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I. INTRODUCTION

THIS paper is the first of a number on the biology of the southern elephant seal (Mirounga leonina Linn.).
The field work which forms the basis of the study was carried out in the years 1948 to 1951, in the
Falkland Islands Dependencies. From February 1948 to February 1950 the studies were made in the South
Orkney Islands, from a base on the east coast of Signy Island, in lat. 60°40" S. and long. 45°36" W. In the
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following year from March 1951 to December 1951 the field base was at King Edward Point, East Cumber-
land Bay, South Georgia, in lat. 54°18’ S. and long. 36°30" W. In addition a few observations were made
in the Falkland Islands during February and March 1951.

Nomenclature

The elephant seal was called the Sea-Lyon by Lord Anson who brought the original specimen to England
from Juan Fernandez and on the description and figure given by Walter (1748) Linnaeus founded his spécies
Phoca leonina. After the dismemberment of the Linnaean genus Phoca by Nilsson in 1820, F. Cuvier
(1824) removed the elephant seal from the genus Phoca and made it the type of a special genus “Macro-
rhine”’, which he first used in the classical form Macrorhinus, in 1826. The vernacular name ‘“Macrorhine”
is untenable, and Macrorhinus is preoccupied for a coleopteran by Latreille (1825).

In 1827 Gray proposed the genus Mirounga to include the elephant seal and the hooded seal. The latter
had already been made the type of the genus Cystophora by Nilsson (1820) and the elephant seal becomes
the type of Mirounga by restriction (Gray, 1847).

The three specific names most often applied to the southern elephant seal are, leonina (Phoca leonina
Linn. 1758), elephantina (Phoca elephantina Molina, 1782) and proboscidea (Phoca proboscidea Peron,
1816). The former has priority and is convenient.

Until more detailed comparative work has been done there is no justification for the recognition of
more than one species of elephant seal in the Southern Hemisphere, although several have been proposed.
A recent statistical analysis of a series of skulls collected by the Australian National Antarctic Research
Expedition (private communication) indicates that there are probably subspecific differences between
the elephant seals of Heard and Macquarie Islands. It seems possible that there are at least three sub-
specifically distinct groups in the Southern Ocean.

But the northern elephant seal (Mirounga angustirostris Gill) is undoubtedly specifically distinct from
leonina although in his description Gill (1866) compared the skull of a probably full grown female northern
elephant seal with the figure of a two thirds grown male skull of the southern form (Gray, 1844).

Previous Knowledge of the Species

The first description and figure of the elephant seal appears in the account of Lord Anson’s voyage
(Walter, 1748), and it was Anson who brought the first specimens of the “Sea-Lyon” to England, in 1744.
Picturesque accounts are given by other early voyagers, among them that of Pernetty (1770) being out-
standing, although he does not always differentiate between the sea-lion and the elephant seal.

The anatomy is incompletely described by Turner (1887) and Holz and Zukowsky (1926). Wilson
(1907) contributes a description of the external appearance and dentition. There are several papers on the
skull characters, of which those by Flower (1881), Lydekker (1909) and Lonnberg (1910) are the most
useful. Doran (1878) contributes a paper on the auditory ossicles; Mitchell (1916) and Sonntag (1923) deal
incidentally with aspects of the anatomy of the species.

Allen (1905) gives a detailed synonymy and a brief history of commercial exploitation by American
sealers.

It is not until 1914, in a paper by Murphy, that we have the first reliable account of the habits of the
elephant seal, then Ring (1923), made further contributions in an interesting paper. Harrison-Matthews
(1929) published the most comprehensive account of the life history and habits of the species, but it is
based solely upon field observations. In recent years there has been a revival of interest and the United
Kingdom, Australian, New Zealand, South African and French governments have all financed investiga-
tions. At the time of writing the present paper there are only two published accounts of this work, one
based on original observations by Sorensen (1950) and the other by Aretas (1951).

Of special interest is the excellent account by Bartholomew (1952) of the behaviour of the northern
elephant seal (Mirounga augustirostris).

General Description of Life and Habits

At the present day the elephant seal is mainly subantarctic in distribution. It is a gregarious but not a
sociable animal, hauling out to form large concentrations in favoured areas during the breeding season
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in the spring, and in the summer months when it moults the hair coat. In both periods it undergoes pro-
longed fasting. For a few months between the breeding season and the moult, and throughout the winter
months, it is pelagic in distribution, feeding mainly on fish and cuttlefish.

The elephant seal is the largest of the pinnipeds; the length of a large bull may be more than twenty feet
and the weight over three tons. The name is derived from the great size of the animal and from its trunk-
like proboscis. The cows are rarely more than twelve feet in total length and weigh up to a ton. The colour
of the animal is a bluish grey, lighter ventrally, but the coat rapidly becomes browner with weathering
and more or less discoloured with faeces and mud during the annual moult. The species is quite unafraid
of man and may be approached closely except in the breeding season, at which time both sexes are very
pugnacious. After the annual moult the animals leave the land and lead a pelagic life throughout the winter,
probably in the vicinity of the edge of the pack-ice, though stragglers reach the coasts of South Africa,
Australia and New Zealand. At the southern limits of their range the adult males may keep open breathing
holes in the sea-ice for a few weeks in the autumn, and in the spring.

Although the period of gestation is a little less than a year, implantation of the blastocyst is delayed for
over four months so that active development of the embryo takes seven-and-a-half months. In the spring
the males take up stations on land, or fast-ice, and the cows, which begin to haul out a few days later,
collect into harems. Social behaviour is highly developed in the breeding season and sexual fights between
the bulls are a feature of this period. Bulls may have harems of up to 100 cows, but in an undisturbed
population the number is between ten and thirty. The pups are born on land or fast-ice and twins are rare.
At birth the pup is about four feet long and weighs about a 100 pounds, increasing to over 400 pounds
when weaning takes place at the age of twenty-three days and it is deserted by its mother. It then spends
about a month on land before taking to the water. During this period it lives on the reserves of blubber
laid down during the suckling period. The pup is born with a black woolly coat, which is moulted within
three or four weeks. It begins to feed on crustacea and then on the adult diet of fish and cuttlefish. In the
first few months the young do not remain for long away from land and frequently haul out to sleep.

