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Fg. 1. School of Antanctic minke whales.




Background

CHANGES IN THE ANTARCTIC ECOSYSTEM AND
INTENT OF THE JARPA PROGRAM

The Antarctic Ocean is the most productive ocean in the world and Antaretic krill with its resource quantity
being enormous, is a key species of this ecosystem. Baleen whales are also one of the main components of this
ecosystem as they feed on this abundant resource,

As the Antarctic Ocean enters the spring the ice scrapes-off the ground bringing rich nutrition salts into the
water and, when the sunlight enters the sea, the phytoplankton multiplies explosively and in tumn, the
Antarctic krill, which feeds on those mioo algae, does the same. Around the same time, the blue whales and
Antarctic minke whales which had become thin after finishing propagation in the warm seas, start to amive at
the vicinity of the pack ice margin where Antarctic krill distributes abundantly, to eat this kdll actively and
store energy for the next breeding season. Therefore, as they fed on the same prey species, both the blue whale
arl the minke whale are direct competitors in the same sea area.

When in 1204 land-based modermn whaling operations started in the Antarctic Ocean, first the easy-to-target
humpback whales became the object of capture but around 1910 the blue whale, the biggest species, which
rendered the most oil, became the main target. Since the more efficient mothership whaling was introduced
in the mid-1920s the capture quantity increased remarkably (Fig. 2) and with that the blue whale resource
decreased mpidly. On the other hand, the Antarctic minke whale had not been explofted by whaling operations
till the 1970s, because they are small and their blubber thin. With its competitor species decreasing and the
feeding environment becoming good, the population of Antarctic minke whales grew rapidly as their breeding
rate increased while their natural mortality rate decreased.

Thues, the Antarctic ecosystem including the baleen whale resources which are one of its main components
changed significantly with development of the whaling industry. Since mankind has upset the ecosystem, it
should be recovered by us. As the Antarctic minke whale has abnormally increased to levels surpassing its
original abundance before the onset of Antarctic whaling, research on this species and its environment as well
as the proper understanding of the ecosystem is necessany. On the basis of that, we will be able to advance the
rational utitization and management of the Antarctic ecosystem and its living components, With this purpose,
Japan has executed continuously the JARPA program from 1987 to 2005. A large amount of data was collected
and many new knowledge was being obtained.

This booklet has been produced to introduce the research methods and results of the JARPA to improve
understanding and gain the support of people in general.
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Fig. 2. Change in the whale species composition (number of tons) of commercial whaling catches in the Antarctic.



What is JARPA?

WHAT IS JARPA'?

In 1982, the IWC decided to place a temporary measure (momtorium) on commercial whaling from 1986 on
the basis that scientific evidence concerning whale stocks was inconclusive. On the other hand, thae IWC
agreed that the moratorium would be reconsidered by 1990 based on the "best scientific advice”, with
resumption of whaling as a premise.

JARPA was launched in 1987 /88, starting with a two-year feasibility study, and conducted until 2004 /05, It
was a whale research program spanning sixteen years, and the Institute of Cetacean Research (ICR), autho-
rized and instructed by the Govemment of Japan, camied out the surveys.

» The JARPA surveys aimed to resolve lack of scientific evidence concerning Antarctic minke
whales.

s JARPA promoted adherence to the provisions for reconsidering the moratorium placed by the TWC.

JARPA HAS FOUR OBJECTIVES

JARPA has the following four objectives to obtain the scientific information necessary for resumption of whaling.
1. The estimation of biclogical parameters® to improve the stock management of the Antarctic minke whale.
2. The elucidation of the role of whales in the Antarctic marine ecosystem.

3. The elucidation of the effect of environmental changes on cetaceans®.

4. The elucidation of the stock structure of the Antarctic minke whales to improve stock management®,

s JARPA will elucidate Antarctic minke whale stock composition by age and sex to achieve safer
and sustainable use of resources.

s JARPA will contribute to the well-balanced use of the entire Antarctic marine ecosystem, in-
cluding whales.

* JARPA will make it possible to manage resources in a safer and sustainable manner by taking a
wide range of environmental factors into consideration.

* JARPA will help to apply the safe, strict, and reliable Revised Management Procedure (RMP, see
p. 25).

JARPA IS ABSOLUTELY LEGAL

JARPA was conducted to promote the sustainable use of whale stocks, which is the purpose of the Interna-
tonal Convention for the Regulation of Whaling (ICRW), and in exercise of the rights granted by Article VIII of

the ICRW. The by-products from the program are sold according to the obligation of the Contracting Govern-
ment as stipulated thenmein,

The International Convention for the Regulation of Whaling, Article VIII
1. Notwithstanding anything contained in this Convention, any Contracting Government may grant to
any af its nationals o special permit authorizing that national to kill, take, and treat whales for
purposes of saentific research (... ).
2. Any wholes taken under these speciol permits shall so far as practicable be processed and the

proceeds shall be dealt with in accordance with the directions issued by the Government by which
the permit was granted.

I Abbrevigiion of Jopenese Whale Research Progrom wnder Special Permit in the Antorclic.
T Notwre! mortality rota, pregeancy rate. ate.

' Added from the 9tk research expedition,

* Added from the 8th reseorch axpedition,




SUMMARY

What is JARPA?

JARPA IS HIGHLY APPRECIATED BY
THE IWC SCIENTIFIC COMMITTEE

At the 1997 intersessional review meeting®, the IWC Scientific Committee acknowledged that the JARPA
program has made significant contributions for the better management of whale stocks, although some points
to be improved were pointed out. We believe that our research efforts and achievements have been acknowl-

edged by the IWC scientists.

The majaor points of the review were as follows:

® The results of the JARPA program have the potential to improve the management of minke
whales in the Southem Hemisphere. It will be useful in reducing the current set of plousible
scenanos for the RMP. and will contribute to increasing the allowed catch without increas-

ing the depletion nisk.

@ The program has the potentiol to provide answers to varous questions concerming the
trend of stock fluctuation of Antarchic minke whales in Areas IV and V. The Jopanese
suneys have made great contnbutions to eluadating the biological parameters for Areas IV
and V, and the results need to be analyzed by taking into account the new information on

stock structure.

& The program is useful for elucidating the role of whales in the Antarctic ecosystem. The
collected data should be used to venfy hypotheses such as the “krill surplus model.”

Thene are various positive passages in the JARPA review meeting repert, such as “The JARPA program has
already made significant contribution to understanding certain biological parameters,” and “the program is
yet to be completed, but knowledge on stock structure has been considerably improved.”

T T

A
Fig. 3. Sampling/sightimg vessel Toshi Maru Mo, 25 sails Fig. 4. Blological survey on the Nisshin Maru deck. One of
toward the mothership towing an Antarctic minke whale the research crews (wearing a green helmet) is measuring
the blubber of an Antarctic minke whale, Antarctic Ocean

sampled in Area IV in the Antarctic Ocean (2002,
Area IV, 2002,

Y The resuits of the JARPA program hewe been reported eveny yoar of the IWC Scientific Cormmittee, Ol in addition, the
TWL held o five-day review meating in Tokyo in May 1897, Constrctive discussions on the achisvement of the propased
oljectives and contribiution to whale stock research went or in digth, baged on Me mesults of the progrem, including the
fwo-year feesibility studfes which started in 1987/88. Forty-four scientists, from about o dozen countries, fncluaing US,
HNew Zesland, Australia, and Norwey, of the ITWC Scientific Commities participated im the review meeting,
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JARPA RESULTS

The JARPA Review Meeting called by the Government of Japan was held at the Institute of Cetacean Research,
Tokyo, on 18-20 January 2005, The purpose of the meeting was to review available data and research resulis
in light of the objectives of the JARPA and to identify future research needs an the basis of this review. A total
of 40 scientists from eight countries participated in the meeting.

JARPA results are summarized here as follows:
I} Contribution to minke whale taxonamy, IT) Results related to the main JARPA objectives, and IIT) Other
results.

I) CONTRIBUTION TO THE TAXONOMY OF MINKE WHALES
Until recently minke whales from both hemispheres were considered as
a single spedes, Baleenoptera acutorostrota. Genetic analysis based on
samples collected by JARPA has contributed to elucidate the taxo-
nomic status of the minke whale.

Two species are actually recognized, the Antarctic minke whale
Balpenpptera bongerensis and the common minke whale, Batoenoptern
acutomstrato. The former is the larger and most abundant species and
is restricted to the Southermn Hemisphers, The latter species includes
minke whales from North Atlantic, North Pacific and the dwarf minke
whale, which bives in the Southern Hemisphere.

Genetic studies conducted under the JARPA derived in two main find-

ings a) dwarf minke whale and the Antarctic minke whale are separated at the species level and b) dwarf minke
whales are closely related to Northem Hemisphere minke whales, especially to North Atlantic minke whales.
Minke whales from the Morth Pacific and North Atlantic and the dwarf minke whale from the Southern
Hemisphene belong to the common minke whale species 8. ocutorostrata.

Studies under JARPA showed that dwarf minke whales feed mainly on fish. Records of the dwarf minke whales
made during JARPA surveys showed that they are found much further south than eriginally thought, with
gighting in summaer accurring around latitude 60°5.

There are distinct morphological differences between Antarctic minke whale and dwarf minke whale that can
be detected at sea e.g. the white patch on the base of flipper. Since it was determined to halt the catches of
dwarf minke whales in the Antarctic in 1993,/94, effectively no individuals have been taken, showing that
both dwarf and Antarctic minkes can be recognized at the feld by experienced researchers.

@ EASY GUIDE )

TAXONOMY OF MINKE WHALES

® Genetic analyses conducted under JARPA have contributed to clarfy the tax-
onomy of the minke whale.

® Two species are recognized: the larger and most abundant Antarctic minke whale
{B. bonaerensis), restricted to the Southern Hemisphere and the common minke
whale (8. acutorostrata).

@ Genetic analyses under JARPA confirmed that dwarf minke whales and Antarctic
minke whales are separated at the species level and that dwarf minke whales are
closely related to Northern Hemisphere minke whales, especially to North Atlan-
tic minke whales.

® Minke whales from the North Pacific and North Atlantic and the dwarf minke

whale from the Southern Hemisphere belong to the common minke whale spe-
cies B. acutorostrata.

