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ABSTRACT

JARPN, the Japanese Whale Research Program under Special Permit in the western North

Pacific was conducted between 1994 and 1999 with two main objectives related to

population structure and feeding ecology of common minke whales (Balaenoptera

acutorostrata).  IWC Scientific Committee’s review of JARPN (JARPN Review Meeting,

February 2000) agreed that there were unresolved scientific issues related to minke whale

stock structure and also made a series of recommendations to strengthen the feeding ecology

part of the program (IWC, 2001a). Taking into account the results of the Review Meeting, a

two-year feasibility study of the second phase of JARPN (JARPN II) was conducted in the

years 2000 and 2001. This paper presents the research plan for the full JARPN II research

program taking into account results from the JARPN II feasibility study. 

Based on the success of the feasibility study (Government of Japan, 2002) and

increasingly strong support from international fisheries organizations, including FAO, for

research to improve multispecies approaches to management, the Government of Japan is

convinced that it should start JARPN II as a full-scale research program from 2002.

Considering the increased importance of and interest in the issue of competition between

marine mammals and fisheries, the priority of JARPN II is placed on feeding ecology and

ecosystem studies, involving studies of prey consumption by cetaceans, prey preferences of

cetaceans and ecosystem modeling. The second priority is to monitor environmental

pollutants. Further data related to stock structure, particularly for minke whales, will also be

collected.

One hundred minke whales (effectively O Stock and putative W Stock), 50 Bryde’s

whales (Balaenoptera edeni; Western North Pacific Stock), 50 sei whales (Balaenoptera

borealis;  Asian Stock) as a new study component and, as the continuation of the feasibi lity

study, 10 sperm whales (Physeter macrocephalus; Western Division Stock) will be sampled

each year by the Nisshin Maru  research fleet. To cover the temporal and spatial gaps, which

cannot be sampled by the Nisshin Maru  fleet, another 50 minke whales will be sampled each

year by small type whaling catcher boats as a two-year feasibility study. These species were

chosen for sampling because they occupy an important niche in the pelagic zone of the North
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Pacific and also because their populations are relatively abundant. The effects of the

research catches will be negligible on whale stocks sampled.

The research methods for the full JARPN II are basically the same as in 2000 and 2001

feasibility studies with some modifications. The program involves both non-lethal research

techniques such as sighting surveys, biopsy sampling, acoustic surveys for prey species and

the collection of oceanographic data as well as lethal sampling since collection of certain

information, of vital importance to the overall study, requires examination of internal organs

such as ovaries, earplugs and stomachs.  

The research area for the feeding ecology studies will be extended eastwards to sub-area

9 and stratified mainly on oceanographic conditions. Small type whal ing catcher boats will

be operated in the coastal strata in spring and autumn. If permission to enter Russian waters

is obtained from Russian authorities, this research plan will be modified in order to conduct

sampling of minke whales in sub-area 12 to meet the objective of JARPN (i.e. stock

structure) while the total sample size will be the same. In such case, the research plan for

other species may be modified and but will be carried out to the extent possible. Cruise

reports will be submitted annually to the IWC/SC.  

JARPN II is designed as a long-term research program of undetermined duration. A

comprehensive review will be conducted following completion of the first 6 years of the

research. JARPNII is fully consistent with IWC resolution 53-1 in which the Commission

unanimously decided to make the study of interactions between whales and fish stocks a

matter of priority. 
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I. INTRODUCTION

The introduction of the moratorium on commercial whaling in the 1980's has provided

protection to both abundant and depleted species of whales. Furthermore, other marine

mammals including seals have for a number of decades, also been protected by many

countries irrespective of their stock status. As a result,  many species of marine mammals

have increased in abundance and are now exerting a significant influence as top predators

consuming huge amounts of fisheries resources within the marine ecosystem.

The issue of competition between fisheries and marine mammals (whales, seals, and sea

lions) is of increasing concern to fishers worldwide as well to many governments and

international fisheries research and management organizations, including the United

Nations' Food and Agriculture Organization (FAO). Fish consumption by marine mammals is

related to world food security and has the potential to undermine fishery conservation efforts

(Tamura and Ohsumi, 2000; Morishita and Goodman, 2001; FAO, 2001) .

