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H.  MARSH

Zoology Department, Jantes Cook Univer.sit: ' ' .  Tov,ttsti l te,4SII, Australia

ocean Re,sea,,o iiJ,,,I,ffi; ,r'roky,, rapan*

ABSTRACT

Macroscopic examination of the ovartes of 298 specimens of Globicephala mat'rorhtnthu.r obtained frorn a driving fishery offthe pacific
{loast ofJapan was supplemented by histological and histochemical study ofa represeirtative series ofovarian siructures. The patterns
offollicular development and atresia and corpora-iuteum development and regresiion are described. fhe atresia ofmacroscopicfollicles
was frequentiy accompanied-by thecal luteinization producing conspicuous corpora atretica *,hich did not persist. We could nbt separate
corpora iutea ofpregnancy from those of'ovuiation'. The c:orpus luteum persisted throughout the gestaiion period but with apparent
changelsJ in lipid mctabolism. Some corpora albicantia regressed luliy rvithin two years. but the iate of regression probably varied
v;ith hormonal status. corpora albicantia persisted for life as a record ofovuiations_

Almosl all the whales were aged usins dentinal and/or cemental growth-layer groups. The age-specific cieciine in the pregnancy rate
was paralleled by a decline in the ovulation rale, and inf-ertile ovulations were more common in oldei females. Females ceased to ovulate
beiore age 40 years. About 2-5'.1:. of mature femaies had senescent ovaries which were severeiv depiere<l of oocytes (presumabiy because
of the except ionai lv  h igh atresiz ra le)  and histo logical ly  s i rn i iar  to post-menopausal  humsn ovar ies.  Female ,short - f inned pi lot  whales
in th is prpuiat ion thus had a def in i te post-reproduct ive phase in their  l i fe cvcle.

3 l  I

INTRODT]CTIOI\

i he ovaries of various cetaceans have been studied as
:ri j ices of relative age and terminal reproductlve status
.rci as records of reprociuctive history. However. witir feq,
-'rceptions, scientists have had no direct infbrmatron on
,rr' species' reproduciive physiology or l i fe historv. Thus
rr. lnterpretation ofcetacean ovaries has been rather l ike- . rnning an exper iment  wi thout  a contro l .

Research methods have bcen determined iarselv bv
.:.ccimen availabil ity. Harrison and his co-*o.ke-., irau.'r. i. ie detailed macroscopic and histological examination
: the ovaries of mostly fairly small sarnples of' a large
.r r rety  of  odontocete species (e.g.  Harr ison,  1949,  l9h:

- l r i r r ison,  Boice ancj  Brownel l ,  1969;  Harr ison and:Jrorvnel l .  l97 l  I  Harr ison and Ridgway,  1971 ;  F larr ison,
3iownell and Boice, 1972; Harrison and McBrearty,
' t  , -3-74,  19711'  Col le t  and Harr ison,  19gl ) .  This
rproach gives precise information about each ovarv. but' :erpretation has usually been hampered by sampie size'rt l or lack of information about the ages of the animals.
Interpreting ovaries on the basis of macroscooic

'..rmination alone is less precise, but much less
:re-consuming, and has been the usual method of
.:dy'ing ovaries from a large series of conspecifics
.iained from a fishery. Interpretation of these data has
,":n facilitated by an independent estimate of each
:rmal 's  absolute age in some studies (e.g.  Ohsumi ,1965;'r.rSuli i, Miyazaki and Dawbin, 1974 perrin. Coe and' r cifel, 1976; Mi,vazaki, 1977 : Perrin, Holts and Miller,
. - l ) .  but  nor  others (e.g"  Chi t t leborough.  1954;

' - rgeant ,  1962;  Gambel l ,  1968,  1972).
L -aws  (1958 , ' 59 , ' 61 ) .  Bes t  (19d7 ) ,  F i she r  and  Har r i son
'i-0), Hirose. Kasuya, Kazihara and Nishiwaki (1970).
i ' "esent  address:  Far Seas Fisher ies Research Laboratorv.  Or ido.
. ' :mizu-shi ,  Shizuoka-Ken 424. J aoan.

Zin:ushko i1970) and Harrison. I lry'den. lvlcBrearty and
Brownell i 198 i i irai 'e combinecl the aclvantages of both
these approaches. They har,e macroscopically examined
rhe t rvarres ot  l  iargc ser ies ofconspeci f ics ani  have used
histclogy as a supplementary tool. Unfortunately, these
studies were hampered by a iack of absolute-age data.

In this study, rve have atternpted to maximize the
information value of the ovaries from each pilot whale
by examining them macroscopically and, where necessary,
histologicall;r. An independent estimate of the whale-'s
absolute age was subsequently used to enhance our
abil ity to interpret these observations^

MATERIAI ,S AND METHODS
'I"he 

ovaries examined were collected lrom 198 specimens
of Globicephala ntucrorlt.tnt'hus caught in the driving
fishery offthe Pacific Coast of Japan between 1975 and
1981 in the following months: January. February, May.
June, July. October and December. Each whale was
assigned an accession number which is a hyphenated
combination of the school number and the number of the
animal within the school, e.g. whale l3-24 refers to whale
24 in School 1 3. The methods used to collect and preserve
specimens from each whale are outl ined in our
companion paper (Kasuya and Marsh. 1984). The
ovaries from 298 whales from Schools 7. 9 to lg. 20. 22
to 27 (Kasuya and Marsh, loc. cit.) u,ere examined by
Marsh (those from Schools 7 and l7 u.ere also checked
by Kasuya) without knowledge of the age esrimate for
each whale, which was obtained by Kasuya by counting
dentinal and/or cemental grorvth lavers as described by
Kasuya and Matsui  (1983).

Each formalin-fixed ovary was trimmed of its bursa
and weighed to the nearest 0. I g. The number of corpora
lutea, corpora albicantia. and corpora atretica were



312 MARSH & KASUYA: CHANGES IN THE OVARIES OF THE SHORT-FINNED PILOT WHALE

Table I

The characteristics on which the macroscopic classification of corpora albicantia was based

Class of corpus albicans

Characteristic Young Medium old

External slructure
Protuberance from

ovarian surface
Shape

Stigma

Nature of surface

Internal structure
Trabeculae
Periphery
Colour

Blood vessels

Avascular connective
tlssue

As small corpus luteum

As small corpus luteum

Obvious as on corpus
luteum

Smooth

Obvious
Obvious
Pale orange to white

Mainly around periphery

Forms bulk of structure
(although still vascular
in very young CA)

Usually slight except
for stigrna

May be round or
flattened against
surface

Smaller than young I
corpus albicans i

Smooth )

Less obvious
Obvious
Usually white, may have
orange/brown pigment
especially near centre

Relatively much more
obvious

Much less

Stigma only

Irregular, may be round
or flattened against
surface

White, usually puckered
plaque

Not visible
Traced with difliculty
White, may have trace

of brown pigment

Form bulk of structure

Very reduced, may be
almost absent

counted by hand-slicing the cortex and medulla at one-
to two-mm intervals. The hilar region was left intact to
hold the slices together.

On the assumption that the macroscopic appearance of
a corpus albicans was likely to be a more reliable index
of its age than its diameter would be, each corpus albicans
was classified as young, medium. or old according to the
characteristics outl ined in Table I before it was measured.

Three diameters of all corpora lutea. corpora albican-
tia. corpora atretica. and the largest foll icles present in
each ovary were measured to thc nearest 0.1 mm with
vernier calipers. The mean diameter of each structure was
calculated as the cube root of the product of the three
diameters.

Each sample for histology was dehydrated through a
graded series of ethanols, cleared in xylene, embedded in
Paraplast and sectioned at 5 pm. One section from each
sample was stained with Mayer's haemalum and Young's
eosin-erythrosin (Marsh. Heinsohn and Spain, 1977):
another with either a variant of Gomori's trichrome
(Gomori, 1950), or van Gieson's stain (Curtis, 1905) with
celestin blue haemalum.

A cryostat was used to cut frozen sections of selected
formalin-fixed follicles, corpora lutea, corpora albicantia,
and corpora atretica at 8 7rm. These sections were stained
for lipids with a modification of Herxheimer's method
using Oil-Red 0 and Sudan IV (Drury and Wellington,
1967); or with haematoxylin and eosin as above.

The ovaries of the whales in School l7 were examined
first. During the macroscopic examination of these
ovaries we sampled a wide range of structures for
histology. Each of these ovaries was then re-examined
along with the corresponding histological slides. This
provided a check on our macroscopic identifications and
a firm basis for the subsequent macroscopic examination
of the remaining ovaries, which was also supplemented
with histology as required. After all the ovaries had been

sliced and examined, the corpora albicantia count ftr:
each was rechecked macroscopically. This was facilitarec
by marking each corpus albicans with a pin as it ri.i.
cormted.

The Non-Linear Regression Program from IMSL
(Anon., 1975) was used to fit the curve describing rh.
relationship between corpus count and age.

RESULTS

Weight of ovaries

Immature v'hales

The ovaries of immature specimens of G. macrorhynt i::,
are lozenge-shaped organs about 3 cm long by 0.E .:
high by 1.5 cm wide in a three-month old animal a:-
about3.5 cmlongby I  cmhighby2 cmwidein anine-1r ' . .  -

old female approaching maturity. In our sample of :'
immature females, the weight of both ovaries (Figs I .r
2) ranged from 2.5 g (at 0.5 year) to 1 1.5 g (8.5 years .
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I . Scatterplot of combined ovary weight againsl
females of G. macrorhynchus.
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Fig. 2. Scatterplot ofcombined ovary weight against body length for
lmmature females of G. macrorhynchus.
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(mean (x) 6.2 g; standard deviation (s) 2.6 g). Even
though there was considerable variation in ovary weight
for animals of the same age (Fig. l) or body length (Fig.
2), combined-ovary weight was positively correlated with
both factors.  (Age:  r :0 .45;  P < 0.01;  Body length:
r : 0 . 6 3 , P < 0 . 0 0 1 ) .

Mature whales

The ovaries of mature whales were usually readily
distinguishable from those of immature animals by the
presence of the obvious surface scars of the corpora
albicantia (CAs) (e.g. Fig. 3E). The size of mature ovaries
varied greatly with age and reproductive status.

:'rg. 3. Ovaries of G. macrorhynchus acttt'al size. A. Ovaries of restingWhale l3-35 (11.5 years). The upper (left) ovary contained a large follicle lmeandiameter 13.6 mm): the lower (right) ovary, a recent ruplure point (arrowed) and a medium corpul-albicani (at right end). B. Ovaries of lacraring
whale 13-36 (21.5 years). The stigma of a corpus atreticum a can be seen in the upper (right) ovary. A young -orpus luteum of.ovulation' is
risible at the left end of the lower (left) ovary. C. Median slices throlgh a young.o.pui lut",r- of 'ol'ulation'1;gtrt; 

in the right ovary of lacratrng
whale 10-1 (22.5 years) anda corpus luteum of late pregnancy (fetal lengthl+ocml in the left ovary of wtrate q-tot 123is yearsi D. Median
slice through a young corpus_luteum ofearly pregnancy (fetal length 1.2 cmj with an unusually largejeliy-filled centre. An adjacent medium corpus
albicans is arrowed (fromWhale 9-'79, 14.5 years). E. Ovaries of Whale 9-ll3 (23.5 years) whic-h *u, pr.gnunt with a 3-mm fetus. The corpus
)uteum (median slice at left) was in the right ovary and was already well-established. The left ouuty 

"Lntiirr"d 
one young and six old corpora

albicantia; five of these are visible in the photograph. F. Median-slice through a large corpus luteum of ' orulation 
' 

in the right ovary of reiting
Whale 25-32 (18.5 years) .
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Fig. 4. Scatterploi showing the combined ovary weights of resting
females of various ages. Note the lack of a generalized reduction in
ovary weight for females over 40 years old. all ofwhich were ciassified
as Dost-reDroductive.

For the 69 pregnant whales, the weight of both ovaries
ranged from 32.7 g (in a newly-mature 8.5-year old
animal) to 109.3 g (in a 22.5-year old female with a
particularl-v large corpus luteum (CL) that was 44.9 mm
in mean diameter) (.t 56.8 g; . i 15.8 g). The pregnant
ovaries were significantly heavier (t test: P < 0.0 l) than
those from 14 females with a CL but no detectable fetus:
the latter ranged liom 16.6 gto79.4 g in combined weight
(.t 42.9 g). The mean weight of the smaller ovary (i.e. the
ovary without a CL) of 78 pregnant whales was 10.5 g (.i
4.82 g). This was significantly heavier than the smaller
ovary of 128 whales which were neither pregnant nor
ovulating (i.e. no CLs or large foll icles present) (x 9.1 g.
s 3.3 g) (l test; P < 0.05). This result suggests thateven the
inactive ovary undergoes some enlargemerrt during
pregnancy.

