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Outline of JARPN II Outline of JARPN II --11--

Research period
: From May to September

Research area
: From 140E to 170E

Research objectives

1. Feeding ecology of whales and ecosystem studies

2. Monitoring environmental pollutants in cetaceans 
and the marine ecosystem

3. Stock structure
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Body length 14 m
Body weight 22 t

Sei whale (Balaenoptera borealis)

Common minke whale (Balaenoptera acutorostrata)

Bryde’s whale (Balaenoptera edeni)

Body length    7 m
Body weight   5 t

Body length 13 m
Body weight 16 t

220 inds./year

Outline of JARPN II Outline of JARPN II --22--

100 inds./year

50 inds./year

Sperm whale (Physeter macrocephalus)

10 inds./year
Body length
Male: 15m, Female: 11m

Body weight
Male: 40t  , Female: 18t
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Measurement of body weight Identification of stomach contents

Sampling of stomach contents Measurement of stomach contents

The relative prey composition (%) by weight of each prey species
(RW) RW = (Wi / Wall ) × 100  

Wi = the weight of contents containing prey group i
Wall = the total weight of contents analyzed.

Outline of JARPN II Outline of JARPN II --33--
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Prey species of baleen whale speciesPrey species of baleen whale species

Chub mackerel 
(Scomber japonicus)

Japanese flying squid 
(Tadarodes pacificus)

Pacific saury
(Colorabis saira)

Copepods
(Neocalanus spp.)

Krill
(Euphausia pacifica)

Japanese anchovy 
(Engraulis japonicus)

Minke whale
Sei whale

Bryde’s whale

#  Differences in feeding habits among three baleen whale species
→ Minke whale     Higher trophic level prey (Flying squid)

Sei whale          Lower trophic level  prey (Copepods, Krill) 
Bryde’s whale  Lower trophic level  prey (Krill, Japanese anchovy)
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Prey species of sperm whalesPrey species of sperm whales

#  Main prey species were deep-sea / epipelagic squids 
and mesopelagic / bottom fishes

Mesopelagic
/bottom fish

Trachipterus trachypterus (SL 158cm)

Deep-Sea 
/epipelagic squids

Taningia danae (ML 65cm)

Onykia robusta (ML 130cm)

Beaks of neon flying squid

Otholis of walleye pollockHimantolophus groenlandicus
(SL 23cm)
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→

 
Differences of prey sizes among three baleen whale species

→

 
The minke whale fed on bigger prey species

Japanese anchovy
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Seasonal and geographical change of prey speciesSeasonal and geographical change of prey species
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Sei whale

Minke whale

Bryde’s whale

Saury;Anchovy; krillMackerels;■Copepods;

Early
(May-June)

Late
(July-Sept.)

Early
(May-June)

Late
(July-Sept.)

Anchovy Saury

Copepods

Krill Anchovy

Anchovy

*Coastal area (East off Hokkaido):
Walleye pollock, Common squid

→

 
Japanese anchovy is most important prey species  

Anchovy Saury

Krill Anchovy

Copepods
Anchovy

Copepods
Anchovy

Copepods
Anchovy



99

Estimation of the numbers of whales distributedEstimation of the numbers of whales distributed

Sei whale

Common minke whale

Bryde’s whale

Early
(May-June)

Late
(July-Sept.)

Sperm whale

Hakamada et al. (2009)

7,338
(CV 0.71)

2,976
(CV 0.52)

7,744
(CV 0.27)

5,406
(CV 0.30)

1,677
(CV 0.89)

9,797
(CV 0.31)

15,929
(CV 0.44)

20,292
(CV 0.41)

Sighting survey
(2002-2007)
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D : Daily prey consumption (KJ per day) 
F  : Daily prey consumption (kg per day)
M : Mean body weight of whales (kg)
E : Caloric value of prey species (KJ per kg)

Feeding period : 150 days (May to September)
→ 2.020 F

(b) D = 863.6M0.783 ; F = D / E

Estimation of daily prey consumptionEstimation of daily prey consumption

Sigurjónsson and Víkingsson (1997)

