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ABSTRACT

As a continuation of the Japanese Whale Research Program under Special Permit in the western North Pacific
(JARPN), Japan initiated a new research program titled ‘Cetacean Studies in the western North Pacific under
Special Permit (JARPN II)’ in the year 2000. The top research priority moved from stock structure of minke whale
in JARPN to feeding ecology and ecosystem studies in JARPN II. In addition to minke whale the new research
program incorporated the Bryde’s and sperm whales as target species as they are abundant and play an important
role in the western North Pacific ecosystem. Also some dolphin and porpoise species taken by the Japanese
commercial fishery were considered for the ecosystem study. Feeding ecology and ecosystem studies involve three
elements: i) food consumption of cetaceans, ii) prey preference of cetacean and iii) ecosystem model. The other
objectives of the JARPN II defined in year 2000 were stock structure and environmental effects on cetacean and
marine ecosystem, in that order of priority. JARPN II started with two feasibility surveys in 2000 and 2001 and
several studies have been conducted using samples and data obtained in these surveys. While most of these studies
are within the “feasibility’ category some others are a continuation of the studies initiated under JARPN. In general
the feasibility study was necessary, among other reasons, to evaluate the performance of the concurrent prey and
whale surveys (which is essential to investigate prey preference of cetacean) and to investigate whether or not
information on feeding ecology (particularly food consumption) can be obtained for Bryde’s and sperm whales in
the same way as it had been obtained for minke whales under JARPN. In this report the results of the JARPN I
feasibility study in 2000 and 2001 are presented in the context of the objectives established in 2000 and discussed
in the context of the implementation of the full-scale JARPN II. It is concluded that the concurrent prey and whale
surveys are feasible and should be continued in the full JARPN II. Resuits of preliminary analyses of data derived
from this concurrent survey were useful to determine the prey preference of cetaceans. Also it was confirmed that
information on feeding ecology of Bryde’s and sperm whales could be obtained in the same way as it has been
obtained for minke whales.
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INTRODUCTION

The Japanese Whale Research Program under Special Permit in the western North Pacific (JARPN) was conducted
during 1994-1999 to address the issues of stock structure and mixing rates of minke whales, as requested for the
Implementation Simulation Trials (Government of Japan, 1994). The objectives were to clarify whether or not W
Stock exists in offshore areas of the North Pacific, estimate the mixing rate of the hypothesized W Stock with O
Stock (the Okhotsk Sea-West Pacific Stock) and the validity of O sub-stock scenario. In 1996, an IWC/SC working
group reviewed the new information mainly from the JARPN surveys and dropped the O sub-stock scenario. In
that same year, feeding ecology of minke whales was added as a new objective of the JARPN, firstly as a
feasibility study (Government of Japan, 1996). During the JARPN a total of 498 minke whales were sampled from
sub-areas 7, 8, 9 and 11 during May to September (Fujise, 2000).

In 2000 an IWC/SC Workshop was held in Tokyo to review the JARPN. Regarding to the objective of stock
structure most of the approaches used revealed no evidence for the existence of additional stock structure in the
western North Pacific (e.g. W stock). However, the workshop agreed that, based on the results of the mtDNA
analysis, the possibility of the existence of some group of minke whales to the east of Japan that differ from the O
Stock could not be ruled out. The Workshop recommended the attainment of further genetic samples from
sub-areas 12, 9 and possibly sub-area 8 (IWC, 2001). Regarding to the feasibility studies on feeding ecology, the
workshop considered them as successful. The results showed that the main prey species of minke whale changed
seasonally and geographically. As most of these prey species are also the target species of Japanese commercial
fisheries, a possible competition between minke whales and fisheries was postulated. The Workshop agreed that, if
ecological studies are to be conducted in the area, the sampling regime must be designed to allow for a more
quantitative estimation of temporal and geographical variation in diet. It was also recommended that acoustic and
trawl surveys should be conducted concurrently with future whale surveys, if possible (IWC, 2001).

A new research plan titled ‘Cetacean Studies in the western North Pacific under Special Permit (JARPN II)’ was
started by Japan in the year 2000. Given consideration to the success of the feasibility studies on feeding ecology
under JARPN and the importance that deserve the interactions between cetacean and commercial fisheries, the
priority in JARPN II moved to feeding ecology and ecosystem studies. In addition to minke whales, Bryde’s and
sperm whales were added as target species as they are abundant and play an important role in the western North
Pacific ecosystem. Also, some dolphin and porpoise species taken by the commercial fishery were considered for
the ecosystem study. Under JARPN II, studies on feeding ecology and ecosystem involve three elements: prey
consumption by cetaceans, prey preference of cetaceans and ecosystem model. To deal with the second element
JARPN II introduced a prey species survey, which is conducted concurrently with the whale survey. The other
objectives of the JARPN II defined in 2000 were stock structure and environmental effects on cetaceans and
marine ecosystem (Government of Japan, 2000).

JARPN Il started with two feasibility surveys, one conducted in 2000 and the other in 2001 (Fujise et al., 2001;
2002). Several studies have been conducted using samples and data obtained in these two surveys. In general the
two-year feasibilily study was necessary as the research priority shifted from stock structure in JARPN to feeding
ecology and ecosystem in JARPN IL In particular the feasibility study was necessary i) to evaluate the
performance of the concurrent prey and whale surveys and ii) to investigate whether or not information on feeding
ecology can be obtained for the new added target species (Bryde’s and sperm whales) in the same way as it had
been obtained for the minke whale under JARPN. iii) to confirm whether or not sperm whale has a substantial
relation to the epi-pelagic ecosystem in this area.

In this report the resuits of the JARPN II feasibility study in 2000 and 2001 are presented in the context of the
objectives established in 2000 (Government of Japan, 2000). These results are discussed in the context of the
implementation of the full-scale JARPN II.

OBJECTIVES

The objectives of the JARPN II for the two-year feasibility study (2000 and 2001) were established in Government
of Japan (2000). As mentioned earlier the top priority in JARPN II deal with feeding ecology and ecosystem
studies. The other two objectives were stock structure and environmental effects on cetaceans and marine
ecosystem. While most of the studies conducted under JARPN 11 in 2000 and 2001 are within the ‘feasibility’
category, there are some others that are a continuation of the studies initiated under JARPN. In that context these
studies are not within the ‘feasibility’ category.



Feeding ecology and ecosystem studies
This research item has the top priority under JARPN II. As mentioned above, this research item has three main
components: prey consumption by cetaceans, prey preference of cetaceans and ecosystem model.

Prey consumption by cetaceans

Under JARPN prey consumption in minke whales was examined by qualitative and quantitative analysis of
stomach content. Thus these studies on minke whales in JARPN II in 2000 and 2001 were a continuation of those
started under JARPN.

To investigate whether or not these analyses are possible for the new targeted species, thus research objective
involve several feasibility studies: (i) to determine whether information on the diet composition and daily and
seasonal consumption can be obtained with adequate precision through the examination of stomach contents of the
targeted whales; (ii) to evaluate whether the weights of the stomach contents can be measured for large whales
such as Bryde’s and sperm whales in the same way as it was made for minke whales under JARPN; (iii) to evaluate
whether or not the total body weight of these larger species can be obtained in the same way as it was obtained for
minke whales under JARPN. Point iii) is important as the stomach content weight is expressed as the proportion of
the total body weight, iv) whether or not sperm whale has a substantial relation to the epi-pelagic ecosystem in this
area..

Prey preference of cetaceans

This is a key parameter in most ecosystem models. The basic idea here is the conduction of parallel qualitative and
quantitative analyses of prey species in both the stomach of the whales sampled and in the surrounding area where
these whales were sampled. To cover this objective concurrent whale and prey surveys are conducted. The
feasibility study in 2000 and 2001 were focused: (i) to examine the performance and practicability of the
concurrent whale and prey surveys using a total of six research vessels, and (ii) to assess whether such concurrent
survey provide enough data to determine prey preferences. Item i) above was one of the most important objectives
of the two-year feasibility study.

The feasibility study also involved an evaluation of the performance of the whale survey when the number of
target specie increased from one in the JARPN to three in the JARPN II. This evaluation was important given the
practical and logistical problems involved when the number of target species is increased.

Ecosystem model

The performance of the combined use of two ecosystem models, ECOPATH and MULTSPEC, had to be
investigated during the feasibility surveys. The ECOPATH model would be used to find out the keystone species
and encourage the simplification of entries. The MULTSPEC model would be used to include many other species.
The final model should be able to describe the interaction among multi-species and the relation between fisheries
and top predators. Also it should be able to predict the dynamic changes and gives us reasonable advises for the
strategy and tactics for multi-species management.

