already been given to an insect, so Mirounga, suggested 
by J. E. Gray ( l827), prevailed. 

The species names have even more frivolous origins (King 1964; Le 
Boeuf 1989). T. Gill (1866) proposed angustirostris, or narrow nose, for 
northern elephant seals on the coasts of western North America, to differ
entiate them from leon ilia in the Antarctic. He was impressed by the "pecu
liarly narrowed and pronounced snout" of the only northern specimen he 
had for examination, a female skull. This is ironic because the most out
standing feature of the animal is the elaborate nasal appendage of the male, 
not the subtle anatomical character of the female skull. Linnaeus's name for 
the southern species, leonina, was balied on Lord Anson's erwucous descrip
tion (Linnaeus 1758); the southern species bears no resemblance to a lion 
or a sea lion. 
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Even among the common names, there are errors and inconsistencies 
that have come into common usage. Calling adult elephant seals "bulls" 
and "cO\vs" and the newhorns "pups" is the legacy of scalers. Seals breed 
on "rookeries," a term first used to describe the breeding grounds of gregar
ious birds, and polygynous male seals defend "harems" orfemales. 

APPEARANCES 

Elephant seals are extremely sexually dimorphic, fully adult males being up 
to ten times larger than adult females {figs. l.l and 1.2}. Males also have 
distinctive secondary sexual characteristics besides size which females 
lack-an enlar�ed ,proboscis and thick skin on the sides and underside of 
the neck, ruddy and more rugose in the northern species. The short pelage 
of adults varies from gray to brown, except for immediately following a 
drastic annual molt when the pelage takes on a gray or silver hue. The 
elephant seals share with the monk seals, Monochus sp., a drastic molt pro
cess unlike that of any other mammal, during which the hairs are shed 
attached by their roots to large sheets of molted epidermis (Ling and 
Bryden 1992; Worthy et al. 1992). Pups have a woolly black natal pelage 
that is molted at 4 to 6 weeks of age and replaced by a silver-gray coat 
(Laws 19560) . The new hair pushes the old coat upward and out. The new 
,hair !s s,ho�,t .. �nQ..fhlt, bm grows to a length of about 12 to 11 mm C!u�illg lhe 
two weeks after the old coat has been shed. (The duration and location of 
molting are discussed below.) The fusiform body has been modified by 
selection to reduce drag in the water; the male penis and testicles and 
female mammary glands are internalized when not in use. 

SI MILARITIES AND DIFFERENCES BI-:TWEEN 
THE TWO SPECIES 

The close relationship between the two species is at once obvious to the 
casual observer from the similarity in size, appearance, and movements. 
Behavior of the two species is, on the whole, remarkably similar on land 
and at sea. For example, the social organization of males competing for 
access to females during the breeding season is similar. We describe these 
similarities in more detail in later sections. 

Laws (19560) described the behavior of a small population of southern 
elephant seals in the South Orkney Islands, breeding on sea icc in spring 
and present under fast icc, in which they kept open breathing holes, in 
early winter. Similar behavior occurs in the South Shetland Islands, and 
elephant seals have been seen hauled out on pack ice {R. M. Laws, un
pub!. observ.}. This is in extreme contrast to some subtropical breeding 
locations of the northern species, for example, desert islands on the west 
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Fig. 1.2. Two �OUlht'rn elephalll seal hulls fighling: at I'rnln$1I1a \·;lldc7., ,\rgcmiua. 
PhulOgraph by BIII'IIt·)'.!. Lc Bu,�uf. 
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coast of Baja California, Mexico. The dive depths and dive durations dur
ing transit and foraging are remarkably similar despite occurring in dispa
rate parts of the ocean (Le Boeuf et al. 1988; Le Boeuf, this volume; Ste
wart and DeLong 1991; Stewart and DeLong, lhis volume; Hindell 1990; 
Fedak et aI., this volume). 

Differences between the species have not been subjected to special 
study; we describe the most obvious. The southern male is longer and 
heavier than its northern counterpart. Southern bulls in harems weigh 
1,500 to 3,000 kg, with maximum weights reaching 3,700 kg (Ling and 
Bryden 1981). The largest northern males weigh 2,300 kg (Deutsch, 
Haley, and Le Boeuf 1990). Females of tne two species do not appear to 
differ significantly in mass. Southern females range widely in mass from 
350 to 800 kg shortly after giving birth, with most of them in the range 
400 to 600 kg (Fedak et al., this volume). Northern females have a post
partum mass ranging from 360 to 710 kg (Deutsch et aI., this volume). 
The mean mass of northern pups, however, may exceed that of southern 
pups at weaning, 131 kg versus 121 kg (Le Boeuf, Condit, and Reiter 1989; 
Deutsch et aI., this volume; Fedak et ai., this volume), perhaps owing to a 
difference in suckling duration (Le Boeuf, Whiting, and Gantt 1972; Laws 
1953b; McCann 1980). However, at South Georgia, mean male weaning 
mass in four years ranged from 118.7 to 137.2 kg. (SCAR 1991), and more 
southerly populations of M. leonina have higher weaning weights; for exam
ple, R. M. Laws (1953b) found weaning weights of about 200 kg at Signy 
Island in 1948-1949, and H. Burton (pers. comm.) reports high weaning 
weights at King George Island. 