(c) D = 2529.2M0.524; F = D / E Boyed (2002)

(a) D = 4.186aM0.75 ; F = D / E Perez et al. (1990) * PICES 2000

* a=317 for toothed whales, 192 for baleen whales

→

 
Uncertainty of several prey consumption model

Comprehensive review of the estimates of consumption 
(Leaper and Lavigne 2007; Tamura et al. 2009)  
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Daily prey consumptionDaily prey consumption by three modelsby three models

Minke
Bryde’s

Sei

E : Caloric value of prey species (KJ per kg)
= 5,450 KJ/kg

Sei whale

Minke whale 

Bryde’s whale

221 – 1,005 kg per ind./day

102 - 315 kg per ind./day

187 - 783 kg per ind./day

Species Sex maturity N Average S.D. Max. Min.
Minke IM 10 28.47 16.78 53.96 3.80

MM 86 67.85 40.43 196.19 17.35
IF 10 40.14 36.60 105.60 9.97

MF 11 85.10 48.96 197.60 21.45
Sei IM 18 147.35 114.70 426.00 22.15

MM 44 220.62 156.29 694.31 11.62
IF 13 151.82 83.92 293.60 52.90

MF 39 286.04 246.27 1,041.90 11.98
Bryde's IM 24 144.21 78.44 290.00 5.55

MM 13 184.89 103.39 463.86 76.27

IF 14 156.31 93.94 272.55 7.25
MF 26 263.31 191.19 810.45 1.25

Observed stomach contents 

●

 

a: D = 1,329.9M0.75 /E (Perez et al. 1990)

▲

 

b: D =   863.6M0.783 /E (Sigurjónsson and Víkingsson 1997)

×

 

c: D = 2,529.2M0.524 /E (Boyed 2002)

▲
▲

▲

a

b

c



1212

All
Prey species Total

Sub-area 7 Sub-area 8 Sub-area 9 Total Sub-area 7 Sub-area 8 Sub-area 9 Total Sub-area 7 Sub-area 8 Sub-area 9 Total (t)
Copepods 0.3 9 5,887 5,897 1,347 2,794 265,100 269,241 0 0 0 0 275,138
Krill 13,403 2,553 2,372 18,328 91,778 136,545 228,323 62,929 29,860 10,429 103,218 349,870
Anchovy
  B.L < 80 mm 6 0 142 148 38,963 11,179 8,325 58,468 75,958 70,366 43,007 189,330 247,946
  B.L > 80 mm 53,223 9,051 4,346 66,620 268 88,148 125,865 214,280 39,696 42,579 128,334 210,610 491,510
Saury 2,529 3,213 22,498 28,240 114 883 14,244 15,241 0 0 0 0 43,481
Mackerels 613 545 6,974 8,131 1 62,372 56,059 118,432 2,045 9,844 1,573 13,461 140,023
Walleye pollock 15,504 0 6 15,510 0 0 0 0 0 0 0 0 15,510
Japanese flying squid 111 120 0.2 231 0 6 118 123 0 1 0 1 355
Sardine 6 0.2 0.04 6 3 0 800 803 0 0 0 0 809
Pacific pomfret 0 0 296 296 0 0 0 0 0 0 0 0 296
Salmonids 0 188 38 226 0 0 0 0 0 0 0 0 226
Min. armed squid 0 0 1,281 1,281 0 0 0 0 0 0 0 0 1,281
Attka mackerel 0 0 67 67 0 0 0 0 0 0 0 0 67
Oceanic lightfish 0 0 0 0 0 0 0 0 0 0 17,450 17,450 17,450
Other fish 26 1 22 48 0 0 0 0 0 0 0 0 48
Other Squid 0 4 0 4 0 0 0 0 0 0 0 0 4
Total 145,033 904,911 534,069

