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ABSTRACT

The full-scale JARPN T research plan was presented and diseussed at the Seientific Committee in 2002 The plan incorporated two survey
componcnts ‘offshore” and ‘coastal’. Some research elements in the plan were defined as feasibility studies: the Jogistic of the sampling in
coastal area in 2002 and 2003 using small type whaling catcher boats; sample size of minke whale in the coastal eomponent; sample size of
sej whale and sampling of sperm whales in the offshore component. Making use of samples and data colleeted in the 2002 and 2003
surveys, analyses related to the feasibility swdies were conducted. Based on the results of those analyses il is eoncluded thal a) no
substantial problem occurred during the coaslal surveys using small type whaling caicher boats, therefore the coastal component of the
JARPN 11 will continue using same kind of vessels and methodology; b} sample size of minke whale in the caastal component will be
increased from 50 1o 120, with 60 animals to be sampled in each of the early and the lale season; c) the sample size of sei whale in the
offshore component will be increased from 50 to 100 animals; d) sampling of ten sperm whales will be continued. The main text of this
paper presents the background and ralionale for the changes proposed. The appendices of this paper provide details of the analyses
conducted, which support the changes proposed in the JARFN 11

INTRODUCTION

The full-scale JARPN II started from the 2002 season, after two years of feasibility study in 2000 and 2001
(Government of Japan, 2002a; 2002b). The main objectives of JARPN II are the following:

1. Feeding ecology and ecosystem studies, involving studies of prey consumption by cetaceans, prey preferences of
cetaceans and ecosystem modelling.

2. Monitoring environmental pollutants in cetaceans and the marine ecosystem.
3. Stock structures of whales.

The full JARPN II plan involves two survey components, ‘offshore’, which is covered by the Nisshin Maru research
fleet and ‘coastal’, which is covered by small type whaling catcher boats. The coastal component is necessary to cover
the temporal and spatial gaps, which can not be covered by the Nisshin Maru (Government of Japan, 2002b).

Under these objectives the research area was set in sub-areas 7, § and 9 and the target species and sample sizes were set
as follows: 150 common minke whales (100 to be sampled by the offshore survey and 50 by the coastal survey); 50
Bryde’s whales (offshore survey); 50 sei whales (offshore survey) and 10 sperm whales {offshore survey) {(Government
of Japan, 2002b).

In the original JARPN II plan (Government of Japan, 2002b), some research components were defined as feasibility
studies:

“The survey plan for the first two-year period is as follows. The surveys in 2002 wili be condueted in iate season
from June to October. The small type whaling catcher boats will cover mainly Stratumn 7N in September and
October. The survey in 2003 will be conducted in carly scason from April to August. The small type whaling
catcher boats will cover Strata 7M1 and 781 in April and May. The logistic feasibility of sampling using smail
type whaling eatcher boats will be evaluated after the first two-year period. Basically the same pattern will be
repeatcd three times until the 6-year comprehensive review.,’ {Extract from Government of Japan, 2002b, page 25).
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‘For minke whales {case of inshore areas of sub-area 7), 2 minimum of 26 to 102 animals are required in each year.
Fifty znimals should be adopted. The sample size may be modified using new data obtained after two-year
(small type whaling eateher) feasibility survey.’ (Extract from Govermnment of Japan, 2002b, page 28).

*A report of each cruise will be submitted to annual meetings of IWC/SC and to other organizations. A report on
the two-vear feasibility surveys by small type whaling catcher boats will be submitted to the YWC/SC
following completion of the survey to cheek the logistic feasibility. At the same time the results of sample size
recaleulation for sei whales will be reported using the new data. A comprehensive report following six-years of
research will be submitted to IWC/SC’. (Extract from Government of Japan, 2002b, page 36).

‘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 cxamination 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.” (Extract from Government of Japan, 2002b, page 14).

This paper presents the results of the feasibility studies in JARPNII.

RESULTS

Logistic feasibility of sampling in the coastal area using small type whaling catcher boats

Detailed examination of the logistic aspects of the coastal surveys in 2002 and 2003 are given in Appendix 1 (see also
Kishiro et al., 2004). From that examination it was concluded that no substantial logistic problem occurred during the
coastal surveys. Therefore, coastal survey can be continued as a component of the JARPN 11 using the same kind of
vessels (small type whaling catcher boats) and methodology.

Sample size of common minke whale in the coastal regions
Geographical and/or temporal variations of prey species of the common minke whales were revealed in the coastal
regions from the surveys in 2002 and 2003.

In 2002, major prey species found in the forestomach contents were Japanese anchovy Engraulis japonicus (46.9%),
walleye pollock Theragra chalcogramma (20.4%), Pacific saury Cololabis saira (12.2%), Japanese common squid
Todaredes pacificus (12.2%) and Krill Euphousia pacifica (8.2%) (Kishiro et al, 2003).

In 2003, major prey species found in the forestomach contents were Japanese sand lance 4dmmodytes personatus
(49.9%), Krill (35.1%), and Japanese anchovy {2.0%). Unidentified fishes (13.0%) were thought to be probably sand
lances (Yoshida et af., 2004). The sand lance, which was dominant prey species in minke whale stomachs taken in the
present survey, was not collected by the other JARPN II surveys (Fujise e/ ai., 2003; Tamura ef al., 2004).

The results from the coastal surveys not only differed between two areas but they were very different from those in the
offshore area. In the offshore area, dominant prey species of common minke whale was Japanese anchovy (79.5%) and
Pacific saury (64.0%) in the early and late seasons, respectively (Fujise ef al., 2003; Tamura ef al,, 2004).

Considering that the prey consumption is important input data for the ecosystem model, it is necessary to estimate the
prey consumption of minke whales in the coastal area separately for early and late season, with sufficient accuracy. This
information can not be extrapolated from the offshore area.

The coastal survey strongly suggested interaction between minke whale and fisheries because sand lance, walleye
pollock, and common squid are commercially very important species for the coastal fisheries in the areas and seasons
surveyed. Therefore, it is imperative to strengthen investigations in coastal areas.

Re-calculation of the required sample sizes was done by using these data and results suggest a sample size of 80 and 60
individuals in the early and late seasons, respectively (Appendix 2). This suggests that sample size should be modified
1o be at least 60 individuals in each area/scason.

As a result, the coastal survey component needs to be conducted twice a year and 60 individuals need to be sampled
early and late in the season, respectively.

Recalculation of sample size of sei whales

In the full-scale JARPNII plan, the sample size of sei whales was calculated using prey composition data from past
commercial whaling. However, data on stomach content weight and their standard deviation were from Bryde’s whales
in the JARPNII feasibility study, because such data were not available for sei whales (Appendix § of SC/54/02).



In the 2002 and 2003 surveys, it was revealed that the sei whale fed on a wider range of prey species such as krill,
copepads, Pacific saury and Japanese anchovy. Also a different composition of prey species from past commercial
whaling was found (Fujise ef al., 2003; Tamura e! al., 2004).

Using data of sei whales obtained in the 2002 and 2003 surveys, the required sample size of sei whales was re-

calculated {Appendix 3). The new calculation show that at least 100 sci whale per year are required for estimating prey
consumption with sufficient precision (C.V. =0.2).

Therefore, the sample size of the sei whale needs to be changed from 50 to 100 individuals from the 2004 survey,

Sperm whale

The full JARPN 1] research plan noted that it was desirable to keep the sperm whale as a target species (feasibility
category) in order to study further their relationships with the surface ecosystem and also because of their large biomass
(Government of Japan, 2002b). Target sample size of sperm whale was set tentatively at ten animals a year. During
JARPNII surveys, a total of 28 sperm whales were sampled mainly in the sub-area 7. The results show that neon flying
squid, which is an important commercial species and plays some role in the pelagic ecosystem, occupied 5% of contents
in the stomach of sperm whales sampled (Appendix 4).

Furthermore, because the sperm whale is one of top predator species as a toothed whale, this species can be used for
monitoring the environmental pollutants (Appendix 5). Therefore, it is concluded that sampling of sperm whales is
usefu} for at least qualitative studies. Ten individuals should be maintained as a target species in the full-scale JARPNII
survey.

CONCLUSIONS

After reviewing of feasibility components of the full-scale JARPNII rescarch plan, it is recommended to modify the
original plan as fotlow;

1. No substantial logistic problem occurred during the coastal surveys using small type whaling catcher boats.
Therefore the coastal survey can be continued as a component of the JARPN J1 using the same kind of vessels
(small type whaling catcher boats) and methodology. However, prey species of common minke whales was
remarkably different between two areas in the coastal surveys. In order to estimate prcy consumption with
sufficient preeision, the eoastal survey component needs to be conducted twice a year and 60 individuals need to be
sampled in each of the early and late season.

2. The sample size of the sei whale calculated using new data from the 2002 and 2003 surveys suggests that the
current sample size should be changed. 1t was eoncluded that sample size of sei whales needs to be changed from
50 to 100 individuals.