Laws (1953b) and R. Carrick, S. E. Csordas, and S. E. Ingham (1962) 
report southern bulls measuring 6.2 m, and others refer to males of 7.62 to 
9.14 m; the early. records, however, probably included hind Rippers and are 
not comparable (see Scheffer 1958). C. M. Scammon (1874) reports a 
northern male that measured 6.71 m, but the longest northern bull mea
sured in recent times was 5.03 m long (B. Le Boeuf, unpubl. data). The 
average lengths of males seem to be less disparate across species; Laws 
(1960) estimated 4.72 m for southern males, and mean estimates for north
ern males range from 4.33 m (Deutsch et aI., this volume) to 4.48 m (Clin
ton, this volume). 

Some morphological differences between the species beg explanation. For 
example, the southern elephant seal can bend its body backward into a U
shape over a much greater angle than the northern elephant seal. Perhaps 
because of this difference, southern males also seem to be able to rear up 
higher during fighting than northern males. Paradoxically, despite greater 
sexual dimorphism in skull characteristics in southern elephant seals, the 
fleshy exterior of the northern species is more sexually dimorphic. The 
proboscis of the northern male is larger and the integumentary neck and 
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chest shield are more highly developed than these features in the southern 
male (Murphy 1914; Laws 1953b). 

De\'clopmental differences in early life deserv!' furtht'r study. Southern 
pups arc weaned at 22 to 23 days of agt' (Laws 1953b; McCann 1980; Cam
pagna, Lewis, and Baldi 1993); northern pups arc weaned at 24- to 28 days, 
nursing duration increasing with the age of the mother (Reiter, Panken, 
and Le Boeuf 19tH): Somt' southern e1t'phant seal pups hegin molting while 
still suckling; a small percentage molt in utero (Laws 1953b, 1956a; Carrick 
et al. 1962; Le Boeuf and Petrinovich 1974). For pups at Signy Island, 
Laws (1953b) rt'ports that the molt lasts about 24 days and is completed by 
30 to 38 days of age. The molt in northern elephant seal pups is equally 
long but does not begin until after weaning, at about 28 days of age; the 
process begins slightly latt'r in males than in females (Reiter, Stinson, and 
Le Boeuf 1978). 

In the southern elephant seal, weaned pups r. .. st for an average of 37 
days, and the duration of the postweaning last incre�lses linearly with in
creasing weight at weaning. Pups continue to fast until they reach a lower 
weight threshold of about 70% of weaning weight (Wilkinson and Bester 
1990). The duration of the fast in the Northern Ht'misphere varies with the 
date of weaning. Pups weaned early last for a mean of 73.5 ± 7.6 days; pups 
weaned latc in the season r. .. st for a mean 01"55.6 ± 13.2 days (Reiter. Stin
son, and Lt' Hoeuf 1978). As in the south, tht, duration of tilt' last is posi
thody correlated with weaning mass, and at departure from the rookery, 
pups have lost an average of 25 to 30% of their weaning weight. Some pups 
of both species remain ne<lr the rookery for up to 2 to 2 1/2 months hclore 
going to se<l for the first time (Reiter, Stinson, and Le Hoeuf 1978; Condy 
1979). 

The threat vocalizations of males arc quitt' distinct, evidently a diver
gence that has come about with geographic separation (Le Boeuf <lnd 
PetrinO\;ch 1974-). The thre<lt call of north em males is composed of 3 to 20 
discrete expulsive, low-frequency bursts that arc emitted at a relatively con
stant rate, with some individuals adding a longt!r embellishment to the be
ginning or end of the call. The mean duration of the call is 6.8 ± 2.5 
seconds. I n contrast, the threat vocalizations of southern males art' more 
than twice as long (mean = 19.1 ± 8.3 seconds) and are composed of long 
roars that vary in pitch and loudness, the result of a sound being produced 
during inspiration as wdl as during t'xpiratioll. 

The ncar-annihilation of the northern elephant seal population hy scal
ers in the last century, compared to the less destructive scaling efforts in 
the larger and mort' widely distributed elephant seal populations in the 
Southern Hemisphere. has appart�ntly resulted in difl(!rences in genetic 
variation. The extreme population bottleneck experienct'd by the northem 
species-a reduction to It'ss than 100 indh'iduals breeding on only one 
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island in the late 1880s-is interpreted as being responsible for lack of allo
zyme diversity and reduced DNA sequence diversity in two mtDNA regions, 
relative to southern elephant seals (Bonnell and Selander 1974; Hoelzel et 
al. 1993). 

