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This 'study is primarily an account of spermatogenesis and the 

ovarian cycle in the Weddell seal (Leptonychotes weddelli Lesson). 

During the fieldwork on which is based~ other complementary 

studies were undertaken on summer movements of the seal in McMurdo 

Sound 9 injuries sustained from various causes and measurements and 

weights of organs recorded during dissections of the reproductive 

system. ~Two further studies were completed in co-operation with 

an Australian and an American scientist; the study of the ecology 

of the Weddell seal louse (Antarctophthiru6 ogmorhini; Enderlein) 

was undertaken with Mr.M.D.Murray of the McMaster Laboratory~ 

C.S.I.R.O., Sydney, N.SeW., Australia, and the effects of certain 

immobilising drugs on the Weddell seal were studied with 

Dr. Vagn Flyger of the Inland Resources Department g University of 

Maryland 9 College Park g Mdo~ U.SoA. 

The fieldwork on which these results are based was carried 

out at McMurdo Sound (Latitude 77°20~S to 77°80 0s and Longitude 

164°E to 166050 i E) during the periods from November 1961 to March 

1962, from November 1962 to February 1964 and November 1964. 

The genus Leptonychotes was made known by Gray in 1837 on 

the basis of specimens obtained by Captain Fitzroy from the Coast 

of Patagonia. Nomenclature was discussed by Mansfield (1958) 

and there has been no previous suggestion that the Weddell seal 

has any subspecies in different regions of Antarctica. 



Distribution of breeding areas of the Weddell Beal are 

circumpolar around the coasts of Antarctica, extending north to 

South Georgia (54 oS) where suitable conditions of sea and ice 

occur. 

The most comprehensive earlier reports on the Weddell seal 

are those of Wilson (1907)? Lindsey (1937)~ Bertram (1940), 

Harrison, Matthews and Roberts (1952), Sapin-Jaloustre (1952) and 

Mansfield .(1958). 

The first detailed account of the life history and biology 

of the species was that by Wilson (1907) of the National Antarctic 

Expedition (1901-04). Andersson (1905)~ Trouvessart (1907) and 

Bruce (1913) made biological observations of the Weddell seal in 

the northern Antarctic regions 9 complementary to Wilson's work in 

McMurdo Sound. The next studies were those of Lindsey (1937) and 

Bertram (1940)0 Lindsey made a study of the Weddell seal popu

lation in the Bay of Whales and attempted to place adult seals in 

age groups based on skull data and body lengtho He also studied 

seasonal movements of seals and pupping and growth of pups in 

some detail. Bertram 9 on the other hand 9 made a study of the 

life history and reproduction in the female seal with anatomical 

work on skulls and ovaries with the purpose of age grouping.of 

adult seals but not including histological studissQ 

Bapin-Jaloustre (1952) studied seasonal movements 9 breeding 

biology and ecology of the seal in Terre Adelie. The first 

histological study on reproductive systems of Antarctic pi~eds 

was that of Harrison, Matthews and Roberts (1952)0 This discussion 

included studies on the anatomy of the male and female reproductive 

systems of the Weddell and other Antarctic seals plus histological 



changes in the reproductive organs throughout the year. Mansfield 

(1958) studied the movements of seals in the South Orkney Islands 

and the histology of the reproductive cycle of the Weddell seal 

with special reference to the period immediately pre- and post

partum. 

The present study was approved by the Ross Dependency Research 

Committee and supported in the field by Antarctic Division~ New 

Zealand Department of Scientific and Industrial Research o Part 

of the study was conducted under the auspices of the University 

of Canterbury Antarctic Biology Unit under the leadership of 

Dr. Bernard Stonehouseo 

The study was financed partly by grants from the Research 

Committee of the New Zealand University Grants Committee. A 

grant from the New Zealand D.SoIQRo was reoeived to write up part 

of this study. 
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MALE REPRODUCTIVE CYCL! 

INTRODUCTION~ 

Studies of the male reproductive cycle of Antarctic and Sub-

Antarctic Pinnipedia were made by Harrison at al (1952)0 They 

examined histological changes in the seminiferous epithelium during 

testicular development and changes during the annual cycle of the 

epithelium in sexually mature adults of the following species: 

Weddell seal (Leptonlch2tes weddelli)~ crabeater seal (~odon 

~inophagus) and leopard seal (Hydrurga leptonyx)o These 

studies were limited by a paucity of specimens and some cases of 

inadequate fixation. However a seasonal change in the diameter 

of the seminiferous tubules was noted. Sperm production was 

estimated to commence in September and finish in late November to 

early Decembero The conclusions of Mansfield (1958) from exami-

nation of histological changes in the seminiferous epithelium of 

seven mature male Weddell seals were similar to those of Harrison 

et al (1952)0 Laws (1956) studied the development of the semi-

niferous epithelium and the annual cycle of the male elephant seal 

(Mirounga leonina). 

ment in 6 stages. 

Laws found it convenient to consider develop-

4 months pre-partum foetua~ developed interstitial 

tissue, a peripheral ring of small cells around the basement mem

brane and a few large cells in the central cytoplasmic syncytium 

of the tubule. 



b9 2 weeks post-partum~ very similar to the pre-partum 

foetus but the amount of interstitial tissue was reduced. 

,. 

c. 5 months post=partum: differentiation of spermatogonia 

and Sertoli cells with greatly reduced interstitial tissue. 

do 14 months post-partum~ assumption of the adult tubule 

appearance with the first appearanoe of spermatocytesQ 

e. 25 months post-partumg a definite cycle of activity 

apparent with several generations of spermatocyte6~ some 

q,egenerating. 

fo 37 months post~partum~ first appearance of spermatids. 

Laws also found it convenient to consider the annual cycle in 

seven stages, including both spermatogenic and resting phases; 

histological examination of the seminiferous tubules revealed the 

following phases of tubule activity: 

1" September: Spermatozoa close to the lumen border, 

with large cytoplasmic heads. 

2. November: Mature spermatozoa now lining the lumen of 

the seminiferous tubules and some 1yi,ng free in the·lumeno 

3. January: Round degenerating spermatids lining the lumen_ 

4. January-February: Production of giant cells and degen

eration of spermatocytes. 

5. April: Pegenerating elements of the epithelium pre

dominate, and comprise spermatocytes and spermatogoniao 

6. May: A further development of 5. 

7. June: Complete degeneration of the seminiferous 

epithelial elements leaving only "winter" spermatogonia and Sertoli 

cells in the epithe1i,um~ 



6. 

In Canada, McLaren (1958a & 1958b) showed by histological 

examination of the seminiferous epithelium that spermatozoa were 

produced seasonally in the mature seal (EQoca hisEi2~) and 

bearded seal (Erignathus barb~~)o The conclusions of these 

studies indicated an annual cycle in the seminiferous epithelium 

similar to that discussed by Laws o However 9 both McLaren and 

Laws showed only some of the stages of the seminiferous epithelial 

cycleo These studies were conducted prior to the major advances 

in the understanding of spermatogenesis brought about by Clermont 

& Leblond (1955) and Ortavant (1958 & 1959) who examined the 

relationship between the seminiferous epithelial cycle and the 

spermatogenic cycleo Ortavant (1959) stated that "the duration 

of the spermatogenic cycle is the interval between the appearance 

of the original spermatogonium and the release of the spermatozoa 

which are produced from it"o He showed that "the time taken for 

the complete evolution of a spermatogenic series is a constant 

.. multiple of the duration of the seminiferous epithelial cycle, iQe. 

4.68 seminiferous epithelial cycles are involved during the 

evolution of the spermatogenic series". Previous authors defined 

some stages of the seminiferous epithelial cycle but were unable 

to relate them to the series of cellular changes in the seminiferous 

epithelium. 

The study of spermatogenesis and the structure o! mammalian 

spermatozoa have been reviewed by Bishop & Walton (1960) and Ortavant 

(1959)0 Ortavant discussed the principal methods of classifying 

the seminiferous epithelial cycle: that of Clermont & Leblond 

(1955) and that of Roosen=Runge & Giesel (1950) adapted by Ortavant 

(1958 9 1959). The former was based on the development of the 



acrosomic system during spermatogenesis while the latter was 

based on meiotic divisions~ variations in shape of the spermatid 

nucleus and release of spermatozoa into the lumen of the semini

ferous tubule 0 

The most notable recent advances in the study of testis 

development have been made by Watson et alo (l956)~ Sapsford 

(1962a~ 1962b & 1964)9 Clermont & Perey (1957), Courot (1962) 

and Attal & Courot (1963)0 Attal & Courot (working on the 

Normandy Bull) showed that the testis grows slowly from birth to 

3 months i at which stage the spermatogenic process is fully 

established~ Gonocytes were shown to form spermatogonia and 

supporting cells to develop into Sertoli cellso At the onset 

of spermatogenesis the speed of the process was the same as in 

adults but only after one year was normal efficiency attained o 

Courot (1962) showed that there were two phases of testis 

growth in the lambo 

10 Slow growth - no cell differen~iationo 

20 Rapid growth where the development of spermatogenesis 

was correlated with testis ~eighto 

Sapsford (1962a 9 1962b & 1964) and Watson et alo (1956) 

elucidated the time relationships of the development of the 

spermatogenic cycle in merino ram~ rat, and mouseo Their 

results and conclusions in the main are consistent with those of 

C9urot (1962)9 Clermont & Perey (1957) and Attal & Courot (1963)0 

Sapsford (1962) showed that indifferent (supporting) cells~ whiCh 

are cytologically different from gonocytes 9 change little until 

puberty apart from increasing in volume o Also as tubules gradually 
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become filled with layers of cells of the spermatogenic line the 

daughter cells of gonocytes become flattened against the basement 

membrane and resemble adult A-type spermatogoniaa All these 

studies were conducted on laboratory or agricultural animals which 

produce spermatozoa continuously throughout the yearo 

In this study the Weddell seal in McMurdo Sound has been 

shown to breed seasonally, with active spermatogenesis limited to 

the period from August to the end of Septembero Spermatogenesis 

of the Weddell seals in the Antarctic Peninsula region (Grahamland) 

begins up to six weeks earlier (Bertram g 1940)0 The Weddell seal 

differs from laboratory animals in that the spermatogenic cycle 

must be re-initiated annually after the first appearance of 

spermatogenesis in the life of the animal. 

The data from present study the seminiferous epithelial 

cycle and the spermatogenic cycle of the Weddell seal is compatible 

with recent theories of spermatogenesiso Histological examination 

indicates that the Weddell seal seminiferous epithelial cycle is 

very similar to that suggested by Ortavant (1959)0 Both the 

annual cycle and development of the testis can be compared with 

the recent studies but it is necessary to consider the effects of 

seasonal production of spermatozoa on these two phases of 

spermatogenesis. 

The data from this study on the Weddell seal is considered with 

respect to research on spermatogenesis in other seasonally breeding 

mammalian specieso 



This study based on observations of the male reproduc 

Bystem in a t.o of 90 males~ tological examination of the 

testis and epididymis was undertaken on 39 adults and 17 immature 

) seals in the sample gathered from November 1961 to 

February 19650 

Tissues for histological examinatj.o:!'l were taken during 

dissections of seals in the field and were fixed there Bouill~a 

fluid o After 24 hours they were transferred to 70% alcohol" 

It was difficult to prevent tissue from freezingo 

The samples for histological examination were embedded in 

Paraffin wa.x (MoP" 56°C) sectioned at 5,.,u ~ stained with Ehrlich's 

haemotoxylin and counterstained with eosino 

Many of the conclusions presented in this paper depend upon 

the estimation of the ages of the animals D These ages were 

provisionally estimated by analysis of dentine rings deposited in 

the teetho This method bas proged successful in a number 

of other pinnipeds~ notably (Laws ~ 1953~ Carl'l.ck 

(Mansfield & Fisher. 1960)0 For 

diseusbion of dentine in the Weddell seal see 

Until material of known age is Ie f<Yli:' 

McMurdo Sound, specimens already collected caD be 

to annual classes up to 10 years a 

of 10 years old and overo The provisional classes are~ 
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Fig. 1.1 

of the tiVB system 

of 198 (two months 

male foetus) 



10 0 

1 year class Birth to 12 months 

2 year class 13 = 24 months 

:3 year class 25 = 36 months 

4 year class 37 ~ 48 months 

5 year class 49 = 60 months 

6 year class 61 = 72 months 

? year class 73 - 84 months 

8 year class 85 = 96 months 

9 year class 97 = 108 months 

10+ year class 109+ months 

The 1 to 3 year classes are well defined but the other age 

classes have an approximate error of ± 1 year o This method of 

provisional age estimation gave results which did not conflict 

with other indications of age eogo baculum growth and body length 

and weight relationshipso Eye lenses were collected and oven dried 

at 70°0 and weighed but did not give any reliable results after the 

2 year class o 

RESULTS~ 

A" Anatom.x: 

10 General~ 

Harrison, Matthews and Roberts (1952) have described the male 

reproductive organs in the grey seal (~grypua) and harbour seal 

(~vitulina)o The male reproduotive organs of the Weddell seal 

(fig" 101) do not differ markedly from the above and are also 

similar to those in the elephant seal (Moleonina) (Lawa~ 1956) with 
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the relative position of the organs differing little with age. 

Each testis is compressed dorso-laterally and is found in an 

inguinal pouch connected to the abdominal cavity by an inguinal 

canal up to 502 cm. long in mature adultso As in all Phocidae 

there is no true scrotum but the muscle coat and blubber over-

lying the inguinal pouch are thinner than elsewhere on the 

abdomen 9 suggesting that the testes are kept at a somewhat lower 

temperature than that of the abdomeno 

The size of the testis varies considerably with age. At 

one month it is 3 cm. by 105 emo by 1 cmo and increases to 

approximately 8 cm. by 4 em. by 2 cm. in an adult bull over 10 

years old. The average testis weight of one month post-partum 

animals is 10 g., that of 10 year and older bulls 9 90 g. In one 

two-month pre-partum foetus (Seal 198) the testis measured 3.5 em. 

by 1.8 em. by 1.2 em. and weighed 20 go This example of an 

enlarged testes in the late term foetus was due to an especially 

developed proliferation of cells resembling interstitial cells 

which make up the bulk of the organ. Amoroso at ala (1965) 

suggest that there are also indications of stimulation in the rest 

of the reproductive system but these were not ascertained in this 

study on the Weddell se'alo This type of enlarged testis deve-

opment has also been observed in the horse 9 common and grey seals, 

human foetus, giraffe and elephant. (Amoroso & Rowlands, 1951; 

Amoroso et al., 1951; Amoroso & Matthews 9 1951 & 1952, and 

Amoroso, 1955a & b; 1956). 

To this date the available evidence points to the existence 

of an association between the concentration of urinary oestrogens 

in the pregnant mare and the quantitative development and regres-
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sion of the foetal gonads (Amoroso & Rowlands~ 1951)0 But although 

similar quantitative changes have been observed in the gonads of the 

foetal elephant (Perry~ 1953)~ the grey and common seals (Amoroso 

at al~ 1965) and the Weddell seal (this study) at birth no corre

latioDs between urinary oestrogens and gonadal development have 

as yet been reported (Amoroso~ 1955a 9h; Amoroso at &1091965)0 

The epididymis lies on the mesolateral part of the testis~ 

continues with the vas deferens which runs cramally through the 

inguinal canal and then ventrally to the uretero As described 

by Laws (1956) for the elephant seal two crura attach the root of 

the penis to the borders of the ischium in the Weddell seal; the 

corpora cavernosa extends forwards ventrally to the pubic 

symphysis and superficial to the abdominal muscles 9 and are 

enclosed within a fibrous sheath in the Qlubbero Crmnally the 

two corpora unite to form a single bodY9 the distal portion of 

which is ossified to form the baculum (Os penis)o 

The urethra opens at the tip of·a pointed process on the 

glans~ approximately 2 cmo long in the adulto The unerect penis 

is housed in the fibrous sheath which opens in the mid=line 

approximately two=thirds of the way from the anus to the 

umbilicuso In the new-born seal, the sheath is shallow and the 

penis not protrusibleo At eighteen months the sheath 16 

approximately 6 cmo deep and in the adult approximately 20=25 emo 

deepo 
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20 Accessory Sex Glands: 

The accessory sex glands of the Weddell seal are typical ot 

the general ca~ore patterno The prostate consists of two pa~tst 

a body situated behind the entrances of the vasa deferentia into the 

urethra and a disseminated portion Q The body is large and 

pear-shaped in the Weddell seal and does not completely surround 

the urethra; the disseminated portion is small and is distributed 

under the epithelium of the urethra o Fig. 102 shows the prostate 

gland histology of a mature seal in active spermatogenesis •. 

The epithelial ratio (the proportion of area of cross section of: 

epithelium to stroma) ~s higher in the spermatogenic than in the 

degenerating and resting phaseso The individual epithelial 

cells are from 5-7jU long; the epithelium is approximately 25~ 

thick during spermatogenesis 9 decreasing to 8-l0~ in the 

degenerating and resting phaseso Individual epithelial cells are 

oval and the nuclei stain more darkly than the inclusions. The 

stroma has numerous smooth muscle fibres which tend to be ooncen

trated in the region close to the epitheliumo 

There are two bulbo-urethral glands but this is not evident 

from gross examinationo They are situated in the region of the 

ischial arch o The epithelium is 3~ thick ( 0 103) and there 

are large collecting sinuses surrounded by urethral musclea. 

The walls of the collecting sinuses have a smooth muscle 

fibres with darkly staining nuclei; the secretory cells are 

oval, from 4-8;U in diameter having darkly staining granular 

cytoplasmo 
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TABLE I CONTD., 
-~ 

Seal Noo Age Baculum Baculum 
in years Length Weight 

(em) (em) 

155 10+yr 2204 4706 

214 10+yr 23.,3 48,,0 
251 10+yr 20.5 4100 

253 10+yr 22.3 41,,8 

254 10+yr 1808 4109 

36 10+yr 2104 4400 
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Diagram of a baculum of a 7 year 

class seal. 
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For mammals in general the ampullae of the vasa deferentia 

have been accepted as accessory sex glands (Julian and Tyler~ 

These glands~ in varying degrees of development9 are 

present in the stallion, bul1 9 ram and dogo In the Weddell 

seal there is no swelling of the vas deferens but glandular 

development is evident on histological examinationo The 

glandular epithelium is from 35-4ojU thick and the cells are 

oval to circular ranging in size from 4=1~ and having nuclei 

with large numbers of darkly staining granuleso The lumen 

appears to be fluid-filled and the stroma of the ampullae has a 

number of smooth muscle fibres concentrated mainly close to the 

Seminal vesicles ~re absent from the Weddell seal as in all 

Carnivora (Julian & Ty~~ 1959)0 

30 Baculum Growth~ 

From 1961-64 the bacula of 120 seals were collected and~ of 

these, specimens from 63 seals of provisional age were studied. 

(Table 1)0 Baculum form is typified by Seal 97 (7 years old) 

(figa 104)0 The length is 2002 em. and the bone fairly straight 

with a thickening of the proximal end. At the widest point two 

small~ shallow processes on the lower surface form attachments 

for the ischio=cavernosus muscles o There is a marked upper keel, 

and a moderately developed urethral groove on the lower surface 

anterior to the muscle processeso This pattern was found with 

slight variations in all seals from 3 years to over ten years 

old. (Plol) 



TABLE 2 

Detail of the Statistical Examination to find the Coefficient of 
~----------~----------,.----------------------. -
Variation of "Mean Average Diameter l1 and ~~ight of the Te~iso 

Mean Average Diameter 

S :::: 

== 

:= 

S := 8.1 
-~-

cv = 100S CV "" 

x 

"" 100 • 0.) 
402 == 

CV ;;;;; 7.14 8 



TABLE 3. -TESTIS DIMENSIONS 

-~- .,... - = "'"'---------.-----.,,--,... 
Seal Testis 

Seal No. Length Weight Age Length Breadth Av.Diam. Weight 
(em) (kg. ) (yr.m) (em) (em) Mean (g) 

(em) 
~=-~ Eo ----..., 

198 101 20 =2m 305 1.8 2 0 6 20 
205 119 168 1m 209 1.6 203 10 
200 190 1yr 300 107 204 20 

9 213 161 2yr 3.0 103 2.2 11 
40 234 203 3yr 3.4 2.9 307 33 
96 230 224 3yr 5.3 2~9 4.1 37 

120 213 156 3yr 4.0 2.0 3.0 19 
139 221 183 3y1.' 3.2 1.9 2.6 19 

14 238 236 4yr 3.2 1.0 2.2 12 

99 241 252 4yr 5.3 2 .. 9 4.1 37 
100 234 243 4yr 4.9 3.5 402 34 
105 239 207 4y1.' 3.7 2.1 2.9 15 
112 239 219 4yr 3.3 2.9 3.1 22 

234 230 4y1.' 4.8 3.1 4.0 36 
121 224 189 4yr 4.2 2.6 304 24 
88 239 277 5yr 501, 3.5 403 43 

136 239 227 4yr 3.9 2.6 3.3 26 

17 239 5yr 4.4 3.7 4.1 35 
130 239 233 5yr 4.4 2.6 3.5 27 
141 244 243 5yr 405 2.7 3.6 30 
175 224 185 5y1.' 3.2 2.0 2.6 20 

179 254 254 5yr 405 2.6 306 40 
180 254 266 5yr 4.4 2.9 3.7 35 
206 267 5yr 6.8 4.6 5.7 87 
13 262 347 6y1.' 4.3 2.9 }.6 35 
39 244 232 6yr 4.3 2.4 3.4 20 

94 241 234 6Y11 5.5 3.7 4.6 54 
111 254 239 6yr 507 3.8 4.8 54 



TABLE 3 CONTD. 

Seal Testis 
Seal No" Length Weight Age Length Bredth AV"Diamo Weight 

(em) (kg.,) (yr.m) (em) (em) Mean (g) 
(em) 

115 252 254 6yr 501 205 308 41 

116 231 246 6yr 5,,2 304 4.3 45 
125 254 216 6yr 403 3.1 307 38 
126 246 249 6yr 402 304 3 n8 32 
129 268 292 6yr 5.6 3.3 405 43 
137 244 254 6yr 5.7 3.1 4.4 47 
143 246 205 6yr 4.3 202 3.3 24 
145 252 239 6yr 5.3 304 4.4 46 
161 239 256 6yr 500 3.2 401 45 
169 241 238 6yr 4.6 4,,0 403 47 
177 244 186 6yr 5.0 3.0 400 42 

2 267 354 7yr 5.5 2.3 3.9 34 
24 244 265 7yr 5.2 3.4 403 40 

36 244 5.1 3.0 401 31 
44 240 279 7yr 5.1 305 4.3 46 

65 239 4.6 1.1 2.9 15 
84 257 355 7yr 5.7 . 3.1 4.4 46 

95 249 263 7yr 4.4 3.3 3.9 41 

97 259 253 7yr 4.9 308 4.4 50 
104 246 233 7yr 4.3 3.1 307 35 
113 249 220 7yr 4.0 2.9 3.5 25 
114 264 288 7yr 5.8 3.2 4.5 50 
119 265 265 7yr 4.3 2.9 3.6 37 
135 250 290 7yr 502 3.5 404 53 
144 246 259 7yr 501 305 4 .. 3 46 
151 254 266 7yr 4.7 206 3.7 37 
152 252 292 7yr 5.4 2.8 4. '1 45 
167 236 252 7yr 4.2 3.7 4.0 43 
188 272 280 71r 5.2 3.5 4.4 52 



TABLE 3 CONTDo 

--~-

Seal Testis 
Seal No. Length Weight Age Length Breadth Avo Diam. Weight 

(em) (kg) (yrom) (em) (em) Mean (g) 
(em) 

~-~ 

86 254 303 8yX' 508 306 407 43 
122 266 283 8yr 409 308 4.4 46 
'04 265 254 8yr 403 400 4.2 
158 267 262 8yr 409 400 405 50 
186 264 252 8yr 405 302 309 40 

89 249 271 9yr 601 3.1 406 46 

92 251 253 9yr 600 300 4u5 42 
101 286 9yr 4.1 303 307 35 
123 274 322 9yr 4.8 40 '1 405 52 
127 264 241 9yr 408 3.6 4.2 47 
160 244 263 9:1r 602 402 502 65 

90 257 287 10+yr 407 302 309 41 

93 272 321 10+yr 6.5 4- ;:: 0:,1 505 64 
107 249 244 10+yr 409 304 404 36 
128 279 297 10+yr 409 3.2 4.1 39 
138 264 232 10+yr 506 203 3.9 45 
149 265 281 10+yr 606 407 . 5.7 73 
201 277 10+yr 606 501 ).9 97 
213 252 10+yr 606 402 504 84 
214 257 10+yr 7.5 306 506 93 
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The baculum of young animals is usually curved upward i~ the 

centre; eog. Seal 281 (1 month:- baculum length = 6.4 em.). 

One and two month old animals have similar sized bacula and 

no signs of any lower processes for the ischio=cavernosus muscles. 

The one and two year age classes show an obvious upward curve of 

the baculum and development of the lower processes and urethral 

groove. The 3 year age class show further development of the 

ventral processes and urethral groove with the appearance of a 

thickened proximal endo The four and five year age olasses show 

the greatest development of the lower processes and urethral 

groove. From this age to animals Over 10 years old the baculumg 

evidently by appropriate deposition and absorption of bone g tends 

to become straighter. Nevertheless~ there is considerable 

variation in size and shape of the baoulum among individuals i as 

shown in Pl.I. Cleaned g air=driedpacula were weighed and 

measured; Fig.l.5 shows the average length and weight for the 

different age 8rQupso There is a rapid increase length in. 

the 4 to 6 year classes~ while weight shows a relatively steady 

increase from birth to the 9 year class. Thus g although length, 

weight and shape of the baculum give some indication of age class, 

the baculum dimensions are too variable in each age class to be 

used as an accurate method of ageing seals but are useful for 

grouping seals into provisional age classeso 

Bo SEXUAL MATURITY 

Sexual maturity can be defined as the age at which apparently 

viable spermatozoa are produced in the seminiferous tubules of tne 

testis o Histological examination of the testis and epididymis is 
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the most accurate means of determining sexual maturity. This 

evidence can be used to reinforce results obtained from testis 

smears. Additional information is available from growth and 

development of the baculum and of other reproductive organso 

B. Testis Sizeo 

There are three important correlates in testis size. 

I. Size and ageo 

20 Size and sexual maturityo 

3. Size and time of year. 

Two parameters~ "mean average diameter" (i Length + Breadth 

of the Right and Left testes) and average testes weight (i Left 

testis + Right testis) were used as a measure of testis sizeo 

To determine which was the better parameter for the measure~ 

ment of testis size these two measurements ware examined statisti-

cally to find the coefficient of variation (CV) (Table 2)0 

The CV of "mean average diameter rl was less than half that of 

testis weight~ being 7Qll~ compared with l8Q8~ therefore whenever 

possible the former parameter was used as the measure of testis 

size. 

The coefficient of variation in this context did not compare 

the biological variation between two me tries but indicated the 

variability as measured and reduced sample variation a 

The mean average diameter of the testis and testis dimen-

sions are shown in figo 106 and Table 30 The inactive testis in 

the degenerating and resting phases has a steady "mean average 

diameter" increase from birth to the 6 - 7 year class when the 

increase reaches a maximumo This growth is mainly due to a 



TABLE 4 . .... 

MEASUREMENTS OF TESTES AND EPIDIDYMAL TUBULES OF IMMATURE SEALS 

(AVERAGE OF 10 TUBULES) 
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Diameters of testis tubules in 

plotted months. on of studies 

by Harrison at I'll ( ), l'1ansfield ( ) 

and the 



steady increase in length of the seminiferous tubules and additional 

growth of interstitial tissue" Therefore~ to obtain the yea~ly 

amount of testis growth the testis must be sampled at an equivalent 

histological stage each year" 

The "mean average diameter" increases significantly during 

spermatogenesis and is 20-30% greater than during the degenerating 

and resting phaseso This increase corresponds to the development 

of the seminiferous epithelium and the build up in numbers of cells 

during spermatogenesis" 

The annual cyclical activity of the testis is expressed by 

the variation in seminiferous tubule diameters. These results 

of the McMurdo Sound study are similar to the results of 

Harrison et a1. (1952),. and Mansfield (1958) (figo 107)" There 

a time lag in the annual cycle of testes activity of 4 ~ 6 

weeks between the northern and southern studies in Antarctica" 

(Antarctic Peninsulag Bertram (1940); Harrison at al o (1952); 

South Orkney Islands~= Mansfield (1958); these studies were 
. 0 

and McMurdo Sound 77 s; this studyo) 

Leydig cells also mirror the change in seminiferous tubule 

diameters from the degenerating phase to spermatogenesis with an 

increase in size of cells believed to be fluid tilled o 

Co Histology~ 

80 Testis Development and Initiation of Spermatogenesis: 

The development sequence of the seminiferous epithelium was 

was ascertained from ~sections of foetal through to adolescent 

seals o The measurements of testes and epididymal tubules of 
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The appearance of the immature testis. 

1. '1'wo months 



Gon. 

Supp. 

I.C. 

10 jJ. 



The appearance of the immature testis. 

2G One month oldo 
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ar<£ h 'T bl 4 immature seals ~ s own ~n a e 0 

The youngest material examined is from seal 198 (2 months pre

partum); the appearance of this testis is shown in figo 108 and Plo 

Vol. The average tubule diameter is 4VU 9 with no lumen o The 

basement membrane issmall~ approximately Oo~ ~ lined by a peripheral 

ring of cells with well defined nuclei from 3=~ • These contain 

intensely staining uniform chromatin granules~ with a few large 

granules 0 Gonocytes were the other cell type present at this 

stage in the seminiferous tubules; these being large cells up to 

l~ having spherical lightly staining chromatin with a few large 

granules 0 There were well developed Leydig (Interstitial) cells 

with two types present: (A) darkly staining and (B) lightly 

staining granular cellso The function of the two types is as yet 

unknown 0 

Seal 205 (one month old) has average testis tubule diameters 

similar to seal 198 (figo lo9~ Plo Vllol)~ the lumen is not patent. 

The basement membrane is still small 9 approximately Oo~ thick9 

and the tubules are closer apposed with more pronounced supporting 

cells in the seminiferous epitheliumo A few supporting cells are 

elongated~ superficially resembling Sertoli cel16 9 the nuclei are 

still heavily stained with obvious small nucleo1io The gonocytes 

are similar to those described for seal 198 9 the largest being 

l~ 0 
Leydig cells have decreased in compared to seal 1980 

Seal 200 represents the 12 month age group. This shows 

little advance in development from the one month group (seal 205), 

the only major differences being an increase in the number of 

gonocyteso Cell size 9 differentiation and staining are 
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to that described for sBal 20)0 This seal was taken in 

November when the mature males were in active agenesis and 

there was no evidence of initiation of i8 0 

Seal 4 represents the two year age group ( 

This seal was killed in November and showroevidence of initiation 

of spermatogenesis, with the seminiferous tubules having assumed 

the adult appearanceo The average tubule diameter is 72~ with a 

basement membrane approximately IjJ thicKo Stem spermatogonia 

lying on the periphery are relatively few in number compared with 

the later stages in development. Laws (1956) mentioned that 

some of these cells in the elephant sBal testes have mitotic 

figures but these were not observed in the Weddell sealo The 

spermatogonia have nuclei from 6=7jJ in diameter 9 lightly staining 

and containing obvious dark nucleoli; few were seen with two 

nucleolio The Sertoli cells, developed from supporting cells 

have indistinct boundaries and slightly darker staining nuclei 

than the spermatogonia 9 these nuclei are ovoid and up to l~ 

o The central syncytium is lig~tly staining and broken in 

irregular patcheBo Scattered in the syncytium are a rew spherical 

spermatocytes up to 14~ in diameter~ the nuclei are approximately 

lOjJ and in well defined resting stageso Formation of second 

ion ocytes was observed in a few instanceso The 

interstitial tissue has assumed the adult appearance, having the 

two cell types present; the lightly staining variety being larger 9 

up to 3)-1 in diameter. 

In seals 163 and 189 9 twenty=eight and twenty=nine months old 
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The appearance of the immature testis 

4. months old. 
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respectively, the spermatocytes in the lumen show degenerating 

stages with most nuclei disintegrating. It is therefore suggested 

that annual degeneration occurs even when spermatogenesis has not 

been completed. 

Seal 1 (37 months) shows the attainment of spermatogensis for 

the first time (Pl. Vll.l). The spermatogenic phases are described 

in the section on spermatogenesis (loc.cit.). 

shows the degeneration phase which is discussed later in this 

chapter q (fig, 1.11). 

Thus sexual maturity appears to be attained at about 36 

months. 

b. Epididymis Development: 

There is an increase in the epididymal tu~ul?" d.ia~~,~~t,,~ .p.l():n~,';;' 

their length with the tubules in the region near t~eva.4efere~s, 

greatly increased for sperm storage. Variations ,in. tui)i1:t'e". 

diameters were minimised by taking histological samples from an 

area mid way along the epididymis. The epididymieof seal 198 

(2 months prepartum) has average tubule diameters of 15~ with 

9 tubules per cross section and an epithe1ium12"P wide. There 

is no development of the columnar and basal layers as observed in 

the adult pattern; only columnar cells with basal, oval and 

lightly staining nuc~ei being pres~nt. The lumen is patent with 

an irregular border. 

Seal 205 (1 month) has average tubule diameters of 7~ 

noticably smaller than seal 198 and an epHhe1ium 20 ... 2~ wide and 

an average of }O tubules per cross section. There is the develop-
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ment of columnar and basal layers and small development of the brush 

border, Basal cells have darker staining nuclei , 5=?p in dia-

meter, whereas the columnar cells have mid~basal, oval nuclei l~ 

long. The lumen is also patent with irregular borders (Pl.Vlll.2). 

Other adolescent seals have epididymal deveJ.opment similar to 

the adult pattern, It is possible that there is an annual cycle 

of activity from 2 years of age. 

Seals 1 and 120, 37 and 40 months old respectively, have 

average tubule diameters of 25~ and 15)p with corresponding 

epithelia 60 and 50jU wide. The adult pattern is present with 

columnar cells supporting the brush border and darkly staining, 

polygonal baeal cells. 

desquamation. 

Seal 120 shows the pattern of epithelial 

Increase and growth of the testis and epididymal tubules up 

to 6 years is shown in fig.l.12. The period from 0-3 years shows 

the development of the immature testis tubules. 

of three year old animals are sexually mature. 

The majority 

The testis and epididymal tubule diameters of seals are shown 

in fig. 1.7 along with the tubules in the degenerating phase. 

There is an average increase in the tubule size of 173P during 

spermatogenesis. This increase is repeated each breeding season 

after initiation of spermatogenesis. 

c The Annual Testis Cycle in the Mature Male: 

Bertram (1940)~ Harrison at ala (1962) and Mansfield (1958) 

provided evidence that the male Weddell seal in the Antarctic 

Peninsula region has one month of active spermatogenesis. 
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A similar period was suggested for the crabeater seal (Bertram, 1940) 

The present study shows that male seals in McMurdo Sound are 

actively producing spermatozoa from early October to late December 

each yearo Laws (1956) has given a detailed description of male 

elephant seal activity and Kenyon at ale (1954) gave the results of 

an histological examination of the testis from Northern fur seals 

of known age (~sinus), supplementing earlier papers by Oliver 

(1913) and Stark (1928) which gave descriptions of spermatogenesis 

in the species. 

For the purpose of this discussion the annual cycle has been 

divided into 4 phases. These areg-

I. Initiation of spermatogenesis. (Aug. = Sept.). 

2. Active spermatogenesis. (Oct. 

3. Seminiferous epithelium degeneration. (Jan. - March). 

4. Resting phase. (April ~ July). 

The annual cycle in a seasonally breeding animal is composed 

of four stages which differ in morpho-functional characteristics 

of the seminiferous epithelium was first suggested by Ivanova 

(1961) working on the beaver (Castor fiber). 

Laws (1956) did not distinguish any phases in the annual 

cycle of the elephant seal. The work on the spermatogenic cycle 

of many domestic animals (CJermont & Leblond~ 1955, Ortavant~ 

1959) has provided the basis for this description of the Weddell 

seal cycle. 

10 Initiation of Spermatogenesis~ 

The first spermatozoa were observed in seal 201 (9 October 

1963)0 Seal R6 (26 September 1964) whioh was estimated to be 



TABLE 6 
Results of Ex~~!!~of_Test~~ and EEid~d~ of 39 ~eddel~!ls. 
(An avera~e of 10 tubules !as !aken). 