3. Sampling of sperm whales is useful for at least qualitative studies, Ten individuals should be maintained as a target
speeies in the full-seale JARPNII survey.
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APPENDIX 1

FEASIBILITY OF COSTAL SURVEYS IN THE JARPN II,
FROM THE VIEWPOINT OF LOGISTICS

HIDEHIRO KATQ, TosHIYA KISHIRQ, HIDEYOSHI YOSHIDA AND SHIGEYUKI KAWAHARA
National Research Institute of Far Seas Fisheries, 5-7-1, Shimizu-Orido, Shizuoka 424-8633, Japan

ABSTRACT

The present paper examines the feasibility of the 2002 and 2003 coastal surveys under the JARPN I0; the surveys were principally
introduced as a supplemental program to facititate the daia and sample coliection from places where, and at times when, the survey by the
offshore Nisshin-maru unit was not able 10 operate or was unavailable. The first survey was conducted in coastal waters off Kushiro port
(sub-area TN) and the second one off Ayukawa porl (sub-area 7M). From examination of the eruise reports and comparison with repors
from pelagic cruises it was delermined that the research systemn adopted is mostly accepiable and appiicable for the full-scale ceastal
survey with slight modification and the addition of appropriate sighting surveys. It was revealed that there are eonsiderable geographical
and/or tenporal variations in the prey composition of minke whales. Taking aceount of existing knowledpe such as the year to year
changes in minke whale feeding habits, the coastal surveys should be conducted on a yearly basis in each local area. It is also clear that
these coasial surveys will provide data highlightling loeal conflicts occurring between minke whales and fisheries.

KEYWORDS: COMMON MINKE WHALE; PACIFIC OCEAN; SCIENTIFIC PERMITS, FEASIBLITY STUDIES

INTRODUCTION AND NARRATIVE OF THE SURVEY

Japan submitted the research plan for the full-scale JARPN II to the 54th IWC/SC annual meeting (Government of
Japan, 2002}. Although the new plan was organized as a full-scale research program it had some feasibility studies such
as incorporating a coastal compenent and the taking of sei whales (Balaenopiera borealis). The research plan noted that
the feasibility components would be reviewed afier the first two year of operations; “ ....the logistic feasibility of
sampling using small type whaling catcher boats will be evaluated after the first two-year period.”

As in separate reports by Kishiro et al. (2003) and Yoshida ef al. {2004), in the first season, the coastal survey took
place in the waters off Kushiro port in a part of the sub-area 7 N during 10 September to 12 Qctober 2002, Through the
first operation, a total ¢f 50 common minke whales (B. acutorosiraia; hereafter refered to as minke whale) were taken
from coastal waters within a 30 miles radius (Kishiro ef al, 2003; Fig. 1). In the subsequent year, the survey moved to
the middle part of Sub-area 7, waters off Ayukawa port Sanriku coast (Sub-area 7M). This second operation was
conducted within a 30 miles radjus during the peried 10 April to 2 May 2003, and a total of 50 minke whales were
taken from Sendai Bay (Yoshida es al, 2004, Fig. 2).

This paper reviews the feasibility of the past two coastal surveys from the viewpoint of logistics and assesses its
applicability for the future surveys.

1. Scope and logistic arrangement of the coastal surveys

The coastal surveys were principally planned to conduct sampling in coastal areas in which the offshore survey
{Nisshin-maru unit) could not operate and/or in the season when the flect would not be available. Thus, we chose the
two Jocal areas described above for the reason that these two areas are most probably places where we would be able 10
investigate the nature of the conflict between local fisheries and minke whales. Coastal fisheries are prosperous and
migration of minke whales occurs in both localities.

For the coastal survey in sub-area 7, we incorporated a land-based operation systemn; one land station was established in
the respective season, whose functions were to serve as a platform for biological sampling and flensing and also as the
head-quarters for the operation. As summarized in Table 1, the land station was established in the Kushiro port area,
Kushiro City, Hokkaido (4258N-14422E) in the 2002 season during 10 Sept. - 12 Oct. 2002, A total of three small type
whale catchers were used as sampling vessels. For the 2003 season we moved to the southern part of sub-area 7,
Ayukawa Town, Miyagi Prefecture (3817E-14130N). The land station here was located in the port area of Ayukawa
and a total of four catcher boats were incorporated taking account of possible sampling difficulties depending on
weather and sea state. The operation lasted from 10 April to 2 May 2003. Numbers of the research staff, whale catchers’
crew, flensing workers and others combined were 89 and 105 in the 2002 and 2003 season respectively.

Preparations and logistic arrangements proceeded smoothly because both local areas were traditional whaling towns
which have enough facilities and technical staff for the sampling operation.



2. Timing and space of the operation

In order to maintain freshness of stomach contents, we firstly examined elapsed time between capturing and flensing.
With receipt of advice from experts, we established that the samples should be flensed (or to say stomach contents
should be collected) within four hours afier capturing. This gives three hours for transportation of carcasses at 10knot/hr
and one hour for handling. The research area was therefore limited to a 30miles radius. In order to minimize time for
transportation, the carcasses were pulled onto the rear deck of the carcher boat with a pick-up net. The elapsed limes
from capture and start of flensing were 3 hours 4 minutes on average (1:00 — 6:45 hours) and 2 hours 57 minutes on
average (1:43 ~ 5:54 hours) in the 2002 and 2003 seasons respectively, These elapse times are mostly within the
suggested permissible time to maintain the original external appearances of prey items in the stomach .

Spatial distribution of samples seems to be evenly scattered in the 2002 season, off Kushiro port, and it is apparently
concentrated in the Sendai Bay in the 2003 season (Figs 1- 2). However, the latter concentration correlated with the area
in which minke whales were actually seen in the research area (30 n. mile radius from Ayukawa port). There were very
few minke whales outside of the area of concentration. Resultant sampling locations ranged 1.90 to 27.40 n. miles
(11.50 in average), and 5.40 to 18.2 n. miles (11.6 n. miles in average) from the coast in the 2002 and 2003 seasons
respectively.

The Nisshin-maru was unavailable from 24 September to 8 November in 2002, and from 1 January to 13 May in 2003.
Thus, it is evident that the 2003 coastal survey was carried out in the season when the pelagic fleet was not available
{she was engaged in the 2G02/2003 JARPA and then put in to the dock). Even if the fleet had been available it would
have been difficult to 1ake samples from such a shallow and busy (due to usual operation of other small fishing boats)
area inside of the bay {Fig.2). Clearly, the offshore unit could not have operated within the resultant sampling area of
1.9 nm. — 27.4 nm. from the coast due 1o insufficient water depth and the abundance of loca] fishing gear.

On the other hand, in the 2002 season, there was certainly some overlap between the timing of operations of the coastal
vessels and that of the pelagic fleet namely, the period 10 - 23 September 2002. However, there was distinctive
segrepation of the two surveys with the pelagic fleet operating in waters far more distant than 30 miles from the coast
and the small type catcher vessels operating closer to shore in eloser proximity to other fishing ¢peration. This
separation allowed the collection of samples for stomach content analysis from both the coastal and pelagie zones in the
same time period.

From the above, it is elear that the eonduct of the two coastal surveys met the objectives of the plan to provide sampling
from plaees and times which the offshore unit was not available or not able to operate,

3. Sampling scheme
The following sampling scheme was implemented:

(1 The catcher boats depart the port two miles apart from each other in the direction of expeetcd whale
concentrations.

(2) Catcher boats try 10 take the first encountered whale eaeh day.

{3) If the target is a sehool of more than one animal, the target is ¢hosen using a random digit table.

€] After capturing the target, the respective boats return to the land station as soon as possible.

(5) If the boats miss the target, they resume sighting mostly along the course set up at the departure until the
30mile limitation boundary. After reaching the boundary, the boat changes course as appropriate and at the
suggestion of the leading cateher boat or headquarters.

The above system was especially designed for the eoastal surveys taking account of operational capaeity, ability, and
boat arrangements of the small type whale eatchers. Although the present system is different from the sophistieated
random sampling system adopted by the JARPA and the JARPN II offshore unit, it is acceptable in terms of stomach
contents colleetion if the samples evenly cover the area where whales were seen within research area

However, it seems necessary to modify the sampling procedure somewhat such that the searching direetion is chosen by
random manner each day and it is worth investigating the applicability of such medification.

4, Biological sampling

The platform of the land stations were especially designed for conducting biclogieal sampling and relevant data
eollections. All research items planned in advance were conducted without any problems. As summarized in Table 2,
we collected a total of 37 and 36 research items from the whale samplcs in the 2002 and the 2003 season respectively.
These corresponded to 62.7 or 61.0 % of those carried out on the deck of the pelagic unit, Misshin-maru...

Collection of stomach contents, which was the most important item, was very successfully conducted. Only one
stomach was damaged by a harpoon and the other 49 stomachs were successfully sampled in each season. For stomach
contents cotlection, sampling procedure followed the same protocol as for the pelagic flieet with the participation of an
experienced researcher who had collected stomach contents on the offshore unit, Misshin-maru. In addition to sampling



of stomach contents, weighing of stomach contents, field sorting of food species and measuring of food size were
smoothly conducted.

Thus, biological sampling and data collection on the platform of the land station in the costal surveys were successfully
conducted to the same standard as those collected by the offshore unit.