The cows have their first pregnancy in the second year and bear their first pup when they are three years
old. Pupping takes place a week later each year. The bulls are sexually mature at four years but, owing
to the selection imposed by the harem system, they do not normally breed on land until they are seven
years old. The cows produce on an average seven pups in their lifetime and have one “missed pregnancy”’;
their average length of life is twelve years but they may live as long as seventeen years. Bulls may live
up to twenty years, more usually about twelve, and at South Georgia, owing to the sealing operations,
rarely longer than ten years.

II. COLLECTING METHODS

A. GENERAL

THE collecting methods described below are the result of personal experience and experiment in the field.
Standard routines were developed primarily in connection with the elephant seal (M. leonina) but field work
on weddell seals (Leptonychotes weddelli), crabeater seals (Lobodon carcinophaga), leopard seals (Hydrurga
leptonyx) and southern sea-lions (Otaria byronia) was also carried out. These collecting methods are
generally applicable to large mammals.

Ethical considerations and the precarious position of the breeding population of elephant seals in
the South Orkneys prevented the killing of a large series of seals on Signy Island. Unfortunately in the
absence of dogs, the carcasses could be put to but limited use. The animals to be killed were, therefore,
selected so as to give a representative series. At South Georgia, on the other hand, it was possible to obtain
data on a large number of male elephant seals by accompanying the sealing boats; the cows were carefully
selected to fill in the gaps in the previous work. Except when working with the sealers, when time was
limited, a full examination was made of every seal killed.

A great deal of the work was done without assistance and the collecting procedure was standardised so
as to be as economical as possible. Special conditions for collecting, which have to be taken into account,
are the low temperatures and frequent adverse weather conditions, and it was necessary to concentrate
on certain lines of research, such as the reproductive cycle, to the exclusion of other less important aspects.
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The importance of a standard routine is very apparent when working at low temperatures in a blizzard,
possibly soaked to the waist in sea water. It is often necessary to stop and swing the arms to restore the
circulation and a single post-mortem examination may take as long as three hours. The amount of equip-
ment has to be limited to what can conveniently be carried on the back.

B. EQUIPMENT

After much experiment the equipment finally adopted was as follows:

Light B.S.A. sporting rifle, .22 calibre, with long rifle, high velocity ammunition, and five-shot magazine.
Flensing knife (Eskilstuna) with blade 11} ins. by 2 ins., in a wooden sheath with 9% in. blubber
hook and steel attached. This combination has been developed by the sealers at South Georgia
(Laws, 1953).

Small knife with 5 in. blade.

Hacksaw and spare blades.

Dissecting instruments.

Carborundum stone.

Surveyor’s linen tape (33 feet).

Printed paper specimen labels.

Numbered metal labels.

One-pound Kilner jars half full of Bouin’s picro-formol-acetic fixative.

Special fixatives (see next section).

Specimen tubes, 3 ins. by 1 in.

Squares of butter muslin, 6 ins.

Fuse wire.

Seal data sheets.

All these items were packed in a “Venesta” box with a hinged lid, divided into compartments and attached
to an “Everest” tubular steel carrying frame so that it could be carried on the back. The data sheets were
fixed by a clip to the inside of the lid, and a pencil attached to the box by a string.

C. PROCEDURE
1. Recording

For the purpose of identifying the specimens each seal killed was given a staion number, the position
of which (latitude, longtitude and description) was entered in the Station List kept at base. All stations were
plotted on large scale maps. The individual specimens collected from each seal such as skull, os penis,
claws, and organs fixed for histological examination were given serial numbers. Each station number is
preceded by the base letter (““H” = Signy Island, “M” == South Georgia, “J.B.” = RRS *“John Biscoe”).
Thus the reference M6.11 means South Georgia, station 6, specimen 11.

Details of the specimens collected were entered on the seal data sheets in the field, clean copies being
made at base. Details were also entered in the Biological Register for the appropriate F.I.D.S. Base.

2. Killing

Of the 226 elephant seals subjected to post mortem examination ninety-seven had been killed by sealers
at South Georgia. They were shot in the head by using a Winchester or Krag rifle, and soft-nosed ammu-
nition.

The remaining 128 male and female elephant seals were selected and killed by the writer, at Signy Island
and South Georgia. The elephant seal, in common with the other species of seal is very tenacious of life and
must be shot in the head so that the bullet strikes the brain. Initially, soft-nosed .303 ammunition was used
for killing, but death is not certain unless the bullet is placed through the skull which is, as a consequence,
shattered and its value as a specimen greatly reduced. After the first season’s experience a .22 rifle, firing
high velocity ammunition, was used and proved most effective except when dealing with very large bulls. In
that case .22 bullets did not have enough power to penetrate the heavily ossified skull and a .303 rifle was
used. The best shot is from the side about one or two inches behind the eye, but oblique shots from in
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front, just behind and above the eye or from above on a line joining the ear holes, are effective. With ex-
perience the seal may be killed from almost any position. It is the shock effect of the first shot which is
important. If it is wrongly placed several other shots, each of which would normally be sufficient to kill the
animal, are required.

Immediately after the seal was shot, it was stabbed in the heart and/or the carotid arteries were cut,
to ensure that it was dead and to restrict as far as possible the flow of blood to the thorax and exterior.
A sure sign of death is the relaxation of both pupils and the bleaching of the retina to a brilliant emerald
green. The reflexes after death are frequently startling.