-------------------------------
TESTIS TUBULES EPIDIDYMIS 

Seal No. Date Age Diaw. Htoof Pred- Diaw. Htoof Sperm 
(Years) in Epith ominant Epith absent 

~ ) types (.Jl ) or 
present present 

---- ---- = _<=0:11 

21 5. 1.62 ? 166 74- D 170 50 
84 18. 1063 7 120 72 D 172 49 
31 20. 1062 6 133 70 D 162 48 
88 28. 1063 5 133 50 D* 129 42 

89 30. 1.63 9 128 58 D* '188 40 

94 I. 2.63 6 142 41 D 168 30 

97 1. 2.63 7 101 52 D* 90 '18 

267 21. 2.64 5 71 46 D* 113 19 
105 8. 2.63 4 74 44 D* 134 22 
107 8. 2063 8 189 45 D 207 31 
114- 80 2.63 6 126 41 D 135 24 
116 8. 2.63 6 138 39 D 126 29 
120 8. 2.63 3 90 40 D 123 24-
121 110 2.63 4- 103 49 D* '113 36 
123 11. 2.63 9 138 40 DH '154 14-

129 11. 2.63 6 120 42 D* '!29 28 
131 13. 2.63 -10+ 101 32 DR 107 30 
134 13. 2.63 8 133 40 R 160 17 
149 15. 2.63 10+ '179 39 DR 185 18 

156 18. 2063 7 68 4-9 D 1'17 15 
161 18. 2.63 6 103 44 DR 115 19 
167 20. 2.63 7 170 41 D 132 26 
169 20. 2.63 6 160 41 DR 160 20 

267 21. 2.64 5 71 38 DR 113 27 
175 22. 2.63 5+ 108 4-3 DR 114- 23 



TABLE 6 CONTD ---
-----~-------------------------- -----

TESTIS TUBULES EPIDIDYMIS 
Seal NO q Date Age Diamo HLo! Pred- Diamo Htoof Sperm 

(Years) in Epith ominant Epith absent 
(~ ) types (~ ) or 

present present 
---~--

180 220 2063 5 178 41 R 149 16 

186 250 2063 8 145 30 DR 142 22 

188 250 2.63 7 1 '10 36 R 116 18 

R6 26. 9064 10+ 206 80 I 268 61+ 
201 9010.63 10+ 213 B9 s 288 + 

206 50 11063 5-6 229 s 6'1 .;-

2 19.11061 7 184 c '1 6~) + ;J 

213 29011063 10+ 219 91 S 237 60 + 

214 1012063 '10+ 9 87 s 275 57 + 

13 7.12061 7 '170 80 S 216 72 + 

R8 20.12.64 4 216 86 SD 251 58 + 

17 27012.61 4-5 105 39 R 146 45 

R9 28012.64 5 219 76 3D 270 60 + 

219 28012063 230 80 SD 290 50 + 

RIO 30012064 8 '195 80 SD 241 55 + 

* Giant Cells Presento 

D Degenerating Stagso 

R Resting S 

I Initiating Spermatogenesis 

S Active Spermatogenesis 
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over ten years old shows a late stage in the initiation of 

spermatogenesiso Stages I = VI of the seminiferous epithelial 

cycle were present with an apparent predominance of Stage VIo 

(elongating darkly staining spermatids)o It is estimated that 

the first liberation of spermatozoa into the lumen occurs about 

October 1 with the actual initiation of spermatogenesis occurring 

about 60 days before this dateo (ioeo early August)o The duration 

of the seminiferous epithelial cycle is probably similar to that of 

the bull (Attal & Courot9 1963)0 

20 Spermatogenesis~ 

The stages of spermatogenesis observed in the Weddell seal 

are now described o This is the first time the spermatogenic series 

has been described in detail in the Pinnipediao 

general description of each stage precedes the detailed descrip-

tion of the situation observed in the Weddell seal o The results 

of histological examination of testes and epididymes of the Weddell 

seal are found in Table 60 

Stage Ig 

"Extends from the disappearance of spermatozoa from the 

seminiferous epithelium to the onset of elongation and increase in 

stainability of the spermatid nuclei '! (Ortavant 1959)0 

The average tubule diameter in all stages of the seminiferous 

epithelium cycle is 2200 having the epithelium from 80 = 9sP ; 

a patent lumen is present in all tubuleso The basement membrane 

in all the stages is approximately 3)l thick~ and there is an 

increase in the large lightly staining 9 fat filled 9 Leydig cells 

up to 10? in diametero A-type spermatogonia have oval nuclei 
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from6-9~ long which are lightly staining with obvious darker 

staining nucleolio The spermatocytes have nuclear diameters up 

to 15."..0 , the older generations having evenly distributed chromatin 

whereas the younger spermatocytes have slightly small nucleis up 

to 12~ in diameter, more lightly staining with few large 9 dark 

chromatin granules" There is a large number of round darkly 

staining spermatids about 6)0 in diametero A lightly staining 

syncytium borders the lumen and this comes to surround the 

spermatozoa by stage VIIIo Stage I is shown in 10 13 and 

P10 11,,10 

S II! 

"From the beginning of elongation and increase in stainability 

of the nuclei to the bundle formation of the spermatids" (Ortavant 

Two types of spermatogonia are present~ the stem 

spermatogonia similar to those prevalent in the resting phase 

and the developing darker staining spermatogonia, The spermato

cytes are similar in number and size to stage 10 ~h8 spermatid 

nuclei elongate in this phase and form discrete bundles in relation 

to the light staining Sertoli cells (figo 1014)0 

S III~ 

"From the beginning of the bundle formation of the spermatids 

to the beginning of the first maturation-division of the spermato= 

cyteso ll (Ortavant~ 1959) 

This stage is shown in Fig" 1,,15 and PI"II Q 2 o The sperma

togonia are still the stem and darkly staining developing A-typeo 

Many spermatocytes are seen dividing and there is the production 
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of younger generations of spermatocytes with lightly staining 

cytoplasm and nuclei up to 12~ in diameter. The older generation 

has darker staining nuclei averaging l~ in diameter. In this 

stage and stage IV there are meiotic divisions producing spermatids. 

Stage 1Vg 

uFrom the beginning of the f:i,rst maturation=division to the 

end of the second maturation division." (Ortavant~ 1959) 

Stage Vg 

"Begins immediately after the end of the second maturation

division and ends when the chromatin of the nuclei in the new 

spermatids shows a dusty appearanceoll (Ortavant g 1959) 

Only the later phases of this stage were observed~ the 

spermatid nuclei i ~ in diameter 9 have obtained a dusty appearance 

and appear to be similar to the elongating types maturing to form 

spermatozoa. The spermatogonia have undergone a change to the 

darkly staining intermediate (In) type9 having diameters from 

6=8)' but the stem spermatogonia are still presento The Sertoli 

nuclei appear to become more triangular 9 being l~ by l~ 9 with 

slightly darker staining cytoplasm. There is a large percentage 

of the older generation of spermatocytes but the cells are similar 

to the earlier stageso This stage is shown figo 1016 and 

PL 111010 

Stage VIg 

flFrom the beginning of the dusty appearance of the nuclear 
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chromatin in the new spermatids to the point when all bundles of 

old spermatids have separated from the nuclei of the Sertoli 

cellso" (Ortavant~ 1959) 

The In spermatogonia have matured to the very darkly staining 

B typeo Stem spermatogonia are still present and the Sertoli 

cells are similar to stage Vo The older generation of spermato-

cytes is dominant having uniform~ darkly staining granules in the 

cytoplasmo In this stage the spermatids are darker staining and 

the nuclei are roundo In this stage there is the first appearance 

of spermatozoa tailsg from 6~~ longo (Figo 1017) 

Stage VIIg 

"From the beginning to the end of the migration of old 

spermatids toward the lumen of the seminiferous tubuleo" (Ortavant 

1959) 

No material of this stage was observed in the present study 

of the Weddell sealo 

Stage VIII~ 

"From the end of the centripetal movement of the spermatozoa 

to their complete liberation into the lumen of the seminiferous 

tubule"o (Ortavant 9 1959) 

This stage is shown in figo 1018 and PlollI020 B type 

spermatogonia predominate g few A type or stem spermatogonia being 

presento Spermatocytes again consist mainly of the older generation, 

having uniform darkly staining chromatin in the nucleuso The 

round spermatids~ 6=~ in diameter~ have darkly staining nucleio 



Spermatozoa line the lUmen 9 having tails up to l~ longo 

spermatozoa were observed free in the lumen. 

Many 

Frequency of the Stages of the Seminiferous Epithelial Cycleg 

By using Haemotoxylin and Eosin staining 9 6 stages of the 

eight described by Ortavant were observed in the Weddell seal 

testis material o There were 19 1I g III~ V, VI and VIIIo Only 

cross sections of tubules are used in this analysis and in most 

cross sections the epithelium was uniform around the whole tubule. 

No evidence is available to verify the statement by Regaud (1900 9 

ref. Ortavant9 1959) that lithe succession of cellular associations 

takes place, not only at one transverse area but in the form of 

a spiral along a portion of the seminiferous tubule". 

The mean frequency of the various stages of the seminiferous 

epithelial cycle was calculated from 100 cross sections for each 

animal. A 6x3 Chi2 contingency test performed on these data 
2 . 

resulted in a chi of 80817 with ten degrees of freedom9 indicating 

a probability of 0.4 that the three animals did not differ in 

this respect. The frequencies from the threeseala are therefore 

pooled to give the percentage occurrence of the stages in Table 50 



Table 50 

Percentage occurrence of various stages in three Weddell ~ealso 

Seal No o 201 213 214 x (Mean) 

Stage I 21 17 21 1907 

Stage II 16 10 6 10.,7 

Stage III 24 15 24 21 0 0 

Stage V 9 13 9 10.,3 

Stage VI 28 30 28 28Q7 

Stage VIII 12 15 12 1300 

The standard deviation was not taken because the variability 

would be too great to give any significant resultQ These results 

can be tested directly against those of Ortavant (19599 Table II)o 

The frequency of the stages of the seminiferous epithelial 

cycle in the Weddell seal can be compared with studies on the 

bull~ ram g boar (preliminary results) and rat (Ortavant g 1959; 

Table II) 0 

In table 5, seals 201 9 213 and 214 can be compared directly 

with those of Ortavant g assuming that he has given the frequency 

of the stage with its standard deviationQ 

Seal 201 and 213 stage II. are within 1 standard deviation 

and 2 standard deviations respectively of the corresponding bull 

frequencyo Seal 201' and 214 Stage VIII are within 2 standard 

deviations of the bull frequencyo 

Seal 201 and 214 Stage I are within 1 standard deviation 



of the corresponding ram frequency; seal 213 Stage II is also 

within 1 standard deviation of the ram frequency. Stage VIII of 

seals aOl and 214 are within 2 standard deviations of the ram stage 

VIII frequencyo 

When the trends are compared, the Weddell seal frequencies 

show a similar reduction th~ough the stages as shown in the ram 

and bull although the frequencies in Stage VI are much greater in 

the Weddell seal o Stages I = III show the greatest similarity. 

Stages V - VIII in the Weddell seal are similar to the 

preliminary results of the boaro In this particular respect the 

Weddell seal is generally intermediate between the ram and bull 

on one hand and the boar on the other (Ortavant~ 1959; Table 11)0 

30 Degeneration of the Seminiferous Epitheliumg 

This phase which extends from late December to March consists 

of the successive disintegration and shedding of the integral 

layers of the seminiferous epithelium. After shedding the 

spermatozoa 9 spermatids and spermatocytes, the develOping 

spermatogonia are finally shed. During this phase the mean 

average diameter of the testis declines as does testis weight, with 

a corresponding reduction in the diameter of the seminiferous 

tubules. The first stages of the degeneration are found with a 

number of the later stages of the seminiferous epithelial cycle 

in late December. 

The tubule diameter is reduced from an average of 19~ at 

the beginning of epithelial degeneration to 125jU at the end of 

the phase. The lumen is reduced from an average of 2sP to l~ 

and the seminiferous epithelium is correspondingly reduced from 
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70=8~ to 30-4qp 0 

The early stages in degeneration resemble stage I of the 

seminiferous cycleo Spermatocytes have an average diameter of 

15~ with darkly staining nuclei IO-l~ ~ and there are few in any 

stage of disintegrationo The Sertoli cells are hypertrophied with 

indistinct boundaries and the nuclei triangular and lightly 

staining g resembling the type found in the stages of the 

seminiferous epithelial cycleo Spermatids~ having darkly staining 

nuclei 6-~ in diameter, are found close to the lumen border in 

various stages of disintegration. Shrinking of the Sertoli cells 

probably breaks down the columnar pattern of. the spermatids. But 

Bawa (1963) found no evidence of contractile elements in human 

Sertoli cellso Only fragmenting spermatids were observed in the 

lumen and no degenerating spermatozoa as observed by Mansfield 

Giant cell formation commences at this stage in the 

degeneration phase, the first formed being those of spermatid 

origin. 

The next stage in the degeneration phase is characterised by 

the presence of "Giant cells". These are of two types~ 

I. Spermatid giant cellsg the first formed. 

2. Spermatocyte giant cellsg these usually follow the 

development of (I). 

The main types of spermatid and spermatocyte giant cells are 

shown in figo 1.190 

There are examples of spermatocyte giant cells forming deep 

in the seminiferous epithelium and one example of spermatid and 

spermatocyte giant cells forming in the same group was also observed 
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Approximately 50 per cent of the spermatocytes 

are seen with degenerating nuclei g 8-12,11 in diameter. There are 

no signs of epithelial layering at this stage but the Sertoli cells 

are more triangular than in the later stageso Interstitial tissue 

remains small with Leydig cells 4-6)U in diameter and few large 

cells up to 10~ being present. 

The next stage shows the first appearance of "Winter sperma

togonia ll , with nuclei 9-12~ in diameter and having lightly 

staining cytoplasm. The Sertoli cell nuclei are often darker 

staining and consequently more obvious than in the earlier stages 

of the degenerating phase and active spermatogeneiiso 

three layered effect appearing; the layers being~ 

There is a 

a. The vacuolated syncytium with a number of degenerating 

spermatocytes. 

b o A layer of degenerating spermatogonia and spermato

cytes 9 found in the middle of the epitheliumo 

Co A layer of Sertoli cells and stem spermatogonia near 

the basement membrane. 

The degenerating spermatocytes and spermatogonia can only be 

distinguished by their position relative to the basement membrane. 

Many spermatocytes have degenerated into dark cytoplasmic masses 

close to the lumen. Eighty per cent of the few giant cells 

present are formed from spermatocytes. 

The last stage in the degeneration phase is marked by the 

appearance of a two layered effect with spermatogonia and Bertoli 

cells close to the basement membrane and degenerating spermato-
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cytes near the lumen. Many large spermatocytes 15~20~ in diameter 

have the cytoplasm shrinking towards the centre of the ©el1 9 giving 

a foamy appearance with darkly staining chromatin inclusionso 

Sartoli cells~ "winter" and stem spermatogonia are becoming the 

major components of the seminiferous epitheliumo 

The series of stages in the degeneration phase are shown in 

figo 1020 (a ~ d) and Plo IVaI = Vol 

40 Resting Phase: 

This represents the ultimate point of epithelial degeneration 

and is notable for the elimination of most elements of the 

seminiferous epithelium. The tubules are in this phase from late 

March until early August when initiation of spermatogenesis 

recommenceso The elongated Sertoli cells form the major archi-

tecture of the epithelium which approximately 50p wideo The 

average tubule diameter at this stage is lO1P 0 I!Winteril 

spermatogonia are found in the largest numbers at. this stage 9 some 

having two nucleoli and mitotic figures. Deep in the epithelium 

there are large clear spaces indicating previous degeneration of 

spermatogonia~ probably due to phagocytosis by the Sertoli ellso 

The tubules are less closely packed with large intertubular spaces 
, 

and the Leydig cells are from 3 - 5;; 0 

The composite appearance of this stage is shown in figa 1.21 

and PI, V.2 & Vl.lo 

do Annual Cycle of the Epididymis. 

Great variation in the diameter of the adult was 
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in samples taken between September and Mar~h~ in the years 

The epididymal cycle appears to be out Df with the 

of the seminiferous epithelium~ the maximum diameter of the 

epididymal tubules occuring slightly later than the maximum of the 

seminiferous tubuleso There is a similar lag in the cHephant seal 

The range of epididymal diameters active 

agenesis is wide 9 from 210~299'V 0 The ranges in the 

months are~ 

October~ 

Nov-emberg 

Decemberg 

225 = 280,;; 

210 = 290j-J 

210 = 275jJ 

During degenerating and resting phases epididymal tubules 

ranged from 90 - 16~ a 

Seasonal changes are elucidated from the 

o The earliest9 seal 201 (October 9)9 has an epithelium 

wide containing a columnar layer and a basal of 

callao eRefo PLX'Li seal Columnar ~<e 

the lumen have basal to mid ((;ell nUl[;lei 10=12)-, 

these cells have long cilia adh-ering to give a blI'''llsh border or 

strandlike effecto 

STRANDUKE BRUSH BOR DE R 
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Columnar cell nuclei are darker staining than the basal c.ell nuclei~ 

both having obvious dark nucleoli~ paired in many cases a Thi.s stage 

probably marks the end of proliferation which commenced about mid 

Augusto 

Mansfield (1958) gave a description of the 

reference, 8eall011 ( 080 ) which resembled Beal 

Epithelium 

Cilia 

Mansfield 

(1011) 

60)J 

15 jJ 

Smith 

( 

69jJ 

l~ 

of his 

in this 

Columnar cells 8 = 10;; 10 = 12~ 

Spermatozoa only were observed in 201~ and 214 whereas 

1011 had spermatozoa and spermatids in the epididymal tubulesa 

During the degenerating phase the tubules reduce 

i.n d.iametero Seal 121 shows the process of ion and 

breakdown with cells moving into the luman followed by 

their consequent disintegration. At this s 

division into the two types, columnar and basal cells (Plolal ref. 

seal 156) 0 The lumen border becomes irregular early in the 

phase e.g. Seal 121. The brush border degenerates 

in the desquamation 120) . 

, , 
are found in the resting stage specimens. The main features of 

the epididymal epithelium the resting phase are the 

lumen border and the complete lack of columnar cells, only poly-

gonal cells, not arranged in any order being present. This 

dymis epithelium breakdown in the Weddell seal is very similar to 

the pattern described for the lephant seal. Laws;) 1956) 



35. 

DISCUSSION: 

In gross anatomy the male reproductive system of the Weddell 

seal was found to be similar to that of the grey seal (~rypus)9 

harbour seal (Povitulina) (Harrison et alo~ 1952) and elephant 

seal (Moleonina) (Laws g 1956)0 The accessory sex glands conform 

to the general carnivore pattern described by Julian & Tyler (1959)0 

The baculum in the Weddell seal is shown to increase markedly 

in length from 4 - 6 years 10eo following the attainment of sexual 

maturityo The growth rates of the baculum can be compared with 

those in other Pinnipediao This study on the Weddell seal appears 

to agree with the earlier work of Rand (l949)~ Scheffer (1950 & 

1962)~ Fay (1954) and Laws (1956) who showed that there is a 

positive correlation between baculum length and body length o 

Howevergit was not possible to make any decision about such a 

correlation from the Weddell seal resultso Havinga (1933) 

showed that the baculum of the harbour seal (Phoca vitulina) 

grows more rapidly towards the end of the third year and Fisher 

( ) believed the Pacific harbour seal {p to 

be simi1arj Laws (1956) also show~ this type of accelerated growth 

in the elephant seal (Miroun~a leonina)o Scheffer & 

however, found no evidence of accelerated baculum 

Pacific harbour seal, th~s conflicting with Fisheris onclusionsa 

Accelerated baculum growth following the onset (If sexual 

appears to be found in Phocidae which mature early (ioBo about 

3 = 4 years)o LawB (1956) suggested that it is "only in the 

more precocious Phocidae that such rapid growth of the baculum is 

necessaryllo 
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The male Weddell seal has a definite sexual periodicity with 

active spermatogenesis occuring from August to late December each 

yeara This sexual periodicitYt however g affects both development 

of spermatogenesis and spermatogenesis in the mature animalo 

Seminiferous tubules of the seals from two months pre=partum 

to eleven months post-partum were very similar~ with two cell 

types present in the tubule epitheliumo These cell types were 

gonocytes and supporting cellso Sapsford (1962a & 1962b) found 

similar cells in his studies on the Merino ram 9 rat and mouse but 

referred to the supporting cells which give rise to Serto1i cells 

as "indifferent cellsno In this discussion the term "supporting 

cell" is useda Saps ford (1962a & b) also demonstrated a genetic 

continuity between gonocytes and adult stem spermatogoniao The 

only major differences between the two months pre=partum and 

eleven-month animals were~-

10 The amount and type of interstitial tissue differed 

considerably between the pre~ and post~partum examplesg with the 

greater percentage of tissue present in the pre=partum exampleso 

Harrison (1960) stated that there were two distinct generations 

of interstitial tissue in many pinnipedQs9 one found in the 

testis of the late term foetus, and the other in the post-partum 

seaL, 

20 There was an increase in the number and size of the 

gODocytes in the eleven-month animals accompanied by an 

apparent differentiation of the supporting cells to Bertoli 

cellso 

At 25 months in the Weddell seal there is activity of the 



seminiferous tubule epithelium; the gonocytes develop into stem 

spermatogonia which then develop into spermatocytes~ but the 

epithelium does not develop past the spermatocyte stage and in 

January and February the spermatocytes are Seen to. be degenerating. 

It therefore appears that the androgenic hormone level is only of 

sufficient magnitude to develop stem spermatogonia to. the spermato-

cyte stage, and that after the period of active but abortive 

spermatogenesis (August = December) the epithelium degenerates 

and returns to the resting phase. $ 

In the third year (35-37 months) spermatogemsis is reinitiated 

and active spermatozoa can be abserved, along with the other stages 

of the seminiferous epithelial cycle. The Weddell seal becomes 

sexually mature at three years of age. The degeneration phase 

follows active spermatogenesis. 

In the Isle de France lamb (Courot 9 1962) ~ the Normandy bull 

(Attal & Courot~ 1963)9 rat and mause (Sapsford~ 1962b) and Merino 

ram (Sapsford, 1962a) spermatogenesis, once initiated~ goes to 

completion~ but in these animals spermatogenesis is continuaus. 

Therefore the sexual periodicity in the Weddell seal has a marked 

effect on spermatogenesis with the hormone level probably ensuring 

that spermatocytes do not develop past the maturation division 

stage in the 2 year class o The stage of maturation division 

appears to be a significant stage in spermatogenesis, especially 

in the two year class. 

Attal & Couro.t (1963) showed that a corresponding situation 

occurred in the bull, where spermatogenesis is fully established 

by 12 months after birth. They showed thati after spermatogenesis 

initiation 9 the frequency and timing of OrtavantQ s (1959) eight 
* Addendum page 



stages of the seminiferous epithelial cycle are similar to the 

seminiferous epithelial cycle in the adulto However~ it was only 

after one year that the normal efficiency of spermatogenesis was 

attained in the bull~ and before this time, degenerative phenomena 

probably occur at many levels of the spermatogenic process, 

normally during meiosis and elongation of spermatidso 

Previous studies an annual cycles of seasonally breeding 

mammals have been made by Ivanova (1961)9 (beaver; Castor fiber)~ 

McIntosh (1963) (fox; Vulpes vulpes) and Conaway & Slade (1965) 

(rhesus monkey; ~!ca mulatta). 

Ivanova studying the beaver described 4 stages of the annual 

cycle. These were; 

10 High rate of spermatogenesis (J-anuary = February) 0 

Main feature = spermatozoa. 

20 Intermediate rate of spermatogenesis. (March = May). 

Main feature = undifferentiated spermatidso 

30 Degenerative regenerative process. ( June = October). 

Main feature reduction of seminiferous epitheliuma 

40 Preliminary spermatogenesis. (October = December). 

Main feature spermatocyteso 

McIntosh (1961) described 5 stages in the annual cycle of 

the. fox based on tubule diameters and cells present in the 

seminiferous epitheliumo 

The stages wereg~ 

10 Spermatogonia (January = February) 0 

20 Spermatogonia and Spermatocytes (March = April). 

30 Spermatogenesis (Spermatozoa) (April - September) 0 
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40 Epithelium degeneration (September = October). 

5. Debris (November - December)" 

(19t>S) 
Conaway and Slade described the annual testis cycle in free 

ranging rhesus monkeys where the peak of sperm production was in 

autumn (August = October) and the resting phase from April ~ June. 

A larger number of samples was available in this study of the 

Weddell seal than WqS previously available to Ivanova 9 McIntosh 

and COl'lB.WB¥ at al" Using the previous studies as a basis the 4 

stages of the annual cycle are described with reference to the 

seminiferous epithelium changes. The stages areg 

10 Initiation of spermatogenesis (August = September) 0 

2" Active spermatogenesis (October = December)" 

30 Epithelium degeneration (Late December = April). 

4. Resting phase (April - July). 

The spermatogenic period is of three months duration in the 

Weddell seal (October = December). Initiation of spermatogensis 

is estimate.d to commence about 60 days before the appearance of the 

first spermatozoa ll ioeo in early Augusto Increasing day length is 

probably a major stimulus initiating spermatogenesis in the Weddell 

seal; however~ the majority of studies on light stimulation of 

seasonally breeding mammals have been made with reference to the 

female (Amoroso & Marshal1 9 1960)0 The corresponding stimulus in 

the beaver is decreasing day length (Ivanova, 1961). Except in 

immature animals 9 spermatogenesis onoe initiated goes to completion 

and the hormonal influence appears to be initiated at the basement 

membrane" The stem spermatogonia first proliferate and then 
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divide to produce spermatocytes which undergo maturation division 

to give spermatidso 

The key point in the spermatogenio cycle and production of 

spermatozoa is spermiogenesiso As germ cells move away from the 

basement membrane the effect of androgens in them is correspondingly 

reducedo The intimate relationship between the Sertoli cells 

and spermatids (Elftman, 1949) suggests that the oestrogen level 

of the Sertoli cell may be the key to spermiogenesiso Production 

of oestrogen from Sertoli cells was reported by Scott & Lynch 

(1952)0 Tumors of the Sertoli cells of undescended testes in 

male dogs produce'large amounts of oestrogen and feminisation 

of the dogso 

The androgenic hormones are assumed to wane late in the 

spermatogenic phase when some tubule sections are observed in the 

early stages of epithelium degenerationo Degeneration of the 

seminiferous epithelium commences at the lumen and retreats to 

the basement membraneo After the release of spermatozoa the 

waning of androgenic hormones combined with a probable lower 

oestrogen level of the Sertoli cells, results in the cessation 

of spermiogenesiso 

One of the main features of epithelium degeneration is the 

formation of mUltinucleate "giant cellsno The first IIgiant 

cells" to be produced in the epithelium are those consisting of 

spermatids; these are most likely to have been produced from 

failure of the formation of spermatid walls giving a multi

nucleate bodyo The second type of "giant cells" are those of 

spermatocytes; these are most likely to have been formed from 
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the breakdown of spermatocyte cell walls also leaving a multi

nucleate bodyo "Giant cells" were first reported by Moore (1924) 

and Courrier (1927)~ 

Formation of giant cells is frequently found in both natural 

and artificial testis degenerationo The figures of giant cells 

of ~rinaceus (Courrier 9 1927)~ Talpa (Tandler & Grossi 1911) and 

Mirounga (Laws 9 1956) showed a type of spermatid "giant cell" 

formation which is dissimilar to the figures for the Weddell seal 

where the type with 32 nuclei was not presento Spermatocyte 

giant cells resemble those described by Courrier (1927) 

(Rhinolophus) and Laws (1956) (Mirounga)g but the group of six 

spermatocytes in a "giant cell", dominant in the Weddell seal~ was 

not observed in Mirounga or Rhinolophus; also the two-cell type 

is more predominant than the four-cell typeo Hamilton (1939) 

mentioned and described "giant cells" in the testis of the Southern 

sea lion (Otaria byronia)0 

The final stage of epithelium degeneration is reached when 

the only germ cells left are the stem spermatogonia and larger 

"winter spermatogonia"D "Winter spermatogonial! have also been 

reported in Mirounsa (Laws 9 1956)0 

Seminiferous tubule diameters increased by 15 - 20% during 

active spermatogenesis; a similar enlargement was also reported 

in the ferret and hedgehog (Allanson; 1932 & 1934)~ common shraw 

{Bramball, 1935)9 certain Antarctic pinnipeds (Harrison et aL 

1952~ Table 2), elephant seal (Laws 9 1956) and the fox in the 

Canberra district of Australia (Mclntosh 9 1963)0 In the 



epididymal tubules there is a similar cyclical activityg which 

reaches a maximum slightly later than that of the testis tubuleso 

In seasonally breeding animals the most significant features 

are (i) the initiation of spermatogenesis (August in the Weddell 

6eal)9 which commences at the basement membrane and terminates 

with sperm production at the lumen border and (ii) subsequent 

seminiferous epithelium degeneration which proceeds in the reverse 

direction from lumen to basement membraneo 

The amount of interstitial tissue in the adult Weddell seal 

testis is smallw as in the elephant seal (Laws g 1956) and the 

weasel (Hill~ 1939)0 In the Weddell seal Leydig cells (lightly 

staining type) increas~ in, size in the spermatogenic phase from 

an overall cell diameter of 4;; (12 sq)P ) to lOjJ (80 sq~ ) 

in cross sectiono The darkly staining cells are small and do 

not appear to change size to any marked extent. Allanson (1932), 

working on the ferret~ found the interstitial cells to increase 

from about 30 sq;u to 110 sq;p in cross section in the breeding 

season; a similar c1cle was observed by Deanesly (1935) in the 

stoato The evidence shows that the Weddell seal conforms to 

the carnivore pattern of cyclical activit yo 

The male Weddell seal reaches full spermatogenesis at from 

4 = 6 weeks before the main period of female iiheat". This 

feature also occurs in the elephant seal; Laws (1956) explains 

this as a result of polygamy and the need to acquire a harem in 

the early stages of rookery formationo The increase of male 

hormones 9 which produces in the Weddell seal the aggressive 

behaviour advantageous in sexual fightingg is probably very 



very important in the Weddell sealo At pupping areaS 9 large 

mature males are seen only on the periphery and small males are 

absentg or are solitary along cracks in the sea ioeo Sexual 

fighting in males was first observed in early October and continued 

until the end of Decembero 

Histological examination showed no evidence of any diminu~t~on 

in tes~icular activity from the 4 to 10+ year classes (this probably 

includes animals of at least 15 years)o The only malfunctional 

testis was that from a 7 year seal killed early in December; no 

sperm were present and the tubules were seen to resemble those 

in the resting phaseo No evidence was available of any reason 

for the malfunction of the testis during spermatogenesiso 

In order to have definite ageing of seals a method using 

annual rings in the canine teeth was used o The pulp cavity of 

the Weddell seal tooth is closed by the 10+ year age class in 

most animals and does not remain open continuously as in 

Mirounga leonina o Carrick and Ingham (1962) stated that the 

Weddell seal maintains permanent deposition of dentine in teeth 

which suffer constant abrasion on ice while keeping the blowhole 

openo 

Carrick and Ingham stated that dentine deposition in the 

elephant seal is probably controlled by reproductive hormones g 

adrenaline and possibly some other endocrine activit Yo But 

dense dentine was produced during high feeding intensity in the 

ringed seal (Phoca hispida~ McLaren 9 1958)0 The problems are 

summarised by Carrick and Ingham (1962) who suggested that the 

function of dentine deposition is controlled by very different 

physiological mechanisms in Phoca and Miroungao 
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ADDENDUM 

For the following data on testis weight in the Himalayan 

Thar (Hemitragusjemlallicus Smith) I am indebted to Go Caughley 

of the New Zealand Forest Service~ Forest and Range Experimental 

Station for permission to use his unpublished results. 

The thar has seasonal variation in testis weight (fig. A & 

table A) and also has a small increase in the 13 = 24 month age 

class. The small increase in average testis weight from 5 goo. 

to 14.5 goo. is comparable with the increase in activity of the 

seminiferous epithelium in the testis of the 24 - 36 month old 

Weddell seals. It appears that the first abortive initiation of 

spermatogenesis occurs in the second season after birth in the 

young males of the Weddell seal and the thar. 

It is therefore suggested that it is possible that all 

seasonally breeding animals have a preliminary initiation of 

spermatogenesis during the year prior to the attainment of full 

spermatogenesis. 



TABLE A 

Mean Testis Weishts of Known ASia Saml2.1:es of Thar from the Godle;¥: 

River Area. (0 = 6 years) 

AGE NOV DEC JAN FEB JUNE AUG 

x* n i* Xl 1'1 x* Xl x* 1'1 i'" 1'1 

0 
1=12mths 1 2 1 2 1 1 2 0 0 5 3037 8 

1 
13=24mths 3.96 23 2.7524 3.91 46 4.5 21 14.5 5 B045 11 

2 
25=36mths 9048 25 10 0 25 16 l1oB4 37 1204 11 340B 5 17075 8 

3 
37-4Bmths 19000 9 16.17 6 1905 14 21.33 6 4100 3 22.5 6 

4 
49=60mths 25.14 7 2405 2 24.B6 7 2405 2 50067 3 2604 5 

5 
61-72 mths 3105 4 3100 1 3203 6 34.B 5 56075 4 34.0 2 

6 
73=B4mths 19 1 27 6 29 0 0 3 3BoO 2 5900 1 2700 1 

Weight in grams. 
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The seasonal testis weight 

changes in accura thar 

yearso (Data per G. ) 
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C HAl? T E R 

TWO 

SOME ASPECTS OF THE FEMALE 

REPRODUCTIVE CYCLE 



ASPECTS OF THE FEMALE REPRODUCTIVE CYCLE OF THE WEDDELL SEAL 

INTRODUCTION 

The first major study of the female reproductive cycle of the 

Weddell seal was that of Bertram (1940)9 who discussed general 

aspects of the cycl~ and reported that gestation probably did not 

exceed 10 months. He did not recognise the delayed implantation 

stage of the blastocyst. Foetal growth from early implantation to 

parturition was also discussed and a major portion of the study was 

devoted to a discussion of the corpus luteum and a possible method 

of ageing seals by the number of corpora albicantia (ioeo by the 

number of past pregnancies 1 corpus albicans 1 pregnancy). 

There was also an extensive discussion of corpus luteum growth and 

activity. Finally, there was a discussion of missed pregnancies, 

their occurrence and possible causes. 

Studies On the female reproductive cycles of Antarctic and 

SUb=Antartic Pinnipedia were made by Harrison~ Matthews and Roberts 

(1952). They described the gross anatomy of the reproductive 

organs of juvenile and adult females and described histological 

changes of the corpus luteum, uterine mucosa and vaginal epithelium 

of the Weddell seal (~eJ2to~~B weddelli)9 crabeater seal 

(Lobodon_carsinoEha~us) and leopard seal (gzdru5~ leEtonyx) 0 

Mansfield (1958) discussed the ovarian cycle in the Weddell 

seal and the histological changes of the uterine and vaginal 



epithelia in a series of female seals in the period from late 

pregnancy to early t partum An important feature of this 

study was a discussion of the and corpus luteum 

changes in the three weeks following parturitioDo The validity of 

BertramUs age determination based on 

was questionedo 

corpora albicantia counts 

Other major studies on female cycles in Pinnipedia include 

those on (McLaren 9 1958)~ (Laws 9 

1956)\ (Rand 9 ) and Callorhinu6 ursinus 

(Craig~ 1964)0 

McLaren (1958) worked on the in 

northern Canada and discussed the Dvarian cycle and control of 

follicular ae by the corpus luteum and the subsequent 

development of the corpus luteum. He also observed that delayed 

implantation lasting 

ringed seale 

months, was a normal occurrence in the 

The ovarian cycle and his of the uterine 

and vaginal epithelia in the elephant seal were 

discussed by Laws (1956)0 Emphasis was placed on follicular 

activity and corpus luteum develDpment and degeneration in the 

ovaries the Dvu1ation 9 delayed implantation 9 and late 

implantation and parturition s 

its occurrence were discussed in detailo 

the delay was of about 16 weeks durationo 

implantation and 

In the elephant seal 

Craig ( ) made an extensive study on ovulation and 

Graafian follicle development in the northern fur seal (Callorhinus 
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ursinu!) throughout the year; delayed implantation was of 3 months 

duration. The corpus luteum development was related to the stage 

of pregnancy in the female. An important feature of this study was 

the determination that of the females ovulate for the first time 

as 3 olds and the rate in 5 year aIds was 50%. 

Other features discussed were the incidence and causation of prenatal 

mortalities and "missed pregnanoies l' in sexually mature females. 

In the Cape fur seal delayed implantation lasts about 4 months 

and the average gestation period was 259 I (Rand, 1955). There 

was a full description of the histological changes of the ovaries 

and uterine and epitheliao Rand showed that two important 

features in the fur seal were the phase of follicular activity at 

implantation and the lactation periodo 

The reproductive and endocrine organs of foetal~ newborn and 

adult grey seals and common seals ( 
;;;.;;;;;~.;.;, 

were discussed by Amoroso, Bourne, HarrisoD g Matthews, 

Rowlands and S There was a description of foetal 

gonad development and a discussion oftha implications and effects 

of endocrine secretions in the lata foetal and post~parturient 

phase of the seal. The changes and development of the ovaries and 

corpora lutea of adult post-parturient seals were also discuBsed. 

The most 

cycles and 

studies on female reproductive 

are those of Asdell (1946)~ who 

covered reproduction in different mammalian orders, and Marshallos 

Physiology of tioD ad. A.SoParkes ( & 1960L The 
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most recent review was "The 

The review "Delayed Implantation" eeL AoGoEndelcs (1964) covers 

the most recent advances in this field a 

The present study on the Weddell seal covera some sections of 

the anatomy, the ovarian cycle and includes a discussion of 

delayed implantationo 

For some periods of the year there is a limited amount or a 

complete lack of material but an at has been made to elucidate 

the ovarian and the dev~lopment and changes in the corpus 

luteuma The period of delayed implantation is discussed and the 

effect of this s on the annual is suggested. 

MATERIALS AND METHODS 

This study is based on observations of the female reproductive 

system in a otal of female Weddell seals~ detailed histological 

examination of the ovary and aspe corpus luteum was 

and I prenatal seal, undertaken in seals~ 

in the sample gathered from November 19650 

Tissues for histol examination taken during dis~ 

sections of seals in the field and were fixed there in Bouinos 

fluid. After hour.s were transferred to 70% alcohol It 

was difficult to prevent tissue from fre 

examination were embedded in The samples for 

Paraffin wax (MoPo )9 sectioned at 5,IJ \J stained with Ehrlichus 

haemot and counterstained with eosin. 