For this reason, the main purpose of the second phase of the Japanese Whale Research

Program under Special Permit in the Western North Pacific (JARPN II) is to study the

competition between whales and fisheries, and to elucidate the role of the cetaceans in the

marine ecosystem of the western North Pacific, which is a very important fishing ground for

the coastal countries of the region, including Japan.

Data on fish consumption by whales, including what, when, where, and how much they

eat will be collected and used together with oceanographic and other marine living resource

data to construct an ecosystem model which will contribute to improved fisheries

management in the region. The JARPN II feasibility study conducted in 2000 and 2001 has

shown that in the waters around Japan, common minke whales (Balaenoptera acutorostrata)

and Bryde’s whales  (Balaenoptera edeni) are consuming large amounts of several species of
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prey that are also the target of commercial fisheries (Government of Japan, 2001; 2002).

The second purpose of JARPN II is data collection to continue monitoring the levels of

environmental pollutants such as organochlorines and heavy metals in whales and the

ecosystem as a whole. Since marine mammals can function as indicators of changes in the

environment this has been a part of previous studies. However, this component has been

strengthened in the current research plan to reflect increasing concern about the issue of

environmental pollutants. Specifically, subjects such as the temporal and spatial variations

of accumulations of pollutants in cetaceans, the characteristics of their accumulation pattern,

and the process of bioaccumulation through the food chain will be examined.  

JARPN II is also designed to collect data for the ongoing analysis of the stock structure

in minke whales since some questions remain unresolved. The analysis of stock structure is

essential for the application of the IWC Scientific Committee’s (SC) Revised Management

Procedure (RMP) on this species.

JARPN II is designed as a long-term research program that takes into full account

information and scientific data from JARPN (1994-1999) and the JARPN II feasibility study

(2000 and 2001). Sampling of minke whale, Bryde’s whale and sperm whale (Physeter

macrocephalus) as in the JARPN II feasibility study will be continued in the full research

program with the addition of 50 sei whales (Balaenoptera borealis) in each year and 50

minke whales to be taken by small-type whaling catcher boats. Sei whale is newly selected

as a target species as they feed on fisheries resources such as common squid and the

estimated biomass is larger than that of Bryde’s and minke whales. The additional 50 minke

whales will provide full coverage of the spring and autumn seasons in coastal waters where

the competition between cetaceans and fisheries is likely to be substantial. Ten sperm whales

will continue to be sampled because their biomass is too large to be ignored in the ecosystem

models.

Sampling will be conducted in sub-areas 7, 8 and 9 with an extension of sampling

eastward to 170 E. Sampling of minke whales will  be conducted in sub-area 12 if permission

is obtained from Russian authorities.

II. BACKGROUND

1. Feeding ecology and ecosystem studies

Marine mammal interactions with fisheries have become a major issue worldwide. It  is an

important issue in the context of world food security since the estimates are that cetaceans
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consume 3 to 5 times the amount of marine resources harvested for human consumption

(Tamura and Ohsumi, 2000). Many international fisheries organizations have urged the

development of multi-species or ecosystem management systems (see for example, various

reports from FAO, ICES, NAFO, NAMMCO, IOTC and others discussed in: Morishita and

Goodman, 2001). Indeed, in 1998, the FAO's High-level Panel of External Experts in

Fisheries expressed the view that FAO and all fishery bodies must increasingly develop an

ecosystem approach to management. Given the FAO's projection for supply and demand of

products from marine fisheries which shows that 10 years from now, only at the lower end of

the range projected for demand, can this be met by supply (FAO, 1999), it  is clear that

fisheries management regimes must be based on multi-species models that take account of

the consumption of fish by marine mammals.

Most significantly, at its 24th Session in 2001, COFI (FAO’s Committee on Fisheries)

unanimously agreed that the FAO should conduct studies on the interaction between

fisheries and marine mammals. This agreement was endorsed by the 120th Session of the

FAO Council and reaffirmed in the October 2001 Reykjavik Declaration on Responsible

Fisheries in the Marine Ecosystem. The Reykjavik Declaration also affirmed that the

incorporation of ecosystem considerations implies increased attention to predator-prey

relationships and agreed that it is important to advance the scientific basis for incorporating

ecosystem considerations including the study of diet composition and food webs, species

interactions and predator-prey relationships. 

In the North Atlantic, the feeding ecology of top predators has already been studied.