The weights of both ovaries of the 55 lactating females
(excluding those with a CL) ranged from 9.3 g to 50.5 g
(x23.2 g;.r 7.8 g), significantly l ighter (l test; P < 0.0005 r
than the pregnant ovaries but not significantly different
in weight (t test; P > 0.2) from the ovaries of 80 resting

t&.
1'?69!["{

Fig. 5. Different forms of follicular atresia in G. maoorh"tncha.s (see also Fig. IlB). A. Cortex of the ovary of immature Whale l7-33 (,1.5 ,-
showing numerous primordial and antral follicles and one corpus fibrosum (arrowed) stained with haematoxylin and eosin. B, D, F. Corpus atrct -
a (mean diameter 6.2 mm) in the ovary of lactating Whale l7-17 (15.5 years). B. Part of a median slice showing the irregular outline of thc e, -:

D, F. Histological preparations stained with Gomori's trichrome showing that some lobes of the well-vascularized corpus are still cornpo...
luteal cells (L) while others (arrowed) are undergoimg 'fatty' degeneration. C. Part of a corpus atreticum 6 in the ovary of resting \\'hr.;
(40.5 years) stained for lipid with Oil-Red O. E. The wall of one of three cystic follicles in the ovary of resting Whale 25-31 (34.5 r-ear,
granulosa and theca cells have been replaced by fibrous tissue. Stained with haematoxylin and eosin.

rsi'-l ,*
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Frg. 6. Age-related changes in the histology of the ovarian cortex in G. rnucrorhtnchr.rs. Both photos same scale. A. Pan of the cortex
of  immature Whale i7-33 (4.5 years)  showing numerous pnmordia l  and antra l  fo l l ic les.  Stained wi th haematoxyl in and eosin.  B.  Cortex
of lactating Whale 17-41 (47.5 years) and probably post-reprc\ductive. No follicles can be seen. The cortex is reduced in thickness
and composed mainly of fibrous tissue. Stainetl with van Gieson and celcstin blue haemalum.

3l -s

females (excluding those with a CL) which ranged from
8.4 g to 42.5 g (x  22.3 g;  s  6.72 g) .  The combined ovary
weight of resting females (Fig. 4) was positively
correlated with the age of the whale for animals less than
30 years o ld ( r :0 .65,  P < 0.01)  but  was h ighly  var iable
in animals older than this. Both ovaries of some of the
females over 40 years appeared shriveiled anci had a
combined weight of less than 15 g (e.9. No. 17-24 aged
44.5 years had a combined ovary weight of 8.4 g).
However. we have no evidence for a reduction in the
ovary weight of all old females, and the average combined
ovary weight of 44 females older than 40 years was 21 .8 g
(s 7.0 g) which was not significantly different from the
average combined ovary weight (x 23.9 g: s 6.7 g) of 31
females (without a CL or young CA) aged between 20
vears and 40 vears ( /  test :  P > 0^1) .

Follicular development

Primordial foliicles occurred scattered throughout the
periphery of the cortex in young specimens of G.
macrorh)tnchr.rs (Figs 54, 64). The mean of the diameters
of 10 such foll icies was 587rm, and the mean size of the
oocyte was about 20 pm" Foll icle growth followed the
usual pattern outl ined in Appendix B of Perrin and
Donovan (1984). The smallest foll icles with an obvious
antrum had a diameter of 150 to 200 pm. By this stage,
the granulosa layer was several cells thick and the
capil laries in the theca interna were obvious. In
macroscopically-visible (i.e. > I mm in diameter) antral
tollicles, the theca interna and theca externa were much
more clearly differentiated. As most of the antral follicles
larger than I cm in diameter that we examined his-
tologically were atretic, we have no information on
w'hether the granulosa and theca cells start to luteinize
before the foilicle ruptures.

A frequency histogram of the diameter of the largest
ioll icle present in 297 pafts of ovaries is presented in Fig.
-. 

No macroscopic follicles were seen in 44'/,, of ovary
pairs; the proportion of mature animals with no
nacroscopic foll icles being greater in old animals (Fig. 8).

In immature animals. there is a seasonal cvcle of foll icle

l l  uu t  n ,

Fig. 7. Frequen., n,,,"**- ,n":i[,;. ; ffiion or the rargest
Ibilicle present in immature and mature ovaries of G. macrorhvncius.

growth. Although immature animals had follicles up to
7.1mm in diameter (Fig. 7) (e.g. No. 24-31 aged 3.5
years), the presence of follicles greater than 4 mm was
limited to the period 3l May to 23 July inclusive (Fig. 9).

In immature females, many follicles tended to be
enlarging, so that the surface of the ovary was covered
with bulges. In older females approaching oestrus, fewer
follicles tended to enlarge. The three whales which had
a corpus lu teum of  'ovulat ion ' ( 'CLO')  but  no
macroscopic follicles were all estimated to be between 36
and 38 years old.

The frequency histogram illustrating the maximum
follicle diameter of whales at different stages of pregnancy
(Fig. l0) indicates that the presence of large (> 5 mm
diameter) follicles was limited to animals with fetuses less
than 50 cm long. At all stages in the gestation period,
there tended to be some whales with no macroscopic
follicles and some with medium-sized follicles (l to 5 mm
in diameter).

Macroscopic follicles below 8 mm in diameter were

!  
r t r u r n n r
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Fig. 8. Reproductive status and ovarian condition oi 245 mature
females of C. macrorhynchus aged from 8.5 to 62.5 years. The
hatching represents the whales that we classrfied as post-reproductive.
Al l  'non-pregnant '  p i lot  whales wi th a corpus luteum or young
corpus albicans (CA) have been classified as 'recent ovulation or
birth'. Macroscoprc follicles were discounted if they were obviously
atret ic  (even wi thout  h isto logy).  Animals c lassi f ied as having old
corpora alb icant ia (CAs) only had no macroscopic fo l l ic les.

observed in some of the lactating females in all months
for which specimens were available (Fig. 9). Larger
foll icles were observed in only four lactating females, all

MARSH & KASUYA: CHANGES IN THE OVARIES OF THE SHORT.FINNED PILOT WHALE

J

J
J

F

z
4  . ^
>  t a

M A M O N

Fig.9. Seasonal changes in the diameter ofthe largest follicle presen.
in immature, lactating and resting pilot whales. Data l'i-
postreproductive (!) animals are presented separately from rf.
remainder (Q) as the large follicles present in these whales tenci :
be atretic. n or O I whale, E or @ n whales.
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Fig I 0. Frequency histogram of the mean diameter of the largest follic..
in G. macrorhynchus ovaries with corpora lutea of'ovulation' an:
at various stages of pregnancy.

of which were examined in the period 3l May to 23 Julr
inclusive, the same period in which the largest foll icle.
( > 4 mm in diameter) were observed in immature whale:

This seasonal pattern was much less clear in restrnc
females (Fig. 9). Macroscopic foll icles 8 mm in diametc':
and smaller were observed in some animals in all month.
Larger foll icles were not l imited to the May-July perioc
but were also observed in some animals in Februarr.
October and December. This pattern persisted even whcr:
we distinguished between the reproductive and posr-
reproductive females using the criteria outl ined belo*.

Many of the largest (> l0 mm) foll icles were thick-
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i , ig.  11.  Hisrology of  corpora lutea in Glahicepha!a ma. ' rurhv-nc:Jut . t  o. ;ar ies.  A.  Recent ly ruptured lb i l ic le in the r ight  ovar l  of  Whaie 13-35

(aged I  1.5 years)  (see also Fig.  3A).  The granulcsa and lheca lavers are ver; '  dele loped arrd there has been some haernorrhage into the al l t rum.

iHaematoxl , l in  and eosin) .  B.  Smal l  accessory corpus lute,- rm (3.6 mm in drameter)  in the le l t  ovarr  of  Whale l7--1 i  (10.5 . " -ears)  which was

pregnirnt  wi th a 23.3-cm fetus.  Note the pr imary and sr :c, :ndarv luteal  cei ls .  This ovar l  a lso ccntained.rne normai-s ized corpus luteum (31.3 mm

rn t l tameter)  and another accessory corpus luteum ( i  1. ( ]  mm in d iameter) .  Nei thcr  accessorv corpus iutcurn had a st igma. (Haematoxyl in and

cosin) .  C.  f ) .  Sect ions f rom a large corpus luteum of 'ovulat ion ' (45mm in drameter)  rn rhe rrght  orary ofWhale 25-32 (18.5 years)  sta ined

with haematoxl'lin anci eosin (C) and Gornori's Trichrome (D). fhe large pale primary luteal cells u'ith vacuolated cytoplasm lie in rows within

rhe network of secondary luteal cells which have darkly staining nr.reiei. Tirc tissue is highly v:tscular and the erythrocytes (arrowed) are

clearl_v visible in (D). E. F. The lipid metabc'lism of a corpus luteum appears tLr change during pregnanc).. The primary luteal cells in (E) (Whale

1l-28.  19.5 years.  wi th 6.3-cm fetus)  are packed wi th l ip id granules anr l  droplets in contrast  to those in (F)  (Whale 9-102.26.5 years.  wi th

i l4-cm fetus) .  Stained wi th Oi i -Red O and Sudan iV.
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railed and obviously atretic. It is very dif l icult to (1) be
-Lrre without histologica! exarnination that a large foll icle
: !. irrt atretic. and (2) measure large antral fbll icles (Fig.
:\) accurately. We cannot therefbre make a definite
.:rtement about the usual size of foll icles at ovulation.
r{owever. our observations that all foll icles weie below
. mm in diameter for the imrnature period of seven or
'rri- ire 

!c?rs (Kasuya and N,{arsh. 1984} and that toll icles
.:.gef than this were seasonaliY l imiteci in lactating
lmi]les suggest that a foli icle probably siays at or beiow
..t\ut 8 mrn in diameter before the pre -ovuiation growtlt
. : u r t .

Follicular atresia

Coupled with ihe nonnal fbllicular devek-rprnent cycle is
the concurrent normal phenomenon of foil icular atresia.
This is not necessarily simply a degeneratir,e process. The
metarnorphosis of the foil icle wall into a dit lerent kind of
probably functional t issuc cccurs uithout o."ulation as a
norrnai and essentiai €vsnt in lhc ol aiian c_vcle (Weir and
Rowiands, 1977). Atresia mril le;rd ;,c the development
cf secondary interstit ial t issuc (rr i: ich u'e did not study in
G. mae'rorhy"nclus) and access.rr-!' corpora lutea, both of
which are probabll '  hormonally active (Weir and

1$
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Table 2

Details of specimens of G. nacrorh,-ircill.r rvith accessorv
corpora lutea

A. Accessorv carpora luteo of pregnuntt

Accession
no.

Age
(years.,

Foetal \4ean diameter(s)
lengih :iccessory corpora lutea
(cm) (mm)

I  / - - 1 I

) {  l

t8-21
t 7  - 8
20-8

10.5
I  1 . 5
2 l  . 5
32.s
N,'A

: 3 . 3
t 9 5

<  0 . 5
5  7 . 5
6 1

i  1 . 0
7 .0
7 .4
7 . 1
5 .0

3 . 9

a
>3.9

B. Acce.ssory ccttporn luteu ;n pa.tt-rcprodur'l ive ot,aries

Accesston
n( l .

.Age
(vears)

Mean diameter(s) of
accessory corpora lutea (mml

26+2,--43
l l ' -15
I 3 , 3 1

a )  |  f

9-106
9-98

24- t2
t ]  - l

j 6 . 5

-17 .5
40.5
40 .5
4 t . )

4 t . 5
43.5
48.5
- ) ) . i

1.4
6 . 5

1 0 . 2
J . O

5 .4
6.4
4 .2
r . o

3 . i
4 .0

3 .9 3 .0

Rowlands, 1977). Atresia may lead to the development
many more become atretic.

Follicles may b€come atretic at any stage of their
development (Byskov, 1979). We did not study rhe atresii l
of small follicles in G. macrorhynclus, as rhis did not
appear to morJify the macroscopic structure of the ovary.
However, the atresia of medium and large foli icles ls
Consplcuous and presents a variety of ;rppearances
dependrng orr the stage of the foll icle ancl rhe hormc-nal
status of the whaie at the time it begins. These are
discussed below.

