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Section [
INTRODUCTION

['HE original observations on which this report i+ based were made at Signy Island in the South Orkneys,
m lat. 60°43" S, long. 45°36° W., during the period February 1952-April 1953. The main object of study
was the breeding behaviour of the mature cows, and most of the observations were made in the period
August-September 1952. Meteorological commitments prevented a full-time study being made, and
observations on the breeding population were interrupted for three weeks whilst the author recovered from
an mfection similar to the Baltic sealers’ “Spekk-finger” (see Candolin, 1953).

Reports on all specics of seals «eer in the vicinity of the base were available for the years 1947-50, and
much of the material cortained inn them has beer incorporated in the present paper.

MNOMENCLATURE

Allen (1905) has given the follow g account of the synonymy: “This genus was made known by Gray
in 1837, on the basis o specimens obtained by Captain Fitzroy on the coast of Patagonia [at the mouth
of the Santa Cruz river]. more fully described and tigured in 1844, in the ‘Zoology of the Erebus and Terror’,
but he unfortunately adopted for it the pre-occupied name Leptonyx, replaced by Gill in 1872 by Leptony-
chotes, and again in 1891 by Poecilophoca proposed by Flower and Lydekker. apparently in ignorance of
Leptonychotes Gill. The species was first named by Lesson in 1826, his account being based entirely on the
description (by Prof. Jameson) anid drawing published by Captain Weddell the previous year in his Voyage
towards the South Pole. Yet Lesson, believing that it had small ears which had been omitted by error in the
drawing referred it to the genus (ifaria. but afterwards in 1827 to the genus Stenorhynchus. Gray, in the
‘Zoology of the Ercbus and Terror”. adopted the specific name appropriately given it by Lesson, and by
which it has since been uniformly known, except in one or two instances of inadvertence.” The species was
sometimes referred o as Weddell's False Sea-Lecpard owing to the slight resemblance it bore to the true
Leopard seal (Hydrurga leptonyx) but the name has long since been d ropped to avoid confusion between
the twao,

PRI VIOUS KNOWLEDGE OF THE SPECIES

Bertram (1940) gives a ~elected biblicgraphy, and of the reports listed, those of Wilson (1907) and Lindsey
(1937) are by far the most comprehensive. Harrison, Matthews and Roberts (1952) have made a detailed
examination of the reproductive organs of many seals, including those of two Antarctic species, and their
work will be referred to in the sections on the mele and female reproductive cycles. The most recent account
of the Weddell seal is by Sapin-Jiloustre (1952) and is compiled from observations made in Adélie Land
in 1950 and 1951, 1t forms a usetul comparison with previous accounts of this species from expeditions
based on the west coast of Grahem Land and the shores of the Ross Sea.

Section I

THE WIDDELL SEAL POPULATION OF
THE SOUTH ORKNEY ISLANDS

A. FEsrLY RECORDS
Tue Weddell seal has an historic association with the South Orkneys, for it was in these islands, several
vears after their discovery, that the type-specimen was collected by Captain James Weddell in January 1823,
This specimen was for many years on exhibition i1 the Royal Scottish Museum in Edin burgh, and a figure
of the animal, taken from the stutled specimen, appeared in Weddell’s book, 4 Vo vage towards the South
Pole, performed in the years 1822-1824. Unfortunately the skin had been grotesquely mounted, and was a
varicature of the real animal {Plar- | a).




THE WEDDEIL SEAL 3

Only small numbers of Weddell seals were taken in 1821, during the voyages of Palmer and Powell
which led to the discovery of the South Orkneys, and in Weddell’s exploration of the i1slands in the following
two vears. Dumont D’Urville charted the northern coasts of Coronation Island and Laurie Island in 1338,
and although a collection of birds and rocks was made at a landing on Weddell Island, there appears to
be no record of any seals being sighted or taken for food. Marr (1935) records that “in 1874, a fairly large
number appears to have been killed by Dallmanu at the south-west corner of Coronation Island, and on
cither side of Lewthwaite Strait at its southern end. In 1892, some were seen by Larsen on the north coast
of Laurie Island.”

The members of the Scottish National Antarctic Expedition, 1902-4, were the first to winter in the South
Orkneys. their vessel, the 8.Y. Scotia, wa. beset in the fast ice in Su,)ua, Bay on the south side of Laurie
Island and served as winter quarters during 902, In every month throughout this period a few Weddell
seals, principally males, were seen, and nuinerous seal-holes were noticed in the ice. In the breeding season,
large nurnbers of seals were prese

:nt al mu ‘he wirter quariers, but the size and disposition of the | ncmelms
has not been indicated in the records. Throughout the summer of 1903-4 the Weddell seal was a frequent
visitor to Scotia Bay.

During January 1933, approximately 70 Weddell seals were counted on various parts of the South
Orkneys. Marr (1935) states that ““the nd wn'y were ¢ot 1gregdted in a large rookery, about 250 strong, on
a streteh of rotten fast ice at the head of Fulkiand Harbour [Powell Island]. The remainder, 120 ix: all, were
hauled out singly, or in groups of two m four, and were scattered along the coasts on rocky ledges from
Wilton Bay we:,stw..udb to the Inaccessible:. The total, 370, probably falls short of the actual nun “xbr r that
were then hauled aut, since some o doubl were scattered around the coast of Laurie Island which was not
exarmined as closely as that of other parts of the group” Table I),

LosALrry 1 N1 MBER

“Hi on Ba 30
Fredrikser Islond 4
Ellefsen Horbour 40

“alkiand Harbour 250
Signy Islard 20
Sandefjord Bay 20
Hnacx:eﬂ;sihé‘z* Isiands: High Island 6

Papie {0 Numbers of Weddell seals observed in
irious ocalaies in the South Orkney Islands in
Fomunry, 1933 (Marr, 1935).

e

During 1946 the Falkland Islands Depundencies Survey maintained a base at Cape Geddes on Laurie
Island, and in March 1947 this was transierred to Bernitsen Point on the east coast of Signy Island. Seal
counts formed part of the regular progranmime of work at this base, and it has been estimated that between
four and five hundred female Weddell seal- haul cut around the shores of Signy Island during the breeding
season (i.e. from the third week in August 1o the second week in November). Included in this estimate are
the female seals which haul out along the adjacent coast of Coronation Island, from Cape Vik in the west
to Cape Hansen in the east (Fig. 1), From the second half of November throughout the summer, the Wed-
dell seal s only occasionally seen, and counts from Signy Island have never exceeded 25 seals, though it is
assumed that in this area the maximur number hauled out on any one day in the summer months would
probably be nearer 50.

B Frorors ArrocTING LoCAL DISTRIBUTION
It will be seen from Table | that in 1933 most of the seals were hauled out on a stretch of fast ice at the
head of Falkland Harbour. It is perhaps unusual to find ice so late in the summer, but the preference of the
seals for ice rather than rocky beaches is apparent. This is borne out by observations made at Signy Island
from 1947 to 1953, for when loose pack filled the bays, particularly on the south and south-west sides of
the island, the number of Weddell seals increased since they tended to congregate on the floes. Several
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shingle beaches occur around the coast of Signy Isiand, and these appeared to be next in order of preference;
this 1s supported by reports from the Scotia Expedition. for Brown, Mossman and Pirie (1906, p. 227)
record seeing “often a hundred Weddell scals lying on a small raised beach on the west side of Scotia Bay,
asleep on the pebbles™.

At Gourlay Peninsula, on the north side of Pantominie Point, the dip of the metamorphic schists 1s such
that fairly smooth slabs slope gently into the sea. and & few Weddell seals were always found a: this spot
during the summer months. Boulder beaches seemed 1o be the least favoured, but a flat-topped rock, easily
surmountable at high tide. was occasionally used as a resting place.

Colos CONDITIONS AND THE BREEDING POPULATION
At the end of the autumn, the mean linut of the pack ice extends well north of the South Orkneys
(Mackintosh and Herdman. 1940} Though ar easterly current is experienced about the group, the general
set in the open sea is north-eastwards, and southerly winds bring up the pack ice and icebergs from the
Weddell Sea. Since the greater proportion of winds from the southern quarter have westerly components,
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the pack ice tends to jam along the west and south coasts of Signy Island, whilst Paal Harbour and Borge
Bay to the east of the island remain clear. When the temperature falls rapidly, the pack ice consolidates in
the bays to the west and south, and new ice forms to the east of the island, and often in Marshall Bay and
Normanna Strait to the north. Before consolidation occurs, however, increasing pressure invariably heaps
up the pack ice around the off-lying isiets and rocky headlands, and provides the seals with readier access
to the surface. Furthermore, the submarine contours of the west, south and south-east coasts are steeper
than in Borge Bay, and the areas of confused ice blocks are more easily approached from deeper water.
This confused state of the pack ic: occurs more particularly along the north-west coast where rocks and
small islets extend up to half a mile from the shore (Fig. 1); the associated pressure-cracks in the ice
effectively define the limit of the hauling-out area for the breeding cows. A large eddy from the main
easterly current running through Normanna Strait sweeps down from Cape Vik as far as the Spindrift
Rocks, and the fast ice in this arei soon becomes undermined.

Sea ice conditions vary widely ‘rom year to year (Fig. 2b), and a sudden break-up of the fast ice in
spring may affect much of the brecding population about the island. After the disruption of a seal rookery
by such a break-up, the cows and more advanced pups collect again on the protected and easily accessible
arcas of fast ice, and swell the nunibers in the small rookeries which may be already established there. It 1s
culy through a breeding season when the ice remains fast that a clear picture of an undisturbed population
can be obtained.

In 1947 an early break-up of the ice on the south and south-east coasts of Signy Island led to the forma-
tion of a rookery in Elepbant Fla s (¥ig. 3). The entrance to the Flats is protected by a bar formed by a
terminal moraine. and the fast ico remains here usually between one and two months after the general
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break-up of ice around the island. Though the adult seals in this rookery were not sexed, the great majority
must have been females, for counts made in other breeding seasons have shown an average of only 8 or 9
per cent males hauled out at the rookery sites The close correlation between the pup and adult population
curves after the first ten days and until the end of the third week in October, indicates that most of the pups
were able to accompany their mothers into the water (Fig. 4). Few pups were born in this rookery and in

Borge Bay. The small proportion of pups to cows suggests that, in other areas, also, many mothers lost
their young during the break-up of the ic:.

o Qe A1t S

——Pups Elephere Fiaes
K e A s Paal MHarbour and
——— P jay- Areas A ok
A
¥
X
s
\X/&

Break-up of fast e in Borpe Bay

MNumbers of Seais
ad
)
]

|
i o #

LY

I 20 f o
S ! i

| : 1 \
H | | !
f o 3
/ / 0 \
i i | 4 C 4
i J o \
xtr i i " v \.Q“\
A A
- . / )
. T T — L i T
Seprembe { Derober I

November ' '
Fioure 4. Mumbers of adult scals and pups in Borge Bay and Elephant Flats in 1947,

The numbers of seals in Areas | and J 'Fig. 6 b) on 7th October, 1947, did not differ appreciably from
those seen in 1948 and 1949. The count 1n 1947 was as follows: Area I, 110 adults and 70 pups; Area J,
41 adults and 19 pups.
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In 1948 and 1949, the break-up of the fast ice was late, and the distribution of the rookeries was unaffected
during the breeding season. Though few observations were made, the numerical increase of the main
rookeries has been estimated (Fig. 5). The three areas studied were the north-west coast, from North Point
to Thulla Point (Fig. 6), Gourlav Peninsula (Areas N and O), and Paal Harbour. In addition, isolated
counts were made in Areas J, K, L and M, and 1evealed a population similar in number to that along the
north-west coast. At this time, the coastal ice strip between the Flensing Islets and the north-west coast was
mostly composed of consolidated pack ice. The greater part of Gourlay Peninsula was surrounded by level
fast ice, but confused pack ice surrounded the Oliphant islets. Until the first week in September, a wide lead
extended northwards from Gourlay Perinsula, and the cows were able to haul out easily. On the other
hand, in Paal Harbour there was only smooth fust ice, and the population of cows and pups was corres-
pondingly smaller. Few seals were wcen 'n Borge Bay, which was also covered smooth fast ice.

Spindrdt Rocksd

O e ; Black areas-exposes earth and roci.
Pas
; (b) Hatched areas-permarent snow and «

Suppled areas-shallows drying out 2t low ware

D 610 b eeding cows @ cows remainng

) . break-up of st we
2 15 breeding cows i ’ e
ooy un overed at low water

Py cral

FIGURE 6. (a), Large-scale map of norihi-west coast of Signy Island showing Spindrifi rookery and disposition of breeding
cows on the fast ice in 1952; (b), Small-scale map of Signy Island showing seal census areas.

Detailed data concerning the b zeding populations are not available for 1950 and 1951 as regular counts
were not made i these years,

in 1952, the rookerics were greatly disturbed by an early break-up of the fast ice. On the reports of
previous observers, the north-west coast had been selected for detailed observation (Fig. © a), and daily
counts were made of the populatior. (Fig. 7 a). On 4th September, open water was visible beyond the
Flensing Islets, and the ice edge was moving slowly to the west. On 7th September, under an increasing
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swell from the west. and a strong north-westerly breeze, the consolidated pack and fast ice on the west and
south coasts began to break up, and by the evening only loose floes remained in the bays. Of the 120 adults
and 104 pups hauled out on the fist ice along the north-west coast, only 29 adults and 9 pups remained on
the following day (Fig. 6 a); these were on the landward side of the tide cracks when the break-up occurred.
Though the pup mortality was prabably as high as 50 per cent, a large number of mothers with young were
able to swim back to the fast ice remaining on the east coast of Signy Island (Plate 11 b), for counts made in
Borge Bay after the break-up on the west coast show a significant rise in numbers. It is interesting to note
that the maximum growth of the population in Stygian Cove and Area F did not occur until 15th September,
that is eight days afier the disruption of the west coast rookeries (Fig. 7 b). In all proba hlhty the cows and
pups remained on the floes until they became untenable, and then sought the land-fast areas of ice again.

