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Preface

In the Introduction to this volume, the editors describe the long planning involved in
bringing about and determining the aims of the Symposium and Workshop which resulted
in this the sixth Special Issue of the Reports of the International Whaling Commission. The
Workshop may not have answered every question that those of us who attended might have
hoped; indeed, in true scientific manner, it may well have raised as many new questions
asit attempted to answer. However, perhaps its greatest success was in bringing into contact
international workers from various, and sometimes sadly isolated, fields: mathematicians
and field biologists; physiologists and modellers; workers on the great whales and the
smaller cetaceans. The fruits of this contact can be seen in the quality of the revised papers
presented in this volume and in the continuing collaboration between the attendees at the
meeting.

G. P. DONOVAN

Scientific Editor,

International Whaling Commission

17 March 1984

COVER PAINTING

An Atlantic spinner dolphin, Stenella longirostris, and calf. Airbrush painting by Kenneth S. Raymond, South
Fisheries Center, La Jolla, California, USA. Logo of the 1981 conference. ymong, Southwest



Introduction

The charges to the Conference were specific and several:

(1) To examine the question of information content of
cetacean ovaries, i.e. do ovarian scars represent a
readable reproductive history of the individual female?
This is of obvious potential importance to estimating
fecundity and populational birth rates.

(2) To review the question of density dependence of
reproductive rates, in other words do birth rates go up in
an exploited population to yield a harvestable surplus?

(3) To survey new methods that may improve the
gathering and interpretation of reproductive information
in the assessment and management of cetacean
populations.

(4) To review cetacean reproductive biology and
modelling across the board and identify major informa-
tion gaps and research needs.

The Conference had two parts, a three-day symposium
followed by a five-day workshop. The Symposium
consisted of invited and submitted papers in sessions
dealing with reviews by taxa, problems and new
approaches in methodology, case studies of populations,
density-dependence, and behaviour, functional morpho-
logy and physiology. Participation in the Workshop was
by invitation.

The meeting had its beginnings in the recommendations
of a meeting of an FAO-ACMRR ad hoc advisory group
on small cetaceans in 1974 in La Jolla (chaired by E. D.
Mitchell). A preliminary plan and budget were drafted at
a meeting of a research-planning subcommittee of the
small-cetacean group (W. F. Perrin, R. L. Brownell, Jr,
J. G. Mead and T. Kasuya) in Washington, D.C. in 1975.
The initial plan was to convene a workshop meeting on
ovarian scars in odontocetes. The plan quickly expanded
to include the baleen whales and male reproductive pro-
cesses and later was opened out to include a review of
reproductive models and methods.

The Conference was funded by the Southwest Fisheries
Center of the U.S. National Marine Fisheries Service, the
International Whaling Commission and the U.S. Marine
Mammal Commission.

Of the 58 papers delivered in the Symposium, 45 were

submitted for publication. Of these, four were rejected
and seven were withdrawn (for various reasons). Four
papers not presented in the symposium are included in
this volume (Benirschke and Marsh; Collet and St.
Girons; Perrin and Henderson; and Schneyer and Qdell).
The first three deal with topics discussed at length in the
Workshop, and the fourth is thought to be sufficiently
relevant to merit inclusion.

In compiling and editing this volume, we placed heavy
emphasis on peer review. The submitted papers were each
reviewed by at least two referees, who were given the
option of remaining anonymous. Some of the papers
reccived as many as five reviews and were very
substantially revised before being accepted for
publication.

We received a tremendous amount of help from a host
of people during the long years that it took to organize
the Conference and guide its proceedings to publication.
Serving on the Organizing Committee at the Southwest
Fisheries Center were William H. Brinkerhoff, Virginia
L. Cass, Lisa Ferm, LarryJ. Hansen, JohnR. Henderson,
Aleta A. Hohn, Makoto Kimura, Mark S. Lowry, Ruth
B. Miller, Albert C. Myrick, Jr, Charles W. Oliver,
Thomas B. Shay, Sandra Shay, Priscilla A. Sloan and
Drew Stanley. Other SWFC staff who encouraged and
assisted the enterprise were Roy M. Allen, Izadore
Barrett, John F.Carr, Merle Marrow, Kenneth S.
Raymond, Benjamin F. Remington, Gary T. Sakagawa,
Frances M. Tonsich, Lillian L. Vlymen, and Charles
Wright. The following chaired sessions of the Symposium:
John R. Beddington, Kurt Benirschke, Joseph R. Geraci,
Daniel Goodman and Roger S. Payne. Helen Becker,
Frances Begley, Cheryl Harless, Patricia Metcalf,
Lorraine C. Prescott and Mary DeWitt patiently typed
and re-typed parts of the volume. A very large part of the
work attendant on organization, logistics and publication
was carried out at the IWC headquarters in Cambridge,
by Greg Donovan, Stella Bradley, Ray Gambell, Martin
Harvey and Daphne Ransom. We owe special thanks to
the 58 referees who reviewed the papers; their job was
the hardest of all.

W. F. PERRIN

R. L. BROWNELL, JR
D. P. DEMASTER

La Jolla, 1983
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I. INTRODUCTION

The main charges to the workshop were to examine the
interpretation of ovarian corpora, to review the
reproductivecomponents of quantitativemodelscurrently
used in assessment and management, and to explore how
research in the field and laboratory on the one hand and
quantitative modelling on the other, can be better in-
tegrated. The agenda (Appendix A) was structured to
alternate group discussions and laboratory sessions. Dis-
cussion leaders and rapporteurs prepared draft reports
that formed the basis for this report. The organization

and content of the report do not correspond entirely to
the workshop agenda, but rather reflect the course of the
discussions. Participants in the workshop are indicated
in the list of conference participants at the beginning of
this volume.

The following participants acted as discussion leaders
and/or rapporteurs during the workshop sessions:
Barlow, Benirschke, Braham, Brownell, DeMaster,
Donovan, Goodman, Hester, Kirkwood, Lockyer,
Marsh, Mead, Mizroch, Odell, Perrin, Reilly and Wells.
Marsh and Benirschke prepared the meeting draft and
subsequent revisions of Appendix B.
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II. QUESTIONS OF MORPHOLOGY AND
PHYSIOLOGY

(A) Interpreting ovarian scars

Implicit in the use of ovulation rate as a vital parameter
in modelling reproduction of cetaceans (see Section B) is
the assumption that corpora albicantia (CA) persist
through life and thus reflect the actual number of
ovulation events. Some workers have also assumed that
corpora of simple ovulation can be distinguished from
those of pregnancy, yielding an accurate history of
calf-bearing.

(1) Do corpora albicantia persist indefinitely ?

The consensus opinion is that CAs do persist indefinitely
in the ovaries of at least some cetaceans, e.g. sei whales
and fin whales (Gambell, 1968; Laws, 1961). It is likely,
however, that not every ovulation results in a corpus
luteum (CL). This can be investigated only by steroid
monitoring coupled with ovarian histology. The implica-
tion of this possibility is that we cannot necessarily
assume that ovulation rate is measurable by counting
corpora.

For the short-finned pilot whale, Globicephala macro-
rhynchus, no major gaps in the size distribution of CAs
indicative of CA disappearance were noted and they are
thought to persist indefinitely (Marsh and Kasuya, this
volume). The smallest were about 3 mm in diameter.
Ohsumi reported that the same is true for the sperm
whale, Physeter macrocephalus, although final size is
greater (about 8 mm in diameter, Gambell, 1972). CAs
may also persist indefinitely in Stenella spp. (Perrin and
Reilly, this volume); however, it was noted that some
apparently ‘old’ females have shrunken. ovaries with
relatively few CAs. Two explanations were suggested: as
a result of ovarian shrinkage many CAs were still present
but no longer detectable by gross observation; or some
types of CAs may disappear while others persist. The
group recommends that the shrunken ovaries be
re-examined, using histological techniques, to determine
if very small CAs have been missed.

Regarding rate of CA regression, data from Globi-
cephala spp., Stenella spp., Delphinus delphis and other
species indicate that CLs regress very quickly initially
(first few days or weeks), then slowly thereafter.
Regression in the sei whale is rapid immediately after
calving, from about 84 mm to about 36 mm in diameter
in the first month, then slowing during the balance of the
lactation period. Minimal size is reached after perhaps
years or decades (Gambell, 1968).

A distinction has been made in some studies between
corpora atretica and CAs. In G. macrorhynchus, for
example, the size distribution of corpora atretica is very
different to that of CAs. Corpora atretica shrink to a
smaller size (< 1 mm) and may ultimately disappear
(Marsh and Kasuya, this volume). Kasuya, Miyazaki and
Dawbin (1974) were able to distinguish these two types
of corpora for Stenella spp. in the western Pacific, but this
is not true for the eastern Pacific populations of the same
species (Perrin, Coe and Zweifel, 1976). Consequently,
corpora counts and size distributions for these two areas
for similar species may not be strictly comparable.

Marsh noted much variation in the number of corpora
atretica in mature G. macrorhynchus, ranging from 0 to

34 per pair of ovaries (usually less than ten). Some of the
whales with very high numbers of corpora atretica were
found to have low CA counts for their age, but not all
with high corpus atreticum counts had low CA counts.

(2) Are corpora albicantia of simple ovulation
distinguishable from those of pregnancy?

The group concluded that a difference cannot be
discerned with currently used methods. Marsh, Ohsumi
and Benirschke reported no discernable difference for
odontocetes, either macroscopically or histologically. It
has been reported by Laws (1961) that no difference exists
for fin whales. However, Zimushko (1970) reported that
he could distinguish the two types of CAs in gray whales.
Other Soviet researchers report similar findings (Ivashin,
this volume). Ivashin mentioned his (1958) study in which
this was also done for humpback whales, based on the
size of the CA, under the assumption that a CL of
pregnancy regresses more slowly than a CL of ovulation
only. He also reported finding morphological differences
between CLs of pregnancy and of ovulation. It was
pointed out, however, that lactation can affect the rate of
regression, and it was agreed that size of the CA alone,
(even when adjusted for age) cannot be considered an
indicator of the original nature of the event giving rise to
it. Marsh noted that in G. macrorhynchus large CAs do
not appear to regress further during pregnancy and
suggested that in this species the rate of regression of a
CA may be affected by hormonal status. In contrast,
Larsen reported that he found significant regression of
corpora during pregnancy in minke whales.

The group discussed possible new techniques to
distinguish between CLs of pregnancy and ovulation.
Erickson noted that the compound relaxin appears in a
CL of pregnancy but not in a CL of ovulation, and it is
only necessary to freeze specimens very soon after death
to test tissues for presence of this substance. The
substance disappears rapidly during regression of the CL.
However, it is necessary to fix ovaries properly and
immediately following death in order to examine
structure at this level, and this may be impractical under
field conditions. Miyazaki suggested that since organo-
chlorines (PCBs and DDT) are flushed from a female
during lactation (Tanabe, Tanaka and Tatsukawa, 1981),
perhaps differential presence of these residues may be
used to distinguish between CLs of the two types; work
on this is in progress in Japan. Ohsumi noted that it
should be possible to determine whether a female with
one CA has been pregnant by histological examination
of the mammary glands. This may offer a method of
identifying reference CAs of the two types so that they
can be compared histologically.

(B) Variation in ovulation rate
(1) Variation among species

It is clear that there is great variability among species.
Evidence for varying ovulation rates exists in the
literature for both mysticetes and odontocetes. For
example, in Southern Hemisphere fin whales, the
ovulation rate is one corpus per 1.4 years (Lockyer, 1972;
Gambell, 1973) whereas in minke whales the rate is
approximately one corpus per year (Masaki, 1979). For
the sperm whale, Gambell (1973) has calculated a mean
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ovulation rate of 1 corpus per 2.33 years. For the gray
whale, a rate of one ovulation per 1.93 years has been
calculated (Reilly, this volume).!

(2) Variation within species?

Mizroch (1981) has found evidence of age-specific

ovulation in southern fin whales, the rate decreasing in

old animals. Evidence by Best (1967; 1980) and Gambell

(1972) for sperm whales and Marsh and Kasuya (this

volume) for pilot whales suggests a fall-off in rate with

older age. Sergeant (1962) reported that in G. melaena
there 1s evidence of multiple ovulations per pregnancy
in young females. Similar findings have been reported
for Lagenorhynchus obliquidens (Harrison, Brownell and

Boice, 1972).

There are indications that frequency of ovulation as
recorded in CAs (disregarding the question as to whether
every ovulation results in a CA) decreases in older
individuals in some populations, while per-capita preg-
nancy rate does not. This was reported by Mizroch for
Southern Hemisphere fin whales (although other factors,
such as the difficulty of accurate age determination, may
be involved) and by Kasuya for western Pacific striped
dolphins, Stenella coeruleoalba. The implication is that
decline in frequency of CAs with age does not necessarily
indicate a decline in pregnancy rate.

Gambell (1968; 1972) has used regression rates of
corpus size to estimate age-independent ovulation rates
from sei and sperm whales in catches. Lockyer, Gambell
and Brown (1977) also used this technique to determine
ovulation rates for fin whales taken in the Icelandic catch.
However, Collet and Harrison (1981) found that in
Delphinus delphis the rate of regression of a corpus is not
constant but seems to follow a complex pattern. Perrin
reported data from Stenella longirostris in the eastern
Pacific for two stocks, one heavily exploited and the other
lightly exploited (Perrin and Henderson, this volume).
His data on size frequency of CAs indicate that young
females in the more-exploited stock have a lower number
of ovulations per unit of age.

Recent studies of reproductive physiology have
determined that captive dolphins may have highly
variable ovulation rates. Kirby and Ridgway (this
volume) reported multiple ovulations per year for
Tursiops and Delphinus, and Wells (this volume) reported
similar findings for Stenella. Kirby also found that a
female that is anoestrous one year may cycle the next.
Based on ovarian morphology, Collet and Harrison
(1981) observed multiple successive ovulations in D.
delphis and possible variation in ovulation rate related
to age and social hierarchy.

Benirschke noted that similar variation in ovulation
rates occurs in other mammals. Some human females
1 Editors’ note. Other published ovulation rates (years per corpus)

include: Bryde’s whales — Best (1977), 0.4 (S. African inshore), 2.4

(offshore); sei whales — Lockyer and Martin (1983) 1.7 (N. Atlantic),

Gambell (1968) 1.4 (S. Hemisphere); fin whales — Lockyer and Brown

(1979) 1.6 (N. Atlantic); minke whales - Kato (1982) 1.1-1.2 (S.

Hemisphere); humpback whales - Chittleborough (1965) 0.9 (S.

Hemisphere); sperm whales — Best (1974) 1.7-3.0 (review of various

estimates).

2 Editors’ note. Best (1977) reported an interesting variation in
ovulation rates for Bryde’s whales found in Southern African waters:
the average number of ovulations per reproductive cycle was found
to be 3.75 for whales of the ‘inshore’ form but only 1.00 for whales
of the ‘offshore’ form.

ovulate only once per year. There is also evidence in the
literature of ‘sterile ovulations’, or Graafian follicles
without eggs in humans. It can be assumed that these
become corpora atretica. Mules also exhibit sterile
ovulations in which a CL-like body forms and the follicle
becomes atretic.

(3) Accessory corpora lutea

Accessory CLs, defined as occurring when there is more
than one CL per foetus in a pair of ovaries, are found in
some species. After a brief discussion on the differentiation
between the main CL and the accessory corpora, a
consensus was reached that in most cases one cannot
differentiate between the two, and further that one cannot
distinguish between a CA formed from the regression of
an accessory CL and one formed from the regression of
a primary or single CL. This led to the question of the
interpretation of ovulation rates in species that are known
to have accessory corpora. It was agreed that for species
in which accessory corpora are likely to occur and the rate
of occurrence is known, the estimated ovulation rate
should be adjusted, as, for example had been done for
Delphinapterus leucas by Sergeant (1973).

The group agreed that nothing is known of the origin
or function of accessory CLs. They seem to be most
common in the odontocete genera Delphinapterus and
Monodon, where they have been reported as occurring in
about 129 of pregnant females (Brodie, 1972; K. Hay,
pers. comm.). Members of the group reported them as
being very rare in all Balaenoptera species, Megaptera,
Eschrichtius, G.macrorhynchus, Delphinus delphis, Stenella
longirostris, S. attenuata and S. coeruleoalba. Mitchell
reported an occurrence of 0.45%, in fin whales taken in the
former hunt in the maritime provinces of Canada. Laws
(1961) reported a rate of 3.59, and Gambell (1968) a rate
of 2.0%, in fin and sei whales respectively in the Southern
Ocean.

(C) Biases in estimating the reproductive interval

It was noted that calf mortality may shorten the average
reproductive interval of a female if that female is capable
of becoming pregnant shortly after a calf’s death. Several
factors were identified that might influence the time
between calf loss and re-impregnation: (i) the age of the
calf at death; (i) the degree and timing of reproductive
seasonality; (ii1) Kirby & Ridgway (this volume)
presented evidence that Tursiops females in captivity tend
to ovulate seasonally and need not be synchronous
within a group. This may also influence the length of
time between calf death and the next ovulation.

Calf death would, in effect, shorten the average
lactation time in a population. Depending on how the
reproductive interval is estimated, calf death can
introduce a bias. For instance, ‘method 2’ of Perrin et al.
(1976), which is based on the maximum length of calves
assumed to accompany lactating females, estimates
reproductive interval from something that is closer to the
maximum lactation time rather than the average. Calf
death would thus increase the bias that is inherent in this
method. However, ‘method 1 in the same paper, which
is based only on proportion of adult females lactating,
would not be biased in its estimate of reproductive
interval by calf death. It should be remembered when
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using this method that the calving intervals calculated are
averages that include some cycles for which fetal or
neonatal death may have decreased the time to
re-impregnation.

(D) Definition of ‘sexual maturity’

The group discussed the question of whether the usual
definition of the attainment of sexual maturity in females
as being the first ovulation is adequate for modelling
purposes. Pubescent females may ovulate more than once
before conceiving. It was concluded that three criteria of
maturity are useful: first ovulation, first conception and
first lactation. The first can be ascertained from
examination of ovaries. With regard to ascertaining
conception, Benirschke noted that the gross aspect of the
uterus in terms of development of stretch marks along the
uterine body, marked increase in diameter of the uterine
horns and the increase in vascular supply to the uterus,
are all indications that the female has borne a large foetus.
In addition, the myometrium may show changes in its
histology in terms of thickening and vascularity which
persist after a pregnancy. These all indicate that the
female has born a foetus of substantial size but will occur
regardless of whether the foetus is aborted or borne until
term. Benirschke also reported that there are irreversible
changes in the mammary gland that reflect lactation.
These indicate whether a female has borne her calf until
at least full term but not whether she has successfully
maintained it until weaning.

Histological examination of the endometrium from
both cornua may be helpful in identifying whether or not
pregnancy existed at the time of capture in situations
which are known to have a high risk of causing foetus loss,
either through mode of operation of a fishery resulting
in spontaneous abortion and/or during work-up of the
carcass.?

It was noted that in newly-mature fin and sei whales,
the apparent pregnancy rate is similar to that for older
ages (Laws, 1961 ; Gambell, 1968) and hence in these and
other baleen whales, age at first ovulation is perhaps still
the best definition of age at attainment of sexual maturity.

(E) Male seasonality

The group discussed the question of seasonal aspermato-
genesis in cetaceans. Several examples were noted of
reduced activity evidenced by decrease in testis weight,
but histological evidence for aspermatogenesis was cited
for only 3 odontocetes: Delphinus delphis (Collet and St.
Girons, this volume), Phocoenoides dalli (by Kasuya) and
Monodon monoceros (K. Hay, pers. comm.), and two
mysticetes: fin whales (Laws, 1961) and humpback
whales (Chittleborough, 1955). Gambell (1968) did not
find histological evidence of seasonality in B. borealis.
Collet reported that while she found aspermatogenesis
in most adult males in the eastern north Atlantic
population of D. delphis, during the apparent breed-
ing season (February to November), at least some
individuals were spermatogenic throughout that period.
This suggests that in this area, while there is an overall
pattern of seasonality in breeding, male seasonality may
be individual rather than populational. Some of the
3 Editors’ note. E.g. see Martin (1982).

participants were of the opinion that the activity of a
single male should not make any difference as long as
there are enough sexually active males to service all of the
sexually active females, but some other participants
thought that the seemingly complex social structure in
odontocetes could make the status of individual males
more important, €.g. as in the polygynous mating system
of sperm whales.

Kasuya noted that in G. macrorhynchus in Japan, the
pubertal animals produce small amounts of sperm in the
breeding season but no sperm in the nonbreeding season.

Perrin described seasonal change in testes weight in two
populations of Stenella longirostris in the eastern tropical
Pacific with different histories of exploitation by the tuna
purse-seine fishery (Perrin and Henderson, this volume).
Males that have combined testis-epididymis weight of
more than 700 g are fully ‘potent’, that is, have copious
sperm in the epididymes. In the less exploited population
(northern whitebelly spinners) a large proportion (about
509, ) of adult males attain such testis weights seasonally
(in February and in July-August), with maximum
weights of more than 2kg. In the more exploited
population (eastern spinners), testis weights increase
seasonally, but only a very small number of adult males
(less than 59/) reach testis weights of 700 g or more, and
maximum recorded testis/epididymis weight is less than
one kg. This is correlated with lower pregnancy rates in
young, but not old, females in this population. It is
possible that some aspect of the exploitation has resulted
in reproductive difficulties in the more heavily exploited
population. The group agreed that this phenomenon
should have high priority for further investigation, as it
runs counter to the conventional wisdom that lower
density (due to exploitation) leads to higher reproductive
rates.

It was agreed that from the point of view of assessing
male sexual maturity, in addition to recording testis
weights, both the routine examination of the epididymis
for sperm and the histological examination of smears of
the testis tissue from the periphery and centre are
essential to differentiate between immature, pubertal,
active and resting mature animals. This is especially
important because of the fact that an inactive older male
can have testes larger than those of a younger but active
male (as found for D. delphis by Collet and St. Girons,
this volume).

Indications of seasonal testicular activity for dolphins
are also available from studies of reproductive physiology.
Wells (this volume) found an apparent annual cycle in
testosterone production in male Stenella longirostris, and
Kirby and Ridgway (this volume) reported seasonal
variation in testosterone concentrations for Tursiops.

(¥) Pathology and Anomalies
(1) Reproductive senescence

Senescent ovaries apparently exist in some odontocete
cetaceans, but they have not been found in mysticetes.
Marsh reported that in G. macrorhynchus from Japan,
such ovaries are characterized macroscopically by a lack
of follicles, CLs and young or partially regressed CAs.
Histological samples indicate a lack of primordial and
Graafian follicles, with much of the tissue being fibrotic
and sclerotic. While there is no evidence of follicular
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ac.tivity, numerous, generally easily counted CAs may be
evident both macroscopically and microscopically. In the
50-year-old pilot whale presented in the laboratory
session as an example, there were 13 CAs present.
Sergeant (1962) reported up to 14 corpora in ovaries of
apparently senescent G. melaena females.

Female G. macrorhyncus exhibit a high incidence of
reproductive senescence. Marsh and Kasuya (this
volume) found that although females live up to about 63
years, the oldest pregnant female was 34.5 years, the
oldest with a CL of ovulation was 37.5 years, and the
oldest with a young CA was 38.5 years. Sixty-one (26%,)
of the 235 mature females sampled were older than 35
years, and ten of these, including the 50-year-old example
given above, were lactating. The old lactating females did
not show any greater ovarian activity than other old
females.

Perrin reported that reproductive senescence in
Stenella spp. is probably indicated by the presence of
‘withered’ ovaries (Perrin et al., 1976; Perrin, Holts and
Miller, 1977). This condition first appears when there are
ten or more corpora present in the ovaries. The frequency
of ‘withered’ ovaries in Stenella appears to be very low,
on the order of 0.1, but this figure should be considered
approximate as it is not known if these females may be
more vulnerable to capture. A comparison of the
Globicephala spp. with the Stenella spp. suggests that the
frequency of reproductive sensescence may be quite
variable from species to species within the odontocetes.

Changes in ovulation rates (discussed above) may be
indications of reproductive senescence, but the available
evidence is inconclusive.

Reproductive senescence has not been reported for
baleen whales. Withered ovaries have not been found, nor
have any whales lacking follicular activity been seen in
several hundred ovaries examined by Lockyer and
colleagues. Female whales over 70 years old have been
examined and still exhibit folliculate activity; as many as
50 corpora have been found in some ovaries (although no
accessory CLs have been reported).

In summary, reproductive senescence apparently exists
in some cetaceans, although it has not yet been identified
for baleen whales, and may be of a highly varnable
frequency from species to species in the odontocetes. The
question remains of why it should exist at all; the answer
probably cannot be obtained except through sociobio-
logical research.!

(2) Cystic follicles and ovarian cysts

Cystic follicles can apparently only be distinguished from
mature follicles on the basis of histology. During a given
ovarian cycle, follicle stimulating hormone (FSH) in-
duces many follicles to develop, and the granulosa cells
begin to multiply. When an egg is released from one
follicle and pregnancy occurs, the others become atretic
i.e. cystic with some thecal luteinisation. During atresia,
the granulosa cells are the first to die. The loss of or
change in the granulosa cells provides the distinction
between cystic follicles and mature follicles, but the
distinction cannot be made grossly. The group recom-
mends that identification of such bodies be made through
4 Editors’ note. There will be some discussion of this in Rep. int. Whal.

Commn (special issue 8): Behaviour of Whales in Relation to
Management, which will be published in late 1984 or early 1985.

histological examination. Information on occurrenc?
and histology of cystic follicles and other ¢ ovarian cysts
in baleen whales is contained in Laws (1961) and
Gambell (1968).

(3) Parasites

In dolphins, parasites are frequently found in the lungs
or in the hilus of the reproductive tract but generally are
not on the surfaces where they can interfere with
reproduction. Tapeworm cysts (Monorygma sp.) have
been seen in the ovarian hilus of Stenella spp., forming
flimsy adhesions to the ovarian surface. Usually there is
fibrosis around the cysts, and histologically some
granuloma formation; the granuloma are an indication
of the animal’s mobilization against the foreign organism.
It is believed that these parasites do not interfere with the
reproductive function of the ovary.

Parasites have been found to lower reproductive
success in at least two cases, however. Geraci, Dailey and
St. Aubin (1978) found that parasites in the mammary
glands can interfere with successful calf-rearing in
Lagenorhynchus acutus (through necrosis of mammary
tissue), and Walker reported a similar situation in
Phocoenoides dalli. The rate of infection and its
consequences as reported for L. acutus suggest that
parasitism can significantly affect reproduction in a
population.

(4) Abortion

Abortions occur in cetaceans, but determining if an
abortion has occurred when there is no foetus in the
vagina is difficult. In the absence of an obvious foetus,
neither macroscopic nor histologic examination can
confirm abortion, but certain criteria can be used to
provide the impetus to look more closely for a possible
aborted foetus. The presence of a recent CA, asymmetry
of the uterine horns and histologic differences between
the horns suggest abortions. Differences in the uteri
include a thickened endometrium with evidence of
chronic inflammation and remnants of secretions and
placental tissue in the larger horn. Abortions of
pre-implantation embryos will show only minimal
changes in the uterus, and will therefore be even more
difficult to detect.

Ichihara (1962) reported on 13 incidences of prenatal
death of the foetus in fin whales taken in the Antarctic.
The great majority of these incidences occurred in older
mothers with 10 or more corpora. Ichihara estimated a
minimal prenatal death rate of 0.14% for animals
actually observed. Prenatal death in early pregnancy had
resulted in rapid foetal disintegration and reabsorption
whilst that in late pregnancy resulted in mummification
and retention for long periods; lack of a CL and partial
decomposition of the foetus had commenced. Prenatal
death was observed most frequently for multizygotic
foetuses yet one dead and one live foetus were discovered

simultaneously in one uterus. A few of the foetuses were
deformed.

(5) Multiplets

Multiplets have been found in urero in cetaceans, but
there is no evidence of mature delivery of these young.
About 19/ of fin whale foetuses are twins (Laws, 1961 ;
Gambell, 1968) and Mizroch reported that this proportion
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had not changed from 1931-1974. About 25 of 95,000
(0.0039,) pregnant fin whales reported to the Inter-
national Bureau of Whaling Statistics had triplets in their
uteri. Jonsgard (1953) reported a fin whale with 6
foetuses, of varying sizes. All of these multiple foetuses
have been smaller than term. Kimura (1957) reported
multiplet frequencies of 0.57%, for humpback whales to
2.28%, for sei whales. Kato (1982) reported 0.56% twins
and 0.039; triplets for Southern Hemisphere minke
whales. The largest fin whale twin was reported to be
about 20 ft long, but most were 12 ft orlessin length. Two
sets of sei whale twins, including one conjoined pair, were
about 6 ft long. Multiple calves accompanying their
presumed mothers have not been seen in long-term field
observations of Tursiops or Stenella populations by Scott
or Wells, nor have they been reported for baleen whales
except for a drawing of a humpback whale with two
calves published by Scammon (1874).

Benirschke noted that the frequency of in utero twins
for fin whales is similar to that reported for humans.
Humans have an average twinning frequency of 1-29/,
but this is highly variable between races. For example,
some African tribes have a frequency of 5%, while in
Japan the rate may be 0.5 to 0.79,.

The rate of twinning may increase with age in ceta-
ceans, e.g. 0.19 (at 1-5 corpora) to 6.259, (at 30-35
corpora) in Southern Hemisphere fin whales, (Kimura,
1957).

Both monozygotic and dizygotic twins have been
reported for the Cetacea. The presence of conjoined or
incompletely-split foetuses indicates the existence of
monozygotic or identical twins. The presence of two
foetuses with a single CL was reported for fin whales by
Ohsumi (Kimura, 1957) and for sei whales by Gambell
(1968), but the presence of a single CL does not
necessarily indicate identical twins (e.g. Gambell found
a foetus of each sex in a sei whale with one CL). Collet
has found a single Graafian follicle with two eggs in
Delphinus. This is relatively common in cats, humans and
other mammals. Dizygotic twins have been identified by
the presence of two CLs or because the foetuses were of
different sexes.

An observation of twinning in a bottlenose dolphin in
captivity suggested that the CL in dolphins is under local
rather than systemic control. Gray and Conklin (1974)
reported that a female bottlenose dolphin died one week
after aborting one twin. Upon examination it was found
that the CL for the aborted foetus had regressed, while
that for the foetus in utero was still active. This is one of
the few available observations on the regression rates for
CLs.

In summary, it is believed that the mature delivery of
twins is unlikely, as it is as yet unrecorded, and that
typically either the calves are aborted or the female dies.

(6) Vaginal calculi

Vaginal calculi have been reported for a variety of
cetacean genera, including Stenella, Delphinus, and
Lagenorhynchus. In one S. attenuata, 13 vaginal calculi
of calcium phosphate were reported, but their origin is
unknown (Sawyer and Walker, 1977). Collet reported
that she found calculi in 3 of approximately 30 stranded
specimens in France. Sawyer and Walker summarized
other calculi data. In some cases the calculi may be

calcified semen or vaginal mucus, but in at least three
cases calculi have been shown to contain bones from
embryos (Benirschke, Henderson and Sweeney, this
volume). The incompletely expelled foetus was located in
the false cervix between the vagina and cervix in each
case. The fate of this kind of calculus is unknown. It may
be resorbed eventually, or it may remain in the false
cervix for a long time. It is not known if the false cervix
opens except during copulation. Walker reported a large
calculus in a Delphinus with a large foetus. It is believed
that the unusual structure of the dolphin reproductive
system, especially the false cervix, contributes most
significantly to the presence of these calculi, which in at
least some cases may interfere with reproduction.

(7) Other pathology

Benirschke noted that cetaceans are remarkable in their
lack of pathology in the reproductive system. The
incidence of pathology is much less than that seen for
humans or other terrestrial mammals. In addition to the
granulomas from worms described above, two other
pathologies were noted in the material available to the
workshop:

(1) A granulosa cell tumour previously undescribed
for cetaceans that was found by Marsh in a 34.5-year old
G. macrorhynchus. The tumour did not have the infoldings
of cavity remnants found in a typical corpus luteum, and
showed a great proliferation of granulosa cells. This type
of tumour is found in humans and can be induced in rats.

(2) Uncharacteristic calcifications were found in the
ovaries of two G. macrorhynchus aged 44.5 years and 62.5
years. These abnormal calcifications may have resulted
from old bleeding.

In addition, Collet reported finding 3 cases of
hydramnios in 5 stranded females of Delphinus delphis
and another in a stranded pygmy sperm whale, Kogia
breviceps, and felt that this may have been the cause of
death.

Differences in the incidence of pathology exist between
genera, but it is unclear if the total occurrence of
pathology within a population can be used as an index
of the status of the population. Kasuya reported less
pathology in Stenella spp. than in G. macrorhynchus, but
there were apparently no differences between S. attenuata
and S. coeruleoalba. It was suggested that the difference
between genera may at least in part be explained by the
difference in life spans. In humans and other terrestrial
mammals, cancers, fractures and congenital abnormali-
ties are seen more frequently than in animals with
shorter life spans.

Pathologies in cetacean reproductive systems are
apparently so unusual that any specimens are noteworthy
and should be examined in detail. Part of the reason for
the low rate of occurrence may be related to examiner
acuity and experience. Greater attention to pathologies
should be paid in the future.

III. MODELLING REPRODUCTION
(A) Terminology and assumptions

The group considered a draft glossary of terms used in
modelling reproduction. After considerable discussion, it
was concluded that there really is no accepted ‘ standard’
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tqrminology; many terms, for example, have been used
differently in IWC assessment and management of whales
than in terrestrial game management. Given this lack of
consensus, the group decided that it would be impractical
to try to develop a comprehensive glossary during the
workshop. The problem of terminology remains, and the
workshop recommends strongly that terms which might
be interpreted in more than one way are fully defined
whenever used. Some particular points brought out in the
discussion are summarised below.

(1) Density dependence

It was agreed that ‘density dependence’ should be
thought of as a general term relating to some specific
resource, which is not necessarily area. The limiting factor
could be, for example, abundance of food or of predators.

(2) Pregnancy rate

Frequently models assume pregnancy is synonymous
with birth. Although this is not true, it is usually
unimportant in practice, as the assumed juvenile
mortality rate incorporates pre-natal mortality.

(3) Age at first parturition

The value of the mean age at first birth, used as a
parameter in most models, is often estimated as the mean
age at maturity plus the gestation period. This is
appropriate, however, only if the first ovulation results in
a birth. If it does not, the age of first birth should be
increased.

(4) Specifying intervals

With the discrete-time models used for real populations,
it is necessary in light of both the discrete intervals of our
sampling and the tendency for seasonality in population
dynamics, to specify when, with respect to the interval(s),
the censuses which describe the population trajectory (or
the vital rates which define the per capita dynamics) are
to refer. Commonly, the census refers to the beginning of
the interval, age class x refers to the sum of individuals
aged x—1 to x at that time, survival rates refer to
proportion surviving from one census to the next, and
fecundities refer to the number of offspring censused
(alive) at time z+ 1 per mature female in the appropriate
age class censused at time ¢. Other sets of definitions are
possible, but it is important to note that it is not
necessarily innocuous to mix them.

(5) Specifying assumptions underlying terminology

It is unfortunately only very rarely that the elementary
parameters for a population dynamics model can be
estimated directly from feasible experiments or field
programmes ; whatcanbe measured are certain population
parameters, such as relative frequencies of individuals in
different age classes or reproductive states. Various
assumptions are then made (usually concerning age
distributions and mortality rates in between censuses)
depending on the particular instance, to enable one to
compute the desired parameters from the available
measures. Since the opportunities both for errors and
inappropriate data manipulations are fairly extensive at
this stage, all models should thoroughly describe how the
dynamical parameters they employ were calculated from

observed biological quantities, so that this process may
be scrutinized. This is important because although the
underlying mathematical theory of the computations may
be standard, the improvisation carried out in each
particular model may require some unravelling, and the
reasonableness of the assumptions must be evaluated case
by case.