A t re,s ia w i t hout lut einiz a t ion

Corpora fibrosa: The atresia cf follicies in immature
females and of some medium-sized follicles in marure
specimens occurred without luteinization, i.e. without
accumulation of lipids in the granulosa or theca cells.
Smail corpora fibrosa (Fig. 5,A) were derived from the
basement membrane of atretlc medium-sized follicles.
These fibrous bodies appeared to be slowl,v resorbed and
were not evident in large nurnbers in the cortex of old
whales (e.g. Fig. 6ts).

Cystic follicles: Many of the large follicles we examined
histologically (especiaily rhr_rse from old iemales) had
become cystic (e.g. Fig. 5E). In some cases the walls were
obviousiy unusually thick even u,hen examinecl maero-
scopically, the granulosa and theca cells l-ral,ins been
replaced by fibrous tissue.

A tre s ia u' i t lr lut einiz at io n

Atresia of Graafian follicles of various sizes often
progressed via different stages of iuteinization. These will
be discussed separately below.

o,,,,,*0,,.", il;;ffi;:':ffi: of corpo*

Accessor_v corpora lulea: ln several whales we lbund onr-
or more follicles that had behaved as if ovulation haci
occurred but without the egg being released. thus fonning
an aocessory corpus luteum (accessory CL) on which nc
stigma was visible. I)etails of the animals in which
accessory CL were found are summarized in Table 2. Thc
ovaries of f ive animals (aged 10.5 to 32.5 years) contained
accessory corpora lutea of pregnancy which were 5.0 t..
I 1.0 mm in diameter (Fig. 1 1B). The ovaries of nine oli
females aged from -16.5 to 55.5 years also cr:ntainc-ti
yell,r'*' structures without stigmata which were 3.0 to
l0.2rnm in diameter and histologically identical to
corpora lutea, even though these ovaries showed no sign.
of having ovulated recently.

Corpora ztretica b: We observed irregulariy-shape.i
masses of yeilow-brown pigmenteci tissue ranging fronr
I io 12 mm in mean diameter (modai mean diameter
2 mm to 3 mm) (Fig. 12) in about 75\ of the matur.-
ovaries examined. None were seen in immature ovarie:
A total of 938 such bodies were resorded in 235 pairs ot'
mature ovaries. The surface trace associated with thes..
structures was slight or absent.

Histnlogical study indicated that these bodies rverc
formed from atretic foilicles of various sizes in which lioici
accumuiation had started in some of rhe granulosa cell.
and in the cells of the theca interna. As atrJsia continued.
the granulosa cell members became reducecl by iysis ancl
phagocytosis with concomitant ccllapse of the foil icle
During the atretic differentiation, few thecal cells becamc
necrotic" Rather they had hypertrophied and accumulated
lipid droplets (Fig. 5C), undergoing a rype of .t-attr '

degeneration. The resulting lipid pigment (wtrictr resem-
bled ceroid) was pale yeliow at f irst and readily soluble in
fat  so lvents but  gradual ly  ox id ized.  becoming darker  anJ
more insoluble. Best (1967) reported similar bodies in

.:_
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Fig. 14. Number of coryora atretica b present per pair of ovaries of
G. macrorh)'nchl.r at various stages of pregnancy.

sperm whale, Physeter macrocephahl.r. ovaries and calied
them 'corpora atretica b' . We have followed his
terminology.

Fig. 13 i i lustrates the relationship between corpora-
atretica count and age of the whale. Animals with one or
more corpora atretica 6 were less likely to be aged less
than 20 years (X2, P < 0.01) or more than 40 years (X2,
,P < 0.05) than between 20 and 40 years.

When the incidence of corpora atretica b was studied
within an age group of whales, their presencei absence was
found to be independent ofpregnancy status (1r, P > 0.5:
both for whales aged less than 20 years and between 20
and 36 years).

Corpora atretica b were present in prlor whales at all
stages of pregnancy (trig. 14), and the l ikellhood of an
animal having one or more was independent of the srage
of pregnancy (X', P > 0.05). There was no eviclence that
the maximum diameter of corpora atretica & changed
during the gestation period (Fig. l5). T'he ciistribution of
corpora atretica 6 within a pair of civaries was also
independent of their current activity as measured by the
presence ofa corpus luteum or young corpus albicans (12,
P > 0.05). There was no significant difference in the

' : i l  
.  . '  .  . l i  , !  . !

' r t " " '  
'

. ' . ' ; - :  i ; . i ! . , . :  . l i , ,  . ' . .  . . :
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Fig. 13. Scatterplot of corpora atretica b number against age for G. macrorhynchus.

0  : a  1 0  6 0  8 0  t 0 0  1 2 0  t 1 0
Fl iTAl.  LEN(-;Tl l  (C\ i)

Fig.  l  -s .  Scat terplot  showing the . jze cf  the iargest  corpus atret icum b
preseni  in the ovar ies al  ( i .  r tut r ; t rhtnr ' l r ; i i  l l  rar ious s lages of
pregnancv.

proportion of or aries lvith corpura atretica b between the
periods Decen-rber--Febluary and .trune-July (X'.
P > 0.05), suggesting that their occurrence was independ-
ent  of  the t ime of  ycar .

Within a pair of ovaries, the ovary with the larger
number of CAs was also i ikely to have more corpora
atretica b (X", P < 0.05).

The number of corpora atretrca b per ovary pair ranged
from 0 to 43 (.r4); rnost whaies had less than 10 (Fig. 13).
Animals with one or more such bodies had an average of
5.4 per ovary pair. Table 3 detarls the reproductive status
of the 23 whales with more than 10 corpora atretica D.
Nearly half of this group had a corpus luteum of
'ovulation' or large foll icles suggesting that when
large-scale atresia with luteinization occurred, it tended
to be around tire time of oestrus and in pilot whales oider
than about 17 years. The oldest whaie with 10 or more
corpora atretica 6 was aged 42.5 years, suggesting that
these bodies do not persist.
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Table 3

Details of the ovaries of 23 specimens of G. macrorh,-nchus (age 17.5
to 42.5 years) with more than l0 corpora atretica 6. (R - resting,
l, : lactating)

No. of  whales

Structures present in ovaries

Total  mature No. wi th
whales in > l0 corpora
category atretica ,

Table 4

Details of the ovarian status of 23 G. macrorhy-nchus females (agc
to 40.5 years) with at least one corpus atreticum a. (R : resr
/- : lactating)

No. of  whales

Structures present in ovaries

Total mature
whales in
category

N o .  u i t h
Corpu5

atreticun:

Corpus luteum of pregnancy (fetal
length 10.5 to 144 cm)

Co rpus  l u t eum o f  ' o vu la t i on '

Macroscopic fo l l ic les > 5 mm in
diameter

Macroscopic follicles I to 5 mm
in diameter

No macroscopic r i .c .  > I  mm in
diameter) follicles

1 7 5

5  R * +  I
3  R * +  I

I R

Corpus luteum of pregnancy
(foetal length < 5 mm to term)

Corpus luteum of  'owlat ion '

Macroscopic fo l l ic les {  > 5 mm in
diameter)

Young corpus albicans
Medium corpus albicans

5

5  R + 5  l '
4 R + l  L

l R +
1 R t + 1 1 '

t 7L
L

t 7

5 l +
s0t

5  R * + 2 1 .

*  One whale also rr i th one corpus atre l icum a.
t  Excluding animals wi th a corpus luteum.

Corpora atretica a: Other yellow bodies which were
histologically similar to corpora atretica b but better-
defined and usually larger structures were also observed
in the ovaries of G. macrorhwc'hus (Fig. -5B). These
irregularly-shaped bodies were placed superficially in the
ovary and often had an obvious stigna (Fig. 38)
suggesting that they had originated fiom ruptured
foll icles. Best ( i 967) described similar structures in
sperm whale ovaries. He calied them 'corpora atretica a'
and we have followed his tenninology (for a discr.rssion
of alternative tcrminologies" see Appendrx B of Perrin
and Donovan (198"1.} .

F ig.  5(D.  F)  i l lust r i i tes the star t  t i f  the proLress o i '
degeneration oi onr"r of i l tcsc boclies" t 'e ha.. 'e not
observed extensi'" ' i : f ibr,tus repl.!cement of t irc iutcal cclls
l ike that  seen 'n  f in  rvhale {L.aus.  196 11.  sperm uhale
(Best ,  i957)  or  minke whale lAppendi .x  B.  Perr in  and
Donovan. 1984) corpora atretica a. We lhe;'r ' tbrr, '
consider that it is l ikely that most degenerate pilot whale
corpora atretica d eventuallrv virtually disappear frt.rm the
ovary, leaving at ffrost a surface scar. 

'fhus 
they are

probabli/ less l ikely to be confused with CAs ihan
the corresponding structures which have been described
from the ovaries 0f laree whales.

Corpora arre i ica a { r : rnging f rom 3.2 mm to 13.3 mm
in mean , l iametcr ;  v  7.1 mm.. .s  2.6 rnm) were fbund in the
ol'aries cf 23 piloi - ' ,r 'hales. The reproductive status o{'the
whales rvherse c>vliries containcd thcse bodies is detailed
in Table 4. l ' i ' l irteen ot ihese anim.ils hacl ovulated
recenii) '( lwo wtr',: prcqnant i l ' i th a snurli fe.t 'Lls. l0 had a
'CLO'"  and one a ) 'oung CA).  Nlore th ln hal f  c f  ihe
anirnals  wi th a ' [ 'LO'a lso had a corpus at ret icnnr  r r .  F ive
anin la ls  wi t i r  largr  fe l l ic les in  thei r  ovar ies suggest ing
approaching oestrus:r lso had a corpus u i ret icL ln i  c .  Whale
9- I 16. which had given birth the dily before her de;rrh, had
seven old corpora atretica a (all with obr,' ious stigmata)
in her left ovar)', r.r 'hich also contuined the corpus luteum.

We did not i irclucle corpus atretica a in our cGrpora
counis. as \\,e {r{insiderr that they resr.rl led fronr tollrcle
iupttifej rl 'hicit i lere not followed by noi:mr,l lrrrr '!r!-
luieurn cieveiol.xnent.

* One corpus atreticum a degenerating.
f Excluding animals with a corpus luteum.

The corpus luteum

A corpus luteum (CL) (sensu Appendix B of Perrin a:r
Donovan, 1984) was observed in the ovaries of 9_5 pr
whales. A fetus was found in the uterus of 73 of the..-
animals, confirming that these were CLs of pregnur--
(CLPs). Another two whales with a CLP had recer::
aborted ; two more had recently given birth. All four * -:: .
from School 9, which was held for several days ber*e.'
capture and slaughter (Table l, Kasuva and Nir:.
1984). A cystic placentalmole (Jubb and Kennedr,. lq-
presumably derived from the remains of a verl :r:..
embf)'e (DrP. Ladds, Department ofTropical Veterrn., -

Science. Jarneg Cook University. pers. comm.), was f(,.. '
in the uterus of another whale with a CL (No. 25- I . l .
_1'ears ).

No fetus could be found in the uteri of the remain
17 whales. We shall refer to the CLs of all these irnrr::
as 'CLOs' even though some may have been i:
animals rvhich had recently aborted a fairly small r 'r '
or which coniained a verv smal1 embrvo missc-c
dissection.

The corpus luteum of 'ovulation'

Fourteen ' CLOs' (excluding collapsed, recently rupr r.-:
foll icles, e.g. Fig. 3,4) ranged from 12.5 mm to 45 mr::
mean diameter (,r 25.1 mm). r\s can be seen from Fig
all but four were below the size range of the CLPs
had a conspicuous stigrrra (Fig. 3B). In cross-sect:
most of the ochre-coloured 'CLOs' were loosc-struct u:,
the cc,-rd-q of giandular t issue being separated b1,. hol.
f issures tF ig.  3C).  t lowever,  sorne 'CLOs'  (e.g.  th"-  4_<- i :
d iameter  CL cf  Whale 25-32 ( l f l .5  years)  (F ig.  3F)  . , .
the 40-mrn diameter CIL of Whaie 21-9 (37 .5 years ) ) \\ -
compact structures similar mcrphologically and hisl.
gicaliy to all but the youngest CLPs. Thus we were un.1 ^
to separate all 'CLOs' from CLPs using criteria tr1- .
or rnorphology. Five of the 'CLOs' were ioun.r
lactating whales (age range 21.5 to l/., i  years) ancl I l
rest ing whales (age range I  1.5 to 39.5 -u ' 'ears) .