Fig. 5. Antarctic minke whale.
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JARPA Results — Summary

II) RESULTS RELATED TO THE MAIN JARPA OBJECTIVES ON ANTARCTIC
MINKE WHALE B. bonaerensis

OBJECTIVE 4
The elucidation of the stock structure of Antarctic minke whale

i. In addressing questions of stock structure JARPA has considered results from several technigues, ge-
netic and non-genetic. If similar results are found by different approaches then conclusions can be
drawn with greater confidence. This is considered the best strateqgy to investigate stock structure. In
JARPA useful and consistent results were obtained from the analysis of mtDNA, microsatellites,

morphometrics, mean body length of physically matured whales and distribution of parasites,

it. The results from the different technigues were consistent with the hypothesis of two stocks in the JARPA
research area, the first, named as Eastern Indian Stock {I-5tock), distributes in Areas III (East), IV and part
of Area ¥, The second, mamed as Western South Pacific Stock (P-Stock]), distributes in Area V (East) and VI

(West). These stocks would mix across a soft boundany, which would probably best be placed near 165°E.

iii. Results on stock structure in JARPA provide no support for the IWC's boundarites amang Areas ITT, IV, V

and VT,

iv. The information on stock structure obtained under the JARPA suggests that the specification for small
areas in the RMP on each 10° longitude sectors does not make sense from the biclogical point of wiew.
Results suggest the need to revise the IWC's current specifications for management Area boundaries.

o Ty
OBJECTIVE 4 RESULTS
® The new information on stock structure obtained under JARPA is in conflict with
the boundaries of the traditional IWC's management Areas.
@ JARPA results are consistent with the view of two stocks in the research area,
Eastern Indian Ocean Stock and Western South Pacific Stock. These stocks would
mix across a soft boundary, which would probably best be placed near 165°E.
\ ® New information does not support the RMP concept of 10"-wide small areas. k)
OBJECTIVE 1

The estimation of biological parameters to improve stock management of Antarctic minke whale

i. One of the major achievements of JARPA is that the program has made possible the attainment of
representative data on age composition of the stock, since minke whales are sampled randomly in the
research area. Estimation of biological parameters is based on such representative age distribution data.

ii. JARPA has been able to conduct concurrent sighting (for abundance estimation) and biological surveys
ir the research area. The estimation of biological parameters can be made by taking into consideration

data on relative abundance.

ifl. Progress in obtaining unbiased abundance estimation has been made. JARPA sighting surveys provides

results on abundance estimation that are comparable with those from IDCR/SOWER sumveys.

v, JARPA results showed a significant recent increase in the age at physical maturity. Consistent with this,
the age at sexual maturity shown as the transition phase in earplugs for Area IV suggested a constant

or a slight increase after the 1970 cohort following an earlier appreciable decline.

v. Biological parameter values are reported on a biological stock basis, specifically for the I and P stocks,
with their boundary set at 165°E. Some parameters showed significant differences between the stocks.

vi. Proportion of pregnancy in sexually matured females is high for both stocks.

vil. JARPA has provided Tnitial estimates of natural mortality coefficient using different methods. By using
the Tanaka’s method, estimations af this parameter were 0.0486 and 0.0490 for the I and P stocks,

respectively. Initial estimates of this parameter based on VPA have been also obtained.
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JARPA Resulls — Summary
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OBJECTIVE 1 RESULTS

® JARPA has successfully estimated several biological parameters of the Antarctic
minke whale, included natural mortality coefficient, on the basis of the identi-
fied biological stocks (I and P-Stocks).

® The yearly changes of some biological parameters such as a recent slight increase
in the age at physical maturity in Antarctic minke whale stocks may suggest that
less food per capita has become available for these whale stocks. ¥

OBJECTIVE 2
The elucidation of the role of whales in the Antarctic ecosystem

i.

ii.

iii.

1w

The latest technigues are used in JARPA to study distribution and abundance of krill using concurrent
whale and prey surveys. Krill distribution is associated with the extent and shape of the ice-edge and
sea bottom topography.

Antarctic minke whales and krill overlap distribution in the continental shelf slope. Distribution of
humpback whales correlated with high krill density zones in both the continental shelf slope and in
offshore areas.

Feeding studies conducted during JARPA have confirmed Antarctic krill as the main prey of minke
whales, which in turn remain a major predator of krill. Mature Antarctic minke whales consume daily
240-370kg of krill, corresponding to 3.6 to 5.3% of their body weight.

Studies conducted under JARPA have shown that the mean mass of minke whale stomach contents has
declined appreciably over recent years, and there has been a coincident decrease in blubber thickness.
Results from pollutant studies are also consistent with a recent decline in per capita food consumption
by minke whales,

v. Estimates of abundance from JARPA surveys indicate increases in both humpback and fin whale populations.
wi. There is a possible growing competition for krill amongst the baleen whale species in the region
covered by the JARPA program,
o ™
_EASY GUIDE J
OBJECTIVE 2 RESULTS
® Antarctic minke whale remains a major predator of krill.
@ JARPA surveys indicated increase in both humpback and fin whale populations.
@ Antarctic minke whales and krill overlap distribution in the continental shelf
slope. Distribution of humpback whales cormelated with high krill density zones
in both the continental shelf slope and in offshore areas.
® JARPA results suggest a possible growing competition for krill amongst the ba-
leen whale species in the region covered by the program. Y
=
OBJECTIVE 3

The elucidation of the effect of environmental changes on cetaceans

1.

1.

m.

Studies on pollutant accumulation in both whale samples and whale's environment conducted under
JARPA showed that the Antarctic Ocean is the least contaminated region in the world.

JARPA studies showed that the concentration of Hg and organechlorines such as PCBs and DODT in
blubber and muscle tissues of Antarctic minke whales is very low in comparison with concentrations
recorded in minke whales harvested in other geographic areas.

JARPA results provided evidence of changes in the Antarctic cetacean habitat (the biological emviron-
ment), which supplement the growing evidence of density dependent responses in the minke whale
population. These observations are possibly related to intra- and inter-specific competition for a single

food resource (krill). 3



JARPA Resulls — Summary
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OBJECTIVE 3 RESULTS
® JARPA studies on pollutant accumulation in Antarctic minke whale tissues
and whale environment have shown that the Antarctic Ocean is the least
contaminated region in the world.
® JARPA results provided evidence of changes in the Antarctic biological envi-
ronment, which supplement the growing evidence of density dependent
responses in the Antarctic minke whale population.
b~ A

IIT) OTHER RESULTS

1.

Photo-id pictures and biopsy samples collected by
JARPA on blue, right and humpback whales enabled
the studies on movement, distribution, taxonomy and
stock structure in these species.

Movement of right whales between Australia southemn
coast and Area IV has been reported using photo-id
data partially taken during JARPA surveys.

Genetic analysis based on biopsy samples from hump-

back whaLes.funﬁrmed the ggng raphical s&gmgathfn P 6. Hunigbiach whale:

of Stocks C (Area III), D (Area IV), E (Area V) and F

(Area VI) in the feeding ground. The sector between 1107 ad 130°E, which was occupied historically
mainly by the E Stock (breeding ground located off eastern Australia), is being occupied recently by
the D Stock (breeding ground located off western Australia).

L

-
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OTHER RESULTS

® Sighting and other non-lethal surveys in JARPA have allowed the study of abun-
dance, stock structure, distribution and movement of large whale species such as
blue, humpback, right and fin whales in the Antarctic.

® JARPA has provided important information of the stock structure of the hump-
back whale in the Antarctic feeding grounds.

v

EXCERPTS FROM THE REPORT OF THE JARPA REVIEW MEETING CALLED
BY THE GOVERNMENT OF JAPAN (JANUARY 2005)

1.

1

‘The meeting agreed that JARPA has obtained useful results from a number of genetic and non-
genetic analytical methods applied to investigate the stock structure of the Antarctic minke whalel

‘Results on stock structure will also assist in calculating abundance and biological parameter values
that relate more closely to biological stocks units.

The meeting agreed that JARPA has collected a very large and consistent data base over a 16-year
period, which provides a basis for time series analyses relating whales to the Antarctic environment
and the beginning of an ecosystem approach to the management of whale resources in the region®

The meeting agreed that JARPA has contributed to the elucidation of biological parameters of
minke whales, and improved the understanding of the Antarctic marine ecosystem’.

‘JARPA has revealed that changes have occurred in the ecosystem since the 1970s, suggesting
competition among minke and other large whales.

‘The meeting agreed that data obtained through this monitoring will contribute to the develop-
ment of ecosystem models, which are necessary for ecosystem-based management of whales!



SUMMARY

What Has Happened (o the Antarctic Minke Whale Stocks?

SUMMARY OF THE JARPA RESULTS
The results from JARPA and other activities for the Antarctic minke whale can be summarized as follows:

Changes found from 1940 to 1970:
* Increase in recruitment
* Acceleration in growth rate
* Decraase in the age at sexual maturity
* Increase in mercury intake

Changes found from 1970 to 1980:
® Decrease in recruitment
* Halt in the decreasing trend in the age at sexual maturity
& Mercury intake stabilizes at fixed level

Changes from 1980 onwards:
* [ecreasing growth rate
» Decrease in blubber thickness (from 1980 to present)
= Decrease in stomach contents weight (from latter half of 1980 to present)
* Decrease in mercuny intake

AN INTERPRETATION

The results from JARPA are consistent with the behavior to be expected of baleen whale populations compet-
ing for a dominant single food resource, kill. The following possible changes are considered to have occurred

in the Antanctic minke whale stocks.

Feeding conditions became favorable for the Antarctic minke whales around 1940, at the latest, with the
depletion in large baleen whales such as blue and other whales due to overhunting, and the nutritional status
of each minke whale individual improved. Thus, growth rate increased for the minke, and they grew to mature
body length earlier, reaching sexual maturity younger, Declining age at sexual maturity and increasing preg-
nancy rates were also observed in fin, humpback and other large baleen whales, suggesting improved feeding
conditions for them as well. Overall improvement in feeding conditions is indicated, arising from lower
population density due to the decrease in the number of large baleen whales which consumed huge amounts
of krill in the Antarctic Ocean (Kato, 1987).

The amount of available prey (krill) per Antarchic minke whale as a consumer became restricted about 1970.
Around that time, growth rate and the declining the age at sexual maturity slowed down. By 1980 a halt in the
latter trend was observed. Tt seems that the growth rate of whales in year dasses of the 1990s was lower than
that of those in year classes of the 1980s. The change in feeding conditions was reflected in blubber thickness.
Blubber thickness of Antarctic minke whale has shown a constant decline since 1978/88. Also, the number of
humpback and fin whales which are higher in their niches than the number of Antarctic minke whales,
migrating to the Antarctic increased from 1990, This suggests the recovery of these stocks, while indicating a
further deterioration in feeding conditions for Antarchic minke whales.

Other factors that may have contributed to the changes in feeding conditions include emdronmental changes
such as global warming. Melting of fast ice in the seas around the Antarctic Peninsula has been reported, and
a decrease in the number of penguins which incubate on ice has been observed (Croxall et al., 2002). However,
Areas IV and ¥ of the Antarctic Ocean, which are the concemn of this paper, are on the opposite side of the
Antarctic Peninsula and no major melting of fast ice has been reported to date, Analysis of satellite data and
oceanographic observations carried out in the JARPA programs have not shown any constant change in the
marine environment, although annual Auctuations due to El Nifo and Lo Nida have been observed (Watanabe
et al., 2005).

It is highly possible that nutritional conditions for the Antarctic minke whales have changed due to competi-
tion with other whale species such as the humphack whale, and possibly the change in camrying capacity, in
the Antarctic marine ecosystem.

11



What Has Happened to the Antarctic Minke Whale Stocks?

This provides strong qualitative evidence that competition for prey (krill) plays an important role in the
dynamics of the Antanctic ecosystem. Modeling studies need to be developed further to ascertain whether such
competitive effects alone can fully explain the trends observed, or perhaps there is a need to postulate
environmental shifts in addition.

For the appropriate management and sustainable use of Antarctic minke whale stocks, we would need to
collect not only data on abundance and biological parameters of major whale species, but also data on their
habitat environment and their responses to environmental changes,

Pre-commercial Whaling

(-1904)

Antarctic ecosystem
dominated by large baleen
whales

(1940 -1950)

' Blue, fin and humpback whales -
decreased by the commercial
whaling

(ab.1970)

Feeding conditions for Antarctic
minke whales became favorable

Precocious sexual maturity

Antarctic minke whales increased
and bacame dominant

Current status

Humpback and fin whales are
recovering

Antarctic minke whales
distributed closer to ice-edge

Antarctica

Fig. ¥. Antarctic Whale Dynamics.