(B) Current models

The participants in the workshop expressed a desire to
examine a sample of the models currently being used in
cetacean population assessment and management. Three
approaches to modelling cetacean populations were
reviewed, with emphasis placed on the role of reproductive
rates as inputs to these models. The models presented
were (1) the current [1981] sperm-whale management
model used by the IWC (presented by Kirkwood), (2) the
NMFS model for managing dolphins involved in the tuna
fishery (presented by Smith), and (3) the IWCmanagement
model for North Pacific baleen whales (presented by
Horwood).

(1) The sperm whale model

The IWC model for sperm whale dynamics (Allen, 1973)
belongs to a large class of population models known
collectively as age-structured models. With such models,
a strict accounting is kept of the numbers of individuals
estimated to be within each age class; in this case, age
classes are given in one-year intervals. In addition, in the
sperm whale model the numbers of males and females are
both significant to population growth rates and are
examined separately. At the core of this model is the
simple updating relationship; the number of individuals
in a given age class in a year is equal to the number of
individuals in the previous age class. one year earlier
minus the catch from the previous age class during that
year, all multiplied by the survival rate of that age class.
The number of individuals entering the first age class is
given by the number of mature females in the previous
year times the birth rate of mature females.

The assumptions of this approach have to do with the
functional form given to the age-specific survivorship and
birth-rate parameters. Females are classified as either
juveniles (0-2 years), sexually immature (3-9 years), or
sexually mature (10 + years). Males are classified as either
juveniles (0-2 years), sexually immature (3 to ~ 20
years), sexually mature (~ 20 to 24), or socially mature
(25+ years). The first assumption used is that survival
rates for all non-juvenile males and females are constant
with age and through time. These rates are estimated from
age samples from the catches. The second assumption is
that the juvenile mortality rate is the same for males and
females and is constant through time. This rate is
estimated from a balance equation by assuming that, at
unexploited equilibrium, the number of adult females
dying in any year will equal the number of females being
recruited into the adult population. Because pregnancy
rates are used rather than birth rates, the estimates of
juvenile mortality by this method will be biased; this will
not, however, affect the results of the model.

All aspects of density dependence are incorporated into
the assumptions about the functional form of the
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pregnancy rate.® Pregnancy rates are assumed to be equal
for all mature females. These rates are assumed to be
related to the ratio of the number of mature females in
the population to the number of mature females in the
unexploited population by a non-linear function. The
maximum pregnancy rate is taken to be 0.25 and the
minimum is taken as 0.20 (corresponding respectively to
4- and 5-year calving cycles). The degree of non-linearity
was chosen so as to obtain a single-sex maximum
sustainable yield level (MSYL) of 60% of equilibrium
density. The pregnancy rates are also dependent on the
number of socially mature males in the population. Once
the number of socially mature males falls below some
threshold, pregnancy rates are assumed to be linearly
related to the abundance of such males. The number of
males can thus strongly influence pregnancy rates if they
fall below this threshold (IWC, 1981a, pp. 100-1).

It was emphasized that actual evidence for density-
dependence in the pregnancy rate of sperm whales is
insufficient to empirically determine relationships such as
those assumed here. For most stocks, the estimates of
population sizes are not sensitive to the form of the
pregnancy model. However, estimates of replacement
yields and MSY levels are very sensitive to the pregnancy
model.

(2) The ETP dolphin model

The second example of a management model is that used
by the United States National Marine Fisheries Service
(NMFEFS) to determine the status of the dolphins which are
involved in the tuna purse-seine fishery in the Eastern
Tropical Pacific (ETP). Reproductive rates enter into two
rather distinct models, which are both inputs to the
management decision process. The first model involves
the estimation of the ratio of current abundance to
historical (assumed equilibrial) abundance of the popula-
tions. The second model involves the estimation of the
MSYL of these populations. As currently mandated by
US law, the classification of populations of marine
mammals as ‘depleted’ is defined by population levels
falling below MSYL (maximum net productivity level, or
MNPL in NMFS’ terms), hence both elements are
required for management decisions.

The ratio of current to historical abundance is
estimated by back calculating the abundance of dolphins
in 1959 (the beginning of incidental dolphin mortality)
from the abundance of dolphins estimated in the last
aerial survey (1979). The back calculation can be thought
of as a simple accounting exercise. The number of
dolphins in a given year is calculated from the number
in the next year minus the net recruitment into the
population plus the mortality due to fishing in that year.
Although reproductive rates do enter into this calculation
as an element of the net reproductive rate, the model is
quite insensitive to the actual functional form of this net
reproduction relationship. Itis relatively insensitive to the
value chosen for the maximum net reproductive rate over
the range of values (049;) considered in a recent stock
assessment exercise (Smith, 1979). An example can be

5 Editors’ note. There has been considerable discussion in recent years
over the appropriateness of this aspect of the model, e.g. see IWC,
1980, pp. 67-9, 111-12; IWC, 1982a, p. 73; IWC, 1983, pp. 687-8.

given for the offshore spotted dolphin: if the MSYL 1s
assumed to be 0.65, the ratio of current to historic
abundance would only change from 0.45 to 0.52 if the net
reproductive rate were doubled from 0.02 to 0.04. '
The net reproductive rate was assumed to be dens?ty
dependent, and the specific functional form of this density
dependence is of prime importance in determining the
second element of the management decision processes,
the estimation of MSYL for the species involved. The net
reproduction function used in the above model is given

T ) o

The parameter p, in this equation is what can be referred
to as a phenomenological parameter. Simply stated, this
means that this parameter is a composite of many
processes which for convenience have been lumped into
a single term. As is usually the case, these processes were
lumped because they could not be measured separately.
Roughly, p, can be thought of as the difference between
the gross annual birth rate and the gross annual death rate
in a population that is growing at its maximum rate. The
parameter ¢ affects the shape of the density dependence.
Values of this parameter can be chosen so as to obtain
MSYLs from any desired fraction of the equilibrium
population levels (Smith, 1979). The assumption here that
is of concern to the workshop is that reproductive rates
and/or survival rates are density dependent. Currently
there is no solid evidence that either of these life history
parameters of ETP dolphin are density dependent.

(3) The North Pacific baleen whale model

The third management model presented was that used for
the North Pacific large whale populations and for the
Southern Ocean species before the interspecific relation-
ships were recognized. Unlike the sperm and to a lesser
extent the current BALEEN (Allen and Kirkwood, 1979)
models, but similar to the above dolphin model, this
model does not involve detailing age structure. The
number of whales in the component of the population
recruited to the fishery is given by those surviving from
the previous year plus the incoming recruitment
(Breiwick, 1978).

The natural survival rates are assumed to be constant
for all population densities. Recruitment rates are
assumed to be density dependent and the functional form
of this is modelled in a similar way to the net reproductive
rate in the dolphin model.

N, = N1 —M)+<r0<l —[%ﬂs) +M> N,

Where N, is the recruited population size at time 7, M is
the proportional mortality and (r,+ M) is the maximum
gross recruitment rate. Often M is estimated from the age
composition of a catch taken in the early years of the
fishery and r, and s are given by assuming that MSY is
49, of the population size at 50-60%, of the initial
population size. If exploitation has existed for a shorter
time than the age of recruitment then exploitation will
have no effect on current levels of recruitment (similar to
that described for sperm whales). In this case a modified
DeLury estimation technique can be used (Chapman,
1974; Tillman and Grenfell, 1980).
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(C) Density dependence

As evident from the examples discussed above, reproduc-
tive rates in cetaceans are often assumed to be density
dependent in -management models. In none of these
examples do sufficient data exist to actually estimate the
functional response of birth rates to changes iIn
population density. In some cases, there is no direct
evidence at all for density dependence in reproductive
rates. A question was therefore directed to the
participants in the workshop: ‘What direct evidence is
there for density-dependent responses in reproductive
parameters for Cetacea?’

(1) Pregnancy rate or calving interval

The evidence for density dependence in reproductive
rates of Southern Hemisphere fin whales was examined
in two papers presented in the Symposium (Beddington
and Grenfell, this volume; Mizroch and York, this
volume). Although these reports were not in agreement,
both included important points for consideration which
should be kept in mind when reviewing the evidence for
density dependence that follows. First, apparent preg-
nancy rates may be correlated with other factors such as
the area, season and methods of sampling; hence, care
should be taken to properly stratify samples. Second, by
considering only the mean pregnancy rates, significant
patterns in the residuals can be missed. Third, analyses
of density dependence should not be limited to cor-
relations between vital parameters and absolute abun-
dance: the response of prey species may also be
important, as well as competition and other factors.
Finally, since pregnancy rates can be dependent on the
age of females, care should be taken to ensure that
changes in length frequencies do not confound attempts
to examine density dependence.

Evidence for density dependence in eastern Pacific
dolphins was discussed in two symposium papers (Hester,
this volume; Smith, this volume). Hester showed an
extremely rapid decrease in apparent pregnancy rates of
spotted dolphins which occurred during a period of
decreasing incidental mortality. Possible implications of
this are that the population was increasing very rapidly
during this time, or that sampling bias changed during
this time, or both. There are, however, no data on
changes in population size during this period. Smith (this
volume) showed evidence of a higher gross annual
reproductive rate in those populations of spinner dolphin
that had been subject to greater reductions in population
size as a consequence of tuna net mortality. Possible
problems with these results are, again, sampling bias and
the differences in the habitat of the three populations.
Another problem is the number of fitted parameters
involved in the analysis.

Positive evidence of density dependence in pregnancy
rates was cited at the workshop for two other
odontocetes. Best (1980) presented data for sperm whales.
Kasuya (this volume) showed that the apparent
pregnancy rate of striped dolphins changed through time
in an exploited stock, however, the area fished expanded
during this time period.

Two cases were pointed out for which evidence for
density dependence might have been expected. Sergeant

reported the case of long-finned pilot whales in the
western North Atlantic, where approximately 50% of a
local stock was removed and no change was seen 1
apparent pregnancy rates. The time period of this study
was, however, very short. Reilly mentioned that althO}lgh
the California gray whale stock is apparently growing,
insufficient data exist for determining any consequential
change in pregnancy rates.

Mitchell cited one case of apparent inverse density
dependence in pregnancy rates, in Atlantic fin whales
(Mitchell, 1974). Apparent pregnancy rates were lower in
one stock (heavily fished over a long period, from Dildo
and Williamsport, Newfoundland) than in another,
less-heavily exploited stock (fished from Blandford).

(2) Age at attainment of sexual maturity in females

Perhaps the strongest evidence for density dependence in
reproductive rates is a decrease in the age at sexual
maturity of females as population size decreases. It was
noted that in several cases (Lockyer, this volume),
although the average age at sexual maturity did decrease
with population density, the average length at sexual
maturity did not change, implying changes in growth
rates.

The only evidence cited for odontocetes of a reduction
in the age of sexual maturity was for striped dolphins.
Kasuya (this volume) documented that the age at which
509, were mature in an exploited population of this
species decreased from 9.7 to 7.4 years during the period
1955-1970. Sexual maturity was inferred from ovarian
activity.

Two sources of data were used to show a reduction in
the mean age at sexual maturity in Southern Hemisphere
fin and sei whales (Lockyer, 1972; 1974; 1977a; 1979).
First, age at sexual maturity was inferred from ovarian
activity and number of earplug laminae. Second, the
onset of ovarian activity was found to be correlated with
a reduction in the thickness of the annual layers in the
earplugs of these whales (Lockyer, 1972; 1974). The first
method was used to calculate the age at sexual maturity
for both recent harvests and those in the 1950s. Earplugs
were not, however, collected during the earlier history
phase of fin and sei whale exploitation. The second
method used therefore was to back-calculate the age at
sexual maturity of females that had matured many years
prior to the time when earplugs were first collected. Three
possible problems were identified with this approach. The
average age of sexual maturity for the most recent years
will tend to be biased downward because those females
that would mature late have not yet come of age. Second,
early-maturing animals may be under-represented in the
earlier cohorts if their mortality rates are higher. This
would also lead to a downward bias. Third, an early age
of sexual maturity would not result in increased birth
rates if younger-maturing animals had a lower survival
rate. The order of decline in age at first maturity is from
about 10 years to about 6-7 years in fin whales and from
about 11 years to about 8 years in sei whales.

There is one case where the age at sexual maturity has
shown resource dependence. Although the Southern
Hemisphere minke whale has only recently been
exploited, its food supply might be expected to have
increased as a result of the depletion of the great whales.
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Indeed the age at sexual maturity has apparently
decreased in this species (Lockyer, this volume).!

(3) Percentage simultaneously lactating and pregnant

The length of the calving interval in cetaceans could be
reduced if they were capable of ovulating and becoming
pregnant while still lactating. A change in the proportion
of pregnant and simultaneously lactating females may
therefore indicate a density-dependent response. At least
since the establishment of the IWC in 1946, protection has
been granted to animals accompanied by calves, which
effectively means that for all large whale species, lactating
females are protected — hence detecting any change
would be difficult. Mitchell (1974) showed that for fin
whales in a previously heavily exploited population, 6%
were both pregnant and lactating, as opposed to 029
in a stock only recently fished. No other evidence was
cited for density dependence in this parameter. Kasuya
noted that the pregnant and lactating category was
limited to those spotted dolphins less than 20 years of age
and striped dolphins of less than 35 years in populations
off Japan. Perrin stated that this category was uncommon
in dolphins of the ETP. No evidence for density
dependence was cited for any of these dolphin species.

(4) Mean age in the population

If the rate of population growth is density-dependent, the
equilibrium age structure of a population will typically
vary with density. For example, if calf survival is the only
density-dependent factor, then as a population increases,
the mean age in that population will also increase. If
only adult survival were density-dependent, the mean age
would decrease. For cetaceans, no evidence was cited for
a change in age structure associated with a change in
density. This kind of change would be difficult to detect
in exploited species since most harvests show age
specificity.

It was pointed out that in the case of small odontocetes,
difficulty in ageing old animals has sharply limited the use
of age-structure data in modelling population dynamics.

(5) Population growth in depleted populations

These are essentially two approaches to determining
density-dependent response of populations. The above
discussions have dealt only with the deductive approach:
what effect does density have on the life-history attri-
butes of a population? An alternative approach would be
to ignore the details and look for the gross effect of
density dependence: a change in the growth rate of a
population. At equilibrium, net growth rates are zero. If
growth rates increase in an exploited population, this
is evidence for density dependence. The choice of
approaches will depend on the types of information that
can be gathered and the precision of each.

Evidence for positive growth rates in depleted stocks
was cited for two species of baleen whale: gray whales
from shore counts (Reilly, this volume) and right whales
from shore and aerial counts (Mermoz, 1980; Best, 1970,
1981; Best and Roscoe, 1974).

¢ Editors’ note. A recent workshop (IWC, 1984b) discussed the avail-
able evidence for a decline in age at sexual maturity in the Southern
Hemisphere minke whale but was unable to conclude whether or not
such a decline had taken place. The discussion was also relevant to

other species.

(6) Additional comments

(a) The problem of “ noise’. Any population which persists
must, as a mathematical certainty, exhibit some
density dependence in its population dynamics. This
mathematically necessary property does not establish
what time lags the density dependence operates on, which
components of the life history display the density
dependence, or the functional form of the density
dependence. The biological problem lies in discovering
the mechanism by which the density-dependence occurs,
and the associated statistical difficulty lies in demonstra-
ting this from a limited and noisy data base. It will often
be the case that density dependence cannot be ‘demons-
trated’ nor can statistically defensible values be estimated
for the parameters of the governing dynamics of the
population, even though it is certain, on other grounds,
that the dynamics are indeed density dependent. For
similar reasons, it may only be possible to justify
parameterization ofalinear model for density dependence,
but this is more in the way of a conventional linear
approximation than an assertion that the response really
is linear.

(b) The dangers of extrapolation. The estimation of
parameters for a density dependent model of population
growth is an empirical exercise in curve fitting. Thus some
data will be available concerning population growth rates
at a set of densities and parameterization of the model will
consist in fitting some function to the observed
growth-density relationship. Once the parameters of the
function have been fitted, it becomes possible to compute
a predicted population growth rate at any density, but the
security of these predictions will, of course, deteriorate as
the densities to which they refer depart from those
densities bracketed by the data which were used in the
actual curve fitting. For example, it is possible to compute
the theoretical density at which the fitted growth curve
yields a zero value (and call this the ‘carrying capacity’),
or to compute the percentage growth rate associated with
a zero density (and call this the ‘maximum reproductive
rate’), but these values should not be taken seriously if
the data were remote from these particular external
densities. The temptation to be seduced by extrapolations
is greater when the parameters of the equation used are
conventionally given names such as ‘k’ or ‘intrinsic rate
of increase’ which seem to denote some biological reality
that in fact does not exist.

IV. DATA AND SPECIMEN NEEDS FOR STOCK
ASSESSMENT AND MANAGEMENT

(A) Information needs
(1) General comments

The ultimate use of sampling data is in the fitting of
bio-mathematical models to aid us in understanding what
is happening to the particular stock. Simple models
usually do not use all the types of data that are or should
be collected, and more complex models are needed to
incorporate behavioural and physiological data and
information on life history in terms of ecological
interactions.

In stock assessment models it is important to estimate
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all the demographic characteristics of the population
under study, but in most instances knowledge of many
of these is limited. Often the effect of the characteristics
is multiplicative e.g. pre-natal mortality and juvenile
mortality; thus if only one is known; the outcome, as the
product of the two, is also unknown. In many instances
therefore, the accurate estimation of a particular
parameter may not help in the short term, at least in terms
of stock assessment. However when additional problems
are resolved, our knowledge of the population demo-
graphy will be greatly enhanced. Therefore, it is essential
to maintain long term basic research, for only this will
ultimately provide the knowledge to develop correct
population models.

In conclusion, it is important to collect as much
biological data as possible, even if the information
provided may not be ‘necessary’ direct input for the
population model currently being used; such data may,
for example, provide a check on the internal consistency
of these models as well as serve to develop a realistic
model of a species’ demography in the long run.

(2) Some specific needs

In addition to the obvious need for data on age-specific
pregnancy and maturity already discussed earlier in this
report, other, less obvious needs can be identified.

(a) Age composition of the catch. Cohort-analysis
techniques are available which can give good estimates
of past population size (although not for very recent
years) and an estimate of recruitment rates independent
of information on pregnancy and juvenile mortality rates.
For these techniques it i1s important to have accurate
information on the age structure in the catch over a
number of years. Various authors (e.g. Cooke and
Beddington, 1982; Cooke and de la Mare, 1983;
Shirakihara, Tanaka and Nakano, 1983) have recently
described population estimation techniques for sperm
whales which utilize the age and length distribution in the
catch.” The exploitation history of most sperm whale
stocks has been such that the estimates of population sizes
from the start of exploitation to the present are little
affected by recent possible changes in reproductive
performance. Consequently, independent comparisons of
observed and predicted pregnancy rates may be possible.®

(b) Sex composition of the catch. In certain fisheries the
sex ratio in the catch varies significantly from 1:1. In
some of the minke whale fisheries, for example off
Norway, there is a preponderance of females in the catch
in certain areas and at certain times (Christensen, 1975;
1979). In other fisheries, notably for sperm whales, where
the males are considerably larger than the females, a
preponderance of males is caught. The effect of these
removals on reproduction may depend on the degree of
reduction of mature whales (see description of the sperm
whale model above). Further information on the social
behaviour of individual species is essential if the effect of
the distortion of the sex ratio is to be fully understood.

(¢) Calf counts. Inseveral sighting surveys, the proportion
of calves to adults has been much lower than might be
7 Editors’ note. For a discussion of these see IWC, 1983.

¢ Editors’ note. Some attempts to do this have been madee.g. see IWC,
1981a, pp. 79-80; IWC, 1983, p. 691.

expected from current population models (IWC, 1981 b).
It is important that further work is undertaken to
determine if these proportions are truly representative of
the population or if they are the result of survey prob}ems
(e.g. segregation of cow/calf pairs, or differential sight-
ability of adults and calves).® Payne (1984) reported that
for right whales in Argentina, three separate breeding
populations use the Peninsula Valdes area in separate
years. This needs to be taken into account in right whale
surveys in other areas.

(B) Data Sources and Sampling Problems

Discussions on data sources and sampling problems in
the estimation of cetacean reproductive parameters
focused on the relationship between what is actually
measured in field samples and the corresponding
population values needed for stock assessment and
management. Several distinct sampling methods were
identified, each possessing its own set of sampling
problems.

(1) Samples from commercial catches

(a) Large whales. By far the greatest source of
information on cetacean reproductive parameters lies
in catches taken from stocks that are exploited in a
directed or incidental fishery.

Since 1946 the following data have been routinely
collected from each whale caught in accordance with The
International Convention for the Regulation of Whaling:
species, length, sex, position and date of capture, presence
or absence of foetus, length and sex of foetus if possible,
and whether lactating. More recently the requirements
have been expanded to include the collection, wherever
possible, of material for ageing (either earplugs or teeth),
of ovaries and of testes weight or at least a sample of testis
tissue, although much of this was already collected under
national programmes. In addition, data on school size
and on sightings of all species (including those protected)
are included in the effort forms which each catcher boat
must complete.

While very large samples have been taken from
commercial catches, there are a number of problems in
converting sample estimates of reproductive parameters
to the population estimates. Most of them relate to the
degree in which the samples are representative of the
whole population. For large whales, IWC regulations
prohibit the taking of animals accompanied by calves,
with the result that the ‘lactating’ segment of the mature
female population is largely missing from samples.
Consequently, apparent sample pregnancy rates over-
estimate true pregnancy rates. Allowance for the under-
representation of lactating females has been addressed by
Horwood, Donovan and Gambell (1980) and Martin
(1982).

Even if no specific segment of the population is absent
from catch samples, several reasons can be identified for
the possible failure of catches to be representative even
of the segment of the population in the area from which
samples were taken. By their nature, most fishing
methods are selective. In the large cetacean fisheries, it
was noted that deliberate selection of large animals could
lead to bias in the samples.

A problem common to all catch samples is that due to
% Editors’ note. This problem is discussed in IWC, 1984a.
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changes in whaling/fishing grounds with time, samples
are taken from different segments of the population at
different times. Such problems have been noted for
Antarctic fin whales by Mizroch and York (this volume).
Time series of apparent pregnancy rates for North Pacific
sperm whales have been partially confounded by changes
in whaling grounds over time (e.g. see IWC, 1981b, p.
689).

Itis apparent from the above discussion that while very
large samples are available from commercial catches,
there are a number of difficulties in using these data in
stock assessment. Clearly, nothing can be done about the
historical data. In discussing possible means for mini-
mizing the bias in future samples from catches, several
members suggested that it may be possible to increase
the representativeness of the catch samples by requiring
allowable catches to be taken over a wide area. Changes
in methods of handling carcasses may reduce the
incidence of lost foetuses. It was recognized that such
suggestions may have a significant impact on profitability
of the industry. Lockyer reported that new methods were
being investigated in Iceland for determining whether
captured mature females were pregnant in cases where the
foetus had been lost. The methods involve histological
study of the endometrium and assay of hormone levels
in blood and urine (see Sigurjénsson and Kjeld, 1982).

(b) Directed small cetacean fisheries : Mitchell (1975) and
subsequent reports of the IWC Sub-Committee on Small
Cetaceans (IWC, 1976-1982) reviewed the known small
ceta¢ean fisheries of the world. The following additional
information on data collection in certain fisheries was
available to the workshop.

(i) Japan. Ohsumi reported that in certain prefectures
a licence from the local government is required for small
cetacean hunting, and catch statistics are systematically
collected. In other prefectures, no licence is required, but
statistics are collected. National research programs have
been initiated on the populations of dolphins and other
small cetaceans taken at Iki Island and in other directed
fisheries. Kasuya and Marsh (this volume) have reported
on the drive fishery for short-finned pilot whales and
Kasuya (this volume) has reported on the exploitation of
striped and spotted dolphins in Japanese coastal waters.
Problems of representativeness exist here also. Miyazaki
reported that in the striped dolphin fishery there were
differences in apparent pregnancy rates between samples
drawn from the harpoon fishery and the ‘driving’ fishery.

In fisheries for small cetaceans that segregate by age
and sex (even when there may be no specific bias in catch
samples), samples taken from individual schools show
greater variability between than within schools. For
example, Miyazaki and Nishiwaki (1978) found that
apparent pregnancy rates in schools of striped dolphins
varied from 0 to 94.4% . In such circumstances it is
necessary to take samples from as many schools as
possible.

(i) Canada. Sergeant reported that there are no data
collection requirements for the white whale and narwhal
fisheries other than species and number caught, but some
data on sinking-loss rate have been collected by
(government and non-government) scientists.

(iii) Greenland. Larsen reported that no data beyond

species and numbers caught are collected from the small
cetaceans taken in Greenland.

(¢) Incidental takes. Incidental takes of cetaceans have
been reviewed extensively in recent IWC Reports (IWC,
1976-82). Additional information made available at the
workshop follows.

(i) ETP tunafishery. Hammond reported that although
there are no obligatory requirements under IATTC
(Inter-American Tropical Tuna Commission) regulations,
the following data are routinely collected from incidentally
killed dolphins by IATTC and NMFS scientific observers
(on board US vessels): species, sex, length, reproductive
tract of females, testis sample (including epididymis), sex
and length of foetus (small foetuses are brought back in
formalin), teeth. IATTC observers on non-US vessels,
however, do not currently collect specimen material.
Although the percentage varies considerably by year, this
programme covers about 25%; of the estimated total kill
on observed cruises. It is noted that younger animals and
lactating females are more frequently killed in ‘sets’ on
tuna and dolphin schools that result in lower total
mortality than in those that result in high mortality.

(ii) Other incidental catches.

People’s Republic of China - Chen reported that
although it is against Chinese law to catch river dolphins,
they are sometimes killed accidentally during fishing
operations. Chen reported about 10 specimens of Lipotes
vexillifer and more than 20 of Neophocaena phocaenoides
have been examined and the reproductive organs
analysed by the Institute of Hydrobiology of the
Academica Sinica (Chen, Liu and Lin, this volume).

Brazil — Iniageoffrensis and Sotaliafluviatilis are caught
incidentally in fisheries in the Central Amazon, and where
possible reproductive tracts (Best and da Silva, this
volume) stomach contents, parasites, etc. are collected.
Tucuxis (Soralia) are occasionally taken near the coast
and used for fish bait, and the increasing use of drifting
gillnets may result in an increase in the incidental kill in
the Amazon. Franciscanas, Pontoporia blainvillei, are
also captured in the coastal waters of Rio Grande do Sul
in fishing nets; over 200 have been collected and are under
study.

Japan — Ohsumi reported that Dall’s porpoise, Phocoe-
noides dalli, are taken incidentally in the Japanese gillnet
fishery in American waters of the North Pacific. As part
of the research programme, scientists on board certain
vessels collect reproductive organs, stomach contents,
whole animals and other specimens. There appears to be
bias towards pregnant females (over 909, in the samples)
and an over-representation of younger males.

Denmark — Harbour porpoises, Phocoena phocoena,
caught incidentally in fisheries in Danish waters are
sampled for studies of reproduction, parasite infection,
etc. by the Institute for Physiology of the University of
Odense.

(2) Direct counts from surveys

An alternative method to sampling from commercial
catches for estimating the proportion of calves in the
population is the use of direct counting techniques
through aerial or ship-based surveys or coastal censuses.
Where it is possible to cover most, if not all, of the range
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of a stock, or if the entire stock migrates past a single
point, survey techniques may provide much more
representative data than those available from catch
samples. Cliff-top or aerial surveys aimed at least in part
at obtaining calf counts have been carried out for right,
humpback, grayand bowhead whales. Several participants
commented that for humpback and bowhead whales,
much lower calf/adult ratios had been observed in these
surveys than might have been expected. Much higher
ratios had been observed for southern right whales off
South Africa (Best, 1981; IWC, 1981b). Other parti-
cipants, citing Payne’s (1984) suggestion that there may
be 3 separate groups of calf-bearing females off Peninsula
Valdes, queried whether the estimates obtained by Best
for the waters of southern Africa may be too high (Best,
1970; 1981; Best and Roscoe, 1974).

It was recognized that it is often difficult to obtain full
counts of calves from shore-based observations. For
example, for Alaskan bowheads Braham reported that the
gross recruitment rates estimated from ice camp surveys
(1-39;) were generally lower than estimated from aerial
surveys (2-59%;, ) (Marquette, Braham, Nerini and Miller,
1982; Cubbage and Rugh, 1982).1° In this context, much
interest was expressed in the application of aerial photo-
grammetric techniques described by Perryman, Scott
and Hammond (this volume) for obtaining calf percen-
tages and length distribution. They have developed a
technique for measuring small cetaceans from vertical
aerial photographs. Preliminary analyses of some of the
data have revealed that modal length distributions can be
seen which may correspond to 6-months age groups up
to an age of 11-2 years (i.e. during the linear phase of the
growth curve) and may therefore enable estimates of
first-year mortality to be obtained. Such techniques may
be particularly useful for coastal species.

It was noted that use of aerial survey techniques has
been restricted largely to coastal cetacean species,
because of the high cost of farther-ranging surveys, such
as that carried out in the eastern tropical Pacific (Smith,
1979). It was pointed out that in view of the diving
synchrony of sperm whales, aerial photographic surveys
may be particularly valuable under appropriate
circumstances.

(3) Strandings

The group agreed that stranded animals are a special and
probably unrepresentative segment of a population,
particularly single stranded animals. The causes for
strandings are still unknown. A common observation in
mass strandings is an apparent over-representation of
very young and much older animals, as well as
unbalanced sex ratios, although it was reported by
Sergeant that stranded groups of Globicephala spp. and
Pseudorca appear to resemble schools driven ashore in
fisheries in age and sex composition. It was agreed that
in most cases it is difficult to use estimates of reproductive
parameters obtained from stranded animals for stock
assessments. A possible exception noted is mass
strandings of whole schools of predominantly sperm
whale cows and calves. However, when a species is not
taken in any directed or incidental fishery, stranded
animals represent the sole source of samples from which

10 Editors’ note. The most recent discussion of this problem is included
in IWC, 1984a.

reproductive data can be obtained. Many participa_nts
commented on the difficulty in obtaining biological
samples from mass strandings in isolated areas, and noted
that it took many years for adequate sample sizes to be
accumulated. In view of this, it is important that standard
procedures be adopted in collecting biological data from
mass strandings of cetaceans. ¢ Strandings networks’ such
as have been established in the US, the UK, Canada,
France and Australia have proved extremely valuable in
this regard. It was urged that tooth or earplug samples
for ageing be taken from stranded animals.

(4) Individual-animal studies

The final category of samples that may provide
information on cetacean reproductive parameters is that
of studies on individual animals. These fall into two
types: captive-animal studies and long-term studies of
population of identifiable individuals in the wild.

Captive-animal studies have included monitoring of
birthsforindividual females, measurement of reproductive
hormone levels and observations of social behaviour
coupled with measurements of reproductive-hormone
concentrations in dolphin colonies dedicated to such
research. The information from records of captive births
is of value in determining reproductive seasonality or, in
some cases, age of first reproduction, but complete
records of the female’s tankmates are necessary to obtain
data on other parameters. Concentrations of reproductive
hormones in either serum or plasma have been measured
for a number of delphinid species in attempts to
determine reproductive condition. The most extensive
measurements have been made for Tursiops truncatus
(Harrison and Ridgway, 1971; Judd and Ridgway, 1977,
Kirby and Ridgway, this volume; Richkind, 1977;
Sawyer-Steffan and Kirby, 1980; Sawyer-Steffan, Kirby
and Gilmartin, 1983) Stenella longirostris (Wells, this
volume) and Delphinus delphis (Kirby and Ridgway, this
volume). Kirby reported that hormone information is
also available from studies of single live specimens of
Globicephala macrorhynchus and Orcinus orca and from
occasional measurements from a few specimens of
Lagenorhynchus obliquidens and Delphinapterus leucas.
Measurements of concentrations of progesterone and
oestrogens in female delphinids have generally shown
that multiple ovulations within a given season are
possible, as are seasons without ovulations, and spon-
taneous ovulations occur in at least some delphinids.
Hormonal monitoring is also yielding information on
gestation length for several of these species. Seasonal
changes in testosterone production in male delphinids
have also been recorded.

Detailed behavioural observations in conjunction with
regular blood sampling have been made for three species
of delphinids in captive colonies. Kirby has closely
observed 1 male-2 female Tursiops combinations while
monitoring steroid concentrations. Kirby and Ridgway
observed captive female Delphinus delphis over a period
of two years while regularly measuring progesterone and
oestrogen. Wells observed a captive colony of Stenella
longirostris and noted changes in association and
interaction patterns of individuals correlated with
changes in reproductive hormone concentrations.

Captive animals whose entire reproductive histories are
known may eventually also contribute greatly in
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interpretation of the reproductive history via examination
of ovaries after death.

In recent years, declining catch limits set by the IWC
for large cetaceans and increasing national controls over
small cetacean fisheries have resulted in samples from
commercial catches becoming increasingly difficult to
obtain. Thus greater emphasis must be placed on
gathering data on population reproductive rates and
parameters from free-ranging animals. Longterm studies
of populations in which individuals have been reliably
identified on a repeated basis have been carried out for
coastal populations of both baleen and toothed whales.
Observations of recognizable individuals over several
years can provide information on calving cycles,
recruitment and loss from the population, and the relative
position of individuals in the social/breeding structure of
the population. Payne has identified over 500 right
whales, Eubalaena australis, off Patagonia over the last
ten years and has constructed reproductive histories
for his indentifiable females. Glockner-Ferrarri (this
volume) and others have been able to identify several
hundred humpback whales from colour patterns, ‘facial’
grooves, and scars, and have been able to follow a
number of identifiable females through several breeding
seasons on their wintering grounds. Bigg, Balcomb, and
others have been monitoring populations of killer whales,
Orcinus orca, in the northeast Pacific over the last ten
years. They have been able to identify nearly every
individual in the populations, and have determined the
sex of most of the population members (IWC, 1982).
Wells reported that Norris and Dohl began identifying
individuals from a population of Stenella longirostris off
Kona, Hawaii over ten years ago. Norris, B. Wiirsig,
M. Wiirsig, Wells, and others have continued the obser-
vations of this population since 1979, and at present
can identify nearly 200 individuals, including females
with calves. Irvine, Wells, and Scott have been working
with a marked population of Tursiops truncatus off the
west coast of Florida since 1970 (Irvine, Wells, Scott and
Kaufmann, 1981). They tagged approximately half of the
resident population, thereby obtaining information on
the approximate age and sex of those identifiable
individuals, and identified much of the rest of the
population from natural marks, allowing the construc-
tion of reproductive histories for identifiable females
over the last eleven years in some cases. As techniques for
individual recognition from natural markings become
better developed and more widely applied, much of the
requisite information for assessment of populations that
were previously inaccessible should become available.
However, it must be recognized that the application of
such techniques to oceanic populations may be extremely
difficult if not impossible. In addition, capture/tagging/
sampling/release programmes such as those of Irvine
et al. (1981) can (a) provide much information on the
age/sex structure of a population (particularly for a
sexually non-dimorphic species), (b) produce physio-
logical and reproductive profiles for recognizable indi-
viduals on a long term basis, (c) identify population
differences, and (d) potentially identify the relative
contribution of particular males to calf production
within populations through analysis of genetic charac-
teristics as has been attempted by Duffield, Odell, Asper,
Searles, Evans, Finley and Fraker (this volume).
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VI. APPENDICES
Appendix A
AGENDA

1. Opening business.

(a) Introduction
(b) Adoption of agenda
(¢) Adoption of schedule
(d) Confirmation of appointments

(i) Discussion leaders

(1) Rapporteurs

(iii) Laboratory-demonstration coordinators
(e) Review of conference documents

2. Terminology of reproductive morphology and
physiology.
(a) Group discussion
(b) Laboratory demonstrations

3. Interpreting ovarian scars.
(@) Group discussion
(b) Laboratory demonstrations

4. Current models of reproduction.
(a) Terminology and concepts — group discussion

(b) Testing hypotheses inherent in current models
and management

5. Sampling problems — group discussion.

6. Comparative morphology of reproductive system.
(a) Laboratory demonstrations
(b) Group discussion

7. Data and specimen needs for stock assessment and
management — group discussion.

8. Pathology of the reproductive system.
(a) Laboratory demonstrations
(b) Group discussion

9. Collection, storage and preparation of reproductive
materials — group discussion.

10. Discussion of additional topics.
11. Write and review report of the workshop.

Appendix B*
TERMINOLOGY OF FEMALE REPRODUCTIVE MORPHOLOGY AND PHYSIOLOGY

(1) Morphology of the cetacean ovary

The external appearance of the ovaries of various
cetaceans have been described and/or figured. Harrison
(1969) and Harrison, Brownell and Boice (1972)
summarize the relevant literature. Subsequent papers
include those of Brodie (1972), Harrison (1972), Harrison
and Weir (1977), Harrison and McBrearty (1973-74,
1977), Harrison, Bryden, McBrearty and Brownell
(1981), Collet and Harrison (1981) and Marsh and
Kasuya (this volume).

