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ABSTRACT

The estimation of biological parameters is one of the main objectives of the JARPA. Background
information and interim results on the estimation of bielogical parameters under the JARPA are
reviewed and dxscussed :

1. INTRODUCTION

Japan started the research take program of minke whales (Balaenoptera acutorostrata) in the
Antarctic m the 1987/88 season, under the special permit for purpose of scientific research based
onthe Article VIII of the International Convention for the Regulation of Whaling. This pro gram is
abbreviated as JARPA , and it is planned as a long term research project for about 16 years.

The estimation of biological parametérs in the minke whale, especially the natural mortality
coefficient, is one of the main objective of the JARPA. The research program is designed to
collect biological data and materials by random sampling of minke whales from the populations
which are distributed inthe Antarctic Management AreasIVand V.

~ From 1987/88 to 1995/96 a total of nine JARPA surveys have been conducted so far. The
research precedures have been improved on the basis of constructive comments by the members
of the Scientific Committee (SC) every year. - Thus, a large amount of biological data and
materials has been accumulated during this period. Based on these biological data and materials,
many papers have been produced related to the estimation of biological parameters as shown in
the references and Appendix of this paper

Among various. kmds ofbiological parameters of the minke whale such as natura.l mortality rate,
body length and age at sexual maturity, ovulation and pregnancy rates, sex ratio of foetuses, litter
size, body l‘ength at birth, etc., the natural mortality rate and age at sexual maturity will be manly
reviewed in this document. These two kinds of parameters have been the subject of many

dlscussxon at the SC meetings.

The background and future works of the JARPA survey will be also discuased in relation to the
estimation of biological parameters.




2. BACKCROUND OF THE JARPA

2.1. Argument s about biological parameters in the SC

The full-scale commercial pelagic whaling operation to take minke whales in the Antarctic started
by Japan in the austral 1971/72 season. The Soviet Union joined the minke whale exploitation in
the next season. Based on this situation, the first discussion on the population assessment of the
Antarctic minke whale in the SC was held in 1973. Since then, discussions on assessment have
been carried out inthe SC everyyear.

A special meeting of the SC on the Antarctic minke whale was held in 1978 (IWC, 1979) after
increasing concern on managemient problems of this stock and whaling moratorium. Since then
various arguments about biological parameters, especially age-specific natural mortality
coefficient were expressed at SC meetings but no agreement was reached. Then, there was a need
to solve this problem through stochastic sampling of materials.

2.2.Moratorium of commercial whaling

The IWC decided the moratorium on commercial whaling in its 1982 annual meeting (TWC,
1983a) argumenting uncertainty in the biological knowledge on the whale resources.
Subsequently, the Soviet Union and Japan stopped the Antarctic whaling in 1987. Then, Japan
initiated a research in order to solve the uncertainty of biological knowledge and then to remove
the moratorium decision of the IWC.

2.3.Need of monitoring of population ‘ _
Biological parameters should be monitored systematically in order to investigate yearly variation
and trend. This monitoring should be carried out even under the moratorium and the JARPA
surveys are conducted for that purpose. C ‘

2.4.Need of lethal methods for the study of biological parameters .

Ohsumi (1995) compares the advantages of lethal methods with regard the non-lethal methods in
the biological studies of whales (see Table 1). He concluded that lethal methods are largely more
advantageous in the studies ofall kinds of biological parameters than non-lethal methods.

~For example, informatioﬁ. on the age of whales is essential to estimate many biological
parameters such as the age at sexual maturity and mortality rate. Lethal methods are essential for
the collectionof age characters such as earplugs and baleen plates.

2.5. Advantage of research take of whales compéred with researcl_i under the commercial
whaling . SRR

Table 2 identified several advantages of the research take of whales in comparison with the
research conducted under the commercial whaling (after Ohsumi ,1997). Therefore, the
research take should be recognised as ideal for ecological research on whales.

2.6. Comprehensive assessment of the Antarctic minke whale ' .
A meeting on the comprehensive assessment of the Antarctic minke whale populations was held in

1990 AIWC, 1991). Biological parameters such as age at recruitment, age at maturity, sex ratio,
pregnancy rates and natural mortality rates, were examined thoroughly at that meeting.