The occupation of areas of fast ice in Borge Bay, most particularly in Stygian Cove. was interrupted by
v turther break-up on 19th Septenber. The only areas of ice which remained after this were those covering
Elephant Flats and the shaliow rocky area to the west of the Thule Islets, and they became quickly colonised
Fig. 7 ¢). The final hl'!’““tk up of the e took place quite slowly, and a few grounded floes remained in these
arotected areas until a« late as the cecond week in November.

[, WiNnter DISTRIBUTION

in the fate autumn when thv sea ice has formed. the adult seals are not seen, but most authors believe
that they remain under the ice in the vicinity of the rookeries and maintain breathing holes in the pressure
areas and tide cracks, and ‘,hc zones of weak 1ce. At Signy Island during the winter months of 1952, a watch
was kept for seal-holes. but few were seen, and it was assumed that the majority of seals had left the locality.
The few ice observations made on winter and spring journeys indicate that ice conditions off the northern
coasts of Laurie Island and Cororation Island are very variable, and it is doubtful whether fast ice is able
1o persist there for more than severa’ weeks at a time (Marr, 1935; Choyce, 1946; Skilling, 1949 Cheal,
1951 Johnson, 1952). These unstable ice conditions to the north of the South Orkneys are in marked
vantrast to conditions on the south of the group, particularly along the coast of Coronation Island. There,
the areas of fast ice, including those surrounding Signy Island, are sheltered from the effects of north-
sesterly winds and swell, which are perhaps Hw mrost damaging to ice fields about the South Orkneys. It is
nossible that a local movement of Woddell seals to the north coasts occurs in autumn and winter, and this
sosupported by the fact that few seals were scen hauled out along the edges of leads in the fast ice and
pack, ever on fine and relatively cal days,

section 111
BREEDING BEHAVIOUR
A THe ApurLT FEMALE

Lo The Haul-out and the Pupping eaor

T HE earliest pregnant females weie seen hauled out along tide cracks at the end of the first week 1n August,
especially in the arcas of rotten ive at Cape Vik and Cape Hansen; numbers never exceeded twelve until
the end of the third week in Augusi, when the main spring haul-out of breeding cows began. New-born pups
aave been found as early as 24th August (1947 and 1948), and it is probable that the first birth takes place
one or two days earlier. By the end of the month, the pupping season is advanced, and the numbers of
sregnant cows hauling out steadil v increases. It is upparent from the close similarity between the population
curves for both the cows and pup: ‘,'f g. 7 a i) that nearly every female hauling out at this time is pregnant.
Though daily observations on a particular rookery could not be made throughout the pupping season of
(952, mwmg (o the early break-up of the ice, isolated counts made in 1947, 1948 and 1949 show that the
ened of the season is reached about the 22nd September; this gives 7th September as the middle of the pup-
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ping season. In Southern Graham Land, i latitudes 65° to 68° S., Bertram observed that the middle of the
pupping season occurred in the third week in September. On the other side of the continent, in the Bay of
Whales in lat. 78° S, long. 164° W_, the pupping season is just one month later than this, with the median
date on 23rd October (Lindsey, 1937). This apparent correlation of breeding season with latitude does not
apply to the Weddell seal population of South Georgia in lat. 54” S. In September 1914, the resident
magistrate, J. I. Wilson, visited Larsen Harbour in Drygalski Fjord at the south-eastern end of the island.
He was able to report (Wilson. 1914) a small rookery of about 30 Weddell seals, including young pups
nearly two weeks old. which must have been born on or before 13th September. Matthews (1929) mentions
20 or 30 “Fisk Sael” which were found in Larsen Harbour, and records the taking of an old female in pup
in Elsehul on 25th September, 1929. 1t seems probable that the pupping date differs little from that found
at the South Orkneys, and this supposition is substantiated by the fact that female M87, which was taken
by Laws in Larsen Harbour on 7th hc*mm ver, 1951, contained a full-term foetus measuring 53 inches from
nose to tail in the right uterine cornu.

2. Birth of the Pup

Observations on the number of pups borp in the Spindrift rookery on the north-west coast of Signy
istand show that the aver (’*L{._'ti time between haul-out of the gravid cows and birth of the pups is approxi-
mately 27 hours (Fig. 7 a i). The birth of a pup was not observed by the author, and the following account
is taken from the field nc,tm of another member of the Survey (Owen, 1953). “My attention was first
attracted by convulsions of the cow’s body . Then she lifted her hind end and dropped it down immediately
afterwards (15350 G.M.T.). These thythmic convulsions continued for about a minute. Some light brown
fluid trickled from the vagina and stained the snow in the immediate vicinity. At 1555 I noticed a tautening
and then relaxing of the body, accompanicd by contractions of the vulva. At 1558, the pup’s nose appeared
but was then mlhdmmn Durmg. the next minute, the head was forced out to varying degrees, and then
withdrawn, until at 1559, it remained exposed ; the pup’s eyes were closed and its tongue hung lirply from
its mouth. At this moment the mother paused, but she soon continued her struggle, and at 1601 the whole
of the pup’s head down to the neck was re ealed, and its nose touched the snow. After this, the cow paused
d relaxed for almost a minute. Then \ht‘ ifted her hind fl ippers clear of the ice, and stretched them apart,
cemaining thus for nearl: ¢ minutes, straining continuously until the birth was accomplished. When the
pup’s flippers were free, it slithered rag j,lc.t iy on to the ice (1605). Immediately, it started to wriggle and its
eyes opened. At the end of a minute, thc rmother swung her hind-quarters deftly over the pup, relling over
n the same movement ; hx, was then seen that the umbilical cord had been severed. After a moment’s p
the mother m md SO | ¢t away from the pup. Within five minutes the pu p had slithered to her side
ard was evidently ;.J"%miﬂ* with 1ty muzzl for the nipples. The pup uttered its first sound in answer to its
mother's lowing call at 1645, 40 minutes atter birth, At 1715, the pup had still not suckled and the mother
still retamed l}mz ‘plngwnzm

On one oo , o cow which had recently given birth (o a pup was seen with part of the umbilical cord

artached t 3 th* "]im‘w 4. which had not been expelled. Whilst the cow was being marked mlh paint
fsee Section 1V.UA D) it made several convulsive movements, and during one particularly sharp sw of its
hind flippess, the Wu ‘ out a distance of .-,‘cn";,:&,ll yards. Davies (1949) notes that in the grey scal
(Halichoerus grypus), delivery takes placs ‘»v\;fry ‘z‘apidh, and the umbilical cord appears to be severed by
the vow suddenly wmmmu »r hindquartors uround. Sometimes considerable thrashing about is necess:
ard on one occasion a d -alf was noted which had been bleeding from the head and mouth, and wi hich
wiis still attached enta by an 1 tact cord.”

3. Behaviowr Before and Afrer Parourdon

ir the first few days of the pupping sea.on. the gravid cows which have recently hauled out move away
and enter the water when rbed, but this desire to avoid an observer quickly diminishes as the number
of cows hauled out increases. Time did not permit individual marking of all the cows under mhaermimn
and they were distinguished only according to the duy on which they had pupped. Consequently. n

information could be obtained of the individual wanderings of cows and pups in breeding areas. It scems
certiin, however, that the pregrant cows o not wander far from the place where they have hauted out on




i2 FoloDS SC/ENT/FIC REPORTS: No. 18

to the ice. This is probably due ‘o their increased gregariousness at this time, and 1o their tendency to
concentrate about suitable tide cracks, and zones of rotten ice and tumbled ice-blocks. where there is easy
access to the water.

The large size of the full-term toetus, and the development of the mammary glands is probably an im-
portant factor in limiting the warderings of pregnant cows, though some still manage to move on the ice
m the normal manner if sufficienily disturbed. In the southern elephant seal (Mirounga leonina), at least,
such movement causes little or no harm 1o the full-term foetus. One gravid female Weddell seal observed

as so distended that she appearcd able 10 move along only on one side, vet her movements were quite s
rhythmic as normal. Post-partum cows have also been seen to progress in this manner, but the reason is not
apparent. Similar observations have been made on the grey seal by Davies (1 949), for he remarks that “at
Ramsey [Pembrokeshire], all seals aged 12 months and more were commonly observed to progress over
land by moving on their sides.”

In phocids which breed in colonies, the cows tend to become increasingly aggressive after the birth of
their pups. This was frequently observed amongs' the Weddell cows within only a few hours of the birth,
and Davies (1949) has roted a sinuilar change of temperament in the grey seal: “one cow was seen to give
birth while lyving in the middie of the congregation of non-breeders. The placenta appeared 1wo minutes
after the calf, and the cow immediately set about the surrou nding bulls with much snarling and yapping.”

Cows with newly bora pups will oiten behave aggressively towards an intruder when up 1o twenty-five
to thirty yards away, but they will seidorm move more than five or ten yards away from the pups, before
returning to them once again, Not ull cows with newly born pups are so aggressive, however, and on
several occasions the mothers deserted their pups and took to the water after showing hitle or 10 reaction.
Laws (1948) has suggesied that the relative fierceness of certain cows may often be attributed to lack of
ability to escape rathes “irong protective instinet towards the pup. Though individual tempera-
raents may vary. a progressive decline in maternal fierceness is evident as the pup develops.

In the more concentrated arcas of the rookeries, the breeding cows appear to exhibit territorial behaviour,
and other cows which wpproach within two or three vards are usually attacked. This response is rarely
violent, and the cows us ally remain on their sides and snap their jaws rapidly at one another. The pup also
will often attempt to bitz intruders. though this action is often aimless, and may even be directed towards
its own mother. Such direct responses ©o human intruders and other seals are not inusua, but other
behaviour patterns are saown which seem Lo bear no direct relation to the situations involved. A cow which
has been suddenly alarined by an observer somesimes shows a very charucteristic pattzrn of behaviour,
The mouth is opened widely with the chin pressed back to the chest, and the surface f the ice is scored
wwavily by the upper ard sometimes the lewer canines during a rapid swinging of the head from side to

]
side; alternatively the cow may me
|

downward jobbing bites at the ice. Pregnant cows nearing parturition
ve also been seen to disp bohaviour patiern when sufficiently disturbed. This was first noted by

stws (1949 who <
actions to the “conflict o
probably the instincts of se
displacement activity is
shd pup was seens to exbibis this ac
shot preparatory 1o dissection.
Although displaceme it uctivity may result ron disturbance by a human intruder, it has becn observed
i, under normal conditions, complex situations may arise which result in similar activities being
splayed. The followirg description of such a situation is taken from field notes (Laws, private com-
15t itself out of an
ae mothor vas irying 1o make a step by rasping away the ice «t the adge, and she
icemally supporied he pup on her back. Trer she got behind the pup and apparertly tried to push it
ATl this was accor; anied by e avise frone both animals, and occasional trembling {rom the pup.
Then the mother came ou ar nosing and rasping in the snow, looking round several
times as if seeking a larger hole by which the pup could escape. She repeated this behaviour several times.”
A third type of hel ~whict is often exhibited by cows with pups, is apparenthy relatec (o the dis-
placemant activity ¢ and new be termed “undirected aggression”. Undue disturbance may result
in o fierce response ot of the attack.
Apnarently several de

cement activity, while Tinbergen (1951 attributes similar

fed antagomistic drives”. I the mother. these drives are
servition by escape into the water, and the protection of the pup. This
stinctive, for pups may show the same behaviour pattern; one two-day-
iy, and another pup began “snow-boring”™ after i1s mother had been

1 ne & displs
oaly acte

=
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the umbilicus, and had evidently beer: sav:
and shake them violently to and fro anc

(4 by its mother. Other cows have been seen to seize their pups
1 ore occasion this resulted in one of the pup’s eyes being
punctured by the mother's teeth. Laws (1949 notes that one mother was observed to be scraping the side
of her pup until the fur Hew, in o manncr which closely resembled the snow-boring reaction. Although
human interference is probably responsible for many ol these behaviour patterns, it is known that oc-
casionally such reactions may take P E‘m. mder rormal undisturbed conditions.