Stock structure

Regarding the stock structure of minke whale, following the discussions and conclusions of the JARPN review
meeting, the objective under JARPN II was focused to investigate whether or not the W Stock exist in sub-area 9,
and if so, to investigate the spatial and temporal extent of its occurrence. It was decided that the survey should be
conducted in sub-area 12 and/or portions of sub-areas 7, 8 and 9 in the Russian EEZ if permission is obtained from
the Russian Government. The mixing rate between O and J Stocks in sub-area 7 was other objective under JARPN
1. The objectives on stock structure in minke whales were established following the recommendations derived
from the JARPN review meeting. In that context this study was not a feasibility study.

Regarding Bryde’s whale, genetic and non-genetic studies on stock structure in the Bryde’s whale were
conducted in the past using historical samples (past commercial samples). In 1999 some members of the
Committee expressed their concern that sub-area 1 is very large and that there is limited information for some parts
(IWC, 2000). Therefore, the objective of the feasibility study was (i) to obtain biological samples for stock
structure studies from areas not covered in the previous studies.
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Environmental effects on cetaceans and marine ecosystem

The feasibility study was aimed (i) to evaluate whether or not a comprehensive monitoring of pollutants in the
marine ecosystem is possible. Such monitoring include analysis of DDTs and PCBs in several whale species
(species having different feeding habitat), as well in the environment surrounding these species.

RESULTS

Results presented here involve both those derived from the feasibility studies (as defined in the above section) as
well those that are a continuation of previous studies initiated under JARPN.

1. Outline of JARPN II feasibility surveys in 2000 and 2001

1.1 2000 survey

The first feasibility survey of the JARPN II was conducted from 1 August to 16 September 2000. Sub-areas 7, 8
and 9, excluding the EEZ zones of foreign countries, were designed as the research area (Fig. 1.1.1).

In this survey, three sighting/sampling vessels (SSVs), one scientific eco-sounder survey vessel (ESV), one trawl
survey vessel (TSV) and one research base ship (RB) were used. The scientific echo-sounder survey vessel (ESV)
also acted as a dedicated sighting vessel. These vessels are as follows:

SSVs: Yushin Maru (YS1), Kyo Maru No.1 (K01) and Toshi Maru No.25 (T25).
ESV: Kyoshin Maru No.2 (KS2)

TSV: Shunyo Maru (SYO)

RB: Nisshin Maru (NM)

In this survey two main components are identified. One is the co-operative survey on the prey species and
ecosystem research. The other is the whale survey. For the co-operative survey on ecosystem rescarch, seven small
blocks were defined in sub-area 7 based on satellite information on surface temperature (upper side of Fig. 1.1.2).
Allocation of the vessels was determined in the following manner. On the predetermined track line the ESV (KS2)
conducted the echo sounder survey as well sighting survey under passing mode. The TSV (SYO) followed the path
of ESV. If ESV detected the occurrence of prey species by echo sounder then the TSV conducted the trawl survey
at the target depth to identify the prey species (Fig. 1.1.3). Echo sounder recording was made normally on the
designed track line. Three types of trawl hauls were made: normal, target and night trawl hauls. The normal trawl
haul was conducted at the scheduled time and location. The target trawl haul was conducted after the echo sounder
survey indicated the occurrence of prey species. In such case the SYO conducted trawling at the target depth in
which the prey species was detected by the echo sounder. The prey species were identified from the catches by the
trawling. The night trawl haul was that conducted at a time after sunset on the same point of the normal trawling in
daytime (Fig. 1.1.4).

The total searching effort by the SSVs was 7,284 n.miles during which 68 common minke, 188 Bryde’s and 400
sperm whales were sighted (Table 1.1.1, Fig. 1.1.5 and Fig. 1.1.6). A total of 40 common minke whales was
sampled, 34 during the whale survey component and 6 during the co-operative survey component. The six whales
sampled during the co-operative survey were from small blocks 1 and 2. If we consider the sub-areas, 24 were
sampled in sub-area 7 and 16 in sub-area 9. The whales sampled were examined on board the research base ship.
The figure of 40 common minke whales consisted of 35 males and 5 females (Fig. 1.1.7 and Table 1.1.2). A total
of 43 Bryde’s whales were sampled in sub-area 7, 23 during the whale survey component and 20 during the
co-operative survey component. The whales sampled during the co-operative survey component were from small
blocks 4 and 7. Even number of male and female Bryde’s whales were observed in the samples (Figs. 1.1.8 and
Table 1.1.3), consisting of 21 males and 22 females, including one mother/calf pair. A total of five sperm whales
were sampled in sub-area 7, one during the whale survey component and four during the co-operative survey
component. During the co-operative survey component the sperm whales were sampled from small blocks 1, 4, 6
and 7. The figure of five animals consisted of three males and two females (Fig.1.1.9 and Table 1.1.4). A clear
segregation in the pattern of distribution of common minke and Bryde’s whales, was observed. Sperm whales were
amply distributed in the research area.

Prey species found in the stomach content of common minke whale were Japanese anchovy, walleye Pollock and
Japanese common squid; Japanese anchovy and krill in Bryde’s whale and deep-sea squid and some fishes in the
sperm whale (See Appendices 1, 2 and 3). The possibility of direct and indirect competition between these whale
species and commercial fisheries is discussed in the cruise report of the 2000 JARPN II survey (Fujise et al., 2001).

-6-



1.2 2001 survey

JARPN 11 2001 feasibility survey was conducted from 14 May to 3 August in 2001 in sub-areas 7, 8 and 9 (Fig.
1.1.1). The research period was about 2.5 months (77 days) earlier than that in the 2000 survey. The research
vessels were the same used in the previous survey with the exception of Syunyo Maru, which was replaced by
Torishima (TOR). Like the previous survey, the survey consisted of two research components. Five small blocks
were defined in sub-area 7 for the co-operative survey on ecosystem research (bottom in Fig. 1.1.2). A similar
trawl and scientific echo-sounder surveys were conducted in the sub-area 7 (Fig. 1.1.10).

A total of 14,359.6 n.miles of searching effort was covered in 82 days. A total of 136 common minke, 77 Bryde’s
and 948 sperm whales were sighted (Table 1.1.1, Fig. 1.1.5 and Fig. 1.1.6). During these sightings 100 common
minke, 50 Bryde’s and 8 sperm whales were sampled. A single sei whale was accidentally sampled by miss-
identification. The whales sampled were examined on board the research base ship same as in the previous survey.
In the case of the common minke whale, mature males were abundant (Fig. 1.1.7 and Table 1.1.2). Almost an even
number of males and females of Bryde’s whales were observed (Fig. 1.1.8 and Table 1.1.3). Similar trend of sex
composition was observed for sperm whales sampled (Fig. 1.1.9 and Table 1.1.4).

Major food species of common minke whales were the Japanese anchovy in sub-area 7 and Pacific saury in
sub-areas 8 and 9. Also Walleye pollack were found in coastal area in Pacific side of Hokkaido (Northern part of
sub-area 7). In the stomach of Bryde’s whales, krill and small Japanese anchovy were observed. Dominant prey
species in eight sperm whales consisted of numerous squids, which inhabit the mid-and deep-water. Krill was
observed in the stomach content of a sei whale. Details of the JARPN 11 2001 cruise will be available as a cruise
report document (SC/54/0xx ). See also Appendices 1, 2 and 3.

1.3 Concurrent prey and whale surveys

The co-operative survey on ecosystem research was conducted between the prey species vessels (TSV and ESV)
and the whale vessels (SSVs and RB). In most of the small blocks both surveys were conducted within a one-week
period (while the prey survey is rather independent from the weather conditions, progress in the whale survey
depend on the weather conditions).

The feasibility surveys revealed that minke whales fed on dominant fishes (Japanese anchovy and walleye
pollock) that formed large schools. Krill seems to be avoided by minke whales when fish are present. This situation
is similar to finding in the Norwegian water (Skaug ez al., 1997; Lindstrom and Haug, 2000). In the coastal part of
sub-area 7, it seems that dominant prey of minke whale reflects the abundance of the prey in a spatial temporal
scale (e.g. walleye pollock and Japanese anchovy).

Although the sample size is small, other information on prey preference is as follow: 1) a minke whale fed on
large size classes prey that was not caught by trawling; 2) size class proportion of walleye pollock in minke whale
stomach was different from the proportion in trawl samples in the same region.

The feasibility survey also showed that minke and Bryde’s whales did not feed on meso-pelagic fishes and
squids which migrate into the upper layer at night and are important prey of many marine mammals (Ohizumi,
1998). This result suggests that minke and Bryde’s whales usually do not feed at night.

It can be concluded that in both years the co-operative surveys were successfully conducted.

