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ABSTRACT

Macroscopic examination of the ovaries of 298 specimens of Globicephala macrorhynchus obtained from a driving fishery off the Pacific
Coast of Japan was supplemented by histological and histochemical study of a representative series of ovarian structures. The patterns
of follicular development and atresia and corpora-luteum development and regression are described. The atresia of macroscopic follicles
was frequently accompanied by thecal luteinization producing conspicuous corpora atretica which did not persist. We could not separate
corpora futea of pregnancy from those of “ovulation’. The corpus luteum persisted throughout the gestation period but with apparent
change(s) in lipid metabolism. Some corpora albicantia regressed fully within two years, but the rate of regression probably varied
with hormonal status. Corpora albicantia persisted for life as a record of ovulations.

Almost all the whales were aged using dentinal and/or cemental growth-layer groups. The age-specific decline in the pregnancy rate
was paralleled by a decline in the ovulation rate, and infertile ovulations were more common in older females. Females ceased to ovulate
before age 40 years. About 259, of mature females had senescent ovaries which were severely depleted of oocytes (presumably because
of the exceptionally high atresia rate) and histologically similar to post-menopausal human ovaries. Female shori-finned pilot whales

in this population thus had a definite post-reproductive phase in their life cycle.

INTRODUCTION

I'he ovaries of various cetaceans have been studied as
ndices of relative age and terminal reproductive status
-nd as records of reproductive history. However, with few
A\weptions, scientists have had no direct information on
-1 species’ reproductive physiology or life history. Thus
< interpretation of cetacean ovaries has been rather like
~unning an experiment without a control.

Research methods have been determined largely by
necimen availability, Harrison and his co-workers have
“iade detailed macroscopic and histological examination

* the ovaries of mostly fairly small samples of a large
-ariety of odontocete species (e.g. Harrison, 1949, 1972:
-lurrison, Boice and Brownell, 1969: Harrison and
srownell, 1971: Harrison and Ridgway, 1971 ; Harrison,
Srownell and Boice, 1972; Harrison and McBrearty,
473-74, 1977, Collet and Harrison, 1981). This
nproach gives precise information about each ovary, but
“ierpretation has usually been hampered by sample size
d orlack of information about the ages of the animals.

Interpreting ovaries on the basis of macroscopic
~.amination alone is less precise, but much less

me-consuming, and has been the usual method of
‘udying ovaries from a large series of conspecifics

~tained from a fishery. Interpretation of these data has
wen facilitated by an independent estimate of each

nmal’s absolute age in some studies (e.g. Ohsumi, 1965;
~.suyda, Miyazaki and Dawbin, 1974: Perrin, Coe and
~relfel, 1976; Miyazaki, 1977; Perrin, Holts and Miller,

*77), but not others (e.g. Chittleborough, 1954;
~.rgeant, 1962; Gambell, 1968, 1972).

Laws (1958,°59,°61), Best (1967), Fisher and Harrison

270), Hirose, Kasuya, Kazihara and Nishiwaki (1970),

" resent address: Far Seas Fisheries Research Laboratory, Orido,
~~imizu-shi, Shizuoka-Ken 424, Japan.

Zimushko (1970) and Harrison. Bryden, McBrearty and
Brownell (1981) have combined the advantages of both
these approaches. They have macroscopically examined
the ovaries of a large series of conspecifics and have used
histelogy as a supplementary tool. Unfortunately, these
studies were hampered by a lack of absolute-age data.

In this study, we have attempted to maximize the
information value of the ovaries from each pilot whale
by examining them macroscopically and, where necessary,
histologically. An independent estimate of the whale's
absolute age was subsequently used to enhance our
ability to interpret these observations.

MATERIALS AND METHODS

The ovaries examined were collected from 298 specimens
of Globicephala macrorhynchus caught in the driving
fishery off the Pacific Coast of Japan between 1975 and
1981 in the following months: January, February, May.
June, July, October and December. Fach 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 13-24 refers to whale
24in School 13. The methods used to collect and preserve
specimens from each whale are outlined in our
companion paper (Kasuya and Marsh, 1984). The
ovaries from 298 whales from Schools 7. 9 to 18. 20, 22
to 27 (Kasuya and Marsh, loc. cit.) were examined by
Marsh (those from Schools 7 and 17 were also checked
by Kasuya) without knowledge of the age estimate for
each whale, which was obtained by Kasuya by counting
dentinal and/or cemental growth layers as described by
Kasuya and Matsui (1983).

Each formalin-fixed ovary was trimmed of its bursa
and weighed to the nearest 0.1 g. The number of corpora
lutea, corpora albicantia, and corpora atretica were
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Table 1

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

Characteristic Young Medium Old
External structure
Protuberance from As small corpus luteum Usually slight except Stigma only

ovarian surface

Shape As small corpus luteum

Stigma Obvious as on corpus
luteum

Nature of surface Smooth

Internal structure

Trabeculae Obvious

Periphery Obvious

Colour Pale orange to white

Blood vessels Mainly around periphery

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

Avascular connective
tissue

for stigma

May be round or
flattened against
surface

Smaller than young ‘
corpus albicans -

Smooth }

Less obvious
Obvious
Usually white, may have

Irregular, may be round
or flattened against
surface

White, usually puckered
plaque

Not visible
Traced with difficulty
White, may have trace

Relatively much more

Much less

orange/brown pigment of brown pigment
especially near centre

Form bulk of structure
obvious

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 outlined in Table 1 before it was measured.

Three diameters of all corpora lutea, corpora albican-
tia, corpora atretica. and the largest follicles present in
each ovary were measured to the 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 um. 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 um. 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 17 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 for
each was rechecked macroscopically. This was facilitated
by marking each corpus albicans with a pin as it wa-
counted.

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

RESULTS
Weight of ovaries
Immature whales

The ovaries of immature specimens of G. macrorhynci:.

are lozenge-shaped organs about 3 cm long by 0.8 .~
high by 1.5 cm wide in a three-month old animal ar:
about3.5 cmlongby | cmhighby2 cmwideinanine-ve.-
old female approaching maturity. In our sample of *-
immature females, the weight of both ovaries (Figs 1 .- -
2) ranged from 2.5 g (at 0.5 year) to 11.5 g (8.5 years .-
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Fig. I. Scatterplot of combined ovary weight against age for imm.-. -
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
* e for animals of the same age (Fig. 1) or body length (Fig.
o« . . ..°. 2), combined-ovary weight was positively correlated with
. . '. -~ * both factors. (Age: r =045; P <0.01; Body length:
.« o . r=20.63, P <0.001).
» -

¢ ¢t 0t Mature whales
0 ——— 11— The ovaries of mature whales were usually readily
180 200 220 240 260 280 300 320 distinguishable from those of immature animals by the
BODY LENGTH (CM) presence of the obvious surface scars of the corpora
Fig. 2. Scatterplot of combined ovary weight against body length for albi.cantia (CAs) (e.g. Fig. 3E). The Size‘ of mature ovaries

immature females of G. macrorhynchus. varied greatly with age and reproductive status.

“1g. 3. Ovaries of G. macrorhynchus actual size. A. Ovaries of resting Whale 13-35 (11.5 years). The upper (left) ovary contained a large follicle (mean
diameter 13.6 mm): the lower (right) ovary, a recent rupture point (arrowed) and a medium corpus albicans (at right end). B. Ovaries of lactating
Whale 13-36 (21.5 years). The stigma of a corpus atreticum a can be seen in the upper (right) ovary. A young corpus luteum of *ovulation” is
visible at the left end of the lower (left) ovary. C. Median slices through a young corpus luteum of ‘ovulation’ (right) in the right ovary of lactating
Whale 10-1 (22.5 years) and a corpus luteum of late pregnancy (fetal length 146 cm) in the left ovary of Whale 9-101 (23.5 years). D. Median
slice through a young corpus luteum of early pregnancy (fetal length 1.2 cm) with an unusually large jelly-filled centre. An adjacent medium corpus
albicans is arrowed (from Whale 9-79, 14.5 years). E. Ovaries of Whale 9-113 (23.5 years) which was pregnant with a 3-mm fetus. The corpus

luteum (median slice at left) was in the right ovary and was already well-established. The left ovary contained one young and six old corpora

albicantia; five of these are visible in the photograph. F. Median-slice through a large corpus luteum of ‘ovulation” in the right ovary of resting

Whale 25-32 (18.5 years).
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Fig. 4. Scatterplot 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 of which were classified
as post-reproductive.