CURRENT JARPA OUTLINE (1987/88 - 2004/05)

RESEARCH AREA AND SAMPLE SIZE
Table 1. Research area, effort and number of samples for JARPA expeditions,

[ristance R Actual number of

Research Days iy
SRESON iy ¢ Research ama searched Antarctic minke
2 el surveyed o milesy PSSt e camplect

1087/88 Feasibility s. Part of area IV 69 B.482 300 (£10%) 273(1)

1988/29  Feasihility s. Part of area \/ 80 9,614 300 (+10%) 241(5)

1589,/90 1st Area IV 97 17,004 300 (+10%) 330(3)

1900,/91 2nd Area V 94 14,760 300 (+10%) 327 (4)
1991/92 3rd Area IV 112 18,205 300 (+10%) 288

1992/93 4th Area V 113 13,492 300 (+10%) 330(3)
1993/94 5th Area TV 107 17,933 300 (£10%) 330
1994,95 Gith Area V 109 14,039 300 (£10%) 330
1995,/96 7th Area T1T (East) R IV 118 21,456 400 (£10%) L40F
1996,/97 ath Area V & VI (West) 103 17,756 400 (£10%) 440
1997,/98 oth Area I1I (East) &IV~ 98 16,462 400 {+10%) 438
1998,/09¢ 10th Area V & VI (West) 78 7,494 400 (£10%) 389
1999/2000  1ith AreaIII (East) &IV~ 97 16,342 400 (+10%) 439
2000/01 12th Area V & VI (West) 100 20,486 400 (+10%) 440
2001/02 13th Area IIT (Fast) & IV 101 19,767 400 (+10%) 440
2002,/03 14th Area V & VT (West) 96 18,126 400 (+10%) 440
2003,/04 15th AreaITl (Fast) &IV 95 19,287 400 (+10%) 440
2004,/05 16th Area V & VT (West) 92 18,712 400 (+10%) 440

! The annisal sampling size was st down as 300 whales (+10%) based on stock hypotheses from the commendial whating days. With
the progress of JARPA msearch it became apparent that the meults did mot tally with the hypatheses, Tt became necessany to eopand
the research ares in two directions (East and West), and take an additional 100 whales (=109 per year fiom the extendsd regions
in oeder to delve into the question of stock structure,

# Includes dwarf minke whales (figures in parentheses) sampled during feasibility surveys and first four reseanch expeditions (16
individuals in total),

£ Actual rumber of samples, miles and days surveyed decreased duse to a fire incident aboard tha research mothershigp.

17 ‘ _
e o g Fig. 9. Map of the Antarctic Ocean, The Roman
I ; numerals indicate IWC management areas and
= R | the research areas surveyved by JARPA,

14




RESEARCH PERIOD

The austral summer season, from the end of November or beginning of December to the middle of March the
nexct year. Sighting surveys for cetaceans are also camied out in the low to middle latitudes of the southem
hemisphere on the way to the research area and back,

RESEARCH FLEET
One research mothership, three sampling/Sighting vessels (with the exception of the 1st feasibility survey,
which used two), and one dedicated sighting vessel (since the 7th expedition).

MAIN RESEARCH ORGANIZATIONS

The Institute of Cetacean Ressarch implements the pragram authorized by the Government of Japan, in
association with other orgamizations, employing vessels owned by Kyodo Senpaku Co.

RESEARCH ITEMS

1. Sighting surveys

The dedicated sighting vessel and the sampling/sighting vessels record schools and number of animals in the
research area by whale species in accordance with the line transect method (see Survey Methods, p. 17).

2. Biological surveys
On the mothership, collection of various samples (tissues for DNA analysis, ear plugs, etc.) and research is

conducted on more than one hundred items (see Survey Mathods, Table 4).

3. Dther surveys
Other surveys not directly related to the JARPA main objectives include: recording natural markings, satellite
tagging, taking biopsy samples, conducting acoustic surveys and oceanographic observations, ete.

OVERSEAS COLLABORATION

Joint research work with scientists and research institutions from overseas and within Japan making use of the
data obtained through JARPA surveys is being carried forward in almost every research field presented in this
booklet.

Fig. 10, The Institute of Cetacean Research.

Fig. 11. Research veszel lsaving Shimonoseki Port.

15



| SURVEY METHODS
Track Line

SURVEY METHODS

Both sighting and biological surveys (data measurement and capture of samples) were carried out concumentiy
in the JARPA program.

TRACK LINE

Sighting activities were camed out in the JARPA surveys. The research area was stratified into several small
areas. A zigzag track line was set across every 4 degrees in longitude in the southem waters {excluding the
Ross Sea), and in the northern portion, according to the distance calculated by days of surveying. The starting
point was set down randomly every year, using a table of random numbers, so as to avoid going over the same
track line (see Fg. 12).
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Fig, 12. Track line model diagram in areas TIT {East), IV W and VI (West) in the Antarctic Ocean (anly shows
the main track lines),
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SURVEY METHODS

Research Fleet

RESEARCH FLEET

The research fleet was made up of five vessels: one dedicated sighting vessel, three sampling/sighting vessals,
and one research mothership (Figs. 13 to 18 show vessels used for research).

Fig. 13. The dedicated sighting vessel Kyoshin Maru No. Fig. 14. The sampling//sighting vessel Yushin Man

2 navigating ice fioes in the Antarctic Ocean, Conducts sailing 0 close prosdmity to an icebeng (69.61m, 720
echo-sound research on krll esources and oceanc- tons).

graphic surveys besides sighting surveys (68,18 m, 372

toms).

Fig. 15. The samplting/sighbing wessel Kya Mam Bo, 1, Fig. 16. The sampling,/sighting wessel Yushin Marn MNo.

Since 1987 /B8 takes part every year in the JARPA 2. Joined the research fieet from 2002/03. Fithed with

program {69.15m; 812 tons). poeanographic research equipment, besides its capacity
to perform sighting/sampling surveys {69.61m, 747
rons).

Fig. 17. The research mothership Nisshin Maru, From Fig. 8. The fisheny research vessel Kaiyo Mamu (Japan
hene instructions ane given to the sightingsampling Fisheries Agency) joined 2004,/05 JARPA for oceano-
vessels, Biological surveys and processing of by- graphic and krill survey.

products are performed here (129.58m, 7,659 tans).



SURVEY METHODS

Role of Research Vessels

ROLE OF RESEARCH VES5SELS

The dedicated sighting vessel leads the fleet and camries out research activities, taking care not to bother or
affect the whales, and tries to estimate the exact number of whales in the research area. The dedicated
sighting vessel, besides camying out sighting activities, surveys krill abundance using echo-sounding equip-
ment, and conducts oceanographic observations using the XCTD and CTD {expendable and fixed instruments
for measuring vertical distribution of salinity and water temperature), EPCS (Electronic Particle Counting and
Sizing System: a surface biotic environment monitoring system which automatically measures sea water
temperature, salinity, dissolved oxygen, chlorophyll), and other research ibems as shown in Table 2.

sampling/sighting vessel

Dedicated sighting vessel -

(Goes o laas! 12 nauticsl mmmwm:mlmumml

Sub-courss

7 nautical miles

Main course

7 nautical miles

E - Sub-course
Mizshin Maru,

ha reeaach molhemhip

<>

Fig. 19. Configuration of the research vessels, The dedicated sighting vessal goes ahead, Tollowed by
the three sighting/sampling vessels, engaging in sampling acthvities, and the research mothership
brings up the rear.

The three sampling/sighting vessels follow the dedicated sighting vessel, along courses set down parallel to
that of the dedicated sighting vessel in the center (Fig. 19). The three pick out animals for sampling from
schools of Antarctic minke whales they spot. The selection is done in strict accordance to the nules, choasing
the animal using a table of mndom numbers so as to impartially pick out a sample representing the whales
distributing in the whole research area, The research mathership brings up the rear, taking care not to disturb
the activities of the other vessels,
Apart from acting as the commander
of the entire research program, she
takes aboard the samples caught by
the sampling/sighting vessels and
carmies out various biological research
as well as by-product processing.

Fig, 20, Survey crew engaged in sighting
activity in the top barrel. In the top bar-
rel, these ame always 3 cbesensers constantly
engaged in whale searching along the
sUPvEy course, using binoculars ftted with
a special graduation scale. The top barmd
is about 20m from the sea surface, and
distance to the horizon is about 9 nauti=
cal miles {17km). In front is the angle
estimation board. Sighting survey is per-
formed each day from 7:00 to 19:00,
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Sighting Surveys and Experiments

Fig. -21. Looking back towards the stem from the top Fg. 22, XLTD data monitor, Oceanographic survey data are
barral. processed on boand,

Fable 2. Major items covered in the JARPA sighting survey research,

b b
W 35V Ssy E .T,SSI';. Mathership

Ttems Kyoshin hyo Yushin ndink Nisshin
Maru Maru Maru Maru Maru
Mo. 2 MNo. 1 MNo. 2

Cetacean sighting record
Sighting effort record
Weather observation record
Sighting distance and angle experiment
Matural marks (photo-10)
Biopsy sampling

Whale acoustic monitoring
Marine debris survey

ACTD = survey

CTD Y survey

EPCS ® survey

Satellite tagging experiment
Scientific echosounder survey
Ice-edge record

W W WY e e -
| S}l ¥ OF S = ¥
| W) ¥ F oY op #
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~

i Oedicated sighting vessel; " Sighting fsampling vessel: =¥ Device to detesmine salinity, tempamtume and depth; ® Surface Biotic Ensinon-
ment Moritaring System: Device for automatic meassurement of surface sea water temperatune, salinlty, dissolved oxygen and chicmophyll,

Ll LLLLiLiLiLiLiLiLo

Fg. 23, The 5V and the 55¥s camy out oceano-
graphic surveys with state-of-the-art equip-
ment, Left: CTD main frame {SBE-18). Center,
abpenpe: EPCS flunrescence photometer. Center,

E Belows The vessel’s LAN system hub,



SURVEY METHODS

Cetacean Sightings

CETACEAN SIGHTINGS

What kind of whales inhabit the Antarctic Ocean?
Table 3 shows the whale species and the number of
schools and animals sighted in the JARPA surveys.
The largest number sighted in all research areas are
Antarctic minke whales. They are followed by hump-
back whales, with frequent sightings in Area IV, Fin
whales have also been frequently spotted in recent
years. As for toothed whales, the most often sighted
is the killer whale. Marmy sperm whales have also been

sighted.

Fig. 5. Sperm whale and its chaactenistic blow.

Fig. 24, Antarctic minke whale surfacing. The pointed
head is characteristic,

Fig. 26. Blue whale in the Antarctic Ocean. The Blow is tall,

reaching 9m or more in height. Body bluish grey in color,
the head iz broad and U-shaped, and the dorsal fin rala-
tively small.

