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Interannual variabilities of a few dominant copepods abundances during spring in
Ishikari Bay, western Hokkaido, Japan

Hiroki ASAMI*, Hiroshi SHIMADA*, Ryotaro ISHIDA* and
Shiro TAKAYANAGI*

Interannual variabilities of a few dominant copepods abundances through winter to spring were investigated
from 2001 to 2004 at one station (J32) of central part of Ishikari Bay, western Hokkaido, established as one of the
monitoring stations by Hokkaido Fisheries Experiment Station. Another station of near coastal area was added in
only 2001. The maximum abundances of zooplankton were observed in May of all years, following by the spring
phytoplankton blooms. Copepods were main components of total zooplankton abundances, and numerical
compositions of copepods to total zooplankton abundances occupied more than 90% in their maximum level. Six
copepod species such as Neocalanus Spp., Mesocalanus tenuicornis, Pseudocalanus newmani, Clausocalanus pergens,
Metridia pacifica, and Oithona spp. were determined as dominant species. Among them, three species of Neocalanus
Spp., P. newmani and M. pacifica were representative species in spring copepods community. As an another feature
derived from the present study, Oithona spp. in April were the most numerous in 2001 of all four years. Ishikari
herring of 2001 year class is known to be very strong. One of the possible factors of this strong year-class

occurrence was discussed in relation to copepod variabilities.
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Table 1 List of zooplankton samples used in this study.

Year Station Date Time Wire length (m) Angle (degree) Estimated depth of haul (m)
2001 J32 Jan. 31 13:40 85 37 68
Mar.12  15:00 80 42 59
Apr. 25 14:40 90 28 79
May. 14  18:55 95 15 92
June 11 19:20 90 40 69
J3A Jan. 31 16:25 20 14 19
Apr. 25 19:10 28 28 25
May. 14  22:20 20 12 20
June 11 22:30 20 54 12
2002 J32 Feb. 21 19:25 90 26 81
Mar. 13  20:05 90 23 83
May 14 1:04 100 26 90
June 4 20:13 85 13 83
2003 J32 Feb. 18  14:30 92 13 90
Apr. 10 15:30 90 20 85
May 12 15:30 90 7 89
June 6 0:20 90 46 63
2004 J32 Feb. 2 2:13 80 20 75
Apr. 19 8:20 90 26 81
May 11 13:46 110 37 88
June 3 23:42 90 0 90
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LB T T 7 Ny OFEHESHBEL LRSS 2 L
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Fig.1 Sampling stations (St. J32 and J3A) in Ishikari
Bay, western Hokkaido during winter to spring
seasons from 2001 to 2004. St. J3A was
investigated only in 2001.
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Fig.2 Seasonal profiles of (a) water temperature (‘C), (b) salinity and (c) chlorophyll a concentrations ( z g/L.) during

winter to spring seasons from 2001 to 2004.
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Fig.3 Seasonal changes of (a) zooplankton abundances (No./m®), and (b) numerical taxonomic compositions during

winter to spring seasons from 2001 to 2004.
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Table 2 Copepods species appeared at St.32 from 2001 to 2004, and at St.J3A in 2001. Solid circles (@) indicate
dominant species.

J32 J3A

2001 2002 2003 2004 2001
CALANOIDA CALANOIDA CALANOIDA CALANOIDA CALANOIDA

Calanus pacificus Calanus pacificus Calanus pacificus Calanus pacificus Calanus pacificus

Neocaanus cristatus
@Neocalanus spp.

nis

Neocaanus cristatus
@Neocalanus spp.
P 4

" P
[ ] nis

Neocaanus cristatus
@Neocalanus spp.
P 4

" i
[ nis

@ Neocalanus spp.

oM B
nis

@Neocalanus spp.
M I icornis

@ Mesocalanus te
Eucalanus bungii
Paracalanus parvus

Eucalanus bungii
Paracalanus parvus

p. o, I

Eucalanus bungii
Paracalanus parvus

p. o, I

Eucalanus bungii
Paracalanus parvus

P, A, /.

Pseud:
@®Pseud

F
@ Pseudocalanus newmani

F
@Pseud

@ Clausocalanus pergens

Microcalanus pygmaeus
Paraeuchaeta elongata
Scolecithricella mior

@ Metridia pacifica

Tortanus discaudatus
unidentified calnoid

CYCLOPOIDA
@ Oithona spp.