2.7.Completion of the Revised Management Procedure (RMP)

The Scientific Committee completed the RMP in 1992 (IWC, 1993). Although it is pointed out
that biological parameters are not absolutely necessary for the application of the RMP, knowledge
on biological parameters related to the MSYR is useful for the implementation trial of the RMP on
each whale stock and practical application of the RMP to reduce the range of biological
parameters which should be used for calculation ofthe catch limit.

3. COLLECTION OF BIOLOGICAL DATA AND MATERIALS

3.1. Establishment of research area and season

The IWC Antarctic Management Areas IV and V were chosen to be surveyed inalternate years. In
addition to the fact that these Areas are closer to Japan, large amount of data related to the
estimation of biological parameters had been accumulated in these Areas by Japan during the
commercial whaling years until 1986/387. These daia could be useful for the JARPA survey.

The rmearch arm in &ch year is shown by Nishiwakieral. (1997) from 1987/88 to 1995/96

The research season is the austral summer ﬁom December to March. In January and February
most of the minke whales are expected to gather the research area.

3.2.Methodology of random collection of data and materials

For the purpose to collect unbiased biological samples, the track line was desxgned to cover the
whole area uniformly. The line transect sampling procedures were applied to collect samples
proportionally to the density of whales encountered. All the schools sighted were collected and
animal (s) maschool was randomly sampled.

Detailed samplmg methods, which have been employed, are described m the cruise reports m
each year (Fujise et al., 1990b; 1993a;-1993b; Kasamatsu et al., 1993, Kato et al., 1989 1990a,
leh.lwakl etal 1994; 1995 1996). - ‘

- Two whales sampling method was applied in the early years of JARPA (1987/88-1991/92), and
from 1992/93 one whale sampling has been used Fujise et al. (in prep) examines. rightness of the
random sampling.

3.3.Data and materials collected for the objective to estimate biological parameters

The lists of data and materials including items, years, categories and numbers of data and samples
are shown in documents and as materials for this meeting. Many items of these data and materials
have been used for the studies of estimation of biological parameters.



4. NATURAL MORTALITY RATE

4.1.Previous works

Ohsumi et al. (1970) estimated the total mortality coefficient (Z) of the Antarctic minke whale for
the first time by use of slope of age and corpora albicantia distributions and ovulation rate. The
estimation of Z was 0.104. Ohsumi and Masaki (1975) further examined the Z values using the
same methods but a larger amount of data and they estimated Z to be 0.127. Ohsumi (1979a)
estimated the natural mortality coefficient (M) of the Antarctic minke whale from the interspecific
relationships to be 0.094. Kato (1982) further estimated Z values of both sexes in Areas III, IV and
V using the two kinds of approaches. :

Ohbsumi (1979b) recognized that Z =M +I, where M is the natural mortality coefficient and Lis
the population growth coefficient. Since then, in the SC the estimation of M value has been based
on the interspecific relationships instead of Z value from age distribution. '

Tillman and Chapman (1981) pointed out that a direct estimate of the coefficient of M is not
available and the currently used value of M, 0.095, was derived by an interspecific relationship.
They also stated that an accurate, unbiased estimates of M is critical since this parameter playsa
very sensitive role, when stock sizes or replacement yield are estimated.

Chapman (1983) revised Ohsumi's estimate and get the M value of 0.086 (with 95% confidence
interval 0f0.059, 0.116). In 1984, however, the SC agreed that mortality rates estimated from an
interspecific relationship would not be used, because various problems related to the indication of
increasing recruitment prior to exploitation, were presented on this technique and the SC could
not reach a consensus (IWC, 19852). In the same year views were divided in the SC on the
recruitment rate, and two sets of catch limit were proposed for the Antarctic minke whales @WC,
1985b). ‘ T :

4.2. Method for estimation of age-specific natural mortality by JARPA '
Tanaka (1988; 1990) presented a method to estimate M value from catch-at-age data and sighting
data obtained by JARPA. Denoting the number of whales of age ain year t in the stock by Natand
in the catch by Cat, M of agea whales isgivenby .- s . :

Ma = 1/k In [(Nat - Cat)/Na+k, t+k]

Here, Nat is calculated ﬁoﬁ stock abundance information obtained by whale sightings, and age
composition from the research takes. Following this principle, estimates of Heinke's mean M and
. age-specificMa arecalculated. - '

Tanaka et al. (1992) evaluated likely precision from JARPA and IDCR data. Theprecision ofthe
mean M is dependent more on the variability in the estimated stock abundance by whale sightings
than that in the age composition of the research take. Annual sample size of 200-400 whales is
expected to provide estimates with highest precision, if the total available ship-day is limited to the
present level. Estimation of age-specific Ma is more difficult than that of mean M, but there s a
good possibility of detecting age dependency, when the dependency is fairly strong.