According to the Norwegian feeding ecology research conducted between 1992 and 1994,

the prey species consumed by minke whales change conspicuously according to area, season

and year, and minke whales have flexible feeding patterns to match the local abundance of

prey species (Haug et al. ,  1995a). By inputting these data into a Multspec model it  was

shown that, when minke whales increase, important fish resources such as cod decrease by

predation, resulting in serious consequences for fisheries targeting these species.

Competition between top predators and fisheries has also been discussed at IWC

meetings since at least the 51st meeting in 1999 (Tamura and Ohsumi, 1999). After

modification of estimates, the estimated prey consumption by cetaceans worldwide was

reported as 248 to 434 million metric tons (Tamura and Ohsumi, 2000). At its 53rd meeting

in 2001, the IWC unanimously decided to make the study of interactions between whales and

fish stocks a matter of priority.

The above summary clearly demonstrates strong international support for research on

marine mammal interactions with fisheries including predator-prey relationships as a basis

for incorporating ecosystem considerations into fishery management regimes.  
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In order to respond to the recommendations from the JARPN Review meeting and to

address the issues of the competition between marine mammals and fisheries, JARPN II was

initiated as a feasibility study for the years 2000 and 2001 (Government of Japan, 2000). The

priority research in JARPN II is on the feeding ecology. In addition to minke whales, Bryde's

and sperm whales were added to the feeding ecology study, as these species are very

abundant in the research area and almost certainly play an important role in the ecosystem.

Baird's beaked whales (Berardius bairdii), short-finned pilot whales (Globicephala

macrorhynchus) and Dall 's porpoise, (Phocoenoides dalli), are also included as samples

because these three species are available from the commercial fisheries.

JARPN II feasibility study had an unprecedented design, which involved concurrent

surveys of whales and their prey species. One dedicated fisheries research vessel was added

to the normal whale research fleet. Many useful results have been obtained from the two-

year feasibility study (see report of the feasibility study for details) for example: 

(a) The diet of minke whales was very diversified and flexible. Both quantitative and

qualitative data have to be accumulated in order to assess the extent/impact of their

feeding on commercial fisheries resources.

(b) Bryde’s whales were distributed in the southern and offshore waters and fed mainly  on

krill and Japanese anchovy. They fed on different size of same prey species (Japanese

anchovy) compared to minke whales which occurred in nearly overlapping areas. 

(c) Sperm whales were abundantly distributed in the whole research area and mainly fed on

deep-sea squids. Although the information on the ecology of the deep-sea squids is quite

limited, sperm whales may have important effects on the pelagic ecosystem.

(d) The first concurrent whale and prey surveys were conducted without serious practical

problems. Preliminary analyses showed minke and Bryde’s whales had a negative

preference to lanternfishes and Bryde’s whales had a positive preference to larger fish

among small-sized anchovy. 

This full JARPN II research plan was built on these findings and designed to obtain

further data on the feeding ecology of whales and the whole marine ecosystem of the

research area.

2. Environmental study

Organochlorines (OCs) such as PCBs, DDTs and HCHs are generally produced on land, then

move to coastal and pelagic waters in run-off as well as by atmospheric transportation and

other ways.  The monitoring of these and other contaminants in the marine environment

through the examination of biological tissues of marine mammals is of importance since

marine mammals can serve as useful biological indicators of environmental conditions and

because they can be most affected by pollutants. The IWC/SC has noted that physical
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processes affect body condition and the abundance of whales through availability of food,

and emphasized the need for such research (IWC, 1997).

Environmental study has been a part of Japan’s whale research programs and has

produced valuable information on the kinds, distribution, and magnitude of pollutants such

as heavy metals and PCBs through the examination of various tissues of sampled animals.

The study has shown that it  is important to continue to monitor the movement and fate of

these pollutants.   

3. Stock structure

In 1994 the Japanese Whale Research Program under Special Permit in the Western North

Pacific (JARPN) was initiated with the main objective of addressing the issues of the stock

structure and stock mixing rates of minke whales, as requested for the Implementation

Simulation Trials (IST) of IWC/SC (Government of Japan, 1994). Specifically, objectives

were to clarify whether or not W Stock exists in offshore areas of the North Pacific, to

examine the mixing rate of the hypothesized W Stock with O Stock (the Okhotsk Sea-the east

coast of Japan) and to assess the validity of O sub-stock scenario. Clarifying further when

and to what extent J Stock whales mix in sub-areas 7 and 11 is also important for the IST.  