POECILOSTOMATOIDA

Oncaea sp.
Corycaeus affinis

Clausocalanus pergens
Ctenocalanus vanus

Paraeuchaeta elongata
Scolecithricella mior

@ Metridia pacifica

Tortanus discaudatus

CYCLOPOIDA
@ Oithona spp.

POECILOSTOMATOIDA

Oncaea sp.
Corycaeus affinis

Clausocalanus pergens
Ctenocalanus vanus

Paraeuchaeta elongata
Scolecithricella mior

@ Metridia pacifica

unidentified calnoid

CYCLOPOIDA
@Oithona spp.

POECILOSTOMATOIDA

Oncaea sp.
Corycaeus affinis

Eucalanus bungii
Paracalanus parvus
Pseudocalanus minutus

F

@ Pseudocalanus
Clausocalanus pergens
Ctenocalanus vanus

Paraeuchaeta elongata
Scolecithricella mior
Scolecithricella sp.

@ Metridia pacifica
Pleuromamma gracilis
Acartia longiremis
Tortanus discaudatus
unidentified calnoid

CYCLOPOIDA
@Oithona spp.

POECILOSTOMATOIDA

Oncaea sp.
Corycaeus affinis

HARPACTICOIDA

Microsetella norvegica

OP
@ Clausocalanus pergens

Scolecithricella mior

@ Metridia pacifica
Tortanus discaudatus
CYCLOPOIDA
@Oithona spp.
POECILOSTOMATOIDA
Corycaeus affinis

HARPACTICOIDA

Harpacticus uniremis
unidentified harpacticoid
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Fig.4 Seasonal abundances of six dominant copepod species (No./m®) at St.32 during winter to spring seasons from

2001 to 2004.
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Fig.5 Comparisons of seasonal abundances of six dominant copepod species (No./m® between St.J32 and St.J3A
during winter to spring seasons in 2001. See table 1 for the sampling date.
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EROJR2TIE4ARS 5 FIZPTTHML, oMK
B3 20BN RON, THEMZL ) &
FHIHERE D& CHRHHN, BREOD

WIIM. tenuicornis!Z

Table 3 Mean abundances (No./m®) of dominant species from April to June..

Station J32 J3A
Dominant species 2001 2002 2003 2004 2001
Neocalanus spp. 214.0 96.1 228.4 128.8 687.4
Mesocalanus tenuicornis 14.2 27.8 43.9 43.7 331

Pseudocalanus newmani 289.5 90.3 417.9 2791 853.4
Clausocalanus pergens 13.8 4.5 31 4.0 47.4
Metridia pacifica 577.0 423.1 593.2 418.0 373.4
Oithona spp. 92.6 324 49.1 98.3 64.2
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Fig.6 Mean abundances of three dominant copepod species (No./m®) at St.J32 from April to June, related to between
mean water temperature throughout water column in May (0-90m, ‘C) and mean chlorophyll a concentrations in

April (0-30m, p g/L).
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A b (I0%%45cm, #4HIE0.33m) % WV TKES m»



8 RERES, WEH E, AHEBEKHES, @&

250

N
o
o

-
an
o

-
(=
o

.

Abundance of Oithona spp.

AN

in April (No./m?3)
(3]
o

No data

1997 1998

1999 2000 2001
Year

2002 2003 2004

Fig.7 Abundances of Oithona spp. (No./m®) at St.J32 in April from 1997 to 2004 (Asami, unpublished data).
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Changes in body length and proportion of mature fish at first spawning age in
relation to strength of year class in the Ishikari Bay herring (Clupea pallasii
Valenciennes).