As discussed below, we havc no evidence of rc!
ovulation b1' any, specimen of G. ntacrorhvnchus pt
than 40 years o ie l .  The proport ion of  lactat ing and re\ i
females less than th is  age wi th a 'CLO'  is  s igni f icr i r
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Table 5

Seasonal incidence of corpora lutea of 'ovulation'CCLO'). (All animals over 39 years old excluded, but animals lrom School 9

whose ovaries were examined in the field only (see Kasuya and Marsh, 1984) included

Number of whales

321

Month

Lactating

School no(s) wirh 'c l -o ' Total w i t h ' C L O '

Resting ' l  with'CLO'
(Lactaling and

resting)Total

January
February
May/June
JunelJuly
October
December

7 .  l 1
t t  t 6  l l  , 1

24
9 ,  l 0

1 3 . 2 5 . 2 6 . 2 7
1 4 . 1 5 . 1 7 . 1 8

2
0
3

t2
5
0

5
l 3
7

t 7
t 2
l 6

0
0
2
3
I
0

8
1 0
5

24
l 0
1 9

15.4
0

41.7
36.6
27.3
0

higher in May/June (41.7%) June/July (36.67) and
October (21.3%) than in the other months for which data
are available (X', P < 0.001) (Table 5).

The corpus luteum of pregnancy

The 77 CLPs ranged in mean diameter from 30.4 mm to
,17.5mm (x 31 .6 mrn;  . r  3 .4 mm; mode 37.5mm).
Although there is no evidence for a consistent change in
the mean diameter of CLPs throughout the gestation
period (Fig. i 6), we tested whether CLPs tended to shrink
during early pregnancy by examining the relationship
between fetal length and the mean diameter of the CLP
for 17 whales. each of which had a fetus 20 cm or less in
length. However, no change was detected, as neither the
linear nor quadratic relationship between these two
\  ar iableswassigni f icant( r  :  -0 .39.P > 0.20;  Regression
\NOVA; neither Regression Mean Square (MS) or
Cr,irvature MS was significantly dif lerent (P > 0.10) from
the Residual  MS).

Besides being larger than most 'CLOs'. the appearance
Lri all but the youngest CLPs (Fig. 3E) was different in
ricrss-section. the luteal t issue being held more closely
l!)gether by the more extensively deveioped connective
rlssue network. However" the stigma was generally sti l l
i  er1, obvious although morphologically highl;- varialrle.

About 1 5 -1," of CLs had a ' 
ieliy-fi l leri 

" cent re.

- tnaa a'
J

a

exceptionally up to 30 mm in diameter (Fig. 3D) but
usually much smaller. This was formed from fibrin
resulting from blood entering the antrum as the follicle
ruptured. The 'jelly' was replaced by fibrous connective
tissue in older CLs.

Only three pregnant whales were simultaneously
lactating. Their ovarian condition is summarized in Table
6 .

Development of the corpus luteum

The following description of the histological appearance
of the developing CL was built up from the examination
of two recently-ruptured foll icles. eight 'CLOs' and 13
CLPs (fiom whales u'ith fetuses 3 to 146 mm long).

The two recently-ruptured foll icles we studied histolo-
gically were 8 mm and 15 mrn in maximum diameter.
Ovulation had been followed by haemorrhage frorn the
blood vessels of the theca interna. Luteinizing cells lining
the antrum were interspersed with erythrocytes and
fibrinous material (Fig. l lA). The theca interna and
membrane granulosa were clearly separated by a distinct
basement membrane and were both deeply folded. The
granulosa cells each had a rounded nucieus about 7 1rm
in ciiameter. surrounded b.v var.ving but small amounts of
eosinophi l ic  granul t r  cvtoplasm. uhich was i r regular ly

Tab l c  6

Detrr ls  o l 'orar ies r . f  threc speeimens o{  ( } .  mutrorhtrr ' f ias which were
simul tancousl i  pregnant i rnd lactat ing

Estimatedi Mean diameter CA
Fclal length of (mm)

Acccssion Age length pregnanc)-
no.  (years)  (cm) (days) Young N{edium Old

a t  
t a  a

I  a  o  a a  a
a  a  a .

o  o l
r o

r ' J
I
I

I
,, i i ^"...-.-'.'-".'.-....'.".'--

t: l .t)r , l  : ir 1r )  t r !  l r ,  i i l

F I r T , 1 t .  t , f \ ( ; 1 i l  1 r  l t )

:  i6 .  Scat terplct  of  t .h*  c l iameters of  corpot ' t t  l i t tc i t  l i '
( - l -O')  { inc luci ing two recent l f  i 'upLur i - -d tb l i ;c lcs)  ; rnJ

,r tc i r  o i  prcgnancrv through the gestat i t tn p: : t " i r :d.

98

a

n t '
' . 1
. "1.

a

t
a
0

I

. F  
t "  t -  t  

a  a  o "

a - t o ' o l
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" '  

t  a +  '
a a  

c

l6-8
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l ! . f
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q . l
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2il 100
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1 l
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positive for lipid. Cell boundaries were difficult to see. The
theca cells had round to oval nuclei about I 0 lrm long and
cytoplasm which did not stain for l ipid. Both layers-were
much more developed than in large, intact follicles.

Two morphoiogically-distinct types of luteal cells (Fig.
11C) were observed in all the fully-formed CLs we
examined histologically. We refer to these as primary and
secondary luteal cells sezser Mossman and Duke fl973).
Similar cells have been referred to as granulosa and theca
luteal celis by various authors (e.g. Harrison, 1949:
Harrison et a|.,1981). We have avoided this terminology,
as it is impossible to verify the origin of these cell types
without a more complete series.

The secondary luteal cells (Fig. l lC) formed a lattice
which radiated throughout the CL and was continuous
with an interrupted layer of cells around the periphery.
These cells followed the trabeculae into the substance of
the CL and were obvious where they surrounded capil-
laries. The secondary cells were fusiform. Each had a
distinct ovoid, basophil ic nucleus about 5 to 8 pm long
and a small amount of cytoplasm which did not stain
with fat stains, even though it tended to be vacuolated
in older CLs (e.g. old 'CLPs' from animals with fetuses
> l5 cm long). The primary luteal cells occurred in rows
within the network of secondary luteal cells and con-
nective-tissue fibres. Primary iuteal cells (Fig. I lC) were
rounded or polyhedral, ranging from about 25 to 50 pm
in diameter, and contained a pale-staining, rounded
nucleus about l0 p,m tn diameter with a prominent
nucleolus. Cells containing two nuclei were sometimes
seen in young CLs.

In young CLs, the cytoplasm of the primary iuteal cells
tended to be l ip id-r ich and granular  (F ig.  l lE) .  In
animals with small embryos (3 to 10 cm long), an
increasing proportion of the l ipid component of the
cytoplasm of the primary luteal cells tended to be
concentrated in  large droplets up to l5  7rm in d iameter .
In oider CLPs (from anirnals witit fetuses l5 to 146 cm
long) the cytoplasm stained palely or not at all with
Oil-Red 0 and had a fairly uniform appearance (Fig.
I lF). These results suggest rhat rhe l ipid metabolism of
the primary luteal cells of a CLP alters when the fetus is
between l0 and I5 mm long. In our material. this was tire
most obvious change in the primary luteal cells to occur
during pregnancy. Other changes may have occurred but
if so, they were masked by inadequate fixation.

The connective-tissue strands separating areas ofluteal
tissue (Fig. 3C) are highly developed in all but the
youngest CLPs. This correlates with the more compact
appearance of older CLPs. All CLs had a very well-
developed blood supply with an extensive network of
capil laries (Fig. I lD).

The corpus albicans

In this paper. we refer to regressing and regressed CI-s as
corpora albicantia (CAs) irrespective of their colour. We
have recorded and measured 1.737 CAs from G.
nracrorhynchas ovaries, up to l8 per pair, the modal
number being six (Fig. l7). Each CA was classified as
young. medium or old according to the criteria outl ined
in Table l. As regression is essentialiy a continuous
process. these categories are somewhat arbitrary, but we
consider them a useful guide to the state of regression.

\O. Ol'CLs & C.{s

Fig. 17. Frequency histogram showing the distribution of corpora
counts (number of corpora lutea (CLs) plus corpora albicantia (CAs)
for G. macrorhvnchus-

Fig. 18. Me<lian siices through various corpora albicanlia to show the
pattern of regression. A. Initial stage in the regression of a corpus
luteum of 'ovularion', 

some lobes (arrowed) were still aclive (Whale
I 3-23, 32.5 ;vears). B. Young corpus albicans ofpregnancy lrom 9_ I 00
(aged 10.5 yezrrs and lactating). C. Slightl.v older corpus albicans from
9-95 (aged 30.5 years and lacrating). D. Old corpus albicans
(arrowed) also from Whale 9-9.5.

Eighty CAs were classified as young (Figs. l8A. B, C;
i9A). Their size distribution is shown in Fig. 20, the range
of mean diameters being from 8.5 to 2g.5 mm (x

lf 2 mm; s 3.27 mm). These young CAs can easily be
distinguished from CLs on the basis of colour (young bAs

- :to
1
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Fig l9 '  Histo logyof  regressingcorpo'aalb icant ia inovar ies.of  6.  mar:rorhi 'nchu.s.A.  H^isto logyof  regressinglobeolyoungcorpusalbicansof  whalel3-23 shown in Fig l8A The primarv luleal cells have been replacediy cellular fibrous lissue but some presumed seconrlary luteal celrs withdark nuciei are stili visible (Gomori's trichrome). B. Macr-o,phagei ntt.a *iti, lipid in the brown central ur"o oi, medrum corpus albicans (10.5 mmin diameter) in the ovary of whale l1-21 (14'5 years). iHaem-'atoxylin anJ 
"irl"l. 

c. Hyarine 
"onr-r".tiu. 

ri*ue forms the bulk of this mecliumcorpus aib icans ( I I  9 mm in t l iameter)  in the lef iovary ofpregnani  wrrale r i -+ai i0.5 years) .  Erythrocytes are st i l l  preseni  in the blood vessels.D' Part of one of the l2 ol<1 corpora albicantia of lactatingwh itr.zalzl'18.5 years)" Thiscorpus albicans. which was 7.5 mm in diameter. consrstedmainly of thick-rvalled blood vessels {van Gies.' and ce-iestin-blue i,uematuili. 
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Table 7

Details of whales on which the histological comparison of young corpora albicantia derived from corpora lutea
ofpregnancy and presumed ovulat ion was based. (p:  pregnant;  L:  lactar ing;  F.L.  :  feta l  length)

Number oi corpora

Accession
no.

Age
(years)

Reproductive
status

old
CAsCL

Young Medium
CAs CAs

9-100
9-99

9-92
9 - l l 5

1 0 . 5
l l . 5

I
2

1 0 . 5
22.5

Corpora oJ pregnancl'
L

L

Probahle corpora of' ovulation'
P (F.L.  137 cm) I
P  ( F . L .  1 . 2  c m )

-d

are pale orange or white; CLs are ochre) and texture (CAs
are much more fibrous), as well as size. Two hundred and
thirty-one medium CAs (Figs. 3D; l98, C) were
measured. They ranged from 5.5 mm to 16.5 mm in mean
diameter (t l0.4mm; .r l.99mm) (Fig. 20) and were
significantly smaller than the young CAs (t test;
P < 0.0005). The 1,426 CAs classified as old (Figs. 3E,
l8D; l9D) ranged from 2.5 mm to 12 mm in mean
diameter (x 6.4mm; r 1.5mm) (Fig. 20). The mean
diameter of the old CAs was significantty less than that
of medium CAs (l test; p < 0.0005).

The pattern qf regression

The CLs of the two whales from School 9 that had
recently given birth (one of them only the day before its
death) were macroscopically and histologically indis-
tinguishable from the CLPs of late pregnancy. The
youngest CA in our series was a regressing .CLO'

23.5 mm in d iameter  (F igs l8A;  l9A).  in  some lobes of
which a large proportion of primarv luteal cell rvere sti l i
recognizable. although ferv had i 'rsible nuclei and these
were all p.vknotic. Fibrous replacement of the primary,
luteal cells was obviousll 'progressing rapidiy and many
fibroblasts were visibie. In the remaining lobes. most of
the primary luteal cells had been replaced by cellular
fibrous tissue (Fig. 19,A.) within which occasional primary
luteal cells and groups of presumed secondary luteal cells
were still visiole. This young CA was a very vascular
structure with an extensive network of capillaries and
larger vessels. The trabecular arrangement of the fonner
CL was sti l l  obvious. The other young CAs (e.g. Fig. l88,
C) were all slightly older and less vascular. and the density
of cells was much lower.

We compared the macroscopic structure and histology
of several young CAs. Two were delinitely derived frorn
CLPs, the other trvo were probably derived from 'CLOs'

(see Table 7). We could not separate the two groups.
The connective tissue of the CAs classified as medium

was shrunken and hyalinized, rnaking the blood l.essels
appear much more prominent (Fig. l9C). Some blood
vessels were occluded;most contained erythrocytes. The
trabeculae were less obvious.