3. External Measurements

Immediately after killing, the sex was recorded and the animal measured from the tip of the snout or
proboscis to the tip of the tail along the curve of the back (figure 1). For this purpose a surveyor’s linen
tape measure was used. This measurement was chosen instead of the more usual measurement in a straight
line because it is easier to accomplish single handed. Furthermore, on rough ground a measurement in a
straight line is inaccurate and a large elephant seal cannot be straightened out easily. Measurements
taken along the curve of the back have the disadvantage that seasonal variations in fatness are accom-
panied by proportionate variations in length (this is shown in figure 19).

Ficure 1. Male elephant seal showing external body measurements.
A-A = Standard length, or nose-tail length.
A-B = Nose-flipper length.
C = Axillary or greatest girth.
D = Length of fore-flipper.

Neck girth.

E
F = Length of proboscis.

|l

The other measurements taken were:

(a) The overall length from nose to tip of the hind flippers.
(b) The axillary girth, measured just behind the fore-flippers.
(c) The length of the fore-flipper, measured from the axilla to the tip of the first digit.

In some cases extra measurements were taken such as neck girth, length of the proboscis, position of the
genital opening, etc., the measurements were recorded to the nearest inch although the amount of error
in the length measurements of a large male is of the order of -+ 3 to 6 inches.

Except in the case of pup seals, direct measurements could only be made on dead animals. However, a
photographic method of measuring the length of living animals (primarily breeding cows at Signy Island),
proved very successful and extended the series of measured animals considerably. It is based on the fact
that the dimensions of objects photographed at a given range with the same lens will be directly com-
parable. In a Leica camera with a coupled rangefinder the superposition of two images determines the
distance from the object to be photographed. The rangefinder was set at seven metres for photographing
cows, and ten metres for males, because of their larger size. The rangefinder has a short base and is therefore
not highly accurate, but by standardising the procedure satisfactory results were obtained. Owing to the
short base of the rangefinder there is a region about ten inches deep within which the two images are co-
incident. In practice this difficulty was overcome by approaching the animal to be photographed at right
angles to its long axis until the images in the rangefinder just coincided. The animal, which had to be lying
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prone so as to give a true length, was then photographed. For calibration purposes a horizontal graduated
rod was photographed in the same way from distances of seven and ten metres.

The resulting negatives were all enlarged to an equal magnification and measurements taken from them,
using a strip of card marked to scale from the calibration photograph. The measurements of fifty-eight
breeding cows, of known date of pupping and of sixteen individually marked bulls were obtained in this
way. Comparison of lengths measured photographically with the lengths measured directly on dead animals
showed that the difference is negligible. Scale photographs give an indication of the condition, amount
of scarring and the relative development of different parts of the body, as well as providing a means of
measuring large numbers of living animals. It is, of course, essential that the animal should be motionless
and lying naturally at full length, and because of its lethargic and fearless nature the elephant seal is an

ideal subject.
For future work a special rangefinder could be made for the direct reading of measurements in the field

without the intermediary of photographs.

4. Other Measurements

In addition to the external body dimensions the blubber thickness and certain internal organs were
measured.

The blubber thickness at the level of the chin, chest and anus was usually recorded. The measurements
were made along the mid-ventral incision with a metal ruler. Because it is difficult to see where the skin
ends and blubber begins, the thickness of the blubber was
measured from the epidermis to the fascia of the underlying
muscle. The thickness of blubber on the “‘chin” was taken at
the level of the angle of the lower jaw, that of the chest over the
xiphisternum, and the “anus” measurement about three inches
anterior to the vent.

The length of the intestine from pyloris to rectum was meas-
ured in eighty-seven individuals. For this purpose the intestine
was cut free from the mesentery and measured soon after death.
D The degree of stretching was slight. At first a tape measure was

used but to save time was soon discarded in favour of an approxi-
mate method assuming an arm stretch of six feet. Comparison
11 of lengths measured in both ways showed an error in the latter
/ / of + 1 per cent. In view of the surprising length of the intestine
/ / 1 (662 feet in one male), this was considered satisfactory.
In the male, measurements of the greatest length and breadth
of the right testis were taken with a steel ruler.
A 1,:' The measurements taken of female genitalia are shown in
o figure 2, they were:

|

I

| (a) Greatest length of each ovary )
| (b) Greatest breadth of each ovary
1 G

|

|

o o — —
A ‘—__§ -~

“p

after removal of capsule.

(c) Length of fallopian tube (straightened).

(d) Length of each cornu of the uterus (straightened).

(e) Length of the common uterus.

HL (f) Length of part of uterus protruding into the vagina.
(g) Length of vagina.

(h) Height of hymeneal ridge.

(i) Length of vestibule.

(j) Length of clitoris.

These measurements were taken, as time permitted, with a
steel ruler. (a)"and (b) were usually obtained with calipers,
on fixed, sliced specimens. In some cases the measurements
were taken after laboratory dissection of genitalia preserved

N e e s e o

L

L—f — e ——
—— e —

\VA)

FiGure 2. Female genital tract showing .
measurements taken, Explanation in the text. in salt.
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5. General Observations

In addition to the measurements detailed above, the following general observations were made as time
permitted:

(a) The sex was invariably noted immediately after killing.

(b) If the animal was a marked seal, the mark was noted (Red “O”, Yellow “I”, etc.).

(c) The habit of the specimen: whether it was freshly hauled out, or had been on land for some time;
located inland or on the beach, solitary or gregarious.

(d) Its condition: whether fat or emaciated, looking healthy or not; the appearance of the mouth and
gums (bloody, dirty or clean); the appearance of sores or wounds on the body (clean or suppurating).

(e) Its colour and the state of the hair were noted. If in moult, the stage of the moult process was re-
corded; if not it was noted as in either pre- or post-moult condition.

(f) The extent, location and type of scars.

(g) If a male, the state of development of the proboscis was noted.

(h) The presence of distinct bands on the claws.

(i) Any aberrations in the dentition.

Interesting conditions of the internal anatomy were also noted such as:

(j) Pathological conditions.