Shiro TAKAYANAGI*, Motohito YAMAGUCHI" and Ryotaro ISHIDA*

Annual changes in body size and the proportion of mature fish at first spawning age (1 year old) were
examined for the Ishikari Bay herring (Clupea pallasii) on the basis of samples collected during January and March
from 1998 to 2007 in offshore waters, near the main spawning ground along the Sea of Japan coast in Hokkaido.
The proportion of mature females varied from 27% (in the 2001 year class) to 100% (in the 1996, 1999 and 2002
year classes). Average fork length ranged from 217 mm (in the 2001 year class) to 245 mm (in the 2002 year class).
On the other hand, the abundance of 1-year-old fish was extremely high in the 2001 year class and relatively low
in the 1996-2000 and 2002-2003 year classes, and at a medium level in the 2004 and 2005 year classes. Spearman's
rank correlation revealed significant correlations among the proportion of mature females, average fork length
and stock number. These results suggest that body size and the proportion of mature fish are closely associated

with strength of year class.
F—U—F: =2y, REEE, EREE KA X ARBER=Y
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*1 JeiEE YLk EE R ERY;  (Hokkaido Central Fisheries Experiment Station, 238 Hamanaka Yoichi, Hokkaido 046~
8555, Japan)

*2  JbiEE IR E B ERY;  (Hokkaido Kushiro Fisheries Experiment Station, Hama-cho Kushiro, Hokkaido, 085~
0024, Japan)
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139° 30’ 140° 30’ 141° 30’ 142°E Table.1 Numbers of Ishikari Bay herring from 1998 to
16N T 46N 20(17 us;dhfor analysis of the proportion of
: , i maturer fish.
E D : Sampling area
-§o eeee : Spawning ground : Year class Sar;lapi:mg fe::r;ber ofr::':ngs ot fishing gear
30 H— RS IO o< A 30 1996 3rd Feb. 1998 26 15 a
iRy 26th Feb. 1998 14 21 35
Wakkanai" 1997  24th Jan. 1999 21 19 40
: L i 9th Feb. 1999 34 26 60  seine
\ 17th Feb. 1999 24 38 62
45° H 45 1998 24th Jan. 2000 30 19 49 ‘
\ Teshio 21th Feb. 2000 27 25 52 Sene
1999  16th Feb. 2001 78 62 140 seine
2000 24th Feb. 2002 17 12 29 seine
| J 2001 7th Mar. 2003 74 73 147 seine
30’ C - 30’ 2002 20th Nov. 2003 i 4 5 gill net
2003 1st Feb. 2005 195 127 322 seine
Tomamae]| 2004 22th Feb. 2006 139 174 313 seine
H 2005 10th Feb. 2007 11 8 19 seine
19th Feb. 2007 8 2 10
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Fig.1 Sampling area and spawning ground of the Ishikari
Bay herring. Clear circles indicate the observation
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Fig.2 Annual changes in the proportion of mature fish
aged 1 year for the Ishikari Bay herring.
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Fig.3 Proportion of mature females and male by fork
length. Data were obtained from 1996 to 2005 year
classes. Circles indicate the plot calculated by
a logistic regression.
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Fig.4 Interannual changes in the proportion of 1-year-old
mature fish by fork length of the 1996-2005 year
classes.
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Table.2 Average total length of juveniles collected in
early July.

Year Total length Number of

(mm) specimens
1999 52.7 652
2000 67.0 37
2001 451 410
2002 78.0 175
2003 471 240
2004 54.0 1,269
2005 49.6 283
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Fig.5 Annual changes in fork length frequency
distribution of l-year-old Ishikari Bay herring
caught offshore in the Sea of Japan.

N and Ave. indicates the number of individuals
examined and the average fork length of each year
class, respectively.
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Fig.6 Annual changes in condition factors of the Ishikari
Bay herring by maturity group. Upper and lower
ticks indicate the 95% confidence interval.
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MENZ230m & D R E WAEKTIZIZ E A EDE L Tz,
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BTLREBELRATHY), ZOERIIBVTALNT:
R & AR A XOBMRIIMBOERL & RE B> Tz,
COZEIZODWTORKICEHLTIE, B3 LHHLLT
RS, MM THL 7T HEWIZBI AR A X8
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Table.3 Variables for Speaman's rank correlation analysis with proportion of mature females and fork length at age 1.