TERRESTRIAL HABITAT 

The traditional rookeries and haul-out sites of elephant seals are islands or 
remote continental shores. Preferred breeding and resting sites arc usually 
located on gradually sloping, sandy beaches or sand spits. Given similar 
accessibility, elephant seals settle first on beaches with a fine sandy sub
strate, next on pebbles, and as a last resort on boulders or rocky shores. A 
sandy substrate is ideal for the caterpillarlike movements of these large ani
mals. Moreover, in both species, flipping damp sand, loose dirt, or small 
damp pebbles on their backs aids in temperature regulation on warm days 
(Laws 1956a; White and Odell 1971; Heath and Schusterman 1975). 

THE ANNUAL CYCLE ON LAND 

The annual cycle of the two species is similar. except that the time scale is 
shifted (fig. 1.3). M. leonina breeds in the austral spring (early September to 
mid-November), while M. angustirostris breeds in the northern winter (De
cember to February). Temporal intervals between reproductive events are 
similar (Carrick et al. 1962; Le Boeuf and Petrinovich 1974). There are 
slight shifts in peak events, such as the maximum number of females during 
the breeding season, among rookeries distributed widely across latitudes. 
This is especially well documented in the southern elephant seal (Laws 
1956a; Condy 1979; McCann 1985; Hindell and Burton 1988). As one pro
ceeds from northern rookeries such as Peninsula Valdez, Argentina, to 
southern ones like the islands of King George and South Georgia (across 22 
degrees of latitude or about 1,736 km), the peak number of females is de
layed by 22 days, from October 3 to October 25 (McCann 1985; Campag
na, Lewis, and Baldi 1993). Variation in the onset of the season in the 
northern species, from one rookery to the next, has not been reported, but 
differences, if they exist, are thought to be slight. 

The annual cycle of northern elephant seals at Aoo Nuevo, California, 
seems to be typical of that of other colonies of seals in the Northern Hemi
sphere (with the possible exception of numbers during the female and juve
nile molt; see fig. 1.3a) but differs in some respects from southern colonies, 
not only in the shift in seasons but in the timing of haul-out in different age 
and sex groups. The annual cycle is described below for Ano Nuevo and for 
Macquarie Island. 
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Northern Species 
It is useful to divide the annual cycle into four terrestrial phases: breeding 
season, female and juvenile molt, male molt, and juvenile haul-out. The rel
ative numbers present on the rookery during each phase is shown in figure 
1.3a. 

Breeding Season: December 10 Mid-March. The breeding season at Ano 
Nuevo begins in early December with the arrival of the adult males. Usual
ly, the older bulls arrive first, and all serious competitors are on the rookery 
by the end of December. Concurrent with the arrival of adult males, there 
is a rapid decline in the number of juvenilcs, 1 to 4 years old, that previous
ly predominated on the rookery. Pregnant females begin arriving in mid
December, reach a peak during the period from January 26 to February 2, 
and then their numbers decline until all of them have returned to sea by the 
end of the first week in March (fig. lA). Younger males begin leaving the 
rookery in late February, but the larger bulls remain on the rookery until 
the end of March, long after the last female has departed. 

The pupping period is from about the third week in December to the end 
of the first week in February. Copulations occur from the first week in Janu
ary through the first week in March, with February 14 being the peak day 
of copulation frequency. 

Female and Juvenile Molt: Mid-March through May. As the last females 
wean their pups and return to sea, the first females that gave birth early in 
December begin returning from sea in mid-March to molt, a process that 
takes about one month to complete. This influx of adult females continues 
for about two months. The adult females are joined by juveniles, I to 4 
years old, of both sexes. The highest number of animals present on the 
rookery are seen in late April. Present in the spring but declining in number 
are adult males, all of whom return to sea by the end of March, and the 
newly weaned pups, 80% of whom leave the rookery by the end of April. 
Rather suddenly, in early to late May, there is a rapid decline in total num
bers on the rookery. 

Male Molt: June through August. The lowest number of animals are 
observed on the rookery in June, July, and August (fig. 1.3a), when 
breeding-age males molt. There is a tendency for the younger pubertal 
males, 5 to 6 years old, to arrive in early summer, and they are followed by 
the older males in late summer (fig. 9. 1, this volume). A few young of the 
year and I V2-year-olds are observed early in this period, but they make 
up less than 5% of the total number of seals in residence. Juvenile numbers 
begin to increase in August, and in some years, they outnumber molting 
males by the end of the month. 
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Fig. 1.3. A schematic representation of the annual cycle of northern and southern 
elephant seals showing the relative number of animals present throughout the year. 
The times of breeding and other events during the annual cycle are indicated by 
horizontal bars. (A) The relative number of northern elephant seals on a rookery 
such as Ano Nuevo Island during the late 1970s (solid line). The dashed line indi
cates that for some rookeries (e.g., San Nicolas and San Miguel), the number of 
animals during the molt of cows and juveniles is nearly the same as the number 
observed during the breeding season (Le Boeuf and Bonnell 1980). (B) The relative 
number of southern elephant seals present on a typical rookery during the annual 
cycle (based on data from Laws 1956a and Hindell and Burton 1988). 
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Fig. 1.4. A schematic diagram showing the increase and decrease in categories of 
elephant seals present during the breeding season on Alio Nuevo Island (solid line; 
adapted from Le Boeuf 1972) and a typical rookery of the southern elephant seal 
(dashed line; adapted from Laws 1956a and Hindell and Burton 1988). 