The ovary, like several other visceral organs, is
basically composed of a cortex and medulla. The larger
cortex contains most of the active cell types and tissues,
the most important of which are the follicles with their
oocytes, the corpora lutea, corpora albicantia and
corpora atretica (each of which is considered separately
below), the interstitial cells supported by stromal
connective tissue, nerves, and lymph and blood vessels.
Surrounding the cortex is a dense connective-tissue
capsule or tunica albuginea, which is itself positioned
under the covering ‘ germinal’ epithelium.

The medulla consists mainly of dense connective tissue
and larger blood vessels, although interstitial cells, hilar
cells and structures of the rete ovarii are also found.
Fisher and Harrison (1970), Harrison (1949; 1972),
Harrison et al. (1972), Harrison and McBrearty
(1973-74) have briefly described the rete ovarii of various
odontocetes.

(2) Follicular development (Fig. 1)

“The follicle consists of the oocyte and its envelope which
is composed of cells and an outer membrane. During
follicular development the morphology changes as the

* Cited references are included in the Literature Cited section of the
main body of the report above.

oocyte and the surrounding cells differentiate’ (Peters and
McNalty, 1980).

The primordial follicle consists of a small oocyte, a
single layer of granulosa cells and a basement membrane.
Its appearance and size change little with advancing age.
The primordial follicles represent the pool from which all
follicles emerge. ,

The preantral (secondary) follicle is characterized by an
oocyte that is in the growth phase with one or more layers
of granulosa cells surrounding it. The wall of the follicle
differentiates into two layers, the theca interna and theca
externa. The transition from a preantral to an antral
(tertiary, vesicular, Graafian) follicle is gradual and
continuous. As the granulosa cells multiply, there is
concomitant increase in the production and accumulation
of fluid leading to the development of a follicular cavity
or antrum.

As ovulation approaches, the (primary) oocyte
resumes meiosis. After a reduction division, one set of
homologous chromosomes remains in the cell, which is
now called a secondary oocyte. A marked expansion of
the whole follicle occurs shortly before ovulation and it
bulges from the ovarian surface. In order to allow the
secondary oocyte to exit, a localized part of the wall of
the ovary and that of the follicle has to disintegrate. At
ovulation, the secondary oocyte is released from the
follicle and enters the oviduct. In cetaceans, ovulation is
usually recognizable by the presence of a stigma, a scar
on the surface of the ovary resulting from damage to the
tunica albuginea and ‘germinal’ epithelium at ovulation.

(3) Follicular atresia and the development of corpora
atretica

Coupled with the normal follicular development cycle is
the concurrent normal phenomenon of follicular atresia,
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trace disappears

corpus fibrosum

Atresia without luteinization

Atresia with luteinizalion

trace disappears

corpus atreticum b

Regression of corpus albicans

probable permanent scar

Rupture and inadequate granulosa luteinization

Fig. 1. A schematic representation in the form of a flowchart of the follicular changes occurring in a cycling
cetacean ovary. It is also possible for a follicle to form an ‘accessory’ corpus luteum without releasing the
egg. Some large antral follicles may also persist as cystic follicles. In this case macroscopically-detectable

luteal tissue does not develop.

which is not necessarily simply a degenerative process.
This metamorphosis of the follicle wall into 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 gives rise to
secondary interstitial tissue (usually considered difficult
to find in cetaceans (Harrison and Weir, 1977), an
exception being Pontoporia blainvillei (Harrison et al.,
1981)), or to accessory corpora lutea, both of which may
be hormonally active (Weir and Rowlands, 1977).
Relatively few Graafian follicles ovulate, many more
become atretic.

Follicles may become atretic at any stage of their
development (Byskov, 1979). Little is known about the
atresia of small follicles, as this may not modify the
macroscopic or microscopic structure of the ovary.
However, the atresia of medium and large follicles is
conspicuous and presents a variety of appearances
depending on the stage of the follicle at the time it begins.
In medium-sized follicles, atresia usually occurs without
luteinization, i.e. without accumulation of lipids in the
granulosa or theca cells. Small corpora fibrosa (Marsh
and Kasuya, this volume) are derived from the basement
membrane of atretic medium-sized follicles. These fibrous
bodies are probably slowly resorbed; otherwise they
would accumulate in far greater numbers than are seen
in the ovaries.

Atresia of Graafian follicles of various sizes often
progresses via different stages of luteinization. Lipid
accumulation usually starts in the granulosa cells close to
the basement membrane and in the cells of the theca

interna. As atresia continues, the granulosa cell numbers
become reduced by lysis and phagocytosis with concomi-
tant collapse of the follicle (Byskov, 1979). During the
atretic differentiation few thecal cells become necrotic.
Rather they hypertrophy and accumulate lipid droplets,
undergoing a type of ‘fatty’ degeneration. The resulting
lipid is usually pale yellow at first and readily soluble in
fat solvents but gradually oxidizes, becoming darker and
more insoluble. The resulting structures persist for some
time but usually not indefinitely (Marsh and Kasuya, this
volume).

Lutealized (luteinized) follicles have been described in
the ovaries of several cetaceans. Different terms have been
used by various authors to describe different stages in the
development and regression of these bodies as follows:
corpora lutea atretica (Best, 1967); atretic follicles
(Zimushko, 1970); unruptured lutealizing follicles (Har-
rison and McBrearty, 1973-74); luteinized follicles
(Sergeant, 1962; 1973); atretic lutealized follicles (Har-
rison and Ridgway, 1971 ; Harrison, 1972 ; Harrison et al.,
1972); atretic corpora (Zimushko, 1970); yellow bodies
(Laurie, 1937), corpora atretica (Laws, 1961; Kasuya,
Miyazaki and Dawbin, 1974; Collet and Harrison, 1981
corpora atretica b (Best, 1967; Marsh and Kasuya, this
volume), or corpora albicantia type 5 (Perrin, Coe and
Zweifel, 1976). Most authors have not included them in
counts of corpora albicantia; an exception being Perrin
et al. (1976). We suggest that in future they should be
called corpora atretica b. (Corpora atretica a are
discussed below).

Another form of atresia occurs when a follicle behaves
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replaced by fibrous tissue. Extensive thecal luteinization
has occurred on one side of this body. Some of the thecal
lutein cells still appear active, others are undergoing fatty
degeneration (Figs 2B, E). A fibrin clot fills the centre.
Even though a conspicuous stigma was visible on its
surface, this corpus atreticum a is macroscopically and
histologically quite different from a normal corpus
albicans (Figs 2A, B).

Figs 2C, D shows an older corpus atreticum a which
also appeared to have developed from a ruptured follicle.
In this case, a central fibrous clot probably did not
develop. The number of lipid-rich luteal cells has been
greatly reduced and the fibrous replacement is much more
extensive. This structure (Figs 2C, D) is also macroscop-
ically and histologically quite distinct from a corpus
albicans. However, it is possible that an old corpus
atreticum a in which fibrous replacement has been
extensive could not be distinguished from a regressing
corpus albicans (Laws, 1961 ; Best, 1967).

Miller and Campbell (1978) discussed cystic corpora
lutea in cattle. Such cysts are considered non-patho-
logical and perhaps normal if less than 10 mm in
diameter. Like corpora atretica a these cysts are formed
after ovulation and result from rapid infiltration by
fibroblasts through the granulosa layer of the ruptured
follicle. Factors which may predispose to this condition
include explosive rupture of the follicle, premature
closure of the ovulation point and an over-ripe follicle
with the membrane propria degenerating at the time of
ovulation. Cetacean corpora atretica a may have a
similar etiology.

As outlined above, the inclusion or exclusion of
corpora atretica a in counts of normal corpora albicantia
is variable with author and results in differences in the
interpretation of the ovulation rate and the record of
possible past pregnancies. It is proposed that, whenever
possible, workers distinguish between the different types
of corpora (which may be difficult without histological
evidence) bearing in mind that ovulation which is not
followed by normal corpus luteum development almost
certainly does not give rise to pregnancy.

(4) Corpus luteum

The corpus luteum is the endocrine gland which normally
develops from the cellular components of the ovarian
follicle after ovulation (Harrison and Weir, 1977). When
a foetus is found in the uterus, the corpus luteum is
generally referred to as a corpus luteum of pregnancy or
a corpus gravidatum. A corpus luteum which persists for
a short time without a subsequent pregnancy is termed
a corpus luteum of ovulation or a corpus luteum of the
cycle.

On morphological grounds cetacean corpora lutea
have been classified as everted, cavitate, meandrine,
vesicular and non-vesicular (see Laws, 1961). Despite the
earlier claims (e.g. Robins, 1954) and the fact that in at
least several species most presumed corpora lutea of
ovulation are smaller than those accompanying a definite
pregnancy (Mackintosh and Wheeler, 1929, van Lennep,
1950; Robins, 1954; Laws, 1961; Sergeant, 1962; Best,
1967; Marsh and Kasuya, this volume), it seems unlikely
that the corpus luteum of early pregnancy can be
distinguished withcertainty from one fromanon-pregnant
animal (Benirschke, Johnson and Benirschke, 1980).

Several workers including Harrison (1949), van Lennep
(1950), Best (1967), Hirose, Kasuya, Kazihara and
Nishiwaki (1970), Mossman and Duke (1973), Harrison
et al. (1981) and Marsh and Kasuya (this volume), have
observed two distinct types of gland cells in the corpora
lutea of various cetaceans. These have sometimes been
referred to as theca and granulosa lutein cells but, as
Harrison (1949) pointed out, this classification cannot be
verified without following the development of corpora
lutea through several stages.

The corpus luteum persists throughout pregnancy in all
cetaceans studied. There is also histological evidence that
the activity of the corpus luteum changes during
pregnancy, in at least some species (e.g. blue and fin
whales (Mackintosh and Wheeler, 1929); sperm whales
(Chuzhakina, 1963); Phocena phocena (Fisher and
Harrison, 1970); Stenella graffmani [= S. attenuatal
(Harrison et al., 1972); Globicephala macrorhynchus
(Marsh and Kasuya, this volume).

(5) Multiple corpora lutea

Pregnant cetaceans have been described with more than
one active corpus luteum but only one foetus. This
phenomenon is very rare in most species (Chittleborough,
1954; Laws, 1961; Sergeant, 1962; Ohsumi, 1965; Best,
1967; Gambell, 1968, 1972; Perrin et al., 1976; Harrison
et al., 1981; Marsh and Kasuya, this volume), exceptions
being the white whale (Brodie, 1972; Sergeant, 1973) and
the narwhal (K. Hay, pers. comm., 1981). The relative
functions of members of a set of multiple corpora lutea
have not been studied. If they differ in size, all but the
largest are called accessory corpora lutea. Strictly
speaking, the term accessory corpus luteum should not
be so limited. In the general mammalian literature, it is
applied to any unruptured follicle which forms a corpus
luteum irrespective of whether the female is pregnant,
(Harrison and Weir, 1977). (See also Laws, 1961; Best,
1967; Marsh and Kasuya, this volume.)

(6) Corpus albicans

Regressing and regressed corpora lutea are now almost
always referred to as corpora albicantia whether they are
pigmented or not. Even though regression is essentially
a continuous process, various cetologists have divided
corpora albicantia into several categories to analyse the
course of regression (e.g. Laws, 1958, 1961; Sergeant,
1962; Best, 1967; Gambell, 1968, 1972 ; Perrinet al., 1976;
Harrison et al., 1981; Larsen, this volume; Marsh and
Kasuya, this volume).

Several workers have separated the corpora albicantia
observed in various cetaceans into two types (usually on
histological grounds) and have suggested that one type
might have developed from corpora lutea of ovulation,
the other from corpora lutea of pregnancy (e.g. Peters,
1939; Sleptsov, 1940; van Lennep, 1950; Robins, 1954;
Zemskiy, 1956; Ivashin, 1958 ; Hirose et al., 1970; Fisher
and Harrison, 1970; Zimushko, 1970; Harrison and
Brownell, 1971; Harrison, Boice and Brownell, 1969;
Harrison et al., 1972; Collet and Harrison, 1981). The
essential distinguishing feature of the two types is usually
the amount of amorphous, relatively acellular, hyaline
material present. The validity of this distinction has never
been confirmed. Most workers who have studied the
corpora albicantia from a large series of conspecifics (e.g.
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Laws, 1961 ; Sergeant, 1962; Best, 1967; Gambell, 1968,
1972; Kasuya, 1972; Kasuya et al., 1974; Perrin et al.,
1976; Harrison et al., 1981; Marsh and Kasuya, this
volume), have not managed to separate corpora albi-
cantia of pregnancy from those of ovulation.

(7) Terms used to describe female reproductive status

(a) Immature: The female has no corpora lutea or
corpora albiantia on her ovaries.

(b) Pregnant: The female has a live embryo/foetus in
her uterus.

(¢) Lactating: The female has active mammary glands
producing milk. Some simultaneously pregnant and
lactating females have been observed in most cetaceans
for which a large series has been studied. These animals
should be considered as pregnant in estimating the
average length of the reproductive cycle.

(d) Resting: The (mature) female is neither pregnant
nor lactating. As pointed out by Perrin et al., 1977, this
is a catch-all phrase which includes females truly resting,
1.e. not ovulating because of being between cycles, those
which have just ovulated but did not get pregnant, some
with extremely small embryos missed in dissections, those
which have recently aborted, and those which have
prematurely terminated lactation due to the death of the
suckling calf.

(e) Post-reproductive/senescent: The female -either

cannotconceive or cannot sustain a pregnancy successfqlly
because of age-related changes to her reproductive
system. Marsh and Kasuya (this volume) present
evidence for a post-reproductive or senescent phase in the
ovaries of Globicephala macrorhynchus in which there
appars to be no evidence of ovulation after age 40, when
females have a life expectancy of 13 years. However,
post-reproductive G. macrorhynchus are not infrequently
lactating. Sergeant(1962)also observed a small percentage
of such females in G. melaena as did Perrin et al.
(1976) in Stenella attenuata and Perrin et al. (1977) in
S. longirostris. As discussed by Marsh and Kasuya (this
volume), it is difficult to be certain that an individual
female is post-reproductive.

(f) Post-partum and post-lactation oestrus: Problems
arise in the precise definition of such terms. The shortest
times a female can recycle after parturition, cessation of
lactation or indeed after unsuccessful oestrus and
ovulation are not known for most cetaceans and are likely
to be highly variable with individuals both in and between
species. The incidence of such events is likely to be more
significant in some species than others. It i1s proposed
therefore that these terms be avoided unless specific
evidence of timing can be referred to, such as in
closely-observed captive animals, or animals where past
reproductive history is clear from examination of the
entire reproductive tract.

Appendix C
SPECIMEN COLLECTION, PRESERVATION, STORAGE AND PREPARATION

The collection and subsequent examination of cetacean
reproductive material is an essential part of the
documentation of the species’ life history parameters
which, in turn, are an essential component of population
models. Collection of reproductive material must be
accompanied by the collection of earplugs, bullae or teeth
for age estimation. The nature and extent of specimen
collection will vary greatly with the conditions under
which the work is done (e.g. single specimens, mass
strandings, drive fisheries, factory ships or incidental kills
in other fisheries), personnel available, facilities, etc. The
following section is intended to serve as a guide and not
as a final determination as to how the work should be
done. Each investigator must select the protocol most
appropriate for the specific needs of the research project.
In addition, new and better techniques will become
available from time to time.

(1) Collection

The size of the animal and its components will have a
great effect on the material collected.

(a) Females. For small ondotocetes, wherever possible,
the entire reproductive tract should be collected and
should include the complete vagina (this is obviously
impractical for large whales). This technique preserves
tissue orientation and lessens the chance of mis-labelling
ovaries and the loss of small embryos and vaginal mucous
plugs. The flat width of each uterine horn should be taken
at the mid-point of each horn. If the animal is obviously
pregnant the foetus can be removed and the horn
subsequently measured. The ovaries and foetus may be
weighed fresh, and it is important that this be noted for

subsequent analyses. A detailed comparison of fresh
versus preserved weights has not been made. A section
of each uterine horn (and vagina) should be taken if the
entire tract is not collected.

The mammary glands should be examined and a tissue
sample taken. Length, width and thickness of the glands
can be measured, but this is often impractical. If thickness
is measured, it should be at the thickest part of the gland
or a fixed distance from a topographical landmark. The
colour of the freshly cut gland should be noted, using a
consistent scale (e.g. pink, pink-brown, brown). A milk
sample should be collected when possible for nutritional,
pollutant and parasitic examination. Ideally, the milk
should be taken directly from the teat to avoid
contamination. Alternatively it can be taken from the
incised reservoir. The colour of the uncontaminated milk
should be noted.

Vaginal smears may be taken from fresh animals.
Results may vary with the location within the vagina from
which the smear is taken. Collections should be from a
consistent location or the specific location noted.!!

(b) Males. The testes should be weighed and measured
(length, width, and thickness when laying flat). In some
smaller cetaceans, the testes can be taken intact, while in
most cases only samples can be taken. It is important to
note whether the testes were measured or weighed fresh
or preserved, and with or without the epididymis. If only
one testis is taken, it should be so noted and taken
consistently from the left or right side.

't Editors’ note. In captive bottlenose dolphins, contents of vaginal
smears were not correlated with ovulation, but copulation could be
confirmed by presence of sperm (V. L. Kirby, pers. comm.).
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Samples of the testes should be taken at mid-length and
include the core from small whales and both core and
peripheral samples from large whales, to account for
differential maturation. Epididymis samples can be taken
at mid-length, but more sperm are likely to be
encountered in the cauda (posterior) epididymis. The
testes of most species have not been sampled to determine
if there are areas of differential maturation. In any event,
sampling sites should be noted and consistent. Smears can
be taken from both the cut surfaces of the testes and
the epididymis.

The activity of a testis can be determined most
accurately through histology, but in general there also
appears to be a good correlation between sperm
production and the weight of the testis. Histologically, an
active or recrudescent testis is characterized by the
presence of meiosis and mitosis. This can be easily
determined through a ‘touch preparation,’ in which a few
tubules are teased out and touched to a slide. The
specimen is then fixed in ether alcohol, stained with
haemotoxylin and eosin and examined for very dark cells
indicative of meiosis. When a testis is actively producing
sperm, the cellular associations characteristic of spermio-
genesis (spermatogonia through spermatozoa) can be
observed in histological sections and sperm can be seen
in smears or teased preparations.

In some terrestrial mammals (e.g. lemurs) testis size can
change dramatically with season, but some spermatazoa
may be present even when the testes are considered
inactive; sperm can remain in the tubules for a long time
after initial production, but generally they are not of the
same quality as more recently produced sperm.

(2) Preservation

(a) Fixatives. The most widely used fixative is 109
neutral buffered formalin (NBF) or 109, sea-water
formalin. Bouin’s solution is the traditional fixative for
embryological material and may be used for other
specimens. Problems arise, however, in the identification
of gross structures because of yellow staining by the
fixative. A further problem with Bouin’s solution is its
relatively low power of penetration of tissues. Material
fixed in formalin can be refixed in Bouin’s (or other
fixative) at a later time. Electron microscope (EM)
material usually requires fixation in glutaraldehyde, but
this is not usually practical when large numbers of
animals are being processed. Specimens should be fixed
within minutes of death for the best EM results.

Tissue samples should be on the order of one cubic
centimetre, to permit rapid permeation of the specimen.
Tissue-to-fixative volumes should be on the order of 1: 10.
Smaller volumes can be used if the fixative can be changed
one or more times and the samples agitated. Tissue
samples can be individually placed in perforated plastic
tissue containers and remain there through most
histological processing. Perforated plastic bags can be
used to store all samples from one individual. Samples
from several animals can be placed in a large container
of fixative.

Gross specimens (e.g. large whale ovaries and whole
testes) should be slit once longitudinally to ensure fixative
penetration. Uterine horns can be injected with 109,
NBF.

Containers holding several specimens should be

agitated to ensure the samples are not packed together
and thus retarding fixation.

Alternative preservation methods include freezing and
packing in dry-salt, although these will usually not yield
adequate histological preparations.

Milk samples should be preserved by freezing.
Formalin can be used if nutritional analyses are not done.

Smears can be adequately preserved by air drying.
Specific spray fixatives are available.

(b) Storage. Formalin-preserved material can be
stored indefinitely in tightly sealed containers kept in the
dark, although storage for years may affect the quality of
histological preparations due to hardening of the tissue.
Some routine curation is necessary to prevent samples
from being damaged from fluid loss. Addition of 599 (by
vol.) glycerine can temporarily prevent specimen damage
if fluid 1s lost.

Smears can be stored in slide boxes, without further
attention until stained.

Five-percent (5% ) formalin is adequate for the storage
of thoroughly fixed material. Likewise, the tissue-to-fluid
volume ratio can be reduced to about 1:5. Recent
concern has been expressed, however, over the health and
safety aspects of the use of formalin, which may be
banned from usage in certain laboratories. Concensus
was that once fixed in 109, NB formalin, specimens may
be transferred to other less noxious preservatives for
personnel safety. Alcohol was considered a possible
alternative for some tissues, although tissue shrinkage
might be a problem.

The use of heat-sealed plastic bags appears to be a
superior method for long-term storage. A bag is con-
structed by heat-sealing one end of a piece of ‘Lay flat’
plastic tubing; the specimen, preservative and label are
inserted, and the bag sealed. A second label can be sealed
dry in an adjacent compartment. It is important that
nonpermeable (polyester) plastic tubing be used.

Frozen samples can, of course, be stored in the frozen
state. Containers should be tightly sealed to prevent
oxidation (‘freezer burn’) and drying.

Samples for EM work must be removed from the
fixative after about 24 hours and then stored in a buffer
solution until further processing.

(3) Preparation

Samples for histological examination are usually em-
bedded in paraffin and stained with hematoxylin and
eosin (H & E) after sectioning. Other stains (trichromes)
are a matter of individual preference. H & E is the choice
of pathologists, as it allows for structure identification
in poorly preserved or autolyzed samples. Smears can be
stained appropriately and a cover-slip mounting medium
applied.

Prior to cutting an intact specimen (especially ovaries),
it should be photographed in more than one plane. The
resulting working prints may then be used to document
the location(s) of any part sliced and subsequently
removed for histological examination. Further photo-
graphs of cut surfaces, particularly of ovaries, prior to the
dehydration and embedding process are also useful; it is
often the case that an impression gained macroscopically
is different from the final histological picture. Photos
should include a scale and relevant identification
numbers.
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Ovaries have been sliced (in order to count corpora) at
varying thicknesses. Certainly thinner slices are necessary
for small cetacean ovaries than for large cetaceans,
where 2-5-mm is adequate, given the relative sizes of the
structures. Sections should be left attached along one side
of the ovary where possible, to preserve sequence and
orientation. If sections are cut too thin, they will not lay

PERRIN & DONOVAN: REPORT OF THE WORKSHOP

flat during embedding if a complete histological section
1s subsequently required. ,

It 1s important to save ovaries and any other mate:rlal
that may require re-examination and/or reinterpretation.
It is impossible to corroborate an interpretation if the
material has been discarded.
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Review of Baleen Whale (Mysticeti) Reproduction and
Implications for Management

CHRISTINA LOCKYER
N.E.R.C. Sea Mammal Research Unit, c|o British Antarctic Survey, Cambridge, CB3 OET

ABSTRACT

There are three living families of baleen whales: Balaenidae, Eschrichtiidac and Balaenopteridae. Of these, the first has three species,
the second one species, and the third six species. There is one recognized sub-species in the Balaenopteridae. Most of these species
have similar patterns of reproduction.

The mating pattern is usually monogamous. There appears to be less social schooling of the type common to many Odontoceti.
The formation of loose aggregations occurs during migration and seasonally. Geographical segregation of sexes, sexual classes and
age classes sometimes occurs, for example in Balaenoptera acutorostrata, and this can seriously bias the sex ratio and age distribution
of catches. In small and greatly reduced stocks such catches can seriously alter the population structure.

The female reproductive cycle is generally two years, with a gestation period of about one year. Lactation lasts about half a year.
Normally just one calf is conceived and born in warm temperate or sub-tropical waters. Most baleen whales undertake extensive
migrations for feeding, an exception being Balaena mysticetus, and the reproductive cycle appears to be geared to this annual cycle
of migration and feeding.

Baleen whales feed mainly by filtering small swarming planktonic Crustacea, the production of which is greatest in cold high latitude
waters. Baleen whales thus need to leave the home breeding grounds for the high latitude seas each spring in order to feed and store
energy in the form of fat as reserves for the months of poor feeding. Even Eschrichtius robustus, a bottom-feeder, undertakes such
migrations. Weaning in most species is believed to occur during or after the summer feeding season. The success of factors such as
fertility, pregnancy, lactation, developmental growth and sexual maturity, and net recruitment are all dependent on the efficient storage
of energy for body maintenance, foetal growth and milk production. The apparent inter-correlation between history of exploitation,
pregnancy rates and individual growth rate and the attainment of sexual maturity is discussed in relation to possible changes in food
supply for certain stocks.

Information which would aid management is still needed on survival from conception to birth, survival of calves in the first year

27

of life, and the relation of this to the age of the cow and general feeding conditions.

INTRODUCTION

There are three living families in the order Mysticeti
(baleen whales): the Balaenidae, Balaenopteridae and
Eschrichtiidae. These comprise genera and species as
listed in Table 1.

The bowhead is circumpolar but exclusively Arctic in
distribution, whilst the pygmy right is only found in the
Southern Hemisphere north of the Antarctic Convergence
and in water cooler than 20 °C. The right, blue, fin, sei,
humpback and minke whales are all either known or
believed to be highly migratory, with worldwide
distributions. Northern and southern stocks do not
intermingle although each is found between the tropics
or sub-tropics and the polar seas. The Bryde’s whale is

found in both hemispheres, but only in the warm waters
from the tropics to temperate zones. The gray whale is
found only in the Northern Hemisphere, and is restricted
to the Pacific Ocean. The main population is in the
eastern Pacific, the western Pacific stock being small and
once thought to be extinct. Today, the gray whale is
usually known as the California gray whale migrating
between Baja California in Mexico and the Bering Sea.

The mysticetes display slight consistent sexual dimor-
phism, the female generally being about 59/ greater at
maximum body length.

The majority of mysticetes have a life-cycle of
migration, breeding and feeding; they are believed to
undertake migrations involving generalised N-S move-
ments, rather than movements between longitudes,

Table 1

Families of Mysticeti

Family Genus Species (and sub-species) Common name
Balaenidae Eubalaena E. glacialis (Miiller, 1776) right
Balaena B. mysticetus (Linnaeus, 1758) bowhead
Caperea C. marginata (Gray, 1846) pygmy right
Balaenopteridae Balaenoptera B. musculus (Linnaeus, 1758) blue
’ B. musculus brevicauda (Ichihara, 1963) pygmy blue
' B. physalus (Linnaeus, 1758) fin
i B. borealis (Lesson, 1828) sei
v B. edeni (Anderson, 1878) Bryde
” B. acutorostrata (Lacépéde, 1804) minke
Megaptera M. novaeangliae (Borowski, 1781) humpback
Eschrichtiidae Eschrichtius E. robustus (Lilljeborg, 1861) gray
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(Lockyer and Brown, 1981). Payne and Webb (1971)
observed however, that some animals are found in both
high and low latitudes throughout the year.

Migration in bowhead and Bryde’s whales may involve
only local seasonal movements, whilst migration in
humpbacks and gray whales for example, constitutes
movements over thousands of miles between polar and
sub-tropical or temperate waters. Apparently no one
environment is ideal year long, and whilst the breeding
ground in low latitude warm waters is regarded as the
home ground during the autumn-winter months,
migration to the more productive higher latitude colder
waters in spring-summer is essential so that the whales
can feed, fatten and store fat energy in order to survive
the rest of the year when feeding conditions are poor.

This seasonal annual migration usually involves all
ages and sexual classes of the population, although there
1s a known sequence of migration for some species, for
example, humpback (Dawbin, 1966) and gray whales
(Rice and Wolman, 1971). The baleen whale breeding
cycle appears to be linked intimately with this annual
migratory scheme, as we shall discuss in greater detail
later, with gestation lasting about one year. Normally
only one calf is born in warm waters, which may favour
survival of the relatively poorly insulated neonate by
reducing maintenance costs. Lactation occurs here, with
weaning usually taking place either during or after the
summer migration, so that the calf can learn to feed itself
in the productive colder waters. The timing of these events
means that optimally the cow can bear one calf annually,
whilst simultaneously lactating and pregnant. This is
usual in minke whales and has been observed in
humpback whales (Glockner-Ferrari and Ferrari, 1984),
but normally a calf is produced every two or three years.

The reproductive interval may be even longer than
this — three years in right whales (Payne, 1984).

SOCIO-SEXUAL BEHAVIOUR
General behaviour

Baleen whales are generally observed inloose aggregations
rather than large cohesive schools, with the basic units
being a cow and calf, pairs and ‘families’ of adult and
sub-adult animals. Usually animals occur singly or in
groups of 2—6 whales although larger groups of more than
20 have been observed both on and outside the feeding
grounds (Gunther, 1949; Nemoto, 1964; Tomilin, 1957;
Gambell, 1968 ; Budylenko, 1977; Lockyer, 1977a; Best,
1982).

Bonding between individuals in baleen whales does not
appear very notable, although mother-calf bonds are
probably strongest during the suckling period: see
Tomilin (1957) for gray whales and Thomas and Taber
(1984) for right whales. Matthews (1937) reported a
simultaneously pregnant and lactating humpback cow
accompanied by a calf, indicating that subsequent
pregnancy does not necessarily interfere with the existing
mother—calf relationship. It is likely however, that the
older calf will be shunned or at least distanced after
parturition.

Tomilin (1957) reported (from whaling incidents) on a
close bonding between humpback pairs during the

breeding season, in that the female may remain near the
wounded mate until he is killed. Close bonding in pairs
or small groups in fin and blue whales has not generally
been observed, and in fact the opposite has been reported
in fin whales (Tomilin, 1957) with the unharmed
member(s) deserting the wounded whale.

Various behaviours have been observed in gray whale
groups in the Chukotka waters. Zimushko and Ivashin
(1980) reported that females often remained near another
wounded female, but that a cow would usually depart
immediately if a male was wounded. Exceptions to this
pattern have been observed, but generally males
remained longer with wounded congenors, especially
females, and Bogoslovskaya, Votrogov and Semenova
(1982) confirmed this.

In conclusion it would seem that there is generally
restricted epimeletic behaviour between baleen individ-
uals, and both the short-term cow—calf bond, and the
absent or loose bond between other individuals, will not
greatly affect ease of capture in whaling: the former
animals are protected (IWC, 1950), and the latter behave
as essentially lone individuals when stressed. It seems
likely that removal of a group member, other than a cow
or calf will not be greatly disruptive.

Reproductive behaviour

Baleen whales are generally believed to tend towards a
monogamous mating system, but do not form permanent
pair bonds. Unlike some Odontoceti such as sperm
whales, they do not exhibit hierarchical schooling and
mating systems characterized by the harem structure.

Donnelly (1967; 1969) has described right whale
mating between members of pairs in sheltered coves off
South Africa. Courtship can occur continuously through-
out the day and night and is frequently accompanied by
leaping, vertical head-up postures, spy-hopping, tail-
bobbing and rolling belly to belly. Such breaching and
spy-hopping behaviours have been described for other
baleen whales but not necessarily in the mating context.
Right whale matings have also been reported by Payne
(1984) around Peninsula Valdes, Argentina in sheltered
bays, although conception may not occur at these times.

Donnelly (1967; 1969) described evasive behaviour by
a right whale female which rolled to present her back to
a courting male or even turned upside down.

Rice (1983) and Rice and Wolman (1971) reported that
gray whales carried out courtship including apparent
mating, indicated by the erect penis in the male, during
northward migration and also in the Arctic feeding region
(Bering Sea). These are times inappropriate to the
seasonal conceptions and births. Tomilin (1957) reported
that mating takes place throughout the year in humpback
whales despite strongly seasonal conceptions.

The majority of gray whale matings are observed
around the calving grounds near Baja California in
January (Gilmore, 1960). Walker (1971) reported, with
pho.tographs, on the presence of more than one male
during gray whale mating. The role of the accessory male
(or males) is uncertain. Both males may attempt
copulation. Rice (1983) also reported promiscuous
mating in the gray whale. Group mating has also been
reported in bowhead whales (Everitt and Krogman, 1979)
when as many as six whales were involved. Whitehead
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Table 2

Sizes of corpora lutea of ovulation and pregnancy

Corpus luteum size in mm +S.E.

Pregnancy
Species Ovulation Early Mid Late Reference
« ~ J
Blue 108.6+1.0 137.5 Mackintosh and Wheeler (1929)
Laws (1961)
Fin 82.8+8.2 114.4+5.4 Mackintosh and Wheeler (1929)
Laws (1961)
Sei 54.7+2.7 76.24+1.8 79.9+2.1 83.8+1.0 Gambell (1968)
| J
Y
Humpback (60-80) 105.7 123 Matthews (1937)
Chittleborough (1954)
Minke 40.0+1.5 66.4+4 1.0 (fresh) and 65.5+ 1.2 (formalin fixed) Best (1982), Lockyer (in Best, 1982).
Gray 56.0+16.0° 82.0+11.0* 87.0+12.0* Rice and Wolman (1971)
Bryde’s . -~ b
Inshore form 77.8 Best (1977)
Offshore form 2.1
* +sD

(1981) has described behaviour in humpback whales off
the West Indies which may be a prelude to mating. The
female in oestrus (whether accompanying a calf or not)
initially attracts a principal male escort and then
subsequently up to an additional five secondary male
escorts. These males jostle for position close to the cow,
trying to oust each other using tactics such as tail-lobbing,
lunging and bubble-stream blowing. The principal escort
rarely remains so for more than a day or even a few hours
before he is replaced.

Another aspect of courtship, the interpretation of
which is still speculative, is complex vocalization. Payne
and McVay (1971) and Winn and Winn (1978) reported
on seasonal ‘singing’ of humpback whales on the
breeding grounds as a means of communication between
individuals. At least in the Northern Hemisphere,! such
complex ‘singing’ has not been heard outside these
breeding areas, and thus implies a link with locating a
mate. Winn and Winn (1978) provided evidence that the
singing whales are in fact solitary males. Whitehead
(1981) observed that male escorts usually sang before
joining a cow and then ceased, but resumed singing after
leaving her. This may imply that singing advertises sexual
availability. The cow was never heard to sing.

Little is known about courtship and mating postures
in the other pelagic baleen whales, for which the precise
breeding and calving grounds are uncertain.

As in the gray and humpback whales, copulation in
other baleen whales may occur incidentally outside the
usually recognized breeding season, and may also be
attempted by juveniles and between males (Rice, 1983).

1 Dawbin (1983) has recently recorded humpback whales singing
during both the northward and southward migrations off Australia,
adding further complications to the interpretation of the functions of

singing.