Proportion Fork length Stock number Stock - SST(° C) *x* T at 100m depth (° C) *x*
Year . Condition
(class) of mature  at age 1 at age 1 Biomass factor
C! female (mm) (x10°5) % (metric ton) Feb. Apr. Jun. Aug. Oct. Dec. Feb. Apr. Jun. Aug. Oct. Dec.
1996 100.0% 2454 26.2 751 83 496 542 1079 1855 1840 7.55 500 401 495 559 6.08 588
1997 91.9% 227.2 55.2 221.0 93 490 448 984 2001 1457 10.60 507 363 391 535 642 6.81
1998 89.5% 234.5 19.6 284.8 87 408 528 1030 1897 1690 9.81 399 378 387 611 707 762
1999 100.0% 236.8 415 3129 83 355 546 1083 1958 17.21 12.00 364 314 485 6.09 6.76 948
2000 88.2% 234.6 8.4 278.5 87 547 551 1131 1956 16.30 8.5 456 413 475 6.81 826 744
2001 27.0% 217.0 374.1 286.0 87 299 471 1036 19.28 1538 9.95 325 307 424 480 569 758
2002 100.0% 2453 6.9 739.6 94 495 635 1265 1932 17.03 9.69 430 415 520 6.01 7.14 707
2003 79.0% 2175 30.8 2,970.5 85 453 568 1073 1755 1581 9.88 417 351 426 508 581 6.09
2004 66.2% 2179 208.3 1,310.3 87 543 653 1076 2042 16.73 11.65 500 428 503 654 800 884
2005 46.7% 217.2 116.3 961.6 88 383 631 11.81 1996 1952 9.36 468 472 601 6.12 745 6.59
2006 - - - - - 265 463 1053 20.00 16.50 9.96 394 389 446 608 6.06 6.68
*:Stock number at age 0 and SSB estimated by VPA (Yamaguchi et al, 2009)
*k:Average SSTand T at 100m depth at the 22 stations observed 2 month apart (Fig. 1)
Table.4 The matrices of the rank correlation coefficient.
Fork Stock Stock " SSTC C) WT at 100m depth (© C) sk
X Condition
length at number biomass £
age 1 at age 1 (metric ton) actor Feb. Apr. Jun. Aug. Oct. Dec. Feb. Apr. Jun. Aug. Oct. Dec.
Proportion of mature female 0.80 **x -0.88 *x -0.52 -0.35 0.13 041 -0.72 *-0.26 —0.45 0.10 001 -045 -0.54 -0.27 -009 0.13
Fork length at age 1 (mm) — -0.65 * -0.14 -0.21 0.11 -0.54 -054 -0.50 -0.68 *-0.01 -0.08 -0.64 *-0.62 * -045 -0.41 -0.15

* Asterisk show the significant level, p<0.05.
** Asterisk show the significant level, p<0.01.

*¥k Correlation cofficient of SST and WT at 100m depth are calculated using data set before 1 year.
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The effects of stocking and fisheries management based on virtual population
analysis of the Ishikari Bay herring Clupea pallasii

Motohito YAMAGUCHI", Akio TAKIYA™, Hiroshi YAMAGUCHI",
Hiroya MIY AKE* and Shiro TAKAYANAGI™

The catch of the Ishikari Bay herring (Clupea pallasii) has increased to about 200 tons since 1997. Virtual
population analysis (VPA) has suggested that this increase was caused by greater recruitments of 1995 and 1996
year classes due to high recruitment per spawning biomass (RPS). The RPS rose again in 2001, and the 2001 year
class increased the catch to more than 1,000 tons in 2004. Stocking and fisheries management have been
conducted since 1996 and 2003, respectively. The effects of these measures were estimated to be 34 tons and

1,750 tons in fisheries year 2008 from calculation using VPA parameters. It is considered that the stocking and

the fisheries management contributed synergistically to this increase in the catch.
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Distribution and abundance of the Ishikari Bay herring (Clupea pallasii) natural
spawning beds and the seaweed beds on the northwestern coast of Hokkaido.