1.4 Sampling strategy in the feasibility survey

In order to avoid sampling bias calf/cow pairs were sampled if they were sighted during the normal sighting survey
along the trackline. In such a case calf was sampled first followed by the mother. Under this scheme one calf/cow
pair of Bryde’s whale was sampled in the 2000 JARPNII survey and seven calf/cow pairs and a single calf were
sampled in the 2001 JARPNII survey. Body length for these calves ranged from 6.70m to 8.57m. Details of
biological parameters and their prey species are shown in the later sections.

Regarding the sperm whale the sampling in the two surveys was conducted for only individuals smaller than 10m
of body length due to the capability of the research mother ship (NM). Thus larger singleton individuals were not
sampled in these surveys.

2. Results of studies conducted under JARPNII
2.1 Feeding ecology and ecosystem studies



2.1.1 Food consumption of cetaceans
The prey species of common minke whales (Appendices 1 and 4) in the western North Pacific and southern

Okhotsk Sea during May and September from 1994 to 2001, were various pelagic prey species of zooplankton,
squid and fishes. Prey species of common minke whales varied both geographically and temporally. In the Pacific
side of Japan, the dominant prey species was Japanese anchovy during May and June, Pacific saury during July
and August and krill in September. In the southern Okhotsk Sea, krill was the dominant prey species in July and
August. However, in 2000 research (JARPN II), during August and September, Japanese anchovy was the most
important prey species. Furthermore, Walleye pollack was also important prey species in sub-area 7. In sub-area 9,
Japanese anchovy was the most important prey species in August, 2000. On the other hand, Pacific saury
consumed by common minke whales was low proportion. There are yearly changes of prey species of common
minke whales in the research area. Therefore, further research might be necessary to understandthe nature of this
yearly variation. Furthermore, some examples of competition between common minke whales and commercial
fisheries were observed in the research area and this topic need to be addressed with further research in the future.

Minke whale:

Daily prey consumption of minke whale in the western North Pacific was estimated using two methods (Appendix
4): 1) diurnal change in the forestomach and fundus content weight and 2) field metabolism. A total of 116
forestomach and fundus of minke whales sampled by JARPNII surveys from 2000 to 2001 were examined.
Estimations were made by sexual maturity stage. Estimates of the daily prey consumption rate obtained by the
method-1 were 4.6 of body weight if the proportion of the rest of prey after 8 hours was 20 %. Estimates of the
daily prey consumption rate obtained by the method-2 ranged from 1.4 to 8.2 % of body weight. It might be
necessary to obtain more information on the caloric value of prey species by seasons, and areas. At the same time,
more data are needed on seasonal, local and annual variations in the prey of minke whales before conclusions can
be drawn with regard to their food consumption of minke whales in western North Pacific from spring to autumn.

Bryde’s whale:

The major prey species of Bryde’s whale were krill, Japanese anchovy and juvenile of Chub mackerel (Appendices
2 and 4). It was confirmed that there was no change about prey species of Bryde’s whale between previous reports
and this research. In the Pacific side of Japan, the dominant prey species was krill during May and June and
Japanese anchovy during July and August. Differences in the CRI (7?7) between krill and Japanese anchovy might
reflect local changes in the relative abundance of these species in the area. Prey species of Bryde’s whales varied
both geographically and temporally. More data are needed to better understand the seasonal change of prey species
in this research area. Most of the Bryde’s whale sightings occurred close to the fishing grounds of skipjack tuna.
Both Bryde’s whales and skipjack tuna feed mainly on Japanese anchovy. Further research is necessary to
understand the nature of this interaction.

Daily prey consumption of Bryde’s whale in the western North Pacific was estimated using two methods
(Appendix 4): 1) diurnal change in the forestomach and fundus content weight and 2) field metabolism. A total of
90 forestomach and fundus of Bryde’s whales sampled by JARPNII surveys from 2000 to 2001 were examined.
Estimations were made by sexual maturity stage. Estimates of the daily prey consumption rate obtained by the
method-1 were 4.0 % of body weight if the proportion of the rest of prey after 8 hours was 20 %. Estimates of the
daily prey consumption rate obtained by the method-2 ranged from 3.3 to 8.2 % of body weight. It might be
necessary to obtain more information on seasonal, spacial and yearly changes of the caloric value of prey species.
More data are needed on seasonal, local and annual variations in the prey of Bryde’s whales before conclusions can
be drawn with regard to their food consumption of Bryde’s whale in western North Pacific from spring to autumn.

Eight cow/calf pairs were targeted, 8 calves and 7 mother whales were sampled in 2000 and 2001 JARPNII. The
stmach content of the mother and the calf was confirmed. Almost of the individuals, which were under 8.0 m of
body length, did not feed on prey. They feed mainly on mother’s milk. However, the individuals, which are over
8.0 m of body length feed on only krill as their prey.

Sperm whale:

In 2000 and 2001 JARPNII surveys, deep-sea squids were most dominant prey in the stomach contents of sperm
whales (Appendix 3). The important prey species in JARPNII surveys are one fish (Trachipterus ishikawae) and 3
squids (Ancistrocheirus lesueuri, Histioteuthis dofleini and Ommastrephes bartrami). Their prey species could be
identified from beaks of squid and otolith of fishes. The body length and body weight of some prey species from
the otolith length or beak lower rostral length could be estimated using regression equation. In JARPNI]I, the
stomach contents weight ranged from 9.0 kg to 236.7 kg. These weights were equivalent to under 1.0% of body
weight. Most of stomach contents were in good condition (lightly digested). The sperm whale seems to feed on



prey during day in the mesopelagic and/or bottom. The contribution of sperm whales for surface ecosystem was
not drawn clearly, as the sample size was very low. Therefore, further research might be necessary to understand
better their relation to the epi-pelagic ecosystem..

2.1.2 Prey preference of cetaceans (Appendix 5)
The prey preference of cetaceans to be estimated in JARPN 11 is not that for an individual animal but that for the

group as an input parameter to the ecosystem models. In most of the ecosystem models, the population models for
each fish and marine mammal are integrated with the prey and predator interactions. Prey and predator interactions
are defined with several factors; abundance of predators, days staying in the area, daily rations and diet
compositions. Diet compositions could be estimated directly from the stomach contents. Diet compositions would
be affected by the biomass of each prey, distributional overlap with predator and prey, and prey preference of
predator. Therefore prey preference of in the ecosystem model should be an effective parameter to adjust the
difference between diet composition in the stomach and prey composition in the sea, with reflecting the
distributional overlap. As the target area is stratified in most of the ecosystem models to express the distribution
pattern and migration, distributional overlap will be considered on a stratum basis.

Usually the prey preference could be estimated with the concurrent whale and prey surveys (Lindstrom and Haug,
2001). Practicality of concurrent whale and prey surveys was tested in the two-year feasibility study as the surveys
are the first try in the North Pacific and involve many research vessels at the same time (Government of Japan,
2000 and 2001). Several small blocks with ca. 100x100 square nautical miles were set in sub-area 7, within each of
them a zigzag track line was drawn. The concurrent surveys were conducted on the same track line within one
week in each small block. Diet compositions and body size composition of each prey species were estimated with
digested stomach contents using hard tissues such as fish otoliths and squid beaks. Biomass of each prey in the sea
was estimated acoustically and the species was identified with the mid-water traw], IKMT and plankton nets. For
squids with low acoustic reflection and saury in the surface layer, the biomass was estimated with the mid-water
trawling from a 100m depth to surface at predetermined stations. The body size compositions were obtained with
the direct measurement for catches.

There were no serious practical problems in the concurrent whale and prey surveys. Depending on weather
conditions and distribution patterns of whales and preys, the progress of two surveys was different each other.
Therefore the close cooperation between two surveys is indispensable. Preliminary results suggested that minke
whale preferred to Japanese anchovy while they seemed to avoid krill. Preference to pelagic shoaling fish was
similar to that in the eastern North Atlantic. Bryde’s whale preferred to feed on Japanese anchovy in August in
2000 but such a preference could not be detected from May to July in 2001. In earlier season, Japanese anchovy
was less abundant except for the larva in Bryde’s whale distribution area. Minke and Bryde’s whales did not feed
on lanternfishes that migrate to the surface layer at night. In fact lanternfishes were taken in the nighttime
mid-water trawlings from a depth of 100m (Fujise et al., 2001; 2002). It seems that minke and Bryde’s whales feed
only during the daytime and the preference to lanternfishes is judged as zero. The size of anchovy in the stomach of
Bryde’s whales is usually larger than that in the sea (See Appendix 2). Bryde’s whales may prefer to larger
anchovy. The distributional pattern of each prey species is closely related to the depth zones in the inshore areas
and the complex water masses in the offshore areas (Appendix 5). The local distributional patterns of cetaceans
and prey and degree of overlapping between them may affect the effective prey preference.