The estimation of ages of the seals is found in Materials and 

Methods, Chapter I. (Page 9 & 10) 

RESULTS 

Anatomy 

The gross anatomy of the female reproductive system of a 

number of Pinnipedia 9 including the Weddell sea1 9 has been 

described in detail by Harrison 9 Matthews and Roberts (1952). 

Their description was based on 4 specimens~ two were non parous 

females just reaching maturitY9 one was about 4 months pregnant 

and the other early post=partum. This section was not repeated 

in this study. 

Os Clitoridis: 

As the clitoris is the homologue of the penis it is probable 

that the os clitoridis is the homologue of the baculum. 

Os clitoridi have been reported in the following species of 

Pinnipedia~-

Callorhinus ursinus 

Phoca vitulina 

Z~lophus californicanus 

Odobenus r. D~~mfiR~s 

LeEtonychotes weddelli 

Laws (1956) 

Scheffer (1949) 

SI::heffer (1949) 

Siarts (1950) 

Fay (1953) 

Mansfield (1958) 



TABLE 1 

Table showing the size range of selected 

OS Clitoridi in the Weddell seal. 

Seal Date Age Length Weight Reproductive 
No. (em.) (gm. ) Condition 

202 9010.63 2 month 109 103 Virgin 

203 18010063 1 yr. 2.5 102 Virgin 

204 3.110 63 4 yr. 3.9 807 Pup Still 
cborn. 

222 18. 1064 6 yr. 302 009 Early 
Implantation 

239 3. 2064 6 yro 402 705 Foetus 
0.98 em. 
0 010 gm. 

207 5011.63 10+ yr. 3.7 7.4 Lactating; 
Suckling 2 
week pup .. 
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• 2.1 

A series the r:lize range 

of the os clitoris. Note the size 

differenc between and J22 both 

6 year class sealsD 
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and may be present but unrecorded in other species. Mansfield (1958) 

found the os clitoridis present in all Weddell seal females from late 

term foetuses to the oldest seals o The bone was always invested 

with a thick cartilaginous envelope~ and he also observed a marked 

swelling in the os clitoridi of parturient and post-partum females. 

In the present study 37 os clitoridi were collected from the 

female sample killed in McMurdo Sound from 1961=650 The bone was 

found to be enlarged from August to April and this may also apply 

to the months when there were no samples. 

envelope is not shown in figo 201. 

The cartilaginous 

An os clitoridis g damaged in dissection from a late term 

foetus was approximately I em. long and of similar shape to that 

from seal 202 (fig. 201). 

In the Weddell seal the os clitoridis grows steadily until 

sexual maturity, which occurs in the 3rd or 4th year classes. 

Seals 204 g 2229 239 and 207 were all post-partum 

females or in early pregnancy. The large size range of oSo 

clitoridi is apparent in seals 222 and which are both 6 year 

class animalso 

Fay (persocomm.) has observed that the os clitoridis is fully 

developed at birth in the Walrus ( 0 

remains in this stage until the first ovulation and then regresses. 

No functional significance has been ascribed to the os 

clitoridiso The size varies considerably in mature animals and 

it would appear that the size of the bone does not confer any 
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immediate survival valueo 

SEXUAL MATURITY 

The ovaries of 8 ( year class) Weddell seals were 

examined from September to December for healthy follicles over 

6 mm. average diameter and it was established that the first 

ovulation Was normally in the 3 year class. One 3 year class 

seal was observed to be pregnant having ovulated in the two 

year class. Another, Seal 211, had its first ovulation in the 

4 year class. 

Development of large healthy follicles in mid-November was 

observed in virgin cows (eg.211) and in cows having "missed 

pr~gnancies" from the previous season (e.g. 283~ 212) whereas 

most cows OVUlate in mid-December. (Figo2.2). These cows appear 

to be the first impregnated by the males in each season~but exact 

timing of this is not known because all Weddell seal sexual 

behaviour occurs underwater. 

Laws (1956) established that elephant seals mate for the 

first time when twenty-four months old. 

BILATERAL ALTERNATION IN OVARIAN FUNCTION: 

Laws (1956) stated that there appeared to be a definite 

tendency for the right ovary to OVulate first in the elephant 

seal. The sample size in the Weddell seal was not large enough 



TABLE 2 Table showing the Dumber of missed pregnancies per 

age class o 

Age Class Noo of Number not 
Female Seals Pregnant 

--
3 4 1 

4 6 2 

5 7 '1 

6 17 1 

7 15 4 

8 17 2 

9 12 2 

10+ 15 4 
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to verify this facto 

In sixty-two females examined it appeared that the blastocyst 

had implanted in the uterine horn on the same side as the ovary 

from which the ovum was shed, but two examples of trans uterine 

migration were observedQ The corpus 1uteum of seal 154 was in the 

left ovary and the foetus in the right uterine horn whereas the 

opposite case applied to seal 2300 

Missed Presnancy 

The presence of extra embryonic membranes was taken as a 

criterion of pregnancy. 

The data in table 2 were taken in the period from December 

to October~ the normal period of pregnancyo Because sexual 

maturity can occur as late as in the 4 year class the 2 and 3 

year classes were not considered. In the 5-9 year class period, 

13 out of 68 seals (19%) were not pregnanto Bertram (1940) 

observed 10% "missed pregnancies" in the Weddell seal in the 

Antarctic Peninsula regiono I1Missed.pregnancies" were observed 

most frequently in the 6 and 7 year classes and in the 10+ 

group. (Table 2) The over ten years age group does not have 

the same import as the single year age classes" because it r°€:-

presents at least 4 individual year classeso There was no 

evidence of cessation of reproductive activity in any females. 

One seal (235) contained a necrotic foetus in the uterine 

horn, associated with a fibrous corpus luteum. 



The most likely causes of missed pregnancies are: 

10 Early embryonic death especially in the delayed implan-

tation periodo Early embryonic death is a common occurrence in 

sheepo (Clegg 9 1959) 

20 Sterility in the maleo Only one male in this study on 

the Weddell seal showed what appeared to be a non functional testis 

but there was no evidence to suggest that all the males had viable 

spermo 

30 Failure of ovulation in the femaleo 

40 Parturition may be as late as mid-November and ovulation 

may occur too late to cooincide with active spermatogensis in the 

male (figo 202)0 This may not be of great importance due to the 

variable length in time of the delayed implantation periodo 

THE ANNUAL CYCLE 

One foetus in this study showed precocious activity of the 

female reproductive organs~ as described for Halichoerus (Amoroso~ 

Harrison~ Matthews and Rowlands~ 1951)0 Bonner (1955) also 

described a pattern of weight decline in the ovaries of full term 

and neo-natal elephant seal pupso 

The 8604 cmofoetus (199) had a greatly enlarged ovary with 

an excessive growth of interstitial cells~ suckling pups~ Nos o 

207 and 6 showed no neo-natal enlargemento 



Increase in weight after birth in 10 selected 

Weddell seal pupso (Weight in 1bsQ) 

¥ 

WEEKS AFTER BIRTH 
SEAL d 2 3 4 5 6 

A (M) 62 98 133 164 197 222 

B (M) 54 87 123 163 '193 214 

C (M) 68 108 140 172 203 241 

D (M) 72 94 136 '173 204 242 

E (1-1) 51 89 124 16~, 198 230 

F (F) 48 78 118 148 -. 179 210 

G (F) 69 109 133 169 200 231 

H (F) 70 101 135 169 199 229 

I (F) 60 120 151 "190 215 

J (F) 54 80 114 182 203 

Average 6008 9307 127Q6 16306 19405 22307 Weight at 
Birtho -------



--------

610 

Ovary size 199 208 em. x 108 emo x 102 emo 5 gmo 

for seal pupso 207 200 em. x 101 em. x 008 emo 2.3 gm. 

6 108 emo x 100 em. x 100 em. 201 gmo 

The testes of foetal and neo=natal males show a similar 

pattern to the equivalent stage ovaries~ both having eansiderable 

development of interstitial tissue in the foetal stage (see male 

cycle, Chapto l~ pallo). 

Weddell seal females normally become sexually mature in the 

3 year elass and are impregnated under the ice 9 but there is no 

imformation on mate selection. 

The following account of the annual cycle is that of a 

mature multiparous female o After a gestation period of ten 

months the pregnant females haul out on the ice about one week 

prior to parturition. It is usual for the female to bear a 

single pup: only one set of fraternal twins was observed from 

1961-65 and these were stillborn. Females suckle the pups for 

about ten days before going to feed for the first time after 

parturition. Suckling continues for an average of 42 days during 

which time the pups grow from an average of 6llbso in the first 

week after birth to an average of 224 lbs o at weaning 9 approximately 

6 weeks after birtho (Table 3) 

The mean pupping date for the Weddell seal in McMurdo Sound was~ 

October 31 

October 20 

November 1 

October 24 

1963=64 

1962=63 & 1964=~5o 



• 2.2 

A model of the female e of the 

Weddell seal from to 

with the c activity of the 

male cycle (Active and 

). The accompanying 

table shows the seals from this s in 

the various stages. Th~ area under the 

line, Active is a 

tion of the numbers of seals in 

active 

niferous 

of aetivi 

Post-p 
Ovulat 

and the 

of the s~mi-

is 
Post-Parturition 



ACTIVE SPERMA TOGENESIS DEGEN. & RESTING 

r-?' 1961-62 2, 7~ U! 13, 14~ I 1c!,21, 2;' ~~31, 

U 1962 -63 64,8~ 89,94,97,99, 

1963 -64 275. 201, 206, 213~ 214~ R 6, R9, RIO. 2JQ, 224, 227, 
• I I I 

LATE II LACT AT 10 N J I DELAY. IMPL. 

PREG I PUPPING & POST-PART.I OVULAT ION 11M PLANT. 

1961-62 

1962-63 

5, 

1963-64 IIQ7, 199,1207,211, 212(r>, 280, 

" . I , 10, 1 2, 15, 

217, 212(~), 289~ 

ACTIVE SPGENESIS. 

LACTATfON 

PUPPING 1 POST-P. 

SEPT. OCT. NOV. DEC. 

16 20~30~ 1 27 3842, I 
) II I ' ) 18,21, 38, 

j> 8S 

218,220 j)1 
215 250~ 'I 222,223 + ,I 

" ' 

.' 

DELAY. IMPL. IMPLANTATION 

JAN. FEB. 



It has been shown that most pinnipeds are monoestrous~ 

oestrus following shortly after parturition and pupping being 

62~ 

restricted to a short season. Weddell seal cows experience a post-

lactation heat which probably lasts several days and because most 

males at this period are concentrated in relatively small pupping 

areas females rarely miss the opportunity for impregnation. After 

impregnation there is a delayed implantation (free blastocyst) 

stage varying from 2 to approximately 8 weeks (fig. 2.2). By 

comparison Laws (1956) observed that the delayed implantation 

stage in the elephant seal lasts 16 weeks. As the gestation 

periods are similar, the growth of the elephant seal foetus must 

. be accelerated in comparison with the Weddell seal foetus. 

Polyoestrum was not observed in the Weddell sea1 9 but Laws 

(1956) showed that the elephant seal females with ttmissed pregnancies" 

can have a number of dioestrus cycles, succeded by a period of 

anoestrum until the next male rut. 

A theoretical model of the female cycle from September to 

February is expressed in fig. 2.2 and the stages are correlated 

with active spermatogensis and the degenerating stages of the 

seminiferous epithelium in the male. In the table aCcompanying 

fig. 2.2 are found the data on which this present study is based. 

The spermatogenic period is fully discussed in Chapter 1 and 

active spermatozoa were observed in the epididymis from late 

September to the end of December each year. The commencement of 

spermatozoa production is as yet indefinite but it is suggested 

that it commences about late Septemberi although only one sexually 
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mature male seal was examined in this period. Sperm production 

began before pupping and finished at about the end of the ovulation 

period. 

The pupping period and the corresponding theoret}cal curve 

(fig. 2.2) is based on data collected from pupping in Area C and 

especially in the Turtle Rock region (See Chapt. 3A9 fig.l). 

The duration of lactation is based on observations from this study 

and augmented by the results from the studies of Lindsey (1937), 

Bertram (1940) and Martsfield (1958). 

The theoretical curve for ovulation has been built up from 

data in this study in McMurdo Sound. Pupping~ lactation and 

ovulation periods are clearly defined events in the female cycle. 

The period of delayed implantation commences with ovulatio~, a 

well defined event characterised by the presence of a ruptured 

follicle. The end of the period is less well defined anatomically 

but can be deduced from figs. 2.3 & 204 which show the increases 

in, respectively, foetal length and foetal weight. Free 

blastocysts were presumed to be present from the first week in 

December until the first week in February. Clearly implanted 

blastocysts were observed from the second week in January. 

There are no data relating to the actual time of the implan

tation event in Phocidae but on comparison with foetal develop

ment in the bitch and mare (Jenkinson 9 1925) and the bitch and 

cow (Harvey, 1959) the developing foetus observed in the second 

week in January would have been implanted for less than 7 days. 



The smallest foetus observed in the last week of February appeared 

to be approximately 14 days old. Therefore implantation appears 

to span the period from the second week in January to the end of 

the second week in February. 

Delaled Implantation 

Delayed implantation of the blastocyst was suggested to occur 

in the Weddell seal by Harrison et al o (1952) and Mansfield (1958). 

This study has shown that delayed implantation defi~itely occurs 

in the Weddell seal and possibly in the leopard seal (Hydruga 
$ 

leptonyx). 

Owing to practical difficulties experienced in Antarctic field-

work only one blastocyst was found. This blastocyst g from seal 

220, was damaged during dissection but was found to be oval, trans-

parent and about 4 mm. long; the number of cells was not ascer-

tained. 

It was assumed that an indication of the free blastocyst period 

was an active corpus luteum in the ovary accompanied by no signs 

of implantation in the uterine horn~ well after ovulation and 

A single female Hole~tonyx which had recently pupped was taken 
at Cape Royds (1501. 5). The corpus luteum (20 x 16 mm) 
resembled the early stages of luteal development in other 
pinnipeds ~ eog. LeptoBlchotes weddel!! & Miroun~a leonina. 
The average diameter of the luteal cells was 27jU with the 
nucleus diameter 8~ 0 No blastocyst was found but added 
evidence supporting the theory of delayed implantation was that 
testes tubules of a male taken on the same day were in the 
degenerating phase and no spermatozoa were observed. 



TABLE 4- Table showing details of foetus deTelopment. 

Seal No. Date Crown to Estimated Weight Fl1pper Changes in Other Major Details Placenta Sex Uterine 
Rum;p age after sm. length. Brain. Width. Horn. 
Length en. oonoeption ern. 

(days) 

222 tie 1.64 I 42 Blastodisc,-; format1on of R 
primit1ve streak. 

230 29. 1.64 I 50 Notoohor.d formation; R 
Anterior thiokening of 
blastodise edges. . 

43 30. 1.62 I 55 Head development; Head and L 
tail amniotic folds develo~ 
i~; 12 som1tes. 

32 20. 1.62 I 69 Flexion of heaci; Tail R 
amniotio fold oovers most 
of bodY; 24 som1tes. 

239 3. 2.64 0.98 65 0.10 Limb Bead formed; skeletal and 1.2 ? 
buds. nervous syste~s developing 

to form back-bone; 
Somi tes obvious. 

236 3. 2.64 1.20 68 0.17 0.2 Lower jaw not fully 1.7 0" R 
developed. Somites obvious. 

30 17. 1.62 1.06 66 0.22 0.2 Similar to 236. 1.6 ~ R 
Sl1ghtly smaller. 

257 14. 2.64 1.4 68 0.20 0.21. Similar to 236. 1.9 0" L 

38 25. 1.62 1.30 68 0.28 0.22 SimlaI' to 236. 2.0 ~ R 

46 31. 1.62 1.27 69 0.29 0.24 Sl1ghtly larger than 236. 2.4 0 
R + 



TABLE 4 (cont.) 

91 1" 2,,63 1 .41 71 0.39 0.25 Similar to 263 but 2.3 0" L 
larger size. 

173 22. 2,,63 1.68 73 0.66 0.26 Head flexed 0ver body; 1.7 ~ R 
lower jaw formed; 
Y shaped development of hin~ 
brain. Ear developing; 
Somites prominent. 

63 13. 2.62 1,,95 74 0.87 0.26 Similar to 173 1.9 cI' L 

147 15. 2,,63 2.12 76 1.28 0.27 Similar to 173 but 2.1 ci" R 
larger body. 

150 15. 2.63 2.3 78 1.32 0.29 Similar to 147 2.3 cI' L 

124 11. 2.63 2.35 78 1.26 0.30 Similar to 150 2.6 ~ L 

132 13. 2.63 2.5 80 1.19 0.31 Fore and mid brain, back- 2.1 ~ R 
bone and nerve cord well 
developed; tongue and nasal 
region developed; no rtbri"ssae. 

108 8. 2.63 2.84 81 2.27 0.33 Larger body than 132 but 4.0 cI' R 
similar development. 

171 20. 2.63 3.27 84 2.51 0.59 Fore and mid brain we;ll 3.4 ~ R 
developed with extensive blood 
vessels; claws on phalanges. 

56 8. 2.6~' 3.26 84 2.6 0.62 Similar to 171 3.6 ~ L 

131 11. 2.63 3.65 85 2.54 0.60 Similar to 171 2.9 c? R 

154 18. 2.63 3.7 85 3.52 0.65 Similar to 171 ; Slightly 3.8 cI R 
larger in body. 

168 20. 2.63 3.78 85 3.6 0.60 Similar to 154. 4.2 cI L 

110 8. 2.63 3.99 86 3.4 0.61 Similar to 1 54 4.6 ~ L 



TABLE 4 (oont.) 

176 22G 2.63 4.25 90 4.82 0.70 Similar to 154 5.2 ~ L 

72 16. 2.62 4.6 95 5.47 0.90 Similar to 184. 6.4 0" L 

184 25. 2.63 5.6 97 5.6 0.95 Main body similar to 1 71 8.6 ~ R 
but initiation of ossification. 

178 22. 2.63 6.41 102 10.23 1.3 Thick skin covers brain; eye- 8.2 a' L 
lids half formed; claws obvious. 

153 18. 2.63 6.50 102 11.53 1.4 Similar to 178. 8.6 r? R 

106 8. 2.63 6.78 114 11 • .53 1.35 Similar to 178. 5.9 ~ R 

73 22. 2.62 7.0 10.5 16.94 1.5 Similar to 178. 8.8 d' 'l 

191 7. 3.63 10.51 120 60.2 2.1 Nasal region vibrissae = 1 rDIn; 9.1 ~ R 
Eyel1ds closed; limbs replica 
of adult type Cl1toris region 
in ~emales formed. 

192 18. 3.63 15.2 130 121.19 3.4 Nasal vibrassae : 3mm. 10.1 cI' L 
Thiokened skin covers head. 
EyelaShes formed. 

194 1. 4.63 21.0 140 387.64 4.2 Advanoement on 1 92 with nasal 12.0 ~ R 
vibrassae = 7mm. Thickened 
skin on head and mid dorsal 
body. 

198 25. 8.63 86.36 253 18kg. 12.0 Externally similar to new born 19.0 0" R 
foetus with lanugo hair 
development. 

199 30. 9.63 124 .. 0 290 22kg. 15.0 Externally similar to new"born 22.1 ~ L 
foetus with lanugo hair and 
emergence of molar teeth. 



especially in t~e period of degeneration of the testis seminiferous 

epithelium (January)o 

There was 1 definite example 9 seven examples of probable delayed 

implantation and three questionable examples found in this st~dy 

on the Weddell seal. Active corpora lutea were observed without 

accompanying implantation stages from December 6 to February 7 and 

early blastodiscs from January 9 to February 10" Therefore, delayed 

implantation appears to range from 2 weeks to 8 weeks" This 

variable time relationship appears to be necessary to concentrate 

implantation and therefore synchronise pupping and the other phases 

of the female cycle in the following yearo 

Q££wth of. Foetus after Imp~antation 

Weights, estimated age after implantation9 crown to rump 

lengths 9 flipp~rlengths, major details of foetuses, sex of foetuses~ 

placenta widths and an indication of which uterine horn was active 

are shown in Table 4. 

The sex ratio of 506 pups born in McMurdo Sound from 1961=64 

was 51.9% male and 48.1% female. 

Placentation was of the zonary type and the smallest width 

(1.2 cm) was associated with the smallest measured foetus (0.78 em). 

The placenta was shown to increase steadily throughout the 

gestation period 9 the largest foetus (124 em) was associated with 

a placental width of 22.1 cm. 

Marrett-Timms (1907) gave an excellent description of the external 

characteristics of 29 embryos from 12 mm. to near term foetuses o 



Ovarian Cycle 

To introduce the ovarian cycle of the Weddell seal a description 

of earlier work on pinnipeds is providedo The gross cyclical 

activity of Q1aria byronia was covered by Hamilton (1939b) who 

suggested that the corpus 1uteum disappeared shortly after 

parturition. Enders j Pe~n and Pearson (1946) and Pearson and 

Enders (1951) showed that the corpus 1uteum disappears nine months 

after parturition in the Northern fur seal (Ca110rhinus ursinus). 

Craig (1964)~ also working on ~~si~j showed that luteal cells 

were rapidly resorbed to give the lIamorphous corpus a1bicans ll i 

which is a core of fibroblastic connective tissue. The corpora 

a1bicantia scars represent ovulations from the past two to four 

years. Fay (1952) stated that a corpus 1uteum is formed but was 

uncertain whether ovulation is an annual occurrence in the Pacific 

Walrus (Odobenus rosmarus diverg~)o Sleptsov (1943) showed 

that pregnancies may be in alternate years in Erignathus barbatuso 

In most other pinnipeds the ovarian rhythm is annualo(Laws j 1956 9 

Bertram 1940 9 Mansfield 1958 and present study.) 

Bertram (1940) described the ovaries of the Weddell seal 

(Leptonychotes weddelli) and showed that there was an alternation 

in ovarian activity. He also suggested that the old corpora 

albicantia might be used as a means of ageing seals because of 

the single ovulation each year. After attempting to correlate 

annual tooth rings and corpora a1bicantia,Mansfie1d (1958) 

suggested that the corpora albicantia do not persist indefinitely. 



This study also confirms Mansfieldos results and it is agreed that 

there is normally only one ovulation per yearo The corpus albicans 

in was shown to persist in some cases for from two to four 

years (Craig g 1964), but in many cases in the Weddell Beal the 

corpus albicans had disappeared by the third yearo Hamilton (1939a) 

suggested that the Leopard seal (Hydrurga leptonyx) was polyovular 

and many corpora albicantia can be produced each seasono The corpus 

~ albicans was usually resorbed within one year after formation in the 

elephant seal (Laws~ 1956)0 

Harrison et ala (1952) have given a detailed account of ovarian 

structure in several pinnipeds and an account of the secretory 

of the corpus luteumo Laws (1956) has provided a detailed 

description of the elephant seal ovarian cycle and Mansfield gave 

a similar description of the Weddell seal ovarian in the 

od immediately post parturition. Craig (1964) described a 

similar study of 

Bertram (1940) stated that ovulation does not take place in 

the Weddell seal until the end of lactation but follows soon after. 

Lindsey (1937) found an average lactation period of fifty 

but in McMurdo Sound the average was just over 6 weeks (42-44 

days) (Table 3)~ The average size of the Graafian follicle in 

the Weddell seal in November and December was x mm; one 

mature Graafian follicle was found January but this would not 



result in a subsequent foetus because it is outside the m~le 

spermatogenic periodo Harrison et al o (1952) found that the 

average diameter of mature follicles from Weddel1 9 crabeater and 

leopard seals was 13 mm" Laws (1956) observed that the average 

diameter of the largest mature follicle in the elephant seal was 

15 mm; the corpus luteum ave~age diameter being mm" compared 

with 29 mme in the Weddell seal (28mm; Mansfield g 1958)0 

Detailed studies of the follicle development were made and 

this description of the Weddell seal agrees with .that given by 

.Hansson (1947) for the mink (Mustela vison)~ nine stages in 

development were observedo 

belowo 

These stages are briefly described 

Primary oocytes had an average diameter of 30jU (ranging 

from 18jJ to 50}J ) .. with the average diameter of the ovum 18jJ 0 

The follicle grew rapidly from an average diameter of 80jU to 200~ 

at which stage the antrum developed; the average diameter of 

the ovum at the 200)U follicle stage was IOO)Uo When the 

Graafian follicle reached an average diameter of ImIDo the ovum 

reached its largest size~ 150jJ (PloXIIo 1 & 2)0 The Graafian 

follicle~ due to enlargement of the antrum~ ~rows to the largest 

average size of l6mmo just prior to shedding the ovumo Folds 

and supporting ridges in the follicle granulosa were fewer than 

those described by Harrison et al (1952) and the body was usually 

a solid mass of cells surrounding the fluid filled spaceso 

Summaries of the histological changes of the ovaries and the 



TABIiE 5 Results of the histological examination of the ovaries ,of 62 Weddell seals. The condition of the follicles is indicated 
(H", Healthy; A", Atretic). The relatiTe numbers of Primary follicles and sub surface crypts are indicated. 

OVARY CONTROLLING PREGNANCY OTHER OVARY 

priiriary prJ.IllB.ry 
state of Follicles Follicles State of Follicles FolHcles ReproductiTe 

Seal No. Date :;::.6mm. 3-6rntn.. < 3rnm. No. State Crypts >6mm. 3-6mm. <3mm. No. State Crypts State 

6 25.11.61 0 0 H +++ H ++++ 0 0 H +++ H ++++ Virgin 
207 5.11.63 0 0 H +++ H ++++ H A H +++ H ++++ Post Parturient 
21~ 15.11 .63 H 0 H ++ H ++ 0 0 A +++ H +++ '1 

212 29.11.63 A 0 A 0 A A Post Parturient 
280 5.11.64 H A AH ++ H '+-+++ 0 AH AH +++ Post Parturient 
283 5.11.64 H A A +++ H ++++ 0 A A +++ H ++++ Missed Pregnancy 
10 2.12.61 0 A AH +++ H ++++ A A AH +++ H ++++ '1 

217 18.12.63 0 0 H +++ H +++ 0 0 H +++ H +++ Virgin 
218 18.12.63 0 A 0 ++ 0 A H ++ Free Blastocyst-
16 23.12.61 0 0 A 0 0 A '1 

215 3.12.63 A A A ++ H ++ 0 0 0 +++ H +++ Free Blastocyst 
220 4. 1.64 0 A AH + AH + 0 0 A Free Blastocyst 
222 11. 1.64 0 A AH A 0 H Foetus 
82 14. 1.63 H AH AH Missed Pregnancy 

223 18. 1.64 A A A + A A AH -+ Foetus 
38 25. 1.62 A A A 0 AH AH '1 
88 28. 1.63 H AH A + AH + 0 A AB + Foetus 

226 29. 1.64 0 0 H + H ++++ 0 0 H ++ AH +++ Foetus 
228 29. 1 .. 64 A A AH + AH + 0 A AH Foetus 
230 29. "\ 0 A A A H H + AH + Foetus 
231 31. 1.04 0 A A + 0 0 A + Foetus 
235 31. 1.64 0 0 H +++ H ++ 0 0 H +++ H +++ Virgin 



TABLE 5 (oont.) 

98 
236 
239 
237 
250 
102 
106 
108 
109 
110 
124 
131 
132 
138 
142 
147 
148 
150 
153 
154 
161 
168 
170 
171 
172 
173 
176 

1. 2.63 
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TABLE 5 (cent.) 

178 22. 2.63 A A 0 + A A H + Ali Foetus 

185 25. 2.63 0 0 A ++ AH ++ 0 A H + H +++ Foetus 

187 25. 2.63 A A A + H + A A H + H + Foetus 

192 18. 3.63 0 A H ++ H +++ 0 0 H ++ H +++ Foetus 

193 25. 3.63 A A A + H ++ A Ali A + AH + Missed Pregnaney 

194 1. 4.63 A A AH +++ AH ++ 0 A A +++ H +++ Foetus 

195_ 7. 8.63 A A H + H + A A AH + H + Missed Pregnancy 
196 25. 8.63 0 A A + AH ++ 0 A A + Ali ++ Missed Pregnancy 

197 25. 8.63 0 A A +++ H +:4-+ A A H +++ H +++ Foetus 

199 30. 9.63 0 0 0 +++ H ++ 0 H H +++ H ++ Foetus 199 
F.199 30. 9.63 0 0 H +++ H + 0 0 H +++ H + 

202 9.10.63 0 0 H +++ H + 0 0 H +++ H + Virgin 
203 16.10.63 0 0 H +++ H + 0 0 H +++ H Virgin 



TABLE 6 Numbers and sizes of Follicles, corpora lutea and corpora albicantia in the ovaries of Weddell seals. 

OVAKY CONTROLLING PREGNANCY OTHER OVARY 
FOLLICLES FOLLICLES 

Seal No. Date No. <3mm. 3-6mm. )6I1l1IJ. Largest C.L C.A No. <3mm. y..6 "''''_ > 6mm. Largest C.L C.A 
Atretic mm. mm. mm. Atretic mm. mm. 1IIlIl. 

6 25.11.61 0 8 0 5 6.0 0 3 0 0 1.0 

207 5.11 .63 0 2 0 2 1.5 28X19 9 15 0 6 22.0 

211 15.11.63 2 3 0 1 25.0 5 0 0 0 0 12:x1 0 

212 29.11.63 10 2 0 1 7.5 28:x1 8 10 0 6 0 4.0 

280 5.11.64 45 10 0 1 12.0 8x6 9 4 2 6.0 16:x14 

283 5.11.64 12 0 0 1 20.0 16 4 2 2 6.0 

-10 2.12.61 23 3 4 2 b.5 27x23 12x4 9 5 1 0 4.5 13:x1 0 

217 18.12.63 Large burst of 0-3mm. follicles. 

218 18.12.63 6 16 6 2 15.0 26x22 4 5 3 0 4.5 18:x12 

16 23.12.61 12 3 0 4 6.0 26x21 14 2 0 0 2.0 

215 3.12.63 26 4 1 3 9.0 22:x11 4 1 0 2 6.0 16:x12 

220 4-. 1.64 12 5 0 2 6.0 22X18 4 1 0, 0 3.0 17x11 

222 1i. 1.64 14 3 0 0 2.5 26x22 4 0 2 7.0 

82 4. 1.63 8 6 4 2 8.0 27x22 12x10 

223 18. 1.64 20 10 2 3 11.0 25x22 14 3 0 2 12.0 4x5 

38 25. 1.62 8 3 2 3 8.0 24x22 5 2 1 0 4.0 12x9 

88 28. 1.63 13 0 3 1 7.0 29X16 9 7 1 0 5.0 8x5 

226 29. 1.64 Many follicles less than 2mm. 
228 29. 1.64 40 12 0 6 8.0 23X19 14 6 3 0 4.5 12X1 0 

230 29. 1.64 5 2 3 0 4.5 26x20 4 6 4 1 6.5 

231 31. 1.64 18 3 0 1 6.0 22x22 5x4 6 3 0 2 7.0 18:x1 0 

235 31. 1.64 0 30 0 0 1.5 1 35 1 0 3.5 



TABLE 6 (eont,) 

98 1. 2 .. 63 9 10 3 6.0 23x19 10 16 4 0 4.5 12x9 

236 3. 2.64 11 2 4 0 5.0 21 x17 13 6 2 10.0 10x7 

239 3. 2.64- 12 0 2 1 2.0 24;x20 0 5 0 0 2.0 18x8 

237 3. 2.64 19 2 0 2 6.5 3Ox22 8 16 6 0 4 .. 5 12x9 

250 7. 2.64 16 6 2 0 5.0 21x19 7 10 0 0 2 .. 0 17x13 
102 8. 2.64 6 4 3 0 3.5 ... 
106 8. 2.63 25 7 2 0 4.5 20x19 14x12 0 4 0 0 1.0 16x8 

108 8. 2.63 20 10 1 2 7.0 22x12 12x6 0 3 0 0 1.0 13x11 
109 8. 2.63 22 7 2 0 5.0 '22x19 3 2 2 0 3.5 17x13 
110 8. 2.63 14 2 1 0 4.5 24x20 8 2 1 2 10.0 14x12 

124 11. 2.63 12 0 2 2 6.5 24x20 10x8 4 0 1 0 5.0 15x13 
131 11. 2.63 15 2 0 2 6.0 30:.:28 13x11 15 8 1 0 3.0 ' 

132 13. 2.63 7 2 2 1 11.0 22x14 4 4 1 1 9.0 16x1 0 

138 13. 2.63 9 0 3 0 4.5 3Ox29 25 2 3 0 5.5 
142 15. 2.63 12 11 1 1 8.0 24x16 

147 15. 2.63 16 10 0 4 6.0 21x18 3 10 0 0 1.5 12x8 

148 15. 2.63 11 5 6 0 5.0 26x20 12x8 12 10 0 4 10.0 20x16 

150 15. 2.63 11 5 6 0 5.0 26x20 12x6 4 0 . 2 3 6.5 12x1 0 

153 18. 2.63 10 5 0 2 9.0 22x21 8x7 3 0 2 1 6.0 18X13 

154 18. 2.63 19 10 0 2 8.0 22x20 10 0 0 1.0 19x12 
161 29. 2.63 10 5 3 0 4.5 30x21 11 4 1 1 6.5 13X11 
168 20. 2.63 18 1 3 1 6.5 23:x21 4 6 3 0 5.0 18x8 

170 20. 2.63 7 2 1 0 4.0 24x21 2 2 0 0 1.0 16x12 

171 20. 2.63 13 0 0 1 6.5 25x15 12 2 2 0 4.5 20x14 
172 22. 2.63 2 2 2 3 13.0 18x17 4 2 0 0 1.0 8x7 

173 22. 2.63 7 4 1 2 9.0 2.3x22 10 2 1 1 7.0 1BX12 
176 .22. 2.63 11 2 0 2 6.0 35x22 6:x4 7 3 0 1 8.0 17x13 



TABLE 6 (oont.) 

178 22. 2 .. 63 15 1 0 8 8.0 27x21 15 3 0 8 7.0 14Jct2 

185 25. 2.63 24 10 0 0 1.5 24x22 14x13 2 4 1 0 3.5 17x12 
187 25. 2.63 10 4 2 1 6.0 27x23 10 4 0 1 8.0 
192 18. 3.63 2 15 3 0 5.0 26x20 12Ji:9 4 9 0 0 2.0 14Jct1 

193 25. 3.63 16 0 0 4 6.5 19 4 3 5 10.0 

194 10 4.63 12 4 0 1 6.0 31 x28 3 2 0 2 4.0 16x9 

195 7. 8.63 5 7 0 4 6.0 14};9 18 9 0 1 6.0 12x1 0 

197 25. 8.63 12 6 2 0 5.0 32x28 13 4 0 3 6.5 
196 25. 8 .. 63 8 1 2 0 5.0 14x8 7 G 0 3 12.0 

199 30. 9.63 0 0 0 0 0 27x24 15x12 10 7 9 1 6.5 10x8 
F199 30. 9.63 Very many small 1'o11101es (1mm. 
202 9.10.63 Many fo11ioles (1 mm. 
203 1a.10.63 Many 1'o11101es < 1mm. 



TABLE 7 

NOV" 

DECo 

JAN" 

FEB. 

MAR" 

APR. 

At,UL 

SEP. 

OCTo 

Average size of the largest follicle~ corpus 

luteum and corpus albicans in each ovary (in mffio)o 

(Figures represent average of two diametersg at 

right angles)o 

OVARY CONTROLLING OTHER 

PREGNANCY OVARY 

Corpus Largest Corpus Largest Noo of 
Luteum Follicle Albicans Follicle Specimens 

2300 22 00 1100 .5 4 

2105 1500 1700 400 5 

2202 700 1600 605 11 

2207 604 12 00 500 30 

2100 605 1205 10 0 0 2 

2905 600 1105 400 1 

3100 1100 1100 600 3 

2600 405 900 405 1 

22 00 1000 800 1100 8 

Oct~ Mansfield (1958) 
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Fig. 2.5 

nrunbers of follicles of 

different sizes in the ovaries 

examined, set out in months~ The 

have been shown as those 

cont pregnancy and those in 

an "inac (Other overy)o 
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Fig. 2.6 

numbers of "atretic" follicles 

of different sizes in the ovaries examined, 

set out in months. Ovaries shown as 

(a) dontrolling pregnancy. 