An IWC/SC workshop was held in Tokyo in February 2000 to: a) review methods and

results of the JARPN, b) assess the further potential of existing data and c) evaluate whether

the main objectives have been achieved. Although most of the scientific evidence presented

at the JARPN review meeting did not support the existence of the W Stock, the workshop

agreed that, in the light of the results of 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. One of the recommendations of the workshop was to obtain further genetic

samples from sub-areas 12, 9 and possibly sub-area 8. This full JARPN II program continues

to address this issue and the issue of J/O mixing around the Japanese coast.

In 1998 the IWC/SC agreed that for Bryde’s whales, there should be two sub-areas

(sub-area 1 and sub-area 2) within the Western North Pacific Stock area divided at 180°. In

response to some concerns expressed by some SC members that sub-area 1 is very large and

that there is limited information for some parts, the JARPN II feasibility surveys were

concentrated in some areas previously not covered for stock structure analysis. 

The attainment of stock structure data from sei and sperm whale samples will contribute

to the future comprehensive assessment of these species.
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III. SUMMARY OF RESULTS OF JARPN II FEASIBILITY STUDY IN 2000 AND 2001

1. Introduction

The JARPN II feasibility study was designed to respond to the recommendations from the

2000 JARPN Review Meeting and to address the issue of competition between cetaceans and

fisheries with the overall goal of contributing to the conservation and sustainable use of

marine living resources including whales in the western North Pacific, especially within

Japan’s EEZ (Government of Japan, 2000). The priority for the research was feeding ecology

and ecosystem studies. Other objectives were related to continuing studies on the stock

structure and monitoring environmental pollutants. 

JARPN II began as a two-year feasibility study in order to evaluate, among others, the

practicability and performance of concurrent whale and prey surveys for estimation of prey

preference. The “feasibility” also applied to the addition of Bryde’s and sperm whales to the

research. The research area was off the coast of Tohoku and southern Hokkaido, (sub-areas

7, 8 and 9) which is Japan’s richest fishing grounds and therefore provides an ideal area to

study the interactions between cetaceans and fisheries. A total of 140 minke whales, 93

Bryde’s whales and 13 sperm whales were sampled. The first feasibility survey of JARPN II

was conducted from 1 August to 16 September 2000. The second year survey was conducted

from 14 May to 3 August in 2001. 

With regard to feeding ecology and ecosystem studies the feasibility studies addressed

questions such as: 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 whales; whether the weights of the stomach contents can be measured for

large whales such as Bryde’s and sperm whales as is the case for minke whales; whether the

first concurrent whale and prey surveys with six research vessels involved are practicable

and; whether these provide data to assess prey preferences. This latter point is important

since it  is a key parameter for most ecosystem models.

Regarding the stock structure of minke whale, following the discussions and

conclusions of the JARPN review meeting, the objective was focused on investigating

whether or not the W Stock exists in sub-area 9, and if so, to investigate the spatial and

temporal extent of its occurrence. Another objective for the 2-year feasibility study was to

investigate the pattern of mixing between O and J stocks in sub-area 7. Since there were no

genetic samples for Bryde’s whales in the research area, one of the objectives of the

feasibility study was to determine whether samples for stock structure studies could be

collected from such area. Also whether the analysis of such samples could provide additional

information on the stock structure.  
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The research plan also included the monitoring of PCBs, DDTs and other pollutants in

whales and their prey as well as in their environment.  

2. Results

(1) Prey consumption by cetaceans

Prey species of minke whales varied both geographically and temporally (similar to the

result obtained during the JARPN). Japanese anchovy was the most important prey species.

Walleye pollack was an important prey species in sub-area 7. On the other hand, Pacific

saury was consumed in low proportion compared to the results obtained during the JARPN.

This may be due to the low abundance of Pacific saury in recent years. There is evidence of

competition between minke whales and commercial fisheries. For example, dip-net

fishermen complain about impediments by minke whales more frequently in recent years.

This topic needs to be addressed with further research. Estimates of the daily prey

consumption were 1.4 to 8.2 % of body weight. More precise daily consumption rates can be

calculated with more data of the caloric value of prey species on a seasonal, area and annual

basis.