In old CAs (Fig. l9D), the shrinkage and hyalinization
ofthe connective tissue had progresseci even further. The
trabeculae were no ionger obvious, and thick-walled
blood vessels made up the greater part of ther s11uqlurs.
Houever. many of the blood vessels were patent.

The histological structure of all l2 CAs of Whale26-12.
which was 48.5 years old, corresponded to the abore
description of old CAs. As discussed below, our darr
suggest that (1) CAs persist and (2) this whale had
probably not ovulated for at least nine years. As this
animal was lactating, we presume she had been pregnanr
at least once and conclude that the bodies we-ha\e
classified as old CAs represent the end-point in thc-
degeneration of all CLs.

Some CAs in all three categories had a brown central
area full of lipid-laden cells (presumably macrophages r
(Fig. 198). The lipid inclusions were histochemicilty ina
morphologically similar to those in corpora atretica, antj
we suggest that they may have derived from secondarr
luteal cells, which are probably of thecal origin 1:c-c
Harrison et al., 1981) and which have undergone .fatt\. '
degeneration

The rate oJ- regre,ssion

We have studied the rate of regression of CAs br
considering the ovaries of sexually mature whales lcr.
than l3 years old (Table 8). As pointed out by Kasur.,
and Marsh (1984) our sample suggests that short-f innett
pilot whales begin to ovulate at a minimum of about l :
years (see No. 7-17, Table 8). The youngest animals u ith
old CAs were Nos. l4-15 and l5-25, both aged 9.5 year:
We therefore conclude that it is possible for a CL r,
degenerate in to an o ld CA wi ih in i *o years.

However, it is likely that the degeneration rate i:
dependent on hormonal status. Fig. 2l shows thc
diameters of the iargest young CA observed in variou.
femaies at different stages of pregnancy. Assuming tha:
ovulation does not occur during pregnancy (which i.
estimated to last l4.9months (Kasuya and Marsh, 19g.1r,
it is obvious that the degeneration of a young CA mu::
be greatly reduced or halted during this time, a conclusion
supported by histological study of the young CAs presen:
in the ovaries of Whales 9-l l5 (pregnant with a i.2-cnr
fetus) and 9-92 (pregnant with a near-term fetus) (Tabl..

It is also l ikely that the rate of regression is slower ir:
old animals. although we have no data bearing direcrlr
on this. As discussed below, the oldest pregnant whal...
we have examined had an expected age of parturition tri
35.5 years, and we have no evidence of ovulatior:
occurring in whales older than 40 years. yet medium CA.
were recorded in animals as old as 55.5 years (Table 9 ano

-
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Table 8

Details of the ovaries and reproductive status of G. rnatrorhl'nchu,s lemaies 12.5 years and younger

325

Accesslon

no.

Reproductive
status

Est imated t ime2
since iast

Fetal lenglh or-ulation
(cm; (days.1

Mean diameter CA (mm)

Young Medium

8.5 years (3 immature; 4 malure)

9.5 yeurr (5 immarure; 5 immature)
l 4 - 1 5
1 A  1 <

l 0 -  l 4
1 5-25
26 -21

10.5 t'ears (2 immature; 9 mature)

9-122

26-9
1 7  - 2
7 -17

9- t l4
I 0-8
17 -31
l 5 - t 5

l5 -47
I  l - 1 6
9-92
9-100

I 4-3

I I .5 years ( I immature ;

1 a  (

1 8-47
9-99

20-2
I  3 -35
I l - 5

12.5 1'ears (.6 nature)
26-8

t5-44
I  t -+

26+2'7-42

l3-29
1 6 - 1 0

P
P
P

P
P
L
R
K

, \0,

I  6()r
l l T r
-106r

3 3 6
.{30i

> 4,52r

3

40.5
66.5
90

100
132

1 5 . 1 tt.2
8.8

12.2
1 5 . 4

10 .4

i l . 1
10 .21 3 . 3

17.8

1 5P
P
P
P

P
P
P
L
R

7 mature)
P

D

p

L
R o r L
R (ovd)
R

P iL

P
P
L

L
R

41 .63
.191 3

1 0 9
234

2 i '11
1 3 6 '
445

>  45 l r

l2rJ

132
I  88 r

> 4521

several

98

)62
) l  1 !

-  t < f

> .151

I
2 .8

23.3
65.5 I 1 . 5

7 .2
7 .0
5 .0

78
r00
137

29.5

3 1
50

12.7
20.3

I  8 . 5
t 6 . 7

1 6 . 9

I  1 . 8
1 0 . 8

1 4 . 0
8 .0

1 0 . 5

9 .2
I  1 . 6

i  1 . 3

1- l  - i
r . 6
9 . 1

'7.5

3 .7

9.6

4 . 5

7 .9

5 . 8

6 . : '

E , 3
7 .9
o . z

5.0

75
78

Pregnant at first owlation.
Calculated f rom formula der ived l iom Larvs {1959)

' Prol-.abiy over-estirnated.
P - .  pregnant l  L -  iactat ingl  R

Lengrh of  presnancy ( in  days)  - (+szro. l r  
" - ! fa)+(4s2'0.09.)\  |  J v . ) /

, '  rest i r lg:  R (o lL l ) :  rest ing wi th large lb l i ic lcs:  P,rL:  pregnant and lactat ing;  F.L.  -  f 'e ta i  length

Fig. 8). The rate of resorption of CAs is aiso known to
'oe re<iuced in post-menopausal human ovafies (Peters
i ind N{cNatry.  1980).

t)t,idence /br tlte persistence {,f co{pora ulLticantia

If old CAr, disappeared frorn the ov3rr. \.\e \\ oulrJ expect
their size clistribution to be negatively skewed and thc
rnodal value to decrease with age. Figs 20 and 22 indicate

ti iat neither of these expectations rvas fulf i l led in G.
macrorhyilcl l ar. The mean diametcr of the smallest C.A in
each ovary pair also showed no cvidence ofchanging after
about age 20 years (Fig. 23i As discusseci below, we have
no evidence fbr ovulartions Lrccur!' ing in anirnals over 40
years old. Thus for examFic" No. 14-7 (aged 52.5 years)
probably had not ovulated for more than 20 years yet
had ten old CAs clearlv visrble in her ovaries. On the
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Fig.  21.  Diameter of the larqest  young corpus alb icans preseni  per nair
o1'ovar ies ol  G. nturrarhlc*as at  var icus stages ofprcgnancl .

basis of all this el ' idener'. we concluded that CAs persist
in  th is  specier .

. fhe frequencl'r i istribution of corpus counts (Fig. 17)
is somewhat ai odds r'" ' i th this conclusion. For if thJCAs
do not disappear. and if the oopuiation of whales is stable
and our sample unbiased u'ith respect to age, we would
expect the niodal number of corpora to be one (rather
than six as in [; is. 17 l and the frequency to fall offwith
increasing numbers of ccrrpora (which it does but only
after the mode). 

'fhere 
are several explanations for thb

frequency distribution in Fig. 17. Firstly. our sample of

whales is biased with respect to age. Females under l5
years old are under-represented in our sample from the
largest school (School 9) and the reproductlve status r:f
the sample is not representative of the population (see
Kasuya and Marsh, 1984). Further, the range of ages at
which sexuai rnaturity is reached {7 to 12 years), the
reduction of ovuiation rate with increasing age (Fig. 25),
the wide individual variation both in ovulation rate
(Table 8 and Fig. 25) and in the age at which ovulation
deciines and ceases (see Fig. 8) wiil also affeci the
lrequency distribution oiccrpus counts. In view ofthese
confounding inlluences, we conciude that we woul<i be
unjustified in rejecting the conclusion that CAs persist on
the basis  of  F ig.  17 a lone.

BilaJeral ovarian activity

Even though ovulation appeared to take place ftom any
point on the surface of either ovarv. more ovulations
occurred frorn the ieft ovary in anirnals of all ages (Fig.
24). The first ovulation occurred frorn the left ovary in
eight whales and from the right in four whales. (The
difference is not significant. X2, ̂ p > 0.25). Of 1,521 CLs

Table 9

Results ol histological examination of ovarian cortex to obtain an index of follicle abundance

Accesslon
no . (years)

Follicle
Reproductive abundance

Statusi ranklng2

Age of' Macroscopic
youngest follicles

CL or CAn present

No. of corpora
artretica and

accessorv CLs
founci on
macroscopic
examination

i 0  i i  l r r l
F E T \ t ,  L L I ( ; t t I  ( ( . U l

3
.l

_1
I
3

lm :  immature;  p:  pregnanl :  L :  lactat ingi  R:  rest ing.
1 < 2 fo l l ic les per l0 f ie lds each 2.? mm';  2.  < l0 io l l ic ies per i0 l ie lds:  -3. .  l0 > 50 l i r l l ic les per l0 f ie lds;  l ;  > sa{ i r lJ ic les oer l0 f ie lds.
l lLP --  cor^rrus luteum of  pregnancy;  .CLO':  

cor .Dus luteum of  .ovulat ion. ;  
CI  :  corpuq luteurn;CA: corpus. r l h i ca  r r  s .

( ii,.ssified as rne<iium on nacroscopic examinationimean dlameter 9.5 ntm.

|  / - t - 1

i  7 -9
1 ; - 3 1

11-I  t '
17 ,35

l 7 - i 8
23- r8
I  t - )  |

7-8
i7-13
23-3
t7 -29
1, " -20
I 6-9

9- 85
l i  -21

24 t2
24-19
24-1
Lr-5

17 -41
t5-4
l 7 ,  t

4 .5
/ <

I  u . 5
i ,4.5
I5 . -5
l , \ .5
t 7 . 5
22.5
22.5

26.5
27.5
27.5
29.5
35.-5
38.  s
40.5
4 1 . 5
4 -J. -)

M.5
44. )
_ t <  <

A A  <

47 .5
47.5
47 .5
5  5 .5
s5 .5
62.5

I
9
I

3
5
4
I
4
t 2
4
1
8

t 7
9
8

9
I
1

l m
Irrr
P
R
R
L
L
R
I

L
L
L
I

R
R
L

R
D

K

R
R
R
D

R
R
R
[.
R
p

R

CLF
y'oung CA
young CA
medium CA
young CA
. C L O '

rnedium CA
young CA
mediun CA
medir.rm CA
young CA
young C,A"
old CA
young CA
oid CA
medium CA
medium CA
old CA
old CIA
o ld  C4
old CA
old CA
oid CA
old CA
o1d CA
rnedium CA{
old CA
old CA
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.iries of G- matrorh.vnchus al various ages. Tlie dotteC iine traces
- change in the nrode.

o 1() 20 30 40 50 60

ACE (YR)

Fig. 23. Scatterplot showing the size of the smallest corpus albicans (CA)
rn the ovaries of G. macrorhynchus aI various ages.

;.: | 32 iil 18 56 rr{
AC[,  (YR' i

Fig. 24. Numbers of corpora lu1ea (CLs) and corpora albicantia (CAs)
in the left and right ovaries of G. macrarhynchu.r at various ages.

and CAs scored, 6l -"/" were found in the left ovar]', the
proportion being significantly higher {71";) in animals
less than 20 years old than in older u'hales (59",,) (.X,,
P< 0.001). However, there was no Cifi 'erence in the
bilateral distribution of corpora tretrvcen animals aged
between 20 years and 40 years ?.nd tho-qe okler than 40
years (Xr, P > 0.05), providing f urther cvidence that CAs
are not lost f iom the ovarv.

n : f  '

1f..$$$Iqiti''.i. .

l 0

LEFT OVAR'I'

RIGHT OV,{RY
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Ovulation rate

Even assuming that CAs persist as a record of t 'rvulations.
estimating the rate of accumulation is di{f icult bec;ruse of
( l ) variation in the age at attainnlent of sexual maturit l,;
(2) change in ovulation rate during an incJividuai's
reproductive l ife span and (3) individual variation in thc
accumulation rate. A11 of these factors contribute to the
scatl.er in the plot oi number of corpora (CLs plus CAs)
against estimateci age (Fig. 25).