(b) Other ovary. 
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Fig. 2.7 

The av~rage diameter of the active 

corpus luteum 9 corpus albicans. 

and follicle in each ovary 

out the year. 



numbers of follicles and aizes are found in Tables 5 & 60 

Before parturition (seal ) the ovary containing the corpus 

luteum had no follicles over 1 mm9 the other ovary had one 

fol1101e at 605 mmo and about 4 mmo After parturition~ 

the period when the influence of the orpus luteum was waning 9 

Laws (1956) suggested that in the seal the rate of 

of follicles was 005 mIDo par day~ pattern is 

similar in the Weddell seal o The enlarging follicle 

grows to the exolusion of most other 9 the others 

becoming atretico For example 9 seal 280 ( 25 days 

post=partum) had a 12 mmo Graafian and no other follicles 

over 2 mm0 9 those present being atretico 

and 207 show ovarian changes during the yeara 

It is impossible at the present to the Weddell 

seal whether OVUlation is epontaneousor induoed coitus because 

sexual behaviour has not been observed o There is s 

presumptive evidence for spontaneous ovulation in the 

seal (Laws~ 1956)0 

Ovulation follows soon after the termination of lactation and 

the ovum is released in the vicinity of 55-60 after 

parturitiono In the case of a number of follioles ripening to 

• a large size the release of one inhibits the release of others 

(Hammond~ )~ but in the Weddell seal~ as in the elephant ssa1 9 



there is only one large follicle and it would take a number of days 

before the next Graafian follicle could ripen" Females ovulating 

early can be fertilised because males are in active spermatogenesis 

from late September to late December (Figo 2,,2)~ but most females 

appear to be impregnated at the end of the male rut" 

Delayed Implantation (Free blasto cyst period) 

Six ovaries examined during ovulation in late November and 

December showed an average of three follicles over 6 romo in 

(Range~ 1-5)g in January 10 ovaries averaged showed only 2 remai-

(Range~ 0-6)" During the period from November to January there 

is an average of 10 follicles from 0-6 mmo By early February 

after implantation the groups of primary oocyt~s reduced in 

numbers from the earlier pha.ses" There appears to be little 

evidence in this material to indicate that there is a burst of 

follicular activity after ovulation~ as suggested for the elephant 

seal (~aws9 1956)" The follicles at this period become atreticQ 

Mansfield (1958) described the formation of atresia~ 

"The first signs of degeneration occur in the granulosa layer~ 

particularly in the discus proligerus~ vacuoles are formed between 

the cells, and the granulosa tends to break away in In 

follicles in later stages of atresia 9 the granulosa is reduced to 

a single layer, which soon begins to fragment" The oells 9 which 

contain deeply staining particles of chromatin~ shrink and become 

rounded and float freely in the liquor folliculio Rapid break-



710 

down of these cells occurs, fqr the liquid becomes granular in 

appearance 9 and few of the cell remains are to be seeno Both the 

thecae interna and externa gradually become fibrous 9 and soon any 

distinction between the layers is lost. Gradual resorption of the 

liquid~ or fibroblast invasion then occurs." 

Cystic atresia is not the only way for disintegration of 

atretic follicles; some may collapse into folds with the 1os~ of 

liquor folliculi. The granulosa cells also increase in size from 

an average diameter of 8~ to l:;uo 

Post Implantationo 

In February and March there appeared to be a small burst of 

follicular activity following the period of delayed implantationo 

The increase in follicles greater than 6 mm09 continued until March 5 

and-then decreased to an average of one in April, but this result 

is from only one seal examined dur,ing the month o 

In the period from May to July when no specimens were taken 

there was possibly a burst of follicular activit Yo This sup

position is based on the results of Hat:'rison et a10 (1952) and 

the August data from this study. After a slight d~op in 

follicular activity in September there is a buildup in activity 

until ovulation. In Table 7 the data for October has been 

transposed from the similar period in Mansfield 9 s (1958) study. 



720 

CORPUS l1'(JTEUM 

Following ovulation there is the collapse of the follicle and 

the loss of some follicular fluid 9 and the corpus luteum consequently 

formed controls at least part of pregnancyo The corpus luteum 

develops rapidly and remains stable at an average diameter of 

22 mmo in the delayed implantation and early implantation 

(November to March)o In the size inoreases to an average 

diameter of 29 000009 which continu~s until August when the decrease , 

The average diameter of the corpus luteum in September 

was mmo and the diameter deoreases in October (average diameter 

mmo)o Harrison et alo (1952) observed that the corpus luteum 

had not reached full development by the time blastocyst had 

reached the uterine horn and it only reaches maximum activity ~ust 

before the blastocyst implantso This pattern of ,development may 

be general among the Phocidae and probably all Pinl1ipedia when the 

studies of Laws (1956) and Craig (1964) are taken into consideration o 

No very early stages of corpus luteum formation were observed 
. 

in this study of the Weddell sealQ (Mansfield ) also failed to 

obtain very early materialo} 

The earliest stages of corpus luteum formation in the Weddell 

seal are probably very similar to 'most Pinnipedia. and a description 

of corpus luteum formation in ) 

is used to set the pattern for the later stages in the Weddell 

seal corpus luteum davelopmento "Immediately after ovulation the 

of the membrana orne luteinised 9 enlarging from 



TABLE 8 Summary of the Histological Appearance of the Corpora lutea of 27'ieddell seals. 

LUTEAL CELLS INTERS'l'l'£IilL TISSUE 

Seal Date EmbryCl Shape Cell Vacuol- Secreti- HUCLEUS Spaces Connective Central Vascularit;y: Peripheral Stroma 
No. size es. on. Shape Size No. tissue core. Capill. Advent. Blood 

.;; jJ Vessels 
220 2. 1.64 Free Elongate, 30 +++++ +++ Round, 11 1,2 ;Jmall '1;.I~T.E Ovulalion ++++ + ++ Large epitheloid 

Blastocyst Polygonal < 1O/, elongate 8< cavity com-' 
or oval. vesicular, pressed by 

Prominent luteal cells. 
nucleoli. 

15 15.12.61 Free Polygonal 28 ++++ ++ Round, ves- 10 1,2 ;Small :;.1: 'l'.E Cavity com- ++++ + + Large epitheloid 
8< oval. < 10,tl icular. Pro- pressed by 

minent luteal cells. 
nucleoli. 

18 30.12.61 Free Polygonal 30 +++ +++++ Round,oval, 11 1,2 Small 'l'.I:r.E Cavity corn- +++ + ++ Large epitheloid 
and oval. < 10), vesicular & pressed by 

ecc¢ntric. luteal cells. 
Prominent 
nucieoli. 

222 18· 1.64 Implant- Round or 30 ++++ +++++ Hound., oval 10 Larger I'.l~r.r; Thin line of ++++ + ++ Large epitheloid 
ing. oval. vesicular. collaginate. 

Eccentric. 

230 29. 1.64 Implant- Large ,round 25 ++ +++++ Round,oval 8 Larger "orne tissue Thin line of +++ + +++ Large epitheloid 
ing. or oval. vesicular, replacing collaginate, 

peripheral. cell loss. 
Prominent 
nucleoli. 

231 31. 1.64 Implant- Round or 29 ++ +++++ Oval,vesic- 9 Small :ooml!' tissue Thin line of ++++ + ++ Large epitheloid 
ing. oval. ular periph- replacing collaginate. 

eral. Prornin- cell loss. 
ent nucleoli. 

32 20. 1.62 Implanted Polygonal, 25 +++ ++++ Round,vesic- 8 Small Some tissue Thin line ot ++++ + ++ L~rge epitheloid 
round or ular, replacing collaginate. 
oval. eccentric. cell 10s6. 



TABLE S (cont.) 

43 30. 1.62 Implanted Round or 25 +++ ++++ Oval,round. 8 Larger Some tissue Thin line of +++ + ++ Large epitheloid 
oval. vesicular &: replacing collaginate. 

peripheral. cell loss. 

239 3. 2.64 0.98 cm. Round~oval. 30 ++ ++++ Round.vesic- 8 Larger + Thin line of +++ + + Large epitheloid 
Most cells 5-1O/" ular. Few collaginate. 
healthy. pyknotic. 
Few pyknotic. 

236 3. 2.64 1.2 cm. Round,oval. 28 ++ ++ Oval.vesic- 7 Larger + Thin line of +++ ++ ++ Large epitheloid 
Few pyknotic. ular. Few collagina tOe. 

pyknotic. 
Nucleoli 
prominent. 

38 25. 1.62 1.3 cm. Round,oval. 25 + +++ Round oval 8 Larger + Thin line of +++ ++ ++ Large epitheloid' 
Few pykltotic. vesicular. collaginate. 

Few pyknotic. 

91 1. 2.63 1.41 cm. Oval,polygonal.25 + ++++ Oval,vesic- 9 1 Larger ++ Thin line of +++ + ++ Large epitheloid 
More pyknotic. ular.periph- collagina te. 

eral.Few pyk-
notic. 

63 13. 2.62 1.95 cm. Oval.Increased 26 + Oval vesic- 8 Small ++ Thin line of +++ ++ ++ Large epitheloid 
pyknotic cells. ulu,periph- collaginate. 

eral.More pyk-
notic cells. 

124 11. 2.63 2.35 cm. Large,round &: 24 +++ Round.vesic- 8 Small ++ Thin line of +++ ++ ++ Large epitheloid 
tendency for ular pet:ipheral. collaginate. 
degeneration. More pyknotic. 

108 8. 2.63 2.84 cm. Large.round. 25 ++ Oval,~ound, 7 Small + Thin line of' +++ ++ ++ Large epitheloid 
Increasing pyk- veaic:ular. collaginate. 
notic cells Increasing 
to 192. pyknotic 

type to 192. 

171 20. 2.63 3.27 cm. Round,oval. 32 + ++ Healthy round,S 1 Larger ++ Thin line of +++ ++ +++ Large epitheloid 
Pyknotic o oval, vesicular. collaginate. 
cells present. peripheral. Many 

pyknotic. 

131 11. 2.63 3.65 cm. Oval. Pyknotic 30 ++ Healthy ,oval 9 Small + Thin line of +++ ++ ++ Large epitheloid 
cells present. vesicular, collaginate. 

peripheral. 
Many pyknotic 



tABLE 3 (Cont.) 

154 18. 2.63 3.7 cm. Oval ,polygonal. 28 ++ Healthy-oval 8 Larger +++ Thin line of ++ ++ +++ Large epitheloid. 
Pyknotic cells vesicular, collaginate. 
increasing. peripheral. 

Many pyknotic. 

168 20. 2.63 3.78 cm. Polygonal,round. 25 ++ ++ Healthy-oval 10 Larger +++ Thin line of ++ +++ +++ Large epitheloid. 
Pyknotic cells vesicular, collaginate. 
increasing. peripheral. 

Many pyknotic. 

184 25. 2.63 5.6 cm. Healthy cells 24 + ++ Pyknotic nuclei 8 Smal.l ++ Thin line of +++ ++ +++ Large epitheloid. 
round pyknotic predominant. collaginate. 
cells pre domin- Healthy-oval, 
ant. vesicular, 

periphery. 

178 22. 2.63 6.41 cm. Healthy cells 26 + ++ Pyknotic nuclei 7 Small +++ Thin line of ++ ++ +++ Large epitheloid. 
oval,round. 10- predominant. collaginate. 
Pyknotic cells 15 J' Healthy-oval 
predominant. vesicular. 

153 18. 2.63 6.5 cm. Pyknotic cells 20 ++ + Pyknotic nuclei 8 Small +++ Thin line of ++ +++ +++ Large- epi theloid. 
predominant. predominant. collaginate. 
Healthy cells Healthy-oval, 
polygonal ,oval. vesicular. 

191 7. 3.63 10.51 cm. Pyknotic cells 30 +++ + M<Jst pyknotic. 8 Small ++++ Core large ++ +++ +++ Large epitheloid. 
pre domi nan t. Healthy cells-
Healthy cells oval,vesicular, 
oval, round. peripheral. 

192 18. 3.63 15.2 cm. Many cells 25 +++ + Most pyknotic. 9 Larger ++++ Core large ++ +++ ++++ Large epitheloid. 
degenerating. <10)1 Healthy-oval 
Healthy cells vesicular. 
oval ,polygonal. 

194 1. 4.63 21.0 cm. Many cells tend 25 ++++ ? Healthy ,round, 8 Large ++++ Core large ++ +++ ++++ Large epitheloid. 
to be pyknotic. 5- vesicular,peri-
Healthy cells 10jJ pheral.Most 
oval. pyknotic. 

198 25. 8.63 86.36 cm. Most cells de- 20 ++++ ? Most degenerate 6 1 Large ++++ Core large ++ +++ +++ Large epitheloid. 
generate or anQ pyknotic. 
pyknotic and 
shrunken. 

199 30. 9.63 124.0 cm. Fe. healthy 30 +++++ ? Healthy nuclei 8 Very Core large 
0 

Large epitheloid. +++++ ++ +++ ++++ 
cells.All others round, vesicular. ,~ ... 
pyknotic and )10)" Most pyknotic. 
degenera teo 
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The appearance of the corpus luteum 

of Seal 220 (Delayed Implantation). 
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the nuclai become vesicular 

nucleoli o Most cells are round ar oval; the 

closest to the centre assume an e1 or nstreaming" 

Vascular and connective tissue inclusions in and around the corpus 

luteum derive from the theca interne and externB. After ovulation 

the membrane breaks down the thecal elements 

t,o into the luteum. n After this it appears that 

of luteal cells fills the ovulation also the 

corpus luteum tends to become more oval shaped, much of 

the folding in the wa11so The cells fill the 

cavity. 

The following discussion is a de description of the 

changes in the corpus luteum of the Weddell seal o A summary of 

the histological of the corpus luteum is found in Table 80 

Seal 220 (201064) Fig. 2.8 and PloXlllol is 

material in this studY9 representing the delayed 

There was a small cavi in the centra of the gland and 

of the effect by Craig (1964) were 

still presento The gland at this was luteinised 

and cells appear to be cuboidal 9 occupying more 

space than connective tissue and sinu6oids. The lutein cells 

had average diameters of 30;V with nuclei lljU in diametero 

Each nucleus was darkly stained with an obvious nucleolus l=~and 

many chromatin granules. Vacuoles were present in luteum cells 

at this stags 9 a condition to that Been in other selected 
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Fig. 2 9 

The of the corpus luteum 

of Seal 222. ( on)¢ 



carnivoreso Small intercellular gaps were present and granulosa 

cells were darkly stained but in smaller numbers than the late 

pregnancy stage; connective tissue and fibr9~6 cells were in 

small numberso No histochemical studies were possil;Jle on this 

material but it appeared that individual lutein cells contained 

amounts of lipido 

The corpus luteum of a seal killed 290110450 described by 

Harrison et al o (1952)9 was at a similar stage to seal 2200 

No evidence of the free blastocyst was found but the gland was 

26mmo in diameter with the luteal cells in a late stage of 

developmento Luteal cells had an average diameter 2~ 

nuclei 7=8)1 compared with 37 and IljJ for seal 2200 

and 

Vacuoles were present in a few luteal cellso The comparison of 

the two seals shows that fertilization is approximately four to 

six weeks earlier in the Antarctic Peninsula region" 

Seal 222 (701064) Figo 209 and Pl oXlIlo2 represented the 

earliest implantation atagag a blastodisco The. glands still 

appeared to be active and luteal cells remain the dominating 

featureo Lutein cells ~ average diameter 3~ (2.0~40jJ ) 9 were 

polygonal to round with nuclei 1~ 9 very similar to those in the 

delay phase" Vacuoles were also more prominent in the luteal cellso 

As in the elephant seal (Laws 1956) there was a dark staining area 

around the lutein nucleio Laws suggested that this represented 

the recrudescence of secretory activitYi assooiated with the presence 

of an enlarging blastocyst in the uterus o The number ofibter-
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cellular spaces had increased over the delay stage 9 sinusoidal 

capillaries dilatedo Enders (1964) stated that at this 

stage in mink the luteal cells were relatively free of 1ipido 

Granulosa cells have become more promi:nent but c:onnec tussue 

was similar to the delay phaseo Blood vessels assumed greater 

importance with a large number of round~ probably lipid=filled 

cells~ up to 10)U surrounding the vesselso 

Seal 32 (2001062) represented a later implantation stage 

than 222 and showed gradual lessening in importance of the luteal 

cellso Lutein cells averaged 24)U with a nucleus BjU in 

diametero Intercellular gaps were similar to the early post-

implantation stage but there was an increase in numbers of dark 

refractile granules surrounding the lutein cellso The amount 

of connective and sclerotic tissue had increased to be of greater 

importance than in the delay phaseo 

Seal 194 (104063) represented the mid=pregnancy stage and the 

pattern was similar to seal ~ but in cross section the luteal 

cells appeared to be cut off into groups of up to sixteen cells 

the granulosa cells and connective tissue encroachmento 

were two cell types surrounding the luteal cells~ 

There 

10 Round, lightly stained cells with few chromatin inclusions 

(average diameter ~)o 

20 Elongated cells with 6mall dark and darkly stained 

inclusions 0 These cells were up to l2jU longo 

The number of luteal cells per unit araB of corpus luteum had 
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The appearance of the corpus luteum 

of Seal 199 (Late Pregnancy) 
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The appearance of the 

corpus 1uteum 

a1bicans) of Seal 207. 
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decreased in this phase to eight from fourteen cells in the delay 

phaseo In this phase the gland size had increased from an average 

of 22 amo to 30 em. 

Seal 199~ Fig. 2.10 and Pl. XIVol represented the late preg= 

nancy stage g with a 2201 em. foetus in the uterus. The gland was 

still a large size but it was evident that the secretory activity 

has been reduced to a minimum o Lutein cells averaged 30p and 

could be as large as 4~ 9 most cells being vacuolated and many 

nuclei had disintegratedo It is probable that the maintenance 

of gland size from April to August is maintained by enlargement 

of lutein cellso By Gontrast 9 in the elephant seal the largest 

vacuolated cells reached a diameter of 60=8~ and yet the corpus 

luteum regressed in size in the later months of pregnancY9 

apparently as a result of greater shrinkage of the inner luteal 

Fibrous and connective tissue had isolated 

the groups of lutein cells~ more markedly than shown by the mid~ 

pregnancy stage. Refractive granules had become predominant and 

blood vessels with the accompanying fibrous and sclerotic tissue 

appeared to be predominanto 

Seal 207 (5011063) FigQ 2011 & PloX~1l029represented the post= 

parturient stage; a 10 day old pup was still sucklingo This 

stage was nota'ble for the rapid growth of connective tissue as 

described in the formation of the corpus albicanB o Fibrous tissue 

was predominant and luteal cells when present averaged 15)U 0 Most 

luteal cells were vacuolated and had large spaces. Intercellular 
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spaces in the earlier stages were now filled with connective and 

fibrous tissueo Granulosa cells were similar to the late 

pregnancy phase but were more darkly stained. Intercellular 

refractive granules were not present and blood capillaries were 

reduced to a minimum. 

Accessory Corpora Lutea~ 

Sporadic occurrence of accessory corpora lutea during preg-

nancy has been described in the rhesus monkey (Corner 1940)9 

Canadian porcupine (Mossman and Juqas 1949)~ wild Norway rat 

(alill ), mountain visQBcha (Pearson 1949)~ horse (Cole 

Howell & Hart, 1931; Rowlands 1949)9 elephant (Perry 19519 

19539 mink (Hansson 1947~ Enders ) and badger (Harrison and 

Neal 1959)0 The occurrence of these bodies has not been recorded 

i 

previously from the Pinnipediao Two examples of accesBory corpora 

lutea were observed during an examination of the ovaries of forty~ 

two femaleso The accessory gland in both cases was formed from a 

5 mmo follicle near the periphery of the ovaryo Luteinisation in 

both cases was similar to the main gland and both Viere recorded in 

the implantation phasso 

The Inactive Ovary 

The regressing corpus luteum decreased from an average diameter 

of 22 mmo during parturition to 12 mmo in and by the next 

ovulation was 6 mmo ion of the ©orpus albi~anB is 

markedly slower in the Weddell seal than in the elephant seal 



TABLE 9 Summary of Sub Surface Crypts and associated. follicles 

in the ovaries of 35 female Weddell seals o 

Seal Date Length Reproductive Sub Surface Follicles 
Number 

202 

Octo 

Condition 

Virgin Minor 
Cortex",150,;J 
LoDo=10j1 

Mature Late preg- Complex 
nancy to Cortex=300j-J 
post partur~Epith= 
iento cuboidal~ 

dark 
stainedo 

Many II oocytes 
"1O-5~ Noo GoBo 

Extensive IY 
20-50jJ 0 

207 50 11063 8G10" Post Complex Extensive IY 
cocytes 20-70jU 0 

One Go F 0 400)-, 0 

218 9. 1" 

217 

10 

12 

Parturient Co:tex;300jJ 
Epl.th= 
cuboidal~ 
dark 
stainedo 

Delayed 
Implant
ationo 

Virgin 

Late 
oestrus 

Very minor 
Cortex",;200j.l 
Long hori~ 
zontal crypts 
Epith= 
fragmentary 0 

Extensive. 
small o 

Cortex=400pJ 
LoDe 0 jJ 

flattened 9 

staining. 

Extensive 
Cortex:;::5°StV 

No II oocyteso 

Extensive II 
oocyteso 
4o=6o .J-l 

t GaFo::::27~ 

Many IY 
oocytes 20-70jJ 
Few GoBo 

Extensive Few IY 
orne open 

to Burfaceo Many CoB. 
Cortex;:;;; 300;; 

columnar to 
polygonalo 



TABLE 9 Canto 

Seal Date Length Reproductive Sub Surface Follicles 
Number Condition Crypts 

32 20. 1062 8 0 ,1 " Foetus Extensive g Small localised 
complex. deveL of IY 
Corte:x;=26~ oocyteso 
Epith= 
columnar 9 

polygonal 9 

dark stained 

35 230 1.62 704i ll Foetus Complex Small localised 
Cortex=300)J deveL IY oocytes 
Epith=colum- 20=160 
nar~ polygonal g Many C.B. 
dark stained. 

85 23. 1.63 8°311 Foetus Minor Few IY oocytes. 
Cortex=35~ 
EpithF 
columnar 
polygonal g 

dark stained. 

88 28. 1.63 7' 10" Foetus None No IY oocytes 

226 29. 1.64 7°oi" Virgin Extensive t No II oocytes 
deep. 
Co::tex=30~ 
Ep~th= 

polygonal g 

dark stained. 

235 310 1064 70 411 Foetus None No IY oocytes 

98 1 • 2.63 8 0 0" Foetus Minor :F'ew :n oocytes 
Cortex=35DjJ 20=30fl 
Epith= Many CoB. 
Polygonal 9 

light stained. 

239 3. 2. 64 8°91t Foetus None Very few 
IY oocytes 20jJ 0 

250 7. 2. 64 8 1 0" Foetus Small g No IY oocytes. 
surface. 
Cortex:;::30~ 
Epith= 
Polygonal 
light stained. 



TABL!..2 Cont. 

-----------,-------------------------- --------------
Seal 
Number 

Date Length Reproductive Sub Surface 
Condition Crypts 

----------. -----------------------~----
108 8. 2.63 8 1 1011 Foetus 

124 11. 2.63 9u10~11 Foetus 

168 

171 

173 

177 

184 

13. 2.63 

20. 2.63 

22. 2.63 

22. 2.63 

25. 2.63 

8 v8n 

8 vo" 

8'10" 

9'0" 

9'0" 

8'7" 

Missed 
Pregnancy 

Foetus 

Foetus 

Foetus 

Foetus 

Foetus 

Missed 
pregnancy 

Extensive 
Cortex=370~ 
LoD.=20jJ 
Epith:: 
Polygonal~ 

darl<;: stained. 

Minor 
Cortex=350".,v 
Epith= 
polygGmal ~ 
dark stained. 

Minor 
Cortex-300,;V 
Epith= 
Polygonal. 
dark stained. 

Smal1 9 

surface 
Cortex .. 40~ 
Epith= 
columnar g 

polygonal~ 

light sta;i.ned. 

Small~ 

surface 
Cortex=320j1 
Epith= 
Polygonal~ 

light stained. 

Small 
surface. 
Cortex=350jJ 
Epith:: 
polygonal 9 

light stained. 

None 

None 

Small 9 

surface 
Cortex=380j-J 
Epith= 
columnar 9 

polygonal~ 

light stained. 

Follicles 

,----------
Many lY oocytes 
20-60 jJ 
Number of G.F. 
250}J c 

Many CoB. 

Few IY oocytes 
20.fl 0 

Few IY oocytes 
20=40)-1. 

Small groups IY 
oocytes 54-7~. 

Few IY oocytes 
20)1 • 

Few IY oocytes 
20jJ. 

No IY oocytes 

No IY oocytes 

No IY oocytes 



TABLE 9 Cont. 

------, --""'1'"'"'-_ 
Seal Date Length Reproductive Sub Surface Follicles 
Number Condition Crypts --

185 25. 2.63 8 g 4U Fqetus Surface Few IY oocytes 
Cortex=30~ 20Y. Few 
Epith= G.F. 40~ <> 

polygonal~ 

dark stained. 

187 25<> 2.63 8'5" Foetus Minor Very few IY 
Cortex=320jJ 
No lumen. 

oocytes 20-30)1 <> 

191 7. 3<>63 8 1 7" Foetus Small 9 No lY oocytes<> 
surface. 
Cortex=360j-J 
Epith= 
polygonal~ 

dark stained. 

192 18. 3.63 8'2" Foetus Extensive~ Few lY oocytes 
deep 20-40;; • 
Cortex=300jJ 
LoDo=20~70~ 
Epith= 
polygonal~ 

dark stained. 

193 25. 3.63 9~4" Missed Minor Few lY oocytes 
pregnancy Cortex=32~ 20-30)1 0 

L.D • .;10=1 '}J 
Epith= 
polygona1 9 

dark stained. 

194 1 <> 4.6~ 9Q3" Foetus Ext.ensi ve 9 Many IY oocytes 
complex 20~80 ;J 
Cortex: 300~ Few CoB. 
Epith= 
pOlygonal i 

dark stained. 

195 7. 8.63 8'7" Missed Small~ F~w 1Y oocytes 
pregnancy surface~ 24=56;;. 

Cortex.;350,JJ 
Lo~ .... 10jJ 
EpJ.th:::: 
polygonal~ 

dark stained. 



!ABLE-2 Conto 

Seal Date Length Reproductive Sub Surface 
Number Condition Crypts ------...------------------ - -------------,----- """""-

250 8063 9'0" Foetus 

197 9'3" Foetus 

199 30. 9.63 9'4" Foetus 

Minor 9 

surface 
Cortex=30~ 
Epith= 
polygonal 9 

light stained. 

Minor~ 
surface 
Cortex=2o<JV 
LoDo=:;20~ 
Epith= 
polygonal~ 

dark stained. 

Smal1 9 

surface. 
Cortex=300;v 
Epith= 
polygonal 9 

dark stained. 

Very few IY 
oocytes 20-4s,u • 

Many oocytes 
20-70.J! 
Many Atretic 
follicles. 

Extensive davel. 
II oocyteso 
30 =7DjJ • 

-----------------~----~-------T__-----~---------------------------

L.D. = Largest crypt diameter. 
C.Bo ~ Concretionary bodies. 
Epitho = Epithelial cells. 
G.F. = Graafian follicles. 
IY oocytes = Primary oocyteso 



CYSTIC ATRESI A 
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The appearance of the normal primary 

oocyte, ordinary atresia and c 

atresia of the follicles~ 



where the gland was resorbed by the next ovulation (Law6~ 1956)0 

As described by Craig (1964) for C luteal cell loss from 
.;;..;;..;;.;;;~=.;;.;;.,~ 

the Weddell seal corpus luteum was rapid after parturition and 

the dominant feature was the large amount of connective tissueo 

The connective tissue spreads through the corpus albicans by 

forming a fibroblastic mass in the cell spaces left by resorbing 

luteal cells, this starts on the periphery of the body and 
, , 

gradually spreads into the centreo The final ture is one of 

a dense fibrous mass which was consolidated in a core and was often 

stellateo 

The average size of the largest follicle in the inactive ovary 

was 10 mmo during parturition and this decreased during ovulation 

to 8 mm (November and 6 mme (December) 0 In the delay period and 

early implantation~ January to April~ the largest follicle 

remained constant at 7 mma The largest follicle in August was 

12 mmo in diameter but this seal was a case of Itmissed pregnancy"o 

In September a seal in late pregnancy had a largest follicle 

diameter of 4 mmo in the ovaries 0 

In the elephant seal (Laws, 1956) there was an increase in 

follicle size after ovulation and then a decrease to an average 

si~e corresponding to the ovary controlling pregnancyo 

The numbers of " follicleB~ of the types shown in 

o 2012, remained at 9 from November to January, the period of 

ovulation and delayed implantationo (See Table 90) There was 

a slight buildup to 12 during March and a decrease to 4 during 
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ApriL By August the number of !latra follicles had increased 

to 17 and by November there was an average af 22 atretic follicles o 

In November the inactive ovary becomes the one controlling preg-

nancyo 

This pattern of aotivity in the Weddell seal corresponds 

fairly to the pattern described for (Craig 9 1964). 

Sub Surface Crypts. 

Sub surface crypts in the germinal epithelium have been 

reported by Harrison and Matthews (1950) and Harrison at al o (1952). 

they established that the vary during the reproductive 

cycle. Material collected for the above studies was from the 

Antarctic Peninsula region and it was shown that the peak of 

crypt extension and epithelium proliferation occurred in November 

and for the remainder of the year growth was diminished o Northern 

Hemisphere seals also showed a similar pattern at corresponding 

age and reproductive activit yo Laws(1956) showed in the elephant 

seal that crypts were first observed when the blastocyst was about 

to implant and maximum actt1vity was reached towards the end of 

pregnancy; crypts tend to diminish during lactatioDo 

A summary of the data from this study on the Weddell seal is 

found in table 90 

Pups (eogo seal 6) had minor development but ~lose to 

the deep extensions were nests of about five primary 

to 5~ in diametero 

9 up 
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Adolescent seals (l2~ 202~ 217 and 226) (PloXV 1 & 2) showed 

an extensive and deep development of sub surface crypts g many 

opened to the s~rface,having the deep extensions associated with 

groups of ;",0-15 primary ( 40=60jJ ) (PI 0 o A few 

larger Graafian follicles up to 27~ were observed o• Crypt 

diameters were less than 1~ and many were associated with 

concretionary bodies (PloXVlo2)o 

In October and November (Late pregn~ncy to early ovulation)~ 

crypts were complex and epithelial cells lining the crypts were 

cuboidal and darkly stained o There appeared to be some minor 
cr;s. 

proliferation of epithelial cells which had cor~ponding mitotic 

figures 0 Extensive development of nests of primary follicles 

from 20-7~ were noticed 9 also considerable development of 

larger Graafian follicles up to 40~ was observed o 

In December (Ovulation period) there was still extensive 

crypt development with the lining epithelium ranging from 

columnar to cuboidal cells~ both stainedo There was 

still extensive development of primary oocytes but appeared 

that these were arrested by large mature fo11101e8 0 

tionary bodies were rare in mature 

January and February (pre=implantation and early implantation 

periods) showed diminishing crypt development and the 

has become fragmentary with pycnotic o Few primary oocytes 

were observed and those present were often single or in of 

up to three in numbero The cortex was usually fibrous~ thick and 



often divided into horizontal lObes. Concretionary bodies were 

present in large numbers. 

The later implantation period in March followed closely the 

pattern shown by the early implantation phase with minor crypt 

development and few primary oocyteso The example of seal 194 

(1.4063) complicated this pattern by having an extensive surface 

crypt 4evelopment and many nests of approximately 10 primary 

oocytes (20-80;U). 

In August and September (late pregnancy) the surface 

development of crypts and primary oocytes was extensiveo The 

large numbers of atretic follicles suggested that there was 

probably a burst of follicular activity in late July. 

Mansfield (1958) showed that the layer of epithelial cells 

lining the outer crypt walls invariably became degenerate and 

fragmentary; the cells lining the inner walls remained healthy. 

Serial sections showed that in some areas the whole cortex breaks 

awaYi leaving a new epithelial surfaceo In this study of the 

Weddell seal cortex loss was apparent in February and March. 

Mansfield suggested that cortex loss occurred in late pregnancy 

but it is possible that cortex loss can occur from early to late 

pregnancy. 

Main crypt activity in the cortex was observed in the period 

from late pregnancy to pre-implantation 1 this was followed by 

diminishing activit yo Mansfield (1958) suggested that crypt 

formation may be correlated w~th both production of mature follicles 
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aDd the functional properties of the cortex but no evidence has been 

produced in this study to refute Mansfieldqs suppositiono 

Harrison et ala (1952) stated that a is some evidence 

that crypt formation can be ad by experimental injection of 

gonadotrophic and oestrogenic substances in ferrets 9 an animal the 

ovary of which does not usually exhibit marked crypt formatioDo 

It therefore possible that the germinal epithelium It'esponds to 

hormon~l stimulatioD to form extensive as a normal Dccur= 

renee in _pinnipeds and certain other earni varesn 0 Mansfield also 

suggested that crypts possibly merge during 

this feature was not observed in this studYa 

Concre~ionarl Bodies 

The function of these bodies is s 

expan~ion but 

They ware 

dark staining basophilic and acidophilic bodies awaraging 3~ in 

diameter 9 and were apparently concretionary (PloXVlo2) The bodies 

have a close association with sub surface crypts and Mansfield (1958) 

showed that the epithelium often surrounded themoHal'lE'ison at ala 

(1952) mentioned a virgin fur seal in which "scattered 

irregularly throughout the interstitial tissue in the form of 

irregular clumps9 some 3~ in diametel'9 are masses of amorphous 

basophil material o Histochemical tests have shown these masses to 

contain calcium salts 9 but their exact nature is not olearlto No 

such tests were possible in this studyo 



DISCUSSION 

(a) Foetal Gonad Development 

The female gonads are strikingly enlarged in the toe tal and 

neo=natal sea1 9 following a similar pattern to the testis9 wit.h 

cells ~'esembling interstitial cells forming the bulk of the organo 

The gross and mioroscopic alterations to the ovaries observed in 

foetal and nec-natal seals suggest that these organs have been 

exposed to strong and physiologically effective stimulation from 

endocrine substances (Amoroso & Row1andB~ 1951~ Amoroso at al o 

19519 Amoroso & Matthews 9 19519 19529 AmoroBo 9 1955a & b g 1956~ 

Amoroso at alo~ 1965)0 

As in the testes of the foetal male foal, the available 

evidence points to the existance of an association between the 

concentrations of urinary oBstrogens in the pregnant mare and 

the quantitative development and regression of the ovaries (Amoroso 

& HO\vlands ~ 1951) 0 But in the seal no correlations between 

oestrogens and gonadal development have as been 

reported (Amoroso~ 1955a; Amoroso at a10 9 1965)0 Amoroso at al G 

( ) also suggests that the changes in the gonads of seals might 

be ascribed to the presence of circulating oestrogens ae 

dire through the pituitary or to endocrine substances of 

placental derivation. having properties to human chorionic 

gonadotrophino Amoroso (1963) emphasised the e of the 

endocrine climate during pregnancy on traditional stages of the 



gonads 0 

(b) Gestation and Sexual Maturity 

The gestation period in the Weddell seal is approximately 

10 months long with foetal development ranging from 8-8i monthso 

The length of foetal development may depend on the time of the 

year at which the blastocyst implanted in the uteruso 

Scheffer (1958) suggested that at the end of term the 

foetus of CQursinus is active and drinks and urinates while in 

the uteruso The Weddell seal is more active than Coursinus 

at birth and is probably very similar to it at late term in the 

uterus 0 

In seals the period from coitus to birth is long in relation 

to the maternal body size (8-12 months)o For comparison the 

gestation period in the tiger is 305 months and is 7 months in the 

black bear (Asdel19 1946)0 Because copulation is deduced to 

occur underwater the exact length of the gestation period is 

conjectural in the Weddell seal but there is still a considerable 

difference from the tiger and black bearo 

The Weddell seal female matures during the third year class 

In the elephant se~ Carrick & Ingham (1962) have made a comparison, 

of the onset of maturity between two populations~ South Georgia 

and Macquarie Islando On South Georgia 9 an exploited population~ 

virtually all cows have pups at three years (Laws 9 1956) but at 

Macquarie Island no cow was pregnant until the 4th year and onset 



of maturity continues into the 7th year with the average being about 

the 6th yearo The effects of exploitation on the W~ddell seal 

stocks in McMurdo Sound from 1956-65aanDot be estimated because 
" 

there has been no evidence to suggestthe·approximat. age of sexual 

maturity of the Weddell seal in other areas of the Antarctico 

Carrick & Ingham (1962) suggested that intra-sexual social 

strife is probably a re~sonable suggestion for the variation in 

sexual maturity and also social pressures may affect the actual 

age of the first breedingo 

The early sexual maturity of the WeddelL seal in comparison 

with a number of other Phocidae (eogo 3 years in HQgrypus & 

l2:vitulina (Amoroso at a10 1965) 9 & ~ispida (MaLaren g 195a) is 

consistent with Carrickus suggestion that there is probably an 

unsaturated environment at the present population density. It 

appears that the Weddell' aeal may not li1H~ to a great age (few 

seals were estimated to be in the 10+ age group) and this can be 

correlated with the comparatively earlY'QDsetof maturityo 

(c) Ovulation 

In the Weddell seal it is suggested that only one ovum is 

shed each Beason and although follicles develop in both ovaries 

the largest folliole was always found the ovary about to 

ovulate. (Harrison at alo g 19529 Mansfield g this study). 