Juvenile Haul-Out: September through November. By the first week in 
September, all but a few males have gone to sea to feed and fatten up for 
the approaching breeding season. Young of the year and juveniles up to 
four years of age increase steadily in number to a peak in October. At Ano 
Nuevo, many of these juveniles are immigrants from southern rookeries. 
Some yearlings exhibit a pathological skin and pelage called "scabby molt," 
but as a rule, normal molting does not occur during this period. Pubertal, 
subadult males begin to arrive on the rookery during the middle of Novem
ber, a time when juveniles are decreasing in number. 

Th� schematic representation of the total number of elephant seals pre
sent on Ano Nuevo throughout the year (fig. J.3a) shows the relative num
ber of animals present in each phase of the annual cycle. The temporal pat
terning of peaks and troughs in total animals, as well as the relative size of 
the peaks to each other, has varied little at this rookery during the last two 
decades. Elephant seals arc in residence throughout the year, but their 
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numbers Ouctuate greatly because animals of both sexes and different age 
groups are moving in and out predictably. 

The pattern in figure 1.3a resembles that observed at other northern 
elephant seal colonies, such as San Nicolas, San Miguel, and Santa Barbara 
islands (Odell 1974; Bonnell et al. 1979), during the same period that Ano 
Nuevo was monitored (Le Boeur 1981). The difference is that the female
juvenile molt numbers arc equal to or only slightly higher than breeding 
season numbers. This is because animals from southern California rookeries 
may haul out to molt in a different place from where they breed, showing 
up to be counted on northern California rookeries like Ano Nuevo. (Simi
larly, some South Georgia elephant seals haul out to molt at Signy Island, 
Elephant Island, and South Shetland Islands; Macquarie Island animals 
haul out on the Antarctic continent. Also, bulls haul out to molt in limited 
numbers at Ano Nuevo compared with colonies of the southern species.) 

Southern Species 
Information for the southern species is drawn from R. M. Laws (1956a), 
R. Carrick et al. ( 1962), and M. A. Hindell and H. R. Burton (1988) (fig. 
1.3b). 

Breeding Season: August to Mid-Dectmber. At Macquarie Island, the adult 
males arrive in early August, and all serious competitors are present by 
mid-September (fig. 1.4). Small numbers of juveniles (females of 1 to 4 
years; males of I to 6 years) haul out in winter but decline to near zero by 
the end of August. Pregnant females begin to arrive in mid-September, 
reaching a peak about October 16, subsequently declining so that all have 
returned to sea by the end of November. Adult bulls remain until mid
December. The pupping period is from late September to the end of Octo
ber. Copulations occur from mid-October to mid-November, with peak fre
quency in early November. 

Ftmale and Juvenile Molt: January and February. Mature females begin re
turning from sea about the beginning of January, to molt for about one 
month, reaching peak numbers about the end of January; all have returned 
to sea by the end of February. The juvenile haul-out begins much earlier, in 
mid-November, reaches a peak about mid-December, and ends in late 
January. 

Male Molt: Novtmber to April. Subadult males (6 to 8 years old) molt 
from early November to early March, with a peak at the end of December. 
Adult males haul out for molt from early February until May, with a peak 
in mid-March. The lowest numbers are observed on the rookeries in winter, 
July to August, representing a haul-out of adult males and juveniles. 
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Juvenile Haul-Out: Mid-March to the End oj August. By the end of August, 
males have completed their molt and gone to sea to feed and lay down 
blubber for the breeding season. At Macquarie Island, there is a winter 
haul-out of juveniles from April to August, with peak numbers in early June 
less than half of the peak molting haul-out. At Macquarie, juveniles are 
present ashore for a greater proportion of the year than any other popula
tion component. At Signy Island and South Georgia, there is no significant 
winter haul-out. 

At Signy Island, because the breeding population is small, the highest 
numbers are ashore molting in the last week of January, representing im
migrants from South Georgia. But at Macquarie Island and South Georgia, 
the largest numbers are present in th� breeding season. 