As discussed by Kasuya and Marsh i 1984) and
il lustrated in Table 8. l 'emerles of G. ruatrorhynchus
ovulate fbr the first t ime betw,een the ages of r ind l l
years. The ovularion rate obviousl.v changes rvith age
(Fig. 25) and, as discussed belorv. we l-lave no evidence
ol'recent ovulaticns occurring in any whaie ol,er 40 vears
oicl. Ttrre number of corpora in 45 wh;rles 4it vears old and
olrle r wa"s rndependent of age (r : { i" 12^ p > 0.21. The
si:read of values for the nunttrer of corpora counted in
rhe .r,ri-r,ries is considerable irrespective of ihe aee of the
whaie {  i : rg .  25 t  T 'abie 10i .  The rnagni tude of  the srandard
devii itruil r:f ci lrpus counts fbr a given age is highl5;
vn;' iablt-- (plobatriy t lue to rhe smitl l  sample sizrs) l"iut
shorvs nr-, s'\isiematic increase afler aboui age I ? _vs;l.1g.' I .he 

tndiv idual  var iat ion in  the accumul : r t io i r  rate rs
il lustratr;, i by Table 8. rvhich summarizcs the detaiis of'-t i

MARSH & KASUYA: CHANGES IN THE OVARIES OF THE SHORT.FINNED PILOT WHALE

a a a ,  @ r ) a  a

4 : .  c  oo  t :

0 I0 :0 30 -10 l;0 r)0

AGE (YR)

Fig. 25. Relationship between corpus count (number of corpora lutea (CLs) plus corpora albicantia (CAs)) and
age in G. macrorhrnchus. The fitted reEression line is

. r ' -  1 3 . 1 9  1 q . 6 5  { 0 . 4 5 ) r

where f, is the number of corpora at age .r.
Q one whale;  O two whales;  @ whales

The arrows indicate the whales less than,{0 years old which have been classified as post-reproductive. (All whales
more than 40 years old were also c lassi f ied as post-reproduct ive) .  Inset :  change in ovulat ion rate wi th ase
calculated using the formula

,11 
,- t.ont (0.9,s)/ up ro age 40 years

Where16  r1 r i s t henumbero { ' o ' ; u l 31 i31qpc i - \ ' L ' a ra l a€ rc . y .Thencano f  t heco rpo racoun ta1  eachage i sg i yen i i r
t rabie 10.

] 'able l { )

Mean (.t) of corpus ccunts (corpora lutea and corpora albicanr;
G. macrorh.tnt:hu.r lemales of various ages

Corpus
count

Corpus
count

L  ( r r t

C " L , :
A ur '

(years )  i l "

Agr
(years) (years)

8. - {  7  1 . { t
9 .5  1u  0 .9

I t ) . -s  I  1  l . s
I  l , l i  E  i . 9
12.-5 6 2"r l
I 3 . , 5  5  3 . 8
14. ,5  l0  3 .5
l s  {  (  /  1

t 6 . 5  6  1 . 2
17"5  5  , ) .8
18. :q  8  6 .9
r 9 . 5  E  , 5 5
20.-5 2 i .5
2 1 . - 5  8  6 . 3'2?,.5 

6 8.5
23.5  ,1  i .3

3  q .0
5  7 .4

i l  9.0
9  r 0 .  I
,1 lt. ti
4  l t . l
5  8 .0
3  9 .0
i  9 .1

)4 .5
:5 .5
26.5
27.s
2ti .5
29.s
3{-}.5
3 1 . 5
3:
--l,?

'1+

Lq

-16.5
"t 7.5
3c?. - ' i

1 9 s

40.5
4 l  . 5

.11. -i
44.5
45. -5
46 .5
47  "5
'18.5

r2 .0  49 .5
9 .4  50 .5
9 . 4  5 t . , q

I  I  .4  5 : .5
I1 .0  -s .5 .5
l : . 8  , <7 .5
12.1 5: . -5
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I  I  
\o.  ot  ( r r ,s  \ \ r )  )ot  \ ( ;  ( rAs

Fig. 26. Frequency histogram of the number of recent ovulations

(corpora lutea (CLs) plus young corpora albicantia (CAs)) in t-emale

G. macrorhl'nchus with at least one corpus luteum. CLP: corPus

luteum of  pregnancyl 'CLO'- 'corpus luteum of  ovulat ion ' .

newly-mature whales aged between 8.5 and 12.5 years
inclusive. Although 14 of these animals had only I corpus.
one of the youngest (No. 9-122, 8.5 years) had four;
another  (No.  15-15,  10.5 years)  had s ix .  F ig.26 provides
further evidence of individual variation in the ovulation
rate" Counts of the number of CLs and young CAs in the
95 animals with an active CL showed that although about
rrvo-thirds of these animals had no young CA, the
remainder had one to five, suggesting that they had
ovulated several times shortly before becoming pregnant.
tThe whale with one CL and 5 young CAs was No. l7-44
eged 16.5 years) .

When Perrin et al. (1976) calculated ovulation rates for
rhe spotted dolphin, Stenella atteru{tta, they corrected for
rndividual differences in age at first ovulation and
':alcuiated ovulation rates in terms of reproductive age
iaiher than absolute age. We decided not to do this
bccause the sample size was rather small (l-able 8) ta
r : rake a meaningfu l  correct ion.

The relationship between age and number of corpora
.-.bviously cannot be satisfactorily described by a single
. t ra ight  l ine (F ig.  25) .  Mizroch ( i981)  at tempted tcr
()vercome this problem for a corresponding (but much
larger) data set for f in whales by fitt ing a series o1'straighi
i ines, each for an arbitrari ly-selected, non-overlapping
.rge range. We attempted this init ially but ult imateiy
rcjected the approach because (1) the data are so variable
:hat the results obtained were greatly affected by the wa-v
rn which the age range lvas subdivide<l and (2) the corpus
;i-runts at a given age (especially for low ages) do not meet
lhe assumptions of ieasi-squares curve-fitt ing (see Zar,
1974), which makes the validit-v of comparing the slopes
.rf a series of different i ines rather dubious.

Wiri le acknowledging that the data do not meet all the
.rssumptions, we decided to fit a single eurve to the
.orpus count/age data of 243 ferrrales (including im-
nrature individuals) seven years old or older. (This
.,rmple was not corrected for bias; see Kuslt5'a and
\1arsh,  1984i .  A s ingle-phase.  exponent ia l  curve ot ' the

in corpus count with age. The residuals showed no
systematic bias. The estimates of all the parameters were
significantly different from zero at the 0.001 level. This
curve suggests that the ovulation rate falls continuously
throughout life from about 0.7 ovulations per year for
seven-year-olds to about 0.14 per year for 39-year-olds
(inset, Fig. 25). Obviously this curve is not completely
satisfactory, as it does not model the complete cessation
of ovulation after age forty, but the value it gives for the
annual ovulation rate for animals older than 40 years is
ve ry  l ow  (<  0 .13 ) .

An alternative approach is to fit an exponential curve
to the corpora counts of animals between 7 and 40 years
old. This curve is, however, less satisfactory, as it gives
a higher ovulation rate at age 40 years (i.e. 0.22
ovulations per year).

Changes in ovarian condition with age

As discussed by Kasuya and Marsh (1984) the percentage
of pregnant females decreases with age. The oldest
pregnant female in our sample was 34.5 years old, with
a predicted age at parturit ion of 35.5 years. This was also
the age of the oldest female which had recently given birth
(the day before her death). Even though 12 whales older
than 35 years (the ovaries of 10 of which were studied in
detail) were still lactating, consideration of the ages of
their probable calves suggests that these animals might
also have given birth to their last calf when, at most, 37
years old (see Table 19. Kasuya and Marsh, 1984).

The ovaries of seven fernales aged between 36.5 and
39.5 years. inciusive, showed evidence ofrecent ovulation
(including one with bilateral ovarian papil loma (K.
Benirschke, pers. commn.)). Four of these whales had one
'CLO'. two had one young CA, and one had two young
CAs. However, we could find no evidence of recent
ovulation in the ovaries of any of the 49 females 40 years
old or older (Fig. 8). We therefore investigated the
possibil i ty that the inferti l i ty of these old fernales might
be due to age-related changes in their ovaries.

Fig. 8 summarizes the reproductive status and ovarian
conii it ion of 245 mature t 'en-iales..4lthcugh the ovaries of
no female cvcr  40 1 'ears o ld conta ined both medium CAs
anr. i  rnacroscopic fo l l ic les.  l l  haci  medium CAs and no
fi i i l icles that u'ere noi obviousll '  atretic on ntacroscopic
eramiiiation. As discussed above. although we have
evidence that a CL can degenerate into an old CA within
two years. we suspect that this rate of regression is
greatl-v reduced in old animais and do not consider that
the presence of mediurn CAs in the ovaries of animais
older than 40 years is proof that they have ovulatecl i'r'ithtn
the preceeding two .vears.

Six whales over 40 years olC had at least onu
macroscopic foll icie in their ovaries, cven thouglr ; l l i  th': i l-
CAs were classified as oid. It is l ikeiy thal- mrrsl. i l 'not ali.
of these fbll icles were atretic or destined to become so.
The large lbll icles from older i 'emaies ihel we inlestigated
histo logical ly  were a l l  a t ret ic  {e.g.  No.  25-31 aged 34.5
years had three large foil icles l l i  rnnr. 10.3 mm ancl
7.9 mm in mean diameter; all were c,vstic (Fig. 5E)).

Thirty-one of the 49 f 'emales crver 40 ;vears old {63i;)
had only old CAs anC no macroscopic foli icles in thcir
ovar ies (F ig.  8) .  S ix  c ' ' l '  the l8  anin la ls  (33.3 ' i )  aged
between 36 and 40 year.s aiso bad ovaries in this
condition. as did five of thc 40 animals (12.51'1,) agecl

ofin X'  :  13 .39  -  19 .65  (0 .q5) '

r here I : r lumber of corpora at a8ie .r had an r2 of 0.66,
c. the curve explained about two-thirds of the variation
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between 28 and 36 years. All animals younger Lhan 29
years had a CL or medium or younger CA in their
ovaries.

Semi-quantitative histological study of samples from
the ovarian cortex of30 whales spanning an age range of
4.5 to 62.5 years (Table 9). indicared that the number of
follicles was significantly reduced in older females. All l2
females studied which were 41 years old or older had a
follicle abundance rating of one (i.e. < 2 follicles per
10x2.7 mm2 fields) as did two younger animals (Nos.
23-3 aged 29.5 years and 11-20 aged 38.5 years), both of
which had only old CAs and no macroscopic follicles in
their ovaries (No. 23-3 was the youngest animal with this
ovarian status).

We tentatively suggest that all females older than 40
years and all with only old CAs and no macroscopic
foll icles in their ovaries are post-reproductive. According
to these criteria, about one quarter of the 245 mature
females whose ovaries were studied and for whom aee
estimates were available were post-reproductive.

Apart from the very low number or absence of foliicles,
the ovaries of old females showed evidence of other
histological changes (Fig. 6B). The cortex was reduced in
thickness and very fibrous and the tunica albuginea was
very thick. The walls of blood vessels were thickened and
sclerosed. Parts of the ovarian surface were calcified
in four  animals (9-127 aged 38.5 years;  I  l -19,44.5 years;
26-12, 48.5 years; 24-7, 62.5 years). The germinal
epithelium of the ovaries of two whales (9-123,38.5 years;
12-3, 48.5 years) had extensively ingrown towards the
medulla. No. 23-16 (34.5 years) had a penduious cyst on
one ovary, and No. l3-6 (34.5 years) had a granulosa cell
tumour in one ovary. Some of this pathology has been
detailed by Benirschke and Marsh (1984).

Decline in the Jertilitt o.f'otulating v'\ru!es v'ith
increct.sing uge

Table 1 l  compares the inc ider ice of"CLOs'  (exc ludinq
'recent ruptures') and fl l-Ps in u.hales 20 y'ears old anJ
younger with that in older whales. The proportion of the
well-established corpora lutea which were ciassified as
CLPs was significantiy lower in the olcler rvhales (X2,
P < 0.005). indicating that ovulation is less l ikeiy to tre
followed by pregnancy in older females.

T'able I I

Inc idence ofcorpora lut€a of 'ovulat ion '  and pregnancy in both females
lwenty years o ld and younger and in o lder females.  ( 'CI-Os'c lassi f ied
as' recenl  rupture 'and animals which had recent l !  ahorted were not
included)

pilot whales for which independent absolute agc
estimates were available does permit sorne distinction
along these iines as discussed below.

Changes in the ovary associated with reproductive status
F ollicular development and atresia

Foilicular development in G. macrorhy-nchas follows thc
usual mammalian pattern outl ined in this volume
(Appendix B of Perrin and Donovan. 1984).