In conclusion the prey preference of cetaceans could be estimated if the present concurrent whale and prey
surveys continue. On the diet composition, the hard tissue technique to identify the species and estimate the body
size is almost completed. Data on Target Strength (TS) for estimating prey biomass acoustically are being
collected for most fisheries resources in Japan. A trawl net suitable to saury is now under construction by one of
the National Fisheries Research Institute. Also to estimate effective prey preference, the local distribution pattern
and abundance of cetaceans is needed. The information should be collected in JARPN II. Finally GIS technique is
inevitable to combine and analyze the information on oceanographic conditions, preys and cetaceans.

2.1.3 Small cetaceans from commercial harvest

In the western North Pacific, not only minke, Bryde’s and sperm whales but also many species of cetaceans inhabit.
Among these species, Baird’s beaked whales, northern form short-finned pilot whales and Dall’s porpoises are
frequently distributed in the research area of JARPN 11, and taken by the smali-type whaling and the dolphin
fisheries in Japan. To evaluate ecological role of these species as additional information in the ecosystem model of
JARPN I, the qualitative and quantitative studies on feeding habits is needed. However, since the surveys of these
hunted whales and dolphins have been conducted mainly for stock management purpose (for stock identification,
life history, and the monitoring of the population status), the information of the feeding habits is still poor
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especially for Baird’s beaked whales and northern form short-finned pilot whales. Thus, we conducted stomach
contents surveys for these species as a part of the feasibility studies of JARPN I

Through May in 1999 to November in 2001, the small-type whaling caught a total of 184 Baird’s beaked whales
and 157 northern forms of short-finned pilot whales in the coastal waters of Japan (Fig. 2.1.1) and all hunted
whales were surveyed for biological information such as a body length, age, maturity, external morphology and
genetics. Among them, stomach contents samples were collected from 76 Baird’s beaked whales and 27 pilot
whales. Up to the present, we finished the analyses of the stomach samples in 26 Baird’s beaked whales and all
pilot whales, and obtained the tentative result as follows.

Baird’s beaked whale

Important prey items varied among local areas (Table 2.1.1: Ohizumi, et al. 2002; Ohizumi et al., unpublished
data). At Hakodate, most important prey was Gonatopsis makko, which occupied 95% of contribution in weight
and 60% in number. Although we could investigate only 2 animals, in Abashiri, Galiteuthis squid was the most
important in weight followed by Theragara chalcogramma and G. makko. In Wada, deep-sea cods and rat-tails
were important prey, especially Coryphaenoides longifilis contributed about 70% of the prey weight.
Coryphaenoides acrolepis was also one of the main pray. Sometimes unidentified crabs were found from the
stomach contents, but in Wada, crabs were found also from the stomach contents of prey fishes.

Northern form short-finned pilot whale

Almost all of the prey items were squids. Fishes were few, and most of them were smaller fish such as myctophids.
Most important prey squids in weight were Todarodes pacificus and Ommastrephes bartrami. Eucleoteuthis
luminosa was also an important prey in numerical contribution (Table 2.1.2: Ohizumi, unpublished data).

Dall’s porpoise

In the case of Dall’s porpoise, we conducted biological surveys mainly for life historical study, and collected
samples from 488 porpoises taken by the hand-harpoon fisheries therough September in 1999 to June in 2001.
Among them, 124 porpoises were aged, and we confirmed that the porpoises less than 10 years could be aged. The
Analyses of stomach contents are on going in Hokkaido University by using the part of specimens obtained from
the surveys.

In addition to stomach contents surveys, we tried to collect fish specimens as many as possible io make an otolith
reference for prey fish identification and reconstitution of fish bedy length and weight. We collected especially
otoliths of macrourid fishes (rat-tails) that are main prey of Baird's beaked whales off central Japan, under
cooperation of Tohoku National Fisheries Research Institute, Hokkaido National Fisheries Research Institute, and
Suzuki Gyogyo Co. Ltd. We could successfully collect the otoliths of macrourid fishes for most of the species
inhabiting the Pacific coast of the Tohoku region, and we could identify the species with the otoliths. For the
cephalopod prey, the National Science Museum has recently developed squid beak collection under cooperation of
NRIFSF, which enable us to squid identification by beaks. This squid beak collection covers many species of
squids inhabiting the western North Pacific, but stomach contents sometimes included possibly new species or
unreported species from the study area. Therefore, further collection of beaks is needed. We could estimate body
length and body weight of prey for most of the species from the otolith length or beak lower rostral length.
However, for some cases, the regression equation provided a rough estimation, or we could not avoid using
regression obtained from other species in the Genus or Family.

Progress in the methods of prey species identification and the reconstruction of the body weight could make us to
evaluate the quantitative importance of each species. However, we still have problems of sample bias and small
sample size. Due to the limitations of the commercial fishing seasons and grounds, the data from the surveys are
seasonally and spatially biased. This aspect should be taking into account when these data will apply to the
ecosystem model in JARPN II. Sample size of stomach contents surveys is relatively small compared with the total
number of the catch. One of the reasons is logistic problem such as a shortage of researchers and fund, and other
reason is related to the habitual behavior of fishermen, i.c. they incise the belly of carcass and often discard the
stomach contents to the sea in order to keep the meat fresh. Small sample size also prevents us from the estimation
of the daily prey consumption rate and the digestion rate. To solve this point, it will be necessary to construct the
metabolic models based on the captive experiments.

In conclusion, the following approaches will be necessary, 1) to continue the present surveys, 2) to increase the
sample size, and 3) 1o utilize the commercial catch samples for the ecosystem modeling as effectively as possible.
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2.1.4 Ecosystem mode]
It is essential to learn roles and dynamics of key-species in the ecosystem for multispecies management, Demand

in multispecies management is increasing these days and also supply of models is increasing accordingly. Ulltang
(1995) noted that the revised management procedure (RMP) will become sterile and lose its scientific credibility if
RMP in its future development does not in some way adopt important results from progress in the biological
sciences, including multispecies research. Some outputs that multispecies model gives can contribute the
settlement on management problems of aquatic animals and fishes without doubt. We had Ecopath (Christensen et
al. 2000) and Multspec (Bogstad et al. 1997) as candidates of present available ecosystem models to throw light on
key-species in the ecosystem, their interactions and roles. Ecopath is widely used all over the world along with its
variants, Ecosim and Ecospace. Multspec gave some promising results and improved along with similar programs
such as Bormicon (Stefansson et al. 1998). For the present, Ecosystem models suitable to the western North Pacific
has been being developed based on the models such as Ecopath, as just an initial work. In the future, Ecopath is
made use of to give overall impression on the ecosystem and make clear key species in the ecosystem. On the one
hand, Multspec is used to treat detailed dynamics for the interactions of selected key species and the effects of
migration and prey preference. We have just undertaken the development of Multspec-type model. In dealing with
uncertainty in the ecosystem model, Multspec model is very promising. From the next paragraph, we will
introduce the developments of Ecopath-type model and Multspec-type model in two years JARPNII feasibility
study in short.

Ecopath-type model

The Ecopath-type model has had the purpose to illustrate the trophic flows in the ecosystem of interest. It is being
recognized in recent years that it is useful to construct food web and trophic structure using known data from
fisheries and research activities. As a rule, Ecopath needs to postulate equilibrium of biomass, and interactions that
are resulted from the analyses are extremely complicated so that indirect impacts often have a big effect. Therefore,
we made use of it to evaluate the relative importance of predator species and to know the distinction between
keystone predators at the first stage. Ecosim and Ecospace are also used and examined to grasp dynamic change
including changes in exploitation rates, predator-prey interactions, environment and population size etc. Ecosim is
a dynamic simulation module for predicting results of human and climatic impact on ecosystem components.
Ecospace is a spatial equilibrium model and predicts biomass and exploitation distribution over two-dimensional
space.

Some initial analyses from Ecopath and Ecosim were presented to IWC/SC in 2000 (Okamura et al. 2001,
Appendix 6). Especially, the paper focused on the application of Ecosim into the North Pacific model to examine
the interactions between fisheries and cetaceans. The Ecosim simulations were done under the following 4
scenarios:

Scenario 1: Fishing rate of cetaceans = 0,

Scenario 2: Fishing rate of fishes = 0,

Scenario 3: Doubling the fishing rate of cetaceans,

Scenario 4: Doubling the fishing rate of fishes.