Laws ( ) showed that a single ovum was shad eaDh year in the 

sea1 9 and suggested evidenoe for spontaneOUB ovulation 

This is probably also the case in the Waddell seal~ 
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although no evidence is available on this subject as yeto 

In the Weddell seal there was noewidence for a burst of 

follicular activity after ovulation as suggested for the elephant 

seal (Laws~ 1956) and the Cape fur seal (Rand~ 195;» 0 During 

February and March in the Weddell seal there was a small burst of 

follicular activity following delayed implantationo A second burst 

of follicular activity was assumed to have occurred in the period 

from May to July; this was baaed on August data from this study 

and results from Harrison at alo (1952)0 

Follicular activity appeared to be suppressed in the late 

stage of pregnancy (September to October) and recommenced about 

10 days post-parturition with OVUlation occurring about 55 qays 

after parturition; 

In a post.=partum female northern fur seal (Courainus) the 

ovary about to ovulate had many follicles whereas the other had 

none over 3 mmo (Enders 9 Pearson & Pearson~ 1946 9 Craig 9 1964)0 

The opposite ovary showed increasing follicular development in 

maternal ovaries towards the end of pregnancy and in the immediate 

post-parturient period was also observed in grey and common 

seals (Amoroso at a1 9 1965)0 In Coursinu6~ the grey and common seals 

~nd the Weddell seal folliole development was suppressed by the 

corpus luteum after fertilization. the Weddell seal no evidence 

was available to suggest that the.re i6 growth during the 

delayed implantation periodo 

As a rule ovulation does· ocour during pregnancy in mammals 



but there are a few exceptions. In the mare the corpus luteumof 

pregnancy regresses and is replaced by a Bet of accessory corpora 

lutea by luteinisation of all follicles with antra. (Asdel1 9 1946; 

Amoroso et ala 19480) An accessory corpus luteum probably formed 

from a follicle with an antrum was observed in one mature Weddell 

seal female. Perry (1953) claimed that ovulation occurred during 

pregnancy in the African elephant (Loxodonta~f~~o Hansson 

(19~7) showed that during the period of delayed implantation in the 

mink (!Estela vison) 9 oestrus 9 mating and ovula.tiolr! can occuro 

Laws (1956) suggested that suppression of follicular aotivity 

in the ovary with the regressing corpus luteum might be due partly 

to mechanical pressure and partly to the nutritive level ot the 

female elephant sealo Some effeet o~ the luteotrophic h'1r'mone 

(L~ToH.) or prolactin is likely here but its .effa~ts on large 

mam~a16 are as yet unalearo (Chester-Jones & Ball. 1962) 

d. Corpus Luteumo 

After ovum release the corpus luteum the Weddell seal grew 

rapidly to an average diameter of 22 rom. from November to 

early FebruarY9 the free blastocyst periodo The average diameter 

increased to 29 rom. about April and this probably oontinued until 

August when the decrease commenced. It that the corpus 

until the ead of 

pregnancy and begins to degenerate a few parturition. 

The histological appearance gave no that luteal 



activity in abeyan~e duwing the last half of pweg~ancy (Amoroso 

at a10 1965) 0 In the ~at the corpus luteum term 

and may even show renewed activity during lactation~ (Dawson~ 19~6s 

observed that the 

corpus luteum in Antarctic did not ~eaah full development 

until the blastocyst rea©hed the uterine horn and maximum activity 

was reached just prior to implantationa pattern of corpus 

luteum development has now been shown in the Weddell seal and 

appears to be general among the Phocidae and probably all 

1?innipedia (Laws i 1956~ Craig~ 1964)0 

During the period of delayed implanh.tion in the W,eddell seal 

the corpus luteum was highly luteinissd and individual lutein 

cells probably contained large lipid concentratioDSa There 

appeared to be an active secretory 

immediately following implantationa 

of the ~orpu6 luteum 

However by late 

September the declining importance of' the corpus lutHum was sho •• 

by an increase in the connective and sclerotic tissue and blood 

vesselso Lutein cells also showed 

prior disintegratioRo These isolated 

lutein cells into small group~o 

The number of luteal cells per area of DrpuH lutaum 

decreased from during the 8 

during mid-pregnancy (April)o The gland size increase during 

April and August (alld d for the !1nDl!l.th.s) was 

probably associated with encroachment of conne~tive tissue and 



growth of individual lutein cells on the average from 30-4~ with 

some as large as 5~ 0 

The corpus luteum in the elephant seal was shown t,o shrink 

during pregnancy although some cells increased to 70=B~ ~ Laws 

(1956) attributed this decrease to shrinkage of internal cellso 

Definite volumetric changes in the corpus luteum between delayed 

implantation and early pregnancy were obser~ed in the black bear 

(Wimsatt 9 1964)0 The increase in corpus luteum volume was 302 

fold and the number of cells per unit volume decreased 405 fold 

whereas cell volume increased 13 fold o The volumetric changes 

in the Weddell seal corpus luteum appear to be similar to the 

black bear but somewhat smaller; however only call number changes 

were calculated. 

From histological evidence it would therefore appear that the 

Weddell seal corpus luteum has an initial active secretory phase 

a~d then a retrogressive phase during delayed implantationo This 

was followed by an increase in activity prior to implantatioD9 this 

activity continuing until at least mid pregnanayo 

The vacuoles present in the lutein cells during delayed 

implantation are similar to the vacuoles in the aorpus luteum cells 

of other carnivores at a similar stage in the annual female 

reproductive cycle eogo wolverine (Wright & Rausch~ 1955)i 

marten (~~ americana} (Wright9 1942)~ fisher 

(Eadie & Hamilton, 1958) arAd black bear (!L?ame~~)(Wim6att~ 1964)0 

These vacuoles could be discrete droplets of ahromolipin associated 



with larger fat droplets (Laws 9 1956) .. 

The decrease in corpus luteum activity may be one of the major 

causal factors in delayed implantation of the blastocyst in the 

Weddell seal Canivenc & Bonnin~Laffargue (1964) stated that 

"Morphological and physiological examination of the luteal activity 

of the badger show that progestat:ional corpora lutea are inactive 

during the free blastocyst periodllo 

eo Implantation and tlDelayed Implantation"Q 

(i) Normal Implantation 

Normally the early cle~vages of the egg are 

completed in the oviduct and the you~g embryo reaches the uterus 

in the blastocyst stage .. This shortly implants in the uterine 

horn which was prepared by the action of oestrogen and proges

terone from the ovary.. Implantation is followed by differen

tiation and continuous growth until parturition" 

(ii) Delayed Implantation 

During the delay of implantation~ blastocysts continue to 

float free in the uterus instead of implanting ~oon after concep

tion .. 

The occurrence of delayed implantation in mammals has been 

reviewed by Hamlett (1935)9 on ( ~ Laws (1956) and 

Enders (1964)'.. This process has" been shown to· in ~ 

several marsupials~ armadillo (Daslphus novem£~c~s)~ roe deer 
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(Capreolus capreolu~)~ marten (Martes americana)~ European badger 

(!!eles m~)9 fisher (Martes penn,?;;nti)9 sable (Martes z:ibellina) 

weasels (Mustela frenata & Mustela cicognam)g American. badger 

(Taxidea taxus) ~ black bear (!!psus americanuE!) .9 several rodeats 9 

wolverine (aula gulo)~ river otter (~tra canadensis) and the 

following pinnipeds~ harp seal (Pagoph:h?:us groenlandicus)g hooded 

seal ·(q:t:sto;ehora cristata)g harbour seal (Phoca vitulilla.)9 bearded 

seal (Erignathus barbatus), crabaater seal (Lobodon. carcillophagus)9 

grey seal (Halichoerus gr:t:pus), northern fur seal (£allorhinus 

ursinus)~ southern fur seals (Arctoce;ehalus 8p;e~)1 elephant seals 

(Mirounga leonina & Mirounga angustirostris), Weddell seal 

(Lepton:t:chotes weddelli) and leopard seal (H:t:druga le;etonyx)., The 

only pinl'liped kl'loWR to lack the delayed implantation. stage is the 

Pacific walrus (Odobenus rosmarus d:t,ve1pgen\s} 

The blastocyst may continue to develop slowly, as in the roe 

deer, (Short & Hart, 1965), or show completely arrested develop

ment as in many of the mustelids, seals 9 bears and marsupials 

(Amoroso & Marshall, 1962)0 The delay may last several weeks as 

in the rodents and many seals, 5 to 6 months as in the bears or 

may be almost a full year as in some mustelids~ 

Baevsky (1963) suggested that delayed impl~ntation in mammals 

can be divided into two types, those with 

(1) obligate delayed implantation 

and (2) faculative delayed implantatiollo 

Obligate delayed implantation occurs .ea r~gular part of the 
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reproductive cycle whereas the facultative type DaGara only under 

special conditions (lac etc)o External influemces such as 

photoperiod or den temperature as for mustelids (Wright g 1963)i 

diminished activity as for the badger and possibly some seals 

(Harrison, 1963), or lactation in rodents (Mayer,1963), are 

thought to control delayed implantation of the blast 

although the external influences and hormonal changes must vary 

considerably between groupso 

Canivena & Bonnin-Laffargue (1963) suggest that the inability 

of the blastocyst to implant in badgers results from an aberration 

of the IlLuteotrophic hormoneuo Possibly the mechanism consists 

of an external factor affecti~g the pituitary and the gonads by 

a hypothalmie pathwayo Boving (1959) suggested that differences 

in the ability to implant in various mammals is 

terms of differences in fundamental cellular chemistries and 

differences in endocrinologyo 

in 

In the black bear~ the weasel and the badger the 

corpora lutea are inactive throughout the.. per~iod~ suggesting 

a lack of progesterone as a control of implantation (Wimsatt, 1963. 

Wright, 1963; Canivenc & Bonnin=Laffargu8 1 1963)0 

Mayer (1963) believes that the pituitary secretion prolactin 

controls progesterone l while FoSoHQ and LoHo control oestrogeno 

If this is true it follows that progesterone is under autonomic 

control while oestrogen is under hypothalmohypophyseal controlo 

During the delay period metabolic activity of hlastocytes is 



apparently low; this is possibly due to physiological reasons or 

due to the zona pe1ucida being impervious to most substances 

(Glenister~ 1963)0 

It has been generally accepted that the blastocyst and uteri~e 

endometrium are both involved in implantation through an active 

balance of systemic~ uterine and blastocyst events (Enders~ 1963a)0 

Apparently external factors are important in the initiation of 

implantation~ but the endome~m and blastocyst must interact for 

completion of the processo In at least some mammals the blasto-

cyst and endometrium are capable of various amounts of independent 

action (Noyes, Dickmann~ Doyle & Gates~ 1963)0 The underlying 

hormonal and chemical changes probably differ in various species o 

The evolutionary implications of delayed implantation in weasels 

were discussed by Wright (1963)~ who divided the factors affecting 

delayed implantation into two groupsg (1) Ultimate factors 9 eog. 

abundant food in springg favourable climate at weaning and the 

male in the company of the female at weaning and (2) proximate 

factors 9 e.g. photoperiod and temperature that might· be involved 

as mechanisms regulating the particular reproduction patterno 

A likely hypothesis for the occurrence ot delayed implantation 

in pinnipeds was suggested by Laws (1956)g "By means of delayed 

implantation of the blastocy8t~ mating can occur when the animals 

are more concentrated geographicallY9 thus ensuring greater 

reproductive efficienoy"o In the elephant seal (Moleonina) , 

implantation of the blastocyst does not occur until the moult has 



completed (Laws 9 1953 & 1956)0 In this "it similar to Eobarbatus 

~nd Pavitulina (Sleptsov, 1943). P~hi6pida (McLaren, 1958) and the 

Weddell seaL Carrick et ala (1962) stated that "delayed implanta-

tioD is the physiological concept b~t a more appropriate e~Dlogical 

term would be advanced fertili*l!itioll, for copulation is the movable 

event and its date is selected by a combination of ecologica1 9 

behavi6ral and physiologiaal faatora"o 

The factors involved in the delay of implantation in the 

Weddell seal appear to be similar to those applying to the elephant 

seal, the only difference being that the Weddell seal has a post-

lactat{on oestrus o The Weddell seal appears to be similar to 

the mink in that the period when progesterone is produced in 

quantity is probably restricted o For example it appears to be 
I 

c.~rrela ted with increasing p~©ltoperiodo 

Delayed implantation therefore appears have two adaptive 

advantages to the Weddell sealg 

;0 It synchronises the pupping~ lactation and oestrus 

periods to the same seasons each year 

and 20 It allows the female to recover from the physiological 

stresses of pupping and lactation~ and also enables her to complete 

the moult before implantation and the consequent development of the 

foetuso The moult must o~cur in the warm season because at this 

time the blood vessels nourishing the new hair follicles are 

continuously dilated and ClOS9 to the surfacea During this period 

the rate of heat loss is considerably greater than at other times 
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and therefore natural selection will 'tend to concentrate this 
, ~ 

activity in the warmest period of the yearo 

Two ~nfluences on implantatioD g of evolutionary significance g 

suggested f~r Mustelids by Wright (1963) appear to be of considerable 

impor.tance to the Weddell seal ~ (1) the favourable climate \at 
i ., 

weaning and (2) the aggregation of males and females during the 

period of female oestruso The climate in McMurdo Sound is usu~lly 

favourable to seals lying on the ice during the lactation period\} 

and during this time dominant sexually experien©ed males surround 

the pupping areaso 

Finally the .vidence available at present has not provided a 

complete explanation of the causes of delayed implantation\} but the 

most economic, hypothesis at present is that provided by Canivenc & 

Bonnin-Laffargue (1963) and Canivenc (1965)0 They suggested that 

the progestation hormone ~an only be active if transformed by 

another biochemical factoTo The factor may be liberated by 

Luteotrophic hormone (LoToRa) which is under the control of the 

hypothalamic centres or the factor COUld be a type of progestino 
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PLATE XII 

1. Graafian follicle antrum 

2. Later B in the Graafian 

showin the felli towards the 

outside of ovary wall. 
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PLATE XIII 

1. Details of the corpus luteum of I 

220. This represents the 

tioD stage the 

2 Details of the corpus luteum of seal 

This the 
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PLNl':h: XIV 

1. Details of the corpus luteum of SBal 

This represents the late 

pregnancy stag€h 

20 Details of the corpus luteum of seal 

This represents the 

of the corpus 
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PLATE XV 

De of medium 

of the sub surface 

seal 

2. Details of extensive devel 

of surfac~ in seal 207. 

A concret shown 

an arrow. 
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PLAT.li; XVI 

Details 0 a nest of primary follicles 

close to the ovary wall in Seal 1 

Details the devel of sub 

surface in an adolescent female 

(Seal 12) 
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tails of nests of atretic follicles 

in 
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C HAP ~ E R 

T H R E E 

POPULATION STUDIES 



A COUNTS OF THE WEDDELL SEAL AT MCMURDO SOUND? 

~NTARCTIC~~_-RggIN~~UMMER 

INTRODUCTION: 

105. 

The first comprehensive study on the Weddell seal (~~Etony

ghotes weddelli Lesson) was by Wilson (1907) who discussed the life 

historY9 behaviour and annual distribution of the seal in southern 

McMurdo Sound. In later studies by Lindsey (1937) and Bertram 

(1940) working in the Ross Sea and Grahamland (Antarctic Peninsula) 

regions respectively? many seals were observed from September to 

April but their absence on the ice surface from April to August was 

noted. These authors suggested that seals spend a period of 

enforced activity under the ice and do not migrate out of the 

immediate area. Lindsey also discussed individual movements of 

marked seals in the Bay of Whales. 

Sapin-Jaloustre (1952) observed the annual movements of the 

Weddell seal around the coast of the French Antarctic station 

(Port Martin 9 Terre Adelie) and related these annual movements to 

the time of year and life history of the seal. 

Mansfield (1958) working at Signy Island? studied the annual 

distribution of seals in relation to the ice conditions g with 

special reference to cows and pups during the breeding season. 

The present studY9 based on aerial and ground censuses? records 

the movements of Weddell seals in McMurdo Sound between December 

1961 and March 1965 and attempts to show definite seasonal trends 

in the seal movements. The area used in this study comprised 100 

sq. miles of the eastern shoreline of McMurdo Sound from Cape Bird 

7--'.: 
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Fig. 3.1 

Details of the areas used in the 

seal population movements 

study. 
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Graph showing the of 

seals lying on the ice in A. 
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to Pram Point (fig.301)0 

METHODSg 

For the purpose of counting sea1s 9 McMurdo Sound was divided 

into 10 areas as shown in fig03010 Two methods of counting were 

used~ 

10 Counts from a survey point on Crater Hill for detailed 

observations on Area Ao 
"'., 

20 Aircraft reconnai~sance flights by helicopter at an 

altitude of 500 ft. along the eastern side of McMurdo Sound 9 

involving photography reinforced by ground observations. 

With the aid of binoculars 9 counts from the survey point on 

Crater Hill were made nearly every day on Area A (fig. 3.1 & fig. 

307) from December 22, 1961. to February 1, 1962; from January 3. 

1963 to February I, 1963 and from December 23, 1963 to February I, 

Counts were taken approximately every second day during 

February 1962, 1963 and 1964. 

Aircraft reconnaissance flights commenced CD November 5, 1962 

and followed the path shown in fig. 3010 Small groups of seals 

were counted visually and photographs were t~ken of large concen-

trations for later assessmento Eight flights at approximately 

2 week intervals were made between November 5. 1962 and February 239 

1964 and seven flights at approximately weekly intervals between 

December 27. 1964 and February 22, 19650 

The numbers of seals hauled out on the ice were shown to vary 

with the hour of the day (fig o 302). The Weddell seal apparently 

feeds in the early morning and lies on the ice during the middle 

of the dayo Counts were therefore made at 1600 hours, the period 



TABLE I --
Aerial Census of the McMurdo Sound Weddell Seal Popu1atiog. 

1962 - 63 1963 - 64 1964 - 65 

Date Total Date Total Date Total 
Number Number Number 

5011.62 261 2. 9.63 69 27.12.64 1980 

12.11.62 1011 7. 9.63 262 13· 1.65 2536 

18.12.62 1500 23. 9.63 51 190 1.65 2960 

2. 1.63 2642 29. 9.63 241 27. 1.65 2426 

8. 1.63 2510 5.10 .. 63 50 6. 2.65 2395 

15 .. 1.63 2300 10.10063 250 15. 2065 2625 

29. 1.63 2700 17.11. 63 1015 22. 2.65 2105 

16. 2.63 2480 2.12.63 1341 

19.12.63 2250 

29.12.63 2866 

5 .. 1.64 2400 

130 1.64 2050 

29. 1.64 2210 

8. 2.64 2710 

23. 2.64 2010 



TABLE 2 

Date Number in Percentage Female Percentage Male 
Sample 

10. 9.63 20 68 32 

18. 9.63 100 78 22 

29. 9063 20 42 58 

30. 9063 100 73 27 

6010.63 100 67 33 

8010063 100 69 31 

9010063 100 61 39 

11.10063 100 80 20 

14010.63 100 83 17 

16010.63 100 81 19 

17010.63 100 82 18 

19.10063 100 59 41 

21.10063 100 70 30 

15011.63 100 84 16 

29011063 100 81 19 

2.12063 100 69 31 

10.12063 100 52 48 

After 10012.63 for the rest of the season the ratio remained at 

50% male and female. 
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Graph showing the details of the changes 

in seal numbers in the McMurdo Sound 

Weddell seal popUlation. (1962-65). 



when the maximum numbers of seals were lying on the ieeo 

time was estimated for the counts in 1961-62)0 

1070 

(This 

Winter observations were made whenever possible but these 

observations were hampered by lack of sea ice in McMurdo Sound 

from late March to early July 19630 From July to early September, 

19639 4 single day visits to Cape Evans were made and ground 

observations taken wherever seals were expected to be presento 

RESULTS: 

10 Population Movements~ 

a o General movements in McMurdo Sound~ 

Results of aerial counts for the McMurdo Sount are summ

arised in figc 303 and tables 1 and 20 

During winter from April to August (1963) no flights were 

possible but four ground observations made during July and 

August (1963) showed that there were few signs of seals having 

been on the ice although approximately 150 breathing holes 

were observed o It is possible that the September and early 

October numbers of seals lying on the ice reflect the total 

numbers of seals which overwinter in McMurdo Sound each year. 

The aerial flights early in the season (September 7 and 29, 

and October 10 9 1963) gave totals of 280 9 225 and 240 seals 

respect:j;.velyo These counts were ·taken on clear~ calm days. 

Ground observations covering the equivalent areas of the 

aerial flights on September 2 and October 5, gave totals of 

51 and 55 seals respectively~ these counts were taken on days 



with an average wind velocity of 20 mopoho The considerably 

lower seal numbers on these days probably indicat~$ the effect of 

wind velocity on seals hauled out on the iceo 

Figo 303 shows that the increase in seals numbers in McMurdo 

Sound can be divided into two distinct phasesg 

l~ The first influx from early October to early Novembero 

This consists almost entirely of pregnant females concentrating 

around the pupping areaso 

20 The second influx from mid November to early Januaryo 

This includes a large number of seals from northern regions. 

The first and second influxes include pups born in October 

and November each seasono By the end of the first influx the 

total number of seals in the Sound is approximately 1000~ and by 

the end of the second influx the total ranged from 2500 to 2800 

seals in the period from 1962=650 

The pattern of increase is similar for the 1962-63 and 1963-64 

summers,but the second influx was delayed 3 weeks during the 

1962-63 season owing to the late breakout of sea iceo This does 

not appear to have any effect on pregnant females entering the 

pupping areas o 

At the end of the pupping season (November), new born pups 

constitute 30=35% of the total populationo On the eastern shore 

of McMurdo Sound there were estimated to be 380 pups born in 

1963=64; 400 in 1964-65 and 440 in 1965-660 

After the second influx the departure of the seasons pups 

causes a decrease in numbers in the period from mid January to 

early Februaryo This is followed by a small secondary increase 



TABLE 3. 

Percentage of Male' and Female Weddell Seals in Area C from 

September to December 19630 

Date 
Total >I< Total .; Percentage Percentage 
Female Male Female Male 

300 9063 11 4 7303 26.7 

6.10063 8 4 6607 3303 

8.10063 52 23 6903 30.7 

9010063 54 34 6104 38.6 

11.10063 77 19 8002 1908 

14010063 81 17 8207 1703 

16010063 83 19 81 0 4 1806 

17.10063 80 18 81.6 18.4 

15.11.63 229 43 84 02 15.8 

29.11.63 287 68 80 0 8 1902 

2012.63 220 100 68.8 31.2 

10.12.63 338 342 4907 50 03 

20012063 280 260 51.8 4802 

* The total number = total number of sexed animals. 



TABLE 40 ---
Census of Wedde1!~ls and Sex Ratios in the Turt!! Roc~ 

Res;iono 

Date 
Total Number 

9,,10.,63 10 

10,,10,,63 28 

12010063 15 
15010.,63 21 

16,,10063 30 
18 010063 31 
20 010,,63 35 
22010063 60 

24.10063 50 
25,,10.,63 21 
2,,11.,63 20 

5011063 65 
13011063 70 
15011063 78 
30.11063 82 

3012063 47 
8012,,63 130 

19012063 138 
23.,12.63 160 

28.12.,63 105 

Total 
Female 

7 
21 
12 

16 

23 
23 
27 
47 

39 
14 

15 
56 

59 
63 
62 

34 
82 

89 
82 

55 

Total 
Male 

3 
7 
3 
7 

7 
8 
8 

13 
11 

7 
5 

9 
11 

15 
20 

13 
48 

49 
78 

50 



t:!BLE 5 

Counts of Weddell Seals in Area A ---
1961 - 62 1962 = 63 1963 - 64 

---
Date Total Date Total Date Total 

Number Number Number 
-------

22012061 40 3. 1.63 81 23,,1~ .. 63 78 
29012061 68 60 1.63 57 27012063 64 
30.12061 50 9. 1.63 46 28012 .. 63 29 
. 20 1062 45 II • 1.63 79 10 1.64 72 

6. 1.62 54 190 1.63 ·138 30 1,,64 51 
90 1.62 152 22. 1..63 91 40 1 .. 64 92 

100 1062 236 230 1.63 80 50 1.64 86 
110 1.62 368 240 1.63 145 60 1064 121 

120 1.62 338 250 1.63 138 70 1.64 213 
130 1~62 495 270 1.63 230 16. 1.64 372 
140 1062 409 290 1.63 256 17. 1.64 378 
150 1.62 345 300 1.63 . 441 180 1.64 439 
16. 1.62 490 31. 1.63 260 190 1.64 469 
17. 1062 400 10 2063 462 270 1..64 395 
190 1.62 409 30 2063 623 280 1.64 430 
200 1.62 497 50 2063 650 30. 1.64 495 
27. 1.62 468 6. 2063 511· 10 2064 335 
31. 1.62 450 70 2063 535 20 2064 469 

40 2062 478 8. 2063 860 40 2064 225 
70 2062 521 100 2063 852 50 2064 240 

13. 2062 856 11. 2.63 821 70 2064 430 

170 2062 945 1802 063 375 120 2064 161 

260 2062 838 190 2063 720 170 2064 482 

90 30.62 75 23. 2063 625 200 2.64 505 
13. 3.62 5 24. 2063 780 230 2.64 335 

280 2.63 360 270 2064 360 
10 3063 521 1. 3064 101 



TABLE 50 CONTD. 

1962 = 63 

Date 

30 3.63 
9. 3 .. 63 

16. 3063 
19. 3063 
210 3.63 
230 3.63 
26. 3063 

Total 
Number 

306 
445 

2 

65 
86 

30 

9 

1963 <= 64 

Date 

20 3 .. 64 

3. 3064 

4" 30'4 
6. 3.64 
80 3064 

110 3064 

Total 

Number 

95 
125 
141 

208 
101 

20 



TABLE 6 
~-

Sex Ratios of the Weddell Seal in Area A 

MONTH & YEAR 

December 1961 

1963 

January 1961 

1962 

1963 

February 1961 ) 

1962 ~ 
1963 ) 

March 1961) 

1962 ~ 
1963 ) 

PERCENTAGE 
FEMALE 

80 
80 

60 

70 

60 

50 

50 

PERCENTAGE 
MALE 

----------------------
20 

20 

40 
30 
40 

50 

50 
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Fig. 3.4 

showing the details of changes 

in seal numbers in Area C in 1963. 
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Graph the details of 

in seal numbers ( PU!Js) in 

the 'l'urtle Hock in 1963~ 
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Graph the d tails changes 

of seal numbers in Area A in the three 

sea80ns and 



L
-

a E
 

..0
 

C
 

d 

u OJ 
T

I 



the trend of the Weddell 

seal bui.ld:U!~ in Area A in the thre seasons 
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in late February, which is possibly correlated with the last large 

ice breakout around Ross Island and the west coast of the Ross Sea. 

The final decrease to the wintering population occurs in late 

February and early March. 

b. Changes in Population numbers in Area C. 

Results of ground observations in area C are summarised in 

Fig. 3.4 and 3.5 and Table 3. Area C is one of the main pupping 

areas in McMurdo Sound and it extends from Knob Point to Turtle 

Rock and the confluence of Hut Point Peninsula and Erebus Glacier 

Tongue (Fig~ 1). The first influx of about 100 seals into area C 

in 1963 began about October 18. These were mainly pregnant females. 

The second influx commenced about November 15 and reached a peak 

of about 650 seals on or around December 20 after which there was a 

rapid decline in numbers. Fig. 3.5 shows the seasonal increase in 

the Turtle Rock region. The effects of bad weather are shown 

during the period October 23-319 when a series of blizzards drove 

many seals into the water. Under these conditions only nursing 

females and those close to parturition remained on the ice. 

c. Changes in Population Numbers in Area A. 

Results of ground observations in area A are summarised in 

Figs. 3.6 & 3.7 and Tables 5 & 60 This region is the southern 

limit for Weddell seals in McMurdo Sound. In 1962 and 1964 the 

first increase in numbers of seals commenced about the first week 

in January and levelled off about the end of the third week (fig.6). 

The second increase in 1962 commenced about February 3 and reached 

a peak of 945 seals on February 20. In 1963 the sea ice persisted 
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Diagram the tern of seal 

movements into and out of Area A. 

A. 
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showing the pattern of seal 

movements and out of Area A. 

B. 1962-63. 
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Diagram showing the tern of seal 

movements into and out of Area A. 

c. 
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in McMurdo Sound for 6 weeks longer than the average (Heine 7 1963) 

and this is reflected in the first build-up commencing about January 

23 compared with January 1 - 5 in 1962 and 1964~ and increasing 

rapidly to a peak of 860 on February 70 This number~ which showed 

fluctuation due to weather (figo 306)~ was maintained until 

February 260 The numbers of seals decreased rapidly after March 90 

The first increase of seals in 1964 was similar to that in 1962 but 

after the first peak was reached about January 20 9 the numbers 

levelled off at 400 less than the number in the same period of the 

previous season and there was no second peako 

accounted for the lower population countso 

Bad weather probably 

Therefore it can be seen from the general pattern of increase of 

seals in area A that the 1961=62 and 1963=64 seasons conform to the 

initial stages of the general pattern~ and 1961=62 and 1962=63 conform 

to the later stages of the general patterno (Figc 307) 

Figso 308 A9 3.8B and 308c depict the movements of seals into 

and out of area A from 1961=64 and show how the ice areas easily 

accessible to seals differed during th~ three study yearso 

do Distribution of Sexes~ 

During October and early November males in McMurdo Sound were 

solitary or in groups of up to three and situated along the major 

tide and pressure cracks outside the pupping areas o Females congre-

gated in areas of broken ice and along the tide cracks around 

islands and rocky out cropso The same areas appear to be used each 

seasono The main pupping areas in McMurdo Sound are Turks Head t 

Pellbridge Islands 9 Turtle Rock9 Hutton Cliffs and the area between 
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ADULTS 

Tag 

211 

214 

255 
256 

257 

182 

187 
184 

179 
180 
181 

186 

161 

195 
171 

189 

117 

138 
204 

205 

227 
228 

Summary of tmportant Seal Tag Recoveries (Octo 

1963 = Feb. 1964)0 

Noo of Date of last Area Area 
Sightings Tagged Sighting Tagged Sighted 

11 6/11 14/2 CoA. PoPa 
10 16/11 20/2 CoAo PoPa 
12 28/12 17/2 Ca~a PoPa 

10 28/12 8/2 CoAo PuPo 

5 7/1 14,12 C.A. TuR., 

1 8/11 17/2 C.R. G.T .... H.pp 

1 8/11 12/2 C.R. T.R. 

1 8/11 24/12 C.R. K.P. 

2 8/11 23/12 C.R. K.P. 

6 8/11 20/2 C.R. C.A. 
., 8/11 8/2 C.R • C.A. 

4 8/11 6/1 C.R. C.A. 

I 6/11 20/12 B.R.I. K.P. 

2 6/11 20/2 B.R.I. C.A. 

5 6/11 20/2 B.R.I. C.A. 

1 6/11 4/1 L.R.1. C.A. 

4 1/11 2/12 A.H. T.Ro 

2 7/11 12/11 K.Po A.H. 

3 7/11 12/l1 K.P. A.H. 

2 7/11 29/11 K.P. A.H. 
4 5/1 27/12 T.R. H.P. 

4 5/1 2/12 T.R. H.P. 



TABLE 7 CONTD. 

ADULTS 
No" of Date Date of last Area Area Tag Sightings Tagged Sighting Tagged Sighted 

109 8 

113 8 

139 7 

215 6 

221 4 

209 12 

PUPS: 

122 1 

126 4 

127 7 
131 1 

134 1 

KEY: 

24/10 20/2 T.R. 

30/10 14/2 K.P. 

30/10 17/2 K.P. 

30/10 24/1 T.R. 

30/10 11/1 ToR. , 
15/11 17/2 K.P. 

1/11 27/1 ToR. 

3/11 9/12 T',R. 
3/11 20/2 T.R. 

4/11 9/12 T.R. 

4/11 6/12 T .R •. 

;:: Cape Royds . 

BoRolo ;:: Big Razorback Island 

LeR.lo::: Little Razorback Island 

C.A. 

P.P. 

P.P. 

P.P. 

P.P. 

P.P. 

P.Po 

H.P" 

H"P. 

K.P" 

F"P? 

GoTo-HoPoP o ::: Confluence of Glacier Ton~ue.and 

Hut Point Peninsula. 

ToRo ::: Turtle Rock 

KoP o ::: Knob Point 

AoHo ::: Arrival Heights 

H .. P" ::: Hut Point 

CoAo "'" Cape ·Armitage 
~ 

Po Po ::: Pram Point 



Hut Point Peninsula and Erebus Glacier Tongueo 

In 1963 the percentage of males and females in the total popu

lation was calculated from samples of 100 seals at each count 

These sex ratio censuses were calculated from ground 

observations of groups of 100 seals during the progress of aerial 

censuseso In September there was an average of 70% females which 

increased during the pupping season (mid October to mid November) 

to 80%0 In December 9 with the influx of seals from northern areas, 

the percentage dropped to 50% females and remained approximately 

constant until the end of the season (March)o 

In Area C prior to pupping in 1963~ there were 61.4 to 73.3% 

of females and this increased to 80.2 to 84.2% during the pupping 

season (Table 3)0 After the pupping period Area C followed the 

pattern of the total population in McMurdo Sound and deoreased to 

a 50% ratio of females and males (Table 4). 

In area A the first influx of seals during December and 

January was composed predominantly of females (Table 6). By 

February in the three years (1962-64) the composition was 50% 

male and femaleo 

30 Individual Movements~ 

In the 1963-64 season 92 adult seals and 54 pups were fli~per

tagged with monel metal tags. Table 7 gives a summary of the 

most significant tag recoveries. Of the 92 adults tagged, 72 were 

recovered in the same season; of 54 pups tagged only 5 were reco-

vered. Eighty-five per cent of the seals recovered over 4 miles 
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TABLE 8 

Correlation of adjusted numbers of seals lying on the ice and 
weather conditionso 

y = 7602206 Sin 4t = 27008816 Cos 4t = 1401442 W+ 447072 

± 49.4006 ! 46.5607 

Correlation Coefficients~ n=25 

Abundance xx 
Index .555 

'Damp. 

Solar 
Radiation. 

Wind 

Solar 
Radiation -

xx 
.493 

xx 
. 0814, 

.t 605601 

Wind Cloud 
Cover 

x 
-.477 ~.227 

=0161 -0377 

xx 
-~323 -0732 

xx 
0510 

y = 54.9218 Sin 4t 

± 48.0630 

7504604 Cos 4t - 903263 W+364082 

Abundance 
Index 

Temp. 

Solar 
Radiation 

Wind 

Correlation 

~1J1p'0 

0243 

! 4503768 

Coeffieients~ n=2l 

Solar 
Ratiation 

.224 

xx 
0764 

x = Sig~ifiCance at the 5 percent level. 
xx = Significance at the 1 percent level. 

! 404199 

Wind 

xx 
=.622 

x 
-.524 

-.302 

Cloud 
Cover 

xx 
=0560 

'~;oo63 
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from the locality in which they were tagged were found to have moved 

south. Thus of 35 seals tagged at Cape Royds in November t 1963, 11 

were subsequently recovered.at Turtle Rock~ Knob Point and Cape 

Armitage from December 1963 to February 1964. These recoverypmnts 

were approximately 15 miles south of Cape Roydso 

3. Variations due to Weather Conditionsg 

Minor fluctuations of seal movements were examined to discover 

their cause (fig. 3.6). Observations suggested that these fluctua-

tions resulted from seals spending less time on the ice during bad 

weather. Temperature, wind velocity~ percentage cloud cover and 

solar radiation were correlated with seal numbers and with each other 

~n an attempt to discover their relative effects. Because there 

was a seasonal trend in numbers quite apart from changes in abun-

dance suspected to be caused by weather, the index of abundance was 

not taken as the total numbers observed but as the deviation of this 

number from the seasonal trend t eliminated from the analysis by a 

fitted sine-cos regression. 

The regressions of seal numbers (y) on time and wind are shown 

in Table 8. These two factors accounted for all but a small 

residual variance in 1963 and 1964. Hence wind velocity is an 

important correlate of abundance, and observations suggested that 

this correlation reflects a cause and effect relationship. Table 

8 also shows correlations for 1963 and 1964. Only wind was a 

significant correlate of seal abundance in both years i but cross 

correlation of this weather component suggested that its effect was 

augmented by the other factors. 
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DISCUSSION: 

Wilson (1907) and Lindsey (1937) implied that Weddell seals 

in the Ross Sea region were non migratory and prefer fast bay ice 

throughout the year9 and that all seals live under the ice in 

winter. Wilson (1907) stated that the seals wintering in McMurdo 

Sound were large animals. The few seals observed during winter 

in this study were also large, adult seals. 

From 1961-64 it has been shown that the first influx of seals 

consisted of pregnant females returning to the traditional pupping 

areas. These areas do not appear to have changed since they were 

first reported by Wilson (1907). Although other areas appear to 

be favourable for pupping t~ey are never used. The influx of 

seals which was completed in late December included males and also 

many females which probably pupped in northern areas of the Ross 

Seil coast v 

The Weddell seal pupping period is later in McMurdo Sound than 

in the northern latitudes of Antarctica (Bertram~ 1940). Pupping 

in McMurdo Sound is 4 - 6 weeks later than on the Antarctic 

Peninsula (60_68°S), Mansfield,(19'58) and 3 - 4 weeks later than 

on Terre Adelie (Sapin-Jaloustre, 1952). 

Weddell seal pups are separated from their mothers at 8~10 

weeks after birth and by the second week in February are absent 

from McMurdo Sound. From this study of the numbers and movements 

of seals in the McMurdo Sound area the hypothesis is advanced that 

Weddell seal pups migrate north, probably to the pack ice, and many 

of these spend 1 - 2 years in this area. Supporting evidence for 

this hypothesis was provided by the finding of one Weddell seal 
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sub-adult male in the pack ice of the Weddell Sea by the Norwegian 

Experimental Sealing Expedition from July to December 1964 

(¢ritsland, 1965). Also Turbott (1949) has discussed the northern 

occurrences of the Weddell seal and all (with one possible exception) 

were immature animals. This would be expected if the hypothesis is 

correct, but young animals are often the dispersing phase of a 

population. 