Total consumption t1,584,013

Common minke whale Sei whale Bryde's whale

Total prey consumption (tons) during feeding seasonTotal prey consumption (tons) during feeding season

(Eq-b Sigurjónsson and Víkingsson 1997 ) 1.6 million tons

(Eq-c Boyed 2002 ) 0.3 million tons

(Eq-a Perez et al. 1990 ) 1.4 million tons

Prey consumption of sperm whales: 0.4 - 2.0 million tons
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The feeding impact by three baleen The feeding impact by three baleen 
whale species on fishwhale species on fish

Prey species Fisheries Resources

Minke Sei Bryde's Total catch (tons) % (tons) %

Equation-1 (Perez et al . 1990)

Japanese anchovy 54,690 324,578 485,317 864,585 330,000 262.0 4,800,000 18.0

Pacific saury 32,695 18,311 51,006 420,000 12.1 1,010,000 5.1

Mackerels 5,292 85,957 11,274 102,523 410,000 25.0 4,500,000 2.3

Equation-2 (Sigurjonsson and Vikingsson 1997)

Japanese anchovy 46,932 292,892 433,157 772,981 330,000 234.2 4,800,000 16.1

Pacific saury 28,138 16,528 44,666 420,000 10.6 1,010,000 4.4

Mackerels 4,549 77,633 10,063 92,245 410,000 22.5 4,500,000 2.0

Equation-3 (Boyed 2002)

Japanese anchovy 15,696 65,942 106,385 188,023 330,000 57.0 4,800,000 3.9

Pacific saury 9,205 3,712 12,917 420,000 3.1 1,010,000 1.3

Mackerels 1,501 17,358 2,470 21,329 410,000 5.2 4,500,000 0.5

Prey consumption (tons)

Pacific saury              13- 51 thousands tons

Mackerels                   21-103 thousands tons

Japanese anchovy 188-865 thousands tons

→

 
There is the possibility of direct interaction between baleen whales 
and important commercial fisheries such as Japanese anchovy and 
mackerels

→

 
Japanese anchovy is most important prey among three baleen whales
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Summary of resultsSummary of results 
～～

 
the impact on Japanthe impact on Japan’’s fisheries resourcess fisheries resources ～～

Differences in feeding habits among three baleen whale speciesDifferences in feeding habits among three baleen whale species

Differences of prey sizes among three baleen whale species Differences of prey sizes among three baleen whale species 

The smaller minke whale fed on bigger prey speciesThe smaller minke whale fed on bigger prey species

Japanese anchovy is most important prey among baleen whales Japanese anchovy is most important prey among baleen whales 

Total prey consumption by three baleen whale species during feedTotal prey consumption by three baleen whale species during feeding ing 
season is 0.3season is 0.3--1.6 million tons1.6 million tons

There is the possibility of direct interaction between baleen whThere is the possibility of direct interaction between baleen whales ales 
and important commercial fisheries such as Japanese anchovy and and important commercial fisheries such as Japanese anchovy and 
mackerelsmackerels
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Future tasksFuture tasks

Up-dating PICES Scientific Report 14 on prey consumption 
by marine birds and mammals in the PICES region

1) Abundance

2) Prey composition

3) Days of occupancy

4) Prey consumption

JARPN II (Japan), POWER sighting (IWC),
Domestic sighting (Japan)

JARPN II, Estimation by some resources

1) +2) +3)