(k) Parasites, internal and external; type, location and numbers.

(1) Gross appearance of the genitalia. Presence of vesicles on the fallopian tube or ovarian capsule; os
clitoris; presence or absence of embryo, aborted foetuses; appearance of the uterine fluid. The presence
of areas of hyalinised blood vessels in the wall of the uterus, marking the site of a previous implantation,
and the appearance of the vulva were also noted.

(m) The stomach contents; the type and estimated amount of food; the presence of sand and/or stones.

(n) The body temperature was recorded by inserting a 5 cm. immersion thermometer into the thorax
immediately after death.

(o) As time and weather permitted field dissections to elucidate the structure of various organs or
systems were made.

6. Specimens Collected
(a) Gross Material

In the male the os penis was removed by cutting posteriorly from the genital aperture in the mid-line.
The bone can be felt through the skin and blubber. It was roughly cleaned in the field, and the remaining
tissue removed later by boiling.

In both sexes the skull was removed by cutting through the soft tissues of the neck (all round) just behind
the skull. The connective tissue below the foramen magnum (between the occipital condyles and the axis
bone) was severed and the head bent downwards; the cut was then continued round the condyles until the
head was freed. The skull was roughly cleaned of flesh and skin and the brains removed so far as possible
with a small knife, taking care not to injure the inside of the cranium. In the early stages of the work the
skulls were boiled until the remaining flesh could easily be removed, they were then dried. Large skulls
prepared in this way are impregnated with oil and after the first season the skulls were cleaned through the
intermediary of marine amphipods. The skulls, after preliminary cleaning, were attached to strong wire
and allowed to lie on the sea floor, just offshore for about a week ; they were then dried. All skulls have been
presented to the British Museum (Natural History).

At South Georgia only the lower canine teeth were collected, for the purpose of age determination by a
newly evolved method (Laws, 1952b, 1953b). The top part of the canine was required for this purpose, and
the majority were sawn off at the level of the alveolar bone, using a hacksaw with a medium grade blade.

The claws together with the distal phalanges were removed from the right fore-flipper of a number of
individuals and cleaned by boiling.

(b) Histological Material (Fixation)

Immediately after the appropriate external measurements had been taken the seal was turned over onto
its back and a longitudinal ventral incision was made so as to open the body cavity. The blubber thickness
was measured, and then, before making further notes or measurements, the organs or parts of organs
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required for histological investigation were taken as quickly as possible to ensure good fixation. In the
case of females it was, of course, necessary to measure the genitalia before fixation.

As a general routine, pieces of material up to 1 cm. thick were fixed in Bouin’s picro-formol-acetic,
which is simple to use and requires no involved post-fixation technique. It is most suitable for field work
of this nature and the fixation secured was in general very good. For comparative purposes, and to bring
out details of cell structure which are not well defined in Bouin, thin slices were fixed in Heidenhain’s Susa
fixative left for up to twenty-four hours before changing to iodine alcohol, and stored in 809, alcohol.

For the secretory cycle of certain glands, especially the corpus Iuteum, small tissue slices, 2 mm. thick
were placed in Zenker-formol (Helly) fixative (Romeis, 1948, pp. 74-75), made up just before use by adding
5 cc. of 409, formol to 100 cc. of Zenker stock solution. It was left for six hours and then washed for twenty-
four hours in running tap-water (or when camping, by frequent changes of distilled water). After washing,
the specimens were post-osmicated with 29, Osmic acid for twenty-four hours and then washed in tap
or distilled water for twenty-four hours. After taking the specimens up through the alcohols they were
treated with iodine in 80 9/ alcohol, to dissolve the mercuric salts, and stored in 809 alcohol.

McClung (1950) states that with picro-formol-acetic combinations the optimum temperature is in the
range 35°C to 40°C, and low temperatures slow down the penetration and cause variations in the fixation
of individual cell structures. For Zenker the optimum temperature is about 0°C. The elephant seal material
collected was fixed at temperatures ranging from —15°C to +6°C and fixation is good with all three com-

binations.
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(c) Histological Material (Tissues Collected)

In the female the genitalia were exposed by the median ventral incision, but it was necessary to cut the
ligament of the pubic symphysis to expose the vagina. As an invariable rule both ovaries were removed,
incompletely split to ensure penetration of the fixative and, with a section of each uterine horn and of
the common uterus and vagina, were fixed in Bouin. Each specimen was placed separately with the appro-
priate label on a square of muslin, the corners of which were drawn up to form a bag and tied with fuse
wire. Usually all the specimens from one individual were put into a I 1b. Kilner jar containing Bouin.

Foetuses if under 3 inches crown-rump length were fixed in Bouin; if over 3 inches they were fixed in
30% alcohol and moved to 70%, alcohol after twelve hours. Very small embryos, and specially fixed
material, were placed in a specimen tube. Placenta, mammary gland, fallopian tube, etc., were also col-
lected when possible.

Tissue slices of corpus luteum were fixed in Helly and post-osmicated.

In some specimens the remainder of the genitalia were removed and stored in salt for later dissection.

In the male, the testes are exposed by cutting obliquely forwards from the base of the hind flipper to-
wards the mid-ventral line about 6 inches in front of the anus. Portions of the testis (including the medulla)
and epididymis were fixed in Bouin and occasionally in Heidenhain’s Susa. A portion of the proboscis
of one bull was fixed in Bouin.

From both sexes a 1 inch square of skin from the hind flipper was fixed in Bouin, and occasionally pieces
of skin illustrating the moult process were fixed in the same way. The pituitary, thyroid, parathyroids
and adrenals, pieces of gut and lymph glands were fixed in Bouin or Susa.

Parasites were fixed in Bouin.

Altogether 1126 specimens were collected from a total of 226 elephant seals (84 female, 142 male), and
their distribution is shown in tables I and IL.