Takle 3. Number of sightings by species ohsersed in the JARPA cmuises in each Area bebween 1987 /88 and 200405,

Research area | Eastem Area 11 | Winole Area IV | Whole Area V| Western Area VI Total
Surveyed distance [ Miles) 33,010 127,154 111,.B6% | 23,178 295,210
Whale spacies Schools| Ind. [Schools| Ind. (Scheols| Ind, _'5-:hu4:|L=, 111|:|: Schoals [ Ind.
Antarctic minke whale* 1,608 | 4,707 | 9,587 |28,009 (11,756 |33,239 1,211 2,502 | 24,162 | 68,547
Dwarf minke whals 0 i) 17 18 2] i 7 : 1 1 a4 B5
Humpback #hale 340 | 1,617 | 4,720 | 8,916 23| 1.66% 280 437 | B2 |12.67%
Balesn Fin whale 285 | 1,244 245 | 1,344 40 1,383 B3 188 | 1,022 | 4,174
whales Blue whals a2 162 B5 108 N 12410 15 21 439 415
Southemn right whale 2 . 123 147 i2 i3 i 0 137 162
Sei whale 1] a &4 g 19 14 g 2 25 &1
Large baleen whales 330 Fil 45 Toh 514 1.D]i‘f 155 265 | 1404 | 2,.7E0
Killer whala 131 6713 719 10,044 515 | 7,006/ 34 369 | 1,399 | 180G
Long-finned pilat whale 0 0 68 | 3421 | ED5 0 0 91 | 4226
Sperm whale 4a0 B13 | 2012 | 2002 | 1049 1,209 135 138 | 3,695 3852
Southem bottlenase whale 261 483 783 | 1,430 132 7] 102 183 | 1.484 2,704
Armou’s beaked whale & 57 15 138 4 #30 L] 0 &0 525
Gray's beaked whale ) 44 1 = 10 34 4 11 24 ]
Toathed | Strap-toothed whale 2 :f 1] 1] 3 & 0 i] 5 13
whales Hourglass dalphin 22 tah a9 634 196 | 1,249 1 K 318 2,034
Southem right whale dalphin 0 0 1 13 1 15 0 0 z E (1
Spectacled porpaiss 0 i a 0 2 2 (4] ] 2 F)
Beaked whales 4B 561 | 1,491 | 2643 | 1,064 1,894 173 213 | 3.076| 5371
Pilot whales 1 g 43 2,070 24 617 1] 0 6&| 2092
Mesaplodan sp, 13 £ 10 AL 21 ik 5 7 45 120
* Including *Hke-minks",




SURVEY METHDDS

Biological Surveys

BIOLOGICAL SURVEYS ON BOARD THE RESEARCH MOTHERSHIP

Antaretic minke whales taken by the sampling/sighting vessels undergo detailed examination aboard the
research mothership. It is cutfitted with a huge scale that can weigh the whole whale, and the laboratory is
equipped with an ultralow temperature freszer, biological micoscopes, blood analyzer, and other instruments
necessary for research purposes. The biological research covers more than one hundred items, from observa-
tion of the bady to taking photographs and measurements and various biological samples, and is undertaken
by experienced research crew, Table 4 shows a list of research items taken in the biclogical surveys, but
different kinds are collected for other research and collaborations with various research institutions. After
returming to Japan, the collected data and samples are handed over to scientists of specialized fields for
analyses. Once all the examinations are completed, the whale carcass is processed on board as by-products of
research in accordance with the Intermational Convention for the Regulation of Whaling.

Fig. 27. Measuring of body proportion. Fig. 28, Detailed examination of the shull.

Table &, Major items covered in the JARPA biological research.

Items § Bone gn: e Doz oz
Mapnological ohsermtion ALL Ipadl. Samplireg of skin, Blubbar, muscle, Liver, kidrey and haarnt Alll il
Phatographic recand of external chamoters (3 pars) ALl i, temsues for genetlc study

Measurement of body length ALl [, Sampling of muscle, fiver and kidney Basues for beavy Al (e
Maazurement of exbesmal propoftioes (20 parts) AL . metal analyss

Bady weight All I, Blubker and tiver tissuses for organachlorine aralyss All [rd.,
Body weight by total weight of paite 1ind, / day

Skull messurement {length and bradth) LT R Muscie, blulber and Liver Eissues for Gipid analysis Lind. / day
Srandard measurement of blubber Ehckness {5 pobhts) Al ind, Wright of testis and epididymis Akl males
Detailed measwiement of blubber thicknass (14 paints] 1indl / day Histological sample of testis All males
fiatom fm record and sampling Allind;  Histological sasple of epichidyma Al males
Weight of stomach cantent In each comparmant &l End. Testis ane epldidymis stamp smear for sperm detection Al males
Evaluation of digestion stage and fuliness of stomach content Al tnd,  Measurement of mammary gland [max. length and breadth) Al females
Stomach comierts fod food and feeding study Feeding ind.  Breadth measirement of uterine hom ALl Females
Stomach comtents for heawy metal analysis Zomeind.  (bseration and sampling of ovaries AL females
Stomach comterts for amanschlodie anaysis Sameind.  Sampling of erdametrum tasue Al females
Stemach contents for fatty acid anaysis fameind.  Obsenvation and sampling of mammary gland Hssus ALl females
Kumber of ribs &ll nd. Fetus collection Wery small cnes
Seum sample for physiolagical study &l ind. £&im, blubber, muscle, 7er, kidney and heart Hissoes ALl Fetipas
Easplisg fior age debermination &1l ind. of Fetu= for genetic study

Tympanse bone for age determingtion Allind.  Photogesphic record of fetas Al Fetumes
Largest balean plate for age debermiration Al ind, Fatus wright and body length Al Ferhuses
Largest balssn plate for morphalogical and chemical analysis  AlL ind. Heasuresent of fetus hody proportions (parts) M Fetumes
Vartehral piphyses sample All ind. Wilk sample for chemical analysis Lactating females
Dhservation and collsction of exteral pamsites Allind-

Ghservation and collectinn af intemal parasibes Allind.  Checking [Mscorvary marks Marked whales
Frepasation of skull specisen and detalled measumments - Two whales  Collecting skeletons A5 aggopriabe

21



JARPA RESULTS

Taxonomy of Minke Whales

TAXONOMY OF MINKE WHALES

Uritil recently minke whales from both hemispheres were considered as a single species Balpenoptern acutomstrata,
Genetic analyses conducted using JARPA samples contributed to elucidate the taxonomic status of the minke
whales. For example these analyses confirmed the previous view based on morphological analyses that two
species of minke whales exist: the Antarctic minke whale, Balpenoptern bonaerensis and the common minke
whale, 8. ocutorostrata.

The former species is the larger and most abundant species and is restricted to the Southern Hemisphere, The
latter includes minke whales from the North Atlantic, North Pacific and Southern Hemisphere dwarf minke
whales, Genetic studies conducted under JARPA found that dwarf minke whales were separated from the
Antarctic minke whales at the species level and were more closely related to the Northerm Hemisphers minke
whales, especially to the North Atlantic minke whales (FRg. 29).

Studies under JARPA also showed that dwarf minke whales feed mainly on fish. Records of the dwarf minka
whales made during JARPA surveys showed that they distributed much further south than originally thought
with sighting in summer eccurring around latitude 60°S.

Distinct morphological differences exist between Antarctic and dwarf minke whales that detectable at sea elg.
the white patch on the base of the flipper. Since the catches of dwarf minke whales in the Antarctic was
determined halt in 1993 /94, effectively no individuals have been taken, showing that dwarf and Antarctic
minke whales can be comectly identified at the field by experienced researchers.

Sperm whale Pryrater mecovephalur

Lunafoena sartralls

Sowthem right whals

* Folnamaptes sl
Blug whals
* Megopdern sovessplise
Humpback whale
— i S — A. hetosranns
Antanctic minks whale
. :
Cemmm pinke whale (Shers Sepiiphee dval]
Ll
L]
E B sooforestrata
Commar minke whale (Herth Amtastic) =

Cammen mirke whale {Noeth Pacific)

Fig. 29. Piwlogenetic analysis of minke whales based on mtDMNA, For comparizon, other large whale spacies
examined under JARPA, such as humpback, blue, and Southern right whales ame included.




JARPA RESULTS

Stock Structure

STOCK STRUCTURE HYPOTHESIS

One of the main cbjectives of JARPA is to elucidate the stock structure of the Antarctic minke whales to
improve stock management. Description and identification of stock structure is important for the estimation
of biological parameters and the application of RMP to effectively manage this resource.

Minke whales are believed to undertake seasonal migrations between feeding grounds in the Antarctic waters
in summer and breeding grounds in the tropical or temperate waters in winter. The JARPA surveys in Areas
IIIE, IV, V, and VIW cover the Antarctic regions adjacent to the easterm Indian Ocean and western South Pacific
Ocean where breeding grounds for the minke whales are suggested to be located. The hypothesis to be tested
is whether or not minke whales from genetically different stocks occupy the JARPA research area. It could be
either only minke whales from the same stock (single stock scenario) or those from the different stocks
migrate into the area (two-stock scenario).

In order to test the above hypothesis, genetics (stock differentiation in mtDNA and microsatellite genetic
variation) and non-genetics (stock differentiation in mean body length of physically matured whales,
marphometrics, and infection rate of Armisakis simpiex) analyses were conducted using the Antarctic minke
whale samples collected during the JARPA surveys from 1987/88 to 2003/04 seasons, The best strategy in
identifiying stocks is to use the multi-approaches as acknowledged by many other studies.

The different kinds of analyses showed the similar pattern of the stock structure,

III (East)+ IV V (East)+VI (West)

Fig. 30. Haplotype frequencies of mtDNA in the minke whales from the Areas IT1 (East) + IV and V (East) + VI {West).

For instance, mtDNA analysis found substantial genetic heterogeneity between the whales from III (East) and
IV and those fram V (East) and VI (West), suggesting these whales came from genetically different stocks (Fg.
30). Mean body length at physical maturity significantly differed between the whales from III {East), IV, and
W (West) and those from V (East) and VI (West) (Fig. 31). Furthermore, infection by the parasite Anisakis
simplex was obsarved mainly in the whales from Areas V and VI (West) (Fig. 32).

Two different stocks of Antarctic minke whales

in the research areq, i.e., | and P-Stocks.




JARPA RESULTS

Stock Structure
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Fig. 31, Mean body length at physically matue minke Fig. 32, Infection rate by Anisakis simplex in minke whales
whales from Areas ITI (East), IV (West), IV (East), V (West),  from Areas ITI (East), IV (West), IV (East), V (West), V (East),
V¥ {East), and VI (West). Horizontal limes indicate the and VT (\West}.
average length.

The multi-analysis approach supported the two-stock scenario in the JARPA research area. Fine scale mtDNA
analysis suggested that these stocks could mix around the soft boundary placed at approximately 165°E. The
results also provided no support for the IWC-defined stock boundaries in the Areas II1, IV, V. and VI. The mixing
rate between the two stocks in the mixing region may vary temporally and spatially due to biotic and abiotic
conditions, and the extent of the changes should be investigated in the future years.

The above results wene consistent with the past mark-recapture studies conducted in these areas, undermeath
geography, and oceanographic conditions. Given that the JARPA research area is adjacent to the two sus-
pected breeding areas, it is likely that whales might come from the breeding grounds in eastern Indian Ocean
and western South Pacific. These stocks were therefore named as ‘Eastemn Indian Ocean Stock (I-stock)’ and
Westemn South Pacific Stock’ (Fig, 33).

Area V|
Area |l (East) Area IV Area V f'al;ul'E:s.t]
g >

120°E 140°E 160°E 180° 160°W 140°E

40°E 60°E BO'E 100°E
- - —

= -150°S
I-Stock P-Stock

BO0'S

os

BO'S

Fig. 33. Stock structure hypothesis based on the multi-analysis approach.