4.3. Estimation of age distribution in the JARPA survey

4.3.1. Age characters

The earplugs and baleen plates have been collected as the age characters. The earplug is used
primarily for age determination, and for a younger individual of which ear plug is dlfﬁcult to read
age, the baleen plate is used alternatively (Fujise ez al 1 994)

4.3.2. Correction of age distribution
A crude age distribution thus obtained in each stratum should be corrected to estimate an age

distribution of total population by considering aging error and abundance. Kishino et al. (1991a)
and Fujise etal 1 994) examined on this problem.

4.4. Intenm results of estimation ofM ,
Tanaka and Nakamura (1995) tried to estimate Heinke's mea.nM using JARPA data from 1989/90
t0 1992/93, two years for each of AreasIV and V,and assuming constant stock abundance during
the penod.

The estimated values of M varied depending on Areas and on the youngest age group used for the
esttmation. When age 11 and older groups are used, the Mvalue is 0.016 for Area IV and 0.098
for Area V. CV values of these estimates are large, but it is expected that the CV would be
improved quickly as the number of years is increased.

Tanaka (in prep.) conducted the same calculation agam usmg 7 year data up to 1995/96. Under
the assumption that the population growth rate is the same between Areas IV and V, mean M for
age groups 11 and older is obtained 0.05 for Area IV and 0.12 for Area V. When the 16 year

program is completed, S.E. of M iz expected tobe0.2-0.3.

Butterworth et aI. (1996) applied ADAPT VPA technique to catch-at-age data both from
JARPA and past commercial whaling in Area IV. When M is high at 0.14, estimated recruitment
decreases monotonously from 1944, while moderate M of 0.05 gives increasing trends before
1965 and after 1980 and a decrease between these years. It is possible to estimate M value by
fitting the calcu]ated populanon trends to the observed abundance data by the IDCR.

4.5, Dnscussxon and future works :
In1992 the IWC/SC completed its work for development of theRMP This procedure uses a kind

of Bayesian approach and does not need explicitly the value of M. The RMP has been tested
thoroughly for its performance under various conditions and proved tobe practical as robust and
safe management procedure.

It may’ be said that M va.lue lost 1ts mportance by abolman of the NMP. Nevertheless,
information on M value could contribute to improve the efficiency of the RMP. In the RMP, a
possible range of u, which roughly corresponds to MSYR, is postulated to be 0.00-0.05. When ¥
=0, catch limit is necessarily zero. If it is found out that the value of y is larger than a non zero
value, then RMP would provide a higher catch limit without prejudice of safety.

Analysis of catch-at-age data will provide estimates of recruitment and its variability as well as
information on the value of M, and then direct information on MSYR, which is still an important
parameter for the management of whale stocks.



5. BIOLOGICAL PARAMETERS RELATED TO SEXUAL MATURITY

5.1.Body length at sexual matnrity

5.1.1.Previous works

Ohsumi et al. (1970) estimated body lengths at sexual maturity of the Antarctic minke whale from
Area IV.The estimations were 7.1m and 7.9 m for males and females, respectively, as represented
as the 50 % mature body length. Using the same method, Ohsumi and Masaki (1975) estimatgd
this biological parameter in whales caught mainly from Area IV, to be 7.2m and 8.0m for males
and females, respectively. Masaki (1979) examined yearly change in this parameter, and he found
there was no trend of yearly change in this parameter in Area IV during years 197 1/72-1276/77.
However, the data were provided from commercial whaling, and there is a possibility of bias due
to selection of larger whales and position of whaling ground.