The various products of foll icular atresia, a Darticularl\
conspicuous feature of the ovaries studied, were als.,
substantially similar to structures described in orhc-:
mammals, including cetaceans (Figs I and 2, Appendrr
B of Perrin and Donovan, 1984). Best (1967) describec
and figured structures in sperm-whale ovariei similar r,
corpora fibrosa (Fig. 5A). Corpora atretica b (atretr.
luteinized follicles) (Fig. 5C) have been recorded fror::
mature iemales of severai cetacean species. Differer::
terms have been used by different workers to descrrh,
different stages in the development and regression of the...
bodies (for references see Appendix B of perrin anc
Donovan, 1984). In this study we have shown (l) tha.
corpora atretica b are formed when the thecal cells of a:
unruptured antral follicle luteinize and subsequentl) g
through a process of 'fatty'degeneration 

(Fig.-5C) uhi..
accumulat ing a 'cero id- type'  p igment  and (2)  th . , :
corpora atretica 6 do not persist (Fig. 13). These resul:.
should overcome previous confusion about the etiolor..
and persistence of these bodies.

Age (years)

< 2 0 > 2 0

No.  o i r vha les  w i t h  a 'CLO '
No. of 'whales wi th a CLP

DISCUSSION

The ovarian changes associated with varying reprocluctive
status are not completely separable from those due tc
advanclng age, as reproductive status is partially,
age-dependent. However, this macroscopic and histolo-
gical study of the ovaries of a large sampli of short-f inned

Corpora atretica b appear to be much more commo:
in G. mscrorhyncltus than in the other odontocetes I,
which figures are available. We recorded 93g ccrot.:
atretica b in 235pairs ofmature ovaries (about 4 per prr :
compared with means of 0.28 per pair (perrin et al., 19-.
and 0.27 per pair (Kasuya et al., 1974) in Sleir,,
attenuata. We found one or more corpora atretica A :.
about 75 9/o of mature ovary' pairs; in contrast, Best ( I 9n 

-

recorded them in about 50_o/o of sperm whale ovar:...
Corpora atretica b were found in G. macrorhynchu, .,
ail stages olpregnancy (Fig. la). This is not surpri:r:._
In our sample, although the presence of large (> 5 r:::
in diameter) tbll icles was limited to pilot whales u::.
fe tuses less than 50cm long,  there were whales r i : : .
medium-sized foll icles(l < 5 mm in diameter)atall stai:
in the gestation period (Fig. l0). As Miller and Campt-_
(1978) point out (for cattle, Bos taurus), although .: .
normal oestrus cycle does not occur during o..si,,n,
lbll icles can sti l l  undergo (l imitedl devel"opme"nt , i,..
atresia.

At least one corpus atreticum a (Fig. 58) was recor.r:
in about 10i," of mature ovaries (Table 4), a propon:, .
s imi lar  to  that  in  the sperm whale (Best ,  1967).  in  b, . : -
species, the recently ovulated females have the hichr.
incidence of these bodies. The general morpht.rlogr t,:
corpus atreticum a in G. nrucrorhynchas (Figs. 58. D. I
is very similar to the corresponding structrlres in oli-..-
species as discussed in Appendix B of Ferrin a:r
Donovan (1984). However, pilot-whale corpora atrer:.
a are. not unexpectedly, smaller than their counterDr: .
in large whales, and we consider that they mav r..
produce a persistent scar of connective tissue such .,.
the corresponding structures do in the larger spei'.
( ioc"  c i t . ) .

Accessory corpora lutea (sensu loc. cit.) (Fig. I I B i .,: .

l - l
29

2
++
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:rot common in G. rnacrorht'nc'hus, occurring in about 6|.
.,f ovaries. A similar structure was described in
r )lobicephala melaena by Harrison ( 1949). Cystic atresia
.irnilar to that recorded in G. ntacrorhy'nc'hus (Fig. 5E) has
.rlso been described in the long-finned pilot whale, G.
'rtelaene, by Sergeant (1962).

llre corpus luteum

fhe general development of the corpus luteum (CL) of
re short-f inned pilot whale is similar to that in the

':.rnciscana, Pontoporia blainvillei. as described by
Harrison et al. (1981). When fully formed. the CL
,..ntained two distinct types of luteal cells (Fig. l lC), a
.i.tture reported fbr several cetaceans (van Lennep, 1950;
i lest .  1967;  Hi rose et  a l . ,  l97A:  Mossman and Duke.
'r-3r Harrison et al.. 1981), inclu<iing G. melaena
Harrison, 1949). Although the basic morpholc,gy of the
L is similar in the two species of pilot whale. CLs of G.

,:r'lcena (Sergeant, 1962) are generaliy larger than those
. G. macrorlrynclrus.The difference probably reflects the

.:rger body size of G. melaena. About 10i'.," of CLs had
rell.v-fi l led centre in G. rnelaena (Sergeant, 1962), which

- lower ttran the l5); incidence of this I 'eature in G.
'.tt 'ror hynchus (Fig. 3D).
ln both species, some of the 'CLOs' were within the

1c range of CLPs, while most were smaller {Fig. l6:
\,-rgeant, 1962). Sergeant considered that "CLOs' in the
::ger size group were probably corpora <;f early
':L'qnancy or the result of early embryonic death. We
:ree with Benirschke, Johnson and Benirschke (1980)
:.it the placental membranes of even very smail
.rr)ntocete embryos are of appreciable size and not easily
. erlooked and consider that probably onl-v the youngest

the structures that we classified as 'CLOs' were
. 'rrciated with a pregnancy. 'I-his 

conclusion is supported
. L)ur observation that 'CLOs' were relatively more
:nmon in older whaies. We rvere unable to reliabiy

,:rrrate 'CLOs' from CLPs in G. mairorhynchus an
,rphoiogical or histological grounds (see also Appendix

' Perrin and Donovan. 1984).
>ergeant (1962) reported that in G. melaenq'CI-Os'
-:e particularly noticeable in the young first-niaturing
':rales, implying that these animals were sub-f'erti le. ln
:: irast, it appears that a high prrrportion of G.
..rorhynchus in our sample became pregnant at their

'.1 ovulation (Table 8). This may be a result of the
:r-r€rrcc in the age of sexual maturation for the two
:.rilations studied rather than an inherent specific
'--rence. Sergeant (1962) estimated that the long-finned
,: u'hales in the population he studied first con-
.ed at 4.5 to 8 years; rvhereas our estimate of the

- -reproductive period for this populaticrn of G.
. ,ttrh),nchus is 7 to 12 -vears (Kasu;ra and Mar:sh,
.-it. Perrin et al. (.197'l ') noticed a paraliei difference

re ferti l i ty rates of very young mature fbrnales of
' : L I I ct at tenuala and S. long ir o s t t" is. As the-v pointcd ottt,

difi'erences in the fertility of' young f'emales may
':;r 

inherent differences or mav reflect differential
' ' , : lation status with respect to exploitation. lf fernaies

n-rore heavily erploited population tend to trecome
.,ri11'rnature at an earlier age, they could sti l! be iess
r' 1n t€rms of pregnancies per cvulation than if they
:natured when older.

. -:s.ant ( 1962) considered that the CLF of G. meltteno,
res a maximum diameter in the earlv oart of fetal i i t 'e

and shrinks again thereatler. However, his evidence for
a reduction in the size of a CLP during the gestation
period is much less cc'nvincing than the evidence of a
similar phenomenon in S. attenuctra (Kasuya et al., l9i4;
Perrin e1 ul., i976) and S. coeruleoalba (Miyazaki, 1977).
We liave ncr evidence that the CLP of G. macrorhynchus
changes size during the gestation period (Fig. i6),
althou-qh the evidence for a change in the lipid
metabolism of a CI-P during this time is convincing (Fig.
i iE. F). t{istological evidence of a change in the activity
of a CL during pregnancy has also been reported for blue
and fin .,vhales, Bulaenoptera ntusculus and 8. physalus
(Mackintosh and Wheeler, 1929'); the sperm whale
(Chuzhakina. 1961): the harbour porpoise, Phocoena
phocoenu (Fisher and Flarrison, 1970) and 5. grafftnani
(: S. attenurzta) (Harrison et al., 1972)"

Multiple CLPs are fairiy rare in both G. mauarhynthus
(Table 2) and G. melaena(Sergeant, 1962) as in most other
cetaceans with the exception ol". the white whale,
Delphinapteru,s leucas (Brodie, 1972; Sergeant, 1973) and
the narwhal. Manodon mona(:eros (K. Hay, pers. comm.,
1981) (see Appendix B of Perrin and Donovan, 1984).

The corpus albicans

The pattern of regression of CAs in G. macrorhl,-nchus is
i,ery similar to that reported for many other cetaceans,
including G. melaena (Sergeant, 1962). The connective-
tissue elements in the walls of the arteries of the criginal
CL are particularlv resistant to change and rnake up the
greater part of the -structure of old CAs (Fig. 19D).

Several workers have separated the CAs observed in
various cetaceans into two types (usually on histologicai
grounds) and have suggested that r:ne type might have
developed from C[-Os and the other from CLPs (e.g.
Peters,  1939;  Sleptsov,194A: van Lennep,  1950;  Robins,
1954; Zemskiy, 1956; Ivashin, 1958; 1984; Hirose et al..
1970; Fisher and Harrison. 1970: Zimusitko, 1970;
Harrison and Browneli, l97l; Harrison et al., 1969l.
fIarrison et al., 1972; Coilet and Harrison. 1981). The
essential distinguishing feature of the two types is usually
held to be the amount of amorphous, relativelv aceilular.
hyaline material present.

Several workers (e g. Fisher and t{arrison. 1970: Collet
and Fiarrison. 1981) have suggested that CAs rvhich
consist ol l i tt le more than coils of obliterated blood
vessels with sparse hyaline materlal mav be the end point
in the regression of Cl,Os. while those with a considerable
quantity of acellular matcrial result from CLPs.
l{owever, as ail 12 CAs of a lactating 48.S-year crlci female
G. ntauorhl,nchus (which almost certainly had not
ovulated for at least nine years) consisted of little rnore
than coiled blood vessels (e.g. Fig. l9D), we eonsider ihat
previous rvorkers have been confused Lr,v the stages in the
regression cf C[.s to old CAs. We coulcl :nake no
histological distinction between young CAs deii. ' 'ed irom
CLPs and those derived l 'rom presumed 'CI-Os' (Table
7) and agree with most other cetoiogists',vhc have studied
the CAs from a large scries of conspecifics ie.g i-aws.
l96l ;  Sergeant ,  i962;  Best .  i967:  Garnbel l .  196'8.  1912:
Kasuya,  1972;  Knsu,va et  a l . .  1 i )74:  Pernn ct  u l . ,  1976;
Miyazaki ,  1977;  F{ar i ison et  u!  . .  l98 l ) ,  that  i t  is  not
possibie to separale C,{s of preEnancv from those of
ovulation.

Laws (i961) for.rnd tha: fcr cctaceans the diameter of
the fullv resressed ilA tended to be a constant Dercentase
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of the diameter of the CLP. He calculated that the
regression ranged from between 82.6 and 84. 1\. The
mean diameter of old CAs in G" macrorhynchus was
6.4 mm, while the mean diameter of the CLPs was
37.6 mm. Thus the shrinkage was 83i.,1, within the range
suggested by Laws.

In G. macrorhynchus, CAs can regress to the 'old CA
stage' within two years in at least young animals (Tabte
8). This time is comparable to that suggested for G.
melaena by Sergeant (1962) who suggested that the rate
of regression of a CA may be influenced by the hormonal
status of the animal. Our results (Fig. 21) suggest that the
rate of regression of young CAs is very slow during
pregnancy. A similar result was obtained for sperm
whale CAs by Best (1968).

We counted up to 18 CAs per pair of ovaries in G.
macrorhyn:llus; Sergeant (1962) found a maximum of l6
per pair in G. melaena. Figs 20,22, and 23 provide
convincing evidence that CAs persist in the ovaries of G.
macrorhynchus as a permanent record of ovulations. This
conclusion is supported by our study of the CAs present
in old post-reproductive females that had probably not
ovulated for up to 20 or more years. In contrast, Harrison
(1949) suggested that in G. melaena, the CAs may regress
to such a degree that they cannot be detected without
serial histological sectioning of the ovaries. Sergeant
(1962) also considered that some of the small CAs of
ovulation may be lost in this species. However, most
cetologists working on species for which alarge series is
available (e.g. Mackintosh and Wheeler, 1929; Mackin-
tosh.  1942;  Chi t t leborough,  1954;  Chuzhakina,  l96 l :
Laws .  l 96 l ;Ohsumi .  1965 ;  Bes t ,  1967 ;  Gambe l l ,  1958 ,
1972;  Kasuya,  1912'  Kasuya et  a l . ,  1974 Perr in  et  a l . .
1976: Nli1,azaki. 1977) have considered that CAs persist.