JARPA RESULTS
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ELUCIDATION OF THE STOCK STRUCTURE OF ANTARCTIC MINKE WHALES

Understanding of the stock structure (identification of the number of stocks and their geographical and
temporal boundaries) is important for the sustainable use of the Antarctic minke whale. Biclogical parameters
are believed to differ among stocks; therefore the estimation of such parameters should be ideally conducted
on the basis of individual stocks, Information on stock structure in this species is also useful for the safier and
more effective implementation of the Revised Management Procedure (RMP)®,

Stock structure under JARPA is investigated using different approaches: genetic analyses based on mitochon-
drial DNA and nuclear DNA (microsatellites) as well as morphological analyses, including measurements and
comparison of the body proportions, Ecological markers such as pollutant burden and parasites load are also
used for this purpose.

INFERRING STOCK STRUCTURE USING GENETIC METHODS

In most amimal species, genetic information is passed from generation to generation as a gene. Malecular basis
of the gene is a substance called DNA. In a cell, two different kinds of DNA exist: biparentally-inherited nuclear
DNA in the nucleus and matermally-inherited mitochondrial DNA (mtDNA) in the mitochondria. Genetic infor-
mation is encoded in DNA simply in the sequence of four bases, adenine (A}, guanine (G}, thymine (T}, and
cytosine (C). Although gene orders (blocks of DNA sequences) are in general the same within a family, genus,
or species, DNA sequences may differ between individuals within any of these groups (this is called genetic
variation). Different sequences in mtDNA are called "haplotypes” and each of them can be designated by a
numeral or character as shown in Fig. 34, so that haplotypes frequencies within samples are calculated.
Microsatellite nuclear DNA consists of alleles that are armays of different numbers of base repeats (GAGA....GA}
as shown in Fig. 34, so that allele frequencies within samples are calculated. Heterogeneity in the haplatype
or allele frequencies among the samples can be then statistically tested in order to see if there is any evidence
of genetic differences existing between the samples. If genetic differences exist, then this could indicate that
the samples came from genetically different stocks, suggesting existence of multiple stocks in the sampled
anea.

& Revised Manegement Procedure (RMP)
I the RMP. catch guotos ore celowloted for smoll “smali-greas”™ thet have been occupied by wholes from one stock, in

consideration of various risks o the resources. The enly two values required as input for the cotch imit algorithm, the
hirsis on which the RMP works, are the present ohundence estimabion and the date on historcol cetches, The effective
applicotion of the RMP rests an “smoil-oreas™ based on the fnformation on stock structure. The elicidation of stock
structure ond distrabution (s one of the objectives of JARPA and, therefore, the program should contribute to improving
the implementation of the RMP for the Antarctic minke whole if the surveys achieve the proposed obifectives. It will olso
contribuie to betler managemeant ond sustainglle wse of whaoles,
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Stock Structure
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Fig. 34, Scheme of mtONA and microsatellite analysis,
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Biological Paramelers

ESTIMATION OF BIOLOGICAL PARAMETERS

Biological parameters such as natural mortality rate, recruitment rate, age at sexual maturity and age at
physical maturity are useful to improve management of whale stocks, and the JARPA surveys have made major
contributions in this respect.

BASIC DATA FOR BIOLOGICAL PARAMETER ESTIMATION

Estimation of biological parameters require for basic understanding of age, reproduction and growth. In order
to cbtain these basic data, earplugs, testes and ovaries are collected and analyzed in the JARPA surveys,
Earplug is formed in the external auditory meatus of baleen whales and the core of earplugs shows striped
pattemns (growth layers: a pair of light and dark laminae) like tree rings. Individual age is obtained by counting
growth layers in earplug (Fig. 35). Sexual maturity and reproductive status can be determined by obsenvation
of testes and ovaries. The growth continues even after
attainment of sexual maturity. Physical maturity is attained
when growth has ceased. Physical maturity status can be
investigated by examining cartilage between centrum and
epiphysis {condition of ossification) in Bth dorsal verte-
brae (Fig. 36).

A% darsal
variebra

I LAMTHA

LAMTHA  Cerdrum

Caniags  Epphyes

Fig. 35. External view of the earplugs of an Antarctic minke
whale {left). The picture in the right is a transversal section of
an earplug showing the growth Layers,
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whaole cartilage partial cartilega no visie
] Exists cartilage

Immature Mature

Fg. 36. Criterion of physical maturity. Stained saction
of 69 dorsal vertebra of three Antarctic minke whales,

ELUCIDATION OF BIOLOGICAL PARAMETERS CONTRIBUTES TO RMP

The RMP, the whale management procedure to be implemented, is considered to work safely based on two data
only (the presently estimated abundance and data on past takes). However, elucidation of biological param-
eters is important to make the RMP even safer, and for the optimal use of resources. This is because the RMP
is basically designed with MSYR (maximum sustainable yield rate) as a concept; although direct input of the
ahave two values is sufficient, elucidating biological parameters will help to estimate MSYR more accurstely.
As the RMP is applied on a stock basis it is necessary to know the dlassification and distribution range of each
stock, Obtaining these data as a result of JARPA research will increase the catch quota without the risk of
depleting whale stocks and contribute to a more effective way of utilizing resources.

i
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Age al Sexual Maturity

LONG-TERM TREND OF AGE AT SEXUAL MATURITY

It is generally known that the transition phase of growth layers in earplug is an indicator of the age at sexual
maturity. Without using this characteristic, it is impossible to estimate the age at sexual maturity of an mature
animal and to calculate its cohort by back-caleulation from its age at capture. We are able to know long-term
trend in age at sexual maturity of Antarctic minke whales by using age and transition phase data.

The analysis of commercial whaling (1971/72-1986,/87) and JARPA (1987/88-2003,/04) data in Area IV
revealed again that the age at sexual maturity declined from 12-13 years in 1945 cohort to around 7 years in
late of 1960s cohort (Fig. 37). By incorporating new data set by JARPA, it was newly found that the decline of
age at sexcual maturity until 1970 cohort which was identified by previous studies had no longer continued and
the mean age at sexual maturity had remained constant at 7-8 years or slightly increased from the early 1970s
to the late 19805 cohorts; so that these results may suggest less food availability for Antarctic minke whales.

Mean age at sexual maturity
cnmEmEORNEODONS S

1830 1835 1940 1950 1955 1960 1965 1975 1960 1985 1990 1995
Cohort

@

29 Female
20
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16

14 |

12 - ]
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Mean age at saxual maturity

O R &
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Fig, 37. Yearly change in mean age at sexual maturity derved from transition phase in earplug by cohort for each
sax in Area IV, Olosed circle shows mean age ard salid line shows range of standard deviation.

Changing biological parameters of
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Estimation of Biological Paramelers

ESTIMATION OF BIOLOGICAL PARAMETERS BY STOCK

Analysis of JARPA data revealed that two stocks of Antarctic minke whale (‘Eastern Indian Ocean Stock™ I-
stock and ‘Western South Pacific Stock’: P-stock) are distributed in the research area. Various biological
parameters were estimated for each stock by using JARPA data obtained from 1987 /88-2003,/04 survieys.

Sexual Maturity

Body length at which 50% of males attained sexual maturity (male body length at sexual maturity) was
estimated as 7.3m for I-stock and 7.1m for P-stock, respectively. Age at 50% sexual maturity for male was
estimated as 5.3 years for both stocks.

Female body length at sexual maturity was estimated as 8.2m for I-stock and 8.0m for P-stock. Age at 50%
sexual maturity of female was estimated as 7.6 years for I-stock and 8.2 years for P-stock, respectively (Fig.
38).
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Fig. 38, Estimated body length (left) and age (right) at 50% sexual maturity of Antarctic minke whales in each
sex and hiodogical stock.
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Estimation of Biological Paramelers

In addition to the method of 50% sexual maturity, age and body length at sexual maturity of females were
astimated by calculating mean age and body length of the whales at first ovulation. Body length at sexual
maturity was estimated as B.4m for I-stock and 8.3m for P-stock, respectively. Age at sexual maturity was
estimated as 7.9 years for [-stock and 8.6 years for P-stock, respectively.

Table 5. Biological parameters of Antarctic minke whales estimated by biological stock. Bold values show
significant difference betwesn two stocks,

Male I-stock P-stock
Body length at
Sexual 50% maturity 7.3m 7.1m
maturity A
ge at
50% maturity 5.3 years 5.3 years
Body length at
i E'Em qulﬂ
Physical S50% matunty
maturity A
ge at
50% maturity 16.6 years 16.7 years
. Female I-stock P-stock
Body length at
first ovulation 8.4m 8.3m
Body length at
Sexual 50% maturity B.2m 8.0m
maturity
RSO 7.8 8.6
first ovulation yRAES years
Age at
50% maturity 7.6years 8.2years
Body length at
Physical 50% maturity 9.0m 8.7m
maturity A
ge at
50% maturity 20.6years 19.8years
Physical Maturity

Body length at 50% physical maturity of male was estimated as 8.3m for I-stock and 8.2m for P-stock. Age at
50% physical maturity was estimated as 16.6 years for I-stock and 16.7 years for P-stock, respectively. In the
female, body length at 50% physical maturity was estimated as 9.0m for I-stock and 8.7m for P-stock. Age at
50% physical maturity was estimated as 20.6 years for I-stock and 19.8 years for P-stock, respectively. Body
length at sexual and physical maturity showed higher value in I-stock than P-stock and age at sexual maturity
showed lower value in I-stock than P-stock.

Other Parameters

Froportion of pregnant whales in sexually matured females is high for both stocks (92.5% for I-stock and
B7.4% for P-stock, respectively). Almast all pregnant whales had only one fetus and multiple fetus is very rare
{occumence of multiple: 0,006 for I-stock and 0.016 for P-stock, respectively). Male ratio of fetus is 51.8% for
I-stock and 46.7% for P-stock, respectively.

an
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Estimation of Biological Parameters

YEARLY CHANGE OF AGE AT PHYSICAL MATURITY

Increasing trend was detected on age at physical maturity for both sexes and stocks (Fig. 39). This means that
more time is needed to attain physical maturity in recent years. Decreasing trend in age at sexual maturity
ceased for Antarctic minke whale and the cause was thought as the result of decrease in food availability. The
increasing trend detected in age at physical maturity is also showing the possibility that nutritional condition
of Antarctic minke whale is deteriorating. Further monitoring of biological parameters is needed.
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Figp. 39, Yearly change in age at physical maturity for each sex and biological stock.

WHAT IS SUGGESTED BY YEARLY TREND OF BIOLOGICAL PARAMETERS?

It was suggested that the yearly changes of biological parameters estimated using commercial data in the
Antarctic minke whale such as decline of age at sexual maturity and increase of the growth rate were caused
by depletion of other large baleen whales such as blue, fin and humpback whales which had a strong
competitive relation to Antarctic minke whales, and this phenomenon led to greater availability of food for
minks whales.

Through the JARPA data analysis it was found that the decline of age at sexual maturity was no longer
continued, and it remained constant or has been increasing slightly. The increasing trend of age at physical
maturity is also observed. Tt is considered that the present results may suggest less amount of food availability
for Antarctic minke whales, which is reflected by a constant or increasing trend of age at sexual maturity and
increase of age at physical maturity.

The biological parameters changing in accordance with not only changes in their own population but also
change of ecological competition and change of environmental circumstances will be useful indicator for
understanding of change in the marine ecosystem.

Therefore, it is important to provide information for rational management of the Antarctic whales through
long-term monitoring of biological parameters of some baleen whale species.
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Natural Mortality and Recruitment
NATURAL MORTALITY AND RECRUITMENT OF ANTARCTIC MINKE WHALES

Reasons to Estimate Natural Mortality Coefficient M

In order to grasp resource trend, information concerning birth rate and mortality rate is important. Data
collected from JARPA were used to estimate natural mortality coefficient M. Furthermore, if natural mortality
rate separated by age is determined, a finer resource management becomes possible. In addition, the langer
the natural mortality coefficient M is, the more mmbust the resource against the fluctuation of capture pressure.
50, the natural mortality rate becomes important information in order to know the catch level that can be
applied to maximize sustainable utilization of the esource.