5. Data collection on the catcher boat

Due to limited vessel capacity, only one dedicated researcher was able to be onboard each catcher boat. However, it was
planned that catching/sighting effort data would be systernatically obtained on the catcher boats in addition to recording
weather/sea stale every hour. From a logistic viewpoint, these data collections were smoothly conducted by good
cooperation among the crew and researchers. However, these data were actually nat used for the purpose of abundance
estimation beeause the catcher boats did not operate in a systematic manner.

Thus, as proposed in the research plan (GJPN, 2002) in order to obtain data for abundance estimation we used
independent dedicated sighting vessels incorporating the Kyoshin-maru #2 and the Shonan-maru in the 2002 and the
2003 season. They conducied sighting surveys by line-transect method covering a significantly wider area than the
sampling areas.

In the 2002 season, the independent sighting survey was carried out based on the line transect method off Kushiro part
from 10 to 24 September 2002. The sampling area was covered by 7 transects and a total of 40 minke whales of 38
schools were seen as primary sightings during 681.5 miles of effective searching distanee (Kishiro ef al., 2003). Data
are currently being analyzed (Miyashita, personal communication}. However, in the 2003 season, the dedicated sighting
survey was designed to cover a wider area along the Pacific coast off northem Honshu from 35N to 41N (Yoshida er af.,
2004) and the sampling area consisted of only a smail portion of the sighting area. The sampling area was searched by
two line transects and only one school of ininke whales was sighted (Yoshida ef al., 2004). Such low number of
sightings is very unlikely to represent the actual status of minke whale migration and is most probably due to the 1o
jarge zigzag track design. The track line for sighting surveys should be carefully designed taking account of the local
pattern of minke whale distribution and the geographical features of the coast line.

6. Cooperation with prey surveys

One of the main objectives of JARPN II is to estimate the prey preference of cetaceans. The prey preference will be
estimated basically by comparing the prcy eomposition in the stomach of whales and the prey composition in the
environment, The latter is obtained by conducting concurrent prey surveys in the same area. The prey surveys were
conducted concurrently with the whale surveys off Kushiro in September/October 2002 (Kishiro er 4., 2003) and off
Sanriku in April 2003 (Yoshida et o/, 2004). While the whale surveys were conducted in the rather limited areas by
smali-type whaling catcher boats, the prey surveys covered a wider areas in order to elucidate the distribution pattern of
cach prey. Also the sighting surveys were conducted by the dedicated sighting vessels. As the prey preference is to be
used in the ecosystem models, the distributional overlap between whales and each prey species should be considered as
a factor in the analysis of prey preferenees.

The sighting surveys were conducted on the same track lines as the prey surveys and within a time frame of one week.
There were no serious logistic problems in the cooperation between whale, prey and sighting surveys as carried out in
the offshore surveys. On the other hand there are some problems in estimating absolute biomass of prey species in order
to obtain an accurate picture of the prey composition in the environment. In the acoustic survey combined with targeting
trawl operations, accurate values of target strength (T'S) are not available for some prey species such as krill and sand
lance. In addition, the predetermined stations for the trawl survey planncd for Pacific saury and squids were unsuitable
for the acoustic survey and the information on gear efficiency of the mid-water trawl net is insufficient.

Most prey species are the important fisheries resources and the above-mentioned difficulties will be addressed by
progress of stock assessment work. As minke whales were concentrated in limited parts of the survey area and the
distribution patterns of prey species are generally more complicated near the edge of the continental shelf, increased
effort should be given to the prey surveys in those areas. At present all data from the whale, prey and sighting surveys
as well as oceanographic data are being analyzed in deail with the Geographical Information System (GIS).

DISCUSSION

Geographical and/or temporal variations of prey species of the common rninke whales were rcvealed in the coastal
regions from the surveys in 2002 and 2003. In 2002, major prey speeies found in the forestornach contents were
Japanese anchovy Engraulis japonicus (46.9%), walleye pollock Therogra cholecogramma (20.4%), Pacific saury
Cololabis saira (12.2%), Japanese common squid Todarodes pacificus (12.2%) and Krill Euphausia pacifica (8.2%)
(Kishiro e ol, 2003). In 2003, major prey species found in the forestomach contents were japanese sand lance
Ammedytes personatus (49.9%), Krill (35.1%), and Japanesc anchovy (2.0%). Unidentified fishes (13.0%) were thought
to be probably sand Jances (Yoshida er.ol., 2004). The sand lance, which was the dominant prey species in minke whale



stornachs taken in the present survey, was not an identified prey species in the other JARPN 11 surveys (Fujise et af.,
2003; Tamura ef af., 2004).

The results from the coastal surveys not only differed berween the two areas but they were very different from those in
the offshore area. In the offshore area, dominant prey species of common minke whale was Japanese anchovy (79.5%)
and Pacific saury {64.0%) in the early and late seasons, respectively (Fujise et af., 2003; Tamura e/ al., 2004).

Considering that prey consumplion is important input data for the ecosystemn model, it is necessary to estimate the prey
consumption of minke whales in the coastal area separately for early and late seasons, with sufficient aceuracy. This
information ean not be extrapotated from the offshore area. In addition, year to year ehanges in minke whale feeding are
well known (Kasamatsu and Tanaka 1892), and this fact suggests local sampling also should be conducred on a yearly
basis.

The coastal surveys also strongly suggested interaction between minke whales and fisheries because sand lance, walleye
pollock, and common squid are comamercially very important species for the coastal fisheries in the areas and seasons
surveycd. Therefore, it is imperative to sirengthen investigations in coastal areas.

RECOMMENDATIONS
As conclusions, we recommend following for future planning of the costal surveys:

(1) The research system adopted in the 2002 and 2003 seasons can be principally applicable for the full-scale coast
survey.

(2) Independent dedicated sighting surveys appropriately designed taking account of the local pattern of whale
distribution and geographical features should be conducted simultanecusly with sampling operations.

(3) It was revealed that there are considerable geographical and/or temporal variations of prey composition of minke
whales. In addition, taking account of such existing knowledge as the year to year changes in minke whale feeding
habits, the coastal surveys should be conducted on a yearly basis in each local area.

{4) The costal surveys strongly indicated local conflicts between minke whales and fisheries, and therefore
investigations in coastal areas should be strengthencd.
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RECALCULATION OF SAMPLE SIZE OF COMMON
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ITEMS BASED ON RESULTS OF JARPN II

TsuToMU TaMura", TAKASHT HAKAMADA", KENI KONISHI ", YOSHIHIRO FUISE", TosHIYA KiSHRO?, HIDEYOSHI
YOSHIDAY, HIROSHI CHIZUMI AND HIDEHIRO KATG

1): The Institute of Cetacean Research, 4-5 Toyomi-cho, Chuo-ku, Tokyo 104-0033, Japan

2} National Research Institute of Far Seas Fisheries, 5-7-1, Shimizu-Orido, Shizuoka, 424-8633, Japan
3): Tokai university, 3-20-1, Shimizu-QOrido, Shizuoka 424-8633, Japan

Contact e-mail tamura@cetacean.ip

ABSTRACT

The reguired sample size of common minke whale Balaenopiere acutorostroie in coastal areas (Kushire and Sanriku regions) was
recalculated using the stomach contents data from the JARPN 11 in 2002 and 2003. 60-80 samples per year are required in each region in
order 1o estimate the prey consumption of common minke whales with appropriale siatistical aseuracy

KEYWORDS: COMMON MINKE WHALE; NCRTH PACIFIC; FOCD/PREY; MODELLING; SCIENTIFIC PERMITS

INTRODUCTON

One of the major objectives of JARPN II is to construct an ecosystem model, using stemach contents, prey preference,
and other data. The ecosystem model would give fisheries managers a better understanding of the ecosystem dynamics
and some guiding principles for multi-species management of marine living resources. ’

In this paper, the required sample size of common minke whale Balaernoptera acutorostrata in coastal areas {Kushiro
and Sanriku regions) is recalculated vsing the data from JARPN II in 2002 and 2003 in order to provide accurate data
for the ecosystern model in JARPN II. The method used was the same as that applied for the North Atlantic minke
whales (The Norwegian marine mammal research program, 1992). The purpose of these ¢alculations is to estimate the
prey consumption by common minke whales in each coastal region with appropriate statistical accuracy (CV=0.2).

MATERIAL AND METHOD

Sample size of common minke whales required for statistical examinations

To calculate required sample size of common minke whales in coastal areas (ushiro and Sanriku regions), we used the
data of the stomach contents from the JARPN 11 in 2002 and 2003. The following formulas were applied {The
Norwegian marine mamunal research program, 1992).