Because Ecosim is very sensitive to the vulnerability parameter, each simulation was carried out under two settings
of the vulnerability parameters of 0.3 and 0.6. The vulnerability of 0.3 is the default value in Ecosim and 0.6 is
twice the default value. When the vulnerability parameter is large, the ecosystem approaches top-down control
such as Lotka-Volterra dynamics. The vulnerability parameter is estimated from fitting our Ecosim model to
available time series data. For analytical simplicity, only the overall vulnerability parameter was estimated, i.e. a
single parameter under the assumption that all the groups have the same value. The employed time series data were
taken from fishing rates and biomass estimates of sardine, chub mackerel and common squid from 1987 to 1999.
To supplement the result of estimation of the vulnerability parameter, an evolutionary criterion to search for an
optimum estimate was used.

The results of the simulations showed a clear change of biomasses, especially when the vulnerability parameter
was high. When there was no catch of cetaceans in future 50 years (Scenario 1), relative biomass of some fishes
decreased in the order of several ten percent, and some whales increased in the similar order (Figs. 2.1.2and 2.1.3).
Without fisheries except whaling in future 50 years (Scenario 2), relative biomass of some fishes increased in the
order of several hundred percent and some whales increased in the order of several ten percent (Figs. 2.1.4 and
2.1.5). With double fishing rate for cetaceans in future 50 years (Scenario 3), some fishes increased in the order of
several ten percent. Some squids showed different dynamics from those fishes, probably because of indirect effects
(Figs. 2.1.6 and 2.1.7). With double fishing rate for fishes in future 50 years (Scenario 4), many fishes became
extinct. Some cetaceans decreased in the order of a few ten percent, probably because of lack of prey (Figs.2.1.8
and 2.1.9).
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Fitting the model to available time series data of some fishes showed that the vulnerability parameter in the model
was likely to be high. The vulnerability parameter estimated through fitting time series data was about 0.6 and the
value obtained through searching for the evolutionarily stable strategy was some 0.5. Among three species
employed in time series fitting, the relative biomass trend of sardine was not successfully fitted.

The results of simulations indicated that there is a possibility that cetaceans and fisheries are competing each other
in the western North Pacific because the search of the vulnerability parameter in the model resulted in relatively
high value. Therefore, the ecosystem of the western North Pacific may be affected on a large scale by trophic
interactions and changes of fishing.

Further, some Ecosim run was done with some alterations of input data to investigate a role of sperm whale in the
ecosystem (Appendices 7 and 8). Main alterations are to separate deep-sea squids into vertical migrators between
the deep sea (say, deeper than 400m in depth) and surface layer (shallower than 200m), and real deep-sea squids
that do not migrate to the surface. Sperm whales eat mainly real deep-sea squids based on the results of two-year
feasibility JARPN Il surveys. The simulation showed that sperm whales have large effects on some direct and
indirect prey species as before. Especially, there existed several species targeted by commercial fishing in strongly
influenced prey by sperm whales. It means that sperm whale can still be important in the ecosystem as minke
whales.

Many test runs suggested the applicability of our Ecopath and Ecosim models to the western North Pacific.
Cetaceans, especially minke whales and sperm whales, are probably important key species in the western North
Pacific ecosystem because removals of minke whales and sperm whales brought large fluctuations to direct and
indirect prey species biomasses when the vulnerability parameter is supposed to be high. One of reasons why
Bryde’s whales showed little effect is shortage of information, especially their diet composition and accurate
biomass. Furthermore, the habitat of Bryde’s whales is more offshore than our designed area. Therefore, biomass
of Bryde’s whales is very small.

Future works will increasingly improve our model for the western North Pacific Ecopath model. On the other
hands, the examination based on the Ecopath-type model clarified deficiencies of Ecopath with Ecosim, and
discrepancies between Ecopath and our intention. Ecosim has not yet had the function to include uncertainty of
many parameters completely. Espaecially, because the choice of the vulnerability parameter is important, more
precise estimation of it should be developed. In the future, accuracy and precision of important parameters should
be improved and uncertainty of parameters should be reasonably incorporated into the western North Pacific
Ecopath/Ecosim model. Shortage of seasonal data caused some problems, for example most of cetaceans migrate
south to north. This had us recognize the importance of including seasonal effect such as migration and spatial
expansion, e.g. Ecospace.

Multspec-type model

The Multspec model is achieving some success in the Norwegian aquatic ecosystem (Ulltang, 1995; Bogstad et al.,
1997; Tjelmeland and Bogstad, 1998). The model is age- and area-structured multispecies model that integrates
the dynamic of each fish and marine mammal (Although Norwegian Multspec model includes length information,
the our present model doesn’t include it). The details of the developed model are shown in the JARPN II Plan
(Government of Japan, 2002). Unlike Ecopath, it has some difficulties to include many species and complicated
food web because it has complicated dynamics model for each component. However, it is possible to examine the
dynamic changes of each entry in details. At the first stage we will consider a simple model to include minke whale,
Pacific saury, Japanese anchovy and krill. This enables us to utilize available information at maximum, describe
dynamic change including various uncertainties, carry out extensive sensitivity analyses and predict future
interactions among whales and fisheries. The model is being coded with EXCEL VBA according to the
specification.

Comparison and integration of Ecopath and Multspec models

Ecopath is a complex-structured ecosystem model that consists of simple dynamic equations. On the one hand,
Multspec is simple-structure model that consists of detailed dynamic models for each component. Aydin and
Friday (2001) examined the difference between multi-species and single-species models under uncertainty of
parameters using simple Ecosim model. They pointed out from their results that multi-species management was
very sensitive to the difference of parameters and a complicated model might put this behavior out of sight. Putting
our and their results together, it is plausible that multi-species management by Ecopath and Ecosim is still too early.
Although Multspec has detailed single species dynamics model, the overall structure is simple. The impacts that
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changes of population size and prey preference gives on the ecosystem are extensively and explicitly examined
using Multspec (Bogstad et al. 1992). Therefore, sensitivity analyses by Multspec are carried out in a relatively
easy way and its graphical outputs can be easily interpreted. Consequently, the study on the uncertainty of
parameters will be started based on the Multspec model.

The effects of migration can also be examined based on Multspec model, which is area-structured model and
monthly age-specific migration rate is constructed using transition matrices. This directly deals with migration. On
the other hands, Ecopath is extended spatially to Ecospace. Ecospace cannot deal with migration directly.
However, constructing Ecopath-type model based on spatially separate parameters and modelling interactions
among areas are to make average spatial structure clearly understandable.

Multspec has the simple structure of multispecies, and the extension of the model is gradually done, because the
complicated dynamics of each component in the model makes extension of the structure difficult. Ecopath is easier
than Multspec in terms of including new components. And the characteristics that Ecopath has the bottom such as
detritus to the top such as tuna and whales can give overall impression on the ecosystem and suggest the
importance of indirect effects and interactions. Therefore, the development of Ecopath, Ecosim and Ecospace in
the western North Pacific in parallel with Multspec is still more important.

For our purpose, such as explication of the existence of the competition between fishery and the consumption of
whales, impacts of whales on their prey species, and management advice to single species management of fishes
from multispecies models, combinations of advantages for both models, Ecopath and Multspec, through
improvements of their merits and demerits are necessary in the future. After going through various improvements
of our present models, the integration of the Ecopath-type model and the Multspec-type mode] will be searched
thoroughly and elaborately.

Input of data needed for Ecopath-type model:

Ecopath model for the western North Pacific consisted of 30 groups. Ecopath basically requires biomass (8),
production/biomass (P/B), consumption/biomass (Q/B), diet composition (weight-base), fished biomass (=
catches), for each group. The input parameters for B, P/B and Q/B in the model are shown in Table 2.1.3. Diet
composition and fished biomass are shown in Table 2.1.4 and Table 2.1.5 respectively. Most of them were
gathered from published sources. The information of biomass for whales was taken from data of Area 7 in Table 1
of Appendix 1 of the Government of Japan (2000), and the information of diet composition was taken from
Appendix Table 10.11 and 10.12 of Hunt and Kato (2000). The information of fishes was collected from a great
variety of literature. When there was no appropriate literature, the parameters of Trites et al. (1999) or FishBase on

the web (http://www.fishbase.org/search.cfm) were used.

Arranging data needed for Ecopath came up with various problems, e.g. a shortage of data, incorporation of
uncertainty of parameters, specification of seasonality, utilization of prey preference information, and
inconvenient treatment of migration. These problems will be resolved through long-term development of model
and data collection. The Multspec model is expected to handle uncertainty of parameters easily by the simple
description of ecosystem model unlike Ecopath type model.