Thus, the general haul-out cycles for northern and southern elephant 
seals are broadly similar in the breeding season, but there arc significant 
differences in detail throughout the rest of the year. The overall breeding 
season is longer in the southern species, mainly due to earlier haul-out of 
the bulls, but the pupping season is more synchronous with a more pro
nounced peak in numbers of cows; weaned pups depart to sea earlier (fig. 
1.4). The female and juvenile molt is slightly shorter and later at Mac
quarie Island than at Ano Nuevo. The period when males are ashore for 
the molt is twice as long at Macquarie as at Ano Nuevo, starting earlier 
and ending earlier at Macquarie; also, few adult males molt at Ano Nuevo 
(i.e., only the males that breed there). The juvenile haul-out is similar in 
the two locations, although slightly longer and earlier at Macquarie. At 
South Georgia and Signy Island, south of the Antarctic Convergence, it 
would be expected to be earlier than at Ano Nuevo or Macquarie owing to 
lower air temperatures (and pack ice around Signy Island) from April on
ward. The limited data confirm this (Laws 19500). 

Some colony and species differences in the shape of the annual cycle of 
total animals are to be expected given that there are differences in molting 
locations, in the time that food is abundant, and in the distance of prey 
from the rookery. By and large, the presence of elephant seals on traditional 
rookeries and hauling grounds is predictable by age and sex. 

TIME AT SEA 

It is useful to consider the time at sea from the individual point of view. 
This varies with age and sex (fig. 13. 1, this volume). In northern elephant 
seals, pups make their first contact with the water within two weeks of 
weaning at about six weeks of age, learning to swim and dive in shallow 
water near the rookery, until they depart on their first trip to sea at 3V2 
months or age (Reiter, Stinson, and Le Bocuf 1978; Thorson and Le Boeuf, 
this volume). After 4 to 5 months at sea, they return to the rookery for 



AN INTRODUCTION TO THE GENUS 15 

about one month in the fall, then return to sea for another 4 to 5 months. 
Both sexes take two trips to sea per year until they undergo puberty. When 
they come of reproductive age, the fall haul-out is skipped, and the seal re
mains at sea for I I  months of the year. Thereafter, the adult pattern is 
adopted. Females make a postlactation trip to sea lasting a mean of 
72.6 ± 5.0 days, followed by a one-month molt on land, followed by another 
8-month trip to sea over the course of pregnancy. Thus, adult females arc at 
sea for 10 months of the year (Le Boeuf et al. 1988; Le Boeuf, this volume). 
Adult males also make two trips to sea per year but spend less total time at 
sea, 8 months, than females (Le Boeuf, this volume; Stewart and DeLong, 
this volume). Southern elephant seals appear to hold to a similar schedule 
at sea (Laws 1956a; Hindell and Burton 1988). 

Research on the migratory paths and location of foraging areas of both 
species is in progress (Hindell, Slip, and Burton 1991; DeLong, Stewart, 
and Hill 1992; Bester and Pansegrouw 1992; McConnell, Chambers, and 
Fedak 1992; Le Boeuf et al. 1993) and is treated in several chapters in this 
volume (chaps. 5, 13, 16, and 20). 

REPRODUCTION 

Social Organi�ation and Mating Behavior 
Bulls are belligerent when they arrive on the rookery at the start of the 
breeding season, threatening and fighting with each other in areas where 
females will settle to give birth. When pregnant females begin arriving, they 
seek each other out for safety from the sexually aggressive males and gather 
in groups, or harems. The result of the fierce, bloody encounters between 
males is a dominance hierarchy at each breeding area (Le Boeuf and Peter
son 1969; Le Boeuf 1974; McCann 1981). This social structure effectively 
reduces access to the grouped females to a few of the highest-ranking males 
in the area. One male, the alpha or beachmaster, dominates all other males 
and keeps them away from females with the species-specific threat vocaliza
tion delivered with the head and. neck elevated, braced up with the fore
flippers. The second-ranked male keeps all other males away from females, 
too, but defers to the top-ranked male, and so it goes with decreasing rank. 
Social rank is directly associated with access to females; the alpha bull situ
at(::; himself in the middle of the group of females. Although small harems 
of 100 females or less may be ruled by one bull, as the female group in
creases in number, it becomes too time- and energy-consuming for the 
Cllpha male to keep all other males out. Other males, next in rank, take up 
peripheral positions in the harem. In small colonies, the harems Clre smaller 
and discrete, each controlled by a single dominant bull, with subordinate 
bull:; positioned around but outside the harem. In very large colonies, like 
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some beaches at South Georgia, there may be a nearly continuous mass of 
breeding females stretching for a kilometer or more, without individual 
harems. Alpha males and subordinate bulls are then positioned at intervals 
among the females (Laws 1956a). 

Mating Success of Males 
The ultimate result of this power structure is that few males mate, and male 
mating success is directly related to social rank in the dominance hierarchy. 
At Ano Nuevo, as few as 5 out of 180 males were responsible for up to 92% 
of the copulations observed with up to 470 females during a breeding sea
son; one male held the alpha position in a large harem and dominated mat
ing for four consecutive years, inseminating an estimated 200 females (Le 
Boeuf 1974). In the southern elephant seal, M. N. Bester and I. S. Wilkin
son (this volume) recorded that "dominant bulls controlling the harems 
achieved over 98% of all matings." 