One of the objectives of the feasibility study was to check how to sample and measure

Bryde’s whales. There were some few problems related to sampling cow/calf pairs. Prey

species of Bryde’s whales varied temporally within the research area. The major prey

species were krill and Japanese anchovy. They fed on different size of same prey species

(Japanese anchovy) compared to minke whales which occurred in nearly overlapping areas.

More data are needed to better understand the geographical and temporal changes of prey

species. 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.

Therefore, further research is necessary to understand the nature of this competition.

Estimates of the daily prey consumption were 3.3 to 8.2 % of body weight.

Another of the important objectives of the feasibility study was to examine methods for

sampling and examination of stomach contents of sperm whales. Sperm whales could be

sampled at random except for the large bull whales. A variety of species and sizes of

deep-sea squids were found in the stomach contents. The species were identified by

examining beaks in the case of squid and otolith in the case of fishes. The body length and

weight of the main prey species could be estimated using regression equations to the otolith

length or lower rostral beak length. The sperm whale seems to feed on prey during the

daytime in the meso- and epi-pelagic layers. As the sample size is small (13 animals), no

conclusion can be drawn on the role and contribution of this species to the surface ecosystem.
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(2) Prey preference of cetaceans

The most important objective in the feasibility study was to evaluate the practicability and

performance of concurrent whale and prey surveys. Such concurrent surveys were conducted

for the first time in the North Pacific and involved many research vessels operating at the

same time (Government of Japan, 2000 and 2001). Several small blocks were set in the

research area and both surveys were conducted concurrently in each small block. Stomach

contents were examined and compared to the biomass of each prey in the sea, which was

estimated with an acoustic device and mid-water trawl net.

There were no serious practical problems in the conduct of the concurrent surveys. Close

cooperation between the two surveys is indispensable for good performance. Preliminary

analyses showed evidence of prey preference of cetaceans. For example, the preference of

minke and Bryde’s whales to lanternfishes is judged as zero. Bryde’s whales may prefer

larger fish among small-sized anchovy. The prey preference of cetaceans can be estimated if

the concurrent whale and prey surveys continue. 

(3) Ecosystem modeling

Some initial analyses were conducted using eco system models: Ecopath and Ecosim. These

analyses were conducted to assess the potential effectiveness of these models in relation to

the goals of JARPN II. Ecopath and Ecosim models indicated possible competition between

cetaceans and fisheries and that the ecosystem of the western North Pacific may be affected

on a large scale by trophic interactions and changes of fishing. The results of many tests

suggested the utility of the Ecopath and Ecosim models to study the western North Pacific

ecosystem. Cetaceans, especially minke and sperm whales, are probably important key

species in the western North Pacific ecosystem because removals of these species brought

fluctuations in the biomasses of direct and indirect prey species. Long-term information on

diet composition is needed to clarify the characteristics of the ecosystem. More precise

estimates of other biological parameters are also necessary, particularly temporal and spatial

migration and prey preference of cetaceans.

(4) Stock structure

MtDNA analysis detected some genetic heterogeneity among the samples collected from the

western part of sub-area 9 in some years. These results might suggest that putative W stock

individuals, if they exist, enter sub-area 9 only every few years. However, analysis of other

biological data does not show any differences among samples collected from sub-areas 7, 8

and 9. Therefore, conclusions about the putative W stock in the east side of western North

Pacific are still pending.

Using the same maximum likelihood method used to estimate the mixing rate in sub-area

11 (Pastene et al . ,  1998), J-stock proportion in sub-area 7 was estimated at 0.08 (SE: 0.08)
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and 0.07 (SE: 0.04) for the 2000 and 2001 JARPN II surveys, respectively. These rates are

much smaller than those recorded for some months in sub-area 11, indicating that very few

J stock animals migrate into the sub-area 7.  

JARPN II in 2000 and 2001 sampled Bryde’s whales in regions within sub-area 1 not

covered previously. Even by adding samples from regions in sub-area 1 not previously

covered, no strong evidence of additional stock structure within this sub-area was found.

(5) Pollutant monitoring

For the concentration levels of organochlorines such as PCBs, DDTs and HCHs, some of

contaminants in sea water and air samples taken in JARPN II feasibility studies showed a

decrease from past levels. However no conclusive results were obtained due to small sample

size.