For the 69 pregnant whales, the weight of both ovaries
ranged from 32.7g (in a newly-mature 8.5-year old
animal) to 109.3 g (in a 22.5-year old female with a
particularly large corpus luteum (CL) that was 44.9 mm
in mean diameter) (¥ 56.8 g; s 15.8 g). The pregnant
ovaries were significantly heavier (¢ test; P < 0.0G1) than
those from 14 females with a CL but no detectable fetus:
the latter ranged from 16.6 gto 79.4 gin combined weight
(X 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 (s
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 follicles present) (x 9.1 g.
53.3 g)(ttest; P < 0.05). This result suggests that even the
inactive ovary undergoes some enlargement 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 ¢
(x23.2 g;57.8 g), significantly lighter (¢ test; P < 0.0005)
than the pregnant ovaries but not significantly different
in weight (¢ test; P > 0.2) from the ovaries of 80 resting

Fig. 5. Different forms of follicular atresia in G. macrorhynchus (see also Fig. 11B). A. Cortex of the ovary of immature Whale 17-33 (4.5 . -
showing numerous primordial and antral follicles and one corpus fibrosum (arrowed) stained with haematoxylin and eosin. B, D, F. Corpus atre*..
a (mean diameter 6.2 mm) in the ovary of lactating Whale 17-17 (15.5 years). B. Part of a median slice showing the irregular outline of the o --
D, F. Histological preparations stained with Gomori’s trichrome showing that some lobes of the well-vascularized corpus are still compos. -
luteal cells (L) while others (arrowed) are undergoing *fatty’ degeneration. C. Part of a corpus atreticum 5 in the ovary of resting Whu'«
(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 vears

granulosa and theca cells have been replaced by fibrous tissue. Stained with haematoxylin and eosin.
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Fig. 6. Age-related changes in the histology of the ovarian cortex in G. macrorhynchus. Both photos same scale. A. Part of the cortex
of immature Whale 17-33 (4.5 years) showing numerous primordial and antral follicles. Stained with haematoxylin and eosin. B. Cortex
of lactating Whale 17-41 (47.5 years) and probably post-reproductive. No follicles can be seen. The cortex is reduced in thickness
and composed mainly of fibrous tissue. Stained with van Gieson and celestin blue haemalum.

females (excluding those with a CL) which ranged from
84 gtod25g(x223g;s56.72 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 old (r = 0.65, P < 0.01) but was highly variable
in animals older than this. Both ovaries of some of the
females over 40 years appeared shrivelled and had a
combined weight of less than 15 g (e.g. 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; 5 6.7 g) of 31
females (without a CL or young CA) aged between 20
years and 40 years (7 test; P > 0.1).

Follicular development

Primordial follicles occurred scattered throughout the
periphery of the cortex in young specimens of G.
macrorhynchus (Figs SA, 6A). The mean of the diameters
of 10 such follicles was 58 gym, and the mean size of the
oocyte was about 20 ym. Follicle growth followed the
usual pattern outlined in Appendix B of Perrin and
Donovan (1984). The smallest follicles with an obvious
antrum had a diameter of 150 to 200 gm. By this stage,
the granulosa layer was several cells thick and the
capillaries in the theca interna were obvious. In
macroscopically-visible (i.e. > 1 mm in diameter) antral
follicles, the theca interna and theca externa were much
more clearly differentiated. As most of the antral follicles
larger than 1 cm in diameter that we examined his-
tologically were atretic, we have no information on
whether the granulosa and theca cells start to luteinize
before the follicle ruptures.

A frequency histogram of the diameter of the largest
rollicle present in 297 pairs of ovaries is presented in Fig.
~. No macroscopic follicles were seen in 44°% of ovary
pairs; the proportion of mature animals with no
macroscopic follicles being greater in old animals (Fig. 8).

In immature animals, there is a seasonal cycle of follicle
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Fig. 7. Frequency histogram showing the size distribution of the largest
follicle present in immature and mature ovaries of G. macrorhynchus.

growth. Although immature animals had follicles up to
7.1 mm 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 31 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 luteum of ‘ovulation” (‘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. 10) 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 (1 to 5 mm
in diameter).

Macroscopic follicles below 8 mm in diameter were
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Fig. 8. Reproductive status and ovarian condition of 245 mature
females of G. macrorhynchus aged from 8.5 to 62.5 years. The
hatching represents the whales that we classified as post-reproductive.
All ‘non-pregnant’ pilot whales with a corpus luteum or young
corpus albicans (CA) have been classified as ‘recent ovulation or
birth’. Macroscopic follicles were discounted if they were obviously
atretic (even without histology). Animals classified as having old
corpora albicantia (CAs) only had no macroscopic follicles.

observed in some of the lactating females in all months
for which specimens were available (Fig. 9). Larger
follicles were observed in only four lactating females, all
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Fig. 9. Seasonal changes in the diameter of the largest follicle preser-
in immature, lactating and resting pilot whales. Data fc-
postreproductive ([J) animals are presented separately from th:
remainder (O} as the large follicles present in these whales tend -
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Fig 10. 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 31 May to 23 Jul:
inclusive, the same period in which the largest follicle-
(> 4 mm in diameter) were observed in immature whales
This seasonal pattern was much less clear in resting
females (Fig. 9). Macroscopic follicles 8 mm in diameter
and smaller were observed in some animals in all months
Larger follicles were not limited to the May-July period
but were also observed in some animals in February.
October and December. This pattern persisted even wher,
we distinguished between the reproductive and post-
reproductive females using the criteria outlined below.
Many of the largest (> 10 mm) follicles were thick-
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¥ig. 11. Histology of corpora lutea in Globicephala macrorhynchus ovaries. A. Recently ruptured follicle in the right ovary of Whale 13-35
(aged 11.5 vears) (see also Fig. 3A). The granulosa and theca layers are very developed and there has been some haemorrhage into the antrum.
(Haematoxylin and eosin). B. Small accessory corpus luteum (3.6 mm in diameter) in the left ovary of Whale 17-31 (10.5 vears) which was
pregnant with a 23.3-cm fetus. Note the primary and secondary luteal cells. This ovary also contained one normal-sized corpus luteum (31.3 mm
in diameter) and another accessory corpus luteum (11.0 mm in diameter). Neither accessory corpus luteumn had a stigma. (Haematoxylin and
cosin). C. D. Sections from a large corpus luteum of *ovulation’ (45 mm in diameter) in the right ovary of Whale 25-32 (18.5 years) stained
with haematoxylin and eosin {(C) and Gomori's Trichrome (D). The large pale primary luteal cells with vacuolated cytoplasm lie in rows within
the network of secondary luteal cells which have darkly staining nuclei. The tissue is highly vascular and the erythrocytes (arrowed) are
clearly visible in (D). E. F. The lipid metabelism of a corpus luteum appears to change during pregnancy. The primary luteal cells in (E) (Whale
13-28. 19.5 years, with 6.3-cm fetus) are packed with lipid granules and droplets in contrast to those in (F) (Whale 9-102, 26.5 years, with
124-cm fetus). Stained with Oil-Red O and Sudan IV,

valled and obviously atretic. It is very difficult to (1) be
.ure without histological examination that a large follicle
~~ not atretic, and (2) measure large antral follicles (Fig.

*A) accurately. We cannot therefore make a definite

Follicular atresia

Coupled with the normaj fellicular development cycle is
the concurrent normal phenomenon of follicular atresia.

<atement about the usual size of follicles at ovulation.
However, our observations that all follicles were below
~ mm in diameter for the immature period of seven or
~1ore yvears (Kasuya and Marsh, 1984} and that follicles
sreer than this were seasonally limited in lactating
>males suggest that a follicle probably stays at or below
“~out 8§ mm in diameter before the pre-ovulation growth
ourt,

This is not necessarily simply a degenerative process. The
metamorphosis of the follicle wall inte a different kind of
probably functional tissue occurs without ovulation as a
normal and essential event in the ovarian cycle (Weir and
Rowlands, 1977). Atresia may lead to the development
of secondary interstitial tissue (which we did not study in
G. macrorhynchus) and accessory corpora lutea, both of
which are probably hormonally active (Weir and
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Table 2

Details of specimens of G. macrorhynchus with accessory
corpora lutea

A. Accessory corpora lutea of pregnancy

Foetal Mean diameter(s)

Accession Age length accessory corpora lutea
no. (years) (cm) (mm)
17-31 10.5 233 i1.0 32
25-2 11.5 29.5 7.0 3.9
18-27 21.5 < 0.5 7.0
17-8 328 57.5 7.1
20-8 N/A 63 5.0 39

B. Accessory corpora lutea in post-reproductive ovaries

Accession Age Mean diameter(s) of
no. (years) accessory corpora lutea (mm)
26+27-43 36.5 44
10-15 37.5 6.5
13-31 40.5 10.2
22-3 40.5 3.6 3.1
22-12 41.5 5.4 4.0
9-106 41.5 6.4
9-98 435 4.2 39 3.0
24-12 48.5 7.6
17-1 55.5 4.2

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

Follicles may become atretic at any stage of their
development (Byskov, 1979). We did not study the atresia
of small follicles in G. macrorhynchus, as this did not
appear to modify the macroscopic structure of the ovary.
However, the atresia of medium and large foliicles is
conspicuous and presents a variety of appearances
depending on the stage of the follicle and the hormonal
status of the whale at the time it begins. These are
discussed below.