It is certain that the m i hes wre able to distinguish their own pups, at least from the fivst
ew days after birth, Neverth eless, cows will x'mql.u:nt,ly snap at their own pups after they have been forcibly
aken away and then returned, and the pw have been seen to retaliate sufficiently hard to draw blood from
he mother’s snout. Laws (194 teswed the ability of the cows to recognise their own pups by m'mwing
hree pups avay from two cows which weie lying near o bole in the ice. One cow was observed 1o s I the
three pups w turn until up] ety satishod that she bac found her own, and the mother and pup then
moved off together. The second cow, however, took the entra pup, leaving her own behind. Whm im‘ nwn
pup was taken to her she moved Hu followed by both pups, and appeared unable to distinguish between
the two. It is unlikely that the pups were twins, for a lactating cow lay on the ice about two hundred vards
oft, and was probably the mother ot the third pup. On everal other occasions it was observed that the
cows always »Imppmt at the pups bich vere not their owvn, and then moved away from them,

Certain other observations indicaie that @ sirong maternal link usually exists between cow and pup.
“ow H1014 was marked on 30th August, ¢ d elose to her lay a dead pup which had evidently been squashed
shortly after birth. Throughout the next rine days the cow lay near the pup, occasionally nosing its body.
She defended 1t vigorously f“m Pwo or threo days, and then her aggressiveness declined, although she
continued to Hie near the pup’s body, Anather cow lay near her pup for only a few days before she left the

Y
L
t
t

rookery. Lindsey (1937) remarks “that when © young one dies on the ice, the bereaved female mopes abeut
the car for several days”. He alse quotes the instance of “a youngster [which] fell into : crack and

disappeared, m mother remained despondently with hor head over the spot long after heavy ice had
tormed there

Qccastionally cows were seer which wore quite indifferent to their pups. One cow, which was under
observation for four days, was invariably | f gwell away lrom her pup, and whenever it was carried 10 her,
she moved away about 20 vards. P” esumaly ih,u:, pup wis not being fed, but it is possible that it could have
urvived the Mvwk up of the fast wce. Simitr cnses of reglect may explain the presence of the few starvelings
;\-*mm are seen in the summer months

4, Fiziam’im; Habits

Until the pup s weaned 1t doubtful i the cows feed at all, for the stomach of cach of the 12 post-
pcmum cows examined was empty of food and contained only small amounts of yellowish-green fluid and
a variable number of nematode worms. Cows which take to the water during the lactation period, at least
during the first two or three weeks (Fig. 4). are invariably accompanied by their pups, and feeding may well
be of secondary importance to protection of the pup. Observations on the harp seal (Phoca groenlandica)
in the White Sea by Sivertsen (1941) indicate that this is the usual course of events in that sps as well,
though the fasting period lasts for ¢ to 12 days only. Cows of polygynous species such as the southern
elephant seal are known to fast during the lactation period, for they are confined to the breeding harems
by the dominant males at this time.

At birth the weight of the pup averages 54 nounds, and at the end of six weeks, when nutritional
independence s reached, 11 has mcreased to 250 pounds (Lindsey, 1937). This average increase of 186
pounds in weight of the pup is correlated with an estimated decrease of 300 pounds in the weight of the
COW ! .wf this 300 puundm approximately 140 pounds represents a loss in weight of the skin and blubber
alone (see Lindsey p. P27y This ¢ ficient transfer from cow to pup parallels that found in other
species (Laws, e “"‘mM%f‘/ﬁ'W.\\_ﬂ and Marthews, 1950). The great drain on the resources of the lactating
cow is reflected in her emaciated « rative towards the end of the weaning period; the neck hecomes very
thin, and the tliac processes of the pelvis brcome prominent. This reduction in girth slightly alters the mode
of progression. for observation of moving seals and their rracks reveals that during this period the anterior
adge of the fore flippers may be used to + small extent At other times of the year, the ventral cushion of
is o tioek that the fore limbs are not ased, and pelvic thrust only is possible.

g
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B. The Pup

. Appearance

The newly born pup may be recognised by the red or tiesh-coloured umbilical cord, the thin foose skin
with little subcutaneous fat, and the large size oi the cranium compared with the remainder of the head
{Fig. 8 b). The natal coat haa been described by Wilson (1907) as “of a rusty greyish colour, prc‘;ulting but
the faintest indications of any marking”. In the large number of pups examined at Signy Island (Laws,
1949), it was found that the pup coat colours could be divided roughly into three types, dlﬁtmgmshed as
“dark”, “light” and “normal”. Intermediate markings occurred, especially between the dark and normal
variations. but the pups with the light coats were quite distinct. These markings may be summarised as
follows:

Dark. Dark olive drab or chocolate nrown Jorsally. with many fleckings of the same colour on the

flanks: belly lighter than back.
Normal. Grey green or olive drab dorsally, with a carker stripe along the spine from crown to tail,
sandy green ventrally with lateru! fiecks of the same colour; tips of hind flippers black

Light. Fawny brown dorsally with sznd-coloured belly and brown fleckings on the flanks.
The greenish hues which are «;‘.i ue 11;:: me slaiping of the fur with amniotic fluid, as in the young of other
phocids (e.z. the “whitecoats o seal), tend o fade quickly. Before the natal coat is shed, the
colour patterns tend to merge a mf !im T *V greyish coat colour noted by Wilson becomes pw\aluxt but
it is still possible to distinguish dark and light phmes Although colour differences have not been observed
in the first hair coat which follows the natal | ‘ur, these pup coat colours may be reflected in later hair coats,
for most observers have noted that many adults have s rlkmg]y light or dark coats when freshly moulted.

The analysis of pup coat colours has been set out in Table II a.

Draps ‘ NORMAL | LaGHT
|12 1949 1952 1949 1952
| | — 1 : ()} ,,,,,,,,,,,,, “ ......... = (53; ..... ; - 'ﬂ) : “H},.
Female b (i 3 18 (56) i2 4 (16)
Tapee (14 Anatyss of puap coat coloars of the Weddel! seal. The bracketed figures are the combined

setiels for 1949 and 1952,

i+49
; Mal 3
o Femide [
} I6

i Sex counts of Weddell seal
raps hefore weaning.

2. Sex Ratio

In 1949 and 1952 counts of pups were made during the weaning period; the results are set out in Table
Il b and agree with the rule general amongst other phm ids examined that slightly more males than females
are born.

3 Locomation
In his description of the birth of a Weddell scal pup, Owen (1953) noted that immediately after being
born the pup began to wriggle about, and its eyes opened; it was also able to move towards the mother



(b)

Fioure 9. (a), Young pup, showing use «f hind flippers in progression during first few days after birth: (b}, Mother and pup;
(). Adult female Weddell seals.
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even though she had moved ten fvet away (see p. 1) The same behaviour was observed when w full-term
foctus was extracted from the uterus ol a ireshly killed ferale seal (H1020) which had recently hauled out
and was due to pup within a day (p. 11). On this occasion, however, the pup lay still with its eyes closed for
three minutes before it began to move about. In newly born pups there is a marked tendency for both fore
and hind limbs to be used it 1 progre :ssion, (hough the movements of the limbs are not always co-ordinated ;
Fig. 9 a llustrates the manner i which the plantar surfaces of the hind flippers are spread on the ice when
only small movements are mace. If' the pup is much disturbed at this age, the fore limbs may be uwd
alternately, whilst the hind flippers are swung f mm mdv to side in a manner strikingly similar to the smum

movements seen in the terrestrial jocomotion of the ¢ mb1 ater seal ( Lobodon carcinophagus). Thn sta

¢

large size, are used to drag the remainder of the b h, a iung ‘Wlthm two or Ihrt‘e ddws the pu p ht,gms 0
arch the back and draw up t ‘i‘ »aind ond of the body, but there is no pelvic thrust as yet; at lll 18 stage, the
pup invariably has to make at least t wree Torward movements of the fore flippers before the body has been
straightened sufficiently for t]w nextmoveraent of the pelvis to be made. The carpal [-phalangeal joint of the
first digit bears most of the weight, for the rest of the imb flops about loosely. It is not until two or three
wieks have elapsed, and the pup has ner x,j considerahly in girth, that the mode of locomotion charuc-
teristic of the adult is ad(,‘»;')wd ; then the d o ol the back and drawing up of the hind-quarters is followed
by w pr:";rmunceci thrust from the i
begin again. At this stage, (oo, th
the manner of the adult. xMH“Iiw r
{1949).

'i‘ﬁnvays lie on its belly, but often rests o
wrded in young pups of the grey seal

4 Moult and Swimiming

Lindsey ¢ 19257) states that “the mouit from the natal wool of 22 individuals of known age beg

9 days (in 5 cases) to 21 days of
30 that ut 44 days the ¢
hair identical with that ot a
that they “do not postp
swimining at frequent u
pe, hetore the IIWHH

C e belore
Har observilic
urbance of

an a t from
ge, averaging 13.8 days. The average duration of the moult is 30.2 days,

» has replaced its woolly fur with a velvety black and white coat Ot short
n’a(irumd adult.” In cousidering swimming of the pups, he states further
the water until after completing the moult, but are to be found
this period. I fact two pups took to the water at 8 and 9 days
= vas observed swimming at 10 days, another at 14, one at 16, and

ro muade by othe present author in 1952, and there can be little doubt thai even
he rockeries is ol a winimum, a tew of the pups will take to the water at an ¢

on the n»m l-wes: coast of Signy Island, a cow and a s ‘
@ pup staved in the vater for three minutes whilst “u‘:ing observed, and it v
> been in the water tor ter munutes before that as the area of ice surrounding the hole
desertod ror at least that »;;‘«;w-‘ then the pup came out oi the hole with the cow, and rolled in the snow.
Sewerad davs tater, a Mz id pup was secn i the waler with its mother, and at an adjacent hole a pup

with s head b ‘ f“m!‘ ing inte the water. The mothu appearcd to be ceaxing the
PUP 1O s, Tor ¢ head througl the slush in the hole. and uttered houarse hitile
harks betore sabiver éh se three pups had begun to moult its natal fur Later in the
season, after the b p-old pup was seen swimming nﬂ hore with its
mother, and ano HA an adjacent beach.

IUwas observed that on ( nd and Sth September) the pup population of the
Spindrift reokery wes less than expe: urned that the missing pups were in the water with
thew mothors, This assumipiion the o L.ﬂl« counts which were made on the popiiation of
Tets ip 1947 (Hobin (94 at, although the popul lin i fluctuated i
igoodd correlation bely carves until the end of the third week i €
d eptenber .m total number of pups was greater than expecte

gou and thys was i -Ny fue toan “iW of older unmarked pups from other ~ookeries
The taz'u"‘ ilux on Gth s as g pocd ncreanen of undue disturbances in other rooker
wies contirmed o the Follovemp cay whe o the oo the west coast of Signy Island bepia |
ape Csee e 10

ina hole
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5. Mortality

In many years the spring break-up of the fast ice must be a major cause of mortality amongst the pups,
though it would be difficult to obtain a precise figure for the death-rate from this cause. The increase in
population of Stygian Cove after the break-up of the west coast rookeries in 1952 is shown in Fig. 7 b and
this reached the maximum figure of 95 cows and 70 pups on 15th September: it is assumed that in a year
when the ice remains fast until late in the season, few seals haul out and pup here. On the same day, the
total population remaining on the areas of fast ice on the east coast from Paal Harbour to North Point
was 187 cows and 141 pups. The estimated population of breeding cows for Signy Island lies between 400
and 500 (see p. 3), and it is likely that the majority of pups surviving the break-up of the ice on the west
coast in 1952 returned with their mothers to the fast ice remaining to the east of the island. It may be
assumed that these 141 pups represent the remnant of the population of between 400 and 500 that were
present before the break-up of the ice, giving a mortality rate of between 65 and 72 per cent. Many of the
pups would not necessarily have returned to the fast ice or shore again, as they were probably able to swim
well. Others may have been carried away on floes sufficiently large to resist quick fragmentation, and the
pups may have had time enough 1n which to grow to a moderate size before having to take to the water.
For these reasons, a figure of between 30 and 50 per cent for pup mortality resulting from the break-up of
the ice would be more likely to be correct.

Other factors affecting mortality have been mentioned, including the undirected aggression of some
mothers, and the indifference shown by others. Several cows have died shortly after giving birth to their
pups, but this indirect cause of pup mortality is probably rare. Stillborn pups were observed only on two
oceasions in 1952, These and other dead pups were invariably attacked by skuas (Catharacia skua), gulls
(Larus dominicanus) and giant petrels (Macronecies giganteus), and mutilated corpses have previously led
to the idea that these birds were responsible for the death of the pups. Providing the mother is alive this
seems most unlikely, but starvelings could easily fall victim to these predators.

When the ice remains fast during the pupping season, the mortality is likely to remain low, and Lindsey
(1937) gives a figure of 18 per cent for the pup mortality in one rookery in the Bay of Whales where the ice
remained fast throughout the year. There, however, mean daily temperatures were usually 30° to 40° F.
fower than those experienced in the South Orkneys during the corresponding period of the life cycle, and it
15 10 be expected that some of the more precocious pups would become frozen into the seal-holes after
venturing into the water. Since it s doubtful if this would ever happen in the South Orkneys, the mortality
of the pups in this group is probably even less than 18 per cent during a season when the ice remains fast.

t. Weaning

From observauons made in undisturbed rookeries in the Bay of Whales, Lindsey (1937) was able to make
a detailed study of the lactation period and weaning. “The mean age of 13 young when last observed
suckling was 45.2 days. Five of these were seen nursing at from 50 to 55 days of age. The age of permanent
separation of I8 young from their mothers averaged 50.3 days which probably is also more nearly the
correct average age for weaning.” Reference to Fig. 4 shows that the correlation existing between the
population curves of the adults and the pups 1s no longer apparent after the third week in October. Up till
then, the pups remain with their mothers, and fluctuations in numbers of pups are paralleled by similar
fluctuations in the numbers of adults; but after 20th October the number of adults decreases fairly regularly,
whilst the pups show great daily fluctuations in numbers. This lack of correlation between the population
curves of the pups and adults indicates that by then the pups have reached nutritional independence.

$

. THi ADULT MALE
Vo Annwal Disposition
Comparison of Lindscy's data for the Bay of Whales, with counts made in the South Orkneys, shows that
the lying-out habits of the males vary with locality. Concerning conditions during the breeding season,
Lindsey remarks that the “few males seen in October and November were wounded and very old”, and he
also notes “the rarity of bulls in the Bay whilst cows and pups are together. The bulls frequented the vicinity
of open water 8 miies north of the rookeries. An area 40 yards square contained 29 bulls and 18 non-
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common in the rookery area. This lack of 1ales in the breeding area has also been observed by Brown (1913)
at Laurie Island in the South (”)rkm-x 50 “roales were not seen at the rookeries or on the floe[s] until Septem-

ber 21st, 1.e. three weeks a!'w wn; ping com nenved . they remained rare for some time. By the end of
October . . . the males begin m. urn . n a fat and sieek condition.”