IV. RESEARCH OBJECTIVES AND NEEDS

1. Objectives

The overall goal of JARPN II is to contribute to the conservation and sustainable use of

marine living resources including whales in the western North Pacific, especially within

Japan’s EEZ.  Toward the overall goal, three objectives are set, (a) feeding ecology and

ecosystem studies, (b) monitoring environmental pollutants in cetaceans and the marine

ecosystem and (c) elucidation of stock structure. The priority is put on the first objective,

which will contribute to the understanding the nature of competition between cetaceans and

fisheries. Therefore, it is important to collect data and materials related not only to

cetaceans, but also to prey species and their fisheries, oceanographic conditions, and other

environmental factors, to analyze them, and finally to integrate them by using ecosystem

models.

At the start of the full-scale JARPN II, the cetacean species to be sampled under special

permit include minke, Bryde’s, sperm and sei whales. Sei whales were not sampled in the

feasibility study. Baird’s beaked whales, short-finned pilot whales and Dall 's porpoises will

be examined using the samples from the commercial fisheries as in the feasibility study. 

Hypotheses to be addressed are mainly related to the interactions among species as well

as the competition between cetaceans and fisheries. Specifically: Do cetaceans consume a

large quantity of fisheries resources compared to the catches of commercial fisheries? Does

the consumption by cetaceans have a significant impact on natural mortality and recruitment

of the prey? Inversely, does the abundance and distribution of the prey species affect  the
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migration pattern, recruitment and geographical segregation by sex of cetaceans? Is there

direct and/or indirect competition among cetaceans and between cetaceans and other top

predators such as fur seals, tunas and sharks? Do sperm whales have an impact on the surface

ecosystem?

2. Research needs

(1) Feeding ecology and ecosystem studies

This is the top priority research in the program, including both prey consumption and prey

preference of cetaceans, as well as an assessment of how cetaceans use their habitats through

feeding activities.

Baleen whales, as is well known, feed on relatively low trophic level organisms such as

krill and small schooling fishes, while toothed whales feed on relatively high ones such as

squids and larger sized fishes, thus they occupy different ecological niches in the marine

ecosystem. For this reason, the two groups should be considered separately in considering

the species to be sampled.

One of most important issues for choosing target species is their abundance and biomass,

but biomass may be more important from the view of ecosystem studies. For baleen whale

components, as given in Appendix 1, minke, Bryde’s and sei whales are the primary baleen

whale components in the western North Pacific region. Their biomass in summer is 164

thousands tons, 408 thousands tons and 477 thousands tons, respectively. While sei whales

are almost same as minke and Bryde’s whales in terms of their abundance, their relative

biomass is second following sperm whales, and bigger than that of minke and Bryde’s whales

because their average body mass is larger. As the commercial hunting of sei whales was

banned in 1976, the stock has increased. Among toothed whales, the biomass of sperm whale

is overwhelmingly dominant being nearly 2 millions tons. Short-finned pilot whale is at 57

thousands tons and Baird’s beaked whales are also important especially in sub-area 7 (16

thousands tons).

Ecological niches are obviously another important issue for choosing target species. Both

minke and Bryde’s whales are main components and feed on krill and small schooling fishes

(Appendix 2). Although the recent food habits of sei whales are not known, past information

tells us that sei whales also feed on schooling fish and squid as well as krill  in the JARPN II

research area while copepods are important in the northern North Pacific. Biology and

fisheries of the prey species are shown in Appendix 3. Comparison between these three

baleen whale species should be examined for clarification of species-specific nature of

feeding habits of baleen whales in the same region.

For deep-sea feeders, both sperm and Baird’s beaked whales are typical deep diving
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predators feeding mainly on deep-sea squids and fishes. The clarification of their feeding

habits and food consumption are important to investigate the relationship between the

surface marine ecosystem and the deep-sea ecosystem. Toothed whales also feed as surface

feeders on pelagic fishes and squids. Dall’s porpoises are typical surface feeders. They are

the most abundant toothed whale (over 554,000 animals) although their biomass is not so

great. Short-finned pilot whales feed mainly on pelagic squids.