Whale population dynamics model and biological parameters

In simplified terms, if there is little change in resource size before and after a certain take, it means that a take
of that scale is sustainable. Besides anthropogenic takes, mortality (predation by natural enemies, diseases,
starvation, strandings, etc.} in the natural life cycle of whales and the appearance of younger generations
(recruitment) are major factors that affect cetacean demographics. Studying these factors is very important for
the safe management of whale stocks. Together with pregnancy rate, natural mortality coefficient” (M) and
recruitment rate (r) are biological parameters, and it is one of the major objectives of the JARPA surveys to
study them.

Estimation of Matural Mortality Coefficient M and Recruitment trend

There are several ways to estimate natural mortality Coefficient. In order to estimate natural mortality more
reliably, age data for each individual and abundance estimates are used. This approach differs from those used
in the case of fisheries research.

M was estimated by Tanaka's method and YPA analysis (see next page). M was estimated as 0.0486 and 0.0490
for I-stock and P-stock, respectively by Tanaka's method. There are two estimates by applying VPA separately.
One estimate of M is 0.068 in Areas IV and V combined. Another is 0.0788 and 0.0487 in Areas IV and V,
respectively. In future, further analyses by both methods should be conducted to estimate M and their
precision for I-stock and P-stock, respectively.

Estimation of Recruitment trend
Recruitment trend was estimated by using YPA. Their estimate of recruitment trend is shown in Rg. 40.
Recruitment has a peak in 1960s and it had decreased from 1960s to 1980s. From 1990, there was observed
no significant trend in Recnuitment.

Estimatad Recruitrmant irand
(Areas combined, Base Case)

FEETE

BEIBEEEEIREREEL
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Fig. £0. Estimated recruitment trend in Areas IV and V' combined (Maori and Buttersorth, 2005).

T Birictly speaking, & will differ from natural mortelity, bot estimation of M cen be converted o motural mortality,
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Natural Mﬂrtahty and Recruitment

ESTIMATION OF MSYR (MAXIMUM SUSTAINABLE YIELD RATE)

MSYR is defined as M5Y (maximum sustainable yield) divided by MSYL (i.e. population level that attains
maximum sustainabile yield). M5YR is an index of increasing rate of the population. M5YR cannot be estimated
from VPA directly because population dynamics model used in YPA don't include reproductive terms (i.e. don't
have parameters related to M5YR), as explained above. Estimation of M5YR was inftally attempted by fitting
a recruitment model of the Pella-Tombinson form to recruitment series and mature female abundance estimates
from VPA. The estimated MSYR(1+) is 4.0%.

Matural Mortality Coefficient M and Annual Mortality Rate D

The natural mortality coefficient M 15 the ratio of individuals which die in a unit of time (a short period
of time where the population can be considered as invariable), and the natural mortality rate is the ratio
for the population (average mortality rate) of the number of individuals that die in a fixed period of time
(for example, a year). If we compare this as an example to a vehicle’s speed, the mortality coefficient
would be the speed indicated by the speedometer, while the natural mortality rate would be the distance
(average velocty) advanced during a fixed perod of time (for example one hour). With the population
dynamics model, we assume that a fixed ratio of the present population (=M) is the natural mortality
number. But, if that M is applied on the population of the beginning the year, the mortality becomes
larger than the actual number of deaths of that year. That is because the number of individuals decreases
moment by moment due to mortality. Because of that, the annual mortality rate 0 is expressed by the
formula D= 1-e-",

VPA (Virtual Population Analysis)

How can we estimate recruitment trend by VPA? It is a method to estimate abundance by age using
catch-at-age data and natural mortality coefficient estimate. For example, assuming we know abun-
dance of an animal aged 10 and the number of death for this animal by year and age, we can calculate
abundance of animals aged 9 last year by adding the numbers of death of animals aged 9 last year to
abundance of animals aged 10 present year. By repeating a procedure like this more @ times, we can
obtain the number of animals aged O (i.e. the number of births) ten years ago. Similarly, we can abtain
the number of births 11 years ago from information of the number of animals aged 11. In this way, we
can estimate the number of births in previous years. A merit of VPA is that we can estimate the birth by

year without strong assumption as for birth rate or increasing rate, which are difficult to estimate (As
explained in this example, we can estimate the number of births without information about birth ate.).

Natural mortality coefficient for Antarctic minke

whales was estimated from JARPA data.
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Researching the Antarctic Ecosystem

RESEARCHING THE ANTARCTIC ECOSYSTEM

Krill is the major prey for baleen whales, pinnipeds, birds, and fish in the Antarctic ecosystem. It is not an
overstatement to say that all the animals living in the Antarctic are competing with each other over krill.
Some of the latest research technigues are used in the JARPA surveys, to study the distribution and abundance
of krill using concurrent whale and prey surveys, Oceanographic observations are also camied out. As a result,
we found that Antarctic minke whales were distributed near the ice-edge and that their range overlapped with
the area in the continental shelf slope where knill is densely distributed, whereas distributions of humpback
whales correlated with high krill density zones not only in the continental shelf slope but also in offshore area
(see Fg. 41).
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Fig. 41. Distributions of humpback (top) and Antarctic minke whales (middle) and krill {bottom) in the 1999/
2000 JARPA surveys. Blue lines show isobaths, and the thick purple line represents loe-edge (Murase &f al,
(2002), revised).
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Krill Consumption Estimation and Blubber Thickness

ESTIMATION OF KRILL CONSUMPTION OF ANTARCTIC MINKE WHALES

One of the major objectives of JARPA is to elucidate the role of whales in the Antarctic Ocean ecosystem. The
body weight of Antarctic minke whales (Fg. 42), and the weight of stomach contents were measured directly
to estimate the daily amount of prey consumed (Fig. 44). We found that they consumed an average of 240 to
370 kg (mature animals) of prey, comesponding to 3.6 to 5.3% of their body weight.
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Fig. 4. Changes in diumal consumption rate of Antarctic minke whales.

Fig. 43. Antarctic krill.
Stomach contents of Antarctc minke whale.

TREND OF BLUBBER THICKNESS

Blubber thickness is an indicator of energy storage for whales. This graph (Fig. 46) shows the yearly trend of
blubber thickness of the Antarctic minke whales in the late period of feeding season (February). It has
decreased in both males and females in Area TV, This result confirms the deterioration of food availability for
minke whale in this area. The shortage of food availability could cause many negative impacts to the minke
whale population. Although many factors affect on the food abundance in the Antarctic Ocean, the competi-
tion among other large baleen whales and crabeater seals should be considered.
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Fig. 46. Yearly change in blubber thickness of Antarctic minke whales,

Has been food availability decreased?
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Hypﬂithesis on the Competition among Baleen Whales

HUMPBACK WHALE vs. FIN WHALE vs. ANTARCTIC MINKE
WHALE

(Area 1V: 70E — 130E)

Humpback whale Fin whale Antarctic minke whale

ABUNDANCE (individuals)

1999/2000 16,211 1,162 44,572
2001/2002 33,010 7,642 61,463

KRILL CONSUMPTION (tons)

1999/2000 2,157,000 283,000 1,347,000
2001/2002 4,392,000 1,860,000 1,850,000

KRILL BIOMASS (tons)

1999/2000 36,420,000
2001/2002 38,120,000

CONSUMPTION RATES IN KRILL BIOMASS (%)

1999/2000 5.9 0.8 3.7
2001/2002 11.5 4.9 4.9

Three baleen whales consumed 10-21 % of krill
resources in Area IV.

Fg. 47. Competition among baleen whales in the Antarctic ecosystem.

There might be competition among these baleen

whales in the Antarctic!
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Contamination Monitoring

MONITORING CONTAMINATION OF THE ANTARCTIC OCEAN

The Antarctic Ocean is the least contaminated region on earth in terms of human-induced chemical pollution.
Monitoring activities have been kept up in the JARPA surveys, and so far, only a very small amount of mercury
and organochlorines such as PCBs and DOT have been aceumulated in the blubber and muscles of Antarctic
minke whales. The amount is less than a tenth of that in whales in the Northemn Hemisphere, and far below the
provisional restriction standard set down by the Ministry of Health, Labor and Welfare by a very wide margin
(Fig. 48).

Pollutant concentration in whales provides an indication of marine contamination in the seas they inhabit.
The JARPA surveys help to monitor oceanic pollution in the Antarctic. Pollutant levels in whales can be
influenced by contamination levels in the atmosphere and the seawates, their food items and the age, however
our results suggest that those in the Antarctic Ocean are the lowest in the world. These levels suggest that
environment of Antarctic minke whales is clean and that these have not negative effects on the health of
whale species.

The JARPA program is designed to repeat surveys in the same area during the same season and with the same
methods, and is the most appropriate sign for examining the yearly changes in the environment and picking
up long term trends. HCHs and HCB levels in blubber of Antarctic minke whales significantly decreased during
1988,/89 and 2002/03 seasons on JARPA surveys, while yearly changes of PCBs and DOTs are unclear.

Annual changes detected in concentration of pollutants are still going on, and we need to continue to monitor
the environment and discuss appropriate measures to take in the future. The whale research programs play a
major role in the pollutant monitoring activities, and are expected to provide valuable information.
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Fig. 48. Concentrations of PCBs and total mercury n the byproducts (whale meat) from the JARPA surveys.

The pollutant levels of Antarctic minke whales in

the Antarctic Ocean are the lowest in the world
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Antarctic Minke Whale Abundance

ANTARCTIC MINKE WHALE ABUNDANCE

The JARPA surveys have found that Antarctic minke whale abundance has stabilized at a high level.
Sighting acthvities are carried out in the JARPA program to study abundance and possible temporal variations.
According to the data obtained in the research cruises from 1989,/90 to 2003,/04, it was revealed that the

stock abundance in the research areas (Areas IV and V) shows no significant increase or decrease in yearly
trend (Fg. 49 and 50).

Abundanca
100,000

50,000

LIRS0 IRORMT SO RRSNE IEOTSE HERI00 30T 0%
SEA%ong

Fig. 49, The regression curse above shows the abundance trend of Antarctic minke whales from 1989,/90 to
2003,/2004 for Area IV, The vertical lines indicate the 95% confidence interval® for the estimate,
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Fig. 50, The regression curve above shows the abundance trend of Antarctic minke whales from 1990,/91 to
2002,/2003 for Area V. The verbical et indicabe the 95% corfidence interval® for the estimate.

Antarctic minke whale abundance is

consistently high.

! 95% confidence limit for the estimate: There is always o margin of errar in moking estimotions of ony knd, and the
estimatad amount is not necessanly the true velue, The 95% confidence limit 15 a stalistic range that includes the true
vorlie by o probabolify of 5%, and we con essume thot the trive walue is included in this range.
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Antarctic Minke Whale Abundance

The IWC Scientific Committee has agreed in 1990 that the abundance estimate of Antarctic minke whales
distributed in the entire Antarctic Ocean (south of lat. 60°5.) is 761,000. Since initial abundance was esti-
mated to be about 80,000, it can be said that Antarctic minke whale abundance is stable at a consistently high
level, recenthy.

Fig. 51. School of Antarctic minke whales.