Daily counts over a rxennd of nine day: m the Spindrif't rookery at Signy Island in 1952 showed that a
small number of males was prn serit on every occasion; there was no significant i increase in the number of
males during this period whereas the population of females steadily increased (Fig. 7 a). Numbers vared
from 4 to 19, giving an average of 8.8 mal 28 mzz count, and representing 10.9 per cent of the adult popula-
tion for this period. After the break-up of the fast ice on the west coast, counts were continued for the
areas of fast ice on the east coast of Signy Isiand for a further week ; the males represented 6 per cent of the
total number of adults hauled out h ‘m 1948, which was undisturbed by an early break -up of the
(Fig. 2 b), a representative sample of the population along the north-west coast consisted of 10 per ce:nt
males, 80 per cent females with pups. and 10 per cent females without pups (Laws, 1948). The males which
were hauled out in the rookeries in the breeding season of 1952 were not fasung or each of the four seals
taken as specimens had fish remains in (e stormach. Population records are incomplete, but during the
summer and early autumn there appears o oe little difference in the hauling-out habits of the twe sexes.

In July and early August the numbers o0 seals hauling cut begin to increase, and most counts reveal that

the majority are males. Bertram (1940) staies that of the 21 seals killed in the winter months of 1935 and 1936
off the west coast of Graham Land, 17 wee males and 4 were females. Brown (1913 )quotu‘» no figures, but

says that “in July and August m the vicinity of Lami{c Hland only males were seen”. From cbse rmmw:ns
made at Laurie Island in 1946 there szens 10 be no significant difference in hduimg wut habits during
winter months, though few of the scals vwiich were seen were sexed (Fig. 10). Further obse rm‘cmw‘ made
during the vears 1948 to 1952 at Signv Islond show that males tend to lie out at tth«,,, end of July, and i carly
August the gravid females appear on the ce on calm sunny days.

d / \

o o - Cow / \\
!
| x - Bulls \"
40 } < e Totar pumbers of adults . \
) "
Total nombers of unsexed adults [
! \
{ ; ,

o

Frours 10 Numbers of seals seer: al Cape Geddes, Laurie Island, 1946,

2. Fighting Amongst Aduli Muies

The earliest fights between males were ubserved at the end of the first week in August in the area of rotten
ice about Cape Vik, and in H e same w,eL a bull with wounds in its abdomen was seen near the eastern end
of Coronation Island (Laws, 1948). This remarkably early fighting must be uncommon, as freshly wounded
hulls were not seen hauled out in any nuimbers until the last week of September.

Robin {1947) gives details of a fight between two males in the cove below the base hut on 27th September,
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and the following 1s a surnmary f his observations: The fight lasted for twenty minutes, and for the first
five minutes was close inshore ncar the old whaling factory. The seals appeared to bite at one another’s
head and flippers, and one seal was bleeding moderately. After thrashing about for perhaps half a minute,
and rolling over and over in an itempt to bite cach other, they surfaced close together and rested for a
quarter to three-quarters of a minute until one had sufficiently recovered to renew the attack. After this
had been repeated several times the fight moved to deeper water, and rests became longer. Finally, the
bleeding seal climbed on to a small floe but the other male continued the attack by biting into its hind
flippers. The bleeding seal wrenched its Aippers free, and whilst the pursuer climbed out to continue the
attack, it slid off the other side of the floe and fled out to sea, surfacing about 400 yards out. Then the fight
ended as the pursuer either was satisfied with victory, or had lost the trail.

Concerning the Weddell seals i the Ross Sea area, Lindsey (1937) remarks that “hights arc not strictly
confined to the mating seasor, for freshly wounded bulls were seen as early as the |5th October.” This,
nowever, is at least a week after the beginning of the pupping season, whereas the fighting observed between
males at Signy Island cecurred al least a forinight before the commencement of the pupping season.

The correlation of the rut with testicular activity is discussed in the section on the male reproductive
OTRANS.

Section 1V
THE FEMALE REPRODUCTIVE CYCLE

A JENERAI
L. Methods

oy

ik collecting methods described a detail by Laws (1953¢), were used with few modifications. it should be
noted that all nose-tail measurements were taken along the curve of the back. but to conform with other
authors, these have been corrected in Fig. 14 to give the direct nose-tail length.

During the daily counts made aiong the north-west coast of Signy Island in 1952 (Figs. 6 and 7 a), and
luter in Borge Bay, the cows with newly born pups were marked with a distinctive splash of cellulose paint.
the same mark being used for all the cows knowni 1o have pupped since the previous day. By using different
cotours of paint. and varying the positions of the marks, it became an easy matter to identify the date of
pupping of each cow. The marks lusted well, provided that the paint was rubbed into the fur. znd few had
to be remade. For convenience and persoral safety, the brush was fitted with a bamboo handle four to five
foet i length

Material was tised i Boun’s flind (picro-formal-acetic) until arrival in this country almost u vear later.
and i spite of such prolonged fixation, results proved to be adequate. Several staining methods were tried,
but Detafield’s Haematoxylin counterstained with alcoholic eosin gave the only consistent results with the
fomale materal,

1

Y

2 Reproductive (vl

The gross anatomy of the reproduciive organs of both male and female young and adult seals has been
described by Harrison ¢r af. (19525, and the author has only one observation to add to their account. It
was noticed whilst dissecting the parturient and post-partum females that the clitoris appeared to be
unusually large, and when examined more closely, an os clitoris was invariably found. Two of these female
homologues of the os pends are shown in Fig. 11 b, For comparison the os clitoris of a second year immature
female crabeater seal (Lobodon carcinophagus), taken on 12th September, 1952, is included (Fig. 11 b); in
this specimen the hone was invested in a thick cartilaginous envelope, but this has not been figured in the
drawing as it had become distorted with drying and subsequent boiling.

The oy clitoris v known to occur sporadically in the southern elephant seal (Laws, 1953a) and Scheffer
(1949) has reporied specimens from the northern pinniped species Callorhinus ursinus and Phoca vituling
fn the Weddell seal, at least, the o clitoris is of normal occurrence and is found oceas onally even in the
youngest pups.
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FigURE [1. (a), O penis, left lateral view: (b). Oy clitoris, right lateral and anterior views.

3 Sexual Marurity

The nose-tail length of each of the four adolescent specimens (Table V) has been compared with the
curve for probable rate of growth shown by Bertram (1940, Fig. 10). From the curve, it appears that H123
and H1006 are yearlings, whilst H1007 is in its second year. Macroscopic examination of the ovaries shows
that only in H1007, taken on 6th August, are maturing follicles present (see Table [I1). H1001. taken on
drd June, is slightly above the average length for a twenty-month-old female, if the growth curve is assumed
to be correct. It has only a few knﬁmlm of more than | mm. in diameter in the ovaries, and, both macro-
scopically and microsc omc,alh the ovaries differ little from those found in the two vearling seals (Fig. 13).
However, the structure of the teeth suggests that this seal is in its second year (see p. 38) and it may be
assumed that follicular development, as well as other changes in the reproductive organs, occur relatively
mmdly before the time of the first impregnation.

It is of further interest to note that the right ovary of H1007 contained a large ripe follicle of mean
diameter & mm., and this was much larger than the average diameter of marurmg follicles present in the
early post-partum cows exarnined "Fim 1Za and 13). This may indicate that virgin cows in their second
vear ovulate several weeks earlier in the season than the cows which have pupped. and so become the first
to be impregnated by the males.

In general, the blastocyst implants in the uterine cornu on the same side as the ovary from which the
ovem was shed. However, in H1020, the only gravid cow taken in the present series, the corpus lutewm
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FiGure 13, Macroscopic sections of the ovaries of (a) yearling, (b) two-year-old nearing maturity and
(¢y acdult after parturition.
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developed in the feft ovary, whilst the right uterus contained the full-term foetus, and 11 is assumed that in
this case trans-uterine migration of the cmbr ryo accurred.

From the assumed ag «m_m&p(im\ti«.::vn of the series of breeding cows (Fig. 14), it appears that the average
hife is nine years. Assuming that impregnation occurs early in the third year, and allowing for one missed
pregnancy (see Bertram, 1940, p rsS) each cow can be expected to bear six pups in a lifetime ; this compares

with the figure of seven pups m« the southern elephant seal (Laws, 1953¢).

3 TI'm: NorsarL OvariaN CycoLe
Lo Odestius

It was onginally intended that « representative series of ovarian and other reproductive material ¢ overing
the whole of the lactation pc:md should be selected from the population of brecdmg cows on the west coast
of Signy Island during 1952, Unfortunately, the sudden break-up of the fast ice resulted in the dispersal of
the rookery, and only a smal Wseries of specimens was obtained. Marking of female seals was continued in
Stygian Cove, and in the Paal Harbour and Outer Islet rookeries, and the series was finally extended to
cover the period from minus one o plus rwenty-cne days, relative to parturition. Enough female seals were
mirked 1o ﬁ:nmh ¢ the series (o be exiended 15 plus fifty days, but circumstances prevented any field work
heing <llmw m ¥ 'h’ @ umxmi%m and the marked seals were never recovered.

’"I““E‘z ¢ vl numbers of Tolliciss, corpora lutea and corpora albicantia 11 the ovaries of the
"‘am; H1 "! hese dati are represented graphically in Fig. 12 a, in which curves for
oo hutenm after parturition and for the growth of the follicle Jestined to
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epithelium of the crypts is continuous with the cells surrounding the concretion, but in others. the body,
either with or without its covering of epithelial cells, appears to be free in the lumen of the crypt. A possible
explanation of this association is considered in Section I'V, B3. Harrison ef al. (1952) mention a virgin female
fur seal (Callorhinus ursinus) taken on 27th July, 1949 in which, “scattered irregularly throughout the
interstitial tissue in the form of irregular clumps some 30 . in diameter, are masses of amorphous basophil
rnaterial. Histo-chemical tests have shown that these masses contain calcium salts, but their exact nature is
not yet clear.” Similar tests for calcium using Alizarin Red S were made on sections of ovaries in the present
series, but no positive results were obtained.

The presence of precociously developing oocytes, usually relatively deep in the cortex, and sometimes in
the medulla, have been noted by Harrison ¢f a/l. (1952). A few of these oocytes appear in a yearling female,
H1006/2 and each one is degenerate. The zona petlucida is much distorted and persists after the cytoplasm
and the nucleus of the oucy te have disintegrated. These oocytes are surrounded by interstitial cells which
imvade the medulla up to 1 mm. from the surface of the ovary.

The small numbers of healthy maturing follicles can be distinguished in macroscopic sections by their
translucent appearance; the fliguor folliculi is homogeneous or finely granular, and does not show the
voarser granulations found in follicles undergoing atresia. In a 3 mm. follicle in the right ovary of H1010,
taken on 18th August, 1952, the layer of granulosa cells is 9 to 15 cells deep in places and averages 100
in thickness (Plate 111 b). T ke theca interna is composed of several layers of oval or polyhedral cells with
nuclei 7-8 p. in diameter, and s surrounded by a theca externa of fibrous cells with crescentic nuclei: the
combined thickness of the thecae is approximately 50 1. In the later stages of growth, the granulosa develops
lobes which project into the cavity of the follicle. In female H1018, in the ovary destined to ovulate, a small
portion of an advanced follicle shows two pronounced lobes, each containing a large blood vessel at the
taner extremity; much of the remainder of the lobe is nccupied by large theca interna cells wi'th deeply-
staining nuclei, closely resembling luteal cells. The few fibrous cells in the centre of each lobe are probably
formed from the theca externa, and are well supplied with arterioles. The supporting walls whmh pccasion-
ally divide the cavities of the larger follicles are evidently derived from the extensions of these lobes. In the
present series of ovaries these walls have been seen more often in atretic than in healthy follicles, and are
then reduced to thin fibrous septa with degenerating granulosa cells,

Most of the follicles of alf sizes are atretic, and these appear opaque in macroscopic sections. Follicles
with a diameter greater than | mm. usually undergc» a characteristic type of cystic atresia in whmh the

thecae become fibrous, and the figuor folliculi is retained. The first signs of degeneration occur in the
granulosa layer, particularly in the discus profigerus; vacuoles are formed between the cells, and the
granulosa tends to break away in mvw;‘ In follicles in later stages of atresia, the granulosa is reduced to a
f»,mg,lc ayer, which soon begins to | agzn ient The cells, which contain deeply staining pdtlmk“b of chromatin,
shrink and become rounded and float e the figuor folficuli. R .apld breakdown of these cells occurs,
tor the liquid becomes granular in a.jppca, ance, and few of the cell remains are to be seen. Both the rhecee
interna and externa gradually become fibrous, and soon any distinction between the layers is lost. Gradual
resorption of the liguid, or fibroblast invasion then occurs, although in one cystic follicle the thecae have
ruptured, and some of the liquid has escaped into the surrounding interstitial tissue.