In the two-year feasibility study, it was planned to examine whether sperm whales had

direct and/or indirect relationship with the surface ecosystem or not. Sperm whales taken in

the feasibility study mainly fed on a variety of non vertical migratory deep-sea squids and

some deep-sea squids which conduct daily vertical migration between the deep sea (say,

deeper than 400m in depth) in the daytime and the surface layer (shallower than 200m) at

night. Preliminary examination of ecosystem models suggested that sperm whales might

have some impact on the surface ecosystem. However, as the total number of samples is only

13, final conclusions require that sampling be continued as a feasibility study.

In addition, further comparison of feeding habits among the species with similar feeding

habitats (e.g. minke, Bryde’s and sei whales) may provide information on how cetaceans use,

share and compete in their habitats through feeding activities. This is important for better

understanding of the marine ecosystem.

In summary, sampling should be prioritized according the two issues discussed above,

biomass (or abundance) and ecological niches, therefore the following species should be

examined at the start of the full-scale JARPN II project:

(a) Krill  (zooplankton) and small schooling fishes feeders: Minke, Bryde’s and sei whales by

research take. 

(b) Deep-sea feeders: Sperm whales by research take and Baird’s beaked whales by

commercial harvests.

(c) Pelagic squids and fishes feeders: Short-finned pilot whales and Dall’s porpoises by

commercial harvests.

In building ecosystem models, information on prey species of whales is also essent ial.

During the two-year feasibility study, attempts were made to collect the information and data

indicated below. Substantial progress was made during the feasibility study (Appendix 3)

and this research will continue being an important component of JARPN II.

(a) Distribution of prey species in place and time where the target whale species were

sampled. 

(b) Biomass of the prey species in the target ecosystem.
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(c) Biological information on the prey species including their migration pattern, age and

growth, feeding, etc.

i) Prey consumption by cetaceans

Many papers have reported on the prey species of cetaceans in the western North Pacific.

Quantitative information on diet and prey consumption, however, is not sufficient because

the stomach contents were not weighed and not identified to the species level. Also, past

analyses were mostly limited to the commercial catches that were taken in particular fishing

grounds and seasons. In addition, whalers usually damaged the stomach by cutting the

abdominal cavity and then it  was difficult to weigh and analyze the stomach contents. The

following information on the diet of each cetacean species is based on limited literature

updated with the results from the JARPN and JARPN II feasibility study.

Minke whales feed on schooling fish such as Japanese anchovy, Japanese pilchard,

Pacific saury and walleye pollock and swarming zooplankton such as krill . There were

geographical, seasonal and yearly changes of prey species in the western North Pacific

during JARPN survey in 1994-1999. On the Pacific side, Japanese anchovy (Engraulis

japonicus) was the most important prey species in May and June, while Pacific saury

(Cololabis saira) was the most important prey in July and August (Tamura et al.,  1998;

Tamura and Fujise, 2000a). Walleye pollock (Theragra chalcogramma) was also important

in the coastal waters. In the southern Okhotsk Sea, krill was the most important prey species

in July and August. During JARPN II feasibility study the main prey species of minke whales

in the coastal areas was Japanese anchovy, followed by walleye pollock and common squid.

Few Pacific sauries were found in the stomachs in September 2000, when the saury fishery

had a poor fishing season. These changes in the prey species reflect the changes in the

availability of prey species in these areas. It should be emphasized that this species is a fish

feeder rather than zooplankton feeder in this research area. Daily prey consumption rate was

estimated as 1.8 – 5.7 % of body weight. These values are similar to the estimates in the

eastern North Atlantic and the Antarctic.

Bryde’s whales feed on krill  and schooling fish. Off the Pacific coast of Japan, they fed

on krill , Japanese anchovy and chub mackerel (Scomber japonicus). In the waters around

Ogasawara Islands, they fed on krill and lanternfishes. In the East China Sea, they fed

mainly on Japanese pilchard (Sadinops melanostictus), Japanese anchovy and horse

mackerel (Trachurus japonicus).  During JARPN II feasibility study, Bryde’s whales were

distributed in the southern and offshore part of sub-area 7. The main food was krill and

Japanese anchovy; the former dominated in the early season and the latter in the late season.

The change may reflect the abundance and distribution of both species in the research area.

As skipjack tuna also feeds on Japanese anchovy and Bryde’s whales are known to swim with

skipjack (Japanese fisherman call Bryde’s whales “skipjack whales”), some interaction
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