Shoichi AKAIKE", Kazuhiro TAKAHASHI*, Hiroshi HOSHIKAWA*,
Akio TAKIYA*, Fujinori TSUDA™, Hiroo GODA™, Kanji NAKAJIMA* and
Tadashi KAWAT*

Distribution and abundance of natural spawning beds of Ishikari Bay herring (Clupea pallasii) were investigated
along the northwestern coast of Hokkaido, Japan during 1996-2007. Geographic areas of seaweed beds were
determined based on interpretation of aerial photographs using multispectoral images and color photographs
taken during 1999-2004. Spawning beds were found at 1-7 sites per district after 1998. Their geographic
distribution chnaged temporally from northern to southwestern districts and showed a wider range of depths
shallower than 12 m depth. The maximum number eggs was 381x108 at Atsuta district in 2004. This
phenomenon was attributed to a large population of the 2001-year-class. The seaweed bed areas per district
ranged 169x104 - 254x104m except Wakkanai. More than 80% of seaweed beds were shallower than bm depth.
The percentage of seaweed bed area used as spawning beds were 4-9% at Rumoi district and <2% at other
districts. The present seaweed beds areas are sufficient for herring spawning beds sustaining the present
resource level. For enlarging the resource level, however, seaweed bed areas might be insufficient for spawning
beds. Therefore, it will be necessary to preserve the present seaweed beds, restore degradated areas, and afforest

a wider range of depth zones.
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*1 JeiEE R EE K ERY;  (Hokkaido Hakodate Fisheries Experiment Station, Yunokawa, Hakodate, Hokkaido
042-0932, Japan)

*2  JbiEE 7 YLk EE R ERY;  (Hokkaido Central Fisheries Experiment Station, Yoichi, Hokkaido 046-8555, Japan)
*3 bl IR ERY; (Hokkaido Kushiro Fisheries Experiment Station, Hama-cho, Kushiro, Hokkaido 085-
0024, Japan)

*4  JeiEE T HEN K E B ERY; (Hokkaido Wakkanai Fisheries Experiment Station, Suehiro, Wakkanai, Hokkaido 097-
0001, Japan)
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Fig.1 Annual change in Ishikari Bay herring catch off the
northwestern coast of Hokkaido during 1996-2007
(Data from Yamaguchi ef al.").
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Fig.2 Map showing study sites. Shaded areas and
abbreviations denote surveyed districts. W:
Wakkanai, Ya: Yagishiri, Ob: Obira, R: Rumoi,
M: Mashike, H: Hamamasu, A: Atsuta, Ot: Otaru,
Yo: Yoichi.
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Table 1 Summary of data collection for seaweed beds
using multispectral images and aerial

photographs.

District Date Altitude(m) Picture and image type
L Multispectral digital
Yoichi July 3, 2004 720 (Red, Green, Blue, NIR)

Multispectral digital
Otaru duly 3, 2004 720 (Red, Green, Blue, NIR)
Atsuta July 07, 2003 920 Analogue color
Hamamasu July 07, 2003 920 Analogue color
. August 26, 2002
Mashike August 24, 2003 920 Analogue color
Rumoi August 26, 2002 920 Analogue color
Obira August 26, 2002 920 Analogue color
) August 5,1999
Wakkanai July 9, 2002 918 Analogue color
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Fig.3 Annual changes in the number of spawning beds
found in northwestern coastal districts of
Hokkaido during 1998-2007.
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Fig.5 Annual changes of spawning egg density in
northwestern coastal districts of Hokkaido during

1998-2007.
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Fig.4 Annual changes of spawning bed area found in the
northwestern coastal districs of Hokkaido during
1998-2007. Arrows denote districts showing
"Kuki" events (sea surface turbidity attributable to
herring spawning).

B, Whwa [Hk] PEE SN0, 19994, 2001
FEORHT, 20014 D/NEHT, 20044F OJEH,  FIEHT5E
ROSHETH -7 (Fig. 4),

FEINBE OHERE %, Fig. 5IT/R L7z, FEIIEEELL, 2004
FEOREHTHT0T R/ m' L e d &<, R TL9984E D
BT CRISTHR/ M Cdh - 720 FNUIMI25F R/ m DT
TH Y, FICHTTHTIZ600~2800k/ m D#FHIZH 1),
FEINBREE 12K o 72,