A study of lifetime reproductive success at Ano Nuevo confirms that 
there is great variance in male reproductive success (Le Boeuf and Reiter 
1988). In a sample of 91 male pups, only 19 reached breeding age. Three 
males were extremely successful, inseminating an estimated 121, 97, and 63 
females, respectively; 5 other males apparently inseminated 69 females, and 
the remaining I I  surviving males (as well as the 72 nonsurvivors) failed to 
mate. The males most successful at mating achieved high ranks in the 
dominance hierarchies associated with harems. 

Although males undergo puberty at about 5 years of age in the northern 
species and 4 to 5 years of age in the southern species, they do not achieve 
high rank until they are older, at least eight years of age, and larger (Laws 
1956a; McCann 1985; Clinton, this volume; Deutsch et al., this volume). 
Prime breeding years for northern males are at age 9 to 12, males are in de
cline at age 13, and 14 years is the maximum life span (Le Boeuf and Reiter 
1988). The majority of breeding bulls in the southern species are also 9 to 
12 years old, but the maximum life span is 20 years (Laws 1953a; McCann 
1985). Despite the predominance of adult males in mating and male-male 
competition, four other categories of subadult males (SAMs) are present 
during the breeding season: SAM 1 = 4 years old, SAM2 = 5 years old, 
SAM3 = 6 years old, and SAM4 = 7 years old (Le Boeuf 1974; Cox and Le 
Boeuf 1977; Clinton, this volume). 

The Reproduclive Cycle oj Females 
There is strong circumstantial evidence that most females of both species 
mate for the first time at sea (Laws I 956a, 1956b, this volume; B. J. Le 
Boeuf, unpubl. observ.). At Ano Nuevo, only a few identifiable (marked) 
virgin females mate on land each year, late in the breeding season; the vast 
majority must mate at sea because they are not observed elsewhere on land, 
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either at this time or later in the season. Studies on the southern species 
demonstrated that in parous females, after copulations and fertilization, 
development is suspended and the blastocyst remains free in the uterus for 
about 4-V2 months; implantation occurs at the end of the summer molt, 
and active embryonic growth occupies about 7V2 months (Laws 195Gb). 

Within 6 days after a pregnant northern elephant seal arrives on the 
rookery during the breeding season, she gives birth to a single pup (this 
period in the southern elephant seal is 5 days). She keeps it near her and 
nurses it daily for 27 days (23 days in the southern elephant seal), all the 
while remaining in the harem and fasting from food and water. During the 
last 3 to 5 days of nursing, she copulates (about 4- days in the southern 
elephant seal). Four weeks after giving birth, 34 days after arriving on the 
rookery (28 days in the southern elephant seal), and on her last day of 
estrus, the female weans her pup by returning to sea (Le Boeur, Whiting, 
and Gantt 1972; Laws 1953b, 1956a, 1956b) . 

Age at Primipariry and Nalaliry. In expanding colonies in northern Cali
fornia, females give birth for the first time at age 3 to 6, with 4 years of age 
being the mean age at primiparity (Reiter, Panken, and Le Boeuf 1981; Hu
ber 1987; Le Bueuf and Reiter 1988). High local density of breeding females 
is correlated with deferred maturity (Huber et al. 1991). Most females pro
duce a pup annually until they die at a maximum age of about 20 years; 
however, skipping a year has been observed in some rookeries, especially 
following first breeding (Huber 1987; Huber et al. 1991). 

At South Georgia, M. leonina females also give birth for the first time at 
age 3 to 6, the majority at age 4. At Macquarie Island, there was deferment 
of the range and mean by one year (McCann 1980; Carrick et al. I 962). 
The reason for the dilference is not clear, although body growth rates are 
lower at Macquarie Island. M. A. Hindell and G. J. Little (1988) report 
two known-age females observed suckling pups on Macquarie Island at 
age 23. 

Female Reproductive Success. Female weaning success increases with age 
up to at least age 8 (Reiter, Panken, and Le Boeuf 1981; Le Boeuf and Rei
ter 1988; Huber 1987; Huber et al. 1991; Sydeman et al. 1991; Deutsch et 
aI., this volume). Reproductive experience may have a positive (Reiter, 
Panken, and Le Boeuf 1981) or a negative effect on subsequent weaning 
success (Sydeman et al. 1991; Sydeman and Nur, this volume). An impor
tant factor in weaning success is female mass, which increases with age 
(Deutsch, this volume). At Ana Nuevo, older, larger females dominate 
younger, smaller females, displacing them or their pups and preempting 
areas in the harem that are less prone to nursing disruptions caused by 
peripheral males or high water (Christenson and Le Boeuf 1978). 
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Preweaning PUp Mortalig. The major cause of pup mortality on the rook
ery and lack of weaning success is the trauma-starvation syndrome that be
gins with mother-pup separation and ends with starvation or lethal injury 
inflicted by adults (Le Boeuf and Briggs 1977). Trauma results from 
crushing by breeding bulls, or from orphaned pups being bitten while 
attempting to suckle alien females. Three classes of variables affect mother
pup separation and increase pup mortality either directly or indirectly: 
female aggression; the number, distribution, and density of females; and 
winter storms that flood the harems at peak season. 