5.1.2. Interim results by JARPA . )
Using the same method applied to materials collected by JARPA, Zenitani et al. (in prep.)
estimated the body length at sexual maturity to be 7.3m and 8.2 m in males and females,
respectively in Area IV, and 7.2-7.3mand 8.0 m for males and females,, respectively in Area V.

5.1.3. Comparison of results obtained using JARPA and commercial whaling samples .
It was found that the body lengths at sexual maturity in Area IV from JARPA are 0.1-0.2 m larger
than those estimated from commercial whaling data. Two possibilities are considered: one is 1.;he
yearly changein this parameter and the other is the bias by selection of larger whales and selection
of whaling ground to the pack ice margin where minke whales are distributed highly in the case of
commercial whaling. . - A .

Considering thé fact that the body lengfh at sexual maturity keeps th_e same size even if
population level changes (Kato, 1 987), the possibility of the latter case will be more plausible.
Then, this indicates that the JARPA is usefulto estirnate actual figure of this biological parameter.

5.2.Ageatsexual maturity =~ ‘ _ ‘ '

This kind of biological parameter is regarded as adriving function of change in recxjult.m'ent rate of
whales, so that it is an important biological parameter for population dynamics. Thxs. parameter
has been estimated by several different techniques as; age at which 50% of animals attamed sexgal
maturity (age at 50% sexual maturity); mean age first ovulation; mean age at sexual m?.tunty :
estimated from transition phase. The_ most common way is to use age at 50% sexual maturity, b'ut
values of this parameter for southern minke whales based on materials from the commercial
whaling are usually under-biased due to catching selectivity which tend to take larger. whales and
reproductive segregation which mature animals dominated in the whaling ground while the other
estimators are not subjected to such bias (Kato, 1987). ©



5.2.1.Previous works

Ohsumi ez al. (1970) estimated the age at 50% sexual maturity of males from Area I'V at7-8 years,
and that of females as a little later than males. Obsumi and Masaki (1975) also estimated age at
sexual maturity of females using three methods. From the change in sexual maturity withage, age
at 50% sexual maturity was 6.3 years, from the relation between age and corpora number, age of
firstly ovulated female was estimated at 5.6 years, and from the growth curve and body length at
sexual maturity corresponded to age at sexual maturity was 5.5 years. Masaki (1979) studied this
parameter by use of four kinds of approaches such as age at 50 % sexual maturity, relationship
between age and ovulation number, growth curve and transition phase. He found that the age at
sexual maturity of the Antarctic minke whale had changed drastically from 13-15 years in the
middle of 1940s to 6-7 years in the middle of 1960s, from the analysis of transition phase of
earplugs which were recognized as an age character to represent age at sexual maturity in baleen
whales (Lockyer 1972)

However it was argued at the SC meeting that the demonstrated declining trend was subject to
‘the truncation sampling problem which leads to downward bias in' mean age at maturity in'recent
cohort (Free and Beddington, 1980). The trend was also criticized from view points of possible
ageing error by Cooke and de la Mare (1983), they considered observed trend must be artificial
since large variability in ageing error. Subsequently this led to have the minke whale ageing
workshop incliding experiment to assess the magnitude of ageing error in 1983, but such big bias
to produce artifact declining trend was not detected there TWC, 1984). Sakuramoto ezal. (1985,
1986) examined nature of declining trend in relation to ageing error and they concluded that the
declining trend could not be produced by agemg error of 2-4 years absolute value which i is realistic
value for the error.

Kato (1985) incorporated the mathod to neélect truncation bias by using only individuals enough
old free from biases of the truncation bias and of possible delay for recognition of the transition
phase layer after the sexual maturity and examined further based on the temporal trend of mean
age at maturity using additional transition phase counts 1977/78 - 1982/83, and confirmed
declining trend of a sexual maturity as 12 13 years in pre-1940 cohorts to about 7-8 years in the
cohorts atthe end 0f 1960s. '

Kato (1987) further extended his previous analysis on temporal trend of age at sexual maturity
using more updated data series and confirmed the declining trend again. He also noted the trend is
supported by other several ewdences such as; changes in growth curve with cohort which recent
cohort grew faster than the older while length at sexual maturity has remained constant; meanage
of females at sexual maturity by transition phase almost agree with direct estimate of age at sexual
maturity (mean:age of females having only one corpus); possible increase in food intake in recent
cohorts suggested byanalysu on heavy metal concentration (Honda etal., 1987).