Not all atretic follicles undergo cystic atresia, and some may collapse after resorption or sudden release

of the liguor folliculi. In ':;|'1~f:w-inn-~n~¢ HIO10 2k and H1027, Lc, the follicles have collapsed in this way, and
the wall has been thrown into a star-shaped series of dt‘ep folds. The granuloqa cells are much larger,
measuring 10 to 12 u, with deeply staining nuclei 7 to 8 ¢ in diameter. The nuclei in the basal laver of cells
are confined to the proximal half of the cyteplasm, forming a distinct line of nuclei which helps to accentuate
the adjacent basement membrane. The theca interna cells have grown much larger and have become
futeinised ; they range in size from 12 to with nucier 7 to 8 w in diameter, though a few cells may grow
as large as 25 g Fibroblasts and blood v oceupy the central portion of each fold (Plate 111 ¢).

e

'\

2. The Corpus Luteuny

in the majority of mammals, the corpuy lurewn develops rapidly after successtul fertilisation, and the
maximum size is reached within one or twao weeks, but in the Pinnipedia, in which delayed implantation is
such a characteristic feature of t%w reproductive cycle, the development of the corpus luteum difiers to some
extent, Initially it grows quickly in the typical mammalian manner, but at the time when the blastocyst
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reaches the uterus, the gland has not reached a stage of development similar to that in other mammals.
During the delay in implantation, the corpus lutewsm maintains this appearance of retarded development;

ust before implantation it reaches its maximum activity, and this is maintained during the first month of
embryomc development (Harrison et al., 1952). This pattern of development may be general amongst the
Phocidae, and is supported by detailed histological examination of the cycle in the southern elephant seal
(Laws, 1953a).

Itis apparent from all the data surveyed, that the actual diameter of the corpus luteum does not necessarily
reflect its activity. In the Weddell seal, the average diameter is about 25 mm. and this size is maintained
throughout pregnancy. that is for weven to eight months after the gland has reached its peak of secretory
activity. No young corpora lutea were available in the present series of specimens, but their d(uwlopment
has been described in detail by Harrison et ¢l. {1952). For comparison with the old ¢ arpora lutea in the
post-partum females, lEi e corpus um unt of an adult female leopard seal (Hydrurga leptonpx) has been
examined; the vacuolated luteal cells and lack of connective tissue show that the gland 1s not yet completely
active, and this is in a ‘u.Mi’f with Mze general statement that maturity of the corpus lufeum is not attained
until iImplantation occurs.

Only one specimen, H376, takern on 13th Februa ry, 1950, is available from the post-implantation period.
A foetus of 23 cmi. crowr mmp I8 n;w th in the left uterine cornu was associated with a corpus luteum of
mean diameter 24 mm, T Ew appearance of the wrldnx’d suggests that a phase of maximum activity has recently
been reached, for all the luteal cei are large with demely ‘ldmmg, cytoplasm and ﬂ-w mcu(.i)‘le& and the
amount of connective ti mam is still surprisingly small in comparison with the condition of the gland found
in post-partum femeales (Plate 11 B.

Although in late pregnancy and at parturition the corpus luteum is still at its maximum s;t;re it 18 evident
that secretory act 1as been res ILmd to a minimum. The heallhy lutein cells range in size from 25 to
35 g, and have finely toplasm and large nuclei 7 to 10 g in diameter. The grea tr*s nwouty of the
cells are vacuolated, and usually show an increase in size up to 45 to 50 p; this must be an important factor
Uy maintaining the size of the W"/'r lwrenm. In contrast, in the southern elephant seal the Iame‘s“t vacuolated
luteal cells reach a diam 60 to RO, and vet the corpus luteum slowly regresses in size in the later
months of pregnancy, apparen {..ay 45 2 result of the greater shrinkage of the inner luteal cells in this species
{(Laws, I‘)’)"’i;a) The vacuoles may be small, and sufficiently numerous at the periphery of the cytoplasm
ty give a frothy appearance o the cell contents. Most luteal cells, however, contain one or more large

n impessible to carry out

vacuoles and the nuclei are usually <1‘wt_)emv“~n«.w and eccentric. Though it has bee

histo-chermical tests on the fixed materdal, the vacuoles would be expected (o contain iE; » produces of fatty

degeneration of the ¢ »an' 15, A this stage of »gresslon, small clusters of luteal cells are separated off
a network of fibrous interstitial tissue, and this is well shown in sections treated with Mallory’s Triple

i

b
Stain (Plate I d).
In the second and third weeks a'ter parturition the development of interstitial tissue increases rapidly.
and the proportion of highly vacuclated luteal cells increases still further. At the end of the third week, the
amoeunt of fibrous tissue may be greater than the degenerating luteal tissue, and the whole corpus luteum
has shrunk to nearly halfits or g~,m;4f chamneter. The luteal cells at this stage are either shrunken and irregular
'n shape, or highly vac wlated with broken-down nuclei. Little change takes wlace i* the a‘i(*e]')er blood
pply during this pericd, for capilluries and arterioles are present thmuahum the luteal tissue in all the
Hp(.’vﬁ..,lﬂ'lh,llfm, Large | I sl vessels ocour at the periphery of the corpus luteurn in the fi bn us trabeculae which
Civide i anto lobes. In the second voech after purturition the tunica adventitia of these blood vessels becomes
more fibrous, and e lumen of the s is du reases in diameter.
Further regression of the corpos futeum into 1 compact fibrous corpus albicans varies somewhat in
different species and in individual animals, Reference to Table IIT shows that in each of the specimens
1016, HIONS, H1023, H1027 and H1030, ar ovary contains a corpus albicans of the previous pregnancy
of mean diameter 10 men. or more; 0 one of these ovaries there are five recognisable corpora albicantia,
Dameter of 155 mm.

the iargest ol which
i ofbicentic ave similarly persment and Harrison ef /. (1952) note that

e the "cr"rhc‘*' \ oy

cach ol three specimens collected at Hope Bay, Graham Land, in early February contained a corpus
w’f)mmw of mean diameter 13 mm 1o the elephant seal, the corpus albicans does not persist so long, and
at parturition, the corpus af 15 resulting from the previous year’s pregnancy has regressed to 5 mm. or
less During the follo wing breedirg season it mayv be completely resorbed (Laws, 1953a)
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Bertram (1940) concluded that the corpora albicantia in the Weddell seal persisted for many years,
probably thwug.,hcm m life of the animal. and that the ovaries held & record of all the pregnancics
undergone. From all the evidence at present available it seems likely that although the corpora albicantia
may persist for a time, they do not remain easilv visible throughout the whole of the animal’s life. The
method of age determination based! on annual incremental layers in the dentine of the canine teeth has been
applied to the limited number of «pecimens available (see p. 38) and in each animal the age as estimated
from the number of corpora albivantic oresent (see Bertram, 1940) ave -ages four vears less than that
determined from the tooth rings. Bertram's counts of corpora albicantia were made on NIACroscopic sections
up to 5 mm. thick, but m’w'mmp examunation has sometimes revealed traces of corpora albicantia which
would not be detected in ‘hs macroscopic sections. However, some of these smaller masses of scar tissue
are probably the re nains of corpera iutec atretics formed after involution of the larger foll .
I ovaries collected in Graham Land during the period 1934 to 1937,
ent of all females over 90 inches in length (direct nose to tail measure-
cassumpticn that the Weddell seal is monoestrus, this percentage does

In a large series of Weddell s
l?iwn‘un ( ‘94(1} founc

11 inﬂ m m‘

not gm L‘a.i,ly reduce

racy of ihe method of age determination based on counts of corpora lutea.
However, recent work on the southern elephant scal (Laws, 1953a) has «,m win lhdt a similar percentage of
raissed pregnancies occurs each yoar in this species (approximately 14 per cent), and that females which do
nol become impregnated are ible (o ovulste agan: this is auppmtcd by exami nation of six female elephant

seals taken in May and Avgust (ail of which contiined regressing corpora futea and were in various stages
of pseude-pregnancy), and thus grees with the findings of Hamilton (1939) for the southern sea lion
{(Charia Byronia)

The present se
@ ;;»ua ltteurn oﬂ

e tat ovulition occurs in the ovary opposite Lo that containing the
ancy. as :n several other species of antarctic seals. If it s assumed that the

s of fibrous tissue throughout the life of the arlin"nzw then the numbers
}u :-mm,i},« not dtfe‘“' by more than one, or possibly two in the case of a female missing a
pregnancy. Reference to Table 1T shows that in 1wo pairs of ovaries there is a difference of four COrpord
futea (HTOTS and HIOTE), but this ditference may easily be explained if a polyoestrus vvele is assumed to
cperate when successful mating s qor achieved

fo u« I d! in eac !"“

Sub-surface Crypiy

In a recent paper, Harrison er o/ (1952) have described in some detail the sub-surface crypts in the
phocids and otariids examined, and have estublished that the formation of crypts varies during the
reproductive cycle In the antarcuic seals, the peak of extension of the crypts and proliferation of the
ining epithelium occurs in November. and for the remainder of the year their growth is much diminished:
the waﬂs from the rorthern oceans show a similar activity at the corresponding age in the r@productiw
cycle. Detailed worl on the southern elephant seal by Laws (1953a) revealed that in pregnant females the
crypts are first observed at the time when the blastocyst is about to implant, and that maximum activity is
reached towards the end of pregnency. During the lactation period, the crypts decrease in numbers, and
are absent from ovanes collected during December, January and February.

Histological examinaton of all the Weddell seal ovaries in the present collection has been carried out.
and the following is a summary of the data obtained. In the adolescent females H1001, H 1006, H1007 and
H123 the crypts are often very complex(Plate 1111),and their deeper extensions are associated with rumerous
nests of from 5 o o 'y oocyles surrounded by pre-granulosa cells; there may be as many as 25
CoCyies per mm Many of the smull concretionary bodies described in a previous seetion are
found in the cortex of these young ovir u?r», and there is often a close association between these Fodies and
the crypts: the be w». Yy also ¢ in the lumen of the crypts.

Diring the last fv X wegnancy and the first half of the lactation T"xeriod the a’*:"‘wms in both

i

ovaries are well developed and may reach a lengrh of nearly 2 mm. They are usually sin »p%« and lie parallel
to the surfuce of the ovar with oo wmal ve nuwl branches opening to the exterior; complex crypts are
found only infrequeady Pnel extensive. In most ovaries there is little proliferation of the

epil :s‘mim cells }imit ¥ the
the ovary 18 fragmentary
(Plates TH g & IV a0, andd

¢ figures are rare, and the germinal epthelium rm the surface of
s containing pyknotic nuclei. The cortex is tl\tid”‘ t &« and fibrous
hvided inio lobes by prolongations of the long horizontal crvpts which reach to
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the surface of the ovary. The layer ol epithelial cells lining the outer walls of the crypts invariably becomes
degenerate and fragmentary, whilst the inner epithelium appears quite healthy, and the cells are elongate
and crowded together. Serial sections show that in places the whole outside of the cortex bt”l‘iﬂk‘% away,
leaving a new epithelial surface on a much thinner cortex. This may account for the absence of the crypts
at certain times of the vear, and it also affords a means of ridding the ovary of the concretionary bodies
which have come to lie in the lumen of the crypts (Plates IV b & d).

The possible causes and effects of the shedding of the outer layer of fibrous cortex are # matter of
speculation but it is certain that a thick hard covering surrounding the ovary would be a hindrance 1o
suc cessful ovulation and subsequent dei“ pmient of the corpus luteum, Aumly is apparently at a minimum

1 the summer months, though even then differential proliferation of the inner and outer epithelial layers
m“ the crypts is noticed, and the gufﬂ‘l’t‘kil‘éﬂi cpithelium forming the outer covering of the cortex may begin to
degenerate. From this evidence, it is entatively suggested that crypt formation may be correlated with
both the production of mature follicles which are relatively large compared with the ovary, and the func-
rional properties of the coriex

Harrison ef «l. (1952) state that A:mf re i~ soome evidence that crypt formation can be induced by experi-
mental injection of gonadotrophic an rogenic substances into ferrets, an amimal the ovary of which
does not usually exhibit marked cry Mn'saticx‘n, It 1s therefore possible that the germinal epithelium
responds to hormonal stimulation to form extensive crypts as a normal occurrence in . . . Pinnipeds and
certain other Carnivores.” In the present series of specimens, the differential proliferation of the epithelium
lining the outer and inner walls of the crypts, wgguﬂsthat as the follicle destined to ovulate nears maturity,
the crvpts will eventually merge leaving the ovter part of the cortex to break away, and allowing the follicle
to reach its full size.

.. Tae Urirus

. Immature Seals

The histological appearance of the uterus of foetal, young and adult seals, and the cychal chax’;ges
oceurring after maturity have been described in detaill by Harrison et al. (1952). As the majority of their
young specimens were common seals ( Phoca vitulina), the following description of the uterus of an immature
Weddell seal is included for comparison. This specimen, H1006, taken on 23rd August, 1952, measured 73
inches in a direct line nose 1o tail, and was undoubtedly a yearling.