Year and area (Kushiro and Sanriku regions) were fixed.
Consider i prey type indexed i=1,..., L.
In each research area, whale is sampled randomly;

X = amount of prey in stomach

T =atype of prey

For simplicity, we assume that whales feed on a single prey species at each feeding, so that T is a single species:

P(T=i)=p;;i=1,,1 (1
Then, from the amount of stomach contents, we calculated the mean and the variance:
E{X|T=1)=y, 2)



Var(X|T=i)=0,° (3)
If n numbers of whales are sampled in the year, N; of these will have prey type i in their stomachs. Let the quantities be
Kty s Xipu, then | | and P ; are estimated:

p;=N,/n (4)
M

i =1/N, Y, X, (%)
K=l

Then, the estimated mean amount of prey type i in stomach of a random whale is

N,
pilL; =1/nz Xk &
K=1
1f W numbers of whales are in the area over the year, the estimated consumption of prey type i is

C =Wp, N
For simplicity, we disregard uncertainly in W. Then, the mean and variance of C; is
E(C)=Wpu, (®)
— 1 w
Var(Ci)=W2—£pi(0i2+(1—p_.|.)ui2) (9
Thercfore, the coefficient of variance of Ei is
ev2(C)= %[szi (0',2 +{ 1-p;) Pil)](w Pi K )lz (10) ’
To determine n, the criterion is 10 choose n as small as possible.
0> [Wep, (02 +A-pr?) [/ (Wp,u,Va? @)

Avalueofa =0.2

seems to be a reasonable choice.

Sample size n is determined by solving inequality (11).

Research arecas
We conducted the survey in two areas; the Sanriku and Kusiro research areas (Fig. 1), and recalculation of required
sample size of eommon minke whales were made in each area.

Data set used

The data employed in this estimation were the composition of prey species consumed by whales, average stomach -
contents weight (kg} and its 5. on a regional basis using JARPN II data (Table 1). N is the number of whales eating in

each dominant prey species {krill, Japanese anchovy, Pacific saury, Sand lance, walleye pollock, Japanese common

squid and others).

RESULTS

Food habit of common minke whales in coastal area

The sighting position and prey species of common minke whales sampled by small type whaling vessels in each area
are shown in Fig. 2 and 3. They fed mainly on sand lance in the Sanriku region in April and May. However, in
September and October in the Kushire region, they fed on varicus prey species such as Pacific saury, Japanese anchovy,
walleye pollock and Japanese commen squid. Because prey species are different depending on the research arez, it is
necessary to separately calculate the sample sizes for cach area,

Sample size of common minke whales
The resuits of our estimation are shown in Table 2.

To achieve the C¥ under 0.2 for consumption of most important prey species, the minimum of 77 and 58 common
minke whales are required in the Sanriku region and the Kushiro region, respeetively,

14



CONCLUSION

60-80 samples are required in each region in order to estimate the prey consumption of common minke whalcs in a year
with appropriate statistical accuracy.

REFERENCES
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Table 1. Data of the dominant prey species of common minke whales in JARPN IT for each region (N is the
number of dominant prey species consumed by whales).

A, 2002NP (Kusiro region-Autumn)

Dominant prey N % Mean (kg) S D
Japanese anchovy 21 447 13.1 9.0
Walleye pollock 11 234 27.8 22.3
Japanese common squid & 12.8 407 293
Pacific saury 5106 47.6 356
Krill 4 8.5 42.4 38.6
Empty 0 - - -
Broken 3 - - -

B. 2003NP (Sanriku region-Spring)

Dominant prey N % Mean(kg) S D
Sand lance 26 684 352 46.9
Krill 12 316 48.8 40.5
Empty 0 - - -
Broken 12 - - -

Table 2. Caleulated sample size of common minke whales in each region.

A. 2002NP (Kusiro region-Autumn)

Year Dominant prey Sample size  Research
(CV.=02) Period
2002 Japanese anchovy 58 Autumn
Walleye pollock 151
Japanese common squid 273
Pacific saury 342

B. 2003NP (Sanriku region-Spring)

Year Dominant prey Sample size  Research
(C.V.=0.2) Period
2003 Sand lance 77 Spring
Krill 109




+ 2002NP { Kushiro region } 2003NP ( Sanriku region )

&

200m 1,000

Fig. 1. Research area of coastal regions in JARPN II.

April and May

— W

[&: Krilt; O: Japanese enchovy, B:Send lence]

Fig. 2. Sighting position and prey species of common minke whales sampled in Sanriku region,
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Fig. 3. Sighting position and prey species of common minke whales sampled in Kushiro region.



NOT BE CITED WITHOUT A WRITTEN PERMISSION FROM THE AUTHORS

APPENDIX 3
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ABSTRACT

The required sampie size of sej whale Balagnopiera borealis in sub areas 7, 8 and 9 was reealculaied using the stomach contents dala from
the JARPN 11 in 2002 and 2003. The value of 145 obtained using combined data from the two years is more plausible at present. On the
other hand, if we adopt the lowes! value of 85 which was calculated from the 2003 daa, the precision of the estimate would be worse than
CV=0.2 in most years and, if we take the value of 223 calculated using the 2002 data, the precision will be benter than CF = 0.2 in most
years.

KEYWORDS: SEI WHALE; NORTH PACIFIC; FOOIY?REY; MODELLING; SCIENTIFIC PERMITS

INTRODUCTION

One of the major objectives of JARPN II is to construct an ecosystem model, using stomach contents, prey preference,
and other data. The ecosystem mode] would give fisheries managers a better understanding of the ecosystem dynamics
and some guiding principles for multi-species management of marine living resources.

In this paper, the required sample size of sei whale Balaenoptere borealis in sub areas 7, 8 and 9 was recalculated using
the data from JARPN II in 2002 and 2003 in order to provide accurate data for the ecosystem model in JARPN TI. The
method used was the same as that applied for the North Atlantic minke whales (The Norwegian marine mammal
research program, 1992). The purpose of these calculations is to estimate the prey consumption by sei whales with
appropriate statistical accuracy (CF#=0.2) in the survey period.

MATERIAL AND METHOD

Sample size of sei whales required for statistical examinations
To calculate required sample size of sei whales, we used the data of the stomach contents from the JARPN I1. The
following formulas were applied (The Norwegian marine mammal research program, 1992).

Year and area (total research area) were fixed.
Consider i prey type indexed i=1,..., L

In the research area, whale is sampied randomly:
X = amount of prey in stomach

T=atype of prey

For simplicity, we assume that whales feed on a single prey species at each feeding, so that T is a single species:

P(T=i)=p,;i=1,-,1 (1

Then, from the amount of stomach contents, we calculated the mean and the variance:
E(X|T=i)=p @
Var(X|T=i)=0, )

18



If n numbers of whales are sampled in the year, N; of these will have prey type i in their stomachs. Let the quantities be
K- » Xiwi, then p ; and p; are estimated:

f;=N;/n Q)
~ N
=1/ X, 5)
K=l

Then, the estimated mean amount of prey type i in stomaeh of a random whale is

N,
pifl; =1/n ) X, )
K=i
If W numbers of whales are in the area over the year, the estimated consumption of prey type i is
CI = W ﬁi Q’i (7)
For simplicity, we disregard uncertainly in W. Then, the mean and variance of ; is
E(C)=Wpu, (8
— 1 2 .
var(ci)=w2;pi(0i +(1_pi)“i2) €)]
Therefore, the coefficient of variance of Ei is
sy b harzn (2 2 -
C.V. (Ci)=H[W P;(Gi +(]_pi)p'i )kai Ui)z (10)
To determine n, the eriterion is to choose n as small as possible.
2 2 2
n3[W2p, (o, +(A-pu®) I (W p Ve (an

A valueofa =0.2

seems to be a reasonable choice.

Sample size r is determined by solving inequality (11).

Research area
Ta caleulate required sample size of sei whale, we examined the total research area (sub-areas 7, 8 and 9) (Fig. 1).

Data set used

We caleulated required sample sizc of sel whales for estimating their prey consumption in the research area in each
year. The data employed in this estimation were the composition of prey species consumed by whales, average stomach
contents weight (kg) and its §.D. on a yearly basis of JARPN II data (Table 1). N is the number of whales eating each
dominant prey species (Copepads, krill, Japanese anchovy, Pacific saury and others).

The required sample size of sei whales is calculated on a yearly basis rather than a monthly basis from JARPN II
results, because the data on food habits of sei whales in May, August and September were insufficient by themselves,

RESULTS

Sample size of sei whales
The results of our estimation are shown in Table 2.

To achieve the C¥ under 0.2 for consumption of most important prey species {quantity of 30% or more), the minimum
of 223 and 85 sei whales are required in each year. When the data of the two years is eombined, a minimum of 145 sei
whales is required

When the research plan was eompiled in 2002 (The government of Japan, 2002), the required sample size of sei whales
was ealculated based on past commercial whaling data for prey composition and data of Bryde’s whale in JARPN 11

19



feasibility study results for stomach conients weight and its S.D. The minimum of 64 sei whales was required in each
year.

However, the results of the survey of prey species and their stomach contents weight in JARPN II in 2002 and 2003
were substantially different from the past data.

DISCUSSION

Samplings of two research seasons in 2002 and 2003 were concentrated in June and July, while sampling was not
sufficient in May, August and September (Fig, 2). Therefore, recalculations on a seasonal basis might not be appropriate,
and the value of 145 obtained from combined data of two years is more plausible at present. On the other hand, if we
adopt the lowest value of 85 which was calculated from the 2003 data, the precision of the estimate would be worse
than C¥ = 0.2 in most years. On the other hand, if we take 223 animals, the precision will be better than CV'= 0.2 in
most years. Therefore, we recommend a sample size of 100 animals per year for sei whales,

REFERENCES

The Government of Japan. 2002. Research plan for celacean studies in the western North Paeific under speeial permit (JARPNI). Paper SC/54/02
presented 10 the IWC Scientific meeting (unpublished), 115pp.