Okamura (2000) showed that the relations between whales and fishes could be strongly influenced by the diet
composition of whales. Therefore, the long-term information on diet composition is needed to clarify the
characteristics of the ecosystem. Of course, more precise estimates of other biological parameters are also
necessary. Especially, it is plausible that temporal and spatial migration and prey preference of cetaceans have a
big impact on the ecosystem. The information on migration and prey preference, and time-series data of diet
composition collected from historical literature, small-type coastal whaling, and researches help develop more
realistic and useful model very much. It goes without saying that long-term monitoring of cetacean population is
needed in the light of conservation. Precise abundance estimates and its trend are not only important parameters,
but also very useful information for estimating the vulnerability parameter which is one of most important
parameters in the Ecosim run. It is impossible to overemphasize the importance of collecting and utilizing the
synthetic research data including historical ones and samples form survey other than JARPN II.

Input of data needed for Multspec-type model:

The process of initial Ecopath model construction and the resuits made clear still remaining several problems to
resolve in the future. For example, necessity of information on detailed diet composition, migration and long-term
spatially extensive biological information such as biomass, its trend and consumption, establishment of sensitivity
analysis method, the development of estimation procedure of robust vulnerability parameters, and incorporation of
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environmental factors. It is expected that the developing Multspec-type model resolves some of these problems.
After we complete initial Multspec-type model, we will brush up both western North Pacific Ecopath and
Multspec models based on all the results obtained from some suggestive simulation runs. Afterwards, we will
undertake to develop new ecosystem models that are useful for multi-species management.

2.2 Results of stock structure studies

Minke whale (Appendix 9):

First objective for the stock structure study under JARPNII feasibility survey was to investigate the possibility of
an additional structure (i.e., W Stock) in the western North Pacific, specially in offshore sub-area 9. To test this
hypothesis, we collected samples from sub-area 9 during the JARPNII 2000 and 2001 surveys and looked for any
evidence of genetic differences among the samples from sub-areas 7, 8, and 9, including those collected during
1994-1999 for JARPN, using both mitochondrial DNA (mtDNA) sequencing and microsatellites,

Mitochondrial DNA control region sequencing was conducted on the total JARPN and JARPN II samples from
1994 to 2001 in order to examine the stock structure of western North Pacific minke whales. Following a
recommendation from the 53" IWC/SC meeting, a genetic criterion was used to identify the animals belonging to
the J-Stock and these animals were excluded from the analysis. The source of some degree of mtDNA
heterogeneity found was attributed 1o whales sampled in the western part of sub-area 9 in 1995, 2000 and 2001.
While the sample size in 1995 was relatively large (n=78), the sample size in 2000 (n=16) and 2001 (n=29) are
small. Thus no definitive conclusion could be obtained for these two years. If samples from sub-area 9W in 1995,
2000 and 2001 were excluded from the analysis, no mtDNA heterogeneity was found in sub-areas 7, 8, 9 and 11
for the different groupings used. These results supported the one-stock scenario in sub-areas 7, 8,9 and 11 but the
possibility that a different stock occurs sporadically in sub-area 9W, cannot be discarded.

Seven microsatellite loci were used to examine the genetic stock structure of minke whales collected from
sub-areas 7, 8, 9, and 11 in the western North Pacific during JARPN and JARPNII from 1994 to 2001. No evidence
of genetic differences was detected among the samples from different sub-areas, indicating existence of a single
stock in the study area. No evidence of genetic differences was also detected from all comparisons conducted
between different combinations of the samples from different sub-areas: SA (7+11) vs SA8, SA (7+11) vs SA9,
and SA (7+8+11) vs SA9. No evidence of genetic difference was detected between samples collected from east
and west of longitude 153 degree. Our results did not support additional boundaries in the western North Pacific.

Conclusion that the W Stock exists in the eastern side of western North Pacific is still tentative, however. Sample
sizes of some samples are so small that they may not adequately represent the genetic composition of a population.

Second objective for the stock structure study under JARPNII feasibility survey was to estimate mixing rate
between O and J Stocks in the coastal area of Japan, i.e., sub-area 7. Using the same maximum likelihcod method
for estimating the mixing rate in sub-area 11 (Kishino et al., 1994; Pastene et al., 1998), we observed the mixing
rate of 0.08 (SE:0.08) for the 2000 sample and 0.07 (SE:0.04) for the 2001 sample both taken from the sub-area 7
during the JARPNII survey. These rates are much smaller than that observed from the samples in the sub-area 11,
indicating very few J-type individuals migrate into the sub-area 7. Fluctuation of the mixing rates we observed
from 1994 to 2001, however, indicates proportion of the J-type individuals entering the sub-area 7 might differ
year by year.

The JARPNII 2000 and 2001 surveys definitely make us believe that further analysis should be done for a better
understanding of stock structure of minke whales in the western North Pacific. In order to further test the multiple
stock hypotheses in the east side of western North Pacific, more samples should be collected from sub-area 9 and
possibly 13. In order to accomplish effective management of minke whales inhabiting coastal area, long-term
genetic monitoring of the J Stock in the sub-area 7 is necessary.

Although we proposed to analyse minke whales inhabiting sub-area 12 during JARPNII, we were not able to
collect any samples from the area because permission for the survey in Russian EEZ was not granted from Russian
Government. This is definitely an important area to be studied for conducting sound management of minke whales
because members of O, J, and putative W Stocks may coexist in the area. We thus propose again the scientific
survey in the sub-area 12.

Bryde’s whale (Appendix 10):
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The JARPN Il in 2000 and 2001 sampled Bryde’s whales in regions sub-area 1 not covered previously. Samples
taken by JARPN II in 2000 and 2001 were examined using mtDNA and microsatellite. Calf whales were exclude
from the analysis, thus the sample sizes from these surveys were 42 and 43 whales, respectively. We included into
the analysis historical samples taken around the Ogasawara Island in 1983 and 1984 (n= 103) and in a pelagic
whaling operation in 1979 (n= 95). All these samples are within sub-area 1 defined for the Western North Pacific
Stock (WNP). For comparative purpose we also included into the analysis samples from other previously
recognized stocks of Bryde’s whale: Western South Pacific (WSP) (n= 24), Eastern South Pacific (ESP) (n=33)
and Eastern Indian Ocean (EIO) (n= 23). The total number of sample examined was 363 whales.

MIDNA data was analyzed using the Analysis of Molecular Variance (AMOVA) for both PHIst and Fst statistics.
The hierarchical analysis showed striking differences among WNP, WSP, ESP and EIQ but no significant genetic
heterogeneity was found within the WNP nor within the ESP. We also used a chi-square test to compare localities
within the WNP. In the comparison between Ogasawara and JARPN II a low P value was found using chi-square
(P=0.022). However, in the comparisons between Ogasawara and Pelagic and between JARPNII and Pelagic no
significant differences were found.

Five microsatellite loci were used to examine a sub-set of the samples used in the mtDNA analysis. A total of 220
whales were examined: WNP (n= 185 as follow: JARPN II, n= 85, Ogasawara, n= 50 and Pelagic, n= 50); WSP
(n=25) and EIO (n= 10). Two statistical tests were used: chi-square test by the Markov chain method for the
Hardy-Weinberg proportion and heterogeneity test using probability test by the Markov chain method. No
significant heterogeneity was found within the WNP. In contrast, striking differences were found among WNP,
WSP and EIO.

In conclusion, different populations of the ordinary Bryde’s whale are confirmed for the WNP, WSP, ESP and
EIO. Based on the mtDNA analysis, which was more extensive than microsatellite, genetic differences are larger
between oceans i.e. between Indian Ocean and Pacific Ocean than within ocean i.e. among localities within the
Pacific Ocean. No shared haplotypes were found between the two oceans while some haplotypes were shared
among different populations within the Pacific Ocean.

Even by adding samples from previously uncovered regions in sub-area 1, no strong evidence of additional stock
structure within the Western North Pacific Bryde’s whale Stock was found.

Regarding future research need, JARPN II in 2000 and 2001 covered some portions of sub-area 1, for which no
previous information on stock structure was available. There are other portions within this sub-area, which need to
be covered for the objective of stock structure. The genetic analysis based on the feasibility surveys revealed a
weak mtDNA heterogeneity between recent JARPN II samples and historical samples from Ogasawara. This
heterogeneity should be tested with the additional samples from the same region.

Until now all lines of evidence indicate that sub-area 1 contains a single stock. Information on stock structure
from sub-area 2 (east of 180°) is necessary in future, as no available genetic information from that sub-area is
available.

During the JARPN II feasibility surveys several cow/calf pairs were sampled (one in 2000 and seven in 2001).
Calf animals were not included into the genetic analysis to avoid bias due to close related individuals. This meant
that the sample size used in the analysis decreased. We recommend that during the full JARPN Il surveys,
sampling of cow/calf pairs be avoided.