Atresia without luteinization

Corpora fibrosa: The atresia of follicles in immature
females and of some medium-sized follicles in mature
specimens occurred without luteinization, i.e. without
accumulation of lipids in the granulosa or theca cells.
Small corpora fibrosa (Fig. SA) were derived from the
basement membrane of atretic medium-sized follicles.
These fibrous bodies appeared to be slowly resorbed and
were not evident in large numbers in the cortex of old
whales (e.g. Fig. 6B).

Cystic follicles: Many of the large follicles we examined
histologically (especially those from old females) had
become cystic (e.g. Fig. 5E). In some cases the walls were
obviously unusually thick even when examined macro-
scopically, the granulosa and theca cells having been
replaced by fibrous tissue.

Atresia with luteinization

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

300 -
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Fig. 12. Frequency histogram showing the size distribution of corpors
atretica b in G. macrorhynchus.

Accessory corpora lutea: In several whales we found one
or more follicles that had behaved as if ovulation had
occurred but without the egg being released, thus forming
an accessory corpus luteum (accessory CL) on which no
stigma was visible. Details of the animals in which
accessory CL were found are summarized in Table 2. The
ovaries of five animals (aged 10.5 to 32.5 years) contained
accessory corpora lutea of pregnancy which were 5.0 to
11.0 mm in diameter (Fig. 11B). The ovaries of nine old
females aged from 36.5 to 55.5 years also contained
yellow structures without stigmata which were 3.0 to
10.2 mm in diameter and histologically identical to
corpora lutea, even though these ovaries showed no sign»
of having ovulated recently.

Corpora atretica b: We observed irregularly-shaped
masses of yellow-brown pigmented tissue ranging from
1 to 12 mm in mean diameter (modal mean diameter
2mm to 3 mm) (Fig. 12) in about 75% of the mature
ovaries examined. None were seen in immature ovaries
A total of 938 such bodies were recorded in 233 pairs of
mature ovaries. The surface trace associated with these
structures was slight or absent.

Histological study indicated that these bodies were
formed from atretic follicles of various sizes in which lipid
accumulation had started in some of the granulosa cells
and in the cells of the theca interna. As atresia continued.
the granulosa cell members became reduced by lysis and
phagocytosis with concomitant cellapse of the follicle.
During the atretic differentiation, few thecal cells became
necrotic. Rather they had hypertrophied and accumulated
lipid droplets (Fig. 5C), undergoing a type of ‘fatty’
degeneration. The resulting lipid pigment (which resem-
bled ceroid) was pale yellow at first and readily soluble in
fat solvents but gradually oxidized, becoming darker and
more insoluble. Best (1967) reported similar bodies in
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sperm whale, Physeter macrocephalus, ovaries and called
them ‘corpora atretica b°. We have followed his
terminology.

Fig. 13 illustrates the relationship between corpora-
atretica count and age of the whale. Animals with one or
more corpora atretica b were less likely to be aged less
than 20 years (y%, P < 0.01) or more than 40 years (y2,
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 presence/absence was
found to be independent of pregnancy status (y2, P > 0.5;
both for whales aged less than 20 years and between 20
and 36 years).

Corpora atretica b were present in pilot whales at all
stages of pregnancy (Fig. 14), and the likelihood of an
animal having one or more was independent of the stage
of pregnancy (y2, P > 0.05). There was no evidence that
the maximum diameter of corpora atretica b changed
during the gestation period (Fig. 15). The distribution of
corpora atretica b within a pair of ovaries was also
independent of their current activity as measured by the
presence of a corpus luteum or young corpus albicans (y2,
P > 0.05). There was no significant difference in the

FETAL LENGTH (CM)

Fig. 15 Scatterplot showing the size of the largest corpus atreticum b
present in the ovaries of G. macrorhynchus at various stages of
pregaancy.

proportion of ovaries with corpora atretica b between the
periods December-February and  June-July (¥2
P > 0.05), suggesting that their occurrence was independ-
ent of the time of year.

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

The number of corpora atretica b per ovary pair ranged
from 0 to 43 (x 4); most whales had less than 10 (Fig. 13).
Animals with one or more such bodies had an average of
5.4 per ovary pair. Table 3 detaiis the reproductive status
of the 23 whales with more than 10 corpora atretica b.
Nearly half of this group had a corpus luteum of
‘ovulation’ or large follicles suggesting that when
large-scale atresia with luteinization occurred, it tended
to be around the time of oestrus and in pilot whales older
than about 17 years. The oldest whale with 10 or more
corpora atretica b 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. macrorhynchus (age 17.5
to 42.5 years) with more than 10 corpora atretica b. (R = resting,
= lactating)

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

Table 4

Details of the ovarian status of 23 G. macrorhynchus females (age | -
rest:n:

to 40.5 years) with at least one corpus atreticum a. (R =
L = lactating)

No. of whales

No. of whales

Total mature No. with Total mature No. with
whales in > 10 corpora whales in corpus
Structures present in ovaries category atretica b Structures present in ovaries category atreticum ..
Corpus luteum of pregnancy (fetal 77 5 Corpus luteurn of pregnancy 77 5
length 10.5 to 144 cm) (foetal length < 5 mm to term)
Corpus luteum of *ovulation” 17 SR*+1 L Corpus luteum of ‘ovulation’ 17 SR+5L"
Macroscopic follicles > S mm in 32+ IR*+1 L Macroscopic follicles (> 5 mm in 32% 4R+1L
diameter diameter)
Macroscopic follicles 1 to 5 mm 40+ IR Young corpus albicans SIt 1 R*
in diameter Medium corpus albicans 50t 1R*+11"*
No macroscopic {(i.e. > | mm in 88+ SR¥*4+2 L

diameter) follicles

* One whale also with one corpus atreticum a.
+ Excluding animals with 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. macrorhynchus (Fig. 5B). These
irregularly-shaped bodies were placed superficially in the
ovary and often had an obvious stigma (Fig. 3B)
suggesting that they had originated from ruptured
follicles. Best (1967) described similar structures in
sperm whale ovaries. He called them ‘corpora atretica @’
and we have followed his terminology (for a discussion
of alternative terminologies, see Appendix B of Perrin
and Donovan (1984).

Fig. 5(D. F) illustrates the start of the process of

degeneration of one of these bodies. We have not
observed extensive fibrous replacement of the luteal cells
like that seen in fin whale (Laws, 1961} sperm whale
(Best, 1967) or minke whale (Appendix B, Perrin and
Donovan, 1984) corpora atretica « We therefore
consider that 1t is likely that most degenerate pilot whale
corpora atretica a eventually virtually disappear from the
ovary, leaving at most a surface scar. Thus they are
probably less likely to be confused with CAs than
the corresponding structures which have been described
from the ovaries of farge whales.

Corpora atretica a {ranging from 3.2 mm to 13.3 mm
in mean diameter: ¥ 7.1 mm s 2.6 mm) were found in the
ovaries of 23 pilot whales. The reproductive status of the
whales whose ovaries contained these bodies is detailed
in Table 4. Thirteen of these animals had ovulated
recently (two were pregnant with a smali fetus: 10 had a
*CLO’, and one a young CA). More than half of the
animals with a “CLG” also had a corpus atreticum a. Five
amimals with large follicles in their ovaries suggesting
approaching oestrus also had a corpus atreticum ¢. Whale
9-116, which had given birth the day before her death, had
seven old corpora atretica a (all with obvious stigmata)
in her left ovary, which also contained the corpus luteum.

We did not include corpus atretica @ in our corpora
counts. as we consider that they resulied from follicle
ruptures which were not followed by normal corpus-
luteum development,

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

The corpus luteum

A corpus luteum (CL) (sensu Appendix B of Perrin ar .

Donovan, 1984) was observed in the ovaries of 95 p:’

whales. A fetus was found in the uterus of 73 of the-.

animals, confirming that these were CLs of pregnar.
(CLPs). Another two whales with a CLP had recer:

aborted; two more had recently given birth. All four we-.
from School 9, which was held for several days betwe: -

capture and slaughter (Table 1, Kasuya and Mur+
1984). A cystic placental mole (Jubb and Kennedy. 19~
presumably derived from the remains of a very sm.
embryo (DrP. Ladds, Department of Tropical Veterir..-
Science, James Cook University, pers. comm.), was fou-
in the uterus of another whale with a CL (No. 25-1. >+
vears).
No fetus could be found in the uteri of the remair:-

17 whales. We shali refer to the CLs of all these anir..

s ‘CLOs”
animals which had recently aborted a fairly small 'c:
or which contained a very small embryvo missed
dissection.