ANATOMY OF THE REPRODUCTIVE SYSTEM
Female

It is not intended to give a detailed description of the
morphology and histology of the mysticete ovary and
reproductive tract here, as it does not relate directly to
management. Much of this information can be found in
the report of this meeting (Perrin and Donovan, 1984),
particularly in relation to follicular development, corpus
structure, function and anomaly (e.g. corpora aberrantia,
c. atretica, follicular cysts, etc.). Excellent descriptions for
these can be found in Laws (1961) for fin whales, and in
Slijper (1966) and Harrison (1969).

The two ovaries in Mysticeti are morphologically
similar, being rather oval, elongate and convoluted (see
Fig. 3). The large Graafian follicles and corpora protrude
from the surface, and the corpora lutea attain very large
sizes, often dwarfing in both volume and weight the
ovary to which they are attached. Average sizes of
corpora lutea for different species are shown in Table 2.
The corpus luteum increases rapidly in size after
ovulation and conception have occurred, and then
continues to increase until late pregnancy when it may
start to shrink slightly pre-partum, although Laws (1961)
found no evidence for this in fin whales. Shortly after
birth, the corpus luteum shrinks dramatically, although
it is unknown whether the time scale of this is in days or
weeks. The regressing corpus continues to shrink as a
corpus albicans throughout successive reproductive
cycles, until a critical minimum size is attained, beyond
which no further regression or degeneration histologically
appears to occur. We may assume that these corpora
albicantia are permanent features in the mysticete ovary.
Best (1982) observed that despite small size of old corpora
in minke whale ovaries, he found no evidence to support
resorption or alter the assumption on permanency.
However, some old corpora might be missed without
histological examination. If this is possible it may explain
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the apparent decline in ovulation rate with age, reported
by some authors (Masaki, 1978 ; Mizroch, 1981a; see later
section on reproductive parameters in the female), whilst
pregnancy rate with age remained constant. Laws (1961)
classified the regression of fin whale corpora albicantia
into three categories based on morphological and
histological studies, and this classification has generally
been applied to other cetacean species.

The persistence of corpora albicantia has enabled the
total number of ovulations to be estimated for the mature
female, although it is doubtful whether or not the corpus
due to ovulation alone or pregnancy can be distinguished
morphologically or histologically (see Perrin and
Donovan, 1984).

In mysticetes (unlike several odontocete species, where
the left ovary usually predominates and is more active at
least initially), both ovaries are fully functional and able
to ovulate from first sexual maturity. Ohsumi (1964a)
found left and right ovaries equally active in blue, fin,
Bryde’s, sei, minke, humpback and right whales. Rice and
Wolman (1971) found a suggestion (barely statistically
significant at 0.05 probability) that the left ovary might
be dominant in gray whales. In some species there is also
a tendency for ovulations to occur mainly from the
anterior pole of the ovary (Rice and Wolman, 1971), but
most old mysticetes with many corpora evidence
ovulations occurring all over the ovary.

Male

A brief description will again be given for the male;
readers are referred to Slijper (1966) and Harrison (1969)
for fuller details of the reproductive tract.

The testes are smooth elongate sausage-like organs
which remain permanently within the abdominal cavity.
The testes appear to develop synchronously and are of
similar size, weight and shape. The penis can be retracted
into a groove flush with the ventral body surface, but falls
out limply after death. As in all other cetaceans, the penis
is erected by muscle fibres and not by vasodilation.
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Secondary sexual characteristics

In all baleen whales the distance between the genital
groove and anus is 2-3 times longer in males than
females.

At sea, it is difficult to determine the sex of a whale
because the ventral sexual characters are hidden from
view. Only during mating, calving and specific behavioural
displays such as breaching, can the sex of an individual
be identified.

Sometimes secondary sexual characteristics may be
apparent. Jurasz, McSweeney and Jurasz (1980) reported
that in humpback whales, females generally had smooth
dorsal outlines posterior to the dorsal fin, whilst males
had scalloped outlines. Such outlines could easily be seen
during arching of the back prior to diving, and as such
could be used to sex whales at sea. Another secondary
sexual characteristic is snout protuberances in sexually
mature male fin whales from the North Pacific (Nemoto,
1962). This characteristic, however, is probably very
difficult to observe at sea unless one is very close to the
animal. It cannot differentiate the sexes in immature
whales, unlike the dorsal outline in humpbacks that is
apparent even in calves.

Winn, Bischiff and Taruski (1973) have devised a
technique for live skin sampling from humpback whales
at sea. The animals can then be sexed cytologically.

The ability to sex individuals at sea would be useful in
those fishery operations where sexual segregation leads to
imbalanced sex ratios in the catches. However, this is
most commonly found in minke whale fisheries and there
is as yet no method for sexing this species at sea.

REPRODUCTIVE CYCLE

The life cycle revolves around seasonal migration and
feeding. Appendix Table 1 gives data on gestation times,
seasonal conceptions, births and suckling period.
Knowledge of the timing and duration of the reproductive
cycle is useful information in fishery biology for
predicting birth rate, population growth and recruitment

REPRODUCTIVE CYCLE OF FEMALE FIN WHALE
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Fig. 1. Schematic reproductive cycle for the Southern Hemisphere female fin whale (after Lockyer
and Brown, 1981).
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and hence production. The cycle has a minimum duration
governed by gestation time, which in all Mysticeti is
about one year. In fact, a two-year cycle is usual and a
three years or longer reproductive interval is possible
depending on circumstances.

Fig. 1 shows a generalized breeding cycle for an adult
female fin whale in the Southern Hemisphere in relation
to migration and feeding. This general pattern is
probably true for other large baleen whales, allowing for
individual variations in timing, geographic range and
location, as indicated in Appendix Table 1.

The timing of migration varies slightly for the different
sexual classes. This has been directly observed in
humpback whales (Matthews, 1937; Dawbin, 1966) and
gray whales (Rice and Wolman, 1971). Data on seasonal
abundance from the catches indicate that it is probably
also the case in blue, fin and sei whales (Lockyer and
Brown, 1981 ; Mackintosh and Wheeler, 1929 ; Matthews,
1937).

In nearly all species, newly pregnant females are the
first to migrate to and arrive on the summer feeding
grounds and the last to leave, an exception being the
pregnant gray whale (Rice and Wolman, 1971) which
leaves the feeding grounds first. In blue, fin (Lockyer,
1981a) and humpback (Dawbin, 1966) whales, they may
spend up to 509 longer time feeding than the rest of the
population; the significance of this will be discussed
later. Lactating females with calves are usually the last to
arrive, possibly because the calves slow up the migration
rate. These cows are often amongst the first to leave after
their calves are weaned. Adult males and resting
(anoestrous and non-lactating) females usually precede
juveniles of both sexes by two to four weeks. However,
migration is a succession of non-discontinuous waves so
that there is considerable overlap in the time of arrival
of migrating groups on the feeding grounds (Lockyer and
Brown, 1981).

Some species demonstrate both segregation by sex and
reproductive condition. Juvenile blue, fin and sei whales
tend not to penetrate such high latitudes as adults
(Lockyer, 1981a; Lockyer and Brown, 1981) as evidenced
by the smaller sizes of whales caught in lower latitudes
(BIWS).

Minke whales also show marked sexual segregation
in both hemispheres. The sexes are unevenly represented
in catches from certain areas and months (Ohsumi
and Masaki, 1975; Lockyer, 1979a; Christensen, 1979).
Lactating females are virtually absent from higher
latitudes of the Antarctic (Best, 1982).

Reproductive parameters in the female

Most information on cetacean reproduction comes from
animals killed in whaling. Pregnancy rate is usually
defined as the proportion of females in the catch which
have a foetus i.e. it is an apparent pregnancy rate.
However, because International Whaling Commission
regulations forbid the taking of animals with calves,
simultaneously lactating and pregnant females are
effectively not represented in the catch. Also, this measure
over-estimates the true pregnancy rate. Unless otherwise
stated the apparent pregnancy rate has been quoted here.

The baleen whales ovulate seasonally, and when

conception succeeds ovulation, the pregnancy rate and
ovulation rate are similar.

There are arguments that the mysticetes are probably
monoestrus spontaneous ovulators, and not induced
(Laws, 1961; Harvey, 1963), although Rice and Wolman
(1971) and Chittleborough (1965) might dispute this,
particularly the latter who obtained evidence of polyoestry
(several oestrus cycles) in humpback whales if conception
failed to occur. Rice and Wolman considered polyoestry
to be an advantage in a species producing only one calf
every two years, where no permanent pairing occurred
and individuals were widely dispersed. Whitehead’s
(1981) observations on the mating system of the
humpback whale (discussed in the section on repro-
ductive behaviour) would be compatible with poly-
oestrus. The very high ovulation rate for the inshore form
of Bryde’s whale off South Africa (Best, 1977), which is
resident year-round, could be explained by polyoestrus.

The minimum reproductive interval is fixed by the
gestation period, assuming that pregnancy goes to term.
This is about one year in all mysticetes. Because
conceptions are usually seasonal, the reproductive
interval is usually a multiple of a 12-month period.
However, some aseasonal conceptions can alter this, and
will be discussed in context for different species.

Gray whales

Rice and Wolman (1971) reported a pregnancy rate of
0.46 for California gray whales and calculated and
observed an ovulation rate of 0.52, consistent with a two-
year reproductive cycle.

Swartz and Jones (1983) gave some information on calf
production from cow/calf observations. Despite the
sheltered nature of the California lagoons, there is
evidence of high neonate mortality in the gray whale.
Swartz reported a mortality rate of 5.3%, in the lagoons
and a total of about 319 including the northward
migration. Possible causes are stillbirths, accidental
stranding, predation or even harassment by motorboat
traffic. Accounting for all these mortality factors, Reilly
(1984) calculated a maximum net reproductive rate of
6.7% per annum but averaging 3.7%, over the last 13
years. For comparison, the proportion of calves passing
Pt Piedras Blancas, California in 1980 and 1981 were
4.5% and 5.09; respectively (IWC, 1983). These are all
considerably less than the gross theoretical maximum of
13% (Rice and Wolman, 1971), even allowing for 31%,
neonate mortality (Schwartz, 1983), which has been
considered extremely high (IWC, 1983), and may be a
function of calf count underestimates.

Bowhead whales

Little is known on reproduction in the bowhead whale.
Ray, Wartzok and Taylor (1984) reported that aerial
surveys in the Bering, Chukchi and Beaufort Seas
revealed that 8%, of the population were 3.5-5 m in body
length, thus implying these were calves. Recently, Nerini,
Braham, Marquette and Rugh (1982) reported a
pregnancy rate of 0.31 for the bowhead based on a very
small sample size, and observed calf production to be
between 2.09; and 3.29] of the total population,
depending on whether observations were ice-based or
aerial. They deduced a three-year reproductive cycle. The
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apparently low calf counts may be due to the lesser
sightability of calves relative to adults, and hence
estimates of calf production may be biased downwards.
A full discussion of current knowledge on calf production
in the bowhead whale is given in IWC (1984).

Right whales

Seasonal observations over several years on right whales
off Peninsula Valdes (Payne, 1984) indicated an average
three-year reproductive cycle. Best (1981) reported that
15-289, of the total population of right whales off South
Africa were calves. Payne apparently observed a similar
proportion off Peninsula Valdes (Nerini et al., 1982). The
right whale has been totally protected from exploitation
for several decades, so that much basic reproductive
information is lacking.

Humpback whales

Pregnancy rates for humpback whales have been
reported as 0.43 for coastal eastern North Pacific (Rice,
1963) and 0.40 for western North Pacific (Nishiwaki,
1959). For the Australian fishery, Chittleborough (1965)
calculated 0.37. In the northwest Atlantic Mitchell (1974)
reported 0.54 from a very small sample.

Herman and Antinoja (1977) reported that an
anticipated annual calf production for Hawaiian waters,
assuming an average pregnancy rate of 0.43 would be
10.8 9, of the entire population. Throughout several aerial
surveys on the nursery grounds they observed 9.1-9.69/
of the population were calves, a value which they
regarded as perhaps biased upwards because of the
location.

Minke whales

Current evidence indicates annual reproduction in the
minke whale, although the actual reproductive interval is
probably about 14 months (IWC, 1979). Masaki1 (1979)
assumed that a 12}-month reproductive cycle was feasible
even if unlikely, because many lactating females have
been found to be ovulating (IWC, 1979), and hence in
theory could conceive. Such a situation would favour the
maintenance of seasonal breeding, unlike a 14-month
cycle which might ultimately make breeding aseasonal or
necessitate missing some years (Lockyer, 1981b). This
latter appears unlikely, however, as observed pregnancy
rates are consistently high. However, segregation is so
marked for this species that observations on a
representative sample are difficult and realistic pregnancy
rates hard to obtain. Published values are as follows:
0.89 for the Antarctic (Masaki, 1979); 0.96 (including
lactating cows) for Norway (Jonsgard, 1951); 0.88 for
West Greenland (Larsen, 1984); 0.96 for Newfoundland
(Mitchell and Kozicki, 1975); 0.90-0.97 for the Barents
Sea (Christensen, 1974); 0.66 in the Huanghai Sea
(Wang, 1982). Masaki (1979) also reported an average
ovulation rate (measured as number of corpora formed
annually) of 0.96 for Antarctic minke whales. In the
northwest Atlantic, Mitchell and Kozicki (1975) reported
an ovulation rate of 0.60 which is rather lower than the
pregnancy rate. Best (1982) found ovulation rates of
about 0.81 for minke whales caught off Durban, although
females older than 20 years had a lower rate. Best
estimated a true pregnancy rate of about 0.78 which is in
good agreement with the ovulation rate.

Other balaenopterid whales usually have a two-year
reproductive cycle. Information for these is summarized
below.

Bryde’s whales

Best (1977) reported average observed pregnancy rates of
0.227 and 0.222 for two allopatric populations (inshore
and offshore forms) of Bryde’s whales off South Africa.
These values agree with the calculated ovulation rate of
0.42 for the offshore (pelagic) form, but a discrepancy
exists for the inshore (coastal) form where an ovulation
rate of 2.35 suggests a 19-month cycle comprising
pregnancy and lactation but with no resting (anoestrous)
period. Although estimates were confounded by sampling
problems and possible differences between inshore and
offshore populations, Best nevertheless estimated a two-
year reproductive cycle for this species. Ohsumi (1977)
reported a pregnancy rate of 0.42 for the pelagic North
Pacific Bryde’s whale and an ovulation rate of 0.46,
suggesting a two-year cycle. Ohsumi (1980) calculated a
pregnancy rate of 0.43 for South Pacific Bryde’s whales.

Sei whales

Pregnancy rates for the North Pacific sei whale average
0.60-0.65 (Masaki, 1976), but a gradation exists across
the North Pacific from west to east, with higher rates
being found for coastal Japan than eastern pelagic.
Masaki also found mean ovulation rates of about 0.60 for
females under 25 years and be much less in older females.
implying differences in age-specific fecundity, which
could directly affect pregnancy rate with age. Rice (1977)
calculated a value of 0.70 for eastern North Pacific sei
whales and suggested that the rate may exceed this in
females under 25 years, and be much less in older females.
Rice estimated a true pregnancy rate of 0.36, suggesting
a three-year cycle for most females. In general, however,
there do not appear to be variations in age-specific
pregnancy rates in baleen whales, although Rice and
Wolman (1971) and Laws (1961) have reported for
species other than sei that primiparous females often
concetive later than multiparous ones, so that, dependent
on time of sampling, a variable age-specific fecundity
might appear to exist. Mizroch (1981a) reported no
variations in age-specific pregnancy rates in Antarctic
fin whales aged up to 85 years but found a decline in
ovulation rate with age.

For sei whales in the North Atlantic, Mitchell and
Kozicki (1974) calculated an ovulation rate of 0.26,
although the method of calculation causes the estimate
to not be directity comparable with others (zero corpora
age classes were included in a regression of corpus
number on age). Lockyer and Martin (1983) recently
calculated a pregnancy rate of 0.40-0.44 for Icelandic sei
whales, and an ovulation rate of 0.59. They found no
age-specific variation in ovulation rate for females up to
age 45 years.

Gambell (1973) and Lockyer (1974) reported ovulation
rates of 0.61 and 0.68 respectively for the Southern
Hemisphere sei whale. Current pregnancy rates approach
0.70 (IWC, 1978). Masaki (1978) reported monthly
variations in pregnancy rate in the catch decreasing from
0.65 in December to 0.50 in March, and also variations

between latitudinal sectors and Areas (as defined in
Mackintosh, 1965).
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Masaki observed pregnancy rates of 0.49 in Area I
(lowest) and 0.65 in Area V (highest). Ovulation rates
varied between 0.42 and 0.57 for different Areas and
seasons. In all cases, these values were for females of age
less than 30 years.

Blue and pygmy blue whales

Little recent information exists on pregnancy rates for
blue whales anywhere. However, Mizroch (1981b) gave
data for Southern Hemisphere blue whales up to 1963.
The data are very sparse but post-war values average 0.51
for Norwegian catches and 0.46 for United Kingdom
catches in Area IV in latitudes 60°-69° S.

Ichihara (1966a) reported pregnancy rates of 0.27-0.36
in pygmy blue whales. He concluded that this species had
two breeding seasons: a main one during winter and a
smaller complementary one in summer.

Fin whales

Pregnancy rates in Antarctic fin whales have been
variously reported, but most recent (although not
current) estimates are about 0.54 (Gambell, 1973).
Mizroch (1981a, b) reported a value of about 0.50, a
value similar to that of blue whales. Ovulation rates for
Antarctic fin whales were calculated at about 0.71,
equivalent to the estimate of Laws (1961), here corrected
for altered assumptions in age determination, and 0.67
(Lockyer, 1972) and 0.68 (Gambell, 1973). As stated
earlier, Mizroch (1981a) reported a decline in ovulation
rate with age, which was not reflected by age-specific
pregnancy rates. The reasons for this anomaly may be
complex and imply possible errors in aging or ovarian
assessment techniques, or other unknown factors in
assessing pregnancy.

In the North Atlantic, pregnancy rates for fin whales
are 0.36-042 off Newfoundland and Nova Scotia
(Mitchell, 1974), and 0.49 off Iceland (Martin, 1982)
where average ovulation rates of 0.62-0.64 (Lockyer and
Brown, 1979; Lockyer, Gambell and Brown, 1977) have
been calculated.

Changes in pregnancy rates

Laws (1961), Mackintosh (1942) and later Gambell
(1973) reported apparent increases in the pregnancy rate
with time for blue, fin and sei whales of the Southern
Hemisphere; as early as 1930 for blue and fin whales.
Laws (1961) and Gambell (1973) hypothesized that the
reason for these increases might be reduced intra- and
interspecific competition for food, correlated with the
exploitation histories of these stocks (Fig. 2). If so, the
more food per capita available for growth, reproduction
and maintenance implies an average reduction in the
reproductive interval for these stocks. In effect, for
seasonal breeders this could mean a reduction in the
reproductive interval, with a greater proportion of annual
and biannual calvings for species with two or three-year
cycles, and/or increased incidence of aseasonal concep-
tions. Unfortunately, direct information on survival in
utero and survival rates of neonates is lacking (and likely
to remain so) so that an increased pregnancy rate per se
does not necessarily indicate increased reproductive rate.

Clark (1982; 1983) has examined Antarctic fin whale
cohort data in order to detect trends in recruitment rate
which might reasonably be anticipated as a result of
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Fig. 2. Observed apparent pregnancy rates with time for Antarctic blue,
fin and sei whales (after Gambell, 1973).

increased pregnancy rate, and also changes in other
reproductive parameters, namely age at first ovulation,
but has so far found nothing conclusive. In fact, he
actually found lower recruitment rates than expected,
and has also brought to light some discrepancies in data
between nations. “

Results on changes in pregnancy rates are mostly
confused by the fact that most workers have pooled all
Antarctic data, not allowing for Area and sector of origin,
the season and dates of data collection, age, length of
females and national origin of data, all of which could
introduce bias into an examination of annual trends.
Masaki (1978) has already indicated that these are
important. Mizroch and York (1982) have recently
reanalysed the fin whale data by allowing for all these
factors, and have not found any consistent trends either
by nationality or Area. They concluded that the actual
data, once corrected for biases, did not indicate any trend
in pregnancy rates. The considerable variability in the
data, however, could probably mask any trends. The
situation rests here at present, but as Mizroch and York
pointed out, if there is no actual trend of increase in
pregnancy rate, the incorporation of a density-dependent
pregnancy rate in population models could adversely
affect a harvested population by overestimating the
sustainable yield and hence an appropriate catch limit. At
the present time, Southern Hemisphere blue, fin and sei
whales are protected, but the Mizroch and York analysis
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Table 3

Incidences of post-partum and post-lactation ovulations (after Gambell, 1968; 1973; Laws, 1961)

Proportion of
population in

Proportion of
population in

post-partum % population* post-lactation % population*
Species Locality oestrus conceiving oestrus conceiving
Fin Antarctic 0.179 17.9 0.390 8.2
Sei Antarctic 0.111 1.1 0.125 1.3

* Non-pregnant mature females.

has highlighted the need for caution in handling data for
other populations and species.

If we return to the strictly biological basis for increased
pregnancy rates, we need to examine yearly data on
seasonal percentages of post-partum and post-lactation
ovulations for several species and determine if these have
changed with time. Here again, there may be problems
in bias due to the quality of material and data collection
(Gambell, 1973).

Post-partum and post-lactation ovulation

The mysticetes, as we have already observed, are
generally seasonal breeders, the reproductive cycle being
intimately linked with the feeding migration to ensure
optimum conditions for survival of the single calf.
Assuming gestation must remain a constant period of
time, increased reproductive rate must depend partly on
increased proportions of seasonal conceptions post-
partum and also on increased proportions of aseasonal
conceptions arising from post-lactation ovulation (see
earlier section on changes in pregnancy rates).

Information on incidences of post-partum and post-
lactation ovulations are given for fin and sei whales in
Table 3.

Increases in either or both of these need not necessarily
result in net increased reproductive rate, as the fate of
such ovulations/conceptions is unknown and aseasonal
births may not favour the calf’s survival. Also, if
increased per capita food is the key factor in increased
fecundity, the pregnancy may ultimately be unsuccessful
or the neonate die if lactation fails due to insufficient food
supply to the mother. This aspect will be discussed in
greater detail later. Overall, it would appear that in
species where a seasonal male reproductive cycle exists,
aseasonal oestrus in the female (usually post-lactation
oestrus) is unlikely ever to result in pregnancy and is
essentially unimportant to stock assessement.

Male Reproductive Cycle
Gray whales

Rice and Wolman (1971) reported that in the California
gray whale, the testes and seminiferous tubules were
larger during the southward breeding migration than on
the return. They concluded that this indicated a marked
seasonal cycle with peak spermatogenic activity in late
autumn or early winter correlating closely with the main
female oestrus.

Right and bowhead whales

Whilst no histological evidence is available, southern
right whales are known to mate in the winter (Donnelly,
1967; 1969). Bowhead whales appear to mate between
March and May (Nerini et al., 1982).

Humpback whales

The humpback whale in the Southern Hemisphere has
been shown to have a seasonal sexual cycle from
examination of spermatogenesis and seasonal increase in
testis weight (Chittleborough, 1965; Nishiwaki, 1959;
Omura, 1953; Symons and Weston, 1958). In winter, the
spermatozoa are plentiful in the seminiferous tubules and
vasa deferentia.

Minke whales

Mitchell and Kozicki (1975) reported that sexually
mature males taken in the Newfoundland fishery lacked
sperm. After taking into consideration the pattern of
foetal growth they concluded that the main breeding
season preceded the fishing season (May-July) by a few
months. Best (1982) found that the average testis weight
for different sizes of animals was about 409, heavier
during winter for minke whales taken off Durban
compared with those taken in the Antarctic during
summer, implying a seasonal testicular activity. However,
Best stated that this assumption needed future histological
confirmation.

Bryde’s whales

Best (1977) could make no statement on the probability
of a seasonal reproductive cycle in male Bryde’s whales
because of small sample size and limited five-month
seasonal coverage. However, the scatter of foetal lengths
at any time suggested that mating in the South African
offshore population is not restricted by season.

Sei whales

No evidence of a male sexual cycle has been found for
the Southern Hemisphere sei whale (Gambell, 1968).
Here the female oestrus must be the governing factor in
seasonal breeding.

Blue and fin whales

Mackintosh and Wheeler (1929) reported some seasonal
testicular activity in blue and fin whales. Laws (1961)
found testicular activity in Southern Hemisphere fin
whales during the winter breeding season, which was
quite protracted from April to August, peaking in
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Table 4

Composition of baleen whale milk

Calorific % Wet weight
value
Species Kcal/g Fat Protein Ash Lactose*  Water Reference
Blue 34-37 14-22 41-51 Clowes (1929)
50.07 49.93 Kirpichnikov (1949) in Tomilin (1957)
38.1 12.8 47.2 Sivertsen (1941)
423 10.9 1.3 429 Gregory et al. (1955)
3.99 Tomilin (1946)
— ~
Fin 30.2 15.61 54.19 Clowes (1929)
3.8 324 12.8 0.3 54.2 Ohta et al. (1953)
31-33 11.95-13.3 1.43-2.16 0.2-1.79 53-55 Ohta et al. (1955)
48-52 10 40 Institute of Oceanographic Sciences, unpublished
30.6 13.1 54.1 Sivertsen (1941)
3.52 28.6 11.4 1.6 2.6 57.9 Lauer and Baker (1969)
51.0 13.0 4.5 White (1953)
28.3 11.4 57.9 McConnell (pers. comm.)
3.66 Tomilin (1946)
Sei 222 12.0 1.8 Takata (1921)
26.2 12.6 59.1 McConnell (pers. comm.)
Humpback 38.5 46.7 Pedersen (1952)
3.86 33.0 12.5 1.1 51.6 Chittleborough (1958)
4.30 Tomilin (1946)
Minke 24.4 13.6 1.6 Best (1982)
range range range
(4.8-61.7) (5.3-17.1) (0.7-2.3)
Y
Gray 53.04 6.38 40.58 Zenkovich (1938)
5.32 Tomilin (1946)

to the right whale, 16°-18.5 °C being favoured (Donnelly,
1967; 1969).

Lactation

Mysticeti have paired mammary glands, the nipples of
which are concealed in long grooves running along the
body either side of the vulva (Mackintosh and Wheeler,
1929). The thickness (depth) of the gland varies with the
sexual status of the female. The immature gland in blue
and fin whales is thin (e.g. 2.5 cm thick) and increases
in depth with sexual maturity. The glands of the
anoestrous (resting), ovulating and pregnant cow are
similar in depth (e.g. 4-10 cm) except in primiparous
females. The lactating gland is usually at least double this
thickness — maybe up to 30 cm. The actual depths vary
slightly with species, and Rice and Wolman (1971), Laws
(1961), Gambell (1968), Best (1977), Mackintosh and
Wheeler (1929), and Best (1982) gave gland measure-
ments for gray, fin, sei, Bryde’s, blue and fin, and minke
whales respectively.

The depth of the gland and colour are important
criteria in assessing the sexual status of the female. In
nulliparous females, or at least in females which have
never suckled, colour is pinkish to pinkish white, whilst
in anoestrous, parous females, the colour is yellowish
brown. This colour change, visible macroscopically, is
caused by developmental changes in the secretory lobules
and alveoli.

Laws (1961) reviewed evidence that the mammary
tissue does not thicken and the lobules and alveoli do not
develop until almost term in Mysticeti. In Bryde’s whales

correlation has also been observed between the stage of
lactation, measured by mammary gland depth, and the
diameter of the largest corpus albicans (Best, 1977). Best
(1982) has estimated that by late lactation the corpus
luteum has shrunk to 40419/ of its size during pregnancy
in sei and Bryde’s and 52.5% in minke whales.

Macroscopically it is difficult to assess the stage of
lactation. Laws (1961), van Lennep and van Utrecht
(1953) and Chittleborough (1958) have noted that at the
end of lactation, milk may be present in the ducts (or at
least a whitish or turbid yellowish, thin liquid) but
histological study is essential to establish whether or not
the alveoli are actively secretory. In a fishery where
lactating cows are effectively protected and heavy
penalties are levied on infractions of this ruling, it is
thus necessary for a full histological investigation of
potentially lactating mammaries to be undertaken in
order to assess whether or not a cow was truly lactating.
It is interesting to note that the rules of the International
Whaling Commission in fact protect animals accompanied
by calves and that a strict interpretation of the rules
would not necessarily result in the imposing of a penalty
if an animal was found to be lactating.

Milk compositions and calorific values for different
species are tabulated in Table 4. The most notable feature
of balaenopterid milk is its high fat content, comparable
to that in Pinnipedia (Lavigne, Barchard, Innes and
Oritsland, 1982). This feature is probably significant in
the rapid growth of the neonate during suckling when the
calf may increase body weight by five to eight times
(Lockyer, 1981a; 1981b).

Whale milk composition has been found to be highly
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variable. Best (1982) reported a significantly lower fat
level (21.5%+2.5%) and higher ash content
(1.8%,40.1%) in milk from simultaneously lactating and
ovulating minke females, compared with only lactating
(33.49,1+4.6% in fat and 1.4%+0.29 ash). Ovulation
in minke whales generally occurs late in lactation, so that
it may be reasonable to assume that the fat content of milk
falls in late lactation.

FOETAL GROWTH
Sex ratio

Normally the foetal sex ratio is about one to one. Rice
and Wolman (1971) found an equal ratio of the sexes in
utero for the gray whale.

In bowhead whales, Nerini et al. (1982) reported a
slight foetal predominance of males, which was not
statistically significant.

Chittleborough(1965)reported onactual predominance
of males at birth for humpback whales. Kato and
Shimadzu (1983) reported a slight, but significant
predominance of females foetuses in Antarctic minke
whales, although Larsen and Kapel (1983) found no
significant difference for Greenland minke whales. Wang
(1982) reported a slight predominance of female foetuses
in minke whales from the Huanghai Sea. Although no
direct observations of sex ratio at birth are available in
minke whales, Kato and Shimadzu (1983) calculated that
at birth, the sex ratio would be equal. Best (1982) reported
seven males and seven females amongst 15 stranded
(mainly alive) minke whale calves, some with unhealed
umbilici.

Kato and Shimadzu (1983) reviewed literature on
foetal sex ratio for blue, fin, sei and Bryde’s whales, and
reported a slight predominance of males in utero.

Growth pattern

Foetal growth in cetaceans has been reviewed by Mizue
and Jimbo (1950), Laws (1959) and Mikhalev (1980).
There are specific accounts for gray whales (Rice and
Wolman, 1971; Rice, 1983), bowhead whales (Nerini et
al., 1982), humpback whales (Chittleborough, 1958;
Ivashin, 1965), minke whales (Sergeant, 1963; Jonsgard,
1951; Omura and Sakiura, 1956; Ivashin, 1976; Ivashin
and Mikhalev, 1978; Best, 1982; Ohsumi, Masaki and
Kawamura, 1970; Wang, 1982), Bryde’s whales (Best,
1977; Ohsumi, 1980), sei whales (Laws, 1959; Gambell,
1968; Masaki, 1976; Lockyer, 1977b; 1981a; Lockyer
and Martin, 1983), blue whales (Symons, 1955; Laws,
1959; Lockyer, 1981a), fin whales (Ommaney, 1932;
Laws, 1959; Ohsumi, Nishiwaki and Hibiya, 1958;
Jonsgard, 1966; Mikhalev, 1970; Lockyer, 1981a).

In the majority of mysticetes there is an accelerated
growth phase in the latter part of gestation (Laws, 1959).
‘Gestation times and size at birth are given in Appendix
Table 1.

Various authors have attempted to describe foetal
growth by formulae, notably Laws (1959) who modified
a formula of Huggett and Widdas (1951), Mikhalev
(1980) and Rice (1983). All these formulae were evolved
for describing linear growth with time, and not growth
in weight with time as was the formula of Huggett and
Widdas (1951) and later Frazer and Huggett (1974). The
main argument concerns the pattern of the second
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Fig. 4. Foetal growth in weight with time from conception for blue, fin
and sei whales described by formulae calculated according to the
theory of Huggett and Widdas (1951).

accelerated growth stage in Mysticetes. Rice (1983)
proposed that the accelerated growth phase for gray
whales falls off prior to birth, whilst Laws (1959)
considered that growth continues to accelerate at this
time in baleen whales.

The Huggett and Widdas formula, relating gestation
time and foetal body weight for the period of accelerated

rowth, was
8 W3 = a(t—1,),

where W =body weight in g, a = growth velocity
constant, t, = time constant in days since conception
prior to the linear growth phase, ¢ = time in days since
conception.

Assuming the validity of its application, in cases where
the accelerated phase is rectilinear and not exponential as
proposed by Laws (1959), it is a useful tool for estimating
total gestation times and extrapolating back to conception
date. Mysticeti are assumed to implant normally in utero
after conception and do not display delayed implantation
common in some marine mammals (seals). Huggett and
Widdas found similarities between many mammals and
were able to predict growth constants for large
Balaenopteridae. They predicted values of ¢, of about
0.2 x gestation period (100400 days) which are about
67-72 days for most baleen whales. Values of a predicted
by Frazer and Huggett (1973; 1974) were 0.58 for blue,
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0.46 for fin and 0.36 for sei whales, the highest growth
rates for all mammal foetuses.

In Fig. 4, curves of mean body weight with time from
conception are given for blue, fin and sei whales. These
curves are the results of comparing length at age and
weight at length curves, based on Lockyer (1981a). It will
be seen in fact, that the theoretical predictions of the
above authors are close to the values of ¢, and a given in
Fig. 4 for these three species.

The second phase of foetal growth generally coincides
with migration onto the feeding grounds, when food
energy is readily available for conversion into growth. As
we have already seen, most baleen whales have a
gestation period of just under one year. This has been
thought to be favourable to species with an annual
behavioural cycle with a fairly rigid breeding season. Rice
(1983) has argued that for species with a normal two-year
reproductive cycle, a gestation period exceeding a year is
no real problem. His main argument was that accelerated
growth of the foetus would place too large an energy
drain on the mother, and therefore a more protracted
gestation with slower growth would be energetically less
demanding. The present author does not agree with this.
It has been shown that lactation is more energetically
demanding than pregnancy (Lockyer, 1981a; 1978;
1981b; — and discussed more fully below). In addition
should parturition occur immediately before the main
breeding season, there is a potential for greater
production if environmental conditions are suitable and
the cow experiences a post-partum oestrus and conceives.
This feature may ultimately be a measure of species
survival ability and must be reflected in ovulation and
pregnancy rates, (see earlier section on reproductive
parameters in the female).

ENERGETICS OF FEMALE REPRODUCTION

Baleen whales feed by filtering and consuming
swarming planktonic organisms (Nemoto, 1959; 1970).
The Balaenidae take mainly copepods, whereas the
Balaenopteridae consume mostly euphausiids; shoaling
fish and other organisms are also taken if plentiful. Gray
whales feed chiefly from the bottom, sucking up (Ray and
Schevill, 1974) and sifting mud for crustacea (Rice and
Wolman, 1971). Feeding is a highly seasonal activity
peaking during summer. Little feeding takes place during
winter. Lockyer (1981a) calculated that for blue and fin
whales, daily intake during winter may be only about a
tenth of that in summer. The usual main feeding period
is about four to six months, with pregnant females
staying longest on the feeding grounds. Lockyer (1981a)
calculated that, on the basis of four months of intensive
feeding and eight months of reduced feeding, daily intake
averaged over the whole year amounted to only 1.2-1.69%
of body weight. The daily intake during the feeding
season however, probably reaches 49, of body weight
(Sergeant, 1969) and may exceed this under favourable
conditions during pregnancy (Lockyer, 1978; 1981a).

To survive long periods of poor feeding conditions,
whales fatten during the summer. The most obvious sign
of this is the increase in blubber thickness which, relative
to body size, is thickest in pregnant females and thinnest
in lactating cows (Lockyer, 1981a; Rice and Wolman,
1971).