Sperm whale (Appendix 11):

A total of 31 sperm whales including 18 biopsies taken during JARPNII survey in western North Pacific were
analyzed using 340bp sequencing of mitochondrial DNA control region and seven microsatellite loci. The level of
genetic variability observed in these 31 sperm whales was compared to that observed from minke and Bryde’s
whales similarly collected from the western North Pacific during JARPN and JARPNII.

2.2.2. Biological parameter
Minke whale (Appendix 12):

To clarify some degree of genetic heterogeneity by the mtDNA analysis found in western part of sub-area 9, the
present study examines biological parameters such as; (1) conception date (the relations between the sampling date
and the foetal body length) that is one of biological parameters which provides a clear key to discriminate two
different stock of minke whales, (2) growth curve and mean body length in physically mature animals (mean body



length of animals older than 14 years) that are biological parameters which have supported stock identification by
genetic markers, (3) scars of bite marks by Isistitus sp. which are useful in determining stocks that are separated by
different habitat. We used the biological data from 213 individuals (188 males and 25 females) from sub-area 7,
112 individuals (106 males and 6 females) from sub-area 8, 149 individuals (134 males and 15 females) from
sub-area 9W and 84 individuals (72 males and 12 females) from sub-area 9E collected during JARPN surveys
from 1994 to 1999 and JARPN II surveys from 2000 to 2001.

Through the present study, no difference has been found in above biological parameters among these sub-areas.
Conception date shows that, as well as the results of JARPN surveys, six foetuses (sub-area 7: 3 foetuses, sub-area
8: one featus, sub-area 9W: 2 foetuses) collected during JARPN II surveys were considered to have roughly the
same conception date as the Okhotsk-Western North Pacific Stock (O Stock). No specific differences of growth
curves of males among sub-areas were found. For female, it was difficult to compare growth curve between
sub-areas due to extremely small sample sizes. Analysis of variance in the mean body length for physical mature
males revealed no statistical significant difference by local and yearly. As well, no statistical difference among
sub-areas was found for females. For the observation of scars on the skin of whales collected during JARPN II
surveys from 2000 to 2001, the scars were found on the skin of all mature animais. This finding from the scars
indicates that mature animals were considered O stock animals. From the maturity status composition, it was clear
that minke whales collected in sub-areas 8 and 9W during JARPN Il surveys also showed incomplete composition
of sex and sexual status (dominant mature males, few mature females and few immature animals). Relatively more
immature animals were found in the coastal sub-area 7 during JARPN II surveys compared with JARPN surveys,
Incomplete representation (few mature females and few immature animals) of sex and maturity status of minke
whales found in sub-area 7, 8, 9W and 9E indicate that the existence of one independent stock in every sub-area is
highly unlikely.

In conclusion, the present analysis of above biological parameters also could not confirm the existence of
another independent stock in sub-area 9. It is reasonable to consider that one independent stock of western North
Pacific minke whales distributes widely from coastal sub-area 7 to offshore sub-area 9E.

2.3 Environmental changes

2.3.1. Contamination level of minke, Bryde’s and sperm whales (Appendix 13)

For the environmental issues of this research plan, it was planned to monitor several types of whales, which have
different feeding habitat as well as to monitor for other marine organisms (e.g. prey species). From these
monitoring, information have been accumulated for constructing a comprehensive monitoring and assessment
system for pollution for the marine ecosystem in the western North Pacific.

We constructe a comprehensive monitoring system of pollutants in marine ecosystem of North Pacific Ocean on
the JARPN II survey, which was described under the third sub-goal in SC/52/01. This report is preliminary
analysis of accumulation features and temporal trend of trace elements, such as Mn, Fe, Cu, Zn, Se, Cd, Pb and Hg
(total and organic form), in minke whale collected from western North Pacific on the JARPN and JARPN II
surveys during 1994 and 2000 (Table 1 of Appendix 10). The relationship between trace element concentrations
and biological data, such as sex, body length and age are examined, and furthermore, temporal trend of the levels
and stock estimate with those in sub-area 7, 8 and 9 are examined.

Table 2 of Appendix 11 shows the gender differences of the trace elements in the liver, kidney and muscle. No
significant gender differences were found for most trace elements each year, whereas some gender differences
were found in Cd concentrations of liver and Total Hg (THg) concentrations of liver, kidney and muscle.
Significant correlations were observed between THg of liver, kidney and muscle, and body length, however,
differences were not observed between those, except for liver and kidney of male, and age (Table 3 and Fig. 1 in
Appendix 11). No significant correlations were observed between Cd of liver, kidney and muscle, and body length,
except for hepatic Cd concentrations and body length (Table 3 and Fig. 2 in Appendix 11). Figs 3-4 of Appendix
11 show temporal trend in hepatic THg and Cd concentrations of NP minke whales during 1994-2000. Incidentally,
sample in 1995 is divided into western sub-area 9 that might exist of W stock and other sample.

In general, gender differences of trace elements are not observed in wildlife, compared with organochlorines.
However, significant difference was found between sexes for some trace elements, especially THg and Cd, in the
liver, kidney and muscle of NP minke whales. NP minke whales have different migration pattern between genders
or growth stages, and are opportunistic feeders with a broad diet and with flexible feeding habits. These factors
might be attributable to gender difference of NP minke whales. Trace element levels of their food item are reported
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that total Hg level is higher in fish sample and Cd level is higher in squid sample. Consequently, food items of NP
minke whales should be revealed.

2.3.2. Contamination level of air and seawater (Appendix 14)
In this program, it was also planned to monitor the pollution of seawater and air. This information was not
available after the 1980s. This comprehensive monitoring is being conducted.

Persistent organochlorines, such as polychlorinated biphenyls (PCBs), DDTs, hexachlorocyclohexane (HCHs),
hexachlorobenzene (HCB) and chlordane compounds (CHLS) levels of North Pacific mink whale, were
continually monitored in JARPN survey (1994-1999). Additionally, these organochlorine concentrations of air and
surface seawater have been measured in JARPN II surveys for monitoring the global transport and fate of them.

2.3.3. An examination of usefulness of skin samples for pollution study (Appendix 15)

Furthermore, it was requested from the members of SWG of environmental concerns in 52™ IWC/SC that
calibration study was needed, which used tissue samples from previously harvested whales to evaluate whether
biopsy samples can be used to monitor and assess contaminant levels in cetaceans.

In response to request from the IWC/SC members, skin tissue concentrations of trace elements were compared
with the liver, kidney and muscle concentrations and the body burdens that are generally used to monitor and
assess trace elements. Concentrations of Mn, Cu, Zn, Se, Cd, Hg (total and organic form) and Pb were determined
in the liver, kidney, muscle and skin of 15 minke whales taken from western North Pacific by JARPN survey in
1995 and 1999 (Tables 1 and 2 in Appendix 11).

Concentrations of trace element, except for Se, in North Pacific minke whales were highest in liver or kidney and
were comparatively lower in skin (Table 3 of Appendix 11). In generally, liver was used for heavy metal
monitoring and blubber was used for organochlorine, as these tissues were higher accumulation parts. Accordingly,
skin tissue could be not reasonable as the indicator of monitoring for trace elements. Table 5 shows relationship
between trace element concentrations of skin and other parameters. Toxic elements in some organs were found
significant correlation between the skin and, internal organs (e.g. liver and kidney) and body burdens of the
pollutants, whereas essential elements were not found. In the liver, these results are coincided with the results of
Antarctic minke whales for toxic elements, but are not coincided with those for essential elements (Kunito et al.,
2002). About the parameters with significant correlation, it is examined with Stepwise analysis whether liver,
kidney and muscle concentrations and burdens of trace elements are related with skin concentrations, body length
(proxy of age) or research years (1995= sub area 9, 1999= sub-area 11) and sex. The results showed that significant
correlations were observed between the skin concentrations and them by the Spearman’s correlation analysis, as
follows:

Cd: Liver (log (ug/g))=0.744 x Skin (log (ug/g)) + 4.86

Muscle (log (1g/g))=0.643 x Skin (log (ug/g)) - 0.262

THg: Kidney (log (1g/g))=0.797 x Skin (log (ug/g)) + 2.93

Muscle (log (ug/g))=0.643 x Skin (log (1g/g)) + 0.198 x Body length (log (m)) - 0.370 x Sex - 0.268 x Area
-2.86

Body burden (log(g)) = 0.634 x Skin (log (ug/g)) - 0.366 x Area + 0.741
OHg: Liver (log (ug/g))= - 0.778 x Area + 0.057
Kidney (log (ug/g))= 0.540 x Skin (log (ug/g)) - 0.460 x Area + 0.62

The hepatic and muscular Cd and hepatic total Hg (THg) were significantly not only obtained regression
equations, but also were selected only the skin concentration as a parameter. Some parameters of toxic elements
from skin might be useful for monitoring of these levels in minke whales. However, the results of present study are
not necessarily coincided with them in Antarctic minke whales. The application of biopsy sample for trace element
monitoring of cetaceans is further needed to examine.