III. PHYSICAL CHARACTERS

A. GENERAL

THE colour of a freshly moulted adult male is a uniform dark grey with a bluish cast, lighter ventrally.
The new coat of the cow is usually darker and more brown; young animals are noticeably lighter.

\
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FIGURE 3. Adult female elephant seals.
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According to the length of time after moulting the coat assumes various shades of brown, usually darker in
the autumn and fading with time, so that in the male, prior to the moult, it is rust brown or even straw-
yellow in colour. Rarely is the coat of the cow so light. The colour is uniform without any mottling and the
hair is very harsh and stiff. During the moult the hair is sloughed off in large patches, held together by the
old epidermis so that the roots project about 1 mm. and in older animals there is some delay before the
new hair makes its appearance. Owing to the contrast between the patches of old hair of rusty-brown
colour and the new grey coat the animal assumes a patchy appearance. Old males usually bear numerous
light coloured scars around the underside of the neck—the “integumentary shield”, and the older cows
have a light coloured yoke owing to the many small white scars on the neck, caused by the bull biting the
cow during copulation. There are no records of albinos in this species.

One specialisation, the nasal sac or proboscis, it has in common with the hooded seal (Cystophora
cristata) alone. All the other characters are modifications or exaggerations of seal-like characters shared
by other species. The fusiform shape of the body is enhanced by the inclusion of the elbow and knee
within the general body contour. Bodily proportions and stature change considerably with age and there
are marked sexual differences. The average twelve-year-old male is about six feet longer than the average
female of that age, and the largest male measured (240 inches) is about eight feet longer than the largest
female (145 inches). References to bulls of up to 25 feet are not uncommon in the literature and Peron
(1816) gives a length of even 30 feet. Although there is a natural tendency to overestimate size, it is possible
that formerly the male elephant seal reached a greater size than at present.

Part Weight % of
in lbs. total weight
Skin 265 6.10
Blubber 1469 33.70
Meat 923 21.19
Bone 688 15.79
Flippers, fore* 174 3.98
Flippers, hind 70 1.61
Head 114 2.62
Heart 20 0.46
Liver 110 2.53
Spleen 25 0.58
Lungs 90 2.06
Kidneys 14 0.32
Stomacht 72 1.65
Intestinest 90 2.06
Tongue 15 0.35
Blood (Calculated) 218 5.00
Entire animal 4357 100.00

TabLE III. Weight of bull elephant seal, 160 inches long. *The fore flippers
include shoulder blade. tStomach and intestines were quite empty.
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The only definite information about the weight of the adult elephant seal comes from the weighing of
an animal in pieces. It was carried out by Messrs. Christian Salvesen and Co. at Leith Harbour, South
Georgia (Hamilton, 1949). The animal, a male, was 13 feet 4 inches in length, presumably nose to tail.
Details of the weights of different parts are given in table 3, and the total weight was 4357 pounds, or
nearly two tons. It was a medium sized bull and, in the absence of further data, it is reasonable to believe
that a large bull may weigh anything up to four or five tons. The average adult cow probably weighs
about 1500 pounds. Table III shows that the blubber weighs over one third of the total body weight. This
is a layer of fat and connective tissue lying immediately beneath the skin, which acts as a food reserve and
as insulation. According to the season it varies in thickness from 1 to 3 inches in a small individual to 3
to 6 inches in a large male. In 1933 when the blubber was very thick it averaged about 7 inches and in
one bull was 8 inches thick.

The area of the fore flippers is small and they are little used in swimming but assist in terrestrial loco-
motion, especially in the male. They are larger in relation to body size in old males than in younger males
or females. The hind flippers are webbed, emarginate and fan-like when spread out. The first and fifth
toes are longer than the others and approximately equal in length. The fore flipper is deeply notched
between the fourth and fifth digits and bears strong nails, but they are vestigial on the hind flipper (figure 6).
The fore limb is very mobile and can be used to scratch almost any part of the body, even the nose. The
hind flippers are often stretched and rubbed together, but they are never flexed in the elephant seal as in
other species.

Figures 3, 5, 12, and 22 to 27 illustrate the general appearance of elephant seal of both sexes, and the
changes in size and appearance with age are described in a later section.

The vibrissae are dark brown-black in colour, flattened and with constrictions about 2 mm. apart.
In older animals the bristles are worn and lighter coloured towards the tip. The eye is large—up to 3
inches in diameter—with a deep chestnut-brown iris, and the cornea with a network of blood vessels giving
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FicURE 4. Diagram to show the histology of the wall of the
proboscis in a breeding bull.
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it a bloodshot appearance. The pupil is oval, vertical and about 2.5 x 1.0 cm. when expanded. The external
meatus of the ear is about 5 cm. behind the external canthus of the eye in a medium sized male.

Apart from size, the presence of two or rarely four nipples on the abdomen of the female, and a
penile opening in the male, the most obvious sexual difference is the proboscis borne by the bulls. There
has been considerable controversy as to whether it is inflated by air pressure, or erected by muscles and
blood pressure. Lesson (1822, p. 418) states more or less correctly that, *“ . . . cette trompe érectile manque
a la femelle et parait s’éffacer peu a peu lorsque la saison de rut est passée. C’est un tissue cellulaire du
nez qui semble ainsi se gorger de sang et s’allonger . ... Moseley (1892) believed the enlargement
was brought about by inflation with air combined with contraction of the muscles at the side of the nose.
Murphy (1914, p. 75) corrected the statement of other earlier writers that the proboscis is inflatable; “the
upper and outer walls of the nostrils are composed of excessively developed dermal muscles the arrange-
ment of which does not differ fundamentally from that of the nasal muscles in the harbor seal (Phoca).
This heavy muscle layer is remarkably vascular, and is, to all appearances, true erectile tissue capable of
being voluntarily charged with blood. Eliminating the inflation theory such a great expansion of the snout