Further supporting evidence for the migration of pups to 

northern areas is that pups, yearlings and two year class seals are 

the age groups most heavily infected with the louse Antarctophthirus 

o$morhini Enderlein (loc. cit. chapt. 3B; Murray, Smith and Soucek, 

Lice can only reproduce in air and the large lice popula-

tions could only be produced by seals lying out on the ice for long 

periods throughout the year. This is not possible in McMurdo 

Sound during at least seven months of the year. 

The secondary buildup in late January is possibly due to a 

number of northern areas becoming innaccessible to seals and this 

increase appears to have a larger proportion of sub adult seals 

than the earlier increases. 

Three hypotheses could explain the absence of seals from 

McMurdo Sound during the winter months. 

These are: 
:~ " 

1. Seals spend the w1nter under ,the ice and around open leads 

and tide cracks in McMurdo Sound. 

2. There are local movements of seals similar to those 

described for the Weddell seal at Signy Island (Mansfield, 1958). 
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He suggested that the Weddell seal moved to the northern coasts of 

the South Orkney Islands in autumn and winter. 

3. The Weddell seal migrates north in winter9 probably to the 

innaccessible pack ice. 

The first hypothesis can be rejected because winter observa

tions revealed little evidence of the presence of large numbers of 

seals in McMurdo Sound. During the 1963 winter very few seals 

were found in and around the U.S.A.RoP. fish-trap holes. 

Mansfield (1958) suggested that the local movements of Weddell 

seals to the northern coasts was due to the effects of the north-

westerly swell on the ice leaving it untenable for seals. This 

hypothesis is not applicable to the McMurdo Sound population because 

the condition of the ice during winter along the coast line of Ross 

Island and the western shore of the Ross Sea is probably similar 

to that of McMurdo Sound. Records of seals at Cape Hallett during 

the winter are very similar to McMurdo Sound. But in a number of 

years there is often a large area of open water north of Cape Royds 

throughout most of the year. 

The most likely working hypothesis is that at least 85% of the 

McMurdo Sound summer population of seals migrates north, probably 

to the pack ice or to relatively inaccessible northern coastal 

areas~ This is based on the negative evidence that very few seals 

were observed in McMurdo Sound during the winter. Pups and 

yearlings are rarely found in McMurdo Sound and it is possible that 

this age group is found in the same area as the adults during 

wint~r. A similar migration to that suggested for the McMurdo 
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Sound Weddell seal population has been observed in the harp seal 

(Pa~oEhilus groenlandicus Erxleben) in the north-west Atlantic 

(Sergeant 9 1965)0 There was a distinct northward migration of 

adult and pup harp seals during summero Adults returned during 

winter to the Gulf of Sto Lawrence and Newfoundland coasts to 

breed in February and March o 

breeding areas during wintero 

Many pups did not return to the 

Brown (1913) was the first to suggest tentatively that Weddell 

seals move to the edge of the pack ice in wintero Prevost and 

Sapin-Jaloustre (1965) also suggested that the Weddell seal at 

Terre Adelie spends the winter in the pack ice to the northo 

These conclusions are supported by the present investigation in 

which the field observations support tpe hypothesis that the 

Weddell seal in McMurdo Sound also migrates north to the pack 

ice during wintero 

Aerial census and recoveries of tagged animals show that 

there is a definite southerly movement of the McMurdo Sound 

Weddell seal population from November to late Februaryo This 

southerly movement usually precedes the ice breakout in McMurdo 

Sound; there are fewer hauling out areas as the season progresses o 
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The study described in th~ paper was commenced by myself with 
the assistance of Dr. Zo Soucek at Wilkes Station, Antarctica in 
1962. Our findings suggested answers to the problems in which I 
was interested but the data were few. In mid-winter 1963 I 
received a cable from Mro Smith9 then at Scott B~se9 requesting 
some general information on seal lice~ and later when I received 
his first letter it was clear that he had independently confirmed 
all of our findings on distribution of lice on the Weddell seal 
and their incidence on various age groupso Furthermore he had 
realised that lice were found on the parts of the skin of the 
seal where the temperature varied with the thermoregulatory 
requirements of the seal. He received from me an outline of our 
results and my thoughts on the problem with a request to repeat 
some of our experiments and obtain certain data to complete the 
studyo This he did successfully in the limited time at his 
disposalo In addition he sent me, when I was on holiday in New 
Zealand, living material so I could repeat certain experiments 
myself. S~bsequentlyg when I met Mr. Smith in SydneY9 May 1964, 
and again in .New Zealand, January 19659 we discussed the data' 
and the format of the paper9 the details of which were 'finished 
by myself. 

Mr. SmithVs data is incorporated'into every section of the 
paper and some sections (Section VI (0); VII (b) (cii»are 
exclusively his data o His efforts have made it possible for 
precise statements such as "A female was observed oviposit~ng on 
a hind flipper, the skin temperature of which was 10 to 12C" 
(Section VII (c) (1» to be made. His contribution has been 
very considerable indeed~ both in collecting data and planning the 
discussion. 

(Signed) Mo D. Murray 9 

BoSco~FoRoC.Y.So 
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B STUDIES ON THE ECTOPARASITES OF SEALS AND PENGUINS 

II. THE ECOLOGY OF THE LOUSE ANTARCTOPHTHIRUS OGMORHINI 
ENDERLEIN ON THE WEDDELL SEAL 9 LEPTONYCHOTES WEDDELLI 

LESSON:--

SUMMARY 

The Weddell Sea1 9 Leptonychotes weddelli9 which lives ,around the 

shores of Antarctica 9 is infested with the blood~sucking louse 

Antarctop~thirUs ogmorhini. 
j, 

Infes~ations spread solely from 

female seals to their pups by the transference of adult lice~ and 

are frequent and heaviest 9n yearling and immature seals but are 

less frequent and lightest on mature seals. Few mature bulls 

are infest'ed. 

Lice are usually restricted to thetail~ ankle 9 hip and hind 

flipper9 but the margins of the anal and penile orifices of males 

may be infested 9 and oc~asionally the axilla of the fore flipper. 

The skin temperature of these sites of infestation varies with the 

thermoregulatory requirements of the sea1 9 thus providing more 

opportunities than elsewhere on the body for lice to reproduce 

when the seal is ashore 9 and to feed when the seal is at sea. 

The number of lice is largely determined by the behaviour of the 

Weddell sea1 9 and the numbers are greatest on those age'groups 

which haul out of the sea most frequently throughout the yearo 

The principal physiological adaptation of Aoqgmorhini for 

survival on the Weddell seal is the ability to become active and 

o to reproduce at 5~15 Co Eggs can develop and hatch at constant 
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temperatures as low as 0-4 Co 

I. INTRODUCTION 

The fi·rst paper of this series (Murray and Nicholls 1965) 

described the ecology of the louse !!!pidophthirus macrorhini 

Enderlein on the southern elephant seal, Mirounga leonina (L)~ 

The southern elephant seal g which breeds in the subantarctic, 

comes ashore for 3 = 5 weeks twice a year9 and spends the rest 

of the year at sea. To maintain its numbers, Lo macrorhini 

must multiply rapidly whenever the seal is ashore 9 and feed 

whenever possible in order to survive when the seal is at sea. 

For both rapid multiplication and feeding. the habitat 

temperature must be sufficiently warm; consequentlyg the lice 

are found principally on the flippes where the skin temperature 

fluctuates with the thermoregulatory requirements of the seal 

and is warm more frequently than elsewhere on the body (Murray 

and Nicholls 1965). 

The Weddell seal, Leptonychotes weddelli Lesson g which 

lives around the coast of A~tarctica, is frequently infested 
, 
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with the blood-tsucking louse Antarctophthi'rus ogmorhini Ender~ein. 

Apart from living in colder regions than the southern elephant 

seal, the behaviour of the Weddell seal differs markedly in that 

it h~uls out of the sea onto the ice regularly, often daily in 

the summer. It is likelY9 therefore 9 that the detailed ecology 

of A. ogmorhini on the Weddell seal!may differ from that of 



1220 

on the southern elephant seal (Murray 1965)0 However, 

similarities in the biology of these two species of lice may indicate 

basic physiological and ecological adaptations to their aquatic 

existence 9 which may be common to other seal licao 

is a blood-sucking louse of the 

family Echinophthiriidae of the order Anoplura 9 a family which is 

only found on marine carnivores of the suborder Plnnipediao Lice 

of the genus Antarctophthirus are found on the northern fur seal~ 

the walrus 9 and the antarctic seals 9 and Aoogmorhini is also 

found on the leopard sea1 9 ~~drur~a leptonyx (Blainville)o The 

bodies of the lice of this genus are covered with flattened scale

like setaeo 

The Weddell seal hauls out onto the ice regularly in close 

proximity to certain of the scientific stations which have been 

established in Antarctiaa a They do not move away if approached 

quietly but must be captured and restrained if they are to be 

examined for licea Pups were restrained manually by two persons, 

but older animals were immobilized with succinyl choline as 

described by Flyger et ala (1965)0 

The incidence and distribution of lice was determined mainly 

by the immediate examination of seals which had been killed 

during a study of the reproducti~ physiology pf the Weddell seal 

by one of the authors (MoSoRoSo)o The lice could be seen 

easily if the hair was brushed against its natural lie~ and were 

collected by dry shaving the hair close to the skin with a 
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scalpel. Individual lice were removed by plucking out the hairs 

to which they were attached to avoid injury. 

The Weddell seal does not fast for 3 - 4 weeks~ as does the 

southern elephant sea1 9 and consequentlygQs it must be fed 9 it 

is not so amenable to laboratory experiments (Murray and Nicholls 

1965)" It was necessaryv therefore 9 to perform experiments on 

free-living seals which were individually identified either by 

placing on the outside web of the hind flipper a monel metal tag 

of the type used to identify fur seals (Roppel et ale 1965)9 

by branding (Smith v unpublished data). or by painting various 

symbols on their sides (Lugg 9 unpublished data)" These indivi-

dually identified seals were recaptured for subsequent examinations, 

and the frequency of re=examination was influenced considerably 

by the severity of the climatic conditions particularly as it 

was necessary for the observer to remove gloves and mittens to 

examine a seal for lice. 

Skin temperatures were measured with Weston thermocouples~ 

which gave comparable results to the more sensitive instrument 

used by Ray and Smith (unpublished data) to measure skin tempera

tUre in their study o~ thermoregulation of the Weddell seal. 

Laboratory experiments were carried out .t Scott Base (M.S.R.So) 

and Wilkes Station (~OS~) in Antarctica v and in New Zealand 

(MoDoM.) with 

Antarctica. 

and e~gs flown from McMurdo So.und 9 
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III. NATURAL HISTORY OF THE WEDDELL SEAL 

The habitat of the Weddell sea1 9 which is the most southerly 

ranging of mammals apart from man 9 is the coastal waters of 

Antarctica. It spends much time in the water but emerges at 

intervals to lie on the ice or on the beaches. Usually it hauls 

up onto the ice alongside tide and pressure cracks (Plate XVIII, 

Figs. 1 & 2), the abundance of which varies with season and 

locality. Thus 9 at McMurdo Sound (77°5l0S09 l66°40'Eo) there 

are' few cracks in thick sea ice from autumn to spring, and the 

seals keep holes open by "sawing" with their teeth. This is 

rarely necessary around Wilkes (66°15°So, 1100 32°E) and Davis 

(68°35°S., 790 59 1 Eo) (Lugg, unpublished data)g which are in 

less southern latitudes, and where there are numerous cracks in 

the sea ice throughout the year. The descriptions of the annual 

cycles of the Weddell seal which have been observed in various 

regions of Antarctica are basically similar g and the following 

summary is based on observations at McMurdo Sound (Smith 1965). 

Pregnant females haul out from mid-October to mid-November 

to pup, and mothers and pups lie together for many hours until 

the pup is weaned (Plate XVIII 10, Plate XIX I). After two 

weeks the pups commence to shed their birthcoat which is 

completely lost within 6 - 7 weeks. They commence swimming at 

3 weeks with their mothers O assistance, and are weaned at 6 

weeks. 

From mid-November to early January the main population of 

seals hauls out onto ice, and comprises males, non-pregnant 
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females 9 immature seals ( 2 - 3 year old )9 a few yearlings (pups 

of the previous year) which are recognizably smaller, and pupso 

The individuals of these groups are scattered and do not lie touching 

one another (Plate XVIII 2 0)0 They haul out onto ice daily when 

the weather is calm9 and if it is also warm they may remain there 

for about 8 hr before returning to the sea to feed o In windy 

and cold weather they spend much less timi ashore, and remain in 

o the temperature of which is about -2 Co They are rarely 

seen on the ice in the wintero 

The number of seals seen on the ice declines from mid-February 

to mid=March 9 and it is considered that they leave the immediate 

vicinity of the coast of Antarctica which may become covered with 

thick fast ice, and depart northwards to where the ice is less 

thick and solid and where cracks are more abundanto A small 

wintering population of adults usually remainso When the main 

population returns the following spring few yearlings are seen, 

and apparently they do not return in numbers to the coast of 

Antarctica until they are 2 = 3 years oldo Mating is considered 

to take place in the sea, as it has never been observed on land$ 

and females commence to breed when 3 = 4 years old o 

IV. HABITAT OF A.OGMORHINI ON THE WEDDELL 
SEAL 

(a) GeneraL 

The habitat of A..!!,ogmorhin! is the pelage of the Weddell seal 

which covers most of the body but is sparse on the webs of the 

flipperso The pelage is usually only 2 - 3 mmo deep, and consists 
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of hair fibres which are about 10 mm. 10ng 9 and lie parallel and 

close to the skino There are stout flattened guard hairs and 

softer unde~fur hairs 9 and 9 although each hair grows from a 

separate follicle~ one guard hair with several underfur hairs 

posteriorly emerge from a common orificeo These Qrifices are 

at the bases of depressions on the skin surface which is uneven 

in appearance. 

There was no evidence of an air-blanket or air bubbles 

being maintained in the pelage while the seals were in water~ 

b o Skin Temperature 

A detailed study of thermoregulation of the Weddell seal at 

McMurdo Sound (Ray and Smith, unpublished data) has shown that the 

hind flipper, ankle, hip,tail~ and to a less extent the fore flipper, 

are concerned with heat dissipation. The skin temperature of 

these areas was much more variable than elsewhere on the body, and 

could rise from 0 to 300C while that of the rest of the body 

o remained between 0 and 5 Co When exposed to solar radiation 

o the skin temperature of the whole body could rise to 32 Co 

Co Moult 

The moult is of the usual mammalian type, and hair shedding 

of all age groups, other than pups, takes 'place in December and 

The seals continue to feed in the sea and haul out 

onto the ice during the moult. 
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v. STAGES OF THE LIFE CYCLE OF A. OGMORHINI 

The stages of the life cycle are the egg~ three nymphal 

ins tars , and the adult males and females. 

The eggs are about 1 mm long and 0.6 mm wide g whitish when 

newly laid~ changing to fawn and brown as the embryo develops. 

The end of attachment is nearest to the skin g and the posterior 

of the egg is well covered with cement substance (Plate XIX2). 

The setae covering the first two nymphal instars are less 

developed than those of the adultsg and scales appear first on 

the second ins tar. The three stages may be readily distinguished 

by their size. Stage I nymphs are about 1.2 mm long and 0.5 

mm wide~ stage II nymphs are about 1.5 mm long and 0.7 mm wide~ 

and stage III nymphs are 1.9 mm long and 1.2 mm wide. Females 

are larger than males being on average 3 mm long and 2.1 mm wide 

compared with 205 mm long and 1.5 mm. wide g and their abdomens 

are more rounded than the pear-shaped abdomen of the male 

(Plate XIX2)0 

VI. DISTRIBUTION AND NUMBER OF A. OGMORHINI ON 
WEDDELL SEALS 

a. Distribution on Body 

The distribution of lice on 30 infested seals of various 

ages was determined. Lice were found on the tail~ ankle, hip 

and hind flipper of all; adults. but no eggs j were occasionally 

found on the fore flippers near to the axilla; lice were not 

uncommon around anal and penile orifices of male seals but 
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rarely were they found elsewhere on the bodyo 

Lice were often found in large numbers on the tail particularly 

where the hair was densesto Eggs were most commonly found on the 

hindf1.ippers ~ particularly on the dorsal surface of the digi ts·o .. 

b o Distribution on the Skino 

Eggs were laid in clu6ter6~ and each egg was attached to a 

separate guard hair and its accompanying undercoat hairs (Plate 

XIX2) 0 Solitary females surrounded by a cluster of eggs were 

found but usually nymphs~ adultsg and eggs were found together. 

Occasional pairs of lice were found on flippers 9 and all of 22 

pairs of lice removed from three seals comprised a male and female. 

Nymphs and adults lay on the surface of the skin with their 

heads resting snugly in the depressions into which the hair 

follicle groups openedo One or more hairs were grasped by each 

tarsal claw~ .and sometimes the pointed tips of the tarsi were 

embedded in the skin (Plate XI~o When the pelage was dry the 

lice were quite difficult to moveo 

Co Number of Liceo 

The number of lice found on pups 5 7 weeks old was 

8 = 90 with an average infestation of SO-Go 0 On yearlings 

with typical infestations 9 it was usual to find about 40 lice 

easily on the tail and flippers 0 A complete count was made of 

lice on a yearling seal with a typic~l infestation9 and 115 lice 

were found o Infested adult seals had noticeably fewer lioe 9 and 
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the estimated range of the total Dumber of lice was 1-50. No 

heavily infested adult ssals were found. 

do Percentage of Weddell Seals Infestedo 

The infestation rate at McMurdo Sound was 75% of 30 pups, 

100% of 15 yearlings9 and 5% of 275 mature adults (92females 9 

183 males) of which the infested seals were mainly females. At 

Wilkes all of 12 pups examined in January and February 1962 

were infested as were most yearlings and immature seals examined. 

No lice were found on 21 adult seala examined during the period 

October-December 1962 but lice were found on all of six yearling 

seals. 

VII. EXPERIMENTAL 

a. Activity of ~ogmorhini at Various 
Temperatures. 

In air at c. 100% R.H.lice were inactive at oOe and active 

o· . 
When exposed to 25 C they were violently active for 

5-10 min. after which little moveme~t was observed. 

b. Time Required to Feed 

Two thin adult lice were placed on the outer aspect of a digit 

of the hind flipper of a 5 week old pup Which was restrained 

manually. The skin temperature of the hind flipper was 10-20°0. 

The lice completed feeding in 2-3 min. when their abdomens were 

rounded in appearance. Many with abdomens similarly rounded 

have been seen on seals which have been examined within a minute of 
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hauling ou~,of the sea onto the ice. 

c. Rate of Reproduction. 

i) Oviposition. 

The abdomens of 10 females were dissected~ and the number 

of maturing ova visible at X25 magnification determined. The 

mean number was 10.5 ova per louse (S.D. ± 2.27; range 8=15) 

of which 3.4 (SoDo ± 0052; range 3~4) were almost fully developed 

with the chorion present. 

A female was observed ovipositing on a hind flipper9 the 

o skin temperature of which was 10~12 C. The posterior end of the 

abdomen of the louse was rubbed up and down the hair fibre several 

times before the cement substance was excreted, and as the egg was 

expelled the abdomen contracted. 

ii) Length of Life Cycle. 

All the lice were removed from the outer dorBaI surface of a 

hind flipper of a 5-week-old sea1 9 and the eggs were left. When 

examined 7 days later no eggs had hatched; after 15 days eggs 

had hatched and nymphs were present; after 26 days adults only 

were present. The seal spent most of this period on the ice but 

it was observed swimming on four occasions. The sequence of the 

changes in the composition of the louse population indicated that 

no reinfestation of the flipper from elsewhere had occurred. 

Thus, the life cycle was completed in 3 = 4 weeks. 

d. Development of Eggs at Various Temperatures. 

Two groups of 20 eggs were exposed to 5 and 10°C in moist airo 
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o The eggs continued to developg and. three hatched at 5 C and four at 

A few eggs of other collections even hatched when exposed 

eo Survival in Watero 

i) Mode of Respirationo 

The spiracles are used when the louse is in airo Living 

lice were immersed in water and examined under a stereoscopic 

microscopeo A respiratory plastron was not visibleo Occasionally 

air was trapped temporarily beneath the scales but it was not a 

regular occurrence, nor was the area of trapped air extensive 9 

nor in direct comminication with the tracheal systemo The small 

air bubbles which we~occasionally attached to setae were not 

invariably attached to those around the spiracleso 

When lice were immersed in water at 60 C9 and all visible air 

bubbles removed from both the lice and the water9 some survived 

for 14 dayso It would appear that oxygen can be obtained from 

water by diffusion through the cuticleo 

ii) Survival at Different Temperatureso 

Adult lice were removed from seals and 16 were placed in air 

Another 16 were submerged in water9 and 

all the visible bubbles of air were removed from both the lice 

and the watero Figure 3~9 shows that the survival rates were 

similar~ and none survived longer than 14 dayso No blood was 

visible in the stomachs of these lice at the conclusion of the 

experiments so it would appear that death of the lica in both 

groups was due to starvation o 
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Another group of nine female lice was kept in air at Co 100% 

o 
RoRo at 2=5 Co One female~ which was the most fully engorged~ 

survived 27 days whereas there was a steady mortality of the others 

over 18 dayso Two groups of four lice were exposed to tempera-

o 
tures ranging from =2 to 0 Ci one group was exposed in air and the 

other was submerged in seawatero In each group t4ey survived only 

9=13 dayso There was no evidence of the lice entering into a 

state of complete suspended animationo 

Lice exposed to a temperature of =20
0

C for 36 hro were not 

o 
harmed and became active at 10 Co Aoo~morhini can apparently 

tolerate supercoolingo 

fo Transmissiono 

A total of 40 identified pups were examined at intervals 

after birth and the stage of louse present determinedo Lice 

were first on the predilection sites when their birthcoat was 

being shed 9 and most of the pups were infested by 6 weeks of 

ageo The initial populations on pu~s comprised adults and eggs 

indicating that only adults transferred from the mothero 

Similar findings were obtained at Davis~ Antarctica (Lugg j 

unpublished data)o 

go Influence of Warmer Environment on 
Louse Populations of the Weddell Seal o 

In December 1963 two Weddell seals 9 a pup and a yearlingg 

were successfully transported by air from McMurdo Sound to the 

New York Aquariumg Coney Island g where they are being kept in 



water at cQ l4°Co The initial louse infestation of the yearling 

was about 110 lioeo Early in 1964 Dro Carleton Ray reported that 

the infestations on both seals had become more apparent~ and 

examination (by MoDoMo) in June 1964 revealed that lice had spread 

over the whole bodyo 

VIII DISCUSSION 

Infestations spread solely from Weddell seal cows to their 

pups by the transference of adult li099 and most pups were 

infested by 6 weeks of ageo Infestations were heaviest on 

yearling and immature seals g and few infestations were found on 

mature sealso Female mature seals were more frequently 

infested than males9 and none of the infestations on mature seals 

was heavyo 

Antarctophthirus ogmorhini was active at 5-100 Co A female 

was observed to oviposit at 10-120Co and eggs continued to 

develop and hatch at 0=4~ 59 and 100e but none hatched at constant 

temperatures of 16 or 20°00 Exposure to _20°0 for 36 hro did not 

harm the lice but at 25°0 there were signs of heat stress~ These 

findings indicate that Aoogmorhini has become adapted to survive 

low temperatures~ and to be active and to reproduce at temperatures 

far lower than those II'Efeorded for any other mammalian louseo Even 

Lomacrorhini on the elephant seal required temperatures over 25°C 

for rapid multipl~eation (Murray and Nicholls 1965)0 It would appear 

that reproduction and rapid mUltiplication of proceed 

° from 5 to 15 Co These temperatures only occur for prolonged 
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periods when the Weddell seal has hauled out onto the ice, and not 

when it is in the sea o 

The presence of eggs and lice in greatest densities on the 

tail g ankle g hip~ and hind flippers indicates that these regions 

favour multiplicationo The skin temperature of these regions 

varies with the thermoregulatory requirements of the Weddell seal j 

and fluctuates from 0 to 300C~ thus favouring louse reproduction, 

whereas it is more usual for the skin temperature of the rest 

of the body to approximate that of the sealus habitat (Ray and 

Smith,(unpublished data)o The skin temperature immediately 

around and just within the penile orifice can also be warmer than 

that of the surrounding skin (Wigg, unpublished data)9 and it 

seems likely that it also is determined largely by the thermo-

regulatory requirements of the sealo When seals were placed in a 

habitat where the skin temperature of the body was usually at 

least 14°c, lice dispersed over the whole bodyo 

The presence of 8~15 maturing ova i 3~4 of which were nearly 

fully developed 9 in the abdomens of female lice suggests that they 

may lay 6-10 eggs daily as does Lomacrorhini (Murray and Nicholls 

1965); the life cycle was completed in 3-4 weeks on a pup which 

had commenced to swim; it would appear g therefore~ that Aoogmorhini 

has the reproductive potential to increa~e its numbers rapidly when 

given the opportunityo However g the relatively small numbers of 

lice found on seals g even on those which were most heavily 

infested, indicates the presence of factors which were constantly 

limiting their numberso 

The life cycle was completed in 3-4 weeks on a pup which 



spent most of its time on the iceo The normal behaviour of a Weddell 

seal during the summer is to spend about 8 hra out of the sea daily 

when the weather is calm and warm 9 but considerably less when it is 

windy and coldo It seems improbable therefore that the life cycle 

is completed in 3-4 weeks on seals other than pups~ and little 

multiplication can occur on seals which remain in the fast ice 

regions around Antarctica during the winter and rarely haul out onto 

the iceo 

When the seal is in the sea i the temperature of which is about 

_2 0 0 in Antarctica~ the lice are inactive~ There is no evidence 

that Ao osmorhini enters into a state of complete suspended 

o animation at temperatures from -2 to 0 C~ or that the inability 

of lice on a seal at sea to absorb sufficient oxygen may be a 

significant cause of mortalityo The death within 2 weeks of 

most of the lice which were exposed to low temperatures, both in 

air and submerged in water~ after removal from the seal does show, 

however 9 that they must feed regularly to surviveo Should the 

temperature of their predilection site rise to o 5 0 for only 

4 mino, as it may when the seal dissipates heat or the blood flow 

to the flippers increases after the seal surfaces following a 

prolonged dive (Scholander 1940)i it seems likely that lice could 

feedo However i this may not occur frequently on a seal living 

o in water at~ 0 9 and most lice may feed when the seal is ashoreo 

Long periods of inclement weather, which cause the seais to remain 

in the sea, may therefore cause a mortality of lic90 Another 

cause of mortality is the moult of the seal g when eggs and some 

lice are undoubtedly losto As the moult occurs in December and 



January the population can be re~tored before the wintero 

It would appear that the numbers of Aoogmorhini are determined 

mainly by the relationship of the proportion of time the Weddell 

seal spends on the ice to the time it spends in the seag as a 

rapid increase in numbers can occur on a seal which spends much 

time ashore and little at sea 9 a slow increase could occur on a 

seal which hauls out of the sea regularly but a decline must occur 

on a seal which rarely comes out of the seao The population 

size of this louse is therefore largely determined by the beha

viour of the seal i which varies with its age and the climatic 

conditions to which it is exposedo 

The life history of Aoo~~rhini on the Weddell seal may be 

summarized as follows 0 Pups become infested when in close 

contact with th~ir motherso The numbers of lice increase 

rapidly until the pup has been weaned after which the ra~of 

multiplication declines as the pup spends more time in the sea o 

Pups, immature seals i and some adults apparently leave the 

immediate shores of Antarctica during the winter for pack ice 

regions where the ice may be less solid 9 and where they probably 

haul out of the sea onto the ice regularly through the wintero 

On these seals g louse populations are maintained 9 and a gradual 

increase in numbers may ocouro As seals reach maturity more 

remain close to the coast of Antarctica during the winter~ 

regions of thick and fast ice where breathing holes are maintained 

by sawing with their teeth9 and i as a result of spending less 

time out of the sea 9 the numbers of their declineo Where 

there are insufficient survivors after the winter to repopulate 
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the seal the following summer, the population of lice disappearso 

Larger populations of lice are maintained on Weddell seal cows 

than bulls because they spend more time out of the sea due to 

pupping and tending their youngo 

The distributions of Aoogmorhini on the Weddell seal g of 

Loma£ror~ on the southern elephant seal (Murray and Nicholls 

1965)9 and of Antarct£Ehthirus lobodontis Enderlein on the 

crabeater sea1 9 Lobodon carcinophagus (Hombrom & Jacquinot)9 

are similaro All are found in densest numbers on the hind 

flippersg tail, ankle, and hip9 and an explanation for this 

distribution has been given for two of these specieso These 

regions are involved in thermoregulation of the seal, and the 

consequent fluctuations in skin temperature afford more oppor

tunities for the lice to multiply rapidly when the seal is 

ashore and more opportunities to feed to survive when the seal 

is at sea for prolonged periodso The reasons for the sur.vival 

of ~ ogmorhini around the anal and penile Qrifices are 

undoubtedly the sameo It seems likely, therefore 9 that the 

distribution of lice on the bodies of other species of seals may 

be similar to those described g as the thermoregulatory phys~o~ 

logy of all seals 9 other than fur seal g is probably similaro 
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PLATE XVIII 

1. Group of Weddell seal cows with pups. 
of the Erebus Glacier tongue, 

McMurdo Sound, Antarctica, where tide 
cracks in the sea ice commenced to open 
in the late Females have hauled 
out onto the ice and have pupped; only 
pups close to their mothers may be 
seen. The age composition of the seals 
in this group is typical for the time of 
the year. 

2, Group of Weddell seals on sea ice. Iceberg 
stranded off Marble , McMurdo Sound, 
Antarc ti cs wi th Ross I, in the background. 
The sea ice is up, and open water 
is visible. A pool water has developed 
at the base of the iceberg, and Weddell seals 
have hauled out onto the sea ice through 
cracks in the de ice. The group 
is of average size, and it consists of males. 
females immatures, and ti 

cal for the time of year (4 ). The 
cattered distribution of the individual seals 

on the ice around the may be Geen 
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Pl.ATE XIX 

10 Weddell seal cow with pup. The pup, which is 
5 weeks old, has shed its birth coat. 
A infestations are found on the 

and hind flipper. Occasionally 
fora r and the penile 

and anal orifices are irifested. 

2. A.ogmorhini on the skin of the Weddell seal. 
The-haircoat of the Weddell seal consists of 
groups of hairs compris a hair with 
several undercoat hairs, all of which emerge 
from a single orifice at the base of a 
depression in the skin. The 1 e lie close 
to the surface of the skin with their heads 
within the skin depressions. are attached 
to the hair groups singly and close to the skin 
The hair has been removed from the upper left 
portion of this preserved specimen to show the 
uneven surface of the skin, and to reveal the 
eggs and lice. The four t lie are 
females, the other two are males. 
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C INJURIES OF WEDDELL SEALS i#~TONYCHOTES WEDDELLI) 

The injuries and wounds of Weddell seals~ have been discussed 

by Wilson (1907), Lindsey (1937), Bertram (1940)9 Sapin-Jaloustre 

(1952) and Mansfield (1958)0 Wilson (1907) described wounds 

12" - 20" long 9 open and suppurating, which he compared with .those 

inflicted on Crabeater seals (Lobodon carcinophagus) by killer 

whales (Orcinus orca)o Smaller wounds t only a few inches long, 
\ 

he believed were inflicted by seal teetho Lindsey (1937) 

observed that the most frequently injured areas in the adult 

male were the genital orifice 9 head and neck o Bertram's 

observations (1940) were similar: ttthe amount of fighting among 

Weddell seals is not great and is negligible in comparison with 

that which goes on among the males of the polygynous species"o 

Fighting between males in Terre Adelie was confined to the 

period September to December (Sapin-Jaloustre 9 1952); the 

injuries were similar to those described by other authorso The 

only recorded fight between two males took place in the sea 

(Mansfield (1958) after a report by Robin). 

Between November 1961 and February 1964 in McMurdo Sound, 

290 Weddell seals were examined for evidence of fightingo 

RESULTS: 

Two hu~dred and seventy-six seals out of the 290 examined 

showed evidence of injuries j approximately 40% of which were 

ascribed to fighting (Table 9)0 
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Five types of injuries were distinguishable" 

1 Q Injuries inflicted by iceo 

2" Injuries inflicted by killer whaleso 

3. Injuries to parturient and lactating females" 

40 Skin damage attributed to climate" 

50 Injuries resulting from intra specific fightingo 

I. Injuries inflicted by ice~ 

Nearly all mature females have a network of small scars on 

the ventral and lateral surfaces g resulting from cuts by ice 

pinnacles in early spring; 70% of the group examined in McMurdo 

Sound were affected o Most fresh cuts were seen from February to 

early November; the average length of the'cuts was 2"9 ranging 

from i" to 4"0 An averagely scarred animal had 14 cuts per sqo 

foot of body surfacea This type of scarring appears to be 

associated with the habit of females hauling out onto the ice 

before parturition; males have fewer cuts because they do not 

haul out onto the ice in large numbers so early in the season. 

Bertram did not stress the importance of ice scarring but 

Lindsey observed that this type of injury was prevalent in spring" 

20 Injuries inflicted by killer~lesg 

I~juriesto Weddell seals caused by killer whales may be 

more prevalent in McMurdo Sound and possibly in other Antarctic 

areas than earlier authors stated" Fifteen mature seals (4%) 

had V-shaped parallel wounds or scars up to 12" long on the 

dorsal surface. The long parallel gashes approximately 2-3 

inches apart, borne by many drabeater seals (Lobodon carcinophagus) 
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have been described by previous authors as the typical killer 

whale wound (Bertram~ 1940)0 The V-shaped scars similar to those 

on the Weddell seal were observed on four erabeater seals at Cape 

Royds in 1961, 1963 9 1964 and 19650 Fresh wounds. always clean 

cut and up to lin deep were observed on Weddell seals in 

February when most of McMurdo Sound was open water and killer 

whales were present. Damage suspected to be caused by killer 

whales was seen as open wounds in only three cases; the other 

examples were partly healed wounds or scar tissue. Bertram (1940) 

described a large percentage of arabeater seals suffering from 

killer whale injuries, but this study has shown thatthe frequency 

of this injury is considerably less in the Weddell seal. The 

~eopard seal (Hydrurga leEtonyx) has often been mentioned as a 

possible predator of the Weddell seal by earlier authors (viz. 

Trouvessart9 1907; Andersson 9 1905; Wilson, 1907; Bruce g 1913). 

but no evidence exists to suggest that they attack adultso 

Similarly there is nothing to suggest that the crabeater seal is 

a predator of the Weddell seal and 9 since the crabeater has 

characteristic teeth g it could be predicted that any wounds or 

scars inflicted by this species would be at least as recognisable 

as those attributed to the killer whale. 

30 Injuries to Parturient and Lactating Female!g 

One female in January 1963 was observed with a suppurating 

area 18" by 12" in the region of the nipples. This could re-

present an infected wound caused during the suckling period or 



the female could have been suffering from mastitis (an infection 

of mammary glands by pyogenic organisms) but no tests were made to 

verify thiso About 10% of the sexually mature females, over ten 

years old 9 had enlarged external genitals 9 before and after 

parturitiono This swelling was probably caused by some effect 

related to parturitiono Less than 5% of this group with swollen 

genitals had any infectiono 

40 Skin Dam~~ Attributed to Climatei 

Most post-juvenile Weddell seals suffer from skin cracks in 
, 

the axillae and near the anuso These may be caused by alternative 

wetting and drying oft the skin in the cold dry climate" A small 

incidence of infection was observed ~n these crackso The axilla 

may be. a more susceptible area to cracking because it lacks hair 

and is much damper than other areas of .the body, but the area 

surrounding the anus is well provided.with furo There was no 

such cracking around the urinary apertureso 

50 Intraspecific Fighting~ 

During the pupping season in McMurdo Sound (October-November) 

females and their pups lie on the ice .in groups9 in specific 

pupping areaS 9 often very close togethero When too much interest 

was shown in a pup by another female the mother often snapped at 

the head of the intruding sealo Fighting between females appears 

to be rare in McMurdo Sound and in the present study only one 

serious injurYi a damaged left eye 9 could be compared with the 

damage reported by Bertram and Lindsey in other areas o Both 
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Lindsey and Bertram suggested that the number of wounds and scars 

on the Weddell seal females is very small in comparison with those 

on males; observations in this study confirmed their observations. 

Fresh injuries to males in McMurdo Sound were first noticed 

on October 10, although male seals~h~d been observed from the first 

week in Septembero These injuries were apparent until the end of 

December. Sixty per cent of the adult males showed these injuries 

and this suggested that fishting aniong males occurs mostly in the 

breeding seasono There were rare examples of fresh wounds 

occurring in February and March. (LindseyU937) and Bertram (1940) 

also record this as a rare occurrence.) These injuries i often 

bleeding~ were usually inflicted about the head, chest and ventral 

surfaces, penile orifice, hind flippers and anal region as open 

cuts up to 6 inches long and i-i iznch:wide. (Pl o XX) The 

penile orifice can be very extensively damaged, causing it· to 

become cone shaped and thereby vu1nerable to ice damage during the 

period from March to November. 

On December 1, 196,3. a male over ten years old was observed in 

the Pram Point pressure ridges with the web and phalanged of the' 

hind flipper badly mutilated, resemoling stumpso This type of 

injury occurred to varying degrees in males over ten years ·old. 