Lockyer (1981a) estimated that for all sexual classes,

fattening occurred in muscle and viscera with weight
increases of up to 71% in blubber, 64% in muscle and
829 in viscera observed during the feeding season.
Increases in total body weight were made up of 137 due
to blubber, 17% due to muscle and 7%, to viscera. Bone
could hold up to 809 oil, but actual weight increases
would not be detectable, as oil which is less dense would
replace water. Lockyer (1981a) observed that blubber of
pregnant blue and fin whales was about 259, thicker than
that of resting (anoestrous) females, corresponding to an
overall body weight increase of at least 60-657;
compared with 509 for the resting population during
summer feeding. This extra 10-159% fat could be
accumulated by remaining longer on the feeding
grounds; up to 6} months has been observed for
humpback whales (Dawbin, 1966) and is suggested for
other species by the timing of arrivals and departures
from the feeding grounds.

Most of this extra energy is channelled catabolically
into milk production in winter and spring (Lockyer,
1978). The initial energy costs of pregnancy are minimal,
and costs only become important in the last half or third
of gestation. In fin whales, lactation costs can be double
those of total gestation and foetal development (Lockyer,
1981b) and are in excess of gestation costs for blue, sei
and minke (Lockyer, 1978; 1981a; 1981b).

On a daily basis, lactation is even more expensive
energetically than pregnancy. There is a possibility of
variation in age-specific reproductive performance.
Evidence from pregnancy rates by age is that success in
conception is similar for all ages (see earlier). However,
success in lactation is vital to net production; should
lactation fail, the calf will die from starvation. Alterna-
tively the mother may become so depleted in energy
reserves because of the costs of milk production, that the
two-year reproductive cycle is extended to three years in
order for the cow to recover. These situations are more
likely to affect young, recently mature females which are
themselves actively growing. The net reproductive costs
of the growing foetus and milk production are probably
similar in all age-classes, but during a two-year cycle these
form about 199, of total energy costs (growth and
maintenance) in physically mature female fin whales and
269, in recently mature ones (based on data from
Lockyer, 1981a; 1981b).

One can only speculate on the effects of variable food
supply on the reproductive interval for baleen species,
particularly as individual growth rates and age at
attainment of sexual maturity may vary with circum-
stances (see the section on average age at first sexual
maturity). However, theoretical predictions are often not
borne out under test observation, and few data are
available for the period between parturition and
anoestrus.

CRITERIA FOR DETERMINATION OF SEXUAL
MATURITY

The sexually mature female is relatively easy to identify,
as the generally accepted criterion is evidence of at least
one ovulation (either a corpus luteum or corpus albicans).
Of course all pregnant and lactating females are sexually
mature. The criteria used for determining male maturity
are less clear.

It is important in population modelling to know
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Table 5

Criteria for assessing sexual maturity in male baleen whales - mean values in recently mature animals

Testis
Mean
seminiferous
Mean weight tubule diameter Penis length
. _ (8 (pm) (cm)
Species Locality +usual range + usual range +usual range Reference
Blue Antarctic; S. Africa ca 5,000 ca 150 Ohno and Fujino (1952);
. Mackintosh and Wheeler (1929)
Fin Antarctic; S. Africa = 2,500 115+5 ca 150 Mackintosh and Wheeler (1929)
Laws (1961)
Ohsumi (1964b)
Ichihara (1966b)
N. Pacific = 2,000 or cal30 Ohsumi et al. (1958)
= 2,600
. N. and W. Norway = 3,000 Haug (1981)
Sei Antarctic; South Africa = 1,500 100+5 ca 100 Gambell (1968)
N. Pacific > 1,300 100+ 10 ca 100+ 30 Masaki (1976)
Iceland = 1,100 135 Lockyer and Martin (1983)
E. Canada = 1,000 130 Mitchell and Kozicki (1974)
Humpback Australia = 2,000 ca 107 Chittleborough (1955)
(puberty)
Antarctic ca 2,500 Matthews (1937)
Japan = 2,000 Nishiwaki (1959)
Bryde S. Africa = 1,500 catl3+35 Best (1977)
Japan = 650 Nishiwaki et al. (1954)
=750 Omura (1962)
‘ S. Pacific > 1,150 Ohsumi (1980)
Minke S. Africa 500625 Best (1982)
Brazil = 400 Williamson (1975)
= 600 da Rocha (1980)
Antarctic =400 or Ohsumi and Masaki (1975)
= 350 Ohsumi et al. (1970)
N. Pacific 200-300 Omura and Sakiura (1956)
N. Atlantic = 1125 Jonsgard (1951; 1962); Sergeant
(1963)
Gray California ca 3,500+ 700 100+ 5 110+5 Rice and Wolman (1971)

certain biological facts associated with sexual maturity,
for example size and age at first maturity, age at first
parturition and fecundity at first maturity. It is difficult to
assess the reproductive performance of the baleen whale
male at first sexual maturity, as unlike the female, no data
are available. Body length and sex are often the only
biological data available for certain catches, so that the
estimation of the proportions of mature and immature
whales in the fishery hinges on an accurate assessment of
mean body length at first sexual maturity. Significant
shifts and trends in these proportions often indicate
possible changes in population dynamics.

For females the only valid evidence of sexual maturity
is a normal corpus luteum or corpus albicans (which
could have been associated with pregnancy). Corpora
atretica, corpora aberrantia (Laws, 1961), and other
bodies, including cystic follicles, do not qualify. In some
juvenile fin females, several ‘yellow’ bodies (Laws, 1961)
may be present, and the present author has also observed
this in Antarctic minke whales. These are thought to
result from atretic follicles.

Male sexual maturity is usually assessed from the
histological evidence of spermatozoa in the testis and
epididymis, spermatogenesis throughout the testis, open
seminiferous tubules exceeding a critical diameter
(species dependent) in the testis, testis weight in excess of
a critical value, and penis length. In practice, seasonal
reproductive cycles can confound most of these factors.

Laws (1961) and Rice and Wolman (1971) reported
seasonal increases in testis weight and tubule diameter
correlated with breeding activity for fin and gray whales
respectively. Testis weight is the most widely used
criterion, and histological study is desirable for confirm-
ing maturity in pubertal males. Detailed criteria and
classification based on histological studies of the Leydig
and Sertoli cells, for assessment of sexual maturity, have
been undertaken by Chittleborough (1955), Gambell
(1968) and Masaki (1976).

Sampling of whale testis tissues usually occurs a long
time after death of the animal, so that histological study
of spermatogenesis is difficult, and tubule measurements
may be unreliable.

Table 5 gives data on mean testis weight and mean
seminiferous tubule sizes associated with first sexual
maturity in males of different species and stocks.
Appendix Table 1 gives data on mean body lengths at first
sexual maturity for both males and females, values which
clearly depend directly on an accurate diagnosis of sexual
maturity from a study of the gonads.

AVERAGE AGE AT FIRST SEXUAL MATURITY

Estimation of average age at attainment of sexual
maturity

The mean age at sexual maturation can be derived
directly from an analysis of the proportion of mature
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Area V fin whales and Antarctic Areas IV and V for
female sei whales.

Whilst linear regression analyses have frequently been
used to describe trends, if any, and test their significance,
the decline in ¢,, is probably exponential, whether or not
the real cause is biased data, artifactual or biological.

In the analyses of Lockyer (1979b, 1981c¢), Lockyer and
Martin (1983) and Kato (1983), either individual cohorts
or small groups of cohorts have been analysed separately
for mean and confidence limits. The present author
believes this to be a better approach than linear regression
analysis which may be heavily weighted by the ends of
the period of analysis (i.e. the earliest and the most recent
year classes). The most recent year classes are well known
to be biased, with the older maturing whales not being
recognized as they are not mature at the time of
capture — the truncation effect. Free and Beddington
(1980) attempted to compensate for this bias. It is thus
important that if regression analysis is to be used, only
data unbiased by the truncation effect should be
analysed.

The pattern, extent and timing of the trend in ¢,, has
often differed between stocks and also sometimes
between the sexes (Lockyer, 1979b; 1981c; Lockyer and
Martin, 1983). Kato (1983) recently attempted to
compare direct estimates of ¢,, for yearly catches with
corresponding values of ¢, anticipated from transition
phase data in Antarctic minke whales. He found
correlation in Areas III and IV combined and parallel
trends for Area IV alone. He had problems with small
sample sizes and with making the estimates from the two
methods comparable. Recently doubts have been
expressed as to the genuineness of observed declines in ¢,
as determined from ear plug transition phase. Cooke and
de la Mare (1983) expressed the view that the observed
declines in t,, by cohort could be an artifact of the
variability in age readings. However, they assumed that
variability of estimates of 7,, and total age from any one
plug were interdependent, whereas dependency may only
be partial. Cooke and de la Mare had to assume very high
variabilities in order to generate declines in ¢,, which
paralleled or coincided with those observed. Their main
hypothesis thus merits further investigation but requires
actual data on variability of age readings to become at
all meaningful.

Examination of age data for females using corpora
number and ovulation rate to arrive at age after sexual

Table 6

Comparison of values of ¢, from 509, maturity in catch data (A) and
1,, from ear plug transition phase (B). (Data used by Lockyer 1972;
1977¢; 1979b for Antarctic Area II fin whales.)

A B
tm t, +95% C.L.
Catch
seasons 3 Q Cohorts 3 Q
194044  8.69-+0.51 8.61+0.44
1955-59 8.1 7.2
1945-49 6.56+0.74 7.15+0.53
196064 6.2 6.6
1950-54* 5.87+0.61 6.194+0.53

* Some downward bias here, due to truncation effect.

maturity and then combining this with #,, determined
from earplug transition phase may give some indication
as to variability of total age. Even though individual
ovulation rates probably vary, ovulation rates can be
assessed independently of age from an examination of
corpora regression. True variability of age cannot be
determined because there are no known-aged animals.

Let us compare values of z,, for Southern Hemisphere
fin whales, over time. In Table 6 below are shown
estimates of ¢, from catch data, using the 509
proportion mature-at-age criterion for seasons 1955-59
and 1960-64 (A). _

Mean values of ¢,, derived from ear plug transition
phase studies for cohorts of years 1940—44, 194549 and
1950-54 with attached 959, confidence intervals are also
shown (B). It is seen that there are declines in both (A)
and (B) which are similar and parallel, despite the
differences in the two methods of analysis of ,,.

Effects of exploitation on biological parameters

Lockyer (1972; 1974; 1978; 1979b), Gambell (1973),
Laws (1977a; 1977b) and Kawamura (1978) have
discussed apparent changes in biological parameters such
as t,, and pregnancy rate and explored the possibilities
of reduction in inter- and intraspecific competition as a
result of intensive exploitation of whale stocks in the
Antarctic. Certainly, Lockyer found that trends to
decline in ¢, appeared to be correlated with the history
and pattern of exploitation. For the present then, it will
be assumed that trends in ¢,, for baleen whales are
genuine, even if exaggerated through bias.

Changes in 7,, for Southern Hemisphere fin and sei
whale stocks (Lockyer, 1979b) may be the result of
reduced intraspecific competition for food amongst the
surviving whales of these species. However, Kawamura
(1978) and Lockyer (1972) also considered that the
massive depletion of blue, humpback and right whale
stocks prior to exploitation of fin, sei and minke whales
could be important in reducing interspecific competition.
Nemoto (1959) indicated the considerable overlap in food
preference, feeding area, and timing of feeding for all the
Antarctic baleen whales. Laws (1977a; 1977b) in
particular has explored this situation, and attempted to
identify the main components of the food web in the
Antarctic, and the impact of each on the system.

Lockyer (1972; 1978) found that despite a declining
trend in ¢,,, the mean body length at first sexual maturity,
L,,, had remained constant for fin and sei whales, at
approximately 909 maximum length. The observed
mean body lengths at sexual and physical maturities have
been found to vary slightly according to the area of
origin; they differ between hemispheres (see Appendix
Table 1), and Ichihara (1966b) and Laws (1962) reported
differences between Antarctic Areas. This change in ¢,
could thus be explained only by a faster pre-pubertal
growth rate. There has always been a wide range in values
of t,, and thus variable growth rate of individuals within
populations. A range in ¢, of up to 13 years has been
observed in fin and sei whales (Lockyer, 1972; 1974) and
even more in minke whales (Masaki, 1979).

Lockyer (1978; 1981b) attempted to calculate whether
or not a growth rate increase resulting from a decline in
t,, from 10-6 years in fin, 11.4-7 years in sei and 14-6
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years in minke whales was energetically feasible. She
found that an extra 5%, food annually could cover the
energetic costs of a decline in ¢,, of one year in fin whales.
For a decline of four years, an extra 20-259%, food would
be required. In minke whales, the equivalent food
increase was 279, for a decline in ¢, of eight years. The
gathering of this extra food would presumably not be a
problem if it was available. We have already seen that
primiparous females have a similar extra requirement.

Laws (1977a; 1977b) and Mackintosh (1973) have
calculated that the overall reduction of the baleen whale
stocks from ca 43 million tonnes in the 1900s to ca 6.6
million tonnes today has liberated a ‘surplus’ of ca 153
million tonnes of krill (Euphausia superba), the principal
food of baleen whales.

Over a total summer Antarctic feeding area of ca 16.7
million km2, the current whale density has declined from
2.6 g/m? to 0.4 g/m2.

Whilst we cannot identify for certain genuine trends in
biological parameters, it is inconceivable that such a
massive disruption of the food web in the Antarctic could
have had no effect.

Many factors other than age at sexual maturity and
pregnancy rate may be density-dependent. Age at first
parturition, ovulation rate, calf, juvenile and adult
survival rates are all vulnerable to environmental stress,
although data on such factors are lacking. The general
stability and sex and age composition of the population
closely influence the gross parameter values. Here we will
consider just one parameter, ¢, in detail.

The concept of density-dependence in age at sexual
maturation is not new. Laws and Parker (1968) reported
that in adjacent elephant populations where one was
severely malnourished due to over-grazing of the habitat,
onset of sexual maturity could be delayed for up to eight
years through hardship. Tanner (1973) reported a decline
in menarche in humans from 17 to 13 years over a
ca 100 year period. Dann and Roberts (1973) similarly
reported such a decline. The reasons for this decline are
unclear but may be correlated both with nutritional and
social factors. Unlike Cetacea, a change, albeit small,
in body size was also noted in humans.

These comparisons are useful with Cetacea, because
life spans are similar. Mean age at first sexual maturity
has also declined in crabeater seals (Laws, 1977a), the
interesting point here being that this species is a
competitor for food in the Antarctic with the Mysticeti.

Consideration of specific examples of changes in t,,

Let us consider the possibility of a true decline in 7, in
three species frequenting the Antarctic. More specifically,
we will examine the pattern of decline by area in relation
to history and intensity of exploitation. Declines in ¢,
have been observed in both sexes, but it is perhaps more
useful for management purposes to consider only the
female.

Fig. 6 shows mean ¢, by year class groups in
female fin whales from Areas II (0°-60° W) and VI
(120° W-170° W) and sei and minke whales from Areas
III (0°-70° E) and VI. Declining trends are observed in
all Areas: 10.4-6.1 years (Area IT) and 12-9.2 years (Area
VI) for fin whales, 11.3-7 years (Area III) and 11.5-8.8
years (Area VI) for sei whales (all four trends have
already been shown significant by Lockyer, 1979b), and
14.7-5.1 years (Area III) and 14.2-6 years (Area VI) for
minke whales. Table 7 shows the percentage declines in
t,,. The decline in ¢, is greatest in Areas II and IIL

Table 7

Relative decline in mean age at sexual maturity by Antarctic Area, in
females only, expressed as recent ,,/original ¢,, per cent

Area Fin Sei Minke
I1 58
II1 62 35
VI 77 77 42

The major exploitation of all three species occurred
after blue and humpback whales were depleted (Lockyer,
1976). The order of interest by the whaling industry was
fin, then sei and finally minke whales, each species
becoming important in the catch as catches of the
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previous species started to wane due to depletion. Minke
whales were of no commercial importance at all until the
1970s, when they rapidly became the prime target after
fin and sei whales were protected. Fig. 7 shows the pattern
of exploitation for fin and sei whales. Areas II and III
have the longest histories of exploitation and Area VI has
the shortest and most recent. Exploitation began in Area
VI 40 years after it began in Areas II and III.

Examining the relative depletions of these four stocks
in Table 8, it is clear that Areas II and III are the most
heavily reduced and have less than a quarter of the
original standing stock. The initial stocks in Areas II and
111 are four to five times larger than that in Area VI, when
species are combined.

Lockyer (1979b) has argued that prolonged heavy
depletion may be correlated with the extent of decline in
t,, observed. For the Areas and two species considered
here, the argument seems to be upheld. It seems likely that
in the Antarctic, there have been real declines in age at
sexual maturity in some species brought about by faster
growth rate, but the actual extent of the decline is
uncertain and may be impossible to quantify exactly.

For example, the minke whale has been shown in Table
7 to have an extraordinary decline in ¢,,. It is well known
that this is partly due to truncation biases (Kato, 1983;
Cooke and de la Mare, 1983). Even so, such a decline
must reflect depletion of other competitors. It should also
be borne in mind that the minke whale has an annual
reproductive cycle, making it as a species, far more
productive. It may thus be inappropriate to compare
minke whale parameter changes directly with those of fin
and sei.

Lastly, we may note that in population modelling it is
the age at first parturition rather than age at sexual
maturity, which is the important parameter, and this
cannot be estimated reliably simply by adding on the
gestation period to the age at maturity (DeMaster, 1981),
because ovulation cannot be equated with conception,
and even less with live birth. Bearing this in mind, the true
implications of a decline in age at sexual maturity are
uncertain.

ABNORMALITIES OF REPRODUCTION

Like all animals, aberrations occur both in the
reproductive organs and during the development of the
foetus in Cetacea. Nearly all of this information comes
as a side product of whaling.

Table 8

Proportional reduction in total stock biomass through exploitation (after Lockyer, 1979b)

Initial biomass of population
(tonnes x 1073)

% Current biomass of population
Initial* biomass of population

F_in g Fin + Sei

Area Fin Sei Fin + Sei Fin Sei Fin + Sei
11 5,952 997 6,949 14 42 18
111 7,296 623 7,919 23 25 23
VI 1,152 378 1,530 46 76 54

* Initial = pre-1920 level.
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Multiple ovulations and resulting conceptions of
multiplets have been discussed earlier. These foetuses
probably rarely, if ever, go to term. Ichihara (1962) has
reviewed such incidences in relation to death in utero and
the subsequent tissue degeneration, necrosis and calcific-
ation or resorption. Ichihara also found active corpora
lutea present in the ovaries of pregnant females carrying
multiplets, some of which were dead. The remaining live
foetuses were normal and heaithy. He also recorded a
corpus luteum in the ovary of the pregnant horn of the
uterus which bare a dead and decomposing foetus. In
some cases where dead and live foetuses were found
together, it appeared that the dead foetus was the
unexpelled product of an earlier pregnancy. Ichihara
estimated a minimum in utero death rate of 0.14%, for
Antarctic fin whales. He noted however, that nothing is
known of the abortion rate, particularly in early
pregnancy. Ichihara believed that the observed death rate
in utero was higher in some localities notably between
10° E and 40° E.

Ivashin (1977) and Ivashin and Zinchenko (1982)
recently reported that nearly three times as many foetal
malformations and multiplets occurred in minke whales
from Area IV than in these from the other five Antarctic
Areas. The authors speculated that there might be some
teratogenic factor in Area IV, especially as nearly all the
observed abnormalities were confined to Pridz Bay.

Deformities of the foetus have been described for
nearly all Mysticeti (Ivashin, 1960). Ohsumi (1959) and
Nishiwaki (1957b) reported on monsters of fin whales,
and Ivashin and Zinchenko (1982) reported on such in
minke whales. Deformities include abnormalities of the
central nervous system, skeleton (particularly the skull),
and external development of viscera (hernias of several
kinds). Other less usual deformities reported have been
siamese twins in minke (Ivashin and Zinchenko, 1982),
sei (Kawamura, 1969) and humpback whales (Zemsky
and Budylenko, 1970). Further abnormal development of
foetuses has been reported for minke whales by Ivashin
and Zinchenko (1982) in the form of extrauterine
pregnancy. They reported three specific instances to those
reported earlier by Ivashin (1977). In all cases, the
foetuses were located within the abdominal cavity and
were usually deformed, necrotized and calcified, some-
times inosculated with viscera. One aged female had
several foetuses of different sizes within the abdominal
cavity. Yet another female had a live normal foetus within
the uterus as well. The largest intra-abdominal foetus
reported was 290 cm in length, about the normal size at
birth (see Appendix Table 1).

Anotherrare occurrence is of intersex or hermaphrodite
whales. Bannister (1963) reported such an instance in the
fin whale. This animal had both testes and uterus, the
external genitalia being mainly female with abnormalities.
Bannister was unable to give a true definition of the sexual
status of the animal, but did not discount the possibility
that it was the equivalent of the bovine freemartin. The
actual incidence of such examples is uncertain because,
as Bannister pointed out, in whaling operations the sex
of the whale is often recorded only on the evidence of the
external appearance.

It is unlikely that the abnormalities described here are

of more than academic interest. However, environmental
pollution may have teratogenic effects, and their
frequency should be carefully monitored since they do
affect reproductive output (Viale, 1978).

GENERAL SUMMARY AND CONCLUSION

Baleen whales are generally very seasonal in their habits,
both in feeding and breeding, often engaging in extensive
migrations in between these two major activities which
centre around summer and winter respectively. The
reproductive interval varies from a minimum of one to
three or more years; the minimum time limiting factor
being the gestation period, which is about one year and
normally results in the birth of one calf. The sex ratio of
foetuses is approximately one to one. Lactation, which
usually suppresses ovulation, lasts from four to ten
months depending on the species.

The onset of sexual maturity is identified by examining
the gonads. Evidence of ovulation, with or without
pregnancy, is an indication of maturity in females, whilst
histological examination of the testis for spermatogenesis
and presence of sperm is often the only positive identifier
of sexual maturity in males, although other criteria are
frequently used for practical reasons.

Parameters such as ovulation and pregnancy rates and
age at sexual maturation, all appear to vary according to
species, stock and environmental circumstances, and
certainly affect dependent factors such as age at first
parturition, birth rate, recruitment and survival. That
whale populations respond to environmental changes, is
suggested by indirect evidence of density-dependence of
some reproductive parameters.

In connection with the above factors, information
currently lacking which would aid management is data
on survival in utero and calf survival between neonatal
and first year stages. The relationship of these factors to
the age of the cow and general feeding conditions is also
important. Net reproductive energy costs are likely to be
similar for all ages of mature females within species, but
the gross costs could vary according to individual and
environmental conditions. Variations in these gross costs
could be one of the root causes of apparent changes in
reproductive parameters. The most energetically costly
aspect of reproduction is estimated to be lactation, during
which the cow subsists mainly on stored fat. The effect
of this could be either that recovery of the cow to
optimum breeding condition results in a variable period
of anoestrus dependent on local food supply, or that
should the cow fail to recoup her energy losses, yet
ovulate and conceive, the subsequent pregnancy may
abort or result in a high neonate mortality in the
population.

Abnormalities of the reproductive system and cycle are
considered here, but in the absence of information on
causative agents, it cannot be said whether these are likely
to be of biological or teratogenic origin. At the present
there are insufficient data to suggest that pollution may
significantly threaten whale populations. However, a

system of monitoring any such data would be useful for
future management.
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Patterns of Reproduction in Sperm Whales,
Physeter macrocephalus

P. B. BEST,! P. A. S. CANHAM? anp N. MACLEOD?

! Sea Fisheries Research Institute, Cape Town, * Department of Physiology, University of Natal
and 3 Institute of Oceanographic Sciences, UK*

ABSTRACT

From ovarian activity the peak period of breeding in the sperm whale seems to occur between October and December in the Southern
Hemisphere and between April and June in the Northern Hemisphere. While large males (over 13.7 m in length) may be the prime
breeding animals, the density of spermatozoa in seminal fluid suggests that males may be physiologically fertile at an average length
of 12.5 m. Gestation (estimated from the difference between peaks of mating and calving) may last 15 to 16 months, though a comparison
of neonatal and adult brain weights indicates a longer period (18.9 months). Equal numbers of male and female calves are born at
an average length (from an examination of 15 neonates) of 4.00 +0.13 m: sexual dimorphism in size at birth cannot be demonstrated.
Sperm whale milk is composed on average of 35.5+ 1.3% total solids, 24.44+1.29/ fat, 9.1 +0.3% protein and 0.7 +0.04%; ash. Diving
ability of newborn animals seems to be relatively poor. Neonates demonstrate a strong ‘following response’ that wanes rapidly with
age. An interdependence of school members is suggested from behavioural observations. Calves grow to about 6.1 m in length at one
year of age and weigh 2,689 kg, or an increase of 1,673 kg since birth. Tests for lactose in stomach contents were positive in males
up to 13 years of age and in females up to 74 years. Solid food is taken for the first time before the age of one year. Juvenile sperm
whales tend to eat smaller and younger squid than adults. Heart weight relative to body weight may be about twice that of adults,
suggesting a higher metabolic and thus feeding rate. Criteria for accurate measurement of reproductive (= pregnancy) rates are
discussed. Mean calving interval for Donkergat (west coast of South Africa) is estimated as 5.2 years and 6.0-6.5 years for Durban
(east coast of South Africa). A decrease in the calving interval from 6 to 5.2 years at Durban was observed between 1962—65+ 1967
and 1973-75. The mean duration of lactation may increase with the age of the female. Some of the older juveniles found with lactose
in their stomach may represent offspring of older females in an extended period of lactation. The benefits of possible communal suckling
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by sperm whale calves are discussed.

INTRODUCTION

The sperm whale is the largest odontocete and the most
sexually dimorphic in size of all cetaceans. Because of its
valuable oil it has formed the target of two largely
separate episodes of whaling, the first from about 1715
to 1925, when it was hunted with hand harpoons from
open boats, and the second from about 1910 to the
present day, when it has been subjected to modern
whaling. It has been estimated that about 691,520 sperm
whales were taken between 1800 and 1909 (IWC, 1969),
and the total recorded catch from 1910 to 1973 was
604,100 animals. Despite this large take our knowledge
of several aspects of sperm whale biology is still
incomplete. This has been demonstrated recently by
discussions concerning the réle of the schoolmaster, the
effects of male depletion on the female reproductive rate,
and the nature of the response of female sperm whales to
exploitation (IWC, 1979; 1980).

In this paper a broad definition of reproduction is
adopted, from events surrounding conception to weaning
of the calf, and particular attention is paid to the period
of dependence of the young.

This study has been based mainly on observations of
the sperm whale catch made at the South African land
stations at Durban (29° S, 31° E) and Donkergat (33° S,
18° E). Of particular value were 27 calves or juveniles
examined at Durban in 1971 and 1973 and 12 calves
stranded on the South African coastline.

* Present address: West Cross House, Farringdon, Alton, Hampshire
GU34 3DT, UK.

MATERIAL AND METHODS

Special scientific permits under Article VIII of the
International Convention for the Regulation of Whaling,
1946, were issued by the South African Department of
Industries to the senior author in February 1971, July
1971, January 1972 and March 1973 for the taking of up
to 15, 15, 10 and 15 sperm whale calves respectively. Due
to unexpected commitments the 1972 permit was not
utilized. Nine animals were collected in February/March
1971, two in September 1971 and 10 animals in
March/April 1973. In addition, some data were collected
from six animals less than 9.8 m in length taken incidental
to the commercial harvest in March/April 1973. Details
of the animals concerned are given in Table 1. It should
be noted here that all whales landed at Durban were
measured in feet and inches, but these have been
converted to their metric equivalents for this paper.

For most of March 1971, August and September 1971
and March and April 1973 the senior author was at sea
on a catcher boat of the Union Whaling Company Ltd,
Durban, supervising the selection and capture of sperm
whale calves under these permits. Each animal selected
was killed using a cold grenade (i.e. a harpoon loaded
with a grenade but no detonator) and compressed air
inserted in the neck region with a spear. In this way
damage to the carcase and vomiting of stomach contents
were kept to a minimum. After death each animal was
individually numbered with cuts on the tail and either
lifted on deck (if small enough) or towed alongside with
the normal catch. The tail flukes were usually left intact
on request.

Upon delivery to the factory the animals were cut up
and samples collected under the supervision of a
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Table 1

Juvenile sperm whales examined at Durban (those marked C
collected under special permit)

Whale Date Time Length

number killed killed Position! (m) Sex
Cl 11.2.71 1030 165° 50 nm 3.545 F
C2 9.3.71 1310 165° 76 nm 6.83 M
C3 9.3.71 1400 165° 76 nm 6.045 F
C4 16.3.71 1330 107° 65 nm 6.705 M
CS 16.3.71 1545 107° 65 nm 6.35 M
Cé6 18.3.71 0830 80° 75 nm 3.96 F
C17 18.3.71 1100 80° 75 nm 3.86 F
C8 28.3.71 1445 105° 70 nm 6.145 F
C9 28.3.71 1545 110° 68 nm 6.06 F
C10 21.9.71 0845 100° 60 nm 8.38 M
Cl1i 28.9.71 1630 135° 90 nm 8.355 M
Cl12 3.3.73 1500 68° 110 nm 4.60 F
C13 6.3.73 1330 90° 140 nm 4.22 M
Cl4 8.3.73 1650 90° 60 nm 3.94 M
Cl15 8.3.73 1800 90° 60 nm 8.46 M
U 73/70 8.3.73 1650 90° 60 nm 9.105 M
C16 9.3.73 1520 65° 102 nm 8.575 F
C17 13.3.73 1420 85° 120 nm 7.135 F
U 73/241 26.3.73 1205 170° 60 nm 9.45 M
U 73/259 26.3.73 1252 80° 163 nm 8.84 M
C18 6.4.73 1610 85° 40 nm 8.27 F
c19 7.4.73 1210 120° 90 nm 8.38 F
Cc20 12.4.73 1400 105° 102 nm 8.33 F
U 73/528? 13.4.73 1330 145° 45-50 nm 8.435 M
U 73/5372 13.4.73 1320 138° 50 nm 8.18 F
U 73/575 17.4.73 1037 105° 72 nm 9.625 M
C21 27.4.73 1200 68° 85 nm 5.64 F

! Bearing and distance in nautical miles from Cooper Light, Durban.
2 Gunners fined for killing undersized whales.

technician (M. A. Meyer) or the senior author and a
technician. Animals less than 7.3 m in length were
weighed whole on a spring balance (with the exception
of the smallest calf which was cut up and weighed in pieces
aboard the catcher boat). One animal was weighed whole
and in pieces. It was unfortunately not possible to weigh
animals longer than 7.3m. A series of 15 body
measurements besides total length were taken following
the procedure suggested by Norris (1961). The condition
of the umbilicus was examined and the animal inspected
for external parasites (most animals were also examined
for parasites shortly after death either on the deck of the
catcher boat or, in the larger animals, whilst alongside the
boat). A count of erupted and unerupted mandibular
teeth was made, and at least six teeth collected, boiled
lightly to remove the gum and stored in an alcohol/
glycerine solution. The animal was then flensed and cut
up normally except that care was taken not to damage
the stomach. After opening the first and second stomachs
a sample of about 40 cc was taken from the liquid
contents of each and the entire solid contents usually
collected. The liquid samples were then deep frozen for
subsequent analysis for lactose. Blubber and stomach
parasites were recorded. The hearts of 11 animals were
weighed whole after blood clots had been removed.

The gonads were measured, weighed and collected.

Thin sagittal sections of mandibular teeth were pre-
pared and examined for age under transmitted light as
described in a previous publication (Best, 1970).

Frozen samples of the stomach liquids were later
examined at the Department of Physiology, University of

Natal. One gram of whale gastric juice was mixed with
1 ml of H,O, 2ml methanol (CH,OH) and 4 ml of
chloroform (CH Cl,) in a stoppered tube and shaken
mechanically for five minutes. The phases were allowed
to settle out, when the aqueous upper layer was
withdrawn, placed in a clean tube and evaporated to
dryness under reduced pressure. The residue was
reconstituted with six drops of 109 isopropanol in H,O.
A 20x20 cm glass plate was prepared for thin layer
chromatography by spreading a slurry of silica gel H (40
grams) and 80 ml of 0.03 M Boric acid to a thickness of
25 um. The plates were activated at 110 °C for 30
minutes. Five ul of the isopropanol extract of gastric juice
were then applied to the plates and developed twice in the
solvent ethyl acetate: isopropanol: H,0::25: 25: 12.5.
The developed plate was blown dry with a dryer and
sprayed with a solution of 0.5 g of naphthaline-1-3-diol,
95 ml of absolute ethanol and 5 ml of conc. H,SO, and
heated at 110 °C for 10 minutes. The spots depicting
sugars faded on standing and had to be ringed. Standards
of lactose, glucose and galactose were run with each plate.

The collections of cephalopod beaks were examined
and identified at the Institute of Oceanographic Sciences,
UK, where each stomach’s sample was sorted, measured
and the number of beaks of each taxonomic group
determined.

Data are also available from 12 sperm whale calves
stranded (or entangled in nets) along the South African
coastline.

CONCEPTION
(a) Breeding season

Published estimates of the peak season of conceptions in
sperm whales differ by about six months between
Northern and Southern Hemispheres. In the Northern
Hemisphere there is reasonable agreement between
authors that most pairing activity takes place between
March and May (Fig. 1). In the Southern Hemisphere,
however, agreement is not as good, and while the extent
of the season is roughly from August to January, some
authors place the peak in September and others in
December. Nearly all these analyses, however, are based
onthe distribution of foetal lengths and some assumptions
regarding the duration of the initial stow phase of foetal
development. Very little corroboratory evidence from a
study of the reproductive organs is available because (by
chance) the whaling season frequently did not coincide
with the peak of the pairing season.

In Fig. 2 the proportion of resting (i.e. non-pregnant
and non-lactating) females that showed ovarian activity
each month has been plotted separately for sperm whales
from the west and east coasts of South Africa (Best, 1968;
Gambell, 1972) and from the coast of Japan (Ohsumi,
1965). Ovarian activity has been defined as the presence
of a Graafian follicle 3 cm or more in diameter or (in the
case of the South African data only) the presence also of
an active corpus luteum with no associated foetus. Also
illustrated in Fig. 2 are the monthly percentages of mature
females in the southeast Pacific that had recently
ovulated (corpus luteum present but no foetus). These
data are particularly valuable as they cover every month
of the year, but are not directly comparable with the other
data sets or strictly accurate because no correction has
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Fig. 1. Published estimates of the breeding season of sperm whales (thin
line = range, solid line = peak, vertical line = mean date).

been made for the proportions of lactating and pregnant
females in the sample (Clarke, Aguayo and Paliza, 1980).
The Japanese data as plotted have been shifted six months
to accommodate probable differences in the timing
between hemispheres. In the periods for which data are
available, ovarian activity seems to be lowest in June in
the Southern Hemisphere and in November in the
Northern Hemisphere, while it is at its highest in
September/October in the Southern Hemisphere and
June/July in the Northern Hemisphere. Unfortunately
seasonal coverage of the data is incomplete for any region
except the southeast Pacific. Even if the comparable data
for all regions are combined (assuming that there is six
months’ difference between hemispheres), the actual peak

In ovarian activit; still seems to lie outside the temporal
range of most of the data, i.e. between October and
December (Sy or April and June (N). It is impossible to
give a more precise estimate of the breeding season with
the ovarian data or analyses available at this time. This
estimate however is more direct (and potentially more
accurate) than those based on foetal size distributions, as
mentioned above. When more details are available of the
data from the southeast Pacific it should be possible to
give a more precise estimate of the timing of the breeding
season, at least for that region.

Regional differences in the pairing season do occur:
Best (1968) and Gambell (1972) demonstrated that sperm
whales on the west coast of South Africa conceived on
average 21-25 days earlier than those on the east coast.
The disparity between the estimates of the pairing season
by these two authors and Matthews (1938) for essentially
the same area, however, was attributed to either
unreliable foetal measurements in the earlier data or to
a temporal change in the timing of the breeding cycle
(Gambell, 1972). Clarke, Aguayo and Paliza (1980)
reanalysed their earlier results to show that the peak of
the pairing season in southeast Pacific sperm whales was
between August and October, when 709, of conceptions
took place. Consequently the possibility of a seasonal
difference in the pairing season between South African
and some South American stocks of sperm whales still
exists.