. . can hardly be explained on any other hypothesis than that of erection by blood pressure. There are
two or more blind vesicles leading upward from the nares at the middle of the lateral ethmoid cartilages,
but they are far too small to permit appreciable inflation of the upper snout.” Since then several contra-
dictory statements have been made in the literature and Bartholomew (1952) supports Huey’s statement
that limited inflation occurs in the proboscis of the northern elephant seal (M. angustirostris). Several
probosces were dissected in the present study and one was examined histologically. The findings confirm
Murphy’s (1914) statement but histological examination does not reveal any true erectile tissue. The
small size of the two blind vesicles leading upward from the nares would not allow great expansion of the
proboscis, and it is the opinion of the writer that muscular action and to a certain extent blood pressure

i
}’}

/;
i
N

Wi
/,
/ ,/ /w

e

i

N

N

QN

NN

N
AN
N

N

N

W
N

7 '//,,;: / W e FIGURE 5. Head of harem bull H322,
/////f//,/.“ Wil Proboscis fully erected.

S



THE ELEPHANT SEAL

Thyroid Larynx
Parathyroid

Trachea

Thymus

Sternum Left auricle
Left ventricle
Left lung
Pericardium
Fore flipper Diaphragm

Xiphisternum

Lobes of liver

\

N\

Blubber

Umbilical cord

Left kidney

Small intestine

Bladder
Genital aperture
and penis
Anus
Tail
Hind flipper Vestigial nail

FIGURE 6. General dissection of foetal male elephant seal M78.
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Ficure 7. Relation of intestine length to nose-tail length. (a) 44 males. (b) 45 females.

bring about the erection of the proboscis when the animal is excited, but that there is no true erectile tissue.
During forcible expiration the rush of air supplements the muscular action and causes the proboscis to
vibrate so that one might suppose the proboscis to be inflated. It is interesting to note that animals which
have lost a large part of their proboscis, including the air chambers, are still able to erect the remainder
when excited. Bartholomew (1952, p. 400) has drawn attention to the role of the proboscis in reproductive
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behaviour but, in the southern species at least, it is the diverticula of the proboscis, not the mouth, which
acts as a resonating chamber. The growth and development of the proboscis during the life of the animal
is considered in a later section of this paper. Lesson was correct in stating that the size of the proboscis
declines after the breeding season.

Turner (1887) and Miller (1887) have described the osteology and myology of the elephant seal, which
is but little modified as compared with the organisation of Phoca described in detail by Howell (1929).
Other writers have contributed notes on the morphology, notably Holz and Zukowsky (1926), and it is
proposed only to figure the gross internal anatomy here (figure 6) and to discuss one of the most interesting
anatomical features, the great length of the small intestine. The anatomy of the reproductive systems
and of certain ductless glands will be described in a later paper.

The intestinal tract of seals is characterised by its simplicity, the great length of the small intestine,
relative shortness of the hind gut, the reduction of the caecum and a single suspension from a continuous
mesentery. In the elephant seal the junction of the duodenum and small intestine is not sharply defined
and the small intestine is of even diameter (1 to 1.5 cm.) and thrown into numerous folds which almost
surround an oval expanse of mesentery. Measurements of the length of the small intestine of eighty-nine
elephant seals are set out in tables IV and V, and illustrated in figure 7. Although there is great individual
range and variation, the growth of the small intestine relative to the body appears to be heterogonic. The
intestine length of adults varies from twenty to twenty-five times the body length, and in H.303, with an
intestine 662 feet long, the ratio is forty-two times the body length.

As a rule carnivores have short intestines and herbivores have long ones. This is largely due to the fact
that cellulose is broken down by fermentative bacteria in the small intestine and caecum. Elephant seals
feed mainly on cephalopods, which have hard parts of a chitinous material, structurally similar to cellulose,
and it may be that the small intestine of the elephant seal is long because of the necessity of harbouring a
bacterial fauna to break down the chitin. The fact that the leopard seal (H. leptonyx) which feeds mainly
on penguins, has an intestine of larger diameter and much shorter length is perhaps significant. Sea birds
(e.g. Priocella antarctica) feeding on cuttlefish have long intestines. Mitchell (1916) says the lengthening of
Meckel’s tract is best explained as an adaptation to diet. Alternatively the length of the intestine may be
related to the water balance of a marine animal.

Intestine Body Intestine Body

No. length length No. length length

(feet) (ins.) (feet) (ins.)
F.MT73 18 16 H343 195 108
FH 85 50 H331 230 111
H296 175 63 H332 215 115
* 176 81 H327 220 116
H370 150 76 H312 220 120
H369 175 79 H325 235 126
H358 170 82 H340 215 129
H306 176 85 H350 235 129
H309 170 90 H344 285 131
JB2 190 90 A2 270 132
H378 235 94 H326 235 135
H361 180 96 H308 305 142
M72 250 96 H355 300 152
H335 250 97 H337 275 152
H360 200 97 M77 360 155
H334 180 98 H353 304 161
H377 230 98 H302 396 163
H356 210 101 t 264 165
H357 235 103 H304 429 184
H311 170 105 H354 310 189
H359 285 105 H303 662 189
H330 175 106 H322 400 189

TasLE IV. Intestine length of forty-four male elephant seals arranged in order of increasing body length. * Mitchell (1916).
+ Murphy (1914).
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Intestine Body Intestine Body

No. length length No. length length

(feet) (ins.) (feet) (ins.)
MB83.F 76 34 H320 205 110
H294 140 82 Mé67 200 111
Ml14 190 82 M74 160 111
Mé66 180 82 M75 225 111
M5 150 83 M70 180 112
H298 198 86 Ml6 220 113
M19 180 86 M83 160 113
MI12 170 88 H289 216 114
M73 180 88 H372 240 114
H379 170 92 H368 240 114
M32 180 94 H363 215 115
Mil 170 96 M69 215 115
H362 180 98 MS81 205 M5
M15 200 98 H352 200 117
H375 200 103 MI13 250 118
H341 145 104 H297 306 119
H307 187 106 H300 258 120
MI18 190 106 H301 244 120
M80 190 106 M76 235 121
H346 155 107 JBI1 235 122
M17 210 108 H299 323 123
H373 210 109 H374 285 127

M6 230 109

TaBLE V. Intestine length of forty-five female elephant seals arranged in order of increasing body length

B. DENTITION

The milk dentition is but feebly developed in all seals. In the eared seals and the walrus the milk teeth
are visible for a while after birth but in the True seals they are usually resorbed or shed during preg-
nancy, the foetus at full-term possessing the permanent dentition in a more or less functional condition.