The corpus luteum of *ovulation’

Fourteen ‘CLOs’ (excluding collapsed, recently ruptu:-
follicles, e.g. Fig. 3A) ranged from 12.5 mm to 45 mr
mean diameter (¥ 25.1 mm). As can be seen from Fig
all but four were below the size range of the CLPs<
had a conspicuous stigma (Fig. 3B). In cross-sec::
most of the ochre-coloured " CLOs were loose-structur.
the cords of glandular tissue being separated by ho';
fissures (Fig. 3C). However, some ‘CLOs’ (e.g.thed4s-r-
diameter CL of Whale 25-32 (18.5 years) (Fig. 3F) .-
the 40-mm diameter CL of Whale 24-9 (37.5 years)) w. -
compact structures similar morphologically and hist.
gically to all but the youngest CLPs. Thus we were un.-

even though some may have been fr. -

to separate all *‘CLOs” from CLPs using criteria of ~ . .

or morphology. Five of the *CLOs’ were found
lactating whales (age range 21.5 to 37.5 years) and 12
resting whales (age range 11.5 to 39.5 vears).

As discussed below, we have no evidence of reo.-
ovulation by any specimen of G. macrorhynchus m. -
than 40 years old. The proportion of lactating and res:::
females less than this age with a *CLO" is significar’
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Table 5

Seasonal incidence of corpora lutea of ‘ovulation” (‘CLO”). (All animals over 39 years old excluded, but animals from School 9
whose ovaries were examined in the field only (see Kasuya and Marsh, 1984) included

Number of whales

Lactating Resting % with ‘CLO’
(Lactating and
Month School no(s) With ‘CLO’ Total With ‘CLO’ Total resting)
January 7,11 0 5 2 8 15.4
February 12, 16, 22, 23 0 13 0 10 0
May/June 24 2 7 3 5 41.7
June/July 9, 10 3 17 12 24 36.6
October 13, 25, 26, 27 1 12 5 10 27.3
December 14, 15,17, 18 0 16 0 19 0

higher in May/June (41.7%) June/July (36.6%;) and
October (27.39%) than in the other months for which data
are available (y2, P < 0.001) (Table 5).

The corpus luteum of pregnancy

The 77 CLPs ranged in mean diameter from 30.4 mm to
47.5mm (¥ 37.6mm; s 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. 16), 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
variableswassignificant(r = —0.39, P > (0.20; Regression
ANOVA: neither Regression Mean Square (MS) or
Curvature MS was significantly different (P > 0.10) from
the Residual MS).

Besides being larger than most *CLOs’, the appearance
of all but the youngest CLPs {Fig. 3E) was different in
cross-section, the luteal tissue being held more closely
together by the more extensively developed connective
tissue network. However, the stigma was generally still
very obvious although morphologically highly variable.

About 15°% of CLs had a ‘jelly-filled” centre.
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: 16, Scarterplot of the diameters of corpora lutea ot “ovulation’
“CLOY (including two recently ruptured follicles) and of corpora
iutea of pregnancy through the gestation pertod.

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 follicles, eight “CLOs” and 13
CLPs (from whales with fetuses 3 to 146 mm long).
The two recently-ruptured follicles we studied histolo-
gically were 8 mm and 15 mm in maximum diameter.
Ovulation had been followed by haemorrhage from the
blood vessels of the theca interna. Luteinizing cells lining
the antrum were interspersed with erythrocytes and
fibrinous material (Fig. 11A). 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 nucleus about 7 ym
in diameter. surrounded by varying but small amounts of
eosinophilic granular cvtoplasm. which was irregularly

Table 6

Details of ovaries of three specimens of G. macrorhynchus which were
simultancously pregnant and lactating

Estimated’ Mean diameter CA

Fetal length of (mm)

Accession  Age  length  pregnancy

no. (years) (cm) (days) Young Medium OId
26-8 12,5 19.2 9% 7.9
7.4
58

25-38 13.5 39 156 9.2
10-12 34.5 20 100 10.3 7.7
5.8
5.5
5.0

! Caleulated from formula dorived from Laws (1959).

F.L.
Length of pregnancy in dayvs = [ 452 x 1191 % 14,—9—5)4 {452 x 0.09
- ¥,

(F.L. = fetal lengthy.
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positive for lipid. Cell boundaries were difficult to see. The
theca cells had round to oval nuclei about 10 #m long and
cytoplasm which did not stain for lipid. Both layers were
much more developed than in large, intact follicles.

Two morphologically-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 sensu Mossman and Duke (1973).
Similar cells have been referred to as granulosa and theca
luteal cells by various authors (e.g. Harrison, 1949;
Harrison ez al., 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. 11C) 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, basophilic nucleus about 5 to 8 um 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
> 15 cm long). The primary luteal cells occurred in rows
within the network of secondary luteal cells and con-
nective-tissue fibres. Primary luteal cells (Fig. 11C) were
rounded or polyhedral, ranging from about 25 to 50 #m
in diameter, and contained a pale-staining, rounded
nucleus about 10 ym in diameter with a prominent
nucleolus. Cells containing two nuclei were sometimes
seen in young CLs.

In young CLs, the cytoplasm of the primary luteal cells
tended to be lipid-rich and granular (Fig. 11E). In
animals with small embryos (3 to 10cm long), an
increasing proportion of the lipid component of the
cytoplasm of the primary luteal cells tended to be
concentrated in large droplets up to 15 #m in diameter.
In older CLPs (from animals with fetuses 15 to 146 cm
long) the cytoplasm stained palely or not at all with
Oil-Red 0 and had a fairly uniform appearance (Fig.
11F). These results suggest that the lipid metabolism of
the primary luteal cells of a CLP alters when the fetus is
between 10 and 15 mm long. In our material, this was the
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 of luteal
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
capillaries (Fig. 11D).

The corpus albicans

In this paper, we refer to regressing and regressed CLs as
corpora albicantia (CAs) irrespective of their colour. We
have recorded and measured 1,737 CAs from G.
macrorhynchus ovaries, up to 18 per pair, the modal
number being six (Fig. 17). Each CA was classified as
young, medium or old according to the criteria outlined
in Table 1. As regression is essentially a continuous
process, these categories are somewhat arbitrary, but we
consider them a useful guide to the state of regression.

FREQUENCY

NO. OF CLs & CAs

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

Fig. 18. Median slices through various corpora albicantia to show the
pattern of regression. A. Initial stage in the regression of a corpus
luteum of ‘ovulation’, some lobes (arrowed) were still active (Whale
13-23,32.5 years). B. Young corpus albicans of pregnancy from 9-100
(aged 10.5 years and lactating). C. Slightly older corpus albicans from
9-95 (aged 30.5 years and lactating). D. Old corpus albicans
(arrowed) also from Whale 9-95.

Eighty CAs were classified as young (Figs. 18A, B, C;
19A). Their size distribution is shown in Fig. 20, the range
of mean diameters being from 8.5 to 28.5mm (x
152 mm; s 3.27 mm). These young CAs can easily be
distinguished from CLs on the basis of colour (young CAs
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Fig. 19. Histology of regressing corpora albicantia in ovaries of G. macrorhynchus. A. Histology of regressing lobe of young corpus albicans of Whale
13-23 shown in Fig. 18A. The primary luteal celis have been replaced by cellular fibrous tissue but some presumed secondary luteal cells with
dark nuclei are still visible (Gomori’s trichrome). B. Macrophages filled with lipid in the brown central area of a medium corpus albicans (10.5 mm
in diameter) in the ovary of Whale 11-2] (14.5 years). (Haematoxylin and cosin). C. Hyaline connective tissue forms the bulk of this medium
corpus albicans (11.9 mm in diameter) in the left ovary of pregnant Whale 17-44 (6.5 years). Erythrocytes are still present in the blood vessels.
D. Part of one of the 12 old corpora albicantia of lactating Whale 26-12 (48.5 years). This corpus albicans, which was 7.5 mm in diameter. consisted
mainly of thick-walled blood vessels (van Gieson and celestin-blue haemalum).
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Table 7

Details of whales on which the histological comparison of young corpora albicantia derived from corpora lutea
of pregnancy and presumed ovulation was based. (P = pregnant; L = lactating; F.L. = fetal length)

Number of corpora

Accession Age Reproductive Young Medium Old
no. (years) status CL CAs CAs CAs
Corpora of pregnancy
9-100 10.5 L 1
9-99 11.5 L 1
Probable corpora of ‘ovulation®
9-92 10.5 P(F.L. 137 cm) 1
9-115 22,5 P(F.L.1.2cm) 2 0 7

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; 19B, C) were
measured. They ranged from 5.5 mm to 16.5 mm in mean
diameter (¥ 10.4 mm; s 1.99 mm) (Fig. 20) and were
significantly smaller than the young CAs (r test:
P < 0.0005). The 1,426 CAs classified as old (Figs. 3E,
18D; 19D) ranged from 2.5mm to 12 mm in mean
diameter (¥ 6.4 mm; s 1.5mm) (Fig. 20). The mean
diameter of the old CAs was significantly less than that
of medium CAs (7 test; P < 0.0005).