JARPA AND IDCR/SOWER

In the JARPA program, we survey Areas IV and V every other year. The two areas have been surveyved eight
times each in the sixteen years from 1989,/90 to 2004,/05. The IWC Scientific Committee has camied out the
International Decade for Cetacean Research (IDCR) and the Southern Ocean Whale and Ecosystem Research
(SOWER), which grew out of IDCR, using research vessels provided by the Government of Japan. Sighting
surveys in the entire Antarctic Ocean (south of lat. 60°5.) are conducted in these cruises, and the Scentific
Committee estimates Antarctic minke whale abundance based on the data obtained. However, to date, the
IDCR/SOWER cruises have only gone over the same research area three times at the most, and the surveys are
conducted at a much wider
span, with an interval of
several years. In this re-
spect, the JARPA surveys
are more suitably designed
to accurately monitor amy
temporal changes in Ant-
arctic minke whale abun-
dance.

Fig. 52. Biopsy sampling
during IDCRS0WER whale
mesearch. Experiment to
collect biopsies from a school
of three blue whales. The
scene shows soentists
prepanng to etreve the dart
that has hit one of the
amimals {Antarctic Ocean
#Area VI on board the Shanan
Maru, 2001).
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INCREASE IN ABUNDANCE OF LARGE WHALES

In the Antarctic Ocean, catch of southern right, humpback, blue, fin and sei whales was prohibited in 1932,
1963, 1964, 1976 and 1978, respectively. Seventy years have passed already since southern right whale has
been protected, and more than 40 years have passed since humpback whale and blue whale have been
protected. In coastal waters of South America, South Africa and east and west coast of Australia, significant
recovery of southerm right and humpback whales are reported recently in these breeding areas (Table 7). On
the other hand, the information on the present status of pelagic species, such as blue, fin, sei and minke
whales was Limited from surveys in the coastal waters. JARPA has been monitoring baleen whale populations
by the large-scale and long-term line transect survey for over 16 years in Areas IV and V.

Humpback whale

Abundance of humpback whales in Area IV has increased and recent abundance estimate (by the dedicated
sighting vessel) is 31,750 whales (Matsuoka et al., 2005). The sighting results show that the humpback whale
stocks in the Antarctic Ocean are rapidly recovering.

Fig. 53. A school of three humpback whales in the Antarctic Dcean
&rea IV in 1999, The whale on the left is raising its head out of
the water in a display of spy-hopping behaviour.

Fig. 54, The sighting positions of humphack whales in the first half {Left; from 1989,/90 to 199697} and in the
later half (Right; from 1997 /98 to 2003,/04) by three sighting and sampling vessels. The number of sightings
increased in the second half,

Rapid increase of humpback whales
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Fig. 55. Yearly bend in abundance estimates of humpback whale in Area IV (south of 60°5) between 1585,/00
and 20032004 seascns, Vertical lines show standard errors.

Fin whale

Recent estimates of fin whales in the whole amea south of 60°S based on the IWC/IDCR and SOWER data were
2,100 (1978/79-1983,/84, (V=0.36), 2,100 (1985/86-1990,/91, (V=0.45) and 5,500 {1991,/92-1997 /98: not
completed, CV=0.53) in the first, second and third cdreumpolar series, respectively (Branch and Butterworth,
2001). Present JARPA estimate of 15,000 (CV=0.20) in the half of Antarctic Areas (south of 60°S, 35°E -145'W)

indicates significant increases of fin whales in these Areas.

Fig. 56. A school of two fin whales in the Antarctic Doean. The fin whale's jaw 1 black on the left side and white

on the right side,
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Fig, 57, The sighting positions of fin whales in the first half (Left; from 1989/90 to 1996,/97) and in the later
half (Right; from 1997 /98 to 2003,/04) by three sighting and sampling vessels.
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Fig. 58. Yearly trend in abundance estimates of fin whale for the Indian Ocean
stock (south of 8075, 35°E-130°E) surveyed between 1989,/90 and 2003,/2004
seasons, Vertical lines show standard emors.

In the Southern Hemisphere, the southern right whale also shows a rapid recovery with a high increase rate
(Table 7). In the Northern Hemisphere, humpback whales in the western North Atlantic have increased at an
annual rate of 3.1% from 1979 to 1993 (Stevick et al., 2001), and gray whales in the eastern North Facfic at
an yearly 3.2% from 1967/68 to 1987 /88 (Buckland, 1990). Many whale stocks are known to be increasing
and recovering.
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Trend in Other Baleen Whales

Table 7. Average annual rate of increase for whales in the southern hemisphere,

Whale stocks Annual increase rate Period
Southern right whale (Australia) * 8.3% 1983-1997
Southern right whale (South Africa) @ 7.2%n 1969-1996
Southern right whale (Argentina) 2 7.1% 1971-1996
Humpback whale {East Australia) b 12.3% 1981-1996
Humpback whale (West Australia) © 10.9% 1577-1951

Fig. 59. Sputhem rmght whale. Fig. 60. Blue whale.

Blue whale

Initially, there were as mamy as 200,000 blue whales in the whole Antarctic as calculated by a logistic model,
but their number was greatly reduced by over-hunting, and their take was banned in 1964. After forty years,
however, they are still small in number less than 2,000 (Branch et ol, 2004). In the JARPA research area, blue
whales were rarely encountered by the surveys though they were widely distributed in the research area.
Abundance of this species (south of 6075, 35°E-145"W) was 900 ((1: 500-1,600} in 1999/2000 + 2000,/01
seasons and 500 whales (CI; 300-1,000) in 2001/02 + 2002/03 seasons. They are still less than 1,000 in
number (biomass: less than 8,000 tons) in the JARPA research area and so far from recovering.

Blue whale? still small in number
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SHIFT IN BALEEN WHALE DOMINANCE IN AREA IV

A “shift in baleen whale dominance” from Antarctic minke to humpback whales, was observed in Area IV since
1997 /98 season. In 1989,/90 season, biomass of Antarctic minke was higher (382,000 tons) than humpback
whales (128,000 tons), and after 15 years, the biomass of humpback whales (841,000 tons) increased twice
than that of Antarctic minke whales {335,000 tons). Habitat expansion of humpback and fin whales were also
observed in Area IV from the first half (1989,/90-1996/97) to the later half of surveys (1997 /98 -2002/04).
Durirg this period, abundance of Antarctic minke whales is stable in Area IV, however, increases of abundance
and habitat expansion of humpback and fin whales, may cause competition with Antarctic minke whales.
Yearly change in some biological features also suggest this “Event”. Further monitoring survey of the Antarctic
ecosystem is necessary to follow the change in the ecosystem and such information is essential for the baleen
whale management in the Antarctic Ocean.
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Fig. 61, Yearly trend in biomass of Antarctic minke, humpback, fin and Blue whales in Amea IV (south of 60°5)
between 198920 and 2003/2004 seasons. A “shift in baleen whale dominance™ from Antarctic minke to
humpback whales was observed since 1997 /98 season (armows).,
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Biopsy Sampling and Photo ID

BIOPSY SAMPLING AND PHOTO IDENTIFICATION

Apart from lethal research, the JARPA program also has a non-lethal research component invobving skin biopsy
sampling (begun in the 1993 /94 research expedition) for genetic studies, and taking photographs of natural
marks for individual identification (started in 1989,/90). The main target species are humpback, blue, and
southern right whales, These studies have made major contributions in elucidating their range of distribution,
movements, stock identification, and taxonomy.

BIOPSY SAMPLING

Biopsy skin samples were obtained originally
using an air gun designed at ICR. Most recently
a crossbow is being used. A total of 303 biopsy
samples from humpback whales, 35 from right
whales, 22 from blue whales and 16 from fin
whales have been obtained in the JARPA sur-
veys up till 2003,/04. Genetic analyses based
on PCR technology have been conducted to in-
yestigate taxonomy in nght and blue whales,
and distribution, movement and stock struc-
ture in the case of the
humpbadk whales. The
sex of each individual
is routinely deter-
mined using molecu-
lar techmiques. The re-
search is conducted in
collaboration with
other laboratories
both in Japan and Fig, 64, Shooting to collect a Fig. 65. Picking up the sample. Fig, 66. Rinsing the Blopsy
abroad. biopsy sample. sample before storage for
analysiz,

PHOTO IDENTIFICATION (PHOTO ID)

Photographs of natural marks, such as lateral markings and pigmentation patterns of ventral flukes, are useful
to identify individuals in the humpback whale; head callosities pattemn is useful in the case of the right whale
and the mottled pigmentation pattern is used to identify individuals in the case of the blue whale. A total of
491 photographs of humpback whales, 150 blue whales, and 238 of southem right whales have been taken
and selected up tll the 2003,/04 research expedition. They have been compiled into the ICR Photo ID Catalog

and the data are being processed and filed. Indi- T
vidual ID is used to study mainly the movement of oS I
individual whales. P e
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Fig. 68, A study revealed that a whale photographed
in the JARPA survey in Area TV in 1996, was the same
Fig. 67. Southem right whale. The head callosities pattem animal observed in the seas off Western Australia {Ban-
s useful for individual identification in this species, nisker gt o, 1999,
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Biopsy Sampling and Photo 1D

STOCK STRUCTURE 5TUDY IN THE ANTARCTIC HUMPBACK WHALE

A total of 287 biopsy samples taken from humpback whales during JARPA surveys conducted between 1993/
94 and 2003,/04 were used in genetic analyses based on mitochondrial DNA and microsatellites. The genetic
study was focused to test the number and distribution of stocks in the feeding grounds covered by JARPA
surveys, as proposed by the IWC/SC comprehensive assessment of the species. Analysis of mtDNA discrimi-
nated clearly among Stocks C (Area IIT), D (Area IV, breeding stock off Western Australia), E (Area V, breeding
stock off Eastern Australia) and F in the feeding ground (see Fig. 69). Analysis of mtDNA suggests that the
historical sector of mixing between Stock D and E at 110-130°E #s being occupied in recent years by the Stock
D. Analysis based on six micrasatedlite loci, while exhibiting some degree of genetic heterogeneity, was unable
to discriminate among these stocks. Different degree of fidelity to feeding and breeding areas between
females and males are suggested to explain such result.

| AREA Il (East) AREA IV AREA V AREA VI
{Wast)
AE | 40F S0E BDE TOE ®IE SOF 100E MOE 120E 130£ 140E |\KOE WEDE 17ODE 1BD 170 160  150W | 14W
ssf : g e o Ezg
F 1 stocke STOCK D STOCK E STOCK F
T 1808
1 a8
708
755

Antarctic Continent \e R

DOE 40E SIE EBOE TOE BOE ©OE 100E 110E 120E 130E t40E 150E 160E 1TOE 180 170 160 1BOW 1400

Fig. &9. Stocks of the humpback whale in the Antarctic feeding grounds surveyed by JARPA (Areas IT1 (East), IV,
W and VI (West)). Sector comprised between 7O°E and 80°E is occupied by both C and D stocks. Sector 110°E-
130°E, where traditionally Stocks D and E mix, # occupied mainly by the D Stock in recent years.
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Antarctic Minke Whale In-vitro Fertilization

IN-VITRO FERTILLZATION

We are collaborating with Obihiro University of Agriculture and Veterinarny Medicine on the breeding physiology
of baleen whales. We froze and preserved the spermatozoa of the Antarctic minke whale, attempted im-vitro
cultivation of immature oooytes, and successfully produced embryos with in-witro fertilization for the first time
in the world, which is one of our major achievements, The samples and data from the JARPA surveys have been
put to use to obtain much basic knowledge, with the preservation of species in view, including artificial
breeding.