The cross-section, taken from the centre of the right cornu, is flattened dorso-ventrally, and measures
% by 4.5 mm. The lumen is cross-shaped. and the maximum width of one of the branches is 250 . The
mucosa averages 600 p i thie EH iess, und is surmounted by an epithelium consisting of a single laver of
cuboidal cells 10 p in herght with spherical dark-staining ruclei 7 w in diameter, though in places where the
ells are crowded they appear to be pseudo-stratified. and the nuclei are more ovate or elongate. In some

egions of the epithefiumn the cytoplasm of the cells is pale, but in many areas the outer parts of the cells
nm become mucilaginous, and here the ¢ \5»10”]&5“] is darker in its staining properties. ‘mattc.rui hroughout
the epithelial cells are other simaller I elongate dark-staining nuclel and clear hyaline cytoplasm;
these are evidently lymyg § wilh qlnh, : la‘wr I"he uterine ;;Lmdw are guu‘al'ﬂ”‘v short,
straight or shightly cotled simple T hew average 200 ¢ ¥ of ,:,:. and
their c*[*ﬂiltﬂ‘lelin 1 consists of low cuboidal or columnar cells uvnh pak s[dmmg, k.\,?‘i()pidSl]"l and spherical
o1 7 to 8 o diameter. The stroma between the tumen of the uterus and the layer of circular muscles
18 compact, and well ~:;s.11:a§')i&<;: u;um {:’;Ltpiifariweg and arterioles. The inner layer of muscles consists of a
circular arrangement of fibres some 130 ¢ thick with ;‘w‘um()unccd dark-staining nuclei. The outer layer of
fongitudinal muscles is divided in 1o | hundies of from 5 to 40 fibres, and the two layers are mmmw |
zone of connective tissue well s < mi veapiliaries anc small blood vessels. This immature « i
the wterus 8 also found i HIO0DT wh taken on 3ed May, 1952 and 1s assumed to be ﬁ .
VAT

HI007 represents o stage only three monaths later than H1001 in the development of the adolescent seal,
ver the unditmns are mun, < zh t ged (Plates IV b & ¢). Here the lumen of each cornu Esm become
Sl T sIm]wd W HI i sisdo-stratificd epitheliunt is 25 p high and two types of celi can
wr cells with nale-staining, l()ngd,lumg,lc and pale cytoplasm,
""m:.lﬁu’n:;ﬁm are wedge-shaped cells, narrower at the base, with

e
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very dark nuclei; it is not known whether these are secretory cells, or normal epithelial cells which have been
strongly compressed. A stratum compactum containing aggregations of lymphocytes and polymorphonu-
clear leucocytes has appeared under the epithelium, and the vascularisation of this layer has markedly
increased. The glands have increased both in number and activity, and the epithelial celis are tall columnar,
IS p in height, though occasionally they may be pseudo-stratified. These cells have long oval nuclei, and
Hm apical cytoplasm is highly vacuolated In some smaller glands, this extensive vacuolation has resulted

in the lumen becoming filled with & foamy mass of cytoplasm, but there is o 1ly a small amount of secretion
(Plate TV e). These extensive changes are accompanied by other changes in the deeper layers, for the
circular muscles surrounding the rmucosa have increased to 800 1 in width.

2. The Utrerus in Adult Seals

Evidence for alternation in funciion of the ovaries has already been given, and a comparison of uterine
histology is best carried cut or the basis of this cycle of change.

[n the uterine cornu in which the blastocyst will eventually implant, the post-partum changes are
refatively simple. In H1018, taken on the first day after parturition, the mucosa is 2.5 to 3 cm. thick, with
clefts extending down to 2 mm. from the surface. The epithelium is thrown into numerous small folds and
consists of a single la f cuboidal or low columnar cells, 12 to 15 p high, with spherical nuclei, and supra-
nuclear vacuoles in the q'yuc“;plusm occasionally an area of pseudo-stratified cells occurs, but there is no
crowding. The sub-epithelial layer of the mucosa is thinly cellular and highly oedematous and hyperaemic
and contains moderate numbers of lymphocytes and a few leucocytes. This layer and the remainder of the
mucosa is well supplied with blooc vessels and capillaries. The glands are few in number, and appear to be
simple and slightly coiled, They average 80 o in diameter, and penetrate the mucosa to a depth of 1.5 mm.
The epithelium consists of ¢ uboidal or low columnar cells 15 p high, with spherical nuclei, and cccasionally
a m'u'i}m.r,irvnlz')u.za; g I'border . there s a small amount of secretion in the glands.

b H1016, taken o fays after pupping, marked changes are a]ruady occurring. The mucosa is 1.5
mm, m,n«..,%, and there 15 o reduction in the folding of the epithelium. The epithelial cells are cuboidal or low
columnar, 12 to 15 h. with large spherical or oval nuclei. In some places, the long axis of the nucleus
lies parallel to the epi?hehaf‘ surface and suggests local growth of the underlying stroma. Local aggregates
of lymphocytes occur in Iw sLrorms, p;qrtu uldvly n 1 the sub-epithelial layer, and the connective tissue is be-
e vmmg M u«d >d with numerous fibroblasts. There is no change in the glands and glandular epithelium as yet.

ls‘ l 0175, al« en five s ufter pariurition, there is a slight recrudescence o sa;“.wtw. v activity in both
ithelia. but otherwise there is little change from the previous «‘;pa;w.imen The
lemitous, and contains large numbers of lymphocytes, and in the deeper
0 m 1 few blood-vessels. In H1017, taken seven days afier parturition, the

] 1 chiame ter averaging only 40 4, and there is little secretion present. The
Mg oval nuclel, and all contain dequlv staining basc ‘,mﬁ granules, The
1«1&::15!'{!.1:1011“, W hl]st the deeper stroma is becoming irncreastngly fibrous,
| hlood vessels.

looraent of the connective tissue and slight activity of the glands is also
ys posi-partiim; the mucosa is still oedematous, particularly in the sub-epithelial
asing aumbers of sclerotised blood vessels nearer the surface. The final specimen
T mw post-partum, shows the progressive development of the siromal tissue, and
‘ reasing though slight activity of the glands. The cells of the glundulir epithelium
ire tall columnar, witl oval or rounded nuclei, and in many cells the apical cvtoplasm is
muulugfum 18, S0 e ~maller :lands are filled with a granular secretion which appears to be continuous
with the outer wu»!t.vau.. of the epithelial cells. The uterine epithelium consists of cither a single laver of large
columnar cells 16 4 high with round nuclei and basophil granules in the cytoplasm, or 4 pseudo-stratified
Fower ot wmaller cells w airing nucler; o few mitoses are visible | Plate 14

v th rine oetus has just developed. the specimens are all 1aken from the para-
placental zone. Iy irst day alfter parturition, the highly folded mucosa is at least 6 mm.
high,and is thinh Jt: metous and very well vascularised(Plate IV ), The uterine epithelium
i characterises celis 200 highs with darkly staining eytoplasm and large oval nuclei, and
thers is sorme se The wands arc cotlled, and do not extend deeper than | sur. from the

ol

gm Uiir‘ '
found in H10H4,
lver, and hli ere
u the seres, H O,
Nere are now si

i




THE WEDDEILL SEAL 31

surface, and though their columnar epitheliura may be only 15 u high, it is indistinguishable in appearance
from the surface epithelium; there is slight secretory activity.

In H1016, at three days post-partum, the highly folded oedematous mucosa persists, and there is little

evidence of growth of connective tissue. The uterine epithelium is columnar or pseudo-stratified, 15 to 18 u
high, and a large proportion of the cells have absorbed yellownsh brown pigment granules resulting from
the breakdown of red blood cells. Similar granules are present in the upper epithelial cells of the glands; in
the lower part of the glands the cells show little secretory activity (Plate IVh). H1015, five days post-partum,
is quite different from all the other specimens in the series, for the outer 2 mm. of the mucosa consists of
a highly complex system of glands. Many are septate, and are formed by the coalescence of ten or more
siraple glands, whilst in others these divisions have broken down and cystlike structures have formed
(Plate V a). The largest has a mean diameter of over | mm., and is surrounded by a pseudo-stratified
columnar epithelium which is still secreting in parts. Where two large composite glands are close together,
the thin lamella separating them is well supplied with connective tissue cells and capillaries; the lumina of
the glands are filled with secretory products. and clumps of epithelial cells and red blood corpuscles. *

In HI1017, taken seven days after parturition, the appearance of the mucosa is similar to that of H1016
except that the complcx folds no longer exist, being replaced by a fairly even epithelium only occasionally
broken by the openings of the glands. In HlOM representing a stage two days later than this, there is a
noticeable change. The mucosa is still | highly oedematous and hyperaemic, but there are now ﬂmgm numbers
of oval and elongate nuclei and many ymphocytes, particularly in the sub-epithelial layer. The uterine
epithelium 1s pseudo-stratified and up to 25 u high, with many elongate dark-staining nuclei, and occasional
lymphocytes moving through into the lumen. There 15 a slight decrease both in number and activity of the
glands in the mucosa, but there is no change in the appearance of the columnar cells (Plate V b). In H1027
taken fifteen days after parturition, the epithelia of the glands and uterine lumen are pseudo-stratified, and
are evidently proliferating actively, for the nuclei are crowded, and only very few are pyknotic. The sub-
epithelial layer is oedematous. and contains moderate numbers of lymphocytes and a few leucocyte
whilst the remainder of the mucosa is becoming increasingly fibrous with more occluded blood vessels.

Only one specimen was taker in the winter months, and this had evidently aborted its foetus. This n,mdle
H1010, was taken on 18th August, 1952, and it is interesting to compare its condition with that of the
parturient and post-partum seals. The ,'l]dl.«ﬁ»ﬂhz.li zone was distinct and 5 cm. wide, and this would correspond
to a foetal length of about 10 cm.; abortion must have cccurred in March or early April.

In the sterile cornu of this specimen, the epithelivm presents a varied appearance. In most places the
cells are colurnnar or pseudo- ified and may occasionally be crowded. The nuclei of many cells are
pyknotic, and in one place the epithelium has broken down, and there is an invasion of leucocytes into the
main lumen. There is hittle secretion, and the lumen contiins only this mucus and remains of erythrocytes
and leucocytes. The uterine glands are few in number and are moqﬂy flask-shaped. narrowing from 100 p
in diameter at the base 1o 40 n at the neck. The epithetial cells vary in appearance; those at the neck of the
glands are evidently actively secreting, having basal nucler and mucilaginous apical cytoplasm, while many
of the epithelial cells lower :n the glands contain the granular remains of red blood cells. The fibrous stroma
ol the endometrium is modera {jv oedematous, l{n th" cornu ﬁ“om which the foetus has aborted. the histo-
logical picture is much the sa he su ]“wcpitl‘wim Lissue 1s
mocderately oedematous, and contains many Ic woc*ij,, most of Whlch are pmlvmmrwmmu leate

It has already been fmu d (see p. 2 h that in immature cows about to be impregnated for first time,
there is marked follicular activity even in the first week off August, and it is thought that this muy indicate
that the virgin cows are served M the bulls carlier in the season than the cows which have pu mm The
increased secretory activity of the wterine glands gives further support to this idea, and pr Obd v indicates
that oestrogens are being pr'a‘.n.iz uced in small quantities. This picture of increased follicular J‘M iterine
activity is also found in the mature cow HI010, taker on 18th August, 1952, which had apparentlv aborted
its foetus in March or earl I

In the ovaries of maty s imme «diately alter puppiag, there are few Iarge healthy follicles (see Figs.

12 a & b), and secretory activity of the werine g;ldnd,s is reduced to a minimum. In the second and third
weeks after partus ition, there s & small but marked proliferation of both uterine and glandular epithelial
cells, and it is ﬂu.b'[()l)d].}]ﬁ hat the rapidly growing follicles in the ovary opposite to that containing the recent
corpus luteum are producing enough oestrogens to promote this new proliferative phase.

*Phis section s close to the placenval vone and includes tvpical labyrinthine glands.

—_
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Iy Tie VAGINA

V. Histological Appearance in Immiatuce Seals

In the yearling temale H1006, 1aken on 23rd July, 1952, the mucosa presents an inactive appearance.
Folds between 3 and 4 mm. in height are present, but the surface is only slightly irregular, and occasionally
small clefts may penetrate down to 300 4 into the stroma. The epithelium consists of a basal layer of
columnar cells 10 » high w'« h ovil and oeeasionally pyknotic nuclei, and this is overlain in places by a
further one or two | ells with dark-stairing oval or round nuclet and dark granular cytoplasm.
The outer layer of SLH» is llcymm iry in some es, but is represented by a single layer ol horizontal
cells with pyknotic nuclei. The whole \*])thc’l is between 30 and 40 . in thickness. In the small clefts,
there appears to be ac hroliferation in the in termediate laycr and the e¢pithelium n may co nsist of up to
ten lavers of cells, some 350 1 1o 60 1 in thickness. The rest of the mucosa consists of a fai; 1y dense con-
nective tissue well supplied with blood vessels, an 1 a marked sub-epithelial laver containing numerous small
cells w ith dark-stain ng al nucler, Many of these are lymphocytes which actively penetrate the epithelium

some places, and there s one | coneentration of these cells extending to 1.5 mm. below the basal layer
m the epithelium,

This immature ¢
be 20 months old.
L'(snrcwmtmu of
nuclet is absent, A
along the eplﬁ'h*imw at i
BUO e wade, awrammw i
cells (Plate V
ether section exami
partly filled with a higuid containing scz;i,l.,"crcd 1*‘/

I HIO07, an adolescent seal approschi
The epithelium s aow prolonged ins )
branches up to | mmm. :x:m‘k.lm The bilih)?.il i;'i" 2 ol" the luminal epilhelix im wconsists of a row of tightly
Mdcd cells 10 0 hgh \ > and oecasional supra-nuclear vacuoles. An intermudiate layer
not zzi'\mw preser Tt omurs, it s reoresented oy one or twoe rows of smail colls with pale-
my" vasuoies, 'Jt superficial layer is a single row of narcow celis 12 4 high
feis i praces the cells are bent over and appear almost as u squamous layer.
%“:w : tiu‘ ep Mwwu 1 is fragmentary, and consists of @ basa! layer of flattened
Hs with pyknotic nuclei: these cells are alse bent over to
2 8 ww;nmwm app e to the epatheliun I the long clefts in the mucosa, the epithelial celis are well
C A0 The bosad Taver corsists of a single row of Jow columnar colis with small oval
d ML 1y viooo e diamerer. The intermediate layer contains one to three rows of jarge cells
with pale nuclet and cveoople scattared hymphooytes and a few polymorphonuclear leucocytes, The cells
1 the Mlikl MM fover sre lang with oval nuclei. and the whole ci')”i*mmm ia »'JH.’) s+ thick
(Plates vV d & e} AU the outer the elefrs there is much elongation of the epithehal cells, and the
nucler o the 5 Lpr rheral layer pyknote and break away into the tn-w'n Th:;‘: Femil der of the
nucosa appears much the - sas o0 the yearhmg temales, with a compact and slightly fhrous tissue under-
fving the well de sm:.'ai spib-epit el

m(hm:m of the HUCosa is alse found in HI00!, taken on 3rd May, 1952 and assumed to
asal layer o! the epithelium is not always easily definable owing to the increased

i the sub-¢ wh.x layer, und the superficial layer of flattened cells with pyknotic
eature not found in HID06 15 the presence of small open flask-shaped structures scattered
rvals of about a millimetre, and filled with fluid. The largest 1s 110 u deep and
il HMS‘ neck. and is lined with a single layer of low cuboidal or very flattened
“these structures is unknown, and they have not beer observed in any

u.,h A cleft ‘,JQ“? run. deep, with branches 300 i long, is present in the sections, and is
nolic nuclex nd h ucocytes. and some red blood cells.
MUCOSA 1 21 atlv advanced.