On the other hand, Cooke and de la Mare (1984) noted the age specific effect ongmally
considered by Bengtson and Laws (1985) in analysis of temporal trend of age at sexual maturity of
crabeater seal which gives one of evidence the declining trend is artifact and he found similar effect
for the Icelandic fin whales and southern minke whales based on subset of 360 individuals used in
the minke whale aging workshop. Kato and Sakuramoto (1991) examined on southern minke
whales using more large data set, but they did not find such effect.



Although Horwood (1990) also concluded the declining trend might be real in 1950s cohorts to
1960s from his overall review on the transition phase analyses and associated bias, there are still
some disagreements on the demonstrated declining trend of age at sexual maturity in pre-
exploitation at the IWC SC as described above. Butterworthet al. (1996; this meeting) has started
their new analyses. ‘ =

5.2.2 Interim results by JARPA survey
Age determination by use of earplugs and maturity determination by use of ovaries and testes have
been finished for the samples collected from 1987/88 to 1995/96. Other data suchas sex and body
length are also collected for the same period. Zenitani et al. (in prep.) analysed age at sexual
maturity by use of these data and materials using four kinds of approaches: age at 50 % of
individuals are mature, transition phase, average age of the individuals with one corpora luteum or
albicans in ovaries, relationship between age and ovulation numbers.

In the case of males, 50 % mature age and transition phase can be used, and in addition, average
age of one ovulation and relationship between age and ovulation number can be also used in
females. . S ‘ i '

The 50% mature ages are 6.9-7;4 and8.3~8.5 yws in AreasIVandV, respectively, in the case of
females, and these are 3.6- 4.7 and 4.5-5.3 years in Areas IV and V, respectively, in the case of
males. o ' .

5.2.3. Comparison of above results : ’

The 50% mature age of males in Area IV by the JARPA survey is larger than that by the
commercial whaling in which they were 2.5 years in males and 6.6 years in females (Kato, 1982).
This indicates that the figures from the commercial whaling was biased due to the selection of
whales and reproductive segregaxion in the whaling ground, so that the JARPA.is superior to the
commercial whaling to estimate this kind of biological parameter. '

However, those figures in Area V are larger thanthose in Area IV for both sexes in the case of the
JARPA. Under the assumption that most individuals in both Areas belong to a core stock,
distribution patterns of minke whales in two Areas are different due segregation, and the result of
the JARPA represents this phenomenon. ' S

The age at sexual maturity (6.6 years) of females in AreaIV from the commercial whaling during
1970s is slightly younger than those (7.0 years) in the same Area from the JARPA survey in
1987/88- 1995/96. If the effect of selection in commercial whaling is considered to be small in the

‘case of females, this suggests that the age at sexual maturity may turn to increase in 1980s
although it is extremely inconclusive. This estimation is supported fromthe possibility of decrease
of growth of the Antarctic minke whale which is examined by Zenitani ez al. (inprep.).



6. DISCUSSION

6.1. Research area and stock structure -

We must recognize correctly on the range of the chstnbutxon ofa popu]anon for the estimation of
biological parameters of the population. Therefore, population structure research has been an
important item of the JARPA survey from the beginning of the research program. - In the first
stage, it was assumed that two stocks (one in Area IV and another in Area V) of the minke whale
existed in the survey area. However, accompanying with the accumulation of data on stock
structure, it has been gradually recognized that a stock named by 'the core stock' could be
distributed in both Areas IV and V as reviewed by Pastene and Goto (1997).

Then, "the elucidation of the stock structure” has been separated and become independent from
the first and main objective of the JARPA, that is the estimation of biclogical parameters, because
we realize that the knowledge of the stock structure is the base of the estimation of biclogical
parametersand it is valuableasan mdependent objective of the IARPA.