The Nonwegian marine mammal rescarch program 1992, A research proposal to evaluate the ecological importance of minke whales in the Northeast
Atlantic. Paper SC/44/NAR1S presented to the IWC Scicniifie meeting (unpublished). 85pp.
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Table 1. Data of the dominant prey species of sei whales in JARPN I (N is the number of dominant prey species
consumed by whales).

Year Dominant prey N % Mean (kg) & D
2002 Copepoda 11 314 34.3 498
Krill 16 45.7 578 121.4
Japanese anchovy 6 17.1 163.9 311.9
Pacific saury i 29 398 -
Other 1 2.9 0.7 -
Empty 3 - - -
Broken 1 - - -
2003 Copepoda 21 52.5 204 232
Krill 6 15.0 6.0 10.2
Japanese anchovy 13 325 87.0 136.5
Other 0 0.0 - -
Empty 8 - - -
Broken 2 - - -
2002+ Ccpepoda 32 42.7 252 345
2003 Krill 22 293 437 105.4
Japanese anchovy 15 253 111.3 2020
Pacific saury 1 1.3 398 -
Other 1 1.3 0.7 -
Empty 1 - - -
Broken 3 - - -

Table 2. Calculated sample size of sei whales in cach year.

A, 200ZNP

Year Dominant prey  Sample size  Research
(C.V.=10.2) Period

2002  Copcpoda 223 Summer
Krill 271
Japanese anchovy 650
B. 2003NY
Yecar Dominant prey  Sample size Research
(C.V.=0.2) Period.
2003 Copepoda 85 Spring-
Krill 614 Summer
Japanese anchovy 242
200ZNP+2003NP

Year Dominant prey  Sample size  Research
(C.V.=0.2) Period
2002-03 Copepoda 145 All
Japanese anchovy 400
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23



NOT BE CITED WITHOUT A WRITTEN PERMISSION FROM THE AUTHORS

APPENDIX 4

FOOD HABITS OF SPERM WHALES BASED ON JARPN
11 (2000-03)

TsuTOMU TAMURA", TSUNEMI KUBODERA®, HIROSHI OHIZUMP, KENJ KonisHI”, TATsuYa IsCDA” AND YOSHHIRO
Funse!

I): The Institute of Cetacean Research, 4-5 Toyomi-cho, Chuo-ku, Tokyo 104-0055, Japan
2): National Science Museum, 3-23-1, Byakunin-cho, Shinjuku-ku, Tokyo, 169-0026, Japan
3). Tokai university, 3-20-1, Shimizu-Qrido, Shizuoka 424-8633, Japan

Contact e-mail: tamura(@celacean. jp

ABSTRACT

The stomach contents of twenty-eight sperm whale (Physeler mocrocephaius) sampled in the wesiern North Pacific from May lo
Seplember as part of the 2000 - 2003 JARPN [T surveys, were analyzed. Thirty-two prey species consisting of 28 squid, 1 octepus and 3
fish, were identified. Sperm whales fed mainly on various rmesepelagic squids. The ropst important prey species in the JARPNI surveys
were 5 squids (Toningia dapae, Histioleuthis dofleini, Belonella pacifica berealis, Ancistracheirus lesuen and Neon flying squid
COmmasirephes bartrami). Four species of these five squids are mesopelagic squids, while one species, neon flving squid is pelagic one and
is an importan: resource for commercial fisheries, Preliminary estimates indicaie tha1 eight hundred thousand tons of neon flying squid arc
consumed by spenm whales equivalent 1& roughly eight times the total estimated fisheries catch of this species in the western Nonth Pacific.
In stomach contents of sperm whales, estimated proportion ¢f squids living in surface layer and those migrating to surface during night
time in each sub-area ranged from 0.0 to 11.4%. It is considered that the influence on the surface ecosysiem by sperm whale feeding
should not be disregarded, because the biomass of sperm whales is huge. To elucidale the food habits of sperm whales (especially,
qualitative informalion in sub-areas 8 and 9) and to understand the influence of sperm whale feeding on the surfaee ecosysiem, more dala
is needed.

KEYWORDS: SPERM WHALE; NORTH PACIFIC, FOOD/PREY; SQUIDS; MODELING; SCIENTIFIC PERMITS

INTRODUCTION

The sperm whale (Physeter macrocephalus) is distributed in waters from the equator to the edge of the polar pack ice
area. The abundance of sperm whales in the western North Pacific was cstimated to be 102,112 animals
(CV=0.155)(Kato and Miyashita, 1998).

Some papers have reported on the stomach eontents of sperm whales from the Sanriku-Hokkaido coastal whaling
ground and the North Pacific pelagic whaling ground in the past. Berzin (1971). Kawakami (1980) summarizes these
reports lists the species of fish in found in the stomachs of sperm whales. He notes that the proportion of fishes in the
stomach contents of sperm whales varies substantialty depending on areas with a range of 1-68 %. In thc northern part
of the west of 180 jongitude fishes comprised 7-29 % of the stomach contents. Squids were the most dominant prey.
The most important prey species in the Sanriku-Hokkaido area during winter season were neon flying squid
Orunasirephes bartrami, Xurage ika Histioteuthis dolfleini, Yatude ika Octopoteuthis sp. and giant squid Moroteuthis
robusta. Stomach content data were classified according to prey groups in most cases, such as krill, fish and squid.
There were also records of empty stomaehs and blanks. The fullness of stomach contents was categorized into five
classes (R =3/4 - 4/4, rr = 2/4 — 3/4, rr = 1/4 — 2/4, r = < 1/4, 0 = empty) and the freshness of stomach contents was
categorized into four classes (F = fresh, {ff = lightly digested, ff = moderately digested, f= heavily digested).

However, since 1980, there have been few published repons of the feeding habits of sperm whales in the North Pacific.
Furthermeore, there are few quantitarive data on stomaeh contents.

Sperm whales seem to play an important role in the food web, especially, in the mesopelagic and deep sea, because their
high abundarice and huge biomass.

In this study, prey species and prey size based on the stomach contents of 28 sperm whales sampled as part of the
TARPN I in the western North Pacific are exarnined. The results improve our knowledge of the feeding habits of sperm
whales in this region. Furthermore, these data will contribute to the design of a long-term research program and the
consideration of a more realistic strategy for building an ecosystem model in future.
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MATERIALS AND METHODS

Research area and period

The sperm whales were sampled in sub-areas 7, 8 and & excluding the EEZ of foreign countries. Fig. 1 shows the
sighting positions of sperm whales sampled in each month from May through September (combined data for the years
2000, 2001, 2002, and 2003). Table 1 shows sex, body length, stomach contents weight and its ratio to body weight in

each area. Sampled whales were immediately transported to a research base vessel, where biological measurements and
sampling was carried out.

Sampling of stomach contents

As saon as the sperm whale was on the research base vessel upper deck, the stomachs were removed within a few hours
after capture. Then, contents from each stomach {both cases of including and exeluding liquid) was weighed to the
nearest 0.1 kg and kept frozen for later analyses.

Data analyses

In the laboratory, prey speeies in the samples were identified to the lowest taxonomic level as possible. Undigested prey
items were identified using morphological characteristic (Kubodera and Furuhashi, 1987, Okutani, 1993). The otoliths
and jaw plate were used to idemtify the fish, squid and octopus with advanced stage of digestion (Kubodera and
Furuhashi, 1987).

When undigested squid were found, mantle length and the weights were measured to the nearest | mm and 1 g,
respectively.

The total number of eaeh prey species in the sample was calculated. Digested prey and buccal masses of squid and
oetopus and half of the total number of free otoliths were added to the numbers of undigested prey items in forestomach
and fundus eontents. The total weight of each prey species was added, apparently.

Feeding Indices
The relative frequeney of accurrence of each prey species (RF) in each whale was calevlated as follows:

RF=(Ni{ Ny =100 1)
Ni =the number of prey speeies 7 in each whale
Ny = the total number of prey species in each whale
Then, the relative prey importance by weight of eaeh prey species (RW) was calculated as follows:

RW= (W, ] Woy) x 100 2)
¥, = the apparent wet weight of contents eontaining prey species i

W, = the total wet weight of contents analyzed.

The estimated proportion of squids living in surface layer to those migrating to surface during night time
occurring in the stomachs of sperm whales.

The estimated proportion of squids living in surface layer to those migrating to surface during night time occurring in
the stomachs of sperm whales (PS) was caleulated as follows:

PS=(PSW, ! WW,y) * 100 3)

PSW, = the proportion of stomach contents weight of surface organisms as prey in each whale [

WW,y = the total wet weight of contents analyzed.

RESULTS

Diversity of prey species
Thirty-two prey species consisting of 28 squid, 1 oetopus and 3 fish were identified in sperm whales caught between
2000 and 2003 as part of JARPNII (Table 2).