2.4 Oceanographical study (Appendix 16)
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RESULTS AND CONCLUSIONS DERIVED FROM THE FEASIBILITY STUDIES

As mentioned earlier the two-year feasibility study aimed mainly i) to evaluate the performance of the concurrent
prey and whale surveys and ii) to evaluate whether or not information on feeding ecology can be obtained for the
new target species (Bryde’s and sperm whales) in the same way as it had been obtained for the minke whale under
JARPN. There were no serious practical problems in the conduction of the concurrent prey and whale surveys.
Preliminary analysis suggests that the data obtained from these concurrent surveys are useful to determine the prey
preference of cetaceans. Information on feeding ecology of Bryde’s and sperm whales could be obtained in the
same way as it has been obtained for minke whale.

1. Feeding ecology and ecosystem studies
1.1 Food consumption
The feasibility studies under this item were defined as follows:

‘(i) To determine whether information on the diet composition and daily and seasonal consumption can be
obtained with adequate precision through the examination of stomach contents of the targeted whales’

In general there was no problem to get the information on prey composition for the three target whale species.
There are two issues, however, which should be considered in future studies. One of them deals with the number of
individuals with empty stomachs and how this information should be taken into account in future analyses. In
particular in the case of the Bryde’s whale a considerable number of animals had empty stomachs. The rate of
empty stomach should be considered in future studies of food consumption, including estimations of sample sizes
for such studies. The other item deals with information on diurnal changes in food composition and whether or not
whales feed during the night. The direct evidence could not be obtained under JARPN II in 2000 and 2001 and
effort to get such information including in-direct one should be made in future surveys.

During the JARPN II feasibility studies, a total of nine calves of Bryde’s whale were collected with cows. The
examination of these individuals for feeding ecology showed that the stomach contents of cows were not different
from other animals and calves under 8.0m of body length only had milk in the stomach. Consequently, it is
concluded that calf samples are of less value for the studies of feeding ecology.

It is concluded that useful data on food habit of sperm whales in the western North Pacific was obtained during
the feasibility study. The food habit of sperm whales from spring to summer was confirmed. Prey species were
identified from examination of beaks in the case of squid and otoliths in the case of fish. The body length and body
weight of some prey species could be estimated using regression equation.

One of the purposes of JARPNII research was to obtain an estimate of the daily and/or yearly consumption for
each prey species with adequate precision. Estimate of the daily prey consumption rate of common minke and
Bryde’s whales was estimated using two methods and the results were similar to previous estimates. The
estimation of daily prey consumption was successful, but there are some limitations. Daily prey consumption
should be estimated for each area and each season with yearly variation. Although results showed that most of food
were meso-pelagic/deep sea squids and fishes, the sample size is too small and we have not information in other
seasons. Such detailed information is necessary for ecosystem model such as Ecopath-type and Multspec-type
models.

‘(ii) To evaluate whether the weights of the stomach contents can be measured for large whales such as Bryde’s
and sperm whales in the same way as it was made for minke whales under JARPN’

The weights of the stomach contents could be obtained for these larger species. Maximum weights of stomach
contents in the Bryde’s and sperm whales were 541kg and 160kg, respectively.

‘(iii) To evaluate whether or not the total body weight of these larger specics can be obtained in the same way as it
was obtained for minke whales under JARPN’

Body weights of Bryde’s and sperm whales sampled could be obtained. It should be noted here that only sperm
whales smaller than 10m of body length were targeted for sampling.

1.2 Prey preference of cetaceans
The feasibility studies under this item were defined as follows:
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(1) To examine the performance and practicability of the concurrent whale and prey surveys using a total of six
research vessels’

There were no serious problems in the conduct of this concurrent survey. Both prey and whale surveys in the 2000
and 2001 surveys were conducted in a given small block within a same week. Both surveys were not conducted
exactly at the same time as progress of the whale survey depends on the weather condition, which is not a limiting
factor for the prey survey. In the full JARPN II both surveys should be conducted as close as possible (temporal
and spatially). A close cooperation between the prey and whale surveys is indispensable for a good performance.

‘(if) To assess whether such concurrent survey provide enough data to determine prey preferences’

Some preliminary results on prey preference of cetaceans were obtained: negative preference of minke and
Bryde’s whales 10 lanternfishes and Bryde’s whale preference to larger fish among the small-sized anchovy. These
results are encouraging but more data from the concurrent surveys are needed. Also direct observation of feeding
behavior and integrated analysis combined with oceanographic data may be needed to understand the prey
preference of cetaceans.

2. Stock structure (Bryde’s whale)
The feasibility studies under this item were defined as follows:

‘(i) To investigate whether or not biological samples for stock structure studies can be obtained from areas not
covered in the previous studies’

In general sampling of Bryde’s whales was successfully conducted in regions within sub-area 1 not covered in
previous studies on stock structure. A total of 93 samples was collected in the northern part of sub-area 1. Genetic
analysis of samples from these previously no surveyed regions within sub-area 1 was completed. Other regions
within sub-area 1 not covered previously should be considered in future surveys. Also sub-area 2, for which no
genetic material is available, should be considered in future surveys.

From each calf/cow pairs sampled only one individual was used in the study of stock structure. Sampling of
cow/pairs are not desirable in future surveys.

3. Environmental effects on cetaceans and marine ecosystem
The feasibility studies under this item were defined as follows:
(i) To evaluate whether or not a comprehensive monitoring of pollutant in the marine ecosystem is possible’

Information on the accumulation levels of contaminants in the targeted whale species as well in the surrounding
environment have been obtained and analyses are underway. Several biological parameters are considered for an
adequate interpretation of the level of pollutants found in whales. On the basis of these preliminary analyses it is
concluded that a comprehensive monitoring of pollutant in the marine ecosystem is possible.
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Table 1.1.1. List of large cetacean species and number of sightings (no. schools/no. individuals) were made by three

sighting/sampling vessels in the 2000 and 2001 JARPN II surveys (Total area: 2000/7/30- 9/16, 2001/5/14- 8/3).

2000 JARPN I 2001 JARPN I
Whale species Primary Secondary Total Primary Secondary Total
Sch. Ind. Sch. Ind. Sch.  Ind. Sch. Ind. Sch. Ind. Sch. Ind.
Common minke whale 31 31 35 37 66 68 73 75 60 61 133 136
Like minke whale 3 3 ] 5 6 6 15 15 21 21
Blue whale 17 22 20 25 20 28 3 3 23 31
Fin whale 11 12 14 16 11 17 6 15 23
Sei whale 16 30 18 33 96 130 14 18 110 148
Bryde's whale 87 11 55 77 142 188 34 42 30 35 64 77
Humpback whale 1 3 1 1 2 4 9 12 6 6 15 18
Right whale 0 0 0 0 0 0 1 2 1 1 2 3
Sperm whale 112 225 53 175 165 400 224 506 102 442 326 948
Unidentified large cetacean 26 31 14 16 40 47 10 11 8 8 18 19
Unidentified cetacean 46 48 17 17 63 65 90 90 4 39 124 129




Table 1.1.2. Compositon of sex and sexual maturity of minke whales collected by the 2000 and 2001 JARPN II surveys.

2000 JARPN II
Sub- arca Male Female Combined Sex ratio Maturity Pregnancy
Imm. Mat. Total Imm  Rest. Preg. Unk Total (% males) Male Female rate®)
7 first 2 3 5 0 0 1 0 1 6 833 60.0 100 100
(33.3) (50.0) (83.3) 00 (@©0 @67 OO (167 (100.0)
second 6 8 14 0 1 2 1 4 18 77.8 571 100 66.7
(33.3) (444) (77.8) 0.0) (.6) ((111) (56) (222) (100.0)
. 8 11 19 0 1 3 1 5 24 79.2 57.9 100 75.0
Combined 233 @s8) (192)  (00) 42) (125 (42) (08  (100.0)
9 2 14 16 0 0 0 0 0 16 100.0 87.5 - -
(12.5) (87.5) (100.0) 00 (@00 (0.0 (0.0 0.0) (100.0)
: . 10 25 35 0 1 3 1 5 40 875 71.4 100 75.0
o Combined
r (25.0) (62.5) (87.5) 00 (25) (7.5) (25 (12.9) (100.0)
2001 JARPN I
Sub- area Male Female Combined Sex ratio Maturity Pregnancy
Imm. Mat. Total Imm  Rest, Preg.  Unk Total (% males) Male Female ratc®)
7 11 36 47 3 0 0 0 3 50 94.0 76.6 0.0 -
(22.0