Many relatively unmarked males were seen to have parallel gouges 

on the hind flippers consistent with light gouging by Weddell seal 

teetho Several males also had large open slashes in the anal 

region. At Cape Royds in January, 1965, an adult male Weddell 

seal was observed with the left eye completely removed and jagged, 

suppurating wound remaining a,n the side of the head. 
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It is possible that there is some conflict between males and 

females but no observations of such a fight have been made and no 

distinctive wounds can be ascribed to this type of fighting. 

DISCUSSION~ 

There was a variety of injuries ~bserved an the Weddell seal 

in McMurdo Sound but many of these cannot be separated into well 

defined categories. 

Nevertheless it is possible to identify wounds larger than 

those inflicted by Weddell seals which are consistent with the 

published description of killer whale injuries (Bertram, 1940). 

Evidence supporting this assumption was provided by the large 

areas of open water~ together with the presence of killer whales 

in McMurdo Sound, at the time when these injuries were observed. 

Injuries correlated with climatic conditions can be 

divided into two categories: 

a. Ice cuts on parturient females which are due to the 

sharp, pinnacle type ice common in spring~ The ~emales haul out 

in late September and early October for parturition. 

bo Local cracking of the skin which occurs in all post 

juvenile animals and is attributed to alternate wet and dry 

conditionso The pups remain on land for the first three weeks 

following birth and it is a feature of maternal care that the 

young are not subjected to alternate wetting and drying with the 

consequent risk of crackingo The. cause of cracking around the 

anus is as yet unknown but the irritant effect of urine can be 



ruled out because both males and females have similar cracks around 

the anus 9 yet the urino-genital openings are differently situated. 

Damage peculiar to parturient and post-partum females is 

remarkably rare. After examining 73 sex~ally mature females only 

one case of probable mastitis was observed and abnormal swelling 

of the external genitalia was restricted to old females. 

Intra specific fighting appears to be of some importance in 

the Weddell seal. There were observations of minor conflicts 

between females but these did not reach major consequences. 

Many males had fresh wounds in the restricted period corres

ponding to the rutting period from October to December. This 

suggests that there is a considerable amount of active competition 

between sexually mature males in this period. 

There is also likely to be some inter sexual fighting during 

the period from mid October to late December but this must be 

verified by underwater observations, because all sexual behaviour 

in the Weddell seal occurs under the ice. 
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PLATE 

This photograph shows the injuries inflicted 

during intraspecific fighting; the injuries are 

indicated by arrows. These injuries to a large 

male Weddell seal, probably in the 10+ age class 

were ibly inflicted during intrasexual fighting 





TABLE 9 

TABLE OF WEDDELL SEAL INJURIES AND PROBABLE CAUSES. 

Injury 

Injuries inflicted by 
sharp pinnacles on the 
sea iceq 

Injuries inflicted by 
killer whales 

Injuries to parturient 
and lactating females 
(Mastitis and external 
genital inflammation) 

Skin damage attributed 
to climate (Alternate 
wetting and drying in 
the cold climate}q 

Intraspecific 
fighting 

Location 

Ventral and 
lateral surfaces 

Head and dorsal 
surface 

Breast and 
external genitals 

Axillae of fore 
flippers and 
anal region" 

Sex and Age 
1-1ost Affected 

Females affected 
more than males 

Mature males 
and females 

Mature females 

Yearling to 
mature females 
of both sexes" 

Head, chest and Rare on 
ventral surfaces. mature females 
Penile orificeq Common on large 
Hind flippers and mature maleso 
anal region" 

Total NO q 
Seals Examined 

290 

290 

73 

290 

290 

Total 
Affected 

203 

12 

25 

261 

174 

Reference 

Lindsey (1937) 

Wilson (1907) 
This paper 

This paper 

This paper 

Wilson (1907) 
Lindsey (1937) 
Mansfield (1958) 
This paper. 
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DISCUSSION 

The present distribution of pinnipeds shows a predilection 

for cold water habitats~ and one of the more important reasons for 

this is the abundance of food in these regions; the Antarctic stand-

ing crop is at least four times that in the tropics. (Laws i 1964) 

Two of the three pinniped families are represented in the Antarctic 

and Subantarctic waters and their origin may be biphyletic 

(McLaren~ 1960). 

The ancestral phocids evolved in the Northern Hemisphere where 

they are present as Miocene fossils o McLaren (1960) suggests that 

the Phocidae arose from lutrine ancestors in the extensive and 

permanent lacustrine systems of Tertiary Asia. The marine trans-

gression occurred in the Miocene. McLaren (1960) also suggested 

that the biphyletic origin of the pinnipeds overcomes a number of the 

wogeographical problems suggested by Davies (1958). After the 

marine transgression Laws (1964) suggested that the ancestral 

pinniped underwent very rapid "quantum" evolution (Simpson, 1944) 

initially in response to the shift from one adaptive zone to another 

i.eo Land to water. 

The Arctic seals were cut off from the main stock and moved 

into the Arctic Basin and adaptions to this climate inclu~ed the 

ability to breed on sea ice and the development of white coats in 

pups as a response to predation pressures. 



Another group spread south from the main stock and the pups 

in this group did not evolve with white coatso This group was 

probably the ancestor of the monk seal (Monachus)~ the Antarctic 

phocids (Lobodontini) and the elephant and hooded seals (Cystophorinae). 

The ancestors of the Lobodontini probably colonised the Antarctic 

during the late Miocene or early Pliocene. The Antarctic had a 

temperate climate during the Tertiary and the present Antarctic 

stock became adapted to cold during the Pleistocene. 

When the ancestral Lobodontine reached the Antarctic it 

apparently underwent rapid adaptive radiation, resulting in the 

production of four monotypic genera~ Le~tonychotes~ Lobodon9 

Of these Leptonlchotes shows the 

greatest adaptation to low temperatures. It is the most southerly 

ranging pinniped 1 being recorded as far south as 78°34 9 s in the 

Bay of Whales (Lindsey 9 1937)0 

20 Environment 

Components of the Antarctic environment (McMurdo Sound) summa~ 

rised here are temperature, wind 9 combined effects of weather and 

sea-ice conditionso 

a) Temperature: The mean monthly values for temperature 

( oC) at McMurdo Sound are t d' A d" VIII pres an e 1D. ppen 1X 0 The lowest 

mean monthly temperatures occur in July and Augusto There is a 

small mean temperature rise in October followed by a considerable 

rise in November. The period November to February is the warmest 



time of the year. 

b) Wind~ Appendix VIII gives the mean monthly v~lues for 

wind speed (knots) at McMurdo Sound. Mean monthly wind speeds 

remain remarkably constant throughout the year. 

mean was 13.3 knots. 

The annual monthly 

c) Combined effects of wind, temperature and solar radiation~ 

The effect of the weather components on the numbers of seals lying 

on the ice was analysed in Chapter 3 (Table 8). It was shown 

that wind was the only significant correlate but its effect was 

augmented or reduced by temperature and solar radiation. 

d) Sea=ice conditions: Heine (1963) has summarised the 

pattern of ice breakout in McMurdo Sound from 1901-1962. 

McMurdo Sound appears to be an anomaly in the usual Antarctic 

pattern in that there is usually a considerable amount of open water 

north of the fast-ice edge. The sea in McMurdo Sound usually 

freezes over during the winter months only as far north as Cape 

Royds or Cape Bird. The area of open water is probably important 

to animals living in this region9 especially in springe The ice 

breakout usually commences in early December although in 1962-63 the 

breakout commenced as late as January 59 19630 The largest 

breakouts usually occur in February and early March. The process 

usually ceases by the end of the first week in Manhand almost 

immediately new ice begins to form_ Complete weather observations 

were made at McMurdo Sound but correlation has not been attempted 

between weather records and breakout patterns (Heine 9 1963). 



30 Growth and Development. 

a. Pup: 

151. 

The pup is born with a birth coat of laungo hair but does not 

have a thick layer of blubber. It relies on maternal assistance 

to prevent drifting up; a condition often resulting in a damp 

pelto Wetting of the hair nulifies its insulating properties and 

it is possible that chilling caused by prolonged wetting could 

be a major cause of pup mortality. After birth the pUp grows 

rapidly and lays down an insulating layer of blubber. This is 

necessary for insulation when the lanugo hair is shed. 

After weaning at an age of approximately six weeks the pup is 

independent. The pups remain in the Sound until mid-January after 

which they probably move out to sea. It is suggested that the 

pups move into the northern region of the pack ice or inaccessible 

coastal areas and that most remain there until about 24 months of 

bo Yearling and Two year old: 

Animals of this age are not common in McMurdo Sound; probably 

most of them live in the pack ice or northern coastal regions. One 

line of evidence supporting this contention is their susceptibility 

to heavy louse infestations. Lice develop while seals are out of 

water and the heavy infestations occurring predominantly on young 

seals suggests that these spend considerable time on the ice 

surface. Thus 9 they should be conspicuous if they did winter at 

McMurdo Sound; but few were seeno 
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The few yearling males collected in McMurdo Sound showed no 

activity of the seminiferous epithelium, indicating that they were 

not in breeding conditioho Males at the end of their second year 

show activity of the seminiferous epithelium, but this does not 

produce spermo Full spermatogenesis does not occur until the 

following seasono Females do not ovulate at the end of the 

second year o 

40 Sexual Maturitl 

In this study both males and females were shown to attain 

sexual maturity at 3 years of ageo 

The main features of the male cycle can be summarised as 

follows~ the male produces spermatozoa just prior to and during 

the female oestrus9 which itself spans a relatively short periodo 

The initiation of the seminiferous epithelial cycle was estimated 

to commence in early August. The period when sperm are produced 

commences in late September and continues until late December. 

After this period the seminiferous epithelium degenerates and 

progressively loses its constituent elements (Spermatids, sper-

matocytes and developing spermatogonia)o The resting phase lasts 

from February until the reinitiation of spermatogenesis in August. 

During the resting phase only "winter" spermatogonia and Bertoli 

cells are present in the epithelium. 

The main features of the female cycle can be summarised as 

follows: pupping commences in the first week of October and finishes 



1530 

about mid November, the mode being in the last 7 days of Octobero 

Lactation occurs for approximately 6 wee~s following pupping. 

Oestrus occurs immediately after lactation is terminated, ioe. 

late November and Decembero Implantation of the blastocyst is 

delayed after fertilization for a period of 2-8 weeks. After 

implantation (mid January - February) the foetus begins to develop. 

Follicular activity throughout the year is similar to that of the 

elephant seal (Laws 9 1956) but there is a burst of follicular 

activity after implantation and probably another in mid pregnancy. 

Activity of the corpus luteum in the Weddell, during the period 

over which the ovum is free in the uterus, is similar to that of 

other carnivores having delayed implantation. 

During the pupping period the ~upping areas are surrounded 

by solitary large males 9 but females constitute the main propor

tion of the population (See Chapter 3A). No territorial behaviour 

was noted during the present studYt but it is possible that the 

pupping areas are surrounded by a series of rings of males g with 

dominant sexually experienced males forming the inner ring and the 

subordinate males on the fringes. 

Laws (1964) suggests that~ 1I0ther things being equal a seal that 

matures late in life needs a longer period of reproduction to 

achieve the balance between recruitment to the population and 

mortality~ whereas an early maturing species requires a proportionally 

~horter period of reproduction. 1I This principle is illustrated 

by the difference between the Weddell.seal and the bearded seal 



Approximately 3-5% of the McMurdo Sound population 

was estimated to be over ten years of age g the ages being estimated 

from dentine rings in the teeth. Laws (1964) states that the 

Weddell seal~ which has a potential natural longevity of 15-20 

years~ a relatively short life span for a sea1 9 has ovulation 

occurring annually. The bearded sea~9 in contrast g attains 

sexual maturity at 7-8 years of age 9 ovulates in alternate years g 

but has a potential longevity of 25-40 years (Laws, 1964). 

5. Breedins C~cle (In Relation to Environment): 

The first seals entering McMurdo Sound in the spring are 

pregnant females returning to the pupping areas on the west coast 

of Ross Island. A few large males accompany them at this time. 

Some areas of sea ice around islands or rocky outcrops are never 

used for pupping although they appeared t9 be suitable. The only 

males present around the pupping areas from late September to mid 

November appear to be dominant bulls. It is therefore suggested that 

the male Weddell seal resembles gregarious seal species (e.g. elephant 

seal and northern fur seal) in that the males probably fertilize a 

number of females. The number of seals within a given area, during 

the pupping season is probably limited by the number of ice holes and 

consequently competition for ice holes probably excludes all but 

dominant male seals and pregnant females from theSe areas. 

Initiation of spermatogenesis is under the influence of increasing 

daily light acting on the pituitaryg but as yet little is known of the 
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biochemical mechanism (Amoroso & Marshall, 1962)0 The mechanism 

by which the seminiferous epithelium degenerates is also unknown~ 

but the termination of sperm production at the end of December is 

abrupt 0 

Pupping occurs at a time when the sea ice in McMurdo Sound is 

stable and tide cracks are open~ especially round islands and 

rocky outcrops. It commences in the Antarctic spring and cor-

relates with the rise in temperature (see Appendix VIII; the 

mean monthly temperature in McMurdo Sound rises from -Z403°C 

o 0 in September, to -19.0 C in October and to -909 C in November). 

The period of lactation also occurs as the spring temperatures riseo 

Natural selection will tend to fix the timing of fertilization 

and birth at the most favourable times of the year9 In mammals 

these two events in the annual cycle are linked by the period of 

gestation. This raises a difficulty. The end points cannot be 

shifted independently of each other and consequently a compromise 

must be reached between optimum time of birth and of fertilization. 

However, this does not hold if the gestation period can be contracted 

or extendedo One mechanism for extending the gestation period 

without modifying the duration of foetal development is delayed 

implantationo This has been utilized by several pinnipedso 

The timing of birth and fertilization in the Weddell seal is 

critical o Births must occur when temperatures are not too cold 

and when sea ice is stable. These conditions occur between October 

and early December. Parturition at this time allows the pup to be 
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weaned and develop sufficiently to stand a chance of surviving the 

winter. Laws (1956) and Carrick & Ingham (1962) previously 

established this point for the elephant seal" Carrick et al" (1962) 

stated that implantation in the elephant seal appears to be under 

the influence of an "astral event" especially in primiparous 

individuals" The ttastral event" is probably the change in 

photoperiod which stimulated the pituitarY; in a number of birds 

this effect of light on the pituitary is of considerable impor

tance (Amoroso & Marshall, 1962)9 The mechanism timing the 

female cycle in the Weddell seal is probably also of this nature. 

For 6 weeks after pupping the females remain aggregated in 

small groups and guide the pups through one of the most critical 

periods in their life history" ~he female elephant seal, in 

contrast 9 has post-partum fertilization. It is suggested that 

the spacing of the two events in the Weddell seal minimises 

physiological strain which might result from closer spacingo 

Because the elephant seal lives in a less. demanding environment 9 

such spacing is probably not a physiological necessity. 

Fertili3ation later than immediately after lactation would 

coincide with the moult which must be completed before wintero 

The moult may last up to six weeks. The rate at which ice breaks 

out of McMurdo Sound is highly variable between seasons although 

the timing of the beginning of this process is fairly stable, being 

early December" This early breakout of ice affects the pupping 

areas first and consequently females must be fertilized in these 
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areas before the season is too advanced. Thus fertilization before 

rather than after moulting appears to be a consequence of the more 

favourable ice conditions, earlier in the season. The interval 

between the optimum times of fertilization and birth (approximately 

10 months) and the period required for embryonic development 

(approximately 8i months) is bridged by the delaying of implantation 

for Ii months. 

6. Evolutiona~ Comparisons (with special reference to the Weddell 

Seal) • 

Arctic and Antarctic phocids differ considerably in their 

general ecology. The Weddell seal is the only pinniped that inhabits 

fast ice. In the Arctic the ringed seal (P.hispida) has a very 

similar reproductive cycle to the Weddell seal.; and the closest 

ecological equivalent is the Baikal seal (Pusa sibirica). The Weddell 

seal is the only pinniped known to saw ice with its teeth9 to keep 

breathing holes open •. This is of considerable importance from 

February to November and effectively makes available to them areas 

which no other seal could inhabit at that time. This behaviour 

is deeply engrained and Weddell seals at the New York Aquarium have 

been known to wear their upper incisors and canines down to the 

gums by chewing t~e walls of their concrete pools. (RaY9 pers.comm.). 

The only seal living in comparable ecological conditions is the 

Baikal seal (Bobrinskoi~ 1944). During the winter Lake Baikal is 

frozen but the seals spend most of the time in the water and keep 



holes open by constant use. 

A second major difference between the Arctic and Antarctic 

regions is the lack in the south of terrestrial predators such 

as the polar bear (Thalarctos) and the fox (!!oEex lagopus)o 

Whereas the ringed seal gives birth and raises its pups in small 

snow dens having access through the ice to the sea 9 Weddell seals 

congregate on the ice near tide cracks or holes and pups are born 

in the open. The main predator in both Antarctic and Arctic 

Seas is the killer whale (Orcinus orca). 

The comparatively shallow seas and large continental shelves 

in the Arctic regions support many bottom feedersg e.g o walrus 

(Odobenus rosmarus divergens)9 harp seal (P.groenlandicus) and 

bearded seal (E.barbatus). There are few comparable areas in the 

Antarctic, and Weddell seals apparently do not feed frequently on 

the bottom; few stones have been observed in their stomachs but 

are common in the species listed above. 

The timing of the phocid breeding cycle in relation tothe 

seasons in the Arctic and Antarctic is no doubt correlated with the 

short polar summer into which the periods of pupping9 lactation, 

oestrus and moult are compressed. Pupping y lactation, fertilization 

and moulting all occur in the same season and their effects 

probably result in considerable}hysiological strain on the animals. 

From the studies reported in this thesis a number of questions 

have arisen which remain to be solved or alarified by further 

research. These areg-
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10 An accurate ageing technique must be found and verified 

against animals of known age. Ageing by annual rings in the dentine 

appears to be the most likely method. 

20 With the help of accurate ageing, movements of individual 

age classes in McMurdo Sound can be determinedo 

3. The w.mter movements of the Weddell seal suggested by this 

study must be verified. 

4. Reproductive and social behaviour requires description~ 

particularly the behaviour taking place under the iceo 

50 The factor or factors initiating the male spermatogenic 

cycle and the female cycle, especially the primiparous cycle are 

still unknown. 

6. More data are required on non-reproductive body organs to 

ascertain whether there are any seasonal changes in these. 

7. A more detailed knowledge is required of the interaction 

of the various processes in the female cycle 9 especially delayed 

implantation in relation to oestrus and foetal development. This 

would entail both histochemical and hormonal studies~ 
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APPENDIX I 

FEEDING IN THE WEDDELL SEAL . -
Food of th~ Weddell seal in McMurdo Sound was fully investigated 

by Dearborn (1965). Fish were shown to occur in 97% of the stomachs 

that contained any food g the species were either sluggish bottom 

living types or active mid water types (eogo Pleurogramm~ 

antarcticum). - Twenty-two per cent of the stomachs had ele40nid 

octopods and unidentified mandibles About 20% of the stomachs 

contained invertebrates and a number of these were probably not 

food species. Stones, probably accidentally taken d1!ringf~eding 

were observed in 8% of the stomachso 

During field studies on the reproductive cycle of the Weddell 

seal at McMurdo Sound from November 1961 to February 1965~ the 

stomach contents of 290 seals were examined to estimate the 

percentage of animals with stones in the stomachs. This would 

indicate whether the seals were feeding on the sea bottom. The 

results of a precursory examination of large stomach contents 

were similar to those of Dearborn but 3 further points were 

noted. 

These were~ 

1. The eledonid octopods found in 10% of the stomach contents 

were positively identified as Pareledone charcoti (Joubin) by 

Dr. Malcolm Clarke of the National In~titute of Oceanography. 

2. In the stomach contents it was possible to distinguish 

between the skulls of Nototheniid and of Chaenichthyid fishes. 

The two species of Chaenichthyid fishes positively identified were 



PagetQEsi~.macropteri~ and Qryo~raco antarcticus i the only reference 

to these species is from the stomach contents of Weddell seals. 

The Chaenichthyids appear to be pelagic 9 fast swimming, mid water 

species. In the Cape Armitage region Chaenichthyids were the 

predominant fish taken as food by the Weddell seal. 

3. No stones were observed in any of the stomachs suggesting 

that the Weddell seal is rarely a bottom feeding species especially 

in this area of McMurdo Sound. This is contrary to the 8% of 

stones in the Weddell seal stomachs reported by Dearborn but no 

reason for this discrepancy in the results is immediately 

available since both studies were conducted in the same area. 

Dearborn, JoH. 1965~ Food of Weddell seals. ~o~al., 46(1) 

37 ~ 430 
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Estimation of effort by authors of paperjl UEffects of three 

immobilising drugs on Weddell seals". 

(a) Flyger and Smith 80% 

(b) Damm and Peterson 20% 

(a) Flyger 4,% 

(b) Smith 35% 

Quote from letter from Flyger~ 

"I estimate that I probably put in 45% of the 

time by coneeiving the idea and mixing and 

procuring the drugs~ as well as drafting the 

bulk of the paper. This leaves 35% of the 

effort as your contribution 9 which I think is 

just about right" 

Signed Vagn Flyger 
Acting Director 9 

University of Maryland 
Natural Resources 

• 

Instutute9 
Solomons~ 
MARYLAND 0 



APPENDIX II 

Effects of Three Immobilizing Drugs on Weddell Seals 

by 

Vagn Flyger, M.S.RoSmith 9 RoDamm & R.S.Peterson. 

The recent advent of the automatic projectile syringe 

(Crockford, et aI, Vet. Med o 539 1963) has made it easier to 

capture living large animals than was possible in the past. By 

delivery immobilizing drugs via such syringes, animals can be 

handled with less danger to the handler as well as to tbe animalso 

Such animals can be w~ighed, measured, marked or closely examined 

and then releasedo Before this technique can be used effectively 

to capture a particular species, however, some preliminary work is 

necessary to determine the amount of drug needed to do the desired 

job. Such preliminary tests are best made on captive animals~ but 

lacking these the investigator must work with anim~ls in the field. 

Seals present a special problem. They are not common enough 

in captivity to be used for immobilizing experiments and are 

difficult to approach in the field. They usually lie close to the 

water and upon being alarmed jump into the water and disappearo 

Thereupon, the animal is lost and the purpose Of the test is 

defeated even if the animal had received the drug. 
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HETHODS 

The Weddell seal (LeEtonlch~tes weddel~) appeared to be an 

ideal animal for field testing. These seals haul out on the 

Antarctic ice where they are easily accessibleo Furthermore 9 

they are almost completely unafraid of mano The work reported 

herein was conducted on Ross Island either at Cape Crozier or near 

Scott Base in the Anti"lrctic "austral summer" of 1963 or 1964. 

Seals were killed at Scott Base for dog food. Therefore 9 some 

lethal dosages were used and animals so killed were used to fill 

the quota for dog food. 

Sleeping seals were approached quietly and quickly injected 

in the gluteal region with a 10 mI. hand syringe bearing a 

3-inch l5-gauge needle. The drugs were prepared so that in all 

but a few cases the amount of fluid injected was 10 mlo9 the 

concentration varying according to the amount of drug added. 

The length and girth of the seals were measured with a tape 

but the animals were not weighed. Weight was obtained by a 

conversion factor based on similar data from Weddell seals of 

known weights. 

RESULTS 

Upon receiving an injection 9 the seals immediately awoke and 

either rolled over or thrashed their hind flippers. They did not 

move far and could be observed from a distance of 15 to 20 feet. 

Three kinds of drugs were used~ nicotine alkaloid 9 phencyclidene~ 

and succinylcholine chloride all of which have been used to capture 
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other wild mammals. The results are summarized in Table 1. 

An effective dose of nicotine alkaloid usually caused violent 

convulsions. These could probably be reduced or eliminated by 

an anti-convulsant such as pentobarbital sodium~ but antidotes 

were not used because this would complicate the reation to the 

drug. The effective dose was 1.7-3.9 mg. per kilogram of body 

weight. After the nicotine had been injected~ the first symptoms 

were usually shaking of the anima1 9 s head which gradually became 

more violent. Sometimes the head would be thrown back and the 

animal would open its mouth and groan or vomit. Following 

these initial reactions the animal would enter a state resembling 

sound sleep. The duration of this period of immobilization 

varied from half an hour to two hours. 

The reaction to phencyclidene was much milder than in the 

case of nicotine. The effective dosage was 005 mg. per kilogram 

of body weight. Following injection the animal became 

progressively less responsive to the observer until finally it 

did not even respond to the touch of a hand on the face. On 

three occasions, the animal exhibited a few slight convulsive 

jerks of flippers~ head and body muscles before complete 

immobilization was achievedo During recovery some animals 

aimlessly swung their head back and forth constantly for five 

or ten minuteso Animals given phencyclidene were immobilized 

for longer periods (up to 24 hours) than was the case with 

either of the other two drugs. 

Succinylcholine chloride was the fastest acting of the three 

drugs. It also immobilized the animal for the shortest time~ 
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sometimes for only a few minutesQ In contrast to the tense 

muscles of seals that received nicotine or phencyclidens 9 those 

immobilized with succinylcholine were completely relaxedo No 

convulsions were produced and the effective dosage was approximately 

208 mga per kgo of body weighto The hind flippers were the last 

part of the animal affected~ which was not the case with the other 

two drugso 

The responses of Weddell seale to succinylcholine chloride 

are similar to the findings of Ling and Nichols (Nature 200~ 

1021-1022, 1963) on elephant seals (Mirounga leonina)o Their 

dosages (005 mga/kg. to 200 mga/kga) were in the same range as 

ours i as was their reported time required for immobilization. 

duration of paralysis and manner of actiono 

DISCUSSION 

The variations in reactions could be due to~ (1) individual 

differences in susceptibility; (2) accidental injection of a 

portion of the drug into the blubber. thereby delaying the 

distribution of the drug into the circulatory system; or (3) 

estimated weights of the animals might have varied more than 

expected although most of them are believed to be within ten 

per cent of the actual weighto 

Nicotine ~lkaloid was the least satisfactory of the drugs 

tested because the effeotive dose often caused violent 

convulsions 0 The drug of choice for Weddell Seals would be 

either phencyclidene or succinylcholine depending upon the needs 
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of the ipvestigator. Phencyclidene can be administered in 

successive dosages until the desired state of immobili~ation is 

attained. On the other hand~ experience with other mammals 

demonstrates that succinylcholine should not be administered a 

second time until the first application has been overcome (PisteywW.R. 

and Wright 9 JoF09 CanoJourn.Comp.Med o and Vet.Soi Q 25; 59=68 9 1961), 

Half an hour sho~ld elapse until the next <and greater) injection 

In this way increasingly greater dosages can be 

administered stepwise at half~hour intervals until immobilization 

This procedure is especially useful in hE/-nd+ing 

valuable animals. 

If administered via projectile syringes9 these drugs would not 

apt,<t,ui.ckJ.y enough to capt\lre a seal lying on the edge of the ice" 

The animal would be in the water before the drug could act. 

HOwever, these drugs will be useful in subduing seals capt~red by 

other Jneans. 

We gratefully acknowledge the support of the U.S.Antarctic 

Research Program, Bird Banding rrogram (N.8.F.grant G24067), 

Antarctic Division New Zealand Department of Sai,htific and 

Industrial Research, B~rroughs Wellcome and Co., Ineo and Park, 

1Univers1ty of Maryland, 
Callose Park, Md., q9S.~e 
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TABLE I 

Effects of injecting immobilizing drugs 

into Weddell seals in the Antarctic, 1963 & 1964. 

NICOTINE ALKALOID 

Estimated Effect of No. of Dosage Mean Dur- Latent 
weight range injectio!! animals r,a,ge dosage* ilion Eeriod 
of animals mg kg mg/kg (minutes) 
·~kg.)-

227 .. 331 sub-paralytic 2 3.0-6.2 406 

127-295 paralytic 3 1.7-3.9 3.0 63 min .. 14 

91..,286 lethal 4 5.0-9.8 7.4 4 

PHENCYCLIDENE 

286-367 sub-paralytic 2 0.1.,,0.3 0 0 2 

45-304 paralytic 11 0.,2-1.1 005 9 hrs. 18 

164-181 lethal 2 1.2-4.4 2.8 7 

SUCCIN~LCHOLINE •. CHL9g~!2~ 

181-227 sub-paralytic 2 006-2.2 1.4 

91-295 paralytic 9 1.8-3.4 2,,8 34 min. 9 

128-340 lethal 3 2.5-3.9 3.3 3 

Mean dosage is based on calculations for each 

individual 7 not the 6ummarizedweight range~ 
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TABLE II 

Effects of injecting immobilizing drugs into 

Weddell seals in the Antarctic~ 1963 & 1964 

NICOTINE ALKALOID 

Lent.!ith Weit.!iht Dosat.!ie !ime reg,uired for Duration of 
i (kg .. ) mg/kg immobilization immobilization 

8 1 2" 263 F 1071 8 min .. 2 hrs" 

9' 3" 331 3002 docile but not 
imrnob=i-lized 

8' 1" 295 F 3.39 17 min. 38 min .. 

6 9 on 127 3094 18 mino 32 mino 

5' 2" 91 4e96 die¢!. 

8' 7ft 286 M 5025 6 mino died 

8 9 2" 227 F 6017 docile but not 
immobilized 

5' 11" 104 M 9058 4 mino died 

7Q 4" 204 M 9.80 Ii mino died 

PHENCYCLIDENE 

8' 5" 367 F 0,,14 docile only 

6'10" 227 F 0022 15 min" 10 hrso 

51 91 F 0 0 22 15 mino 6 hrs" 

8' 4n 295 F 0027 30 min. 2i hrso 

7°11" .286 M 0.35 docile only 

7v 6 t1 281 F 0036 14 mino 2 hrs. 

79 l1't 254 F 0035 24 min" 3 hrs .. 

5'10 11 136 M 0,,36 40 min" 24 hrs" 
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Len~th Weisht Sex Dosa~e ~e resuired for Duration of 
(kgo) mg/kg i!!!!!~ization immobilization 

PHENCYCLIDENE (Contdo) 

7'10" 260 F 0040 10 mino 7 hrso 

8' 2ft 245 M 0041 9 min 4i hrso 

8 1 11f 304 F 0049 10 mino 7 hrso 

7 1 9" 236 F 0085 30 mino 8 hrso 

59 pup 45 M LI0 2 mino 24 hrso 

7'1 3 11 181 M 1024 8 mino died after 6 hrso 

6 i l0" 164 M 4038 5i mino died after li hrso 

SUCCINYLCHOLINE CHLORIDE 

7° 2" 181 M 0.,55 noeffect 

7 i 11'9 295 F L8 2 mino 25 mino 

7'1 5" 227 F 202 no effect 

7° 227 M 202 18 mino 7 mino 

.7 1 2t1 227 F 202 15 mino 25 mino 

5° 411 91 M 202 5 mino 20 mino 

6'1 6 '1 227 202 28 mino 48 mino 

5 9 11" 128 F 205 i mino died after 11 mino 

8 2 4n 256 F 206 1 mino 25 mino 

8'1 pt 245 F 302 4 mino 24 mino 

8 9 It! 256 M 304 6 mino 16 mino 

8' 6 ft 340 M 305 3 mino died accidentally 

8'1 5" 308 F 309 5i mino diedo 

8 9 4" 256 M 508 2 mino 2 hrso 
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BRANDING IRON 

The main advantages of branding seals are the permanence of 

clear brands and the ease of observing these from a distancea 

Disadvantages of this method are that branding is difficult in 

windy conditions and brands must be corree 

be legible. 

applied in order to 

At Little America g Lindsey (1937) branded 243 Weddell seal 

cows and pups of which three were recorded 5 = 7 years later by 

Perkins (1945) while a member of the West Base of the United States 

Antarctic Service Expeditiong 1939=410 It was not recorded 

whet~er the recoveries were from branded adults or pUpSa 

Approximately IDa Weddell seals were branded at Scott Base by 

members of the Trans Antarctic Expedition in 1957=58 but no 

resightings have been reportedo The reasons for no subsequent 

resightings could be that the brands were not properly applied 

or the seals were killed and the brand not recorded during 

killing operations at Scott Baseo 

The Australian Antarctic Research Expeditions (AoNaAoRoE o ) 

have branded Elephant seals since 1949 at Heard Island ( 9 

73°30 QE) and Macquarie Island (54°30 0 8 9 157°E) and the work has 

been fully reported by Carrick and Ingham (1962)0 These authors 

have reviewed work on pinniped branding and have discussed the 

merits of this method in comparison with other marking methods g 

especially with reference to the elephant sealo 
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iron, detail of the head 

I side and front views. 
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The branding iron used by A.N.AoR.Eo was developed and 

described by Chittleborough and Ealey (1953). A modified version g 

using propane gas as the heat source was later developed by the 

Nature Conservancy in Scotland (Smith~ EoA. g persocomm.) The 

Industrial Development Department and Zoology Department of the 

University of Canterbury produced a further modification of this 

instrument for use in cold climates. 

The branding face s40wn in Pl.lo (1) was secured to the burner 

by a rectangular metal frame. (fig. 10) The effects of wind were 

counteracted by a sliding metal shield on the frame. Brands were 

interchangeable as shown in PI.l (1) and slide in the grooves. 

They were heated from behind by the burner 9 slightly less tpan 6 

inches awayo Once in place the brands were secured by the clip 

shown in fig.l and Pl.lo 9 (2). A two letter branding code was 

used to denote the year groupo 

high~ the largest up to li 

7 lbs. 

The brand letters were 2 inches 

wide. The branding head weighed 

The burner head was connected to the frame (Plol. g (2»and 

the burner was a standard uPrimus" model (Ref.8713). The steadying 

handle for branding purposes was the ring spanner attaching the 

burner to the "Primus" handle (Ref.8700)9 which had a gas regu-

lating control. The copper pipe joining the burner to the handle 

was strengthened by a steel rod welded to ito The "Primus" 

handle was connected by 6 feet of rubber hose to a 401b propane gas 

bottle j carried On a modified "Mountain Mule" pack frame (Plolog(2». 

A flat wooden shelf built into the frame and strengthened by iron 
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bracing rods secured the base of the bottle; the top was held by 

One method of operation is shown in Plo2, (1)0 Pup branding 

required a party of two or three~ one to operate the branding iron 

while the other two restrained the pupo Only large pups over 6 

weeks old needed to be restrained by ropeso 

The brands were at operating temperature when the back of the 

plate glowed pinko This took approximately 3 minutes from co~d9 

o at air temperatures of 10-15 C: reheating after branding took 

30 seconds to I minuteo When the operating temperature was 

reached the burner was extinguished and the iron was then held on 

the pup until the brand just burnt through the hair and superficial 

epidermis 0 

Overbranding g ioeo burning through to the blubber an 

illegible brand and scar tissue~ and on a few occasions a sup-

puresent woundo Harkess (persocommo) has stated that 10 per cent 

of second and third degree burns into the blubber Were contaminated 

(shown by sloughing of necrotic tissue)o 

Brands were difficult to heat when wind velocity was greater 

than 5 mopoho but this problem has been overcome by the Nature 

Conservancy by attaching an insulating cover over the brands 

Heating brands from behind resulted in the plate being hotter 

than the brand~ giving poor definitiono Better results might be 

obtained from brands with no back plate but heat would dissipate 

quickly~ necessitating between each brandingo 
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This type of heating was similar to that described by Carrick etal. 

Metal fatigue caused by rapid expansion and contraction did not 

occur but some minor warping was apparento 

85 pupa were branded in 1963 9 using code letters VLo In 

1964,280 were branded IV. In 19659 340 pups were branded 9 90 ZX 

REFERENCES 

Carrick, R. i and Susan E. Ingham (1962)0 = Studies on the Southern 

Elephant Seal i Mirounga leonina (L). 10 Introduction 

to the aerieso CoSoI.RoO o Wildlife Research 79(2)989-101. 
""'"' IlL I 

Chittleborough, RoGo i and EoH.M.Ealey (1953)0 - Seal marking at 

Heard Islando AoNoAoRoE. Interim Reporto 19 23 pp. 

Lindsey, A.A. (1937). - The Weddell seal in the Bay of Whales j 

Antarctica o J. Mammal. 18 9 127-44. 

Perkins 9 J.E. (1945)0 - Biology of Little America 1119 the west 

base of the United States Antarctic Service Expeditions 

1939-410 Proco Amero Philo Soco 89 9 270. 



PLJWF~ XXI 

10 Photograph showing the detailed 

arrangement of the branding face and 

the positioning of the interchangeable 

brands. Also refer to fig. 1. 