Composition of prey species

The occurrence (%) and apparent wet weight composition (%) of prey species consumed by sperm whales caught
between 2000 and 2003 13 shown on Table 3. They fed mainly on 5 squid species (Taningia danae, Histioteuthis
dofleini, Belonella pacifica borealis, Ancistrocheirus lesueu and Neon flying squid). The apparent wet weight
composition (%) of fish was 4.2 % in sub-area 7. The estimated proportion of squids living in surface layer to those
migrating to surface during night time occurring in the stomachs of sperm whales ranged from 0.0 10 11.4 %,

Size frequency of prey species
The size frequency of B, pacifica borealis, H. dofieini and G. borealis 15 shown in Fig.2.

Belonella pacifica borealis
The dorsal mantle length of B. pacifica borealis ingested by sperm whales ranged from 360 to 612 mm with a single
mode at 495 mm (Fig. 2A).

Histipteuthis dofleini
The dorsal mantle length of A. dofTeini ingested by sperm whales ranged from 107 to 210 mm with 2 single mode at 154
mm (Fig. 2B).

Gonatopsis borealis
The dorsal mantle length of G. borealis ingested by sperm whales ranged from 261 10 298 mm with a single mode at
284 mm (Fig. 2C).

Weight and freshness of stomach contents (Table 1)

The stomach contents weight of sperm whales caught between 2000 and 2003 as part of JARPN I ranged from 9.0 kg
to 265.5 kg. The maximum stomach contents weight was equivalent to 1.2% of body weight. The freshness of stomach
contents were eategorized as follows: F (6 inds., 27.3%),), fff (6 inds., 27.3%), T (5 ind., 22.7%) and f (5 inds., 22.7%).

DISCUSSION

Diversity of prey spccies

Sperm whales caught between 2000 and 2003 as part of JARPN II fed mainly on various mesopelagie squids. Thirty-
two prey species consisting of 28 squid, 1 octopus and 3 fish were identified. The most important prey speeies were 5
squid species (Taningia danae, Histioteuthis dofleini, Belonella pacifica borealis, Ancistrocheirus lesueu and Neon
flying squid). This is very different from past records {i.e. Kawakami, 1980).

It seems that there are geographical, seasenal and yearly changes of prey species in the research area. The past samples
were coneentrated around inshore area (Joban-Sanriku area) during winter (7.e. Kawakami, 1976; Okutani e! al., 1976;
Okutani and Satake, 1978). Our sample coneentrated on the inshore area (sub-area 7), which is not different from past
record, but seasons were during spring and summer. Additional samples are therefore needed to clarify these food
habits, especially offshore area (such as sub-areas § and 9).

Daily prey consumption and feeding activity

The weight of stomach contents of sperm whales may be different according to the size of whales, although it is
considered to be less than 300 kg. In Kurile Island, it was found that they did not consume more than 200 kg (Betesheva
and Akimushkin, 1955). The stemach contents weight of the sperm whale in the Cook Strait region of New Zealand was
reported to have varied from 12.7 to 105 kg (Gaskin and Cawthorn, 1967). Clarke (1977) considered the amount of
daily prey consumed by sperm whales would be from 2 t¢ 4 % of their body weight and calculated as 300 kg and 200
kg for males and females, respectively. Tamura (2003) calculated their dairy consumption using three different
equations. The calculated daily prey consumption of sperm whale (average body weight 18.5 tons) in North Pacific was
ranged from 304 to 648 kg (from 1.6 to 3.5%). Based on JARPNII data, the stomach eontents weight ranged from 9.0
kg to 265.5 kg. The maximum stomach contents weight was equivalent to 1.2% of their body weight. According to
Tamura (2003)'s calculation, the sperm whale must feed several times in a day.

In the Antaretic, they generally feed on prey near the surface during nighttime (Matsushita, 1955). However, in the
western North Pacific, as some prey species in stomach contents of whales caught in the daytime were very fresh (no
digestion), sperm whales apparently also feed during daytime.

26



The impact on resources of necn flying squid

In sub-area 7, two sperm whales fed on neon flying squids. Their average weight of stomach contents was $5.8% and

18.5% of body weight. The average proportion of neon flying squids consumed by sperm whales sampled was
estimated as 5.0% of their total prey consumption in the western North Pacific during the research season.

The necn flying squid is a very important target species for fisheries in the western North Pacific. Recent fisheries catch
was reported as one hundred thousand tons per year in western North Pacific (Fisheries Agency, 2002). They are widely
distributed in both the coastal and offshore areas (Naito ef al., 1977).

An earlier report shows that sperm whales fed mainly on neon flying squids (20%:0ccurrence of squids) around Joban
area (sub-area 7) in winter (Okulani ef af., 1976). In the case that the sperm whales feed on neon flying squid as 5 % of
their prey censumption, the total consumption was estimated to be eight hundreds thousand tons, equivalent to roughly
eight times the total estimated recent fisheries eateh of this species in the western North Pacifie.

It is neeessary to eollect more data regarding their feeding habits 1o consider the impact of sperm whale predation for
the resourees of neon flying squids.

Application to ecosystem models

The sperm whales were eonsidered to be mesopelagic squid feeders in our research area. However, it was reported that
they fed mainly on mesopelagic and/or bottom fishes in other region (Iceland, Bering Sea, West of Canada and New
Zealand) (Pike, 1950; Okutani and Nermoto, 1964; Gaskin and Cawthorn, 1967; Roe, 1969).

Furthermore, sperm whales also fed on some squids related to surface layer such as Onychoteuthis borealijaponica, O.
banksi, Moroteuthis loennbergi, eight armed squid (Gonatopsis borealis) and neon flying squid. The estimated
proportien of squids living in surfaee layer to those migrating to surface during night time ¢ccurring in the stomachs of
sperm whales ranged from 0.0 to 11.4 %. It is therefore considered that the influense on surface ecosystem by sperm
whale predation can not be disregarded, because the biomass of sperm whales is huge.

In the future, these data will be imputed to Ecopath & Ecesym type models to better understand the role of sperm
whales in the marine ecosystem.

The neen-flying squid, which were found in the sperm whale stomach contents is one of the important commereially
utilized squids, and therefore there is a possibility of direct competition with this fishery. The data colleeted by JARPN
II will be useful for at east single-species management of neon flying squid in the western North Pacific in the future.

This report provides results from the very small-scale sampling of sperm whales from 2000 to 2003. The stomach
contents of 28 sperm whales sampled in the weswern North Pacific from May to September of these years were
analyzed. However, these samples are concentrated in inshore area (Sub-arca 7). To elucidate the food habits of sperm
whales (especially, offshore area such as sub-areas § and 9) and to understand the relation of sperm whale predation to
the surface ecosystem, more data is needed. These data will contribute to the design of a long-term research program
and the consideration of a more realistic strategy for building ecosystem models in future.

ACKNOWLEDGEMENT

We are indebted to T. Bando, T. Mogoe, S. Otani, N. Kanda and G. Yasunaga of the Institute of Cetacean Researeh
{ICR) who eollected and weighed the stomach contents during the JARPNII surveys. We would like to thank all
captains, crews and researchers, who were involved in the JARPNII surveys between 2000 and 2003. We appreciate
very much the helpful sorting and anatyses done by Ms. 1. Kouda. Our sincere thanks to Dr. 1. Hatanaka, Dr. D.
Goodman and Dr. Luis A. Pastene of the ICR for their valuable suggestions and useful comments on this paper.

REFERENCES

Betesheva, F. 1. and Akimushkin, 1.1 1955, Food of the sperm whale (Physeter carodon L.) in the Kurile Istand region. Trudy /nst, Okeamol. 18: 86~
94 (in Russian)

Berzin, A, 1971, The sperm whale { ranslated into English in 1972). Israel Program for Scientific ranslalion. 394 pp.
Clarke, M. R. 1977. Beaks, nets and numbers. Sym. Zool. Soc. London, 38: §9-126.

Gaskin, D, E. and Cawthorn, M. W. 1967. Diet and feeding habits of the sperm whales (Plyseter catodon L) in the Cook Strait region of New
Zealand. N. Z. J. mar. Freswat. Res. 1 (2} 159-79.

Kato, H. and Miyashita, T. 1998. Current siatus of the North Pacific sperm whales and its preliminary abundance estimales. Paper SC/50/CAWS2
presented to the IWC Seientific Commitiee, May 1998 (unpublished). i3pp. [Available from the author).

Kawakami, T. 1980. A review af food of sperm whale food. Sei. Rep. Whales Res. Inst. 32:199-218.

Kubodera, T. and Furuhashi, M. 1987. Inaiyouburu fyuuno ikarui oyobi hadakaiwasikagyorui no syusaleinikannsuru manyuaru {Guide lo the
identification of lantern fishes and ccphalopods in the stomach contents]. Appendix document of the report on he modeling of ecosystem in
norhem Noxh Pacific. Fishenes Ageney of Japan 65pp. [In Japanese].



Matsushite, T. 1955, Dairy shythmic activity of the sperm whales in the Antarctic Ocean, Buil. Jopanese Society of Scientific Fisheries, 20 770-3

Muratg, M. and Shimazu, Y. 1982. On some population parameters of flying squid, Grnnosirephes barrrami {(LESUEUR) in the Northwest Pacific.
Buil, Hokkaido Reg. Fish. Res. Lab. 47. 1-0

Ckutani, T. and Nemoto, T. 1964, Squids as thefood of sperm whale in the Bering Sea and Alaskan Guif. Sci. Rep. Whales Res. fnst. 18: 111-121,

Okutant, T., Satake, Y., Chsumy, S. and Kawakami, T. 1976. Sguids eaten by sperm whales caught off Joban distnct, Japan, during January-February
1976. Bull. Tokai Reg. Fish. Res, Lab., 87.67-113.