ach ol the raucosal st
erlatn oy cre o Lwo Javers of clongate «

ens

| yer

P

2. Post-Partm Changes i Maoure Females

in HiOlE, taken on the Lk v m llowing parturition, the epithelium is markedly folded, :orming branching
clefts up 1o 6 mm. deeg €L pd sillae project from the epithelium into the underlying tissue; the
average height of 1 sween 61 md 70 w, whereas the papillae may measure up to 300 .
The basal layer consist: w ol cells 10 p high with conspicuous oval nuclei. vi()s«;‘:ly associated
with nrge numbers of ) layers ol 1ugc cuboidal or polyhedral cells 20 1« in diameter with
large we ain g cytoplasm overlie the basal layer, and the superficial cells have
Faamy, il wimpl asr with dark-staining elongate nuclet; ‘L::‘; € are numerous
lercooyt Dee the clefis, the numerous papillae result in much cell crowding, and

nucler and
thlv granalar
1 both hese
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nearly all the cells in the epithelium show some attenuation (Plates V f & g). The three types of cell so
far described are found in the ympi lae in the same sequence as in the epithelium, but the large rmle -staining

cells may proliferate to form up to fifteen layers. Many of the papillae along the surface epithelium have
a,,ﬁ}‘mtl al cavities, and these are U-aUd“} filled with the highly basophilic cytoplasm of the superficial layer of
cells. Deeper in the clefts of the mucosa, these superficial cells occasionally give an acidophilic reaction.
The sub-mucosa is highly oedematous, and scattered throughout the connective tissue are numerous
tyraphocytes with small round du,p}\ staimning nuclei, and occasional polymorphonuclear leucocytes. A
third type of cell with a pale-staining oval nucleus 10 p in length is also present. A marked sub-epithelial
laver is formed by the aggregation ol lhurw scattered cells beneath the basal cells of the epithelium. The
lumen of the clefts is filled with blood, and a few lymphocytes and some cell debris.

In H1016, three days after parturition, the epithelium has decreased in thickness; the basal laver of small
cells 1s retained, but their nuclei are now no longer dersely staining. The large p(ﬂvhedra? cells of the
intermediate layer are generally replaced by a row of columnar cells with pale cy ,wpiasm and oval nuclel.
The superficial layer consists of ‘ter 30 p high, with dark-st: umng, basal nuclei, and
mucified and usually basophilic cvtoplasiy. The mxpllhw are less numerous and are much smaller in size
than in the previous specimen, for t ey contain fewer layers of the large polyhed: aI cells (Plate VI a).

At five days post-partum, in H1012. a further reduction in the number and size m"‘ H“ papitlae is found,
and the largest recorded in any x.frm maeasurzs only 100 p in depth (Plate VI b): the mucosa s seill
oedematous, chiefly i t\ 1e sub-cpithelial lnyer. This appeurance of the mucosa is x"vtzmwd in H1017, s¢ven
days after parturition, oh by now r.hc; mucified cytoplasm of the superficial epithelial cells has broken
away, and m!y the b _"‘kzz‘mn' nuclet are left (Plate VI d). '

In HI0LE, nine days um, the epithelium shows signs of increased activity, The basal layer
consists of ;).\Llldk)--b[wit tim’f J 5w« lph. with conspicuous oval nuclei, and is overlain by up to five
favers of long cell t either en. vd, with round nuclei 10 p in diameter. The luminal laver of cells
has slightty smaller oval m most of which e with their long axes parallel to the surface nl“ !m epithe-
lum; the whole epithelivim 15 from 60 to 70w in thicknes.. 'n the clefts, many of the cells of the intermediate
fayer increase in size, and become polvhedral, and a large proportion of these are highly vac,mlﬁziﬁ,cuu This
may be a post-fixation phenomenon, mt it is of interest te note that many of these vacuoles contain one or
two &ppawntiv normal red blood cells. The sub-mucosa 1 slightly oedematous, and appears more fibrous,
and thers is a marked reduction of 'Zu lymphocytes, particularly in the sub-epithelial layer: there are fow
tymphocyles in the epithelium (Plate VI ¢

The somewhat varied posc-partum A.“ﬂ'w:{»wme:m of the vagina is emphasised in H1023, taken eleven days
after jwitur ition M the w pearance of the mucosa suggests a4 much younger stage than that found
in H1014. huu hnw ever E‘;:,‘i:%w oedema in the sub-mucosa. In the final specimen in the series, HI1027,
taken fifteen i.id}/&. aitu arturition. the appeorance of the mucosa suggests little development beyond the
stage represented by HI l 7 : st-nartum. though there is less oedema and fewer lymphocytes,
and the sub-mucosa & m

in H101C, taken on the only non-pregnant mature cow in the series, the surface
epithelium consists of a 1 ] seudo-stratified crowded cells 1112 1 high, with deeply staining
clongate nuclet, In the intermediare laver. there are five to six rows of columnar cells, attenuated at each
«*mi with elongate oval nuclei, and these cells merge inte a further four or five rows of large polyhedral

ells with round or oval nuciel. The superficial layer consists of up to five layers of squamous cells, cornified
in plm;m, and sometimes breaking away into the lumen. The epithelium varies in depth from 70 4, 10 180
in the papillac. The sub-mucosa 1s well sup p“m with blood vessels, and is densely cellular with many oval
and elongate nuclet; there 1s no marked aggregation of lvmphocytes and other cells in the sub-¢ pithehal
faver (Plate VI ).

in the discussion on the development of the uterus it wes noted that, in the immature female H1007, the
condition of the werine glands suggested hat zens were being produmd in small quantities by the
rapidly expanding follicles. Whnug the appearance of the vaginal epithelium is one of 40w aclivity, it has
heen shown by Allen ¢ (1 that cestrogens at a sub-threshold value for cornification can cause
muctfication of the vaginal ep: 1

The vagina of the post-partum cow is characterised by much oedema and lvm "'I"nm:‘wic invasion of the
sub-mucosa, particularly directly below tie epithelium, together with muuﬁcxumn of the superficial layer
of cells. There seems no reason to doubt tnal with rapid growth of the follicles, and sufficient production

Peolunmmar cells, of
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of cestrogens, the epithelium of the vagina would develop into a stratified, squamous layer with cornified
outer cells as in HI010. Harrison ¢1 a/. (1952) found only relatively slight changes in the vaginal epithelium
of post-partum cows, and they correlated this with the few noticeable signs of any oestrus behaviour. This
assumption was based on insufficient evidence, however, and Laws (1953a), in a more detailed study, has
shown that in the southern elephant seal normal oestrus changes do occur in the vagina, and are accom-
panied by definite behaviour pattorns.

Station Date Nose-tail Assumed age
length (in.) in years
MAaL:s
H10GS 105 3
HI101: 105 i}
HI10% 102 i
HIoZ 104 6
HI0Z 109 4
[ERIOK 105 11
71 8 months
102 11 years
90 20 months
78 10 months
9] 23 months
106 10 years
100 8
111 7
106 10
115 10
108 id
112 8
14 I3
24, 11 8
3. 103 {0
RN ERC 113 I

d female Weddell seals collected at the South
Jose-tall measurements are taken along the curve of
ipprroximately 7 per cent should be deducted to give
n equivalent direct length.

section 'V

THE MALE REPRODUCTIVE CYCLE

Tue sertes consists of seven mwatie Weddell bulls, six of which were taken 11 August and September; the
specimens taken amplify the results obtained by Harrison et al. (1952), and in Fig. 15 the measurements
of tubule diameters are compared with similar measurements obtained by these authors. Measurements of
the epididymis have also been taken, and these are set down, together with an estimate of the amount of
sperm present, in Table V.

The bacula of all the adult bulls were also collected, but no correlations were found between their shape
and length and the length of the animal The baculum of a three-day-old pup (born of female Hi016) is
included in the series, and is showi in Fig. 11 a together with the baculum most representative of the adult
collection, H1022.

Tissues were fixed in the same wvav as *he female material, and sections of testis and epididymis stained
well with Heidenhain's [ron Haematoxylin and Eosin.
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Ficure 15. Testicular activity of seals taken at =signy Island (broken line), compared with the testicular cycle of antarctic
szals, after Harrison, Matthews and Roberts (1952, figure 4).

Testis TUSULES | EprIDIDYMIS

[ Assumed  Length of

H1016 (pup) - 3 days old KK

Tawee V. Histological summar of
* Numbers

Station No. Date  agein | baculum  averagy . ;H';i of  *Types of | average S
| © owears | Inmm, diam. = Epith. © Tubule. diam. I}En‘it?)‘ sz;ﬁr‘;’ “z‘rzlf:f’;h Remarks
| inpg o inpg  LILIN | inpg pith. | Of Sperim.
HI009 16/8 5 62 | 334 mostiyt | 182 \ ----------- 3 - Very poor fixati
| w0t 278 9 o83 6.1.3. 245 | 60 00|
HIO2E | 169 i BEL 217 240 | 48 5
HI022 6 96 s 1SS 208 | 260 | 60 10
HIO2d 2809 | 9 EE 25 60 4ds 272 | S5 30
— B S S R L e _—
HIDIZ  H 204 | 212 | 46 7.2.1 254 ‘ 52 33 Many spermatids
| ; together with
| i | spermatozi

miale Weddell seal material,
fer to proportions of ten random tubules showing types I, 11, 11 as illustrated in Fig. 16,

t Average amount of sperm calculated from ten random tubules.
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A HSTOLCGICAL CHANGES IN THE TESTIS

The first adult Weddell seal in the serics. H1009, was taken on 16th August, 1952. Unfortunately the
specimen was badly preserved, but some idea of the histology of the seminiferous tubules can be obtained.
In most tubules a small number of spermatids are present, and occasionally groups of spermatozoa are seen
attached to the terminal portions of Sertoli cells. All of the tubules are patent, though as yet they contain
no free spermatids or spermatozca. in H1011, taken on 16th September, 1952, the tubules are lined with
spermatogonia and Sertoli cells and up o four layers of primary and secondary spermatocytes, in all of
which cell divisions are cccurring. “permatids are numerous, and the majority of tubules contain developing
spermatozoa. In this testis, and ir the remainder of the specimens taken in September and November, the
degree of spermatogenesis is variable. .nd three stages can usually be recognised. There is no sharp demarca-
tion between them, however, for © i evident tha successive stages of development occur throughout the
length of each tubule. These recurring phases of the mature testicular cycle are illustrated in Fig. 16, and
their occurrence in the present seres of specimans is recorded in Table V.

;" Ley
popc
hases of development observed in the testis tubules of the South Orkney series of

“Sertoli cell, pSpe=primary spermatocyte, Ley.==Leydig cell, spd.-=spermatid,
sSpe. = secondary spermatocyte.

FiGure 16. Diagram illustrating the three p
Weddell seals: spg = spermatogonium, Ser=

B. Tue ErPIDIDYMIS
In the adult Weddell seals there s no discernible variation between the individual males, other than in
the height of the epithelium, and '+ will suffice to describe the condition found in H1011. The epithelium
consists of tall columnar cells up to 60 p high with oval or round nuclei 8-10  in diameter. The position
of the nucleus varies in the cells, but in some parts of the tubules all the nuclei may be basal; usually,
however, the nuclet i any one section appear at different levels, and a pseudo-stratified epithelium results.
Cilia up to 15 p in length are present on most cells, and they are often twisted together into a point. Scat-
tered amongst the bases of the columnar cells are small polygonal cells with round or oval nuclei 7-8 w in
diameter, and in some sections the cells are numerous enough to form a distinct layer below the columnar
epithchium, The total amount of wpermatozoa and spermatids present in the epididymis is very variable,
and the estimates are shown in

Table V.

Though the data are so limitec. the comparison of the present series with the material examined by
Harrison et al. (1932) suggests that the breeding bulls at the South Orkneys come into rut one or two weeks
earhier than those inhab s consts of thraham Land. In view of the comparatively early pupping season

i
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in the South Orkneys, this appears to be reasonable. It is unfortunate that no information concerning the
development of the interstitial tissue is available for the male taken earliest in the season. However, only a
small amount of sperm is present in the epididymis, and it seems certain that the males seen fighting on
7th August, 1948 (sce p. 19), were in a very early condition of rut.

The first bull in breeding condition is H1011, taken on 27th Aug‘ustk, 1952, and there 1s much sperm
present in the epididymis. (um]mm(m with H1021 and H1022, taken on 16th and 23rd September
respectively, shows that the amount of sperm present in mature bulls during this month is very variable. It
is assumed, however, that the bulls impregnate the virgin and non-pregnant mature cows in the latter half
of September and early October, and ther. after the break-up of the rookeries, the cows which have recently
pupped are ready to be impregnated.

Section VI
GROWTH AND AGE

A INTRODUCTION AND METHODS

T e first serious attempt to find a method of determining the age ol the Weddell seal was mad '
(1937) with specimens collected during the Second Byrd Antarctic Expedition (1933-5). The hequcncy
distribution of nose~tail lengths of 93 adult and adolescent males and 124 females bhOWG(j several well
defined groups; these Lindsey mterpreted as annual age groups, and supplemented the measurements by
skull data and field observations.