2Q Photograph showing the complete branding iron 

and method of cartying 
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PLATE XXII 

1. Photograph showing the operation of 

the branding iron in the field~ The 

pup be branded is considerably older 

than those normally branded. 
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APPENDIX IV 

WEIGHT AND MEASUREMENT DATA 

During the dissections of Weddell seals for reproductive 

organs 9 body measurements and weights as well as organ weights 

were recorded to determine whether there is any seasonal change in 

organ weights and to compare the relation of organ weight to total 

body weight in Weddell seals and other mammalso Weights of 

kidneys 9 liver, lung 9 heart and spleen were obtained from 96 

seals and total bled body weight was measured for 190 seals o 

RESULTS 

Ao Seal Conditiono 

McLaren (1958)9 in the study of the hiology of the ringed 

seal (Phoca hispida)g distinguished three indices of seal 

conditiono 

Index l~ 3jweigh~ in relation to standard lengtho 

Index 2~ Seal condition = (MaxoGirth x 100 ) 
(standard Length* -y--) 

Index 3: Blubber thicknesso 

* Standard Length ~ Nose to Tail Lengtho 

Index 10 

Theoretically weight was shown to be a linear function of 

(Length)3 (Lyne & Verhagen g 1957)0 Consequently this trans= 

formation on length was applied before the analysis of the 

regression of 3~Weight in kilograms on length in centimetreso 

Regression constants of a = + 107543 and b = 000178 
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were obtainedo Consequently 3SWeight (y) can be estimated from 

length eX) by the formula Y = l07543+000l78Xo The correlation 

coefficient (r = 0 0 66) was significant at the 1% level with 190 

degrees of freedomo The standard deviation of 

from the regression was 000290 

The co~responding results from McLarenOs (1958) data on 

(Pohispida) of X = length and Y := 3~weight gave a regression of 

Y = Oo0296x + 00138 with a correlation coefficient r = 006900 

The correlations between length and weight are practically 

identical in both species being 0066 in the Weddell seal and 

0 069 in the ringed seal o The slight variation is probably due' 

to the difference in sample sizeso From the regressions (figol) 

it can be seen that the Weddell seal has a greater weight increase 

with increasing length when compared with the ringed sealo Also 

the Weddell seal is Dnger and heavier than the ringed seal o 

Index 20 

(Max" Girth ) 
Seal condition (standard Length x 100) was found in this 

study to be similar in all months when seals were killedo 
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TABLE 1. 

November 65 (62 = 74) 22 
December 68 (62 ~ 84) 18 
January 65 (59 = 76) 53 
February 64 (54 = 71) 156 
March 68 (62 = 75) 4 
April 68 1 

August 64 (62 = 68) 3 
September 67 (63 = 69) 3 
October 70* (65 75) 3* 

,.. One full term pregnant female. 

The mean index of seal condition in the Weddell seal is 

66.6. In spring the average ringed seal condition was 90, 

decreasing to 80 in mid-summer and increasing during autumn 

to 95 (McLaren~ 1958). Laws (1953) suggested that the elephant 

seal has a similar seasonal fluctuation to that of the ringed 

seal. It is therefore suggested that the Weddel~ seal lays 

down blubber during most months of the year. The possibility 

of a diminution occurring during the period of moult (JanUary 

to early February) is not supported by the figures in table 

1 but this may be attributable to the size of the samples. 

Index 3 

In the Weddell seal use of blubber thickness as an indication 

of seal condition is unreliable due tQ great variations in thick-
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ness along the length of the bodyo McLaren (1958) stated that the 

thickness of the blubber of the ringed seal is small and this 

comparison is subject to error of measuremento 

Bo Blubber 

The total amount of blubber W~ flenaed and weighed from 13 

adult seals o The average proportion of blubber to total bled 

body weight was caluclated to be 3005% with a range from 

28 - 32% (A female pup about 5 weeks old has a proportion of 

The figure for adults is similar to that suggest by 

the data of Bruce (1915) from which the 

proportions calculated for two specimens are 2900 and 3200%0 

The only corresponding figure for blubber percentage was that 

of 33% for t~e elephant seal (Laws, 1953). 

The functions of blubber are firstly as an insulator in 

conditions of vaso-constriction (the value for heat conducti-

vity of fat in the elephant seal was K= 0000017 ± 0000004 cala 

cm/secocm0 2 °c at 2205°C. and this value is very similar to 

that for asbestos (Bryden, 1964) ), and secondly as a possible 

metabolic fuel supplementing glycogen from the livero 

Co Liver 

The average proportion of liver weight to total bled body 

weight was calculated in 49 adult seals to be 2065%(range~-

Laws (1953) estimated that the proportion of 

blood weight to body weight in the elephant s~al was 5% which 

is probably similar to the Weddell seal. Using this 5% body 
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weight correction the average liver proportion to body weight was 

Liver weights between November and February showed no 

significant difference nor was there a difference in their 

proportional relationship with the body weightD 
. . ij 

(Students t -

test after argument of Simpson et alo 1960). 

The Weddell seal average proportion of liver to total bled 

body weight of 2.65% (when the blood weight correction was 

applied liver weight = 2.34%)9 is lower than that suggested for 

seals in general (3.9%) by S~er (1962) and 3029% for 

Callorhinus ursinus (Scheffer~ 1960). The Weddell seal 

proportion is lQwer than the proportions of porpoises (average 

3.2%), similar to dOlphins (average 202%)>> and considerably 

higher than the proportion of horses (l.l%)~ Slijper, 1962)0 

It is suggested that as the Weddell and Otarid seals are 

probably similarly active 9 the Weddell seal may metabolise fats 

in order to supplement glycogen from the liver and consequently 

the percentage of the body weight of the liver could be 

comparatively reduced o If this is true then a greater variation 

of blubber thickness with time would be expected but more data 

on the blubber is needed to verify this. 

D. Lung 

The average proportion of lung weight to total bled body' 

weight of 53 adult Weddell seals was 1.40% (Rangeg~ 0099 ~ 

2.53%). The average with the 5% body weight correction was 

1.28%0 Slijper (1962) stated that the lung to total body 
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weight ratio in terrestrial mammals was 1.2% compared with dolphins 

(average 3.5%). The percentage of lung to body weight in the 

northern fur seal was identical with that of the dog 9 0.94% 

(Scheffer i 1960). Therefore both the Weddell and northern fur 

seals have lung to body weight proportions equivalent to 

terrestrial mammals. Possible reasons for this could be that 

lung size is controlled by the terrestrial phase of their life 

cycle and probable higher oxygen capacity of the haemoglobin. 

E. Spleen 

The proportion of spleen weight to total bled body weight 

in 33 adult Weddell seals was 0087%0 (Range 0042 - 1085%). 

With the 5% body weight correction the spleen proportion was 

0081%. Only three spleen had large growth exceeding 2% of the 

bled body weight (4.0%; 305% and 201%). The normal spleen 

weight was too variable to draw any valid conclusionso There 

appear to be no comparable results in other mammal species. 

The three examples of enl~rged spleen (splenomegaly) were 

probably caused by a condition in which tne seals phagocytic 

functions are overworked but no tests were made to verify this. 

The calculations of weight/age and length/age were not 

attempted because of the small number of provisionally aged 

animals used in this study. 

CONCLUSIONS 

The weight=length relationship of the Weddell seal was calcu

lated so that future estimates of weight could be determined by 
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length alone; a system which is preferable since it is difficult 

to weigh animals in the fiaLdo This is important for management of 

the Weddell seal population as a source of dog foodo 

Another factor useful in the assessment of the fitness of a 

population as a continual source of dog food was the index of seal 

conditions which can be b~sed on simple measurementso 

found to be remarkably constant throughout the year Q 

This was 

The measurement of blubber thickness is potentially useful in 

the estimation of seal condition i but was found to be unreliable 

in this studyo However the proportion of blubber weight to body 

weight was calculated for a sample of 13 adult seals, with very 

consistent results (range 28 - 32%)0 

The only comparative measure of blubber weight to that 9f the 

Weddell seal was found in the elephant seal o The results of mass 

and distribution of blubber in the Weddell seal are consistent with 

the contention that this is a valuable insulation layer enabling 

the seal to survive in a cold climateo 

The measurement of the proportion to body weight of the liver, 

lung and spleen weights had varied resultso .The proportion of 

liver weight did not vary seasonally and it appeared to be similar 

to that calculated for terrestrial mammals~ lower than that 

calculated for porpoises and Callorhinus ursinus and possibly 

other Otarid seals, although the latter conclusion requires 

confirmationo The proportional lung weight was similar to that of 

terrestrial mammals, differing from that of dolphinso Since seals 

also dive to great depths it might have been expected that they 
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would be similar to dolphins in this respect, but seals are not 

totally Aquatic. 

The proportions of the spleen showed considerable variation 

with three examples showing splenomegaly. 
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APPENDIX V 

Detailed body measurements and organ weights in 279 

Weddell seals (LeEton~chote6 weddelli) from 

McMurdo Sound i Antarctica 

A B C D E F G H I J K L 
Seal Sex Date Nose- Grea- Total Kid- Heart Lung Li- Spleen Pro-

Killed tail test Wt. ney Wt. Wt. ver Wt. vis 
Length Girth (Less Wt (kg) (kg) Wto (kg) Age 
(em) (em) Blood) (g) (kg) 

198 M 25. 8063 101 56 20 -2m 
210 M 5.11.63 119 79 150 0,,352 00755 1.4 0.353 
205 M 3.11.63 142 111 168 1m 
209 M 4.11.63 149 1m 
281 M 5.11.63 165 122 

6 F 25.11.63 167 119 101 200 0.53 1.20 3.8 
202 F 9010.63 175 114 
203 F 18010.63 178 122 
163 M 20. 2063 185 167 
200 M 300 9.63 190 124 1 
209 M 7.11.63 190 

3 M 21.11. 61 193 137 158 300 0.98 1056 
Ro18 M 11. 2.65 198 122 
37 F 25. 1. 62 201 152 230 1.2 2.2 2.8 1.1 
217 F 18012063 201 137 
R2 M 26.11.64 206 140 
189 M 1. 3.63 208 145 164 

4 F 23.11.61 208 155 182 265 0090 2.10 
183 F 25. 2063 211 145 168 

9 M 30.11.61 213 133 161 290 1.0 2·30 403 ,2. 
12 . F 6.12.61 213 137 173 350 0.88 202 3.7 

120 M 8. 2 .. 63 213 133 156 
226 F 29. 1.64 215 132 149 
139 M 13. 2.63 221 137 183 3 

1 F 17.11.61 223 150 202 390 1.05 2.1 5.6 
121 M 11.2. 63 224 151" 189 4 
175 M 22. 2.63 t1 145 ~185 5 
235 F 31. 1.64 " 142 171 
248 M 7. 2.64 n 148 1.3 2.7 406 1.2 
R4 M 12012.64 n 188 360 1.2 306 6.3 1.1 
35 F 23. 1.62 225 132 280 1.0 2.5 3.9 1.1 
162 M 20. 2.63 226 116 181 3 
227 M 29. 1.64 n 158 178 
146 F 15. 2063 229 141 226 

96 M 1. 2063 230 152 224 '3 
272 M 21. 2063 t1 167 
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A B C D E F G H I J K L 

34 F 220 10620 231 140 201 200 1,,5 303 5.4 104 
46 F 310 1062 it 150 223 500 102 303 508 100 5 

116 M 80 2063 " 155 246 6 
204 F 3011063 " 170 108 307 408 1.5 
216 M 18012063 It 163 

40 M 260 1062 234 152 203 310 102 3.8 503 106 
66 M 160 2062 n 147 350 103 3.4 4,,8 101 
71 F 160 2062 fI 142 380 100 300 502 103 5 

100 M 10 2063 It 158 243 4 
117 M 8. 2. 63 It 155 230 
174 M 22. 2.63 IJ 147 205 3 
247 M 7. 2.64 n 152 180 1075 3.6 4.2 108 5 
50 F 5. 2.62 236 147 430 103 2.8 5.8 10 7 

167 M 20.2.63 236 252 7 
243 M 5Q 2064 t1 158 204 

. 260 M 140 2064 II 167 235 6 
268 M 210 2.64 II 152 
14 M 9012.61 238 236 335 1015 209 4,,2 4 
26 M 150 1062 " 147 210 400 015 303 - 1025 
17 M 27012061 239 165 340 1025 306 4075104 5 
18 F 30012061 II 150 216 520 205 4.0 5,,1 
33 M 22. 1062 " 164 247 390 105 3.1 600 10 9 7 
45 M 300 1062 11 158 316 600 102 303 702 2.0 
59 M 130 2.62 II 147 340 101 204 401 10 1 
65 M 16. 2062 " 152 390 102 306 5.4 2.1 
67 M 160 2062 11 145 400 102 3.0 402 0.90 
88 M 280 1063 " 160 277 

105 M 80 2063 11 150 207 4 
106 F 80 2063 " 148 220 
112 M 80 2063 " 156 219 4 
130 M 110 2063 II 158 233 5 
133 M 130 2063 fI 158 237 
136 M 130 2063 If 151 227 4 
161 M 180 2063 " 137 256 6 
220 F 40 1064 " 167 
234 M 310 1064 " 167 
236 F 30 2064 II 152 166 200 103 402 505 207 4 
240 M 30 2064 " 158 215 231 204 3,,2 703 302 

44 M 30 0 1062 240 148 279 420 104 309 409 107 7 
48 M 20 1062 241 147 450 108 308 409 103 
69 M 160 2062 " 150 400 104 302 501 100 
94 M 10 2063 " 154 234 6 
99 M 10 2063 11 159 252 4 

157 M 10 2063 tt 147 217 5 
169 M 20 0 2063 11 152 238 6 
182 M 25. 2063 tt 155 244 
184 F 25. 2063 n 167 241 
253 M 120 2064 it 172 227 108 206 501 304 10+ 

f". 



A B C D E F G H I J K L 

269 M 2L 2064 241 172 
24 M lL L62 244 1-05 265 470 L4 2.9 506 7 
29 M 170 L62 It 167 245 320 L6 309 -602 7 
36 M 240 L62 " 152 420 L6 4,,2 607 202 10+ 
39 M 260 L1l2 II 160 232 450 103 303 50B B02 6 
62 M 130 2062 II 152 510 104 405 700 203 7 
63 F 130 2.62 n 152 4Bo 104 306 6.1 2.B 
64 M 130 2.62 II 155 420 L6 401 504 LB 6 

118 M 80 2063 " 165 246 
137 M 130 2.63 II 156 254 6 
1411 M 130 2063 " 156 243 5 
160 M 180 2063 " 160 263 9 
168 F 200 2063 244 160 240 6 
177 M 220 2063 It 148 186 6 
181 M n II 11 n 152 227 6 
246 M 70 2.64 " 147 153 1.2 306 4.5 708 
250 F tI It It It 142 175 102 205 403 L2 7 
262 M 140 2064 n 142 265 

25 M 13. L62 246 167 460 1<>7 302 6.0 
32 F 20. L62 II 160 249 330 103 301 504 1025 6 
83 M 16. L63 " 180 301 8 
103 M 8. 2.63 n 155 237 
104 M n " tt tI 14-7 233 7 
126 M lL 2.63 " 165 249 6 
143 M 150 2.63 n 144 205 6 
144 M " n 1\ n 16-1 254 7 
153 F 1-8. 2063 tI 155 234 8 
156 M " n " " 155 223 
165 M 20. 2063 11 180 238 7 
259 M 14. 2.64 tI 167 220 
11 M 4012.61 248 165 258 460 104 301 6.4 
R9 M 28.12.64 248 161 
28 M 16. L62 249 160 254 430 101 400 501 L3 
41 M 29. 1062 II 146 291 400 104 5.1 4.9 200 6 
49 M 5. 2.62 n 152 500 1.7 302 502 1.3 
53 M 7. 2.62 u 147 430 103 302 406 1.0 
54 M 70 2062 " 160 470 104 407 708 3.0 7 
89 M 30. L63 11 160 271 9 
91 F I. 2.63 n 150 244 
95 M 1 • 2.63 II 159 263 7 

107 M 80 2.63 " 158 244 10 + 
113 M n n t1 " 155 220 7 
178 F 22. 2063 " 158 246 6 
192 F 180 3.63 II 155 
211 F 15.11063 " 167 43 105 3.5 702 2.2 5 
230 F 29. 1064 " 147 185 8 
241 M 5. 2064 " 175 265 6 
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A B C D E F G H I J K L 

257 F 14. 2.64 249 172 250 8 
261 M n II u It 163 260 

" 265 M tI It It tI 163 196 
R5 M 19012064 n 182 

Rll M 30 1065 n 

7 M 27011061 250 170 311 400 1.2 304 7.7 6 
135 M 13. 2.63 " 160 250 7 
85 M 23. 1.63 251 178 243 5 
92 M 10 2063 Ii 157 253 9 

229 M 290 1.64 II 158 208 6 
233 M 31. 1.64 II 182 258 7 
242 M 5. 2.64 " 158 216 
249 M 7. 2.64 251 163 189 1.6 2.8 4.8 1.4 
252 M 12. 2.64 n 167 266 1.,9 3.4 906 ' 2.2 
254 M " It " II 167 230 '"" 104 203 6.7 1.2 10+ 

22 M 8. 1.62 252 167 255 325 105 4.5 6.0 
70 M 16. 2.62 It 165 490 109 3.7 8.1 3.1 

102 F 8. 2.63 252 150 216 
115 M 80 2.63 " 155 254 10+ 
145 M 15. 2.63 " 158 239 6 
152 M 18. 2.63 It 160 292 7 
213 M 29.11.63 " 160 670 1.5 5.2 8.4 6.8 10+ 
242 M 5. 2.64 " 175 216 
270 M 21. 2.64 II 163 
275 M 26. 9.64 n 

86 M 24. 1.63 254 178 303 8 
101 M 8. 2.63 u 166 186 9 
111 M 8 q 2.63 " 158 239 '6 
125 M 11. 2.63 n 148 216 6 
151 M 15. 2.63 19 160 266 '7 
179 M 22. 2.63 254 155 254 5 
180 M " " n n 163 266 5 
185 F 25. 2.63 f1 163 257 8 
219 M 28.12.63 " 160 
238 M 3. 2.64 254 178 219 236 1.8 3.6 9.1 405 
267 M 21. 2.64 n 172 
R10 M 30.12.64 " 10 F 2.12061 255 160 262 425 1.8 300 4.25 

21 M 5. 1.62 257 165 267 405 1.9 308 502 
38 F 25. 1.62 257 170 220 430 104 408 508 203 
47 M 10 2 .. 62 257 167 430 2.0 3.9 7.0 403 
51 M 6. 2.62 257 167 410 1.6 3.5 5.0 105 10+ 
55 M 8. 2062 n 155 460 103 3.7 702 205 
56 F tI " " tl 165 500 1.5 3.4 6.3 205 
57 M 120 2.62 257 152 520 2.3 3.4 508 . 104 10+ 
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68 M 16. 2.62 257 158 540 1.8 308 7.5 1.2 7 
72 F 16. 2.62 It 163 560 1.5 4.8 6.3 1.3 
84 F 18. 1063 II 156 355 
90 M 30. 1.63 It 163 287 10+ 

110 F 8. 2.63 II 158 249 7 
148 F 15. 2.63 tt 165 264 7 
164 M 20. 2.63 JI 155 245 
172 F 22. 2.63 It 167 268 
187 F 25. 2.63 It 175 293 
214 M 1.12. 63 n 182 550 1.8 4.8 7.0 207 10+ 
232 M 310 1064 It 167 248 
245 M 5. 2.64 u 178 207 
255 M 12. 2.64 It 137 226 1.4 . 3.6 8.8 2.2 9 
266 M 210 2064 257 178 
273 M 21. 2.63 It 137 

19 M 2. 1.62 259 18-0 236 420 1.45 3.35 6.8 5 
60 M 13. 2.62 259 163 550 1.6 4 .. 0 5.8 108 
97 M 1 • 2.63 II 163 253 7 
9& F 10 2.63 It 160 220 10+ 

147 F 15. 2 .. 63 n 163 269 10+ 
256 M 14. 2.64 n 163 225 
258 M 14. 2.64 It 167 250 8 

R1 M 20.11 .. 64 " 180 410 107 409 9.1 3.1 
R8 M 20.12.64 It 172 

R14 M 22. 1.65 n 167 5 
42 M 29. 1.62 260 158 261 460 1.4 3.4 4.7 1,,1 
87 F 25. 1.63 It 165 340 6 

132 F 13. 2.63 tt 159 274 7 
13 M 7~12.61 262 170 347 552 1.2 4.1 602 6 
16 F 23012.61 tt 163 470 1.4 406 1 .. 6 
58 M 12. 2.62 It 158 490 1,,8 3,,'7 5 .. 8 107 

191 F 7 .. 3.63 II 167 
215 F 3. 12.63 It 185 570 1 .. 7 508 6.6 107 
231 F 31. 1064 II 158 214 9 
263 M 14. 2.64 it 158 207 
264 M tt U It tt 147 199 

5 F 25 ... 11.61 264 159 238 585 104 30·5 8 
20 F 3. 1.62 It 167 264 .365 1..7 4.1 
27 F 16. 1.62 It 170 276 310 1.4 306 506 1.5 
31 M 20. 1062 It 164 . 286 500 1.8 308 5.6 106 

114 M 8. 2.63 tt 168 288 6 
127 M 11. 2.63 It 146 241 9 
138 F 13. 2.63 It 182 243 7 
140 M 13. 2.63 n 163 283 
170 F 20. 2063 It 151 263 
186 M 25. 2.63 t'l 182 252 8 
224 M 18. 1064 It 152 227 

! 
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244 M 50 2064 264 188 247 
283 F 5011064 n 167 
80 F 70 1063 265 183 361 

119 M 80 2063 n 163 265 7 
134 M 130 2063 tI 160 254 8 
149 M 15. 2063 u 160 281 10+ 

81 M 120 1.,63 266 185 8 
122 M 110 2063 11 283 8 

2 M 19011061 267 191 354 415 105 400 7 
150 F 150 2063 u 182 333 9 
158 M 180 2063 II 158 262 8 
195 F 70 8063 II 172 
206 M 5011063 n 196 580 105 505 806 3.,8 5 
239 F 30 2064 It 147 208 243 094 306 1009 405 ·6 

R3 M 3.,12064 " 
30 F 170 1062 268 178 291 510 106 400 600 104 

129 M 110 2,,63 II 175 292 6 
142 F 150 2063 " 181 334 
52 F 6., 2062 269 167 430 202 502 708 204 7 
61 M 130 2062 II 165 480 108 308 601 106 8 

108 F 80 2063 n 167 316 9 
155 M 180 2063 II 178 340 10+ 
171 F 200 2063 II 158 273 
207 F 63 " 188 500 104 408 800 408 
237 F 64 " 185 309 240 201 4,.,4 11,,8 405 6 
221 F 70 1064 ·271 

93 M 10 2063 272 175 321 10+ 
154 F 180 2063 " 172 309 9 
188 M 250 2063 11 182 280 7 
,222 F 180 1064 " 163 275 
123 M 110 2063 274 180 322 10+ 
159 M 180 2063 II 172 318 
173 F 220 2 .. 63 u 167' 273 8 
196 F 250 8063 It 170 
212 F 29.,11 063, n 198 650 108 5,,0 806 308 
223 F 18., 1 .. 64 u 188 361 
271 F 210 2063 n 178 
274 M 210 2063 n 163 
282 M 5011.64 at 182 

R6 M 260 9.,64 tt 180 
124 F 11., 2063 276 178 362 
201 M 9010063 277 208 10+ 
251 M 120 2064 11 172 10+ 
15 F 15012061 278. 191 370 520 2005 409 806 102 
23 F 90 1062 n 182 314 392 107 405 702 1509 

~ 

128 M 110 2063 279 160 297 10+ 
166 M 200 2063 282 165 343 9 
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194 F 1 0 4063 282 191 5 
197 F 260 8063 " 193 
228 F 290 1064 " 178 315 10+ 
R16 M 30 2065 " 172 
109 F 80 2063 285 168 269 
193 F 250 3063 " 191 
199 F 300 9063 n 198 7 
280 F 5011064 " 188 
131 M 110 2.63 292 175 354 9 
82 M 140 1063 297 173 410 10+ 

176 F 220 2063 " 163 305 
218 F 18012063 302 193 

43 F 300 1.62 307 213 462 600 202 506 902 205 10+ 



APPENDIX VI 

Weather Data and Numbers of Seals in Area Ao 
Counts at IbOO hoursQ 

Solar Wind Seal 1963 Tem;eo 
Radiation * - Nu~s 
(In Langleys) 

Ja:q.o 3rd. ""Oo8°C 722 12 mph 25 

8th ° -505 C 641 20 mph 30 

20th ° =0.2 C 12 mph 109 

22nd =306°C 5 mph 97 

23rd =10 0 4°c 12 mph 72 

24th = 7°C 11 mph 136 

25th ° -705 C 9 mph 131 

26th =807°C 10 mph 183 

27th -605°C 8 mph 238 

28th ° -5.5 C 3 mph 170 

'29th ° =302 C 7 mph 321 

30th =4 06°c 4 mph 438 

31st =10 06°C 12 mph 260 

Febo 1st =602oC 243 8 mph 361 

2nd =506°c 613 8 mph 414 

3rd =6.2oC 694 7 mph 625 

4th ° =1209 C 567 9 mph. 462 

6th _602°C 531 11 mph 500 

9th -5.0 C 646 3 mph 835 

10th ",,6.2 C 694 5 mph 818 

14th =1003 C 477 10 mph 552 

xxxiio 

Cloud 
Cover 

Nil 

4/8 

2/8 

2/8 

6/8 

6/8 

4/8 

5/8 

Nil 

2/8 

Nil 

Nil 

8/8 

8/8 

2/8 

Nil 

5/8 

6/8 

Nil 

Nil 

6/8 
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1963 Tem12 Solar 1(1: Wind Seal Cloud· 
Radiation Numbers Cover 

° 
(In Langleys) 

Febo 16th =1203 C 467 15 mph 332 2/8 

17th ° -1105 C 532 5 mph 700 Nil 

19th =1506°C 309 8 mph 617 4/8 

21st _l104°c 8 mph 568 6/8 

23rd ° -1607 C 6 mph 762 8/8 

26th ° -1501 C 15 mph 270 8/8 

28th -805°C 315 16 mph 342 8/8 

Maro 1st ° 305 13 mph 552 8/8 -1509 C ~ 

2nd _20°C 211 18 mph 252 8/8 
Drifting 
Snow 

3rd =23OC 221 15 mph 302 8/8 
Drif~!ing 
Snow I 

9th ° -2105 C 154 16 mph 450 8/8 
Drifting 
Snow 

12th ° -2502 C 178 5 mph 150 8/8 
Snow 

14th _24°c 116 16 mph 20 8/8 
Snow 

15th -2704°c 122 12 mph 33 8/8 
Snow 

17th ° =2307 C 179 4 mph 87 4/8 

18th =1706°c 165 13 mph 50 6/8 

22nd -18000 c 373 13 mph 40 Nil 

24th =25°C 370 10 mph 20 Nil 

25th =26°c 370 6 mph 8 Nil 



Solar * 
1964 Temp Radiation Wind Seal • Cloud 

(In Langleys) Numbers Cover 

o 5th ° =2 00 C 616,,1 10 mph 84 1/8 

6th 0 -400 C 44507 12 mph 104 4/8 

16th ° =705 C 79703 10 mph 353 2/8 

17th _204°c 03 8 mph 355 8/8 

18th ° -209 C 52703 10 mph 416 Nil 

19th ° -209 C 52907 11 mph 436 8/8 

27th -805°C 66605 7 mph 371 Nil 

28th ° -702 C 63809 5 mph 402 4/8 

30th ..;40 3°C 53507 4 mph 505 8/8 

31st _12°C 41507 4 mph 350 8/8 Snow 

Febo 1st· ..i5°C 36605 4 mph 465 8/8 Snow 

2nd =803 OC 51005 15 mph 195 8/8 
Dritt;ing 
SnoW 

4th _8°C 473,,3 11 mph 206 8/8 
Drifting 
Snow 

6th =904°c 39401 6 mph 430 8/8 
Drifting 
Snow 

10th ° -1005 C 28307 4 mph 161 8/8. Snow 

13th =1400oc 33005 35 mph 364 8/8 
Blizzard 

15th ° -1500 C 400 01 9 mph 476 8/8 

17th =140loC 34805 9 mph 485 8/8 

20th -16oooc 18005 6 mph 356 8/8 
Drifting 
Snow 
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Solar '" 
1964 Tempo Ratiation Seal Cloud 

~ In Langleys ) Nui'ii'be'rso Cover ---
Febo 24th ~1702 C 224,,9 7 mph 281 8/8 Snow 

28th =2002 C 18107 12 mph 323 6/8 

29th =1600 C 17903 20 mph 180 8/8 
Blizzard 

Mar" 1st -27 C 18409 35 mph 15 8/8 
Blizzard 

* Solar Radiation Records from Scott Base 

Meterological Records" 
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APPENDIX VII 

gorrelatiQn of Meteoro1ogic~~ Conditions Affecting 

Numbers of Seals Hauled out on the f£~. 

1963g 

Y = b1 sin 4t + b2 cos 4t + b
3 T + B4 S.R. + b5 W + b6 C.C. + a. 

Season t 4t sin 4t T W. CoCo No. of Exp. 
Seals 'y 

y 

1 4 .0698 .9976 722 12 0 25 13 
6 24 04067 .9136 641 20 4 30 +52 

30 120 .8660 -05000 243 8 8 361 536 
31 124 ,,8290 =05592 613 8 2 .414 549 
32 128 .7880 -,,61:57 02 694 7 0 625 576 
33 132 .. 7431 -.,6691 .0 567 9 5 462 558 
35 140 .,6428 -07660 -6 .. 2 531 11 6 500 547 
36 144 .5878 -.8090 -4.1 634 3 0 850 669 
38 152 .4695 - .. 8830 .0 646 3 0 835 680 
39 156 04067 =.9136 -6.2 694 5 0 818 655 
43 172 ,,1392 =,,9903 -1003 477 10 6 552 585 
45 180 .0000 -1.0000 -1203 467 15 2 332 506 
46 184 =.0698 =.9976 -11.5 532 5 0 700 642 
48 192 =.2079 =.9782 -1506 309 8 4 617 584 
57 228 -.7431 =.6691 -8.5 315 16 8 342 346 
58 232 -07880 -.6157 -15.9 305 13 8 552 371 
59 236 -08290 .5592 -20.0 211 18 8 252 281 
60 240 -.8660 .5000 -23.0 221 15 8 302 305 
66 264 -.9136 -.1045 -2105 154 16 8 450 180 
69 276 - .. 9945 01045 -2502 178 5 8 150 273 
71 284 =.9703 .2419 -24.0 116 16 8 20 82 
72 288 =09511 .3090 -27.4 122 12 8 33 122 
74 296 -.8988 .4384 -23.7 179 4 4 87 204 
75 300 -.8660 05000 -17,,6 165 13 6 50 62 
79 316 =.6947 .7193 -18.0 373 13 0 40 16 
81 324 -.5878 .8090 -25.0 370 10 0 20 42 
82 328 =05299 .8480 -26.0 370 6 0 8 93 

--
-4,,9619 -6.2489 -384.2 10849 281 III 9427 

----- - - -



1963 (Conto)~ 
g 

or-! 
.r-! n = 27 
r> 
~ 
:< 

y 5346775 
3291420 

2055355 

Sin 

Cos 

T 

SoR" 

w 

CoCo 

101501151 
-173204382 

274705533 

120939438 
0911869 

120027569 

-625206475 -10073103 
-218107919 -13414207 

-407008556 3341104 

-30966377 191048677 
10148386 70060600 

0114763 120088077 

130906218 29032685 
10446250 88,,91953 

120459968 -59059268 

7231078 
5467.02 

1764076 

4514845 81360 33046 
3787908 9811006 3875504 

726937 -1675006 -5~.0904 

8990.0043 ,",:,8301239 -4704473 
=1993~7649 =5106405 -2003989 

289207692 -3104834 =2700484 

=337709661 -4304127 =3008513 
-251009006 -6500348 -2506899 

-86700655 2106221 =501614 

-11916303 -416309 -185707 
-15437703 -3998053 -1579049 

3521400 - 165037 -278021 

54180647 104773 31469 
43590289 112910 44601 

10590358 -8137 -13232 

3525 1375 
2924048 1155022 

600052 219078 

765 
456033 

308067 



o 
• ..-1 
• ..-1 
• .-1 
I> 
:< 
I< 
I< 

1963 (Conto) ~ 

Correlations I"25 

T BoR o W CoCo 
xx xx x 

y 0555 0493 ~047? 0227 
xx 

T 0814 =0 =0377 
xx 

SoRo =0323 =0732 
xx 

Wo 0510 

Y = 349015 ~ 7602206 (sin + 01838) = 27008816 (cos 4t + 0 ) = 1401442 (w=10 0 41) 

y :: 7602206 sin 27008816 cos 4t - 1401442 W + 072 

+ 4904006 + 4605607 + 605601 
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1964~ 

/8 
t 4t sin 4t cos 4t T BoRo W Nooo! EXEo --- Beals Y --Y 

5 20 03420 09397 -200 616 10 1 84 219 
6 24 .. 4067 09136 =400 446 12 4 104- 206 

16 64 08988 04384 -705 797 10 2 353 288 
17 68 09272 03746 -204 725 8 8 355 313 
18 72 09511 03090 -209 527 10 0 416 300 
19 76 09703 02419 -209 530 11 8 436 297 
27 108 09511 -03090 =805 666 7 0 371 375 
28 112 09272 =03746 -702 639 5 4 402 397 
30 120 08660 =05000 .".403 536 4 8 505 413 
31 124 08290 =05592 -1200 416 4 8 350 415 

.32 128 07880 =06157 -500 366 4 8 465 417 
33 132 07431 06691 =803 510 15 8 195 316 
35 140 06428 =07660 -800 473 11 8 206 355 
37 148 05299 =08480 -904 394 6 8 430 402 
41 164 02756 =09613 =1005 284 4 8 161 415 
44 176 00698 =09976 =1400 330 8 8 364 369 
46 184 -00698 =09976 -1500 400 9 8 476 352 
48 192 =02079 =09782 =140~ 348 9 8 485 343 
51 204 -04067 -09136 -1600 180 6 8 356 355 
55 220 =06428 -07660 -17 .. 2 225 7 8 281 322 
59 236 -08290 =05592 -20 02 182 12 6 323 250 
60 240 -08660 =05000 =1600 179 20 8 180 168 
61 244 =08988 -04384 -2700 185 35 8 15 22 

~- ----
701976 -805363 -23404 9954 227 145 7313 

~ -~~-= -~--



0 1964 (Conto) 
* .-f 

>< n = 23 
Y 

Y 2752883 
2325216 

427667 

Sin 

Cos 

T 

SoR" 

w 

CoCo 

sin 4t 

303400179 
2288,,5239 

74504940 

1108172 
202524 

9.5648 

cos 4t 

-3241.,8249 
~271401723 

- 52706526 

,,59398154 
-206713~230 

'\ 

302653 

1101831 
301682 

800149 

T 

-6971100 
-74529.0 

481800 

3306060 
2388084 

917.76 

S.R. W C.C. 
3290008 59381 46832 
3164939 72176 4610307 

125069 -12795 728.3 

2100084 
7100372 

=5000288 

=7303004 
-8402496 

1009498 

=8170202 -281204 =1639 .. 8 
-101444.2 =231304 =1477.7 

1974200 - 499.0 - 16201 

5036160 90130 56290 
4307918 98242 62753 

728242 - 8112 - 6463 

3229 1458 
2240.,4 143101 

988.6 2609 

1097 
91401 

18209 



0 .... 
·rf 
.-I x 

1964 (Canto) 

Correlations r 21 

T SoR" W CoCo 
xx 

y ,,2432 .. 224 .,622 0082 
xx x 

T ,,764 =0524 =0396 
xx 

So R. -·302 -0560 

W 0063 

y = 54,,9218 sin 4t ~ 7504604 cos 4t - 9i3263 W + 364082 
+ 4800630 + 4503768 + 404199 - - -



APPENDIX VIII. 

Jano 

Feb .. 

Maro 

April 
May 

June 

July 

Aug. 

Sept. 

Oct .. 

Nov. 

Dec .. 

!ea!.oAv. 

.. 
Mean Monthly Temperature 

0 0 

-407 
~9 .. 0 

-15 .. 3 
-22 .. 7 

-23.6 
-24 .. 4 

-25 .. 9 

-25 .. 9 

-24.3 

-19 .. 0 

-9 .. 9 
..4.0 

-17.4 

Table 7 (p .. 143) 

*. Table 11 (p.149) 

xlii~ 

•• 
Mean Monthly and 
Annual Wind Speed (kt) 

7 .. 7 

15.0 

16.8 

11.5 

15.5 

15.4 

15 .. 7 
14.7 

12.5 

13.6 

11.3 

10.3 

13.3 

From Chapt.8. Climate of the Antarctic Coast by E. Vowinckel. 

137-152. 

In .. Meteorology of the Antarctic ed. MoPovan Rooy, 

Weather Bureau, Department of Transport, Pretoria, 

South Afrioa .. 
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List of Abbreviations 

S - Sertoli Cell 
Spc. - Spermatocyte 

• - Spermatogonium 
Wo Spg. - Winter spermatogonium 
Spz. - Spermatozoa 
Bupp. - Supporting Cell 
Gon. - Gonocyte 
G.C. - Giant Cell 
EoSptd. - Elongated Spermatid 
Ao Spg. - A type Spermatogonium 
B. Spg. - B type Spermatogonium 
Rest. Spg. - Resting Spermatogonium 
GI. Epithelium - Glandular Epithelium 
Pen. - Penis 
Recto - Rectum 
Ur. - Ureter 
Prost. - Prostate 
IHad. Bladder 
B.U.G o - Bulbo-Urethral Gland 
Test. - Testis 
Epid. - Epididymis 
D.A. - Dorsal Aorta 
Kid. - Kidney 
V.D. Vas Deferens 
erG Crura 
Glans. - Glans Penis 
I~Co - Interstitial tissue 
L.. - Lumen 
Pu.S. - Pubic Symphysis 
R.P.H. - Retractor Penis muscle 
Str. - Stroma 
Col. Sin.- Collecting Sinus 
B.M. - Basal Membrane 
L.C. - Lutein Cell 
N - Nucleus 
I.CoS. - Intercellular space 
V - Vacuole 
C.T. - Connective tissue 
Gr. C - Granulosa cell. 
F.C.To - Fibrous and connective tissue 
C - Capillary (Blood). 
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