Both Ohsumi (1965) and Gambell (1972) demonstrated
that newly mature sperm whales conceived later on
average than older females (by about 27 and 43 days
respectively), a trend that was also noticed in pubertal fin
whales by Laws (1961), who attributed it to delayed
ovulation.

The possibility of ovulations in sperm whales being
induced has been discussed by Tormosov (1975). Because
of the relatively slow maturation rate of Graafian follicles
and the apparently high ovulation rate relative to rate of
conception, Tormosov concluded that ovulation is more
likely to be spontaneous. For other species of Cetacea the
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adequate fertilization. Comparisons with other sexually
dimorphic, polygynous marine mammals (the northern
fur seal Callorhinus ursinus and the southern elephant seal
Mirounga leonina) suggested that the mean age of
breeding bulls could decline by about half, or to about
1.9 times the age at puberty, and that an 809, reduction
in the idle: active bull ratio is possible. However
comparisons between these pinnipeds (highly aggregated
and relatively sedentary during the breeding season) and
sperm whales (dispersed in small, highly mobile schools)
may not be valid. Possibly the only way to resolve these
problems would be by experimental management of one
or more sperm whale stocks, but for this to be productive
accurate means of monitoring stock levels as well as
reproductive rates would be required: the former have so
far proved elusive.

The existing sperm whale model used by the IWC
(summarised in Perrin and Donovan, 1984) assumes that
all males below 25 years of age (equivalent to about 45 ft
or 13.7m) are effectively infertile, playing no part in
breeding even when the abundance of larger males is re-
duced. Given the densities of spermatozoa found in the
seminal fluid of some of these animals this assumption
seems unreasonable. In an attempt to obtain a more
realistic estimate of the threshold age for breeding bulls,
individual spermatozoa densities were kindly provided
by Dr Blokhin, and these are plotted in Fig. 5. The as-
sumption has been made here that virtually all males
above 13.7 m in length are physiologically fertile. Fig. 5
shows that virtually all males (949, ) above this length
have more than 2 x 10% spermatozoa per ml of seminal
fluid, which can be therefore taken as the level of mini-
mum physiological fertility. Using this criterion, the pro-
portion of ‘fertile’ animals at each body length has been
calculated, and the smoothed data are shown in Fig. 6.
Fifty percent fertility is reached at 12.5 m, or about 41
feet. This is equivalent to an age of 20 years (Ohsumi,
1977), and is coincidental with the spurt of accelerated
growth in the male (Best, 1970), the formation of schools
of ‘medium-sized’ bachelors, and their penetration into
higher latitudes during their summer migration (Best,
1979). It therefore seems to represent a biological ‘mile-
stone’ for the species.

If it is accepted that younger and smaller males (i.e.
medium-sized bachelors)can playaneffectivereproductive
role, it follows that a different ratio between the sexes may
be necessary for reproductive rates to be maintained. The
ratio in the current sperm whale model (1 male 25 years
or more in age to every 10 mature females, with a reserve
of 0.3 males) is based essentially on the premise that 2
large males rendezvous with each mixed (‘ harem’) school,
containing on average 15 mature females. The implicit
assumption is that the basic breeding units are not
individuals but schools, and it has been pointed out that
the mean number of large males found with mixed
schools is very similar to the mean size of schools of large
bachelors (Best, 1979). If this underlying biological model
is adopted, the number of medium-sized (12.2-13.7 m)
males that would be required per school of mature
females would be equivalent to the mean school size of
medium-sized bachelors, or about 5 animals (IWC,
1981a). The effective minimum sex-ratio for males of this
size and age would therefore be 5 males per 15 mature
females, or an overall ratio of 1:3 (cf. 1:7.5 for large
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Fig. 6. Percentage of male sperm whales with 2 x 10¢ or more
spermatozoa/ml in their seminal fluid (data from Fig. 5 smoothed).

bachelors). Provision in the sperm whale model for the
involvement of medium-sized bachelors in reproduction
following depletion of larger males (with due allowance
for the increased number of such animals needed relative
to mature females) might provide a better quantitative fit
between observed pregnancy rates and those predicted
from the assessments.

(d) Relationship between breeding male and female
school

Based on the recovery of marks and the incidence of
cyamids of different species, it has been proposed that the
association between the breeding bull(s) and a school of
female sperm whales is only transitory (Best, 1979). The
exact duration of this association is unknown but may be
significantly less than the duration of one breeding season
(Best and Butterworth, 1980). The evidence from cyamid
infestation, in fact, would suggest that the association
may be extremely brief, possibly only a matter of days,
although this evidence was collected at the beginning of
the breeding season.

The similarity between the social organization of
African elephants and that of sperm whales has already
been noted (Best, 1979). Except at very low population
densities, an elephant bull has a higher probability of
associating with an oestrous female if he adopts a
searching strategy rather than living permanently with a
cow group (Barnes, 1982). Similar considerations (short
supply of receptive females due to extended calving
interval, restricted breeding season, and gregariousness of
females) suggest that male sperm whales might also
maximize their mating opportunities if they moved
between female groups within one breeding season,

particularly if a Whitten effect should occur amongst the
females in these groups.

PREGNANCY
(a) Foetal sex ratio and incidence of multiplets

Sperm whales normally carry a single foetus. The
incidence of twin foetuses has been recorded as 0.47%,
(Gambell, 1972, n=2844), 0.45% (Ohsumi, 1965,
n = 2,664) and 0.559 (Matsuura, 1940, n = 364). At
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Table 2

Published foetal sex ratios for sperm whales

Sample
Area size % male Source
N. Atlantic 42 40.5 Clarke, 1956
N. Pacific 535 46.2  Mizue and Jimbo, 1950
v 1,068 48.1  Ohsumi, 1965
S. Africa, west coast 115 48.7 Best, 1968
’ east coast 220 59.2  Gambell, 1972
Africa 491 45.6 Ohsumi, 1965
Chile 1,118 562 Ohsumi, 1965
Peru
W. Australia 55 50.0  Bannister, 1969
Table 3
Foetal sex ratios for sperm whales at Durban, 1973-75 (official
records)
Foetal
length group
(m) Males Females  Unknown Total
0-0.50 67 49 1 117
0.51-1.00 95 78 1 174
1.01-2.00 53 66 119
2.01-3.00 8 7 15
3.01-4.00 21 31 52
4.01+ 19 11 30
Total 263 242 2 507

Durban from 1973 to 1975 the incidence of twin foetuses
in 503 pregnancies was 0.409% . There appears to be only
one record of more than two foetuses in a sperm whale,
three embryos 1.47-2.70 m long in a female captured off
British Columbia in 1962 (IWS, 1964). Some at least of
these multiplets are carried to near term: Berzin (1971)
records two sets of twins 3.48 m/3.34 m and 3.47/2.66 m
long. There appear to be no authentic records of twin
sperm whale calves seen at sea, but their recognition may
be obscured by the close schooling behaviour of female
sperm whales.

Table 4

Foetuses can lie in either breech or head presentation,
at least up to a length of 2.5 m (Best, 1968).

Foetal sex ratios rarely differ from parity (Table 2).
Only the data for Durban collected by Gambell (1972)
show a significant imbalance between the sexes (in
favour of males). A larger sample from Durban (collected
from 1973 to 1975) has an overall proportion of 52.19]
males (Table 3), and this ratio between the sexes is not
significantly different from parity (chi-square = 0.87,
P > 0.3). Presumably, therefore, equal numbers of male
and female calves are born.

(b) Calving season and length of gestation

Gestation in the sperm whale has been variously
estimated as lasting from 10-11 to 17 months (Table 4).
Most modern interpretations, however, are that it
occupies 14-15 months, and certainly exceeds a year.
These estimates have been based essentially on calculating
conception ages from seasonal trends in foetal lengths.
The main source of uncertainty in these estimates is the
duration of the initial period of non-linear embryonic
growth (¢,). This has usually been calculated by taking
various arbitrary estimates of ¢, given by Huggett and
Widdas (1951) for gestation periods of different lengths,
and converting them for foetal length rather than weight
data (Laws, 1959). Rice and Wolman (1971) have
criticised the manner in which this conversion has been
made, pointing out that the conclusions (an inverse
relationship between ¢, and the length of gestation) were
in contradiction with Huggett and Widdas’ data (which
showed that ¢, increased as gestation time lengthened but
formed a decreasing fraction of total gestation time).
Their conclusion therefore is that most calculations of ¢,
(and ultimately of total gestation period) are too low.
An alternative approach to using foetal length data to
determine the duration of pregnancy is to assess
independently the timing of the breeding and calving
seasons. The calving season for large whales has normally
been derived from the foetal growth curve and a length
at birth. Although this is a less tenuous procedure than
that involved in estimating the breeding season, its

Estimates of duration of pregnancy in sperm whales (using only biologists’ data where available)

Duration of pregnancy

Rate of foetal t, Total
Source growth Size at birth (days) (months)
North Pacific
Mizue and Jimbo (1950) (0.86+0.02)! 4.27-4.57m — 17
Chuzhakina (1961) (0.90+0.01) — — 16-17
Tomilin (1957) — 35-5m — 10-11
Ohsumi (1965) — 4.05m — 16.4
North Atlantic
Clarke (1956) (0.92+0.02)! 392m — 16
Southern Hemisphere
Matthews (1938) (0.96+0.22)! ‘4mora — 16
little more’

Clarke et al. (1964) 0.83 4.02m 36 17
Best (1968) 1.00+0.06 404 m 40 14.6
Gambell (1972) 0.99+0.01 4.05m 40 14.8
Bannister (1969) — — — 15.8

1 As reanalysed by Gambell (1972).
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Table §

Weight and umbilical condition of sperm whale calves collected under special permit or stranded on South African coast

Whale
no./Date Length Weight Condition of
stranded (m) Sex (kg) umbilicus Where stranded
Cl 3.545 F 634!  partly healed —
C2 6.83 M 3,556 healed —
C3 6.045 F 2,083 healed —
C4 6.705 M 3,505 healed —
C5s 6.35 M 2,718 healed —
Cé6 3.96 F 813 healed —
Cc7 3.86 F 635 unhealed —
C8 6.145 F 2,718 healed —
C9 6.06 F 2,794 healed —
Cl12 4.60 - F 1,450 unhealed —
Cl13 4.22 M 1,050 unhealed — open, raw —
Cl4 3.94 M 1,000 healed —
c17 7.135 F 4,550 healed —
C2i 5.64 F 2,400 healed —
14.9.77 3.72 F — unhealed — stalk Kidds Beach, East London
present
18.2.78 3.52 M 506 healing Umdoni Beach, Natal
23.2.78 3.67 F 630 healing Vetchies Beach, Durban
7.3.78 3.82 M 748 healed Rufane’s River, E. Cape
21.3.78 4.06 — — — Fish Point, East London
27.3.78 4.75 M — healed Gibson Bay, E. Cape
30.3.78 ca. 4.50 F? — — Smelly Creek, Port
Elizabeth
13.3.80 4.08 M — healed Kromme River mouth,
E. Cape
20.3.80 3.45 F 550 unhealed - stalk Illovo Beach, Natal
present
7.1.81 3.52 F 615 unhealed Jeffreys Bay, E. Cape
11.4.81 4.02 F 7262 unhealed Silverstroom Beach,
W. Cape
16.2.82 4.07 M — unhealed 3 km west Oyster Bay,
E. Cape

1 Cut up in pieces to be weighed, others weighed whole.

2 Approximate, estimate made of meat and blubber removed.

Table 6

Monthly distribution of newborn sperm whales and observations of
births (Northern Hemisphere records in brackets)

Total

&)
1

Month Strandings  Captures  Observations

3

Aug.
Sept.
Oct.
Nov.
Dec.
Jan.
Feb.
March
April

N = ) —
B L W —

Total 17

accuracy depends on the validity of the parameters used.
There are now 15 records of newborn sperm whales
available, all of which had raw or unhealed umbilical
regions. Besides the published records of Clarke (1956)
and Best (1968), there are records of 11 such calves from
South Africa, either stranded or collected under special
permit (Table S). In addition, there are two definite
observations of sperm whale births (Pervushin, 1966;
Gambell, Lockyer and Ross, 1973). These have all been
plotted by month of occurrence in Table 6. If the three

Northern Hemisphere records are shifted six months,
76.59%, of these records occurred in February and March.
It is assumed that these correspond to the peak months
of calving in the Southern Hemisphere.

If the peak of breeding occurs from October to
December in the Southern Hemisphere, and the peak of
calving in February and March, it follows that the length
of gestation is 15 to 16 months. This is about one month
longer than the more recent calculations based on foetal
length analysis, but if 7, has been underestimated (as
claimed by Rice and Wolman) then this would be
consistent with the present result.

Sacher and Staffeldt (1974) have correlated mammalian
gestation periods with three independent variables,
neonatal brain weight, litter size and neonatal brain
weight expressed as a proportion of adult brain weight
(= brain size advancement). Only three small cetacean
species (Tursiops truncatus, Stenella graffmani, Phocoena
phocoena) were included, because data on the neonatal
brain weights of the great whales did not exist.

Brain weights are now available for the sperm whale
calves stranded at Umdoni Beach, Kromme River mouth
and Oyster Bay: these weighed 2,865, 3,150 and 3,286 g
respectively. As the Umdoni Beach animal was much
smaller than the others (and well below the average size
at birth, see below), a more accurate measure of brain size
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According to G. Joyce (pers. comm. 14.10.81), a
captive newborn sperm whale in the Seattle Aquarium
was able to exert weak but definite suction to a hand
placed in its mouth, and the preferred position for
suckling was in the corner of the mouth near the angle
of the gape.

In a 4.60 m female calf (C 12), 1,400 ml of milk was
measured from the first and second stomachs combined,
with an additional 400 ml estimated as spilt. As the
stomach was not recorded as full, greater quantities can
presumably be ingested at one time. Lockyer (1981)
estimated the total stomach capacity of a newborn calf
as 20 1, with the forestomach capable of containing up to
6-71.

(b) Composition of milk

Milk samples were collected from 13 lactating sperm
whales taken by accident at Durban in 1970. The samples
were frozen and later analysed for total solids, fat, protein
and ash (Table 9). Samples which appeared contaminated,
or for which insufficient material was available for repeat
analyses, were rejected. The values obtained were
reasonably consistent, despite being taken post mortem,
and the mean values (with their associated standard
errors) were 35.5+1.39, total solids, 24.44+1.29, fat,
9.1+0.3% protein and 0.7+0.049, ash. Berzin (1971)
tabulated the chemical composition of sperm whale milk
as published by several authors. Excluding two greatly
different records from a total list of ten references, the
average composition was 36.2+0.9%, fat, 54.9+0.5%
water and 7.4 +0.69, dry residue. The Durban values for
fat content thus appear substantially lower than most of
those previously published. If the calorific values for fat
and protein of 9,450 kcal/kg and 5,650 kcal/kg re-
spectively are adopted, the calorific value of sperm whale
milk can be calculated as 2,820 kcal/kg: this is substan-
tially less than that found for balaenopterid whales or the
white whale, Delphinapterus leucas, (Lockyer, 1981).

Table 9

Composition of sperm whale milk collected at Durban

Platform %
no. of Date Length Total % % %
female killed (m) solids Fat Protein Ash

579 21.470 10.36 29.5 19.9 7.7 —
656 28470 10.06 37.6 25.0 10.5 0.7

737 12,570  10.67 33.2 20.8 10.5 0.8
739 12.5.70  10.36 40.4 26.9 11.5 0.9
870 25.5.70  10.06 28.9 17.5 9.1 0.8
871 25.5.70  10.06 38.3 27.6 9.3 0.7
1071 9.6.70 10.67 32.6 22.0 8.7 0.5
1072 9.6.70  10.06 33.0 22.4 8.5 0.6
1120 17.6.70  10.67 34.0 23.2 8.8 0.7
1121 17.6.70  10.06 38.0 28.0 8.3 0.5
1122 17.6.70  10.36 454 34.1 9.5 0.8
1132 17.6.70  10.06 33.0 253 7.1 0.5
1458 29.7.70 9.45 37.6 24.8 89 0.6

However, it is not clear how representative such samples
are of the true composition of milk when taken from the
gland post-mortem.

(c) Mother-infant behaviour

The periods spent at sea to supervise the collection of
special permit animals provided opportunities to make
observations of behaviour relevant to mother—infant
relationships. Unfortunately the circumstances under
which the observations were made complicated interpre-
tations as the schools were usually under stress from
chasing and frequently had already had some members
removed by other catcher boats prior to the start of
observations.

Newborn calves could be easily identified as two of the
research periods covered the months March and April,
while the main calving season off Durban is between
February and April (Gambell, 1972). These animals were
strikingly small and usually swam close to and beside the
flank of the mother (or a large whale assumed to be the
mother). When the school or pod of whales to which they
belonged dived as a result of being chased, newborn
calves frequently stayed on the surface or dived for a short
duration and then resurfaced. Thus on 18 March 1971 the
catcher boat encountered a school of 11 whales including
two newborn calves. When the flock submerged the two
calves reappeared after one minute and swam together on
the surface, one of them then being harpooned (C 6).
Later the same day while chasing a submerged group of
four whales from this school on Asdic, an adult and the
second newborn calf remained on the surface swimming
parallel to the submerged whales throughout their dive.
They later joined the survivors of this group, but the calf
remained on the surface when the group dived again and
the ‘mother’ came up before the other whales to join it
at the surface. This calf (C 7) was later collected after it
had stood by at about 10 m distance from a harpooned
animal that on examination proved to be a sexually
immature female. The calf had an unhealed umbilicus and
foetal creases were still visible in the posterior half of the
body. On 22 March 1971 three unsuccessful attempts
were made to harpoon a newborn calf on its own, but at
no time did the animal dive, even when fired at. This calf
had white tissue about 0.5 m in length streaming from the
posterior edge of the blowhole, possibly the remains of
foetal membranes. On 13 April 1973 a school of about
8 whales including 1 newborn calf was chased by the
catcher vessel for about 90 minutes, during which time
the group made four long dives. On the first and third of
these the calf accompanied the rest of the group and was
not seen on the surface despite excellent weather
conditions. On the second and fourth dives, however, the
calf remained swimming on the surface when the rest of
the school dived. The diving ability of the newborn
animal therefore appears to be relatively poor, and under
these conditions most of the school may abandon it at the
surface when diving (at least under conditions of stress).
The observation of 13 April suggests however that the calf
soon begins to learn or becomes physically able to make
long dives.

There appears to be a strong behavioural drive for the
newborn sperm whale to swim close to another whale, or
even to another large object moving through the water.
On 13 April 1973 a newborn calf stayed close to the
catcher vessel after an adult had been harpooned and was
beir_xg flagged, and such behaviour is often seen, even
during whale-marking cruises when no animals are killed.
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Small calves frequently approach and swim within 5 m of
the side of a catcher for long periods if they have become
temporarily separated from all other members of the
school, and particularly if the catcher is under way at slow
speed. This ‘following response’ may represent an
attempt to adopt an assisted swimming position as
observed in dolphin calves (Leatherwood, 1977), but it
may also have survival value, for (as mentioned earlier)
many mixed schools of sperm whales off Durban are
followed by oceanic sharks (Carcharias longimanus). A
young,unaccompanied calfmight therefore be particularly
vulnerable to shark predation, while schools of sperm
whales containing calving females can exhibit strong
defensive reactions to the presence of sharks (Gambell,
1968). It has also been postulated that female sperm
whales might leave their newborn young with other
members of the school while they dive to feed (Best, 1979),
and the existence of a following response not specific to
the mother would facilitate such behaviour. On three
occasions, in fact, newborn sperm whale calves were
observed to ‘stand by’ harpooned members of their
school that could not have been their mothers —on 6
March 1973 and 13 April 1973 the whales concerned were
non-lactating females, and (as mentioned above for C 7)
on 18 March 1971 the animal was a sexually immature
female.

There were only two definite instances of an older calf
standing by while another animal was harpooned. On the
first of these the catcher boat encountered a group of
seven sperm whales including one small calf estimated at
5.5 m long on 27 April 1973. Two adults were killed from
this group and the calf stood by the second animal briefly,
leaving after less than a minute despite the fact that the
whale was still alive and blowing. This adult was a
lactating female. When the next whale (also a lactating
female) was harpooned, however, the calf stood by it for
three minutes until a second harpoon was fired. It swam
close to the wounded whale all the time, actually lying on
top of the caudal peduncle at one stage, and then moved
up towards the head, continually touching the body. The
calf was later harpooned and proved to be a 5.64 m female
with traces of milk in the stomach (C 21), and the second
whale which it stood by was (presumably) its mother. At
the time this adult was harpooned, however, this calf
was not swimming next to it but one whale away.

This observation may partly explain the contention
commonly held by the Durban whale gunners that sperm
whale calves can be adopted by other females in the same
school if their mother is killed. It also suggests that
identification of the actual mother of a small sperm whale
calf (as required under the Schedule of the International
Whaling Commission) may be very difficult.

On the second occasion (on 12 April 1973) the catcher
boat chased two sperm whales, one considered to be an
adult and the other a juvenile. These whales were swim-
ming together though on occasion they were separated by
as much as 12 m. After diving for 21 min 45 secs to a
depth of 418 m (data obtained from an analysis of the
Asdic recordings), three animals surfaced, though the
third animal then separated from the original pair almost
immediately. The larger of the pair was shot, proving to
be an adult female with milk in the mammary glands. The
smaller animal stood by for one to two minutes very close
to the harpooned whale and right beneath the bows of

the ship, blowing frequently. It then slowly moved away
from the ship but did not dive and lay just below the
surface, occasionally blowing, being harpooned without
submerging again. It was a female 8.33 m long (C 20),
with traces of milk in the stomach and therefore
presumably the calf of the larger animal. A similar
incident occurred on 25 April 1973 when the larger of two
whales running together was shot and found to be a
lactating female: the smaller animal (estimated at 8.53 m
in length) stood by the wounded female for about one
minute but in this instance was not captured.

These observations suggest that the non-specific
‘following-response’ of the newborn calf wanes rapidly
with age, presumably as the animal becomes physically
more independent and is able to keep up with the diving
herd. The ‘mother-infant’ bond, however, persists.

There were very few instances seen of adult females
standing by wounded calves. In part this may be due to
the fact that gunners almost invariably chose to kill the
larger animals in a school first, so removing most of the
adult females before it was possible to collect a calf. On
the other hand there were two instances of newborn calves
(C 1 and C 6) being killed before any other whales were
taken from the school, and on neither of these occasions
did any other animal in the school stand by. The only
recorded instance of an adult standing by a presumed calf
occurred on 13 March 1973 when the catcher boat shot
the smallest of a group of four whales being chased. This
proved to be a 7.135 m female (C 17), but with no trace
of milk in the stomach. After this animal had been
harpooned, a bigger whale from the group stood by it for
at least five minutes before itself being harpooned. During
this period the latter (a lactating female) lay close to or
swam around the smaller animal, always within 10 m of
it even though the calf was right beneath the bows of the
catcher boat. At first it was even thought that the
harpoon fired at the calf had struck the bigger animal as
well, and that both were fast on the same line. This
impression was heightened by the fact that the ‘mother’
was defecating intermittently and had her mouth wide
open.

In general the behavioural observations suggested an
interdependence of school members that might be
expected in an animal with such a well-defined social
organization. Such observations also proved invaluable
in providing information on the possible suckling status
of an individual whale that was supplementary to that
obtained from stomach contents.

GROWTH OF YOUNG CALF

The age of each of the 27 animals taken under special
permit was estimated from the number of growth layer
groups (GLGs) in the dentine (Table 10). Because of the
rapid growth rate of animals at this stage of their
development, ages were estimated sometimes to fractions
of a year. The deposition of the first translucent lamina
(by transmitted light) was taken as completing one
year’s growth, the deposition of the second translucent
lamina as two year’s growth, etc. This is not strictly
correct, as most births take place off Durban from
February to April while translucent laminae appear to be
deposited from June to August, or only 4 months later.
The actual ages of all the animals (apart from newborn
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Table 10

Age, stomach contents and tooth eruption of juvenile sperm whales examined at Durban (arranged in order of increasing age)

Stomach contents

Lactose! Solid food? Percentage of
Whale Age mandibular
no. Sex (= GLGs) Ist stomach 2nd stomach Ist stomach 2nd stomach teeth erupted
Cl F 0 — — 0 0 0
C7 F 0 — 0 0 0 0
Cl13 M 0 b *xx 0 0 0
Ci2 F 0 — il 0 0 0
Cl4 M 0.25 o *xx 0 0 0
C6é6 F 0.25 — *xx 0 0 0
C21 F 0.5 * *Ex 0 0 0
C3 F 2 — s 0 ] 0
C17 F 2.25 0 — ] s 0
CS M 2.5 0 s ] 0
C8 F 3 * ] 0 0
C9 F 3.25 ** s ] 0
C4 M 4 — — ] — 0
C2 M 4.5 — 0 ] s 0
Cl15 M 5 0 — s 0 0
C20 F 5.75 b ** ] s 0
Cll M 7 ** ] ] —
U 73/537 F 7.5 ** ** ] ] 0
U 73/70 M 7.5 b * ] s 0
U 73/528 M 8 0 0 s ] 61.2
Ci0 M 8.5 b — S,F — —
C 18 F 9 0 0 ] ] 0
C16 F 9 0 0 M,s M,s 0
U 73/259 M 11 ** ** s ] —
U 73/575 M 11.5 0 — ] — 0
c19 F 13 0 0 s M,s 72.3
U 73/241 M 13 * ** — — —
! 0 = absent; * = trace; ** = moderate amount; *** = strongly positive; — = no observation.
z 0 = absent; s = cephalopod remains (beaks, etc.); S = whole squid; F = whole fish; M = mysids; — = no observation.
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Fig. 10. Growth curve of juvenile sperm whales.
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calves) may therefore be about eight months less than
those estimated from GLGs. This factor is probably only
of real significance in age determination of the youngest
animals of this series, for difficulties in counting growth
layers accurately in older animals must obscure any
comparatively minor correction of this nature. Neverthe-
less the point of origin for the growth curve given below
has been adjusted to account for this.

A growth curve has been fitted by eye from a mean
length at birth of 4 m for either sex to the mean lengths
at age 10 of 8.97 m for females and 9.8 m for males (from
a growth curve published earlier — Best, 1970). Data
points fall close to the growth curve drawn up to age 10
but thereafter seem to fall below it (Fig. 10). A similar
trend was noticed in an earlier attempt to fit a growth
curve to some of the same data (Best, 1974) and
attributed to size selection at capture. This explanation
now seems very likely, as a deliberate attempt was made
in 1973 to collect larger calves thanin 1971, and this seems
to have corrected most of the bias shown in the previous
curve. It now appears possible that for males at least,
some of the bias shown in Fig. 10 in length-at-age for
older animals may be due to social factors. Collecting was
confined to mixed schools, whereas males leave such
schools to form bachelor groupings before puberty, and
such groupings tend to be more homogeneous for size
than for age (Best, 1979). Departure from the mixed
school may therefore be more closely linked with
developmental status than with age, so that after a certain
stage larger-at-age animals are absent.

In an earlier report (Best, 1974), it was possible to
distinguish three size (and presumably age) classes
amongst juvenile sperm whales in autumn, i.e. during the
calving season. These were newborn calves, animals from
5.79 to 6.40 m and animals over 6.705 m long. It was
assumed that the second class corresponded to animals
one year old. The four animals 5.79 to 6.40 m long in this
collection had a mean ‘age’ of 2.69 GLGs, which, if 0.67
GLG is subtracted (to account for the timing of the
formation of the first translucent lamina) gives a mean
figure of 2.02 GLGs. It is therefore possible that 2 GLGs
are deposited in the first year of life (as suggested for the
spotted dolphin, Stenella attenuata - Perrin, Coe and
Zweifel, 1976).

The length/weight relationship for the 19 calves
weighed (Table 5) is

W = 0.0192 [2-733+0.103

where W = weight in tonnes and L = length in metres.
This includes the animal (C 1) that was cut up in pieces
to be weighed, for which adjustment for fluid loss has
been made from the calf that was weighed both whole and
in pieces (C 12), and in which fluid loss amounted to
6.3% . It excludes the animal from Silverstroom Beach for
which the weight was partly estimated. All other animals
were weighed whole.

This relationship is very similar to that calculated for
44 adult sperm whales (10 m or more in length) by
Lockyer (1976):

W =0.0196 L2-74£0.18

The regression coefficient (2.733+0.103) is however
less than that for sperm whale foetal growth in the
Durban area (2.932+0.055) as calculated by Gambell

(1972). Estimates of the body weight at birth thus differ
considerably, depending on whether the foetal or calf
regression is used: for a birth length of 4.00 m these
estimates are 1,016 and 849 kg respectively. Presumably
there is considerable weight loss immediately post
partum, and the more appropriate value may be that
derived from the foetal data.

According to the length/weight relationship for calves,
one-year-old sperm whales that averaged 6.1 m in length
would weigh 2,689 kg. This represents an overall in-
crease of 1,673 kg since birth, or a daily weight gain of
4.6 kg.

WEANING
(a) Incidence of suckling

Because it was suspected that lactation was a prolonged
affair in this species, and that for a large part of this time
the calf might be feeding on both solid food and milk, a
test had to be designed to determine whether an animal
had been feeding recently on milk. In the case of a young
calf this might be fairly obvious from a physical
examination of the stomach contents, but in an animal
already feeding on solid food the presence of milk could
easily be obscured by the remains of digested squid, etc.

Lactose or milk sugar seemed to be the most promising
constituent of milk for which to test, as it is unique to
milk. Although cetacean milk normally contains only a
small amount of lactose (3.99, in the sperm whale,
according to Yablokov, Bel’kovich and Borisov, 1972),
and digestion takes place fairly rapidly in the stomach,
sufficient quantities of lactose were found to give positive
chromatographic readings, and in doubtful cases the pre-
sence of its breakdown products glucose and galactose
usually provided confirmation. The colour reagent used
in the tests could detect levels of lactose as low as
10 micrograms, and of glucose and galactose as low as
5 micrograms. This is equivalent to a concentration of
lactose in the original stomach content sample of 0.129/ ,
or a dilution factor from the original milk of about 30
times. As a control, a frozen ommastrephid squid caught
off Durban was analysed identically and no lactose,
glucose or galactose found.

Results were classed as either ‘strongly positive’,
‘moderately positive’, ‘a trace’, or ‘negative’. All
samples classified as ‘a trace’ were retested at least once
and each time were found to be positive. In one instance
a stomach sample taken from an adult female was
initially classified as containing a trace, but on repeat this
was found to consist of a positive glucose reading, and
no trace of lactose or galactose was found. It was
therefore classified as negative. The results of all
chromatographic tests are given in Table 10.

Obviously a negative lactose test could as equally
represent an animal whose most recent milk feed had
already been fully digested as an animal that had not fed
on milk. Nevertheless the high overall proportion of
positive results (609, ) and trends in their incidence with
age showed that this technique could provide invaluable
information on suckling behaviour.

The results were generally unexpected. Previous
estimates of the duration of lactation had usually been
around two years and the size of the calf at weaning had
been taken as about 7.6 m (Best, 1974). In this series of
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calves, however, positive lactose readings occurred up to
age 7.5 in females and age 13 in males, and in females as
large as 8.33 m and males as large as 9.45 m. 1t is difficult
from these data to determine when suckling ceases,
especially for males where the oldest animal examined
gave a positive lactose result. There were three females
older than 7.5 years that gave negative lactose results,
whereas 809, of animals 7.5 years old or younger gave
positive results, and for this sex it might be concluded that
suckling continues up to about 7 or 8 years. However, the
sample may not be representative because animals
accompanying adult females were selected, and because
juveniles may segregate from their parent school shortly
after weaning, as has been proposed elsewhere, particu-
larly for males (Best, 1979). Sampling in this manner from
mixed schools might exclude most animals that had
already been weaned and would therefore give the
impression that suckling lasted longer than in the
population as a whole.

The significance and interpretation of these lactose
results will be discussed more fully below when other data
have been considered.

(b) Eruption of mandibular teeth

No animal with a positive lactose determination from its
gastric juice had any erupted mandibular teeth (Table 10).
Furthermore, the ingestion of solid food commenced long
before any mandibular teeth erupted. The presence of
functional teeth in the lower jaw therefore seems to have
little significance in the interpretation of feeding
behaviour - it has been frequently observed that adult
sperm whales with twisted or shortened mandibles appear
as capable of feeding as normal animals (Nakamura,
1968). Ohsumi (1963) showed that mandibular tooth
eruption is correlated with sexual maturation, whereas
Berzin (1971) believed this may only be true for males.

(c) Incidence of solid food

Remains of solid food were only found in animals with
two or more GLGs in the teeth (Table 10). Assuming two
GLGs are laid down in the first year, the young sperm
whale must begin to take solid food sometime before it
is one year old. This stage is probably most closely linked
with the development of diving ability.

Only one of the calves collected (C 10) had squid in the
stomach that were intact enough for identification — these
proved to be two specimens of Histioteuthis miranda. The
stomachs of the remainder of the animals feeding on solid
food contained cephalopods that were either digested
remains or beaks or both.

A total of 59,598 cephalopod beaks was collected
(Table 11) from which it was possible to identify 26,425
lower beaks to family (and even to species in many cases).
Itis clear from a comparison with the family composition
of cephalopods eaten by adult male and female sperm
whales off Durban (Table 12) that there are differences
in the diet of different age and sex groups. In general, the
composition of the food eaten by juveniles more closely
resembles that taken by adult females than males, as
might be expected from schooling and migratory
behaviour (Best, 1979). However, the youngest calves
show a greater dependency on histioteuthids (and less
diversity in diet) than adult females, with older juveniles
somewhat intermediate.

It also appears that juvenile sperm whales in general
eat smaller cephalopods than adults. In some squid
families, particularly Cycloteuthidae and Histioteuthidae,
the proportion of juveniles taken (judged by the size and
lack of pigmentation in the beak) is high in calves. In
addition, in the series of calves examined those
cephalopod species which are known to grow to a very
large size (e.g. Architeuthis, Mesonychoteuthis) were
represented only by beaks from very young individuals.
The actual weights of the cephalopod consumed have

Table 11

Numbers of lower beaks of cephalopod families found in stomachs of juvenile sperm whales landed at Durban

Mean
percentage

Family of cephalopod C2 C3 C4 CsS C8 Cit Cle c17 CcCig C19 C20 occurrence!
Histioteuthidae 1,006 48 244 7,436 1 2344 236 1,304 805 805 599 4,381 68.5
Octopoteuthidae 1,656 9 15 265 72 12 432 130 258 34 410 13.1
Cranchiidae 24 1 369 102 18 66 17 53 4 339 2.6
Chiroteuthidae 20 11 6 176 67 26 88 50 55 52 492 5.1
Cycloteuthidae 9 1 1 230 105 35 6 34 13 81 1.4
Enoploteuthidae 59 5 139 46 30 60 11 31 10 69 25
Ommastrephidae 130 3 22 1 4 77 4 110 84 24 25
Onychoteuthidae 12 1 1 6 7 9 20 2 24 12 25 0.9
Pholidoteuthidae 8 1 2 37 3 41 5 12 0.5
Lepidoteuthidae 3 2 3 2 1 37 8 15 7 20 0.5
Architeuthidae 5 9 11 8 3 4 8 10 0.2
Vampyromorpha 28 2 4 3 0.1
Octopoda 1 23 1 3 1 0.1
Mastigoteuthidae 1 1 1 1 < 0.1
Others 8 4 102 1 118 24 12 6 7 5 282 1.9
Total 2,940 73 284 8810 3 2,881 35 2,179 1,052 1,437 833 6,150

Fragments with tips 1 420 105 1 6 4 2 353

Total 2,941 73 284 9,230 3 2986 356 2,180 1,058 1,441 835 6,503

Upper beaks 1,299 41 215 9,943 4 4,061 280 2819 932 1,706 832 9,576

! Excluding C 8.
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Table 12

Mean percentage occurrence of cephalopod families by number in sperm whale stomachs off Durban

67

Adults!
Juveniles Juveniles
Family < 5 years 5-13 years Females Males > 122 m
Histioteuthidae 71.4 65.1 47.1 29.3
Octopoteuthidae 15.3 10.4 22.5 9.2
Cranchiidae 1.8 3.6 3.5 11.4
Chiroteuthidae 4.5 5.9 8.9 3.1
Cycloteuthidae 1.5 1.4 1.3 0.5
Enoploteuthidae 2.0 3.1 5.7 6.2
Ommastrephidae 1.0 4.3 3.6 2.8
Onychoteuthidae 0.4 1.4 1.5 28.3
Pholidoteuthidae 0.1 1.1 0.6 0.2
Lepidoteuthidae 0.3 0.8 0.2 0.2
Architeuthidae 0.2 0.4 0.2 0.3
Vampyromorpha 0.1 < 0.1 0.3 0.1
Octopoda 0.2 <0.1 0.1 2.8
Mastigoteuthidae 0.1 0.1 0.1 0.1
Others 1.1 2.2 44 5.5
! From Clarke (1980).
Table 13

Weights of cephalopods eaten by juvenile and adult sperm whales off Durban!