8
® I3

Fig. 71. Testis and epididymis of the Antarctic minke
whale

4

LM

Fig. 73. Data collection of imwito Antarctic minke whale
immature oooyte culbure,

Fig. 72. Incubator containing fesitre cultivation vials of
Antarctic minke whale immature cocytes.

Phisio credtt: Frof. Fetada Fakud, bilvim Unisersity of Agpiculiem snd Vateriaary Madong

Fig. 74. Examination under the microscope of Antarctic Fig. 75. frn-witro fertilized Amtarctic minke whale embryo in
minke whale fertilized egqg condition. the cell division stage.
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Oceanographic Observations

OCEANOGRAPHIC OBSERVATIONS

The distribution of the prey species of whales is known
to be closely related with the marine environment,
and the study of oceanographic structure is essential
in elucidating the distribution and ecology of whales
in the research area. The JARPA program has the ad-
vantage of being able to collect sighting and biologi-
cal data at the same time as the oceanographic ob-
servations using varous instruments and devices
aboard the dedicated sighting vessel. These data pro-
vide to investigate the Antarctic marine ecosystem
including the relation between environmental condi-
tion of the sea and distribution of whales,

3.06

Lo ]

Fig. 76. CTD observations. The CTD is thrown into the sea
to collect data on the wertical profile of water Conductivity
(salinity}, Temperature, and water pressure {Depth).

Fig. 77. Dceanographic observation in the JARPA,
This map shows all oceancgraphic cbhservation
stations {CTD, XCTD and XBT) in the JARPA.

press

Fig. 78. The frontal system of the Antarctic CGroum-
polar Current (ACC) is important for the marine
ecology of the Southern Ooean. The Southem
Boundary (5B} of ACC s a southermnmaost front of
ACC and is recognized as an important oceano-
graphic feature for large whales in the JARPA anea,
For example, the humpback whale {black square
symbols) prefers the area around 58 of ACC {red
colored fing).
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Satellite Tagging and Acoustic Monitoring

SATELLITE TAGGING

Satellite tagging (Fig. 79) makes it possible to follow the whales'
migrating routes and find out when they migrate. It provides valu-
able information on the ecology of whales, and in the JARPA pro-
gram, we are actively engaged in tagging experiments and trying to
develop better tagging devices and methods.

Fig. 79. Satellite tag used in whale
tagging expenments.

b
" Fig. 80. Attached satellite tag used in whale

tagging experiments. Left: humpback whale.
Right Antarctic minke whale.

RECORDING WHALE CALLS

In water, sound waves not only travel about 4.5 times as faster than through air but also reach farther, Whales
are believed to call out to each other in communication and to let out sounds to detect objects. Research is
going on using a device to record the sounds (sono-buoy, shown in photo) in an effort to study their ecology
and to locate whales.
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Fig. B1. Preparing the sono-buoy for deployment, aboard the F ——a
sighting wessel Kyoshin Mar No. 2 developed by the ICR. g' =0 o
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Fig. B3. Whale calls as recorded during JARPA cruises.
Upper graph shows the spectrogram of a typical fin whale
cally bottom, the spectrogram of & typical blue whale call,
Both recorded in Area W on 21 Jamuary 1909,

P

Fig. 82. Preparing the seno-buoy for deployment. aboard
the sighting vessel Kyoshin Maru No. 2,
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Cﬂﬂpera tion wﬂh Museums

COOPERATION WITH MUSEUMS

The specimens of the Antarctic minke whale skeletons collected in the JARPA surveys are exhibited in muse-
ums and aguariums throughout Japan (Fig. 85), and open to the general public. We collect samples for
scientific research, and cooperate in collecting specimens for exhibition purposes on request.

" hame, Prefecture Saemusts Aggerun

Fig. 84. Antarctic minke whale skull prepared for osteologi- . Yaruads Tomn Muspum of Whales ard Dosan
cal studies. Tagatahi Musesr of Geology and Foesils
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Fig. 85, Museums and gther institutions throughout Japan where skeletal preparations of Antarctic minke whale
were supplied.

Fig. B6. Antarctic minke
whale skeleton on display
at Tokushima Prefectural
MuisEum,

Pemitn camdit: Tokandvmnas Prefeciurl Museum
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Number of Papers and Documents

Table 8. Number of papers and documents based on JARPA data.
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Need for Lethal Research

QUESTIONS AND ANSWERS

As shown in the tables below, there are survey methods that involve the killing of whales (lethal
methods) and those that do not (non-lethal). They both have advantages and disadvantages, so we
combine the two in actual survey activities, depending on the purpose. For instance, one of the objec-
tives of JARPA requires the “census™ of whales. If we can leam whale stock composition by age and
reproductive status, t will make resource management much safer, (Incdentally, the lack of this type of
information was one of the reasons for the momtorium on commercial whaling.) We need to sample
earplugs (to find out age) and gonads (to study reproductive status and pregnancy rate) to obtain
information, but they are located deep inside the whale and cannot be obtained without killing them.
We also need to examine the concentration of pollutants in intemal organs to study the effects of the
marine environment on whales, We have to look at the stomach contents for the qualitative (prey
species) and quantitative study (amount consumed) of preys that whales feed on. Lethal methods are a
must for the effective implementation of research, Certainty, some data can be obtained from non-lethal
research such as biopsy sampling, but their inefficient and impractical aspects have been acknowledged
at the IWC Sdentific Committes,

Table 9. Comparison of lethal and non-lethal research methods.

T S 1 O T
Target arimial Killing required Kilting not required
Population size Unsuitable for scarce resources Suitable for scarce resources
Species behavior R e of Limited to slow-swimming specles
Sample material Large amounts can be obtzined quickly Only a small amount can be obtined
Specimens Can be obtained from whole whale Can be obtained only from part of body surface
survey location Fossible even under poor condition Dnly possible under favorable conditions
Survey time Can spend as much time as nesdad Must be done in a shart Hme
Survey term Results can be obtained in a short time span | Requires long-tenm research
Continuity Can onby study one stage of the animal Single individuals can be observed repeatedly
Length of body and parts Can take actual measwements directly ErEE WIM deducing st
_. Can make direct measurements Cannot be done
Weight of body and parts (weigh by dissecting) (impossible to capture animal alive)
Biochemical composition Can take tissue samplas for analysis. Impossible
Research costs Cost recoveny possibla Cost macovery not possible
Lithzation of sampled
MESOURCE Possible Mot possible
Partial of research costs mears 5 : ; 2
Sampiing better research funding avarlable, N e e
providing better sampling opportumities AR quality of samples)
The right to conduct tethal esearch is
- Man-lethal research does not preclude
e ﬁ%‘mwﬁmm“ the nacessity and justifiability of lethal research
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Table 10. Comparison of lethal and nen-lethal methods in relation to research objectves.

ITEM

Total and praportional body
length

Adequate and precise
(take actual measurements)

Only photographing and taking measurements
from photos

Tatal and partial bocy weight

Direct measurement (weigh after dissecting)

Mot possible (impessibla capture animal alive)

Pollution

Possible to take Hssue samples for
pollutant and biomarkers analysis

Can onby detesmine high level organochlorine
tumpmliirﬂsinmehiu ¥

Possilile to collect phenotypic features showing

Can only observe extemal mophological features

Age age (teeth, earplugs, baleen plates, etc.)

it mﬂiﬂm length, and Oy loogeterm observatios of dertifed
Maturation Prossible to examine directly eproductive glands| Onby external genital obsenation 15 possible
Fertilization ;”hﬂlﬁ mE N | i i 1oy Lneerin e

Breeding season Possible to deduce from fetus size - STHIRE ViR A e Y0
Pregnancy Direct verification of fetus presence Wﬁﬂﬁf’h’d e
Lactation Fan Sirectly e mommany dland of TORE | Can anly observe behavior of mother and caf pais
Rraeding nycle ::fmd:l‘!:erminefmm pregrancy rate ﬁﬂw long-tesm observations of dentified
o e e et i e Y T
Tracking Possible to use irternal body markers,tags mmégmﬂ"ﬁ""' b SRR o)
st Passible to take samples of organs, tissues | Only biopsy collection, satellite tagging, individusal

and phenotypic features showing age

refngrition

It is clearly stipulated in the ICRW (Article VITI, Paragraph 2) that Contracting Governments must
process the leftover parts from the research as far as practicable and sell them as food and other
purposes, The whale research programs are implemented according to meticulous plans and cost a lot of
money. Proceeds from the by-product sales are used to partly fund the ressarch. Also, it would be a
waste of valuable resources not to use the whales as much as possible. It is the proper thing to do, and
it should be noted that we have a long tadition of using the whole whale in Japan. The JARPA program,
by the way, amasses scientific knowledge and maintains a high standard as a research project, as is
described in this booklet.
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The number of whales killed is the minimum necessary to obtain statistically significant results. The
annual sampling size was determined as 300 whales {(+10%) at the initial stage in 1987 /88, but since
the 1995/96 research expedition up till the present, it has been increased to 400 (+10%). This is
hecause the initial sampling size was determined based on stock hypotheses from the commercial
whaling days (see “Elucidation of the stock structure of Antarctic minke whales™), but with the progress
in research, we found that the results did not tally with the hypotheses. It became necessary to expand
the research area in two directions (east and west) and take 100 whales (+£10%) per year from the
extended regions in order to delve into the question of stock structure, The present sampling size, by the
way, comesponds to a mere 0.05% of Antarctic minke whales. It is smaller than the net recruitment rate,
and therefore has no adverse effect on the whale stock.

However. a substantial increase in the scale of the sampling size would improve the precision of the
research and would make poassible to abtain results much more guickly.

The required sampling size to achieve the research objectives has been calculated for the entire project,
carried out across the years, It is also necessary to disperse the take of whales to avoid any adverse
effect on the stock. The sixteen years of the full-scale JARPA surveys have been designed as a result of
taking the statistically required number of whale samples per year into consideration. In addition, the
programme has proved to be useful for the monitoring (observations related to stock structure, data
collection on maturity, ete.) of whales and their environment, which is also necessany,.
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Aren't the JARPA surveys llmin view of the moratorium on commercial whaling
and the Southern Ocean

JARPA and all the other Japanese whale research programs are perfectly lawful. Article VIIT of the ICRW
states that any Contracting Government may take whales for purposes of scientific research subject to
conditions the Government thinks fit, “Notwithstanding anything contained in this Convention.” In
other words, the ICRW allows any member country of the TWC to conduct whale research programs, and
no restriction under the momatorium on commercial whaling and the Southerm Ocean Sanctuary applbes
to them.

By the way. not only the moratorium is no longer necessary: the Southermn Dcean Sanctuary itself violates
the Convention because it is maintained “imespective of the consenvation status of whale stocks.”

in the Antarctic?

JARFA provided a wide variety of information on biological parameters of the Antarctic minke whales
and revealed that some of the biological parameters showed yearly trend comesponding to the change
in food availabibity. The review meeting conducted in January 2005 agreed that results from JARPA are
consistent with the competition among whale species for a single food species, krill. The effect of
worldwide climate changes, including global warming, is becoming apparent in the Antarctic Ocean.
JARPA results suggest strongly that the Antanctic ecosystem undergoes a major shift at present. There-
fore, there is a need to monitor changes of Antarctic ecosystem in order to understand how cetaceans
adopt the shift in the ecosystem structure, so as to provide scientific basis for the comprehensive
management of whale resources.

m Will be necessary in future to continue mﬂnﬂuutmﬂudimmﬂinﬁartum
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