Ckauteni, T, and Satake, Y. 1978. Squids in the diet of 38 sperm whales caught in the Pacific waters off northeastern Honshu, Japan, February 1977,
Bull. Tokai Reg. Fish. Res. Lab., 93, 13-23,

Okuani, T. 1980 Biology of cephalopoda-9 Systematics and life history of enoploteuthidae (2). Aguabiology, Vol2, No. 4, 278-282.
Ckutani, T. 1995, Cuttlefish and squids of the world in color. Notional Coaperative Associotion of Squid Processors. 185pp.
Pike, G. C. 1950. Stomach contents of whales caught ofT the coast of British Columbia Prag. Rep. Pacy. Cst. Sins, 83: 27-8.

Roe, H. 8, J. 1969. The food and feeding habits of sperm whales (Physerer catodon L.) 1aken off the west eoast of Iceland, J. Cons. fnr. Explor. Mer.,
33 (1) 93102

Tamura, T. 2003, Regional assessmenis of prey consumption and competition by marine cetaceans in the world. pp.143-70. f»: M, Snclair and G.
Valdimarsson {Eds) Responsible Fisheries in the Marine Ecosystem. FAG and CABI Publishing, Roma and Oxen. 448pp

28



Table 1. Biological and stomach contents data of sperm whales sampled in JARPN I surveys from 2000 to 2003.

Sub N Body length Stomach conents  Ratio of body weight Frequency of freshness of
area (m {(ked (%) stomach conlents
Male Female Mean Min Max  Mean Min Max  Mean Min Max F fIf fIl f Empty Broken
7 7 15 101 8% 128 1035 90 2422 05 01 12 6§ 5 3 5§ 1 2
8 1 2 87 79 99 607 189 1374 02 00 05 09 1 0 0 2 0
9 0 3 11,0 104 115 1680 1064 2655 04 01 07 0 0 2 0 0 1
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Table 2. Prey species of sperm whales taken in the western North Pacific from 2000 to 2003.

Scientilic narne

English name

Qccurences in - Rell
previous report

Remarks

Cephalopoda

*k

wk

Pisces

Enoplotethis chuni
Ancistrocheirus lesweuri
Toningia donoe
Qctopateuthis siculo

QO deletron

Q. megoptera

Q. sp. (Type M}

0. sp. (Type L)
Onychoreuthis boreolyoponica
O. bonksi

Moroteuthis loennberg:
M, rebusta

Ganatus berryi

G. pyros

G. middendarift
Eogonatus tinre

G. .0

Gonetopsis barealis
Histioseurthis doffeini

H. corona inermis

H. sp.

H. meleagroteuihis
Architeuthis martens:
Ommasirephes bariromi
Pholidoteuthis sp.
Duscotenthis discus
Cycloteuthis okimushkini
Chirateuthis imperator
C. calyx

Asperoteuthis ocanthaderma
Galiteuthis pacifica
Galitenthis sp.
Belanelia pacifica borealis
Megolocronchia muximo
Megalacranchia sp.
Cranchidoe sp.
Allapasus mollis

Trachipterus ishikowge
Laemanema longipes
Theragro chalcogrammo

G Ent spuid

Ebht-amiad squi’

Newn Brng aquid

Kngofsinon
Thread M hakelng
W allzye polock

B — o o s L

[ R N = R ]

Day time; 300-900 m; Nigh ttime: Upper 200m

Migh time: Upper 100m (DML is u<0.01er 35mm)
Night time: Upper 180m (Sub-adult); Upper 1,200m (Adulr)
Dy tam: Lonwer 300 &xpuacially 300-400m. Hight Lm: Lirwer $00m (DML 15 w00 er | Srwny
Day time: Loster 100m, apaatly Jo0-K00m. Fight tumi: Lower 550m (DL i 10,0 ler 1 Smem
Day time: Mid-borlom waler; Night time: Swiace layer

Surface Jayer

Upper 130 m

From surface layer to bottom layer

U<0.Cler 100m of bottom layer

Day time: 500-800 m; Nigk ttime: 400-800m (Sub-adul()
Day nime. a00-T60m, Nigh! time: 100-500m eipecially 300-000m (OML iy we00icr 20mm}
Day time: 400-800m, Might time: Upper 500m (DML is u<¢.01er 21mm)
From surface layer to boriam layer

Day time. 400-800m (DML is 16-47mm), Night tme: 0-400m
Day time: 500m, Night time: 50m (DML is 12-14mm)
Day time: 600m (DML is 25-27rmm)

Day time: 700m, Night 1ime: 400m (DML is 16-32mm)
From 200-1200 m

Day time: 300-400m, Night time: Surface layer

Day lime: Bonom layer (400-2,000m), Hight time. Md layer
Dy ume: uppes 750m, Night thme: upper 400m (DML is u<0.0er 53mm)
Day time: Upper 650m, Might time: Upper 200m

From mid layer 10 battom Jayer

Day timne: 500-800m, Might time: 0-500m (Sub-adult)
From mid layer to bortom layer

Dray time: lower 900m, Night time: 0-1200m (Sub-adult)

Day time: 600-800m (DML is u<0.01er 60rmm)
Mid layer

0-3,200 m, cspecially 0-200m, 450-1,000m

*: Surlnce migration during night; **: Surface distribulion in & day
1: Roper, € F.E. and K. E. Young {(1975) , 2. Nesis, K. N. (1987), 3 Okuieni, T. (2980), 4. Tanaka {in Japanese. 2000)

{© is shown in previous report as prey species of sperm whales around of Japan)
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Table 3. Oceurrence, number and wet weight compaosition (%) of each prey speeies consumed by sperm whales

in each sub-area. *: Surface migration during night; **: Surface distribution in a day

Prey specics

7

N=19 (N=3: Empty)

Occwrence Number Weight
of squids of squids

Occurrence Number  Weight
of squids of squids

1
N=3

9
=3

Occurrence Number Weight

ol squids of squids

% % % Yo % % Yo Yo Yo
Cephalopoda
LCneploteuthis chun 5.3 <001  <0.01
Ancistrocherrus lesueurt 579 6.4 6.6
Tuningia dunae 47.4 153 24.1 100.0 258 834 100.0 74.1 915
Cctapoteuthis sfewla 15.8 02 0.03
Octapoteuthis deleiran 21.1 1.6 0.5
. megaptera 10.5 0.4 0.1
. sp. (Typs M) 21.1 2.2 1.6
Q. sp. (Type L) 10.5 0.6 38
** Onychotewhis barealj)apanica 15.8 0.2 0.6
** O banksi 5.3 <001  <0.01
*  Moreteuthis laennberg 158 15 0.5
M. robusta 15.8 0.5 52
Gonatus berryi 20.3 1.2 0.2 . 333 0.9 <0.01
G. pyros 15.8 1.6 <0.01 100.0 4.8 0.1
G. middendorffi 15.8 0.2 0.03
Eaganorus rinre 53 0.1 <0.01
G, e 63.2 42 04 333 0.9 <0.01
*  Goanatopsis borealis 42.) a7 4.6
Hisuoreuthis doflein 84.2 262 26.1 100.0 61.9 16.6 66.7 24.1 2.5
H. corona inermis 10.5 0.2 0.04
H. sp. 263 31 1.0 100.0 9.5 <0.01
H. meleogroteuthis 5.3 <001 <001
Architeuthis inarienst 53 0.03 0.5
*  Ommasirephes bartrami 0.5 1.8 6.4
Pholidateuthis 5p. 53 0.3 08
Diseoteuthis discus 10.5 03 0.1
Cyclotenshis okimushkini 10.5 0.2 0.3
Chiroteuthiy imperaior 15.8 0.2 0.0
C. calyx 21.1 0.5 0.7
Asperoteuthis acanthoderma 53 0.1 0.2
Galreuthis pocifica 63.2 8.6 1.2
Golitewhis sp. 10.5 0.1 0.01
Belonella pacifica boreolis 579 15.3 8.3
Megalocronchia maxima 53 0.8 0.3
Megalecrunchia sp. 53 0.1 003
Cranciidae sp. 5.3 03 0.04
Unidentificd squids 263 1.5 0.02
Ailoposus mollis 53 0.1 02
Fisces
Trachipterus ishikawae 15.8 0.2 43
Laemanemo longipes 53 0.03 <0.01
Therogra eholcogroming 5.3 .03 <0.01
Unidenlified fish 5.3 0.1 0.2
Estimaled contribution rate of surface * 7.1 10.8 0.0 0.0 0.0 0.0
Estimated contribution rate of surface +** 73 114 0.0 0.0 0.0 0.0
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APPENDIX 5

ON THE USEFULNESS OF SPERM WHALES TAKEN IN
THE JARPN II FOR THE MONITORING OF
ENVIRONMENTAL POLLUTANTS IN THE MARINE
ECOSYSTEM

GENTA YASUNAGA aND YOSHIHIRO FUJISE

The Institute of Cetacean Research, 4-5, Toyomi-cho, Chuo-ku, Tokyo 104-0055, Japan.
Conlact e-mail: yasunaga@celaceanp

ABSTRACT

The sperm whale was included as a largeted species in the JARPN 11 in addition to the common minke, Brydc’s and sei whales to address
the first objective of the JARPN II ‘feeding ecology and ecosysiem studies’. The second objective of the JARPN 11 is the monitoring of
environmental pollutants in celaceans and the marine ecosysten. Preliminary analyses of data from poliution studies in JARPN I detected
higher concentralions of PCBs and mercury in the blubber and liver of sperm whales, Results also suggesied that the sperm whale may
have a higher ability 10 detoxify Me-Hg. For these reasons, the sperm whale is one of the most useful species for monitoring the pollutants
in the maring ecosystem. These studies should be continued under the JARPN 11.