Juveniles
Adult females? Males > 12.2 m?

Mean wt. of Mean wt. of Mean wt. of

cephalopod cephalopod cephalopod
Family No. measured (kg) (kg) (kg)
Histioteuthidae 4,318 0.16 0.23 0.22
Octopoteuthidae 1,026 0.30 0.63 3.22
Cranchiidae 556 0.19 1.00 3.04
Chiroteuthidae 709 0.22 0.11 0.10
Enoploteuthidae 417 0.13 1.18 1.55
Ommastrephidae 435 2.24 2.26 1.83
Onychoteuthidae 99 0.78 1.50 5.21
Lepidoteuthidae 75 1.46 2.50 3.32
Architeuthidae 28 1.76 7.35 13.02
Octopoda 9 0.14 0.37 0.70
Total 7,672 0.23 0.52 2.55

(all spp")

! Excluding Cycloteuthidae, Pholidoteuthidae and Vampyromorpha.
2 From Clarke (1980).

been calculated using the lower rostral length/body
weight graphs in Clarke (1962), except for the three
families Cycloteuthidae, Psychroteuthidae and Pholido-
teuthidae, for which no such graphs were available. As
these three families together constitute only 2.29;
numerically of the diet, their contribution by weight to
the diet is unlikely to be very significant. Where the total
number of beaks of one species in one stomach exceeded
100, the lower rostral length of a sample of 100 was
measured in order to calculate their weights (Table 13).
Because many beaks were not measurable owing to dam-
age in digestion, no complete picture of the weights of
cephalopods consumed can be obtained. However, the
mean weights of the cephalopods eaten as given in
Table 13 provide an interesting comparison with adults,
for whom almost identical limitations to the method
probably apply. With the exception of the Chiroteuthidae
and  Ommastrephidae, the cephalopods of each family
eaten by juveniles were smaller than those eaten by either

adult females or males, and on average females ate
animals more than twice as large and males more than
ten times as large as those eaten by juveniles.

In a fuller analysis that included allowance for seasonal
changes in the availability of different cephalopod
species, Clarke (1980) also demonstrated that large male
sperm whales (> 12.2 m long) at Durban favoured larger
cephalopod species than females, and that they generally
ate larger specimens of a particular species than females.
As the cephalopods were so small in relation to the size
of even the smallest adult whales, Clarke concluded that
the difference was far more likely to reflect the vertical
distribution of the cephalopods rather than differences in
selection by size of prey or the catching aptitude of the
two groups of whales.

Roper and Young (1975) have reviewed the available
evidence on the vertical distribution and migration of
pelagic cephalopods. Although several cephalopod
species exhibit ontogenetic descent (i.e. they occupy
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progressively greater depths during successive stages in
their life history), this distinction is usually between
larvae and juvenile/adults: in most species Roper and
Young (1975) examined, juveniles seemed to exhibit the
same distributional patterns as adults. There are no data
suggesting that members of the Histioteuthidae or
Octopoteuthidae (the two most important prey species of
juvenile sperm whales) undergo ontogenetic descent,
though in the case of the Histioteuthidae in particular,
information on vertical distribution is ‘sketchy’. It is
therefore possible that the differences in the size of the
prey eaten between juvenile and adult sperm whales may
reflect active selection on the part of the whale rather than
feeding at different depths: however, information on the
vertical distribution of those cephalopod species eaten by
sperm whales is really insufficient to be sure on this point.
Certainly juvenile sperm whales are capable of taking
juvenile squids of some families that are much larger than
the juveniles they eat of other families, indicating that
there is no physical reason why they should not be able
to consume much larger squid than they actually take.
However, it is also possible that the catchability of
juvenile cephalopods may be higher, so that they are
easier prey for animals adjusting to a solid food diet.

Solid food other than cephalopods was rare in the calf
stomachs. Mysids (Grathophausia ?ingens) were found in
two stomachs, in one of which (C 16) the animals were
nearly complete. Fish remains were found in only one
stomach: an almost complete specimen of Trachipterus
?arcticus (C 10).

(d) Feeding rate

Sergeant (1969) has demonstrated a relationship between
heart weight expressed as a proportion of body weight
and feeding rate in several cetacean species. Heart weight
relative to body weight is in fact considered indicative of
metabolic rate.

The weights of 11 hearts collected from the series of
sperm whale juveniles are shown in Table 14. For six of
these animals body weights are also available, and the
weight of the heart expressed as a percentage of the body

BEST et al.: REPRODUCTION IN SPERM WHALES

Table 14

Heart weights of sperm whale juveniles landed at Durban

Whale Heart wt. Body wt. Heart 9,

number (kg) (kg) body wt.
Cl1 4.09 676 0.61
Cl12 8.18 1,450 0.56
c13 6.82 1,050 0.65
Cl4 6.14 1,000 0.61
Cls5 34.43 — —
Cl16 30.00 — —
C17 22.73 4,550 0.50
C18 42.05 — —
Cc19 43.52 — —
C20 32.61 — —
C2l 16.82 2,400 0.70

weight in these animals ranges from 0.5 to 0.79; with a
mean of 0.61 +0.03 (s.E.)%, . This is a somewhat higher
proportion than that given for adult sperm whales by
Sergeant (1969) — 0.24 to 0.619, with a mean of 0.339.
The real difference is probably greater than this, as all the
data for adults were gathered from animals cut up in
pieces to be weighed: their relative heart weights will
therefore be exaggerated as their body weights were
underestimated. A more appropriate comparison might
be with juvenile heart weights expressed as a percentage
of the body weight with a factor (derived from C 12)
incorporated to scale down body weights as if they had
been cut up into pieces to be weighed. Under these
circumstances their mean relative heart weight might
have been 0.65+0.039, of body weight, or about twice
that of adults.

Sergeant (1969) has also found that heart weight
(relative to body weight) is higher for young than for
adult Cetacea of the same species, and this is associated
with a high feeding rate and so a high metabolic rate. In
the case of sperm whales this means that recently weaned
juveniles may have a feeding rate almost twice that of
adults. As these same animals eat smaller squid than
adults 1t appears that the weaning period may constitute
a critical stage nutritionally for the young animal. This
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Fig. 11. Relationship between body length and blubber thickness in juvenile sperm whales.
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may account for the prolonged period of combined
suckling and solid food consumption in the species, as the
milk with its high energy content may provide a useful
feeding supplement.

(e) Blubber thickness

The thickness of the blubber layer was recorded at the
midlength of the animal in three places, mid-dorsal,
mid-lateral and mid-ventral. The average of all three
measurements can be used as an index of fatness.

There appears to be an extremely rapid accumulation
of blubber immediately after birth (Fig. 11). The rate of
increase in mean blubber thickness at this stage is
2.4510.41 cm/m body length. However, by the time the
animal is one year old (and approximately 6.1 m long) the
blubber is barely thicker than it was at a body length of
4.5 m, and the accumulation rate of blubber between a
length of 6 and 8.5m is only 0.53+0.20 cm/m. This
compares with accumulation rates for dorsal and ventral
blubber respectively of 2.03 and 1.28 cm/m for sexually
mature males, and of 1.14 and 0.82 cm/m for mature
females (Gambell, 1972). The apparently slow rate of
blubber accumulation after the initial post natal fattening
could be due to the animal’s rapid growth in length.
Unfortunately the data coverage is too poor over the
range 4.5 to 6 m body length to determine whether an
actual decrease in blubber thickness may also occur some
time during the first year of life, possibly associated with
the commencement of feeding on solid food.

PARASITES AND COMMENSALS OF CALF
(a) External

Only two organisms were found associated with the body
surface of the juvenile sperm whale (Table 15). Remoras
(presumably Remilegia australis) were found or seen on
four of the animals collected: they usually fell off the
whale shortly after its death. Remoras have been
previously reported from sperm whales by Berzin
(1971 - “shark suckers’) and Krefft (1953 — as reported

Table 15

Parasites and commensals of juvenile sperm whales off Durban

Whale Stomach  Cestode cysts
number Remoras Cyamids nematodes in blubber
Cl — several 0 0
C2 0 many many 0
C3 several 0 present 0
C4 — — present 0
CS 0 few many 0
Cé6 several few 0 0
Cc7 several several 0 0
C8 — — present 0
C9 0 several present 0
cCli2 — — 0 0
C13 0 2 0 0
Cl4 0 many 0 0
C1s5 0 Jor4 present present
Cl16 0 2 present 0
C17 0 5 present 0
Ci8 — — present present
C19 0 0 present present
C20 0 present present 1
C21 ca. 6 present 0 1

by Follett and Dempster, 1960). These fish are frequently
seen on sperm whale calves off Durban, but do not seem
to occur on adults. In the series of juveniles collected here,
for instance, remoras were only seen on animals up to
6.045 m in length and an age of two growth layers.

Seven remoras were collected from C 7, with standard
lengths of 38, 40, 64, 70, 70, 93 and 99 mm. The viscera
of the two largest were removed after fixation in formalin
and the contents of the stomach examined. The bulk of
the food in both individuals consisted of whale epidermis,
but crustacean remains were also present in one animal.
These included the copepod species Candacia ethiopica
(4), Clausocalanus lividus (3), Acrocalanus gracilis (3),
Acrocalanus gibber (3), Undinula darwinii (2), Scolecithrix
danae (2), Labidocera detruncata (2), Undinula vulgaris
(1), Copilia sp. (1), plus 3 unidentified calanid juveniles
and the remains of four chaetognaths. Rice and Caldwell
(1961) found remains of epidermal tissue in the stomachs
of two whale suckers 399 and 222 mm long, the larger of
which also contained unidentified crustacean remains
(too large and thick to have been from the euphausiids
on which the whale had been feeding).

Remoras therefore appear attracted to cetaceans not
only as direct sources of food (whale epidermis) but also
as a platform from which independent predation can
occur. The apparent preference for attachment to small
sperm whales may reflect a higher rate of skin sloughing
in such animals associated with their higher metabolic
rate. Alternatively, remoras may not be able to tolerate
the pressure change associated with the deep diving of
adult sperm whales.

Cyamids were seen on most animals killed. These were
exclusively Neocyamus physeteris, or the same species as
normally occurs on adult females and young male sperm
whales (Best, 1969). Infestation must occur very rapidly
after birth, as all four of the calves with an unhealed
umbilicus for which observations were available had
cyamids present.

(b) Internal

Only two internal parasites were found in the series of
juveniles examined (Table 15).

The presence of cestode cysts (Phyllobothrium sp.) in
the blubber was looked for in the normal cuts made
through the blubber during flensing, but a thorough
investigation was not made of the whole blubber layer.
A similar pattern of infestation to that found for Stenella
graffmani by Dailey and Perrin (1973) appears to occur
in the sperm whale. The parasite was completely absent
in neonates, and was found only in five of the remaining
15 juveniles examined, four of which were animals with
5 or more growth layers in the teeth. How the cetacean
host fits into the life cycle of this species is still obscure,
but it presumably reaches the whale via the squid or fish
consumed. Fundamental hosts for this parasite are
presumed to be sharks.

Stomach nematodes (Anisakis sp.) were only found in
animals that had solid food in the stomach, and were
therefore completely absent from neonatals (as Dailey
and Perrin, 1973, found for the dolphin Stenella
graffmani). Cetaceans are apparently infested via solid
food with third stage larvae that later develop into adults
in the stomach of the host (Dailey and Brownell, 1972).
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The close correlation between nematode infestation and
the presence of solid food in this series of juveniles seems
to indicate that 1t is unlikely that any of the animals in
which no solid food was found had been regularly feeding
on squid or fish previously.

REPRODUCTIVE RATE

Sperm whale reproductive rates (usually expressed as the
pregnancy rate or its reciprocal, the calving interval),
have attracted considerable attention recently, especially
in connection with attempts to monitor the degree of male
depletionin a stock. The sperm whale model also assumes
a density dependent response in pregnancy rate as the
female population is reduced from its unexploited level.
Asthisisthe only densitydependent response incorporated
in the model, it is important that it should be
substantiated by data where available.

(a) Factors affecting measurement of pregnancy rate

Observed pregnancy rates can be affected by a number
of important factors. Firstly, all the foetuses may not be
discovered or recorded, so producing an underestimate:
such a phenomenon is most likely to occur in ‘official’
records, or in operations where the data are not collected
by trained scientists or technicians. This bias can be
considerable, especially if small foetuses are concerned.
At the Donkergat land station, the average pregnancy
rate of sei whales (most of which were carrying foetuses
less than 1 m long) was recorded as 0.076 from 1957 to
1961 and 0.695 from 1962 to 1967 (an increase of 9009, !).
A biologist was present on the station in 1962 and 1963
and subsequently trained personnel to look for the
foetuses.

Secondly, legal protection afforded lactating fe-
males by the IWC may (if enforced) result in under-
representation of this reproductive class in the catch. As
a consequence the proportions of other reproductive
classes (including pregnant animals) in the catch will be
exaggerated. This effect is likely to be most marked when
catching effort for female sperm whales is low. At Albany
(Western Australia) for instance, the proportion of lac-
tating sperm whales in a sample of 115 mature females
examined by biologists in 1964 and 1965 was less (0.16)
than that of pregnant animals (0.28). If it is accepted that
lactation lasts significantly longer than pregnancy (see
below), this sample must have been unrepresentative of
the population, presumably because of selection against
taking lactating females (IWC, 1981b). Similarly, the
proportion of pregnant females in the catch examined by
biologists at Coal Harbour, Canada, from 1951 to 1967
was high, averaging 0.3301, but there appeared to be a
decline with time. This was associated with an increasing
catch of females (particularly from 1964 onwards when
they formed more than 409, of the annual sperm whale
catch) and an increasing ratio of lactating to pregnant
animals. Prior to 1964, this ratio was always less than 1.0,
but steadily increased thereafter from 1.461n 1964 to 2.03
in 1967 (Mitchell, 1980). Presumably selection against

lactating animals gradually weakened as interest in
taking females increased. Selection of this nature can dis-
tort not only estimates of the true pregnancy rate, but
also the extent of any change in observed pregnancy rate
over time (Best and Harwood, 1981).

Due to the fact that gestation lasts more than a year,
estimates of true pregnancy rate must also distinguish
between foetuses conceived at the current and previous
breeding seasons. This is usually done by stratifying the
data to exclude the period of overlap between the two
cohorts. Alternatively correction factors can be applied
to either cohort to account for foetuses born or yet to be
conceived, based on a model of the distribution of births
and conceptions over time (e.g. Best, 1980). Where the
period of sampling only covers the period of overlap
between the two cohorts, the latter is really the only
method that can be used. Where the carcases of whales
are slit open for cooling before delivery to the factory,
foetuses can be lost and although the pregnancy can still
be detected from the presence of a corpus luteum in the
ovaries, the size of the foetus is obviously unknown. In
these circumstances indirect methods of separating
cohorts of foetuses must be used (Ohsumi, 1965).

Anatomical studies of sperm whale ovaries reveal clear
indications of a drop in fertility with age, particularly
after about 13 corpora have accumulated. Follicular
atresia increases sharply, primordial follicles disappear,
and there is evidence of ageing in the tunica albuginea,
stroma and blood vessels (Best, 1967 ; Chuzhakina, 1961).
It is not surprising therefore to find age-specific
differences in the proportions of reproductive classes in
the catch. Age-specific pregnancy rates have been
demonstrated by Best (1968 ; 1980), Gambell (1972) and
Ohsumi (1965),although only thelatter used chronological
(i.e. GLGs) rather than reproductive (i.e. corpora
number) ages. Ohsumi’s analysis showed that when
analysed against reproductive age, pregnancy rates
showed a rather larger decline than when analysed
against chronological age (maximum pregnancy rates of
40-50%; declining to ca. 209, or 309 respectively in the
1097 oldest animals). Because carcases were opened at
sea, these percentages represented the incidence of
corpora lutea rather than foetuses.

Data are now available for the incidence of different
reproductive classes at each chronological age for 725
females landed at Durban from 1962 to 1965 and 1967
(Table 16). The pregnancy rate rose in newly mature
females to a peak of ca. 259 at ages 10-14 and then
declined, reaching 6.79 in the oldest age class, 40 + years
(Fig. 12). The incidence of ovulating animals however,
showed no obvious trend with age, so that the proportion
of unsuccessful ovulations must increase with age. A
similar conclusion was reached by Best (1967) and
Gambell (1972).

To summarize, if the reproductive rate is to be

measured accurately, the following criteria must be
satisfied.

1. T'h.e data should be collected by or under the
supervision qf biologists or suitably trained technicians:
if not, as a minimum, the data for pregnancy rate should

be based on the examination of ovaries collected from the
harvest.



REP. INT. WHAL. COMMN (SPECIAL ISSUE 6)

71

Table 16
Age-specific pregnancy and lactation rates, Durban, 1962-5+ 1967

No. mature No. pregnant
Age females No. No.
(GLGs) examined Early Late lactating No. resting ovulating
5 2 1 1
6 4 2
7 3 1 2
8 8 1 1 5 1
9 12 3 4 4 1
10 281 5 2 10 12
11 292 6 13 11 1
12 39 9 1 13 14 2
13 283 7 2 9 8 3
14 31 7 10 14
15 33 7 13 11 2
16 4124 6 2 17 18 2
17 45 8 1 19 15 2
18 302 9 2 13 6 2
19 393 4 1 18 15 2
20 4N 5 2 22 17 2
21 3 5 2 12 12 1
22 kYA 3 16 13 1
23 3423 3 16 17 1
24 24 2 6 12 4
25 23 4 1 5 13
26 30° 5 1 11 1t 3
27 23 1 2 7 12 1
28 13 1 3 8
29 12 2 3 7
30 7 7
31 7 2 2 2 1
32 3 3
33 7 2 1 4
34 4 2 2
35 6 1 1 3 1
36 4 4
37 6 1 3 1 1
38 3 1 2
39 7 2 3 I 1
40 2 1 1
41 6 2 3 1
42 2 1 1
43 3 1 2
44 7 1 6
45 2 2
46 1 1
48 3 2 1
49 2 2
54 1 1
61 1 1
Total 725 114 20 272 300 36

! Includes one pregnant and lactating (scored as both).
2 Includes two pregnant and lactating (scored as both).
3 Includes one ovulating and lactating (scored as both).
4 Includes two ovulating and lactating (scored as both).

2. The assumption that the data is fully representative
of the recruited population should be substantiated, or
allowance made for any known bias.

3. Analysis of the data should include allowance for
seasonal changes in the proportions of animals in early
and late pregnancy.

4. Age-specificity in pregnancy rates should be
recognized and allowed for in the analysis.

Many of the data sets used in previous analyses of the
reproductive rate have either failed to satisfy criteria 1
and 2, or have not been tested at all.

(b) Population pregnancy rates

Three data sets will be examined here: 406 mature females
from Donkergat between 1962 and 1965 (Best, 1968),
1,029 mature females (of which 725 were aged from
GLGs) from Durban between 1962 and 1967 (Gambell,
1972), and 1,127 mature females from Durban between
1973 and 1975 (Best, 1980). The first two data sets were
collected under the supervision of biologists whereas the
third was basically a collection of ovaries made by
inspectors. Only the first two data sets therefore fully
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Fig. 12. Age-specific proportions of pregnant and ovulating animals amongst mature female sperm
whales, Durban, 1962-5+ 1967.

satisfy the first criterion, although the third set can be
used for determinations of pregnancy rate.

Meeting the second criterion is much more difficult.
Both Best (1968) and Gambell (1972) have commented
that complete selection against lactating sperm whales is
difficult to apply due to the schooling behaviour of the
animals. Nevertheless (as mentioned above), Gambell
(1972) later assumed that there must have been some
selection against animals in their first year of lactation.

An independent estimate of calf production in the
Durban population is possible from observations made
at sea before the start of the whaling season. During two
whale-marking cruises off Durban in February 1971 and
1972, 370 sperm whales were seen, of which eight were
newborn calves (easily recognizable from their small size
and naive swimming behaviour). The proportion of
females in the area at this time of year has been obtained
from CPUE values for Durban (Best, 1981), the
proportion of these that were sexually mature from the
composition of mixed schools (Best, 1979), and the
proportion of calves born by mid-February from a
calculated distribution of births (Best, 1980). Calf
production (B) is then

N,
No BB By

where N, = numberofnewborncalvesseen; N, = number
of other sperm whales seen; P, = proportion of females
in the population; P, = proportion of mature females in
mixed school; P, = proportion of calves born by
mid-February.

Thus,

B =

8

T 362x0.71 x0.75%0.19
=0.22

B

The degree of reliability of this estimate is unknown,
but it is very sensitive to the value for P,.

If an error of 15 days either way is accepted in the
distribution of births (Best, 1980), B would range from
0.13 to 0.35, which covers the whole range of observed
pregnancy rates (Best, 1974). Observations should really
be carried out after April, when the majority of calves
have been born. The pregnancy rates observed in the
Durban catch in 1970 and 1971 (or essentially the same
cohorts seen as calvesin 1971 and 1972) are only available
from official statistics. The closest biological samples were
those taken in 1973 (n = 491), which yield a pregnancy
rate for animals in early pregnancy (corrected for
seasonality — Best, 1980) of 23.29, . This is close to the
value for B calculated above, and so provides some
(though weak) support for the conclusion that the
Durban catch was representative of the mature female
population. No such confirmatory data are available for
Donkergat.

Separation of early from late pregnant animals in the
catch is possible in all of the data sets. The timing of the
whaling seasons at both Durban and Donkergat
(February or March to September or October) meant that
conceptions were almost completed by the start of the
season but that births were still actively taking place in
the first two or three months. Consequently the data for
animals in early pregnancy is more abundant and does
not have to be adjusted to any great extent, whereas that
for animals in late pregnancy needs major adjustments for
the seasonality of births that could introduce serious
errors. Furthermore there is the possibility that the data
for animals in late pregnancy is biassed due to the
abortion of near-term foetuses after death, as suggested
by the presence of females early in the Durban whaling
season with a large corpus luteum in the ovaries but no
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Table 17

Age-specific pregnancy rates in sperm whales at Donkergat and Durban

Durban, 1962-65 + 1967

Donkergat, 196265 Corpus counts GLGs
Proportion Proportion Proportion
early early early
Age n pregnant n pregnant n pregnant
Corpus counts (years)
14 104 0.202 296 0.182 — —
(< 19)
5-8 154 0.279 338 0.204 — —
(19-28)
9-12 96 0.146 205 0.156 — —
(29-37)
13-22 52 0.058 123 0.073 — —
(>37)
GLG’s
<10 — — — — 29 0.172
10-14 — — — — 155 0.219
15-19 — — — — 188 0.181
20-24 — — — — 168 0.107
25-29 — — — — 101 0.129
30-39 — — — — 54 0.148
40+ — — — — 30 0.067
Total and mean 406 0.200 962 0.170 725 0.157
Population
equlibrium mean 0.192 0.167 0.154

foetus (Best, 1980). Thus it is considered more reliable in
these instances to use the cohort of animals in early
pregnancy as an index of the pregnancy rate. As 90.7%,
of conceptions have occurred off Durban by mid-February
(Best, 1980), corrections to the data for seasonality are
considered trivial and have been ignored.

The implications of the age-specific pregnancy rate in
the Durban stock have been reviewed by Holt (1980) and
Horwood (1980). Their calculations however have used
all pregnant females in the catch, whereas a more
accurate representation of the ‘true’ pregnancy rate
would be to use early pregnant animals only. New
calculations have therefore been made of the population
pregnancy rates from the data sets for Durban
(1962-65+1967) and Donkergat (1962-65), assuming
that both stocks of mature females were in equilibrium
with an unexploited age structure where M = 0.055
(Table 17). For the corpus count data, age at first
ovulation has been taken as 10 and the accumulation rate
of corpora as 0.45 per year (Gambell, 1972), although this
may rather underestimate the age of the oldest females,
in which the ovulation rate is believed to decline (Ohsumi,
1965). The equilibrium pregnancy rates predicted are
close to those observed in the catch, so the age
distributions of the samples are not very different from
those that would be expected in a steady-state unexploited
stock where M = 0.055. With the proviso that these
proportions of the different reproductive classes are
representative of those in the mature female population,
the mean calving interval can thus be calculated as

1 ] 1

- = k =
0193 5.2 years for Donkergat and 0167 ° 0154

or 6.5 years for Durban.

6.0

The values for Donkergat support the contention that
the normal pregnancy rate for an unexploited sperm
whale stock is around 209, with the average calving
interval being five years (Best, 1974). Gambell (1972)
claimed that the typical reproductive cycle lasted four
years, and explained that the excess of resting females in
the Durban catch arose because of the reduced numbers
of pregnant and first-year lactation whales in the catch.
However, although selection via legal constraint might be
responsible for the reduction in lactating females, it is not
clear why there should be a reduction in the numbers of
pregnant animals. The Durban pregnancy rate calculated
here is in fact one of the lowest recorded to date, and
apparently results from a high failure rate at the main
post-lactation oestrus (Best, 1974).

Clarke, Aguayo and Paliza (1980) have proposed a
three-year reproductive cycle for the southeast Pacific.
Their data from 1959-62 indicates a single-cohort
pregnancy rate of 29.5% (including 2.19, pregnant and
lactating), with lactating animals comprising 38.19/ of the
catch. The remaining pregnant animals comprised 4.3/,
and recently ovulated animals 7.19,, so presumably
resting animals constituted 23.19, of the catch. Because
of the effectively unregulated nature of the whaling
operation at that time, Clarke et al. (1980) believe their
data to be fairly representative of the population, and
they conclude that their three-year reproductive cycle
includes only one year’s lactation. It is difficult to
reconcile this apparently anomalous result with conclus-
ions reached elsewhere, but a fuller analysis of the age and
reproductive material collected in Chile and Peru may
help to clarify the situation.

In conclusion, it should be stressed that the values for
mean calving intervals discussed above are time-specific,



74 BEST et al.: REPRODUCTION IN SPERM WHALES

and could be greatly influenced by short-term fluctuations
in the pregnancy rate. They are in actuality ‘ instantaneous

mean calving intervals’ (Laws, Parker and Johnstone,
1975).

(c) Response to exploitation of females

The two data sets on pregnancy rate for Durban have
been compared and a significant increase found in the
proportion of animals in the catch in early pregnancy
between the two time periods (Best, 1980). This
conclusion has been criticized by Beddington and Cooke
(1981) on the grounds that the proportion of animals in
late pregnancy actually declined between the two data
sets, and that the null hypothesis of no decline in the
proportion of animals in early pregnancy was illegitimate
given the predictions from their assessment model.

Best (1980) gave reasons (reiterated above) why he
considered the proportion of animals in early pregnancy
in these data to be a more reliable index of the pregnancy
rate than those in late pregnancy. However both data sets
included a separate category of animals in which a large
corpus luteum was found but no apparent foetus. As
indicated by Best (1980), these animals were most
abundant near the peak of the calving season, and so may
have represented females that either gave birth shortly
before being killed or aborted their foetuses after death.
As such they would form part of the cohort of animals
in late pregnancy, but were not included with them in the
analysis. If they are now combined they form a higher
proportion of the catch in 1973-75 than in

1962-65+ 1967 in every month but one (February), and
the overall proportion of such animals in the catch
(uncorrected for seasonality) is also higher in the later
period (0.097 versus 0.071 for the months February to
June when more births than conceptions are expected).
The latter difference is significant at the 59 level in a
two-tailed test (chi-square = 4.55). Hence, leaving aside
the question of the validity of comparisons between
animals in late pregnancy, the conclusion that there was
a decline in the proportion of animals in late pregnancy
between the two periods seems unjustified.

Beddington and Cooke’s (1981) criticism of the null
hypothesis of no decline in pregnancy rate assumes that
the male depletion model used in predicting pregnancy
rates is valid, whereas a comparison of observed
pregnancy rates and those predicted by the model in the
estimation of Divisions 3 (Durban) and 5 stock sizes did
not indicate consistency in the predicted trends (IWC,
1983).

Hence the model predictions of a decline cannot be
taken as necessarily invalidating the null hypothesis of no
decline. Indeed Horwood (1980) has concluded that if
there had not been an improvement in the male to female
ratio over the period concerned then the extent of the
increase in pregnancy rate observed would imply that the
density dependent exponent would have to be very high,
as most assessments of the Division 3 stock have placed
the current mature female population at about 80-909/
of its initial size IWC, 1978; Kirkwood, 1981).

The extent of the observed increase in pregnancy rate
at Durban (Fig. 13) is greatest in the oldest females (Holt,
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Fig. 13. Comparison of age-specific proportions of animals in early pregnancy amongst female sperm whales landed at
Durban in 1962-65+ 1967 and 1973-75. Data are calculated as weighted means for animals with 1-3, 4-6, etc., corpora.
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1980), suggesting that the high proportion of unsuccessful
ovulations seen in such animals must have declined. The
population pregnancy rate has been recalculated for the
1973-75 data assuming the age at recruitment was equal
to (or less than) the age at sexual maturity, and that the
total mortality rate (Z) was 0.0643 which was the value
found by Horwood (1980) to be necessary to stabilize the
stock at its new level. Data from animals in early
pregnancy only have been used. The population
pregnancy rate so calculated is 19.39%, or an increase of
15.59 since the earlier data set (cf. 14-169/ as calculated
by Horwood, 1980). The calving interval has thus
declined from 6 to 5.2 years.

Unfortunately reliable data on the proportion of
lactating animals in the catch between 1973 and 1975 is
unavailable, so that possible associated changes in the
proportion of lactating animals are unknown.

So far these two samples from Durban represent the
only known example of an apparent increase in
pregnancy rate in a sperm whale stock following
exploitation. Their real significance can only be established
when reliable assessments for the Durban stock are
available. In the meantime the time-specific nature of the
data should be appreciated, and the possibility of there
being natural fluctuations in pregnancy rate recognized.

DURATION OF LACTATION

Estimates of the length of time for which sperm whales
suckle have varied greatly (six months — Matsuura, 1936;
Matthews, 1938: 10~11 months — Chuzhakina, 1961: 13
months — Clarke, 1956: 24-25 months — Best, 1968;
Gambell, 1972 and Ohsumi, 1965). The earliest estimates
are clearly unrealistic given the year-round abundance of
lactating females. Many of the estimates have simply
utilized the percentage of lactating females in the catch
to obtain their results: this assumes that the catch is fully
representative of the population — an assumption that is
unjustified without some substantiation, particularly as
female whales accompanied by calves have been legally
protected in most operations. Other estimates have
utilized the body length at weaning (6.7 m) proposed by
Clarke (1956) and a growth curve to determine the age
at which suckling ceases. However the results of the
analysis of stomach fluids described in this paper suggest
that a superficial examination of the contents of the
stomach (as carried out by Clarke) may be misleading,
and many of the larger suckling animals might have gone
undetected (see also Sergeant, 1962). Best (1968) and
Gambell (1972) have listed evidence from changes in the
depth of the mammary gland, size of corpora albicantia
and diameters of the uterine cornua that lactation
definitely must exceed a year, and in their opinion lasts
two years. However the latter conclusion rests mainly on
detection of bimodality in either the depth of the
mammary glands (Best) or the diameters of the largest
corpus albicans (Gambell). Closer inspection of the data
reveals that the bimodality of mammary gland depths is
not well established, as can be seen from a larger sample
(Gambell, 1972). The bimodality in size of the largest
corpora albicantia is more convincing, but the adoption
of the criteria used to separate the two ‘year classes’
means that there were in the catch 2.5 times as many
females in their second year of lactation as there were in

their first. Gambell (1972) attributed this difference to a
greater degree of selection by the whale gunners against
animals in their first year of lactation (as these were
presumably easier to identify from the small size of their
calves). If this explanation is accepted (and selection
against ‘second-year’ animals is taken to be zero) the
proportion of lactating animals in the catch can be
adjusted for selection by doubling the number of
second-year lactation animals. However such a correction
has serious implications for the estimates of the
proportions of other reproductive classes in the popula-
tion. Alternative explanations might be that (a) the
criteria used to separate the year-classes are incorrect, or
(b) the so-called ‘second-year’ group of lactating females
could include more than one year-class i.e. lactation lasts
longer than two years.

The data from calf stomach contents given in this paper
are insufficient to provide an independent estimate of the
age at weaning, and may in any case be biassed (as
explained above). However, the presence of milk traces
in the stomachs of juveniles up to 13 years old is in
apparent contradiction to recent estimates of the
duration of lactation.

An alternative approach for estimating the duration of
lactation is to investigate the ages of the youngest calves
within a mixed school corresponding to the number of
lactating females present (as has been done for dolphins
by Kasuya, 1972; Kasuya, Miyazaki and Dawbin, 1974;
Perrin, Coe and Zweifel, 1976; and Perrin, Holts and
Miller, 1977). Data on the composition of mixed schools
of sperm whales are available from groups either taken
under special permit by Japanese whalers (Ohsumi, 1971;
Masaki, Wada and Ohsumi, 1972) or stranded (Stephen-
son, 1975). In the case of the schools captured under
special permit, only those in which 759, or more of the
animals estimated to have been present were examined,
have been included in the present analysis (Table 18).

In general, the number of lactating females found
substantially exceeded the number of calves estimated to
have been present at the time of sighting: in total this ratio
for the Japanese data was 41:15 (chi-square = 12.07,
P < 0.001). If, instead of using the estimated number of
calves, the number of animals of presumed suckling age
(< 3 GLGs) killed is combined with the number of calves
believed to have escaped, the ratio for the Japanese data
becomes 41:14 (chi-square = 13.25, P < 0.001). Both
Ohsumi (1971) and Masaki et al. (1972) commented on
this disparity, which Ohsumi attributed to the under-
counting of calves. If all the animals that escaped are
assumed to have been calves, the ratio of lactating
females to calves becomes 41 : 29, which is not significantly
different from parity (chi-square =2.06, P > 0.10),
although the underlying assumption seems highly
unlikely. In the stranded school examined by Stephenson,
four lactating females were found yet the smallest whale
examined was a 7.93 m female: no ages are available for
these animals.

These data suggest that the number of lactating females
in a sperm whale school may exceed the number of
animals of presumed suckling age (or size) present. If this
1s so, either lactation lasts longer or is more variable in
duration than has so far been assumed, or calves are
suckling from more than one female (including some that
have no dependent calves of their own), or both.
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Table 18

Comparison of numbers of lactating females and calves in sperm whale schools

Stephenson
Ohsumi (1971) Masaki et al. (1972) Total (1975)

School identification A C \" IX X
Estimated school size 26 48 21 33! 20 148 ?
Number examined 20 39 18 33 15 125 72
% examined 76.9 81.3 85.7 100 75.0 84.5 ?
Number of lactating

females found 7 14 3 10 7 4] 4
Number of calves estimated

to have been present S 2 3 5 0 15 ?
Number of animals with ~ -

< 3 GLGs examined 0 4 <2 <6 —
Number of calves that

escaped 5 0 3 0 0 8 ?