Bertram has shown by X-ray examination that in both the Weddell seal (Leptonychotes weddelli) and the
crabeater seal (Lobodon carcinophaga), the milk dentition reaches its maximum development in the fourth
month of pregnancy when the foetus is slightly more than 30 cm. long. It is then resorbed and the perma-
nent dentition which appears in the fourth month is beginning to erupt at the time of birth. He is able to
state that, “X-ray examination shows that of the five permanent post-canines three only are preceded by
milk-teeth, so that the last two post-canines should be considered as true molars”. (1940, p. 129).

Owing to the difficulty of obtaining pregnant female elephant seals during the winter months when they
are pelagic in distribution only seven large foetuses have been collected and there is a gap in the series
between specimens of length 49 cm. and 89 cm. Thus, although the series illustrates the development of

the milk dentition it throws little light on the early growth of the permanent teeth. X-ray photographs of

3

the material available (plates I and II) show that the formula for the milk dentition is 1, %; C 1; Pc 3

and that it makes its first appearance when the embryo is about 18 cm. long and 4-6 weeks after implant-
ation. It reaches its maximum development when the foetus is about 50 cm. long, three months after im-
plantation of the blastocyst. The results have been summarised in table VI. The order of appearance of
the milk teeth is: lower canines, upper canines, upper and lower incisors, lower and upper post-canines.
The permanent canines do not appear until the milk dentition is complete, and reabsorption of the milk
precursors of the canines and incisors begins before the milk post-canines reach their full size. The first
upper incisors are small and generally indistinct.

Flower (1881) describes an 11 inch foetus (nose-flipper) in these words, “The jaws contained a set of

very minute calcified teeth, viz: 1 ‘?, C i, M g, on each side, being the complete number of milk teeth which

the species would have for the incisors and canines would be of the same number as the permanent set,
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Station Approx. Nose- TEETH
No. Age tail
(months) length Milk Permanent
(mm.) ‘
Upper Lower Upper Lower
H307 1-1% 186 — C — —
M68 1-13 192 C C — —
M32 13-2 248 I.C I1C — —
M76 13-2% 282 1,I.CPcl IC — —
M73 24-3% 410 LI.CPcl1-2 ICPc1-3 C C
M78 24-34 490 I,I.CPc1-3 ICPc1-3 C C
MS83.F 5-6 890 I,1,CPcl1-3 ICPc1-3 LI.CPcl-5 ICPc1-5

TaBLE VI. Development of milk dentition in foetal elephant seals. Age of foetus in months post-implaritation.

and the milk molars of all seals, . . ., are ;, corresponding to the second, third and fourth premolars of

17

the second dentition. There was in addition, in the upper jaw a small cap of dentine, in the situation of the
apex of the first permanent premolar—a tooth which, in its development, is almost coeval with the milk
teeth and has no predecessor”. His specimen is intermediate in size between M32 and M76 but in the state
of development of the teeth it is almost equivalent to M73. Possibly the discrepancy can be explained by
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Diagram of milk and permanent dentition of elephant seal foetus M83.F, 21.viii.51.
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assuming that Flower’s specimen had undergone considerable shrinkage before he was able to examine it,
and that his length (11 inches) is therefore too small. Moreover, he does not state whether the measurement
was made in a straight line or along the curve of the back.

Bertram believes that Tims’ (1923, p. 416) statement that “the first premolar has no predecessor either
in this animal [Otaria] or in the Phocidae”, requires to be modified for the Weddell and crabeater seals,
and that in these species the three milk post-canines are the precursors of the first three permanent post-

canines, making the adult dentition I %, C %, Pm g, M ; Figure 8 illustrates the result of a dissection of
Pup Incisors Canines Post-canines
Upper Lower | Upper | Lower Upper Lower

e 1 2 1 2 3 4 5 1 2 3 4 5
22 >38 35 >38 24 22 >38 >38> 38 >38 24 26 30 30 38 35

7 >25 11 >25 7 0 >25 >25 >25 >25 >25 >25 >25 >25 >25 25
43 20 5&9 20 3 5 >24 >24 >24 >24 16 16 24 24 24 24
45 34 1 14 1. 0 34 34 34 34 34 16 27 18 28 28
46 3

50 4

44 2 2

41 >13 13 7 >13 >13 >13 >13 >13 >13 >13 >13 >13> 13 >13 >13
54 >26 26 26 26 26 >26 >26 >26 >26 >26 >26 >26 >26 >26 >26
59 >27 22 22 22 22 >27 >27 >27 >27 22 >27 27 27 27 22
34 22 22 22 22 1 >27 >27 >27 >27 >27 27 27 27 21 27
57 >24 >24 >24 >24 24 >24 >24 >24 >24 >24 >24 >24 >24 >24 >24

6 1

8 2 2

1 1

19 27 0 0 0 4 27 >33 27 27 33 4 28 28 >33 28
29 >21 6 21 0 0 >21 >21 >21 >21 >21 15 >21 >21 >21 >21
51 >24 >24 >24 24 24 >24 >24 >24 >24 24 >24 >24 >24 >24 >24
52 8 0 0

11 >20 9 20 1 1 >20 >20 >20 >20 >20 20 20 20 >20 >20
47 >17 17 11 0 0 >17 >17 >17 >17 >17 17 >17 >17 >17 >17
Av. >24 >14 >17 >10 >8 >24 >25 >24 >24 >23 >20 >24 >23 >25 >24