The pattern of 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 diameter (Figs 18A; 19A). in some lobes of
which a large proportion of primary luteal cell were stili
recognizable. although few had visible nuclei and these
were all pyknotic. Fibrous replacement of the primary
luteal cells was obviously progressing rapidly and many
fibroblasts were visible. In the remaining lobes, most of
the primary luteal cells had been replaced by cellular
fibrous tissue (Fig. 19A) within which occasional primary
luteal cells and groups of presumed secondary luteal cells
were still visible. This young CA was a very vascular
structure with an extensive network of capillaries and
larger vessels. The trabecular arrangement of the former
CL wassstill obvious. The other young CAs (e.g. Fig. 18B,
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 definitely derived from
CLPs, the other two 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, making the blood vessels
appear much more prominent (Fig. 19C). Some blood
vessels were occluded; most contained erythrocytes. The
trabeculae were less obvious.

In old CAs (Fig. 19D), the shrinkage and hyalinization
of the connective tissue had progressed even further. The
trabeculae were no longer obvious, and thick-walled
blood vessels made up the greater part of the structure.
However. many of the blood vessels were patent.

The histological structure of all 12 CAs of Whale 26-12.
which was 48.5 years old, corresponded to the above
description of old CAs. As discussed below, our data
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 pregnant
at least once and conclude that the bodies we have
classified as old CAs represent the end-point in the
degeneration of all CLs.

Some CAs in all three categories had a brown centra!
area full of lipid-laden cells (presumably macrophages)
(Fig. 19B). The lipid inclusions were histochemically and
morphologically similar to those in corpora atretica, and
we suggest that they may have derived from secondar:
luteal cells, which are probably of thecal origin (see
Harrison et al., 1981) and which have undergone ‘fatty’
degeneration.

The rate of regression

We have studied the rate of regression of CAs by
considering the ovaries of sexually mature whales less
than 13 years old (Table 8). As pointed out by Kasuy.
and Marsh (1984) our sample suggests that short-finnec
pilot whales begin to ovulate at a minimum of about 7.<
years (see No. 7-17, Table 8). The youngest animals with
old CAs were Nos. 14-15 and 15-25, both aged 9.5 years.
We therefore conclude that it is possible for a CL 1o
degenerate into an old CA within two years.

However, it is likely that the degeneration rate i«
dependent on hormonal status. Fig. 21 shows the
diameters of the largest young CA observed in various
females at different stages of pregnancy. Assuming tha:
ovulation does not occur during pregnancy (which i
estimated to last 14.9 months (Kasuya and Marsh, 1984,
it is obvious that the degeneration of a young CA mus:
be greatly reduced or halted during this time, a conclusion
supported by histological study of the young CAs presen:
in the ovaries of Whales 9-115 (pregnant with a 1.2-cm:
fetus) and 9-92 (pregnant with a near-term fetus) (Table
7).

It is also likely that the rate of regression is slower ir
old animals, although we have no data bearing directls
on this. As discussed below, the oldest pregnant whale-
we have examined had an expected age of parturition or
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 and
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Table 8

Details of the ovaries and reproductive status of G. macrorhynchus females 12.5 years and younger

Estimated time?

since last Mean diameter CA (mm)
Accession Reproductive Fetal length ovulation
no. status {cm) (days) Young Medium Old
8.5 years (3 immature, 4 mature)
9-122 P 3 50¢ 15.1 11.2
8.8
26-9 P 40.5 160!
17-2 P 66.5 237!
7-17 P 90 306!
9.5 years (5 immature; 5 immature)
14-15 P 100 336 10.4 7.3
24-25 P 132 30!
10-14 L > 452! 11.1
15-25 R 13.3 10.2 5.6
26-21 R 17.8
10.5 years (2 immature; 9 mature)
9-114 P 1 43.6% 15
10-8 P 2.8 4913
17-31 P 23.3 109 12.2
15-15 P 65.5 234 15.4 11.5
7.2
7.0
5.0
15-47 P 78 2711
11-16 P 100 336!
9-92 P 137 443 12.7
9-100 L > 452! 20.3
14-3 R 1. 7.5
10.
11.5 years (1 immature; 7 mature)
25-2 P 29.5 12¥ 14.0 3.7
8.0
12-5 P 31 132 10.5 9.6
18-47 P 50 1881
9-99 L > 452! 18.5
20-2 RorlL 16.7 9.2
13-35 R (ovd) several 11.6 4.5
It-5 R 16.9
12.5 years (6 mature)
26-8 P/L 19.3 98 7.9
7.4
5.8
15-44 P 75 262 1.3
23-4 P 78 271
26+27-42 L > 452 12.3 6.7
7.6
13-29 L > 452 15.5 9.2 8.3
16-10 R 12.5 7.9
6.2
5.0

 Pregnant at first ovulation.
¢ Calculated from formula derived from Laws {1959),

F
Length of pregnancy (in days) = <452 X 0.91 X ——— >+(452 % 0.09)

* Probably over-estimated.

P = pregnant; L = lactating; R = resting; R (ovd) = resiing with large follicles; P/ = pregnant and lactating; F.L. = fetal length.

Fig. 8). The rate of resorption of CAs is also known to
be reduced in post-menopausal human ovaries (Peters
and McNatty, 1980).

Evidence for the persistence of corpora ulbicantia

If old CAs disappeared from the ovary, we would expect
their size distribution to be negatively skewed and the
modal value to decrease with age. Figs 20 and 22 indicate

that neither of these expectations was fulfilled in G.
macrorhynchus. The mean diameter of the smallest CA in
each ovary pair also showed no evidence of changing after
about age 20 years (Fig. 23). As discussed below, we have
no evidence for ovulations ccecurring in animals over 40
years old. Thus for example. No. 24-7 (aged 62.5 years)
probably had not ovulated for more than 20 years yet
had ten old CAs clearly visible in her ovaries. On the
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Fig. 21. Diameter of the largest young corpus albicans present per pair
of ovaries of G. macrorhychus at various stages of pregnancy.

basis of all this evidence. we concluded that CAs persist
in this species.

The frequency distribution of corpus counts (Fig. 17)
is somewhat at odds with this conclusion. For if the CAs
do not disappear. and if the population of whales is stable
and our sample unbiased with respect to age, we would
expect the modal number of corpora to be one (rather
than six as in Fig. 17) and the frequency to fall off with
increasing numbers of corpora (which it does but only
after the mode). There are several explanations for the
frequency distribution in Fig. 17. Firstly, our sample of

whales is biased with respect to age. Females under 15
years old are under-represented in our sample from the
largest school (School 9) and the reproductive status of
the sample is not representative of the population (see
Kasuya and Marsh, 1984). Further, the range of ages at
which sexual maturity is reached (7 to 12 vears), the
reduction of ovulation 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
declines and ceases (see Fig. 8) will also affect the
frequency distribution of corpus counts. In view of these
confounding influences, we conclude that we would be
unjustified in rejecting the conclusion that CAs persist on
the basis of Fig. 17 alone.