1 Originally estimated as 30, but 33 animals killed.

Table 19

Vanation in calving interval and length of lactation with age for
sperm whales off Durban, 1962-65+ 1967

Percent

Length of Calving

Age Number Pregnant lactation  interval

(GLGs) examined (early) Lactating (years) (years)
5-9 29 17.2 27.6 1.60 5.8
10-14 155 21.9 35.5 1.62 4.6
15-19 188 18.1 42.6 2.35 5.5
20-24 168 10.7 42.3 3.95 93
25-29 101 12.9 28.7 2.22 7.8
30-39 54 14.8 40.7 2.75 6.8
40-61 30 6.7 23.3 3.48 14.9

Age-related changes apparently occur not only in the
pregnancy rate but also in the length of lactation.
Gambell (1972) drew attention to the fact that the
proportion of lactating females at each corpus number
falls only slightly in older females, so that the ratio of
pregnant to lactating females declines from about parity
in the youngest animals to 1 pregnant for every 4 or §
lactating females in animals with 15 or more corpora.
This tendency is not so pronounced when analysed
against chronological rather than reproductive age,
where lactation may increase in duration from 1.6-2.4
years in females less than 20 years old to 2.2-4.0 years in
females older than 20 years (Table 19), or roughly a 679
increase.

Among cetaceans, similar trends with age have been
seen in spinner dolphins, Stenella longirostris (Perrin et
al., 1977), and spotted dolphins S. attenuata (Kasuya et
al., 1974), and attributed to older females having fewer
calves and nursing them longer (Perrin ef al., 1977). The
energetic benefits of this are well illustrated by Lockyer
(1981), who calculated that a newly mature (and thus still
growing) sperm whale would have to increase its food
intake by 639, to meet the costs of lactation, whereas an
adult female would only need a 329 increase.

Individual variation in the length of nursing has also
been proposed for the smaller delphinids. The size or age
composition of the cumulative number of calves
corresponding to the number of lactating females in a
particular school showed that in S. attenuata from Japan,

lactation could last up to 4 or 5 years, although many
females might finish lactation within a shorter period
(Kasuya et al., 1974). In captive bottlenose dolphins
(Tursiops aduncus), suckling has been inferred in a calf up
to three years and two months of age (Saayman and
Tayler, 1977), even though the ‘usual pattern’ for captive
animals is the first pick-up of fish at an age of six months
and a progressive weaning thereafter until 18 months
when nursing appears insignificant (Prescott, 1977).
Different populations of S. attenuata in the North Pacific
also appeared to have greatly different estimates for the
mean duration of lactation (29.3 months versus 11.2
months), indicating that there is some general plasticity
in this parameter (Perrin et al., 1976). Prolonged suckling
in these species is probably nutritionally a largely
non-functional aspect of general prolonged parental care:
it has been suggested that this period may permit the
odontocete calf to learn communication and navigation
skills essential for future survival (Brodie, 1969). Thus a
shorter lactation period does not necessarily mean earlier
effective weaning, but may reflect a truncated parental
care period (Perrin et al., 1976).

Communal suckling has not been recorded in Cetacea,
but its detection would be difficult unless several lactating
females were held together in captivity, or prolonged
observations were made of known individuals in the field.
Such behaviour has been observed in other wild mammal
populations, however, including banded mongoose
Mungos mungo (Neal, 1970), African lion Panthera leo
(Schaller, 1972), and African elephant Elephas maximas
(Laws, 1969). As discussed by Schaller, such communal
suckling has the advantage to the offspring that if the
mother should have inadequate milk, dry up early or die,
its young can still obtain milk from other lactating
females in the group. Disadvantages of such behaviour
include the deprivation of milk for newborn young as a
result of the attentions of older offspring. Alternatively,
if a female should lose her young, her milk can contribute
to the survival of other offspring in the group.

At an adult natural mortality rate of 0.055, female
sperm whales have a life expectancy of 1/M or 18.2 years
on reaching sexual maturity. Over this age range (10-28
years) the mean calving interval for the population at
equilibrium with an unexploited age structure can be
calculated as 5.8 years. This means that on average a
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Table 20

Reproductive details of ‘mothers’ of sperm whale juveniles collected at Durban by special permit, 1971 and 1973

‘Mother’
Mammary gland Diameter largest
Length depth corpus albicans
Calf no. (m) (cm) Milk present (cm) Corpus count Remarks
C4 11.28 14 Yes — — —
C7 7.62 2 No 0 0 Immature
C13 10.67 7 No 1.9 9 —
Cc17 10.06 7.5 Yes — — —
C20 10.36 8.5 Yes 2.1 4 Corpus luteum 320 g 8.3 cm
diameter
C21 10.36 14.5 Yes 4.85 4 —

female might produce % + 1 or 4.1 calves in its lifetime,

half of which would be female. This low fecundity means
that the survival of the calf is of paramount importance
to the reproductive investment of the adult female.
Prolonged parental care is one way of ensuring better calf
survival; communal suckling may well be another,
particularly if it allows some of the nutritional expense
of lactation to be transferred from the reproductively
more active to the less active individuals. Within an
essentially matricentric group in which several of the
members may be closely related and in association with
each other for considerable periods of time, as in the
elephant (Laws, Parker and Johnstone, 1975), and
possibly the sperm whale (Best, 1979), such a system
would seem to be a reasonable strategy to adopt. At this
stage, however, it is not supported by any direct
observations in the case of the sperm whale.

To summarize, it is unlikely that lactation on average
lasts much longer than has been calculated here (Table
19). This would imply very significant segregation of or
selection against lactating females in the catch, for which
there is no evidence. Lactation apparently lasts longer in
older animals than younger, but this increase may only
be of the order of two thirds. From analogy with
delphinids, there may also be considerable individual
variation in the duration of lactation. Some of the older
calves found with lactose in their stomach may therefore
represent offspring of older females that are in an
extended period of lactation.

Six of the ‘mothers’ of the concession calves were also
killed (Table 20): these were the animals accompanying
the calves at the time of death, of which two were not
lactating. Of the remainder, only one had a calf older than
one year (C 20), and this female had only 4 ovaran
corpora. There is insufficient evidence therefore, to test
whether the older suckling animals were the offspring of
older females.

Even if the older suckling animals found are still
nursing from their own mothers, it seems unlikely that a
female could be kept in lactation for up to 13 years
through intermittent suckling by its own calf alone. It is
possible that younger offspring from other females may
suckle from such animals, thus spreading the nutritional
expense of lactation more efficiently within the school.

There is indeed evidence from the sample of ‘mothers’
that a female that has lost a newborn calf may accept

another juvenile. The mother of C 20 possessed a large
corpus luteum but no foetus (Table 20). It is very unlikely
that this female had recently ovulated, for it was taken
in April, a month in which only 0.99; of conceptions are
supposed to occur off Durban (Best, 1980), and the
corpus luteum was bigger than all but one of 42 corpora
lutea of ovulation measured by Gambell (1972), but close
to the mean value for females in late pregnancy
(7.48 +0.16 cm). The most likely explanation is that it had
recently aborted a near-term foetus or lost its newly-born
calf — unfortunately uterine material or measurements
are not available on this point. The thickness of the
mammary gland is less than would be expected from an
animal with a newly born calf, but some regression may
have already taken place. The diameter of the largest
corpus albicans (2.1 cm) is similar to that found in late
lactating or post-lactation resting females (Gambell,
1972), so the previous pregnancy must have finished at
least a year previously. There seems a strong possibility
that C 20 was in fact the previous calf of this female. Its
age was estimated as 5.75 GLGs or (if two GLGs are
formed in the first year) about 43 years old, compared to
an average calving interval of 5 years, while its behaviour
when the ‘mother’ was harpooned seems to indicate a
strong bond between them. Consequently some at least
of the large juveniles found with milk traces in their
stomach may represent past offspring that have resumed
nursing when a subsequent calf born to their mother died
before being weaned. Such nursing may alleviate the
physiological or psychological stress of the female, and
renew familial ties between the female and its offspring
in the school. It is not known how long such suckling
behaviour might continue after the loss of the calf, or
whether other juveniles that were not the offspring of the
female concerned might participate, but this example
does indicate that nursing may serve more than a purely
nutritional function in sperm whales.
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Review of Reproduction in the White Whale, Delphinapterus
leucas, Narwhal, Monodon monoceros, and Irrawaddy Dolphin,
Orcaella brevirostris, with Comments on Stock Assessment

HOWARD W. BRAHAM
National Marine Mammal Laboratory, 7600 Sand Point Way N.E., Seattle, Washington 98115

ABSTRACT

Estimates of vital reproductive parameters for white whales, Delphinapterus leucas, have been made over the past 20 years as a result
of data collected from a long, but intermittent history of exploitation. Based on two dentinal growth layers per year, reported in the
literature, they may live to 25-30 years. Females become sexually mature at 5 years of age and males at 8 years; they begin active
breeding 1-3 years later. Evidence is presented which suggests that estimating age using current ageing methods may result in error
in ages at which certain life history events occur. From an observed pregnancy rate of 0.41, and assuming an average gestation period
of 14.5 months and a crude birth rate of 0.33-0.38, a gross annual reproductive rate of 0.09-0.12 is estimated. Observed rates are 0.09-0.14.
Most vital reproductive rates are unknown for narwhals, Monodon monoceros. Almost no life history information is available on the

Irrawaddy dolphin, Orcaella brevirostris.

Reevaluation and new estimates of stock abundance and vital rate parameters are needed for white whales because under present
harvest levels 449/ of the defined harvested stocks are being exploited at or above replacement yield.

White whales (Delphinapterus leucus) and narwhals
(Monodon monoceros) are both hunted by natives of
Canada and Greenland, and white whales by US and
Soviet Natives. Only crude estimates of abundance and
life history parameters are available for most stocks. A
clear need therefore exists for better biological informa-
tion so that rationally-based management decisions can
be made and appropriate regulatory measures
implemented.

My objective in this paper is to review reproduction in
white whales and narwhals and relate this to abundance
and harvest removals for the various identified stocks or
populations so as to gain some insight into productivity.

At the request of the editors of this volume, the
Irrawaddy dolphin, Orcaella brevirostris, is included in
this review because of its anatomical affinities with
Delphinapterus (Kasuya, 1973).

METHODS

I depended heavily on research conducted in Canadian
waters, as it provided estimates of many life history
schedules not available from other studies. In some cases
I reevaluated the available data from the literature and
made additional calculations to refine previous estimates
of certain life-history schedules, or to estimate previously
undocumented parameters.

Additional data reported here were collected during
aerial surveys of white whales during their spring
migration along the northwest coast of Alaska in the
Bering, Chukchi and Beaufort Seas, April-May,
1976-1978 (Braham, Krogman and Carroll, 1984) and in
May 1981 (NMFS unpubl.). These data were collected to
estimate abundance and the proportion of mature versus
immature animals according to the presence of grey and
white-colored individuals and young-of-the-year calves.
White whales become sexually mature about at the time
their skin color changes from grey to white. However, age
and skin color at sexual maturity vary. Designation of

skin color can be difficult from an aircraft, and
comparisons with data from ice-based studies near Point
Barrow have indicated that one or both methods are
biased (Braham et al., 1984). Resolution of this problem
is not discussed here.

Frequently, we encounter in the literature conflicting
terms or definitions associated with life-history para-
meters. For example, Sergeant (1973) and IWC (1981,
p. 144) referred to birth rate as the proportion of calves to
total animals in the population, whereas Sterns (1976)
and Davis, Finley and Richardson (1980) defined birth
rate as calf production per mature adult (= sexually
mature) female per annum. A glossary of terms is
included here (Appendix).

PATTERNS OF REPRODUCTION
White Whales

Details of the life history of several stocks of white whales
summering in Canadian waters are well documented
(Table 1). This is a result of the important works of Brodie
(1971), Sergeant (1973), and Sergeant and Brodie (1975),
signifying that use of data describing the patterns of
reproductionmaylead toacceptable first-order population
assessments. Except for the as yet unresolved conflict of
whether one or two tooth growth layer groups (GLGs;
terminology of Perrin and Myrick, 1980) are laid down
annually (discussed below),! many annual life-cycle
events for white whales are known.

With few exceptions (e.g. Cook Inlet, St Lawrence
Estuary), white whales migrate from the southern pack-ice
and ice-front area to coastal bays and estuaries from late
winter to summer, when conception and calving occur
(Sergeant and Brodie, 1975; Davis and Finley, 1979;
Braham ez al., 1984). Finley and Renaud (1980) reported

! The following discussion presumes that 2 GLGs/year occurs in white
whales, and approximately one GLG/year for narwhals. These are the
currently accepted growth layer results IWC, 1982, p. 114).
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Table 1

Estimates of reproductive parameters for white whales and narwhals

White whales Narwhals
Source(s) & Source(s) &
Estimate(s) Footnotes Estimate(s) Footnotes
Gestation (months) 14.5 a,b,c 14-15 d,e, f, g
Lactation (months) 20-24 a,b 20 g
Parturition Late July- a, b, d July—August d,e, f,h
early August
April- c i
September
Conception April-May a, ] mid-April e f
Generation time (years) ca. 6 j ca. 10 J
Age at sexual maturity 9 4-7 a,b,c k 5-8 g1
(years) 89 11-13
First pregnancy (years) 67 a, bk 10-12 3 1
Last pregnancy (years) 21 b, k
Max. life span (years) 25-30 a, bk 50 h
Female reproductive 14-15 ) k

span (years)

a Brodie (1971)

¢ Seaman and Burns (1981)
¢ Best and Fisher (1974)

g Ohsumi (pers. comm.)

i Braham et al. (1984)

k Based on 2 GLGs/year.

b Sergeant (1973)
d Finley (1976)
f Mansfield, Smith and Beck (1975)

h Hay (1980)
j Author’s estimate using the above literature.

1 Based on 3 GLGs/year until age 3 in males or 4.5 GLG/year until age 2 in females and one GLG/year thereafter (Hay, 1980).

that some (up to 500 in 1979) white whales overwinter in
northern Canadian waters above 73°N. Time of
conception is deduced from gestation to occur in early
spring. The season of parturition has been estimated from
the presence of neonates to be March to September, with
peak calving in late July to early August (Table 1).
Gestation varies according to latitude, being shortest
at higher latitudes (Vladykov, 1944; Sergeant, pers.
comm.). Sex segregation was witnessed by Brodie (1971)
in July and August, but no mating was observed. From
a large sample of pregnant and postpartum females
landed by subsistence hunters in Cumberland Sound and
Hudson Bay, Brodie (1971) and Sergeant (1973),
respectively, estimated from fetal and neonatal lengths
that gestation lasts 14-15 months (14.5 months best
estimate). Lactation was estimated at 20-24 months by
Brodie (1971) and Sergeant (1973) and in Alaska at about
23 months (range 18-32 months based on a partial
sample analysis of Seaman and Burns’ (1981) data).
Alongseason of parturition (perhaps April-September,
with a peak in July and August) and a short period of
conception (April-May), suggests that a reproductive
cycle of 3 years, reported by Brodie (1971), Sergeant
(1973) and others, may vary from 2 to 4 years. An
April-May conception date fits a late July-August birth
date with a 14.5-month gestation but not earlier or later
birth dates. Some variation in time of parturition is
expected, however, as fetal growth is neither linear nor
likely equal among animals, and gestation may vary.
Additional reproductive information may eventually
help us to understand the timing and frequency of
pregnancies. For example, although accessory corpora
lutea were found in 11-15% of pregnant females in
studies by Brodie (1971, 1972) and Sergeant (1973) there

was no evidence of postpartum estrus. This further
supports the hypothesis of a > 2-year reproductive cycle.
Also, older females frequently had fewer corpora lutea
than younger animals, suggesting to Brodie (1971) that
some females ‘control’ the coupling of ovulation and
pregnancy. Fertilization and/or implantation may also
vary greatly, and simultaneous multiple ovulations are
perhaps common too. No postpartum mating behavior
was observed in white whales (Brodie, 1972); however
T. G. Smith (pers. comm. to Sergeant) observed possible
mating by white whales in summer.

From study of several hundred animals landed during
the 1960s, Brodie (1971) and Sergeant (1973) reported
that white whales live to 25-30 years (assuming 2
GLGs/year; see discussion of ageing later); that age at
sexual maturity for males is 8-9 years and females 4-7
years; and that age at first pregnancy is 6-7 years (Table
1). They also concluded that females stop active breeding
at about 21 years of age, and that a female can produce
10 offspring in her lifetime. The maximum breeding
lifespan of females, then, can be calculated from the
difference between first (at 6 years) and last (at 21 years)
pregnancy. This results in a 14-15 year active breeding
period. However, if production of 10 calves per adult
female per lifetime is possible, then a female’s reproductive
cycle would have to be less than 2 years. The evidence
suggests an approximately 3-year cycle (Brodie, 1971;
Sergeant, 1973). Assuming a 3-year reproductive cycle
and a 14-15 year breeding period, one female typically
could not produce more than six calves in her lifetime.
This assumes that pregnancy rates reflect the number of
calves produced, and that current methods of ageing are
accurate.
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Narwhals

Narwhals are a high-arctic species, frequenting deep
waters and fjords in summer. Spatially, white whales and
narwhals are mutually exclusive (Finley, 1976; Sergeant,
1979). Much less quantitative information on reproduc-
tion is available for narwhals than for white whales
(Table 1). Sex segregation is apparent, except during the
mid-April mating period (Mansfield, Smith and Beck,
1975; Best and Fisher, 1974), and parturition occurs in
July and August (Mansfield ef al., 1975, Finley, 1976;
Hay, 1980) after a northward migration from wintering
areas of the pack-ice and ice front in Baffin Bay and
Hudson and Davis Straits.

Although the period of lactation has not been
determined, Ohsumi (pers. comm.) estimated that it is
20-24 months. From samples of mature females in the
Inuit hunt during the mid-1970s, Best and Fisher (1974),
Finley (1976) and Hay (1980) estimated gestation to last
14-15 months. Maximum lifespan was estimated by Hay
(1980) to be up to 50 years based on the 1-GLG/year
method. Narwhals appear to reach sexual maturity at 5-8
years for females and 11-13 years for males (Table 1).
These values are greater than for white whales, using the
ageing methods of Brodie and Sergeant (1973). From age
and pregnancy data reported by Finley (1976), Hay
(1980) and others, age at first reproduction for narwhals
appears to be 10-12 years (Table 1). By analogy, and
assuming the reproductive biology of white whales and
narwhals is similar as suggested by Sergeant (1981)
and others (e.g. Andrews, Dill, Marsui and Fisher, 1973;
Jarrell and Arneson, 1981), then narwhals would have a
lifetime reproductive potential that is more than twice
that of white whales. This is not likely, and it is probable
that one of the approaches to ageing is wrong by a factor
of two. There is a need to reevaluate present ageing
methods (IWC, 1980, p. 119).

Irrawaddy dolphin

Virtually nothing is known about the life history
parameters of Orcaella. Body length in mature animals
is 2.1-2.3 m (males are apparently slightly larger than
females); a 2.1 m female was collected with a full-term
fetus 85.7 cm long, but season of collection was not given
(see Norman and Fraser, 1949). Details of the biology
and ecology of the species in the Mekong region of Viet
Nam are presented by Lloze (1973), as cited by Pilleri and
Gihr (1974), but the paper was not available for this
review.

GROWTH AND AGE DETERMINATION

Growth

Length at birth for white whales is 150-160 cm at 78 kg
of weight (Brodie, 1971); narwhals measure 150-170 cm
(Turner, 1875; Hay, 1980). Brodie (1971) reported
maximum adult length for white whales was 427 cm for
males and 362 cm for females. Fraker, Sergeant and
Hoek (1978) reported maximum length for males at
580 cm. The largest female measured from the Mackenzie
Delta region was 490 cm long. (P. Fraker pers. comm.).
Differences in maximum length may reflect differences
between stocks; Brodie (1971) studied animals from
Cumberland Sound and the work of Fraker et al. (1978)
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Fig. 1. Growth curves comparing body length and tooth layering in
white whales. The solid line is the tooth-layer curve proposed by
Brodie (1971, 1982) for 2 GLGs per year, based on data from the
Cumberland Sound, Canada population. The dashed line is for one
growth layer (1 GLG) per year, proposed by Brodie (1982). Plotted
data are growth layers versus body length for white whales landed
at Cresswell Bay, Canada (triangles and squares) reported by Finley
(1976), and in the Mackenzie Bay region, Canada (circles) from
Fraker, Sergeant and Hoek (1978).

was in the Mackenzie Delta area. Maximum length of
narwhals is 470 cm in males and 400 cm in females
(Mansfield et al., 1975).

Length at sexual maturity is about 85% of that at
physical maturity (at 5-7 years) in white whales, and on
the average 390 cm in male narwhals and 340 cm in
females. Fifty percent of adult body length in white
whales is reached at 3 and 5 years of age in females and
males, respectively (IWC, 1981, p. 144).

Yearling white whales average 216 cm (at a weight of
188 kg) in Cumberland Sound, with no teeth erupted;
body length increases 169, and weight 429, during the
first year (Brodie, 1971). Whitening of the skin begins at
about 6 years (2 GLGs) and is complete by age 13 (Brodie,
1971, Sergeant, 1973; Ognetev, 1981). This overlaps age
at sexual maturity (Table 1).

Age determination

Provisionally, the sub-committee on small cetaceans of
the IWC Scientific Committee (IWC, 1982, p. 114) has
accepted the criterion of two-growth-layers-per-annum
for ageing white whales, based on data reported by Brodie
(1971) from approximately 90 male and female white
whales taken in a harvest in Cumberland Sound, Canada,
during the 1960s. Brodie (1982) reported on age versus
body-length data from a captive white whale captured in
Alaska as a juvenile (in 1967) which died at the Van-
couver, B.C., Aquarium in 1980. Using the tooth-layer
versus body-length growth curves reported by Brodie
(1971, 1982) for 1 GLG and 2 GLGs per year, I plotted
data from Finley (1976) for 15 animals, and Fraker et al.
(1978) for 25 animals aged by the GLG method (Fig. 1).
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Most of the data reported in Fig. 1 appear to fall
between curve fits for the | GLG and 2 GLG hypotheses,
although there is enough scatter to make an interpretation
difficult. There are three possible interpretations of why
these data do not seem to fit the expected curves,
especially the 2 GLG line as reported by Brodie (1971,
1982). First, as Fraker et al. (1978) pointed out, tooth
wear varies between individuals as well as among teeth
within the same individual, and this can account for an
underestimate of age (in some whales) by perhaps as
much as 329. Second, the 2 GLG curve in Fig. 1 is from
data on eastern Arctic white whales, which have a mean
adult length less than in the Mackenzie Delta stock.
Variability in the data make this distinction difficult to
evaluate considering that Finley’s (1976) data are from
the eastern (Canadian) Arctic as were Brodie’s (1971).
Lastly, data in Fig. 1 may reflect a true picture of the
problem; i.e., current methods of ageing white whales
may not truly reflect the relationship between body length
and tooth layering. Careful evaluation and greater study
of age determination in white whales is needed, and thus,
as stated by Fraker et al. (1978, p. 45) ‘Unless there
is standardization in the selection of teeth for age
determination, or refinement in the ageing techniques,
the use of teeth for...age structure and growth studies
1s limited.’

A technique for ageing narwhals has been developed
by Hay (1980). Hay found that up to 3 GLGs are laid
down each year for the first few years; typically this
period is three years, but it varies 1-2 years. After this
early period, at least in females, apparently only one GLG
1s laid down each year.

VITAL RATES
Pregnancy rate (p)

The proportion of pregnant to all mature female white
whales taken in a net fishery in Hudson Bay, Canada,
1962-64, was 0.41 (Table 11 in Sergeant, 1973). Seaman
and Burns (1981) observed a pregnancy rate of 0.44 for
white whales caught in Eschoitz Bay, Alaska (Table 2).

The only estimate of p for narwhals comes from Finley

and Miller (1982) for females in Lancaster Sound. Using
their data, I computed a rate of 0.39. Estimates of
pregnancy rates for monodontids are similar to those for
Stenella coeruleoalba, 0.422, but are greater than in
S. attenuata, 0.254 (Kasuya, 1976).

Crude birth rate (b,)

The average annual rate at which a mature female will
produce a viable calf, as applied here, is the crude birth
rate. In white whales b, has been reported to be 0.33-0.38
(Brodie, 1971; Sergeant, 1973). This means that, on
average, mature females produce one calf every 32-37
months. Sergeant (1973) found that about 759, of the
adult females produced a calf every 3 years, and 259
every 2-3 years, hence the range 0.33-0.38 (Table 2).

Sex ratio and proportion of mature females (P)

Sergeant (1973), in reviewing previous studies, reported
data on the sex ratio of white whales landed in various
fisheries over the past half century which result in ratios
of 1.00:0.34 to 1.00:1.73, males:females. However, the
between-year variation was not statistically significant
(n = 15 sampled hunts), and the overall mean was 49.89
females. Although the data indicate that the two sexes
may frequently be segregated when sampled and that
selection for one sex (e.g. males) occurs in a hunt, I
assume in the absence of convincing data and for
discussion herein that the population sex ratio is
1.00:1.00. A sex ratio of unity suggests equal mortality
rates. However, as mammals age, there is often higher
natural mortality in males than females (Ralls, Brownell
and Ballou, 1980). Kasuya (1976) found that adult
mortality in Stenella was 4-79/ lower in females than
males.

From data collected in 1962-64 by Sergeant (1973), the
proportion of females in the catch that were sexually
mature and presumably breeding was 0.56-0.62 (Table 2).
Assuming that some first-year ovulating females cannot
become pregnant, this rate could be as low as 0.50, for
example.

Braham et al. (1984) found that the proportion of
white-colored versus grey-colored white whales (a

Table 2

Selected estimates of vital rates for white whales and narwhals

White whales Narwhals
Source(s) & Source(s) &
Vital rates Estimate(s) Footnotes Estimate(s) Footnotes
Annual rate of calf 0.090-0.130 a,b -
production (r,) 0.096-0.121 c,d
0.056-0.100 e
Crude birth rate (b,) 0.33-0.38 a,b
Pregnancy rate (p) 0.41 b, g 0.39 h
0.44 f 0.36 i
Proportion of mature 0.56-0.62 b
females (P)
Adult survival (q.) 0.84-0.91 1 0.88-0.91 i
Fertility coefficient (B) 0.40-0.53 g

a Brodie (1971)
b Sergeant (1973)
¢ Finley (1976)

d Heyland (1974)
e Davis and Finley (1979)
f Seaman and Burns (1981)

g Calculated by author, see text.
h Finley and Miller (1982)
i Ohsumi (1979; pers. comm.)
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Table 4

Projected summer stocks of white whales: estimates of present abundance and percent of initial population size; current average take (since about
1972); and present kill of current population (includes loss rate). Data summarized from IWC (1980, p. 120; 1981, p. 145; 1982, Tables 1, 2, 4),
Boulva (1981), Ivashin and Mineev (1981), Davis and Evans (1982) and others

Current
Abundance percentage of Estimated Percentage kill
Summering stocks estimate initial current take® of stock size

Canada

Mackenzie Delta 7,000-11,500 no est. 192 4

West Hudson Bay 5,000-9,000 50-90 182+ <5

East Hudson Bay > 1,000 <10 507° < 507

Ungava Bay 200-1,000 > 20 162 15-80

Frobisher Bay 250~-300 no est. 7 23

Cumberland Sound 600 < 12 57¢ 9-10

St Lawrence Estuary 350400 < 10 38 10-12
High Arctic

Canada 10,000-12,000 no est. 280 2-3

W. Greenland 2,000 no est. 100+ <10
USA

Cook Inlet 600-1,000¢ 3-6° <1

Bristol/Kuskokwim Bays 1,000-1,500 no est. 10-20¢ <3

Yukon/Norton Sound no est. no est. 88-103¢ unknown

Kotzebue Sound no est. no est. 58e unknown

NW Alaska-US Beaufort no est. no est. 38-50¢ unknown
USSR

Okhotsk Sea < 10,000 no est. 0 0

Barents Sea 1,500-3,000 no est. 824 > 28-55

White Sea 500-1,000 no est. 256 26-51

Barent/Kara/Laptev Seas 1,000-2,000 no est. 186 9-18

Bering Sea—Anadyr Gulf 2,000-3,000 no est. 34 1-2

E. Siberia—Chukchi Seas 1,000-2,000 no est. unknown unknown
World total > 40-55,000 > 3,000

& Generally, averages over the last decade were used, or median values where appropriate; includes number landed plus a 339 killed but lost rate
(loss rates are variable, and are not precise from 25-859% of total landed; IWC, 1980; 1982).
b May include some animals from Ungava Bay, James Bay and North Quebec Province. Average total take for area 1974-78 was 533 (Boulva,

1981).
¢ A quota of 40 was instituted in 1980; 43 were landed that year.

4 Population likely to be twice the historical estimate according to Murray and Fay (1979); totals include those in the Gulf of Alaska as well.
¢ 1981 estimates (J. Burns, Alaska Department of Fish and Game, pers. commun.). Does not include loss rate estimates as in footnote # description.
Some overlap in reporting between Bristol Bay and Yukon Delta occurred, hence the precise estimate of take by ‘stock’ may be different than

reported here.

STATUS OF STOCKS
Stock management units: definitions

It has been proposed that white whales and narwhals
conform to one of the following two stock-identity
definitions IWC, 1980, p. 117):

1. thatwinteringgroupsconsistofasingleinterbreeding
stock that disperses throughout the Arctic in spring and
summer, or

2. that animals found in their summering areas
represent separate stocks with wintering grounds that
may be shared by more than one stock.

Because isolated resident stocks in some areas can be
readily identified (e.g. Cook Inlet and Okhotsk Sea stocks
of white whales, and East Siberian Sea-Chukchi Sea
proposed narwhal group) and because some overwintering
occurs in high latitudes, it was decided to identify
management units as stocks according to their summer
grounds. In support of this, ‘management’ is defined as
the need for control over removal of individuals from a
stock, and thus ‘status’ of these stocks is most influenced
by hunting pressure. One problem with this concept is the
question of whether these stocks are genetically separate.
For example, mating apparently takes place from April

to June, which is prior to the time when most animals
have reached their summering grounds. Each ‘stock’ may
therefore be a subunit of a much larger gene pool.

Ognetev (1981) suggested that on the basis of body size,
white whales in the White and Kara Seas are part of the
same population. This may be true for other stocks or
populations as well, but until this is resolved by using
morphological, biochemical, or by other means, I chose
to retain the stock-management construct as proposed by
the IWC (1980).

Provisionally, 21 stocks of white whales (Table 4) and
4 stocks of narwhals (Table 5) were identified. As with
most cetacean populations, estimates of abundance for
these two species are generally crude, and none have
confidence intervals.

Abundance and removals

There are at least 40-55,000 white whales, worldwide. The
most complete data are for the Mackenzie and eastern
Canadian stocks, and the least complete are for the
Alaskan and Soviet Union stocks. Seven stocks in
Canada total 11-18,000 plus an additional 10-12,000 in
the Canadian High Arctic-Baffin Bay (one stock?). The
eastern High Arctic stock extends in winter to West
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Table 5

The stocks of narwhals: their abundance and harvest levels

Current Estimated
Abundance percentage of current annual Percentage kill
Summering stocks estimate initial removal® of stock size

High ArcticP 10,000-30,000¢ no est. 8004 > 3-8

Canada® — — 369 —

W. Greenland! — — 425 —
W. Hudson Bay® no est. no est. 28 unknown
NW Europe to E Siberian Sea several thousand® no est. unknown unknown
E. Greenland-Spitzbergen! no est. no est. low! unknown

Mansfield et al. (1975) and Davis et al. (1978).

Principally Lancaster Sound and northern bays.
Includes Thule District.

Includes Foxe Basin.

Yablokov (1974) in Reeves and Tracey (1980).

= | ™ o A o g e

Summarized from Davis ez al. (1978); IWC (1980, 1982) and Meldgaard and Kapel (1981).
Considered one stock in Canadian and W Greenland waters (Mitchell and Reeves, 1981).

Includes a 509 loss rate (Mansfield et al., 1975) which is probably low (Davis et al., 1980).

Nineteenth Century descriptions suggest that this stock was widespread and therefore probably large; presumably it did not undergo heavy

exploitation other than coastal hunting by Greenlanders (D. Sergeant, Arctic Biological Station, Quebec, pers. comm.).

—

Kapel (1977).

Greenland. The MacKenzie Delta stock (Table 4) comes
from the Bering Sea, or the United States and perhaps
the USSR (Anadyr and/or Chukchi) wintering stocks, but
this estimate (7,000-11,500) represents the number of
summering whales in the western Canadian Arctic
(Fraker, 1980, pers. comm.; Davis and Evans, 1982).

Very few recent abundance data are available for the
five or six US and USSR Bering Sea stocks, although the
US stocks are all probably small (only a few thousand
total).

Mitchell and Reeves (1981) provisionally concluded
that one stock of narwhals occurs from Baffin Bay to
Lancaster Sound (Davis, Richardson, Johnson and
Renaud, 1978) and West Greenland (Meldgaard and
Kapel, 1981). Virtually nothing is known of the other
stocks in west Hudson Bay, USSR Arctic, and east
Greenland-Spitzbergen (Reeves and Tracey, 1980;
Mitchell and Reeves, 1981). The world population
of narwhals exceeds the 10-30,000 estimate for the
Canadian High Arctic (Table 5).

The stocks of narwhals collectively are probably
producing young at a greater rate than they are being
removed by hunters; but it is obvious from Tables 1, 2
and 5 that more information is needed. Many stocks of
white whales, however, appear to be harvested at levels
above replacement yield. Estimates of natural mortality
for white whales are very crude at best (4-169)), as are
estimates of calf production (8-12%). Any margin of
error may be serious to one stock whose rate of
production is lower than the available estimates.

Of the 18 white whale stocks known to be currently
exploited, in 8 stocks harvest levels exceed net
recruitment, which was estimated by Sergeant (1973,
1979, 1981) for the west Hudson Bay stock to be greater
than 59, (Table 4). On the basis of estimates of yield
similar to those of Sergeant (1979), Brodie, Parsons and
Sergeant (1981) reported that a harvest quota of 40
animals in the Cumberland Sound stock would not
exceed net recruitment. No replacement yield beyond 40
was provided for, however. Had a mortality estimate of

0.09 been used rather than 0.045 (0.045 was the
extrapolated value from pilot whales, G. melaena) or a
lower GARR of 0.09 rather than 0.12, then no harvest
quota would have been warranted.

CONCLUSIONS AND RECOMMENDATIONS

Because of the apparent biological similarities between
white whales and narwhals, vital rates estimated for white
whales might be applicable to narwhals. However, use of
these estimates is hampered by the need for better
precision (and possibly accuracy) in estimating age.
Differences in exploitation among white whale stocks as
well as between the two species also may mean that some
vital rates have changed as population sizes changed. This
weakens the argument of a clear comparison between
species.

Catch limits have often been instituted in the absence
of any specified management objective such as a desired
level of population growth. With the proper information,
however, decision as to the potential for a sustained yield
1s possible. To do so requires that three critical
parameters be known or estimated: current population
size; annual net recruitment; and rate of harvest removal
including loss rate.

To reliably assess the status of white whale and
narwhal stocks the following information is needed.2

(1) knowledge of stock discreteness;

(2) better population size estimates;

(3) resolution of the question of age determination in
white whales, especially;

(4) better harvest data, including data on struck-and-
loss rates and mortality of struck-and-lost animals:
estimates of loss now range from 25-85Y%,
depending upon the method of take (e.g. netting
versus ice-edge hunt using high powered rifles);
and

(5) net recruitment, the most important parameter to

? These and other recommendations are covered in greater detail by
Davis et al. (1980) and IWC (1980, 1981, 1982).
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estimate; virtually noreliable estimates of mortality
and only limited unbiased information are available
on calf production.

Additional life history data for white whales and
narwhals will help in their management in two ways.
First, from an analysis of vital rates, greater insight can
be gained into population growth and recovery. In
addition, information on population growth from an
assessment of recruitment will be essential for considering
catch limits.
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