KEYWORDS: POLLUTANTS;, HEAVY METALS; ORGANOCHLORINES; PACIFIC OCEAN, COMMON MINKE WHALE,
BRYDE'S WHALE; SEI WHALE; SPERM WHALE; SPECIAL PERMIT

INTRODUCTION

The sperm whale is the largest toothed whale and one of the most abundant whale species. In the western North Pacific,
population abundance of sperm whales was estimated to be 102,112 animals (Kato and Miyashita, 1998). Biomass is
also large (approx. 1.8 million tons). As sperm whales consume large quantities of food in this area, they can not be
ignored in the construction of an ecosystem model which is the first objective of the JARPN 1I ‘feeding ecology and
ecosystem studies’. For this reason, the sperm whale was included as a targeted species in addition to the common
minke, Bryde’s and sei whales for the JARPN II. The sampling of sperm whales has been conducted as a feasibility
study in the JARPN 11 (GQJ, 2002). During the 2002 and 2003 JARPNII a total of 15 sperm whales were sampled.

The second objective of the JARPN TI is the monitoring of environmental pollutants in cetaceans and the marine
ecosystem. Under this objective, samples are collected not only from whales, but also from prey species of whales and
air and seawater in the research area. This sampling design makes it possible to examine the dynamics of pollutants
such as PCBs, DDTs, Hg, Cd and Pb in the marine ecosystem of the western North Pacific.

This paper discusses the importance of sperm whales in terms of the monitoring of pollutants.

PRELIMINARY RESULTS FROM THE ANALYSES OF POLLUTANTS

Table 1 and 2 show the preliminary results of analyses on PCBs, total mercury {T-Hg) and methyl-mercury {Me-Hg} in
blubber, liver and muscle of four whale species (sperm, common minke, Bryde’s and sei whales) taken in the JARPN
and JARPN 11 research area of the Western North Pacific. PCBs and Hg levels occurred in the following order: sperm
whales > commeon minke whales > Bryde’s and sei whales. These results are consistent with a previous pollution study
(AMAP, 1998). Persistent pollutant lcvels in the whale bodies are determined by the levels in food items, pollutant
biological half-life and hiological factors, such as age and sex. These preliminary results might suggest that the trophic
levels of the major food items are one of the most important factors determining pollutant Jevels in whales.

Table Z also shows the percentage of Me-Hg to T-Hg in liver and muscle samples of the four whale species. Most of
mercury intake via feeding by =l four species is expected 1o be in the methyl-form (Law, 1996). Therefore, this
percentage (Me-Hg/T-Hg) in the liver indicates the ability and rate of demethylation (i.e. detoxification) of the whale
body. In the case of spcrm whales, the percentage of Me-Hg is significant]ly lower than for the baleen whales. This
could suggest that the sperm whale has a higher demethylation ability and tolerance in toxicity of Me-Hg. In future, the
mechanism of detoxification of Me-Hg in the sperm whale should be examined.

Future studies will also require incorporation of biological parameters such as age, sex, reproductive status and food
habitat into analyses, since it is likely that pollutant accumulation will vary with biological processes.
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CONCLUSTON

Preliminary analyses show that higher concentrations of PCBs and mercury were dctected in blubber and liver of sperm
whales. Results also suggested that the sperm whale may have a high ability to detoxify Me-Hg. These results mean that
the sperm whale is an important species for pollutien studies.

In conclusion, the sperm whale is one of the most useful species for monitoring the pollutants in the marine ecosystem
and the study should be eontinued under the JARPN II. To date, we have also analysed organoehlerines and irace
elements in the whale prey items, seawater and atmosphere. In the future, studies of the sperm whale will contribute to
understanding the fate of pollutants in the marine environment.
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Table 1. PCB levels {(ug/g wet wi.) in the blubber and the muscle of sperm, commeon minke, Bryde’s and sej
whales from Western North Paeifie in the JARPN and JARPN II surveys.

Species PCBs PCBs
P Blubber Muscle
(ng/g wet wi) {ng/g wel wi)
Ave. 2.3 0.06
§ hal
(Il’)f)ll;?-l“'['mail)e (min.-max.) (0.70-8.1) (0.02-0.26)
n 15 13
Commen minke Ave. 1.4 0.03
whale {min,~max.) (0.16-11) (0.01-0.06)
(1994-2003) " 466 5
Ave. 0.14 0.01
Bryde's whale .
(2000-2003) (min.-max.) (0.03-0.47) {(<0.01-0.04)
n 42 g
Ave. 0.075 <0.01
Sei whale .
£2002-2003) {mip.-max.} (0.01-0.28)
n 55 5

PCBs: PCBs are fat-soluble, and show higher concentration in blubber and other fatty tissues of whales, according lo
research. As is indicaled in the table, PCB concentration in the muscles of the four whale species is quite low and
clears the provisional restriction s1andard by & large margin. PCB contamination ean be said to be not very serious.
However, the concentration in the blubber of some minke and sperm whales in the western North Pacific exceeded
the provisional restriction, although Bryde's and sei whale blubbers cleared the standard. Thorcugh measures are
being Laken to remove these pollutants, including processing through bleaching of by-products.

Table 2. Total and methyl Hg leveis (ug/g wet wt.) and methy¥total Hg ratio (%} in the Siver and muscle of sperm, commen minke, Bryde’s and sei
whales from Wesiem North Pacific in the JARPN and JARPN 11 surveys.

Spesies Total Hg Methyt He Methy¥Tcal Hg
Liver uscle Liver Muscle Liver Muszcle
{ne/e wer wi) (po/g wet wi.} {np/g werwi)  {pglg wel wi) (24 (%)
Sperm whale Ave. 61 21 11 e.7 8.1 48
(2006-2002) {min.-max.} (32-250) (0.86-4.6) (0.53-1.6) (0.45-1.1) (0.80-16) (37-55)
] 18 13 5 5 5 5
Comman minke Ave. 0.64 0.20 014 0.12 3 3
whale (min.~nax.) (0.001-4.3) (0.004-0.83) (0.012-0.40) (0.017-0.19) {9.7-503 (34-96)
{1994-2002) » 788 788 a0 a0 40 a0
Bryde's whale Are. 0.18 0.047 0.04} 0.025 28 47
(2000.3002) {min.-max.) (0.011-1.1 (0.004-0 12} (9.2-72) (0.001-0.037) (9.2-72) (15-61)
n 143 143 a1 43 41 43
i Ave, 0.43 0.053
(2302;;;;) (min.-max.) (0.065-1 6) {0.021-0 081) NA NA Na NA
n 3¢ 39

MNA: Naot Analysed

Mer¢ury: Researsh indicates that mercury shows relaively high ¢onceniration in the imernal organs (especially liver) and muscles (red meat) and is lower in
the blubber {fat layer) of whales. The muscles of the Bryde’s and sei whales showed the lowest mercury concentralion, lollowed by that of the minke whele
but siill being less than the provisional restriction levels set by Lthe Minisiry of Health, Labour and Welfare. On the other hand, concentration n the sperm
whale muscle greally exceeded the provisional resiriction levels, showing as high as 4.6 ppm in the muscles. Also, (or coomon minke whales wken berveen
1994 and 1997 in the western North Pacific a small poniion (1.0%;} of 1he muscle samples {cight owm of 788) exceeded slightly the provisional restriciion levels
of the Ministry of Health, Labour and Welfare, bul nonc of the 490 samples 1aken in 1he lasi [ive years exceeded the standard, although we now inspect all
muscle lissues of common minke whales laken. Bryde's and sei whales in the weslern Nonth Pacific showed low contaminmion, and the muscles ol common
minke whales in the sume walers can also be considered safe.

As regards spesm whale, measures have been adopled 1o prevent its distribulion in the market until en effective method Lo remove mercury from the muscle
has been developed.

Note: The Minisiry of Heahh, Labour and Welfare has set down 0 4 ppm as the standard in Lolal mercury concenlration for Mshery products, and for those
tha exceed (he provisional resiriction 10 undergo a further test for methyl mercury, degignating those that exceed 0.3 ppm as mercury contaminated lishery
producis. The provisional resiriction siandard for PCHs in fishery preducts is 3 ppm for thess of inshore walers and 0.5 ppm Cor offshore fishery products.
Celaceans are calegorized in the lalier (0 5 ppm).
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