Bilateral ovarian activity

Even though ovulation appeared to take place from any
point on the surface of either ovary, more ovulations
occurred from the left ovary in animals of all ages (Fig.
24). The first ovulation occurred from the left ovary in
eight whales and from the right in four whales. (The
difference is not significant, y2, P > 0.25). Of 1,521 CLs

Table 9

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

No. of corpora
artretica and
accessory CLs

Follicle Age of Macroscopic found on
Accession Age Reproductive abundance youngest follicles macroscopic
no. (years) status! ranking? CL or CA3 present examination
17-33 4.5 Im 4 — A 0
17-9 4.5 Im 4
17-31 10.5 p 4 CLF \ 1
17-5 14.5 R 4 voung CA V'
17-3 15.5 R 3 young CA i 1
17-17 15.5 L 3 medium CA vV 9
17-35 17.5 L 3 young CA v
7-22 22.5 R 3 “CLO’ v
17-18 22.5 L 3 medium CA v 3
23-18 245 L 3 young CA 3
17-37 24.5 L 3 medium CA 4\ 4
24-22 26.5 L 3 medivm CA 1
7-8 27.5 L 3 young CA iV 4
i7-13 27.5 R 3 young CA vV 12
23-3 29.5 R 1 old CA 4
17-29 355 L 3 young CA 3 I
17-20 38.5 R 1 old CA 8
16-9 40.5 R 3 medium CA 17
22-12 41.5 R i medium CA 9
9-85 43.5 R i old CA A\ 8
17-24 4.5 R ! old CA
22- 44.5 R 1 old CA
24-12 45.5 R 1 old CA 9
24-19 46.5 R 1 old CA 1
24-1 47.5 R 1 oid CA 7
15-5 47.5 R I old CA v
17-41 47.5 L 1 old CA \ I
15-4 55.5 R 1 medium CA? Vv
17-1 55.5 R 1 old CA v 2
R I old CA

! Im = immature; P = pregnant; L = lactating: R = resting.

2

follicles per 10 fields.

* 10 < 2 follicles per 10 fields each 2.7 mm?; 2: < 10 follicles per 10 fields; 3: 10 > 50 follicles per 10 fields; 4. »> 50

* CLP == corpus luteum of pregnancy; ‘CLO" = corpus luteurn of *ovulation”; CL = corpus luteum; CA = corpus

albicans.

* Classified as medium on macroscopic examination: mean diameter 9.5 mm.
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Fig. 25. Relationship between corpus count (number of corpora lutea (CLs) plus corpora albicantia (CAs)) and
age in G. macrorhynchus. The fitted regression line is
¥ =13.39-19.65(0.95%
where 3 is the number of corpora at age x.
O one whale: @ two whales; @ whales
The arrows indicate the whales less than 40 years old which have been classified as post-reproductive. (All whales
more than 40 years old were also classified as post-reproductive). Inset: change in ovulation rate with age
calculated using the formula i
‘13 = 1.OOR (0.95)% up to age 40 vears.

Where dy dx is the number of ovulations per year at age x. The mean of the corpora count at each age is given in

Table 10.
Ovulation rate
Even assuming that CAs persist as a record of ovulations. Table 10
estimating the rate of accumulation is difficult because of Mean (¥) of corpus counts (corpora lutea and corpora aibicanti..
(1) variation in the age at attainment of sexual maturity; G. macrorhynchus females of various ages
(2) change in ovulation rate during an individual’s —
reproductive life span and (3) individual variation in the Corpus Corpus Corr..

accumulation rate. All of these factors contribute to the A | coumt Ase o sount Ae e
scatter in the plot of number of corpora (CLs plus CAs) (ye;frs) oy ();e;rs) % (yeﬁ'm -
against estimated age (Fig. 25). .
As discussed by Kasuva and Marsh (1984) and 8.5 7010 245 3 9.0 405 3
illustrated in Table 8, females of G. macrorhynchus 95 10 09 255 5 74 415 3
- . a ~ o ; 5 0.5 11 18 265 11 9.0 425 4
ovulate for the first time between the ages of 7 and 12 115 g 19 375 9 101 a3s -
years. The ovulation rate obviously changes with age 125 6 28 285 4 88 445 3
(Fig. 25) and, as discussed below. we have no evidence 13.5 5 38 29.5 4 112 45.8 2
of recent ovulations occurring in any whale over 40 vears 45 10 35 305 5 80 465 !
old. The number of corpora in 45 whales 40 years old and ;:2 2 4% A3 j;f 2
oider was independent of age (r = 0.12, P > 0.2). The -35 6 ,g 13 2/ 1;(') 49.5 1
spread of values for the number of corpora counted in 18.5 8§ 6.9 345 7 94 505 3
the ovaries is considerable irrespective of the age of the 19.5 8 55 35.5 7 94 51 i
whale (Fig. 23; Table 10). The magnitude of the standard 205275 3655 14 52 !
deviation of corpus counts for a given age is highly fﬁ: 2 :: 233 i ;12 :3 2
variable (probabiy due to the small sample sizes) but BE 7T 731953 {127 o2 :

shows no systematic increase after about age 17 years. - = _—
The ndividual variation in the accumulation rate 1s * n = Sample size.
illustrated by Table 8, which summarizes the details of 31
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Fig. 26. Frequency histogram of the number of recent ovulations
(corpora lutea (CLs) plus young corpora albicantia (CAs)) in female
G. macrorhynchus with at least one corpus luteum. CLP = corpus
luteum of pregnancy; ‘CLO’ = ‘corpus luteum of ovulation’.

newly-mature whales aged between 8.5 and 12.5 years
inclusive. Although 14 of these animals had only 1 corpus,
one of the youngest (No. 9-122, 8.5 years) had four;
another (No. 15-15, 10.5 years) had six. Fig. 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
two-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.
{ The whale with one CL and 5 young CAs was No. 17-44
aged 16.5 years).

When Perrin et al. (1976) calculated ovulation rates for
the spotted dolphin, Stenella attenuata, they corrected for
individual differences in age at first ovulation and
calculated ovulation rates in terms of reproductive age
rather than absolute age. We decided not to do this
hecause the sample size was rather small (Table 8) to
make a meaningful correction.

The relationship between age and number of corpora
cbviously cannot be satisfactorily described by a single
straight line (Fig. 25). Mizroch (1981) attempted to
overcome this problem for a corresponding (but much
larger) data set for fin whales by fitting a series of straight
lines, each for an arbitrarily-selected, non-overlapping
age range. We attempted this initially but ultimately
rejected the approach because (1) the data are so variable
‘hat the results obtained were greatly affected by the way
:n which the age range was subdivided and (2) the corpus
counts at a given age (especially for low ages) do not meet
the assumptions of least-squares curve-fitting (see Zar,
1974), which makes the validity of comparing the slopes
of a series of different lines rather dubious.

While acknowledging that the data do not meet all the
assumptions, we decided to fit a single curve to the
corpus count/age data of 243 females (including im-
mature individuals) seven years old or oider. (This
«ample was not corrected for bias; see Kasuya and
Marsh, 1984). A single-phase, exponential curve of the

orm Y = 13.39—-19.65(0.95)"

‘vhere Y = number of corpora at age x had an #* of 0.66,
. ¢. the curve explained about two-thirds of the variation

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
very low (< 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 (ie. 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 parturition 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 females aged between 36.5 and
39.5 years, inclusive, showed evidence of recent ovulation
(including one with bilateral ovarian papilloma (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
possibility that the infertility of these old females might
be due to age-related changes in their ovaries.

Fig. 8 summarizes the reproductive status and ovarian
condition of 245 mature females. Although the ovaries of
no female over 40 vears old contained both medium CAs
and macroscopic follicles. 12 had medium CAs and no
follicles that were not obviously atretic on macroscopic
examination. As discussed above, althcugh we have
evidence that a CL can degenerate into an old CA within
two years, we suspect that this rate of regression is
greatly reduced in old animals and do not consider that
the presence of medium CAs in the ovaries of animals
older than 40 years is proof that they have ovulated within
the preceeding two years.

Six whales over 40 vyears old had at least onc
macroscopic follicle in their ovaries, even though ali their
CAs were classified as old. It is likely that most, if not all,
of these follicles were atretic or destined to become so.
The large follicles from older females that we investigated
histologically were all atretic (e.g. No, 25-31 aged 34.5
years had three large foilicles 18 mm. 10.3 mm and
7.9 mm in mean diameter; all were cystic (Fig. SE)).

Thirty-one of the 49 females over 40 years old (639}
had only old CAs and no macroscopic follicles in their
ovaries (Fig. 8). Six of the 18 animals (33.3%) aged
between 36 and 40 years also had ovaries in this
condition, as did five of the 40 animals (12.5%) aged

©
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between 28 and 36 years. All animals younger than 29
years had a CL or medium or younger CA in their
ovaries.

Semi-quantitative histological study of samples from
the ovarian cortex of 30 whales spanning an age range of
4.5 to 62.5 years (Table 9), indicated that the number of
follicles was significantly reduced in older females. All 12
females studied which were 41 years old or older had a
follicle abundance rating of one (i.e. <2 follicles per
10 x 2.7 mm? fields) as did two younger animals (Nos.
23-3 aged 29.5 years and 17-20 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
follicles 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 age
estimates were available were post-reproductive.

Apart from the very low number or absence of follicles,
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; 11-19, 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 pendulous cyst on
one ovary, and No. 13-6 (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 fertility of ovulating whales with
increasing age

Table 11 compares the incidence of *CLOs" (excluding
‘recent ruptures’) and CLPs in whales 20 years old and
younger with that in older whales. The proportion of the
well-established corpora lutea which were classified as
CLPs was significantly lower in the older whales {x%,
P < 0.005), indicating that ovulation is less likely to be
followed by pregnancy in older females.