TasLe VII. Eruption of the permanent dentiton of twenty-one elephant seal pups, 1948, 1949. (Figures give age in days at

which teeth appeared). A number of pups were carried out to sea when the ice broke up so that observations are
incomplete. For the individuals shown in the table the age at which the last tooth is shown to erupt, was the age
at which observations were discontinued. Pups not shown in the table and which were under observation still had
no teeth showing at ages of 18, 12, 11, 11, 10, 9, 6, 5, and 3 days.
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the dentition of specimen M83.F, a near term foetus 35 inches (890 mm.) in length. The post-canine milk
teeth correspond to the permanent post-canines 2-4, confirming Flower’s description quoted above. In
both jaws the fourth and fifth permanent post-canines occupy a common socket and in the upper jaw the
sockets of the canine and first post-canine are confluent within the jaw. Furthermore, on the right side of
the upper jaw there are three incisors, the two inner ones occupying a common socket.

At Signy Island observations were made on the dentition of thirty marked pups of known age, but of
these, owing to the break-up of the sea-ice, only thirteen sets of records are at all extensive. The observations
are summarised in table VII. It will be remarked that the acquisition of the permanent dentition is extremely
variable. Of the pups examined only six (or 20%;) had any teeth erupted at birth. Typically, in the pups
for which data is available, the lower canines are the first to appear at an average age of just about eight
days (0-26 days). The upper canines follow at 0-26 days averaging about ten days. At an average age of
more than fourteen days (0-35 days) the upper outer incisors appear but the upper inner incisors do not
erupt until over twenty-four days after birth (20-38 days). The lower incisors appear at an average age
of more than seventeen days (0-38 days).

The age at which the post-canines pierce the gums is very variable, as might be expected in view of their
vestigial character. The first lower post-canine is usually visible at 4-27 days of age, averaging more than
twenty days. Then the upper last post-canine appears at an average age of over twenty-three days (16-34
days), and the other post-canines erupt at greater ages.

ter pair onl 1-1
The typical formula at weaning, twenty-three days after birth, is therefore I (L%ir n y’ C 1

The appearance of the full set of teeth in the lower jaw comes in advance of the upper, as

C ol

first pair’
Lindsey (1937) observed to be the case in the Weddell seal (Leptonychotes weddelli). The last teeth to appear
are the first four upper post-canines. One pup had the full adult dentition at thirty-four days of age, which
is probably somewhere near the average age. The acquisition of a full set of functional teeth is thus not
completed in the elephant seal until about eleven days after weaning. Possibly the delay is correlated with
the behaviour of the young animal, which does not usually enter the water and therefore does not feed for
about a month after weaning. In comparison, the Weddell seal has a longer suckling period (about fifty
days) but the young enter the water even before they are deserted by their parent. Their average age on
attaining a complete dentition is thirty-four days, which corresponds well with the elephant seal. It is
interesting that elephant seal pups which had undergone a pre-natal moult showed no precocity in the
eruption of the teeth. There is a tendency for pups born later in the season to develop the teeth at an earlier
age than those born at the beginning of the season, but fuller data might not confirm this.

The complete adult dentition is I ?, C }, Pm g, M %, totalling thirty. Wilson (1907) as a result of his
work on Antarctic seals, came to the conclusion that in all the seals, with few exceptions, the variation
in the dentition is excessive. But the leopard seal (Hydrurga leptonyx) and the crabeater seal (Lobodon
carcinophaga) show no variations from the normal type with Pc5/5. Of 130 skulls of the Weddell seal
(Leptonychotes weddelli) which have been examined, about 7 per cent had aberrant dentition, the variation
taking the form of an extra post-canine on one or both sides of the upper jaw (Wilson, 1907; Bertram, 1940).
In the elephant seal, on the other hand, the tendency is to lose one or more post-canines, usually the upper
fifth molar, although on one skull examined the right side of the lower jaw bears only four post-canines.
In the skull of specimen M71, in addition to five post-canines, there was a small cap of enamel piercing the
gum just posterior and lateral to the lower left canine. H360 has four canines on the left side of the lower
jaw.

There is some variation in the size and arrangement of the inner incisors of the upper jaw, and their
milk precursors are very much smaller than the second milk incisors. Attention has already been drawn
to the presence of a small third permanent incisor at one side of the upper jaw of a near term foetus
(M83.F), and the basic original number of incisors found in seals is three. One would suppose that all
the incisors are becoming vestigial for, with the exception of the second upper incisor they are so reduced
as to have no function.

The pinnipeds as a group exhibit a wide range of adaptive radiation in the form of the teeth, correlated
with the diversity of the feeding habits, but the form of the canines is always a simple conoid. The canine
teeth of the elephant seal have marked sexual differences; in the female they are used mainly for feeding
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and to a negligible extent in defence. They grow in width as well as in length during adolescence and develop
four longitudinal flutings which give the teeth a more or less rhomboidal cross section. A lower canine
from a thirteen-year-old cow has an enamel crown of length 11-13 mm. (there has been some attrition),
and the rest of the tooth is 59-62 mm. in length, measured in a straight line. The average diameter of the
tooth at the level of the alveolar bone is 15 mm.

Correlated with their use during the breeding season in fights with other males, the canines of the males,
especially in the upper jaw, are larger and better developed than in the female. They continue to grow in
width, as well as in length, until the attainment of sexual maturity and are further enlarged by the deposition
of a thick layer of cement on the outer surface of the root. The pulp cavity does not close (up to 18-20
years at least) and the enamel crown apparently grows during life, so that there must be a persistent enamel
organ which is a unique occurrence among mammals. A well worn canine from a fourteen-year-old bull
has an enamel crown 13-19 mm. high, and a root measuring 104-115 mm. The mean diameter of the
tooth at the level 