Bertrium (1940) was able to make another large collection of over 200 Weddell seals from Graham Land,
though the killings were spread aver many more months of the year than were Lindsey's specimens. For
comparison with Lindsey’s figures, the measurements of 81 young and adult seals of both m;a':w% killed
between 8th March and 21st April in two separate vears were set down in a similar fashion. From these
data, and skull measurements on all the weals, Bertram concluded that it was impossible to nJ«_:Ammnm: the
ape groups of the Weddell seal after the “irst two vears of life.

Laws (1953b) has shown that in the southern elephant seal, growth layers occurring in the dentine of the
teeth may be correlated with the cyeie, and thus the age of any specimen mdy be determined to

within ¢ month. Si ] 3. trom examination of the canine teeth of Alaskan fur seals, has
found that the number o formed by differential deposition of dentine on the roots of the
cunine teeth corresponds l» iiw iwmv\ noages of marked seals.

Laws has also shown t}m rings in the dentine occur in at least fourteen other species of
pinnipeds, though in many species the pulp cavity n»i the teeth may become closed s hnrily alter maturity
is reached, and further deposition M’“ den: e is considernbly reduced or ceases altogether. Thus while the
method is of grear value in extimating inc ages of species which possess canine teeth with open roots,
particularty the polygynous species which show mar Mr«..l sexual dimorphism, it has limited ayplmymn to

i 3 ich the G *et?“ are apparently fully grown after reaching sexual muturity.
whicl 1’1‘1&\& v concerns mature seals, it was assumed from Bertram’s observations
ulls would ke o Trtde value m determining age, and only the canine teeth were

For the present study
that measurements of
collected

In the

!“‘

'

Weddell seal the roots of the can ae teeth are rearly closed at maturity, but dentine deposttion still
oucurs inside the pulp cavity, examinetion of ground sections of teeth shows that many conceniric rings are
visible in the dentine, and an attempt has been made to correlate these with the s lpp(‘med age of the seals.
The validity of age determinations from iooth-rings canrot be prove ed for the mml series of Weddell seals
scamined. Marked diffe rences do oceur it the numbers of rmys in the dentine of different indwvidu: alm and
it is suggested that thes analagous with those tound in the southern elephant seal for which this
method of ageing has been proved satsactory. The velidity of age determinations based on courts of
corpora {uteq has already beer questioned, and it is considered that the present method provides 1 more
accurate estimate of the age of the Weddell seal,
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For a description of the methods employed in preparing sections of teeth, and a discussion of the struc-
ture and growth of the deatine, the detailed account by Laws (1953b) should be referred to. In many of
the Weddell seal teeth examined there appeared to be only slight evidence of concentric rings of ““columnar”
and “marbled™ dentine, but by vicwing the sections between crossed polarising filters under an ordinary
microscope, the rings usually became clearly defined. Eventually all the sections were examined by this
method, and consistent results were obtained.

B, MaCrosCOP1IC AND MIICROSCOPIC APPEARANCE OF THE THETH

In H1006, the youngest Weddell scal in the series, the width of the dentine in @ cross-section of the canine
tooth is 2.3 mm. and the dentine i~ divided into two clearly defined concentric rings. The outer ring is 1.3
mm. wide, and is very well calcified. This is the “mantle” dentine of Schourr and Massler (1942) and is a
constant feature of both immature and adult teeth; it probably represents the growth during foetal life and
up 1o the end of lactation. The irner ring is composed entirely of marbled dentine, and there is a clear
transition between the z {Plite VIe). In the southern elephant seal the zones of marbled dentine
correspond to the periods of feedmg at sea, and 1t is assumed that this applies also to the Weddell seal.

In H1007, as cd from: its nose-leil length to be in its second year, the laver of mantle dentine is 1.0
mum . thick, and s clearly separated {rom the inner zone of marbled dentine. This inner zone is 7.6 10 3.0 mm.
thick, and contains two thin rings in which the marbled dentine is noticeably more fused. The cross-section
of the tooth of HI1001 has a very similar structure to that of H1007, and it is assumed that in spite of the
imrmature appearance ol the gonads, the seal is n its second year.

In the adult seals, the pulp cavity is very much reduced, but is never entirely obliterated. From comparison
with the two seals assumed 1o be in their second year, it is possible to see how much growth has occurred
after maturity has been reached. This s illustrated diagrammatically in Fig. 17, and the rings in the adult

i

inner limit of

pulp cavity

mantle dentine

marbled dentine

y 5 10
L N |
om.

angverse section of the canine tooth of an adult female Weddell seal
assumed 1o ve eight years old.

Fioure 7, Dragrammatic |
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dentine are shown. On microscopic exanmiination the rings are seen to consist of a dense outer zone of
columnar dentine, and a lighter inner zone of large marbled dentine. The width of each ring is variable,
being 70-100  in thickness laterally, and up t0 450 p in thickness at the anterior and posterior ends of the
section (Plate VI g). In the majority of wections examined marbled dentine is being formed next to the
pulp cavity, and it is evidently laid down during the winter feeding and right up to the time of parturition.
This sudden change from marbled to columnar dentine evidently reflects a change in the metabolism of the
animal and the columnar dentine is assumed to represent the period of fasting during the pupj hing season
and the irregular ﬂ:'c*duw during the summer moult. This differs from the conditions found in the elephant
seal for which the fasting pmuds during the pupping season and then during the time of moult are
represented by two distinct rings of i‘,,wluwm ar dentine.

For further comparison, the canine teeth of ten specimens of the southern fur seal (Arctocephalus
australis) were examined macroscopically, and in the older specimens in which the pulp cavity was almost
occluded, a simiar pattern of alternate th it and dark rings of dentine was found. As in the Weddell seal
a pair of these rings was assumed to represent one year of the life cycle, and the specimens were aged on
this basis; the age determined in this way was found to agree within a year with the age determined by the
number of external ridges on the teeth. T ww I“Idgt.‘s are well marked, and the teeth resemble those of the
Alaskan fur seal for ‘wh ch the method has been proved valid.

The assumed ages of the Weddell w:a § 11y the present series are set down in Fig. 14, and a suggested
growth curve is drawn for both sexes. sence of three-, four- and six-year-old seals of either sex must
cither be attributed to the limited nature of the collection. or to reflect some difference in the habits of the
younger seals.

£

THhoTH WEAR

Observations made in the south of Grahain Land. and in the Ross Sea at the Bay of Whales and McMurdo
Sound, show that a large proportion, if nut the whole of the Weddell seal population winters beneath the
fast ice, in which breathing holes are maintained.

The method by which the seals keep the holes clear has been accurately described by Lindsey (1937).
“Swinging the entire head from side to side, with the mouth held open at an angle of about 150 degrees,
‘hs“y cut a double groove by use of the canines (and perhaps incisors also) of both jaws. In one case, a seal
in the water ra@ped away the margin of the exit hole, without those of the lower jaw touching the ice.”

[t is clear that ice-sawing is responsible for excessive wear often leading to extensive damage of the
anterior teeth in so many adult seals, and Bertram (1940) considers this to be ““a very potent factor in the
mortality of the species™. He also states “that one might surmise that the chief mortality is among the pups,
that then for a number of years the adults suffer rather few losses, and that finally most deaths occur under
the winter ice by reason nf’ the seals failing to keep open the necessary breathing holes. In this last process,
any breakage or rotting of the teeth may be a severe handicap, and lead directly to the failure of the animal
o maintain itself.,”

in the South Orkneys, where fast ice rer

ains to the scuth of the group for an average of three and a half
months in the winter and early spring (Fig. 2 b), few Weddell seals show more than slight tooth wear. Of
the eighteen males and females whose tecth have been examined, fourteen have unworn or only slightly
worn teeth. The remaining four seals show varving degrees of damage to the dentition:

H1014. Upper canines and outer incisors worn down a quarter of an inch.
HI1017. Upper left outer incisor worn down to expose pulp cavity, no obvious necrosis.
H1022. Right upper and lower canines broken or worn down nearly to pulp cavities, right upper outer
incisor also worn.
H1023. Shghtly worn dentition, upper left outer incisor broken off at gum.
The variable and usually unstable ice conditions on the north coasts of the South Orkneys have already

been discussed, and it seems ¢ mtam that « large part of the population spends the winter there. Thus the
need for ice-sawing would be small, and tooth wear would not become a potent factor in mortality.
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SUMMARY

I. Factors affecting the hauling-out habits of the breeding population of Weddell seals at the South
Orkney Islands are discussed, and the wide variations in ice conditions from year to year are correlated
with observed fluctuations in the population.

2. The breeding behaviour of the pregnant cows and cows which have pupped is examined in detail, and
a description of the birth of a pup is included.

3. Variations in the colour and marking of pup coats have been observed, and an analysis of these,
together with an estimate of the sex ratio is given. The locomotion of young pups shows ancestral traits,
though co-ordination of the limbs and the resultant adult type of locomotion develops quickly. Many pups
show precocious swimming habits. Observations on these are compared with the findings of other authors.
The tactors affecting the mortality of the pups are considered.

4. A series of specimens from female seals taken relative to parturition provides the basis for the discus-
ns of the ovarian cvele. and of changes in the uterus and vagina.

The follicular le for the three weeks following parturition, and changes in the corpus luteum of the
recent pregnancy are deseribed. The validity of the method of age determination hased on counts of
corpora lutea is discussed, and possible explanation of the function of the sub-surface crypts is given. The
histological change in the uterus and vagina of voung and mature seals is described.

5. Histological changes in the testis fubules and epididymis are described, and fighting and rut in the
imale seals are correlated with the testdeular oyele

6. The canine teeth have been examined microtcopically. By analogy with several species of Pinnipedia
in which age can be deiermined from incrementa zones in the dentine, the ages of the individual seals in
the present series heve been estimated. Finally, tooth wear is discussed in relation to local ice conditions.
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PLATE 1

Ll roudn?

b

#. Reproduction of a lithograph entitled Sea Leopard of South Orfrevs from James
Weddell's book A Fovage rawards the Sowth Pole.

b. A female Weddell seal emerging from a hole in the fast ice.




FPLATE 11

a, Female Weddell seal and pup.

b. ¥iew of Signy Island from Wave Peak, Coronation Island (3271 feet), taken ten davs afier break-up
of the fast ice along the north-west coast. Fast ice still remains in Borge Bay and Paal Harbour,
and consolidated pack ice extends to the horizon, sixty miles distant.




PLATE 111

CConeretionary follicles” associated with sub-surface crypts in the right

aviary of H1014, plus nine days relative 1o parturition, (= 400.)

cand ¢, Granulosa and loteinised thecg infevna cells in a collapsed follicle

in the left ovary of H1010, taken on 18th Auguost, 1932, { = 500,)

L Corpas ftesm of HIOTE, plus one day relative to parturition the section

is stuined with Mallory's Triple Stain to show the development of librous
tissue. | = 400.)

. Covpus luvewrn from the left ovary of HE376, taken on 13th Febroary, 1930,

{400,

. Cortes of the left ovary of H123, taken on 20th April, 1948, (= 300,)

cCortex ol the lelt ovary of HI02T, plus fifteen days relative to parturi-
tiom, o 1000
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PLATE I¥

. Cortex aof the left avary of HI027; the lobe in the upper part of the

picture is breaking away from the remainder of the cortes, { =400}

. Uterine mucosa of H1006, taken on 23rd July, 1952, { =63
. Lterine mucosa HI00T, taken on 6th August, 1952, { = 65)
. Lterine mucosa of HIOD6G, (3003

- Lerine mucosa of HI007, (400

. Uterine epithelium in the sterile cornu of HIOTE, plus one dav relative
1o parturition, (4003
. Uterine epithelium in the sterile cornu of H1027, plus fifteen days relative
1o parturition, (= 300y

. Uterine epithelium in the cornu of recent pregnancy of H1016, plus three
davs relative to parturition, (= 100.)




PLATE IY
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PLATE ¥

- Coalesced uterine glands in the cornu of recent pregnancy of H1013,

plus five days relative (o parturition; the main lumen of the ulerus is at
the upper left of the picture. { = 75.)

A uterine cleft in the cornu of recent pregnancy of HIO4, plus nine

days relative to parturition. [ = 75.)

. Waginal epithelium of H100I, taken on 3rd June, 1952, {:400.)
. Epithelium in the deeper clefts of the vaginal mucosa of HI1007, taken

an Gth August, 19520 (= 400.)

. Epithelium from the upper parts of the vaginal clelfts of HI0OT. { 2400}
. Avcleft in the vaginal mucosa of HIO1E, plus one day relative to parturi-

tion, (=60}

. Terminal portion of a eleft in the vaginal mueosa of HIOIE: the lumen

al the cleft runs diagonally from the upper right corner of the picture,
{2330
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PLATE VI

Waginal epithelivm of BTG, plus three days relative to parturition.
o dn0

CWaginal epitheliom of 012, plus five days relative to parturition.
i BH)

. NVaginal epitheliom of F1014, plus nine davs relative to parturition.
{0 3300}

' ?’agi}:}a; epithelium of HIOI7, plus seven days relative to parturition.
= 550,

. Microscopic appearance of & thin ground section of the canine tooth of
a voung female Weddell seal, HI006: the light zone marks the transition
from columnar to marbled dentine, (=75}

. Yaginal epithelium of HI0O, taken on 18th August, 1952, { = 300.)

g. Microscopic appearance of a thin ground section of the canine tooth of

anadult fernale Weddell Seal, H1027, showing four pairs of growth rings,
(%75
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