Table 11

Incidence of corpora lutea of * ovulation” and pregnancy in both females
twenty years old and younger and in older females. (* CLOs" classified
as ‘recent rupture” and animals which had recently aborted were not
included)

Age (years)
< 20 > 20
No. of whales with a ‘CLO" 2 13

No. of whales with a CLP 44 29

DISCUSSION

The ovarian changes associated with varying reproductive
status are not completely separable from those due to
advancing age, as reproductive status is partially
age-dependent. However, this macroscopic and histolo-
gical study of the ovaries of a large sample of short-finned

pilot whales for which independent absolute age
estimates were available does permit some distinction
along these lines as discussed below.

Changes in the ovary associated with reproductive status
Follicuiar development and atresia

Follicular development in G. macrorhynchus follows the
usual mammalian pattern outlined in this volume
(Appendix B of Perrin and Donovan, 1984).

The various products of follicular atresia, a particularly
conspicuous feature of the ovaries studied, were alsc
substantially similar to structures described in othe-
mammals, including cetaceans (Figs 1 and 2, Appendi
B of Perrin and Donovan, 1984). Best (1967) describec
and figured structures in sperm-whale ovaries similar 1«
corpora fibrosa (Fig. 5A). Corpora atretica b (atreti.
luteinized follicles) (Fig. 5C) have been recorded fror
mature females of several cetacean species. Differer:
terms have been used by different workers to describe
different stages in the development and regression of thesc
bodies (for references see Appendix B of Perrin anc
Donovan, 1984). In this study we have shown (1) the:
corpora atretica b are formed when the thecal cells of ar
unruptured antral foilicle luteinize and subsequently ¢
through a process of ‘fatty’ degeneration (Fig. 5C) whi.c
accumulating a ‘ceroid-type’ pigment and (2) th.:
corpora atretica b do not persist (Fig. 13). These resul:-
should overcome previous confusion about the etioloy.
and persistence of these bodies.

Corpora atretica b appear to be much more commo-
in G. macrorhynchus than in the other odontocetes f. -
which figures are available. We recorded 938 corpor.
atretica b in 235 pairs of mature ovaries (about 4 per pair
compared with means of 0.28 per pair (Perrin ez al., 19~
and 0.27 per pair (Kasuya et al., 1974) in Sien.. .
attenuata. We found one or more corpora atretica ~ -
about 75% of mature ovary pairs; in contrast, Best (19r"
recorded them in about 50% of sperm whale ovar:.-
Corpora atretica b were found in G. macrorhynchus ..
all stages of pregnancy (Fig. 14). This is not surprisir. .
In our sample, although the presence of large (> S
in diameter) follicles was limited to pilot whales w:
fetuses less than 50 cm long, there were whales w: -
medium-sized follicles (1 < S mmin diameter)atall stay.-
in the gestation period (Fig. 10). As Miller and Camph:
(1978) point out (for cattle, Bos taurus), although .
normal oestrus cycie does not occur during pregnan.
follicles can still undergo (limited) development u:.
atresia.

At least one corpus atreticum a (Fig. 5B) was recordc
in about 109, of mature ovaries (Table 4), a proport: -
similar to that in the sperm whale (Best, 1967). In be:-
species, the recently ovulated females have the highes
incidence of these bodies. The general morphology o:
corpus atreticum a in G. macrorhynchus (Figs. 5B. D. |
is very similar to the corresponding structures in o1r.-
species as discussed in Appendix B of Perrin u-
Donovan (1984). However, pilot-whale corpora atret:.
a are, not unexpectedly, smaller than their counterpa:-
in large whales, and we consider that they mayv r
produce a persistent scar of connective tissue such .-
the corresponding structures do in the larger spec:.
(loc. cit.).

Accessory corpora lutea (sensu loc. cit.) (Fig. 11B) ..
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not common in G. macrorhynchus, occurring in about 6%
of ovaries. A similar structure was described 1in
(ilobicephala melaena by Harrison (1949). Cystic atresia
<imilar to that recorded in G. macrorhynchus (Fig. SE) has
4lso been described in the long-finned pilot whale, G.
nelaena, by Sergeant (1962).

The corpus luteum

The general development of the corpus luteum (CL) of
-he short-finned pilot whale is similar to that in the
‘ranciscana, Pontoporia blainvillei, as described by
Harrison ef al. (1981). When fully formed, the CL
-ontained two distinct types of luteal cells (Fig. 11C), a
“cature reported for several cetaceans (van Lennep, 1950,
Best, 1967; Hirose et al., 1970; Mossman and Duke,
973; Harrison et al., 1981), including G. melaena
Harrison, 1949). Although the basic morphology of the
‘L is similar in the two species of pilot whale, CLs of G.
~elaena (Sergeant, 1962) are generally larger than those
©G. macrorhynchus. The difference probably reflects the
.rger body size of G. melaena. About 10%, of CLs had
relly-filled centre in G. melaena (Sergeant, 1962), which
. lower than the 159, incidence of this feature in G.
~ucrorhynchus (Fig. 3D).

in both species, some of the *CLOs” were within the
-z¢ range of CLPs, while most were smaller (Fig. 16;
scrgeant, 1962). Sergeant considered that *CLOs’ in the
.rger size group were probably corpora of early
~-egnancy or the result of early embryonic death. We
_-ree with Benirschke, Johnson and Benirschke (1980)
~it the placental membranes of even very small
sontocete embryos are of appreciable size and not easily
~erlooked and consider that probably only the youngest
~ the structures that we classified as ‘CLOs’ were
-wociated with a pregnancy. This conclusion is supported
. our observation that "CLOs’ were relatively more
mmon in older whales. We were unable to reliably
_narate ‘CLOs’ from CLPs in G. macrorhynchus on
- ~rphological or histological grounds (see also Appendix

- Perrin and Donovan, 1984).
Sergeant (1962) reported that in G. melaena *CLOs’
.re particularly noticeable in the young first-maturing
_males, implying that these animals were sub-fertile. In
~irast, it appears that a high proportion of G.
..rorhynchus in our sample became pregnant at their
-« ovulation (Table 8). This may be a result of the
“erence in the age of sexual maturation for the two
~ulations studied rather than an inherent specific
“erence. Sergeant (1962) estimated that the long-finned
. whales in the popuiation he studied first con-
_.ed at 4.5 to 8 years; whereas our estimate of the
_-reproductive period for this population of G.
_rorhynchus 1s 7 to 12 years (Kasuya and Marsh,
~4). Perrin et al. (1977) noticed a parallel difference
e fertility rates of very young mature females of
wvila attenuata and S. fongirostris. As they pointed out,
- differences in the fertility of young females may
2ot inherent differences or may reflect differential
- zlation status with respect to exploitation. If females
more heavily exploited population tend to become
.1lly mature at an earlier age, they could still be less
"2 in terms of pregnancies per ovulation than if they

matured when older.

~_rgeant (1962) considered that the CLP of G. melaena
~es a maximum diameter in the early part of fetal life

and shrinks again thereafter. However, his evidence for
a reduction in the size of a CLP during the gestation
period is much less convincing than the evidence of a
similar phenomenon in S. attenuata (Kasuya er al., 1974;
Perrin ef al., 1976) and S. coeruleoalba (Miyazaki, 1977).
We have no evidence that the CLP of G. macrorhynchus
changes size during the gestation period (Fig. 16),
although the evidence for a change in the lipid
metabolism of a CLP during this time is convincing (Fig.
11E, F). Histological evidence of a change in the activity
of a CL during pregnancy has also been reported for blue
and fin whales, Balaenoptera musculus and B. physalus
(Mackintosh and Wheeler, 1929); the sperm whale
(Chuzhakina, 1961); the harbour porpoise, Phocoena
phocoena (Fisher and Harrison, 1970) and S. graffmani
(= S. attenuata) (Harrison et al., 1972).

Multiple CLPs are fairly rare in both G. macrorhynchus
(Table 2) and G. melaena (Sergeant, 1962) as in most other
cetaceans with the exception of the white whale,
Delphinapterus leucas (Brodie, 1972 Sergeant, 1973) and
the narwhal, Monodon monoceros (K. Hay, pers. comm.,
1981) (see Appendix B of Perrin and Donovan, 1984).