An important variable affecting the maximum pup mortality rate is the 
size of the breeding unit in relation to the topography of the breeding site. 
At Ano Nuevo, if mothers and their pups can move inland to higher ground 
when surf and high water threatens, such as occurs on large island beaches 
or mainland breeding sites, the annual pup mortality rate is usually less 
than 10% of pups born. If, however, there is no fallback position, due to 
wave cut platforms or high clilTs, the pup mortality rate may rise to 75 to 
100% (Le Boeuf and Condit 1983; Stewart and Yochem 1991). On north
ern elephant seal island colonies, where the pup mortality rate has been 
monitored closely, the annual rate is usually in the range of 10 to 40% (Le 
Boeuf and Reiter 1991; Huber, Beckham, and Nisbet 1991). In the southern 
species, it has been recorded at 2 to 6% on average (Laws 1953b; Condy 
1978). It is higher in unfavorable conditions. Thus, at South Georgia, in 
some situations on land at the beginning of the season, pups melted deep 
holes in the snow, which prevented them from sucking and resulted in mor
tality as high as 30%. Mortality (80%) was associated with ice-breeding 
colonies at Signy Island due to breakup of the fast ice in storms (Laws 
1953b). 

Nursing and Adoption. Most females nurse their own pups exclusively 
until weaning; however, some females that lose their own pups adopt orphans 
and raise them as they would their own. In a study by M. L. Riedman and 
B.]. Le Boeuf (1 982} at Ano Nuevo, 5% of the orphans reunited with their 
mothers, 27% were adopted or frequently cared for by foster mothers, and 
68% remained orphaned and died. Since young, inexperienced females 
most often lost their pups, they were the ones most likely to foster an 
orphan. Usually, they adopted pups that were the same age as those they 
had lost. Adoption of a single pup was most common, but pupless females 
also attempted to steal suckling pups, adopted a weaned pup, adopted two 
pups, or indiscriminately nursed any orphan that approached. Nursing be
tween unrelated cows and pups has been observed in southern elephant 
seals, but it is unusual. Orphaned pups that attempt to steal milk are usu
ally unsuccessful (McCann 1982). 

At Ano Nuevo, a few "supcrwcaners" may be produced when pups arc 
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suckled by two "mothers" or are adopted by a pupless female after being 
weaned by their own mother (Reiter, Stinson, and Le Boeuf 1978; Le Boeuf 
1981). These weanlings may attain twice the mass of normal weanlings. In 
addition, some weanlings attempt to steal milk from nursing females by 
stealth or perseverance; the majority of these milk thieves are males. 

Philopalry and Sile Fideliry. Like most other pinnipcds and many terrest
rial mammals, most female elephant seals give birth on the rookery where 
they were born in roughly the same site from year to year. Seventy-one per
cent of the females born at Ano Nuevo during the 1970s returned to give 
birth there for the first time (Reiter, Panken, and Le Boeuf 1981). The rest 
moved to adjacent rookeries as their birth site became crowded (Le Boeuf, 
Ainley, and Lewis 1974). Similarly, 70% of females monitored returned to 
give birth at the original site the following year. Movement to a new site 
was associated with failing to wean a pup or high density of breeding 
females. Similarly, D. G. Nicholls (1970) reported that at Macquarie Is
land, 77% of branded cows up to 11 years old were found breeding within 4 
km of their birth site, and Hindell and Little (1988) reported two 23-year
old cows breeding within I km of their birth site. 

FASTING: A KEY LIFE HISTORY TRAIT 

Fasting on land is an integral part of the life history strategy of elephant 
seals (Bartholomew 1970). Consider the breeding bull. Clumping of females 
into groups enhances the potential for polygyny (Emlen and Oring 1977). 
An alpha bull that can keep others away from a group of females will mate 
with many females and sire many offspring, provided that he remains near 
the females night and day keeping competitors away. If he has to make 
periodic trips to sea to feed, other males will mate in his absence. Clearly, 
the mating success of a male that dominates his competitors will depend on 
the length of his uninterrupted tenure on the rookery during the mating 
season. Breeding males fast for over 100 days while fighting for social rank 
and competing for mates (Le Boeuf 1974; Wilkinson and Bester 1990; 
Deutsch et al., this volume; Clinton, this volume). 