At present, the hypothesised 'core stock' is found to be dxstnbuted outside of the west and east
sides of the research area, and we need to identify the range of distribution of the 'core stock’, as
soonas p0551ble

The combination of data from AreasIV and V is needed to obtain the total population of the 'core
stock'. However, the method of combination bas not been develo ped yet. Further reswch will be
needed to improve tlus area of study

6.2. Nhgratxon and segreganon

Accompanying with the progress of IARPA survey, the phenomenon of segregatlon by sex and
age and migration of the minke whale has become gradually to be understood (Fu_nse et al,
1990a;1991; 1992 1994, Kato, 1995).

This phenomenon should be taken into con51derat‘on to obtain the structure of total populanon
to estimate bxologmal parameters

6.3. Contribution of estimation of bnologxcal parameters by the JARPA surveys for stock
management

There are some opinions among the SC members that the RMP do not need any biological
parameters for its application, so that, the JARPA will not contribute to the stock managgmgnt
However, it is wrong. Before the application of the RMP teo a whale stock, the implement.anon
trial must be carried out, and if we have accurate information about the rate of the maximum
sustainable yield (MSYR), the range of accuracy will increase. At the practical application of the
RMP, the biological parameters contribute to calculate more catch limit figure with safe guard of
the population, as discussed in section 4.5.

The knowledge on the stock structure and its boundaries which is provided accompanying
with the research on biological parameters is directly contribute to the application of the RMP.



6.4. Need of continuation of the JARPA surveys

The JARPA program is designed to continue for 16 years, and the present stage is at the middle of
the project. We understand from some analyses that the M value gradually becomes precise
accompanied with the progress of the survey. :

It has been recognized that the data obtained through the commercial whaling are biased by the
selection of catch of larger whales in more densely distributed waters by the motive of whalers to
produce more products within limited catch quater and limited time.. On the other hand, the
JARPA survey is designed to collect data and materials of the minke whale population randomly
and systematically from wide range of research area. Such kind of biological survey is ideal to
continue even if the commercial whaling will resume in near future.

The monitoring of whale population is important ta watch the marine ecosystem, and it will not
be satisfied only by whale sightings. Monitoring of yearly change m biological parameters
will be useful not only for the understanding of mechanism of population change, but also for
independent characters of the yearly change in population.
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Taole 1. Comparison of advantages between lethal and non-lethal methods

for the study related to estimation of biological parameters of the minke

vhale (modified from Ohsumi, 1995).

Research items

Lethal

Non-lethal

Total and pfopor-?
tional hody length

Body characteristic
measurenent:advanta-
geous and practical

Photogrametry, visual
estimation:disadvan-
tageous

body weight

Total and partial -

Direct or dissection
measurement:advan-

tageous

Live capture:disad-
vantageous

.

Age determination

Collection of age
characteristics:
advantageous

External observation
of physical charac-
teristics:disadvanta-

~geaus and impracticalAf

Growth

Body length measure-
ment, age determina-
tion:advantageous

Long-term observation. -

through individual
identification:almost
impossible

Sexual maturation -

Reproductive organ

' collection:advan-

tageous

,Extgrnal‘genital

observation:dis-
advantageous and

| dangerous

Breeding season

Reproductive organ
collection and
foetal growth:advan-

tageous

Observation of mating |
behavior:disadvanta-
geous )

Pregnancy

Yerification of
foetus:advantageous

Collection of biopsy
and analysis of sex
hormones:disadvanta-

geaous

Nursing and
lactation

Analysis of mammary
gland and calf
stomach contents:
advantageous

Observation of mother-
calf behavior:dis
advantageous

Rep;oductive cycle

Pregnancy or
ovulation rate:
advantageous

Long-term monitoring
via individual iden-
tification:disadvan-
tageous
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Table 2. Comparison of surveys of research take with those in commercial

vhaling.

[tems Commercial whaling Research take
Schedule. of Need to follow the rules Need not apply any
convention decided by IYC rule to survey
Design of Should be followed by Scientist can design.
research operation of whaling. independently

company
Scale of Determined by plan of Scientist can deter-
research production of company mine accepting the

o . research purpose

Research ‘Concentrate to productive | Can operate widely
area area accepting purpose
Research Concentrate into Can operate long
season productive season accepting purpose
Resedrch Follow circumstance Scientist can decide
method ' accepting purpose
Selection of Select larger whales Scientist can decide
whales caught o accepting purpose
Processing Treat whale carcéss Can use long time

vithin short time for research
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