TII(  l t t l l r r t t  ( t l  urLtr idn a(  t i t ' i t . t

Both Harr ison (1949) and Sergeant  (1962) agreed that
ol'ulation could take place from an,v point on the surface
of either ovar,v in G. melaena. (i. ntac'rorhynchus appears
to be s imi lar  in  th is  regard.  In  contrast ,  Best  (1967)
reported a definite polarity of ovulation sites in sperm
whale ovaries. Both G. melaena and G. macrorhvnchus
show some bilateral difference in ovarian activity, more
ovulations tending to occur from the left ovary in both
species. However. the dominance of the left ovary is much
less dramatic in Globicephala spp. than in many other
odontocetes (for references see Appendix B ofPerrin and
Donovan.  1984).

There is no good evidence that either G. melaena or G.
macrorltynchrs can be polyovular. Multipie CLs of
pregnancy have occasionally been observed in both
species. but the supernumerary CLPs were probably
deriveci from unruptured follicles. However. lt seems
likely that pilot whales can be polyoestrous. We have
e.-;idence of up to six ovulations occurring in fairiy quick
succession in G. macrorhynchus (Fig. 26). Harrison (1949)
and SergeanL (1962) also report instances of two or more
CAs of about the same size in G. tnelaena ovaries.

.iea;anality o/ aestrus

Kasuva iind Marsh (1984) concluded lrom their data on
estrmilted parturit ion dates and the length of gestation
thai conce piions in this population of G. mat,rorht,ncltus

occurred in all months of the year, with a single peak in
April/May. The ovarian data on the seasonality of
oestrus fit this picture reasonably well. Follicle size
seemed to be greatest in both immature and lactating
females in the months May to July, while 'CLOs' were
most commonly observed both during this period and in
October. Some resting females also had large ( > 8 mm in
diameter) follicles in February, C)ctober and December,
suggesting that oestrus activity may be prolonged in
resting females that fail to conceive in the main part of
the mating season.

Changes in the ovaries of G. macrorhynchns with age

Follicle abundance

The age-related decline in follicle abundance in the
ovaries of G. macrorhvnchus is conspicuous both
macroscopically and histologically (Fig. 6). Chuzhakina
(1961) documented a similar decline in snerm whale
ovaries and claimed that fbllicles *e.. co-pi.tely absent
from whales with 13 or more corpora. These results are
not surprising if we accept the evidence presented by
Zuckerman (1956) (which albeit is based on very few
species, none cetaceans), that there is no renewed
proliferation of oocytes beyond fetal or early post-natal
life in mammals. The decline in the population of female
germ cells in the ovary begins prior to birth in the species
that have been studied and continues until the cells are
exhausted or the animal dies (Talbert, 1977). However.
the relationship between exhaustion of developin-e
oocytes and normal life span is extremely variable among
the few mammalian species, and even strains of species.
that have been studied (Talbert, 1977). We observed no
CLs or young CAs in any of the 49 short-finned pilot
whales aged over 40 years, suggesting that none of these
animals had ovulated recently.

Although our assessment of the oocyte population in
the ovaries of specimens of G. macrorhynchus of various
ages (Table 9) can, at best, be regarded as semi-
quantitative, it is obvious that the oocyte population of
whaies over 40 years old is severely depleted. (To obtain
a numerical estimate of the oocyte stock of such animals
is impracticable: about 6,000 histological sections would
be needed per ovary).

Sergeant (1962) noted that there may be only a single
enlarging follicle in older long-finned pilot whales'approaching oestrus'. We have also observed older
short-f inned pilot whales with only one large foll icle. Such
animals are unlikely to conceive. Research on other
mammals has shown that during the fertile part of the lilt
span, antral follicle production is always in excess c,f thc
nurnber ovulated. Those foll icles which remain mar
however, serve an important hormonal function and gi',.-
rise to the oestrogen that seems essential for thc-
continued growth of those that ovulate (Jones, 1970r
According to Naibandov (1964), if all but one or two or
the developing follicies are ciestroyed during the follicular
phase, none of the remainder ovulates normally. Th,r:.
the presence of a small number of macroscopic follicle:
in the ovaries of G. macrr.trhvnchas t'emaies over 40 year.
of age is noi inconsistent with our classification of thesr
animals as post-reproductive. Although menopause car:

: l

-
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!)ccur in women before the stock of oocytes is completely

erhausted, it is generally agreed that post-menopausal
.rvaries show little or no follicular response to exogenous
gonadotrophins (Talbert, I 968)'

Follicular atresia

Large follicles that do not ovulate, degenerate (Jones,

1970). The follicles that have been studied in short-flnned
pilot whales aged 40 or more years were all atretic. Cystic
.rtresia of macroscopic follicles was common (Fig' 5E).
.\ccessory corpora lutea were present in the ovaries of
nine non-pregnant whales (Table 2). Similar bodies in the

!)varies of old mice, Mus musculu^s, have been described
.is 'examples of total failure of the ovarian mechanism'
rJones.  1970).

Atresia accompanied by thecal luteinization to produce

v-ofpor& atretica b is a conspicuous feature of mature G'
macrorhynchns ovaries. Although the incidence of these
bodies was significantly lower in females over 40 years old

than in those aged between 20 and 40 years old, we

;onsider that this reflects the much lower number of
rollicles in the ovaries of these older whales (Table 9)

rather than a reduction in the tendency for follicles to

become atretic.
The incidence of follicular atresia has also been shown

to be age-related in other mammals. Best (1967) reported
.r sudden and rapid increase in the proportion of sperm
rihales exhibiting follicular atresia after 13 CAs had
accumulated in the ovaries (unfortunately. absolute age
estlmates were not available). Ageing rodents show an
rncreasing tendency for follicles to luteinize prematurely

so that ovulation cannot take place (Talbert, 1968).

Ceroid associated with regressing luteal bodies (corpora

.rtretica b) was present in greater amounts in the ovaries
of aged pigtail macaques, Macaca nemestrina, than in
vounger animals (Graham, Kling and Steiner, 1979).

Factors which control the rate of follicular atresia have

rhe greatest influence on the rate of loss of oocytes
rTalbert, 1977).ln all mammals the loss of foll icles by
ovulation is insignificant compared to the 'devastating

effects of atresia' (Jones, 1970). The rate of follicular
rtresia in mature G. macrorhynchus ovattes (which, as
discussed above, seems to be unusually high) is probably
.rn immediate cause of the high proportion of females in
our sample which were post-reproductive. Follicular
ltresia accompanied by luteinization is also a conspicuous
teature of the ovaries of mature pigtail macaques
rGraham et al., 1979), one of the few non-human
primates in which a menopausal condition has been
convincingly documented.

Other changes

In addition to the decline in follicular abundance and
rncrease in atresia discussed above, other age-related
changes occur in the histology of the ovaries of G.
,nacrorhynchrLrs. These are similar to those which have
been documented in post-menopausal humans. Such
changes include a general decrease in volume of the cortex
.rnd thickening and sclerosis of arterial walls (Graham er
i.,1979),ingrowth of the surface epithelium (Peters and
VcNatty, 1980) and increased pathology (Labhsetwar,
1970). Chuzhakina (1961) observed some of these

features in the ovaries of sperm whales with I 3 to l6 CAs
which also exhibited no evidence of recent ovulations or
primordial follicles. However, as discussed below, the
evidence for a climacteric in the sperm whale is far from
conclusive.

We were surprised to find no generalized reduction in
ovarian weight in the females which were classified as
post-reproductive (Fig. 4). Ovaries have been reported to
become atrophic in menopausal women, rats, mice and
hamsters (for references see Labhsetwar. 1970), but actual
data on the weight changes are scanty. As Labhsetwar
(1970) points out, the accurate determination of weight
changes is complicated by the tendency of old gonads to
undergo pathological changes and by the positive
correlation between body weight and ovarian weight. We
have not attempted to separate these confounding
influences on ovarian weight in G. macrorhynchus.

Comparison w'it h ot her odontocete,s

A small percentage of adult female spotted dolphins, S.
attenuata, (Perrin et al., 1976) and spinner dolphins, S.

longirostris, (Perrin et al., 1977) were classified as
post-reproductive or senile by criteria including (l) being
neither pregnant nor lactating; (2) having small withered
ovaries; (3) having no macroscopic ovarian follicles and
(4) having no young CAs. As most of the specimens of
G. macrorhynchus that we have classified as post-
reproductive do not satisfy these criteria (Figs 4 and 8),
we cannot make a meaningful comparison between the
incidence of post-reproductive females in these species.

Sergeant (1962) considered that about 5\ of mature
specimens of G. melaend were post-reproductive. Again
it is difficult to make between-species comparisons as
Sergeant apparently assumed that lactating females had
not reached the climacteric. However, as the relative
proportions of pregnant, lactating and resting females in
Sergeant's sample of G. melaena are very different from
the values we have obtained for G. macrorhynchus
(Kasuya and Marsh, 1984), it seems likely that the
proportion of post-reproductive females is lower in G.
melaena than in G. macrorhynchus. (lt is. of course,
possible that the differences observed merely reflect
population differences in age composition and/or history
of exploitation).

As discussed above, anatomical studies of sperm whale
ovaries reveal clear indications of a drop in fertility with
age. Age-specific differences are also found in the
proportions of the various reproductive classes in the
catch. Age-specific pregnancy rates have been demon-
strated by Ohsumi ( 1 965), Best ( I 968 ; I 980) and Gambell
(1972), but only Ohsumi's rates are expressed in terms of
absolute age rather than relative age estimated from
corpus counts. As the number of corpora present at a
given age in the sperm whale is highly variable (see
Ohsumi, 1965), the latter approach has obvious
limitations. Ohsumi's data are also potentially misleading
in that he has assumed that all females with a CL are
pregnant. However, Ohsumi (1965) has aged a'pregnant'
sperm whale at 59 to 60 years, not much younger than
the oldest animals he recorded, aged 63 to 64 years. We
conclude that, at present, there is no evidence for an
age-specific climacteric in the sperm whale, even though
fertility seems to be significantly reduced in old animals.
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Otlrcr snatomical changes associated w,ith reproductive
senescence

Age-related changes in pregnancy rate are not dependent
solely on ovarian status but on the sum of the total aee
changes in the reproductive tract. Although primaiy
ovarian failure is thought to contribute significantly to the
age-related decline in reproductive capacity in women
(Jones, 1970), in laboratory rodents reproductive decline
has been shown experimentally to be primarily due to the
uterus (Finn, 1970). Sergeant (1962) described degenera-
tive changes in the uteru$ of 'senile' specimens of G.
melaena. We have not yet estahrlished whether there are
parallel changes in the uterine morphology of G.
macrorhy,nchus, but they cannot be ruled out as a possible
cause of the decline in ferti l i ty observed in ovulating
whales older than 20 years (Table l l). partial uterini
failure is suggested as oile of the causes of the low
incidence of pregnancy in pre-menopausal women (Finn,
1970).

Concluding remarks

Krohn (1964) claimed that there is.no reasonable doubt
that the likelihood of conceiving declines with increasine
age in all species (of mammal) for which there rs ani,
information at all'. Unfortunately such information is
dilficult to obtain, especially for marine mammals with
life spans similar to our own. One of the best ways to
obtain this information is to use the carcass-salvase
approach on a iarge sample of conspecifics obtainJd
through a fishery. as has been done ior a number ol
cetacean species. However, if age-specific reproductive
rates are to be measured accurately. reliabie estimates of
absolute a-se are essential. It should also be remembered
that data on the age-specif;c abundance of fetuses are
lwith suitable corrections) l ikei-v to be much more
valuable to management than inferences based on the
study of the ovaries alone. Unfortunateiv most studies of
cetaceans do not meet these criteria.

As reviewed by Marsh and Kasuya (in press). a decline
rn pregnancy rate with advancing age seems likely for
at least several odontocetes. However, at this stage there
is no firm evidence that the post-reproductivJ phase
occupies a major portion of the total lit'e ,pan of the
females of any wild mammal other than G. mairorhynchus
which (in this population) ceases to produce calvesby the
age_of about 36 years when it sti l l  has a l ife expectancy
of about l4 years (Kasuya and Marsh, l9B4). Kaiuya ani
Marsh aiso point out that the behaviour work of nigg
(.1982) and his co-workers suggests that killer whales mi!
be similar. These species certainly present the closest
parallel to the situation in humans, where even in
societies, such as India in the i880's, which did not have
the benefits of 'modern medicine', the life expectancy for
women of menopausal age was about l5 years (Dublin.
Lotka and Spiegelman,  t949) .
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