The corpus albicans

The pattern of regression of CAs in G. macrorhynchus is
very similar to that reported for many other cetaceans,
including G. melaena (Sergeant, 1962). The connective-
tissue elements in the walls of the artenies of the original
CL are particularly resistant to change and make 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 histological
grounds) and have suggested that one type might have
developed from CLOs and the other from CLPs (e.g.
Peters, 1939; Sleptsov, 1940; van Lennep, 1950; Robins,
1954; Zemskiy, 1956, Ivashin, 1958; 1984; Hirose et al.,
1970; Fisher and Harrison, 1970; Zimushko, 1970;
Harrison and Brownell, 1971; Harrison et al., 1969;
Harrison er al., 1972; Collet and Harrison, 1981). The
essential distinguishing feature of the two types is usually
held to be the amount of amorphous, relatively acellular,
hvaline material present.

Several workers {e.g. Fisher and Harrison. 1973; Collet
and Harrison, 1981) have suggested that CAs which
consist of little more than coils of obliterated blood
vessels with sparse hyaline material may be the end point
in the regression of C1.Os, while those with a considerable
quantity of acellular material result from CLPs.
However, as all 12 CAs of a lactating 48.5-year old female
G. macrorhynchus (which almost certainly had not
ovulated for at least nine years) consisted of little more
than coiled blood vessels (e.g. Fig. 19D}, we consider that
previous workers have been confused by the stages in the
regression of CLs to old CAs. We could make no
histological distinction between young CAs derived from
CLPs and those derived from presumed "CLOs” (Table
7) and agree with most other cetologists who have studied
the CAs from a large series of conspecifics (e.g. Laws,
1961, Sergeant, 1962: Best, 1967: Gambell, 1968, 1972
Kasuyva, 1972; Kasuya et al.. 1974: Perrin ¢t al., 1976;
Miyazaki, 1977; Harrison er a/.. 1981), that it is not
possible to separate CAs of pregnancy from those of
ovulation.

Laws (1961) found that for cetaceans the diameter of
the fully regressed CA tended to be a constant percentage
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of the diameter of the CLP. He calculated that the
regression ranged from between 82.6 and 84.19,. 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 839, 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 (Table
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.
macrorhynchus; Sergeant (1962) found a maximum of 16
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 a large series is
available (e.g. Mackintosh and Wheeler, 1929: Mackin-
tosh, 1942; Chittleborough, 1954; Chuzhakina, 1961;
Laws. 1961; Ohsumi, 1965; Best, 1967; Gambell, 1968,
1972; Kasuya, 1972; Kasuya et al., 1974; Perrin et al.,
1976 Mivazaki, 1977) have considered that CAs persist.

The pattern of ovarian activity

Both Harrison (1949) and Sergeant (1962) agreed that
ovulation could take place from any point on the surface
of either ovary in G. melaena. G. macrorhynchus appears
to be similar in this regard. In contrast, Best (1967)
reported a definite polarity of ovulation sites in sperm
whale ovaries. Both G. melaena and G. macrorhynchus
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 of Perrin and
Donovan, 1984).

There is no good evidence that either G. melaena or G.
macrorhynchus can be polyovular. Multiple CLs of
pregnancy have occasionally been observed in both
species, but the supernumerary CLPs were probably
derived from unruptured follicles. However, it seems
likely that pilot whales can be polyoestrous. We have
evidence of up to six ovulations occurring in fairly quick
succession in G. macrorhynchus (Fig. 26). Harrison (1949)
and Sergeant (1962) also report instances of two or more
CAs of about the same size in G. melaena ovaries.

Seasonality of oestrus

Kasuva and Marsh (1984) concluded from their data on
estimated parturition dates and the length of gestation
that conceptions in this population of G. macrorhynchus

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, October 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. macrorhynchus with age
Follicle abundance

The age-related decline in follicle abundance in the
ovaries of G. macrorhynchus is conspicuous both
macroscopically and histologically (Fig. 6). Chuzhakina
(1961) documented a similar decline in sperm whale
ovaries and claimed that follicles were completely 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 developing
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
whales 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-finned pilot whales with only one large follicle. Such
animals are unlikely to conceive. Research on other
mammals has shown that during the fertile part of the lifc
span, antral follicle production is always in excess of the
number ovulated. Those follicles which remain mav.
however, serve an important hormonal function and give
rise to the oestrogen that seems essential for the
continued growth of those that ovulate (Jones, 1970).
According to Nalbandov (1964), if all but one or two o
the developing follicles are destroyed during the follicular
phase, none of the remainder ovulates normally. Thu:
the presence of a small number of macroscopic follicles
in the ovaries of G. macrorhynchus temales over 40 years
of age is not inconsistent with our classification of thesc
animals as post-reproductive. Although menopause carn
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occur in women before the stock of oocytes is completely
exhausted, it is generally agreed that post-menopausal
ovaries show little or no follicular response to exogenous
gonadotrophins (Talbert, 1968).

Follicular atresia

Large follicles that do not ovulate, degenerate (Jones,
1970). The follicles that have been studied in short-finned
nilot whales aged 40 or more years were all atretic. Cystic
atresia of macroscopic follicles was common (Fig. 5E).
Accessory corpora lutea were present in the ovaries of
nine non-pregnant whales (Table 2). Similar bodies in the
ovaries of old mice, Mus musculus, have been described
as ‘examples of total failure of the ovarian mechanism’
Jones, 1970).

Atresia accompanied by thecal luteinization to produce
corpora atretica b is a conspicuous feature of mature G.
macrorhynchus 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
consider 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
1o be age-related in other mammals. Best (1967) reported
4 sudden and rapid increase in the proportion of sperm
whales exhibiting follicular atresia after 13 CAs had
accumulated in the ovaries (unfortunately, absolute age
estimates were not available). Ageing rodents show an
increasing tendency for follicles to luteinize prematurely
so that ovulation cannot take place (Talbert, 1968).
Ceroid associated with regressing luteal bodies (corpora
atretica 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
the greatest influence on the rate of loss of oocytes
i Talbert, 1977). In all mammals the loss of follicles by
ovulation is insignificant compared to the ‘devastating
effects of atresia’ (Jones, 1970). The rate of follicular
atresia in mature G. macrorhynchus ovaries (which, as
discussed above, seems to be unusually high) is probably
an immediate cause of the high proportion of females in
our sample which were post-reproductive. Follicular
atresia accompanied by luteinization is also a conspicuous
feature of the ovaries of mature pigtail macaques
(Graham 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
increase in atresia discussed above, other age-related
changes occur in the histology of the ovaries of G.
macrorhynchus. These are similar to those which have
been documented in post-menopausal humans. Such
changes include a general decrease in volume of the cortex
and thickening and sclerosis of arterial walls (Graham ez
al., 1979), ingrowth of the surface epithelium (Peters and
McNatty, 1980) and increased pathology (Labhsetwar,
1970). Chuzhakina (1961) observed some of these

features in the ovaries of sperm whales with 13 to 16 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 with other odontocetes

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 (1) 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 59, of mature
specimens of G. melaena 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. (It 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 (1965), Best (1968 ; 1980) 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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Other anatomical changes associated with reproductive
senescence

Age-related changes in pregnancy rate are not dependent
solely on ovarian status but on the sum of the total age
changes in the reproductive tract. Although primary
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 uterus of ‘senile’ specimens of G.
melaena. We have not yet established whether there are
parallel changes in the uterine morphology of G.
macrorhynchus, but they cannot be ruled out as a possible
cause of the decline in fertility observed in ovulating
whales older than 20 years (Table 11). Partial uterine
failure is suggested as one 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 increasing
age in all species (of mammal) for which there is any
information at all’. Unfortunately such information is
difficult 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-salvage
approach on a large sample of conspecifics obtained
through a fishery, as has been done for a number of
cetacean species. However, if age-specific reproductive
rates are to be measured accurately, reliable estimates of
absolute age are essential. It should also be remembered
that data on the age-specific abundance of fetuses are
(with suitable corrections) likely to be much more
valuable to management than inferences based on the
study of the ovaries alone. Unfortunately most studies of
cetaceans do not meet these criteria.

As reviewed by Marsh and Kasuya (in press), a decline
In pregnancy rate with advancing age seems likely for
at least several odontocetes. However, at this stage there
18 no firm evidence that the post-reproductive phase
occupies a major portion of the total life span of the
females of any wild mammal other than G. macrorh ynchus
which (in this population) ceases to produce calves by the
age of about 36 years when it still has a life expectancy
of about 14 years (Kasuya and Marsh, 1984). Kasuya and
Marsh also point out that the behaviour work of Bigg
(1982) and his co-workers suggests that killer whales may
be similar. These species certainly present the closest
parallel to the situation in humans, where even in
societies, such as India in the 1880’s, which did not have
the benefits of ‘modern medicine’, the life expectancy for
women of menopausal age was about 15 years (Dublin,
Lotka and Spiegelman, 1949).
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