Females fast while nursing, which provides numerous advantages. By 
not having to feed while nursing, as sea lions and fur seals do, an elephant 
seal transfers a great deal of milk energy to her pup in a short time (Costa 
et al. 1986; Fedak et al., this volume). This frees the mother to prepare for 
future offspring, to forage on her own without encumbrance. 

Fasting is imposed on weaned pups by the departure of the mother. 
They fast while learning to swim and dive before embarking on a trip to sea 
to find food (Reiter, Stinson, and Le Boeuf 1978; Thorson and Le Boeuf, 
this volume). 
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To reap the benefits of fasting, elephant seals must be able to accumu
late sufficient energy during their long trips to sea, they must have an enor
mous capacity to store fat, and they must economize this energy store while 
on land. Evidently, they have no problem satisfying the first two require
ments (Laws 1953b; Le Boeuf et al. 1988; Le Boeuf, this volume; Fedak et 
aI., this volume). We emphasize some behaviors that minimize energy ex
penditure on land. 

When elephant seals are not fighting, mating, nursing, or learning water 
skills, as in the case of newly weaned pups, they sleep. Sleep does not follow 
a dicl pattern. It occurs at all hours but especially during the heat of the 
day. Among breeding males and nursing females, it is clearly opportunistic. 
Moreover, elephant seals undergo long apneas during sleep lasting up to 25 
minutes (Blackwell and I.e Boeuf 1993; Castellini, this volume). This aperi
odic pattern of breathing is one of several ways to economize water and 
save energy (see also Huntley, Costa, and Rubin 1984). Since a major ave
nue of water loss is through respiration, reducing the number of exhalations 
by breath holding during sleep reduces water loss. This means a reduction 
in lipid metabolism, the sole source of water for a fasting seal (Ortiz, Costa, 
and Le Boeuf 1978). 

Besides serving as an energy reserve and a source of water during long 
fasts, the fat stores, or blubber, provide insulation against the cold both on 
land and at sea. Conversely, overheating as a result of active movement is 
minimized in seals by a countercurrent system in the uninsulated flippers. 

FORAGING 

Elephant seals exhibit long, deep, and nearly continuous diving at sea (I.e 
Boeuf et al. 1986, 1988, 1989; Hindell, Slip, and Burton 1991; Boyd and 
Arnbom 1991; Stewart and DeLong 1991) .• 'oraging occurs during these 
journeys that take them long distances from their rookeries. Prey, foraging 
locations, and the unusual diving pattern of both species are subjects of 
much current interest and intensive study (e.g., Hindell, Burton, and Slip 
1991; DeLong, Stewart, and Hill 1992; McConnell et al. 1992; Bester and 
Pansegrouw 1992); these topics are treated in detail in several chapters in 
this volume (chaps. 5, 11, 13, 14, 15, 16, and 20). 

PREDATION 

The major predators on elephant seals are white sharks, Carcharodon carchar
ias, and killer whales, Orca orcin us (Laws 1953b; Ainley et al. 1981; Le Boeuf, 
Riedman, and Keyes 1982). Shark attacks on northern elephant seals ha\'e 
been observed throughout the breeding range. White sharks kill elephant 
seals near the surface, victimizing both sexes and all age groups, including 
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the largest bulls. At the Farallon Islands, ncar the mouth of San Francisco 
Bay, white shark predation is restricted to juveniles during the fall haul-out 
and is localized in the zone of shallow water « 11 m) within 0.4 km of the 
island (Klimley et al. 1992). At Ano Nuevo, peak attacks on elephant seals 
occur in December and January, and breeding age males are most frequent
ly victimized (Le Boeuf, Riedman, and Keyes 1982). The contribution of 
white shark predation to total mortality at sea is unclear, but the diving be
havior of elephant seals in the high-risk zone, moving to and from the Ano 
Nuevo rookery over the continental shelf, suggests selection for predator 
avoidance (Le Boeuf and Crocker 1993). Predation by killer whales has 
been documented less frequently than predation by sharks (Laws 1953b; M. 
Pierson, pers. observ.). Leopard seals, Hydrurga leplonyx, will occasionally 
take a southern elephant seal but cannot be classed as an important pred
ator (Laws 1953b). 

The cookiecutter shark of the genus lsislius bites out circular chunks of 
skin and blubber the size of a tennis ball from northern elephant seals in 
the southern part of their range, but since the craterlike injuries are not 
lethal, this is more a matter of parasitism than predation (Le Boeuf, 
McCosker, and Hewitt 1987). 

Historically, man has been the major predator on both species of 
elephant seals, killing them for their oil. The history of scaling in the South
ern Hemisphere is reviewed by Laws (this volume) and W. N. Bonner 
(1982); the decline in numbers and the virtual annihilation of northern 
elephant seals due to sealing is reviewed by G. A. Bartholomew and C. L. 
Hubbs (1960) and B. C. Busch (1985) and addressed in chapter 2 of this 
volume. 
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