Estimation by some resources
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E nglish na m e J a pa ne se na m e Y e a r A b un da nce A re a Resou rc e
H u m pb a ck  w h a le ザ トウクジ ラ 20 07 1 0, 00 0 N orth Pac if ic IW C -w e b site
G r a y w ha le コ ククジラ 20 07 12 1 w este rn N o rth Pac ific IW C -w e b site
R igh t w ha le セ ミクジラ 1989 - 92 92 0 O kho tsk  se a M iya shi ta  and K a to (1 99 8)
Se i w ha le イ ワシクジ ラ 2002 - 03 6 8, 00 0 N orth Pac if ic H a ka m a da  et  a l .  (2 00 4)
C om mo n m inke  w ha le ミン ククジ ラ 198 9- 1 99 0 2 5, 00 0 N o rth Pa c if ic -O k hotsk Sea IW C -w e b site
Br yd e's w ha le ニタ リクジ ラ 199 8- 2 00 2 2 0, 50 1 w este rn N o rth Pac ific IW C -w e b site
Sp er m  w ha le マ ッコ ウクジラ 198 2- 1 98 6 10 2, 11 2 w este rn N o rth Pac ific K a to an d M iy a shi ta  (1 99 8)
D a l l's  p ur po se (T r ue i typ e) イ シ イル カ 2003 - 05 17 4, 00 0 Se a  of  Ja p a n-O kho tsk  S ea 宮下ほか  (2 00 7a )
D a l l's  p ur po se (D a l li  type ) 20 03 - 05 17 8, 00 0 N o rth Pa c if ic -O k hotsk Sea 宮下ほか  (2 00 7a )
S tr ip ed dolph in スジ イル カ 1983 - 91 51 7, 00 0 w este rn N o rth Pac ific M iya shi ta  (1 99 3a )

1 99 8- 2 00 1 50 4, 00 0 w ester n N or th P a c ific* 南川ほか  （2 00 7 ）
Pan tr op ic a l spo tte d do lp hin マ ダライル カ 198 3- 1 99 1 43 8, 00 0 w este rn N o rth Pac ific M iya shi ta  (1 99 3a )

1 99 8- 2 00 1 40 0, 00 0 w este rn N o rth Pac ific 南川ほか  （2 00 7 ）
Bo tt leno se dolphin ハ ン ドウ イル カ 198 3- 1 99 1 16 9, 00 0 w este rn N o rth Pac ific M iya shi ta  (1 99 3a )

1 99 8- 2 00 1 3 9, 00 0 w este rn N o rth Pac ific 南川ほか  （2 00 7 ）
Sh ort -f inn ed pi lo t w ha le コ ビレゴンド ウ 198 3- 1 99 1 5 4, 00 0 w este rn N o rth Pac ific M iya shi ta  (1 99 3a )
So uthe rn- for m (マ ゴンド ウ） 1 99 8- 2 00 1 1 5, 00 0 w este rn N o rth Pac ific 南川ほか  （2 00 7 ）
Fa lse kil le r w ha le オ キゴ ンド ウ 198 3- 1 99 1 1 7, 00 0 w este rn N o rth Pac ific M iya shi ta  (1 99 3a )

1 99 8- 2 00 1 4 0, 00 0 w este rn N o rth Pac ific 南川ほか  （2 00 7 ）
R isso 's dolphin ハ ナ ゴン ドウ 198 3- 1 99 1 7 6, 00 0 w este rn N o rth Pac ific M iya shi ta  (1 99 3a )

1 99 8- 2 00 1 3 3, 00 0 w ester n N or th P a c ific* 南川ほか  （2 00 7 ）
Pac if ic  w h ite- side d dolp hin カ マイル カ 1992 - 96 5 7, 00 0 C oa sta l  a r ea  a r ou nd Ja p an 宮下ほか  (2 00 7b )

19 87 - 90 98 8, 00 0 N orth Pac if ic M iya shi ta  (1 99 3b )
K iller  w ha le シャ チ 1992 - 96 8, 30 0 N o rth Pa c if ic -O k hotsk Sea 宮下  ( 20 08 )

スナ メリ 20 02 - 04 1 1, 00 0 A ro un d Ja p a n Y oshida  ( 20 05 )
N orthern right  w hale dolphin セ ミイル カ 1987 - 90 30 8, 00 0 N orth Pac if ic M iya shi ta  (1 99 3b )
*: N or th e rn p ar t o f 3 0 N  d eg ree .

Kato et al. 2011Shimada et al. 2008

Up-dating abundance
of cetaceans after 2000
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Thank you for your attention!Thank you for your attention!
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