WX B OHEEEINE DR %, Fig. 612K L7, b
PEINELAS S 70> 72D 1X, 20044E D FFFTHIEH T, #9381
Bk HeE SNz, S, 3AI6HICHER SN2 1
FiOBEINR () CTOEIIBIH 8E% Hoiz, £h
DAt 20044 (R BETIE R (CRABFUEMN) TR4UERL O
FEIIS R SN, HETENTORKDEINLTH - 72,
AT TlE, EINVROGEHIZIL 2 > 72h, FEINEIEH 7
FH26 41 FHROHMICH Y, MOMXIZHET
B & M I PES B A T v o 720 BEIRHUIZ, 19984F A
520014E 12 T, EWH & BT ICB W 10 LR
DAXF I B VIKIELZ & o 7275, 20024F LAF 13 20044F
JEH, T, 20074 OEH % B & 1564 2L T o kit

3809

50
o
& 45 o
H 40 e ] 8 Yoichi
E 85 foeeeeeeeneeeeeeeeeeeeee e O Otaru
<
sorp o B Atsuta
g 2 25
.g; J Rumoi
EX 2 AN
c o g R & Obira
_S 15
= w1Vt o1V 8 Yesishi
£ | U [UUUU AUUUN | UURUSURR B | T DU B
2 5 i i1 B Wakkanai
w 0 A T T ri——F t f t f

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
Year

Fig.6 Annual changes of estimated number of spawning
eggs found in northwestern coastal districts of
Hokkaido during 1998-2007.
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Fig.9 Annual changes of the percentage of spawning bed
area in seaweed beds areas in northwestern coastal
districts of Hokkaido.
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Estimation method for age composition of Pacific cod (Gadus macrocephalus) in the
Sea of Japan off the coast of Hokkaido.

Noboru HOSHINO*

Pacific cod (Gadus macrocephalus) is an important species caught by bottom trawling or gill net fisheries off the
coast of Hokkaido, Japan. In Hokkaido, although fishing surveys at principal fishing ports have been conducted
since the 1990s, the age compositions of cod caught by fisheries have not been estimated because of difficulties in
obtaining an adequate number of fish samples. In this paper, I propose a mathematical method to estimate the
age composition of fisheries products based on the Age Length Key (ALK) method using small numbers of
samples and evaluate the accuracy of the estimates by computer simulations. This method showed a higher
accuracy than the general purpose ALK method based on observed dates. Increasing the number of data sets

(ie., number of samples ) used in estimating age compositions improved the accuracy of estimates, but showed
little change in the simulation scenarios with more than 50 data sets. These results suggest that it may be
possible to estimate the past age compositions based on the dates of previous fisheries surveys using this method.
The age/length compositions of cod landed at the fishing ports of Yoichi and Otaru during the 2008 fishing season

were estimated by this method in the applied case studies.
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Migration of tagged Japanese common squid, Todarodes pacificus, in waters

around Hokkaido

Kenji SAKAGUCHI*

Release and recapture records of tagged Japanese common squid, Todarodes pacificus, in the waters around

Hokkaido are investigated. During 1927-2000, a total of 255,033 squid individuals were tagged and released, and

6,605 squids were recaptured. Migratory patterns of the squid were examined in the waters around Hokkaido,

based on the results of the tagging experiments and the population structure. Todarodes pacificus migrate

northeastward in the Sea of Japan and the Pacific Ocean with the warm Tsushima and Kuroshio currents,

respectively. Then squid migrate southwestward utilizing the cold waters away from the warm current area at

prior to spawning and dying of senescence in the warm currents.

F*—"7— K AWV A AT, Todarodes pacificus,
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Table 1 Number of recaptured Todarodes pacificus tagged and released in the Sea of Japan around Hokkaido, 1927-

2000, in each month.

Month of Month of recaputure Total

release June July August  September October November December January
May 1 16 13 1 41
June 187 639 307 82 10 6 2 2 1,235
July 349 626 287 73 13 5 1,353
August 189 149 Al 10 17 3 439
September 232 362 18 8 3 623
October 39 15 1 55
November 1 1 2
Total 198 1,004 1,135 751 555 62 34 9 3,748

Table 2 Number of recaptured Todarodes pacificus tagged and released in the Pacific Ocean around Hokkaido, 1927-

2000, in each month.

Month of Month of recaputure Total

release July August  September October November December January  February March
June 2 1 1 4
July 38 79 45 15 4 1 2 184
August 471 232 145 36 15 5 904
September 195 467 64 18 1 745
October 104 79 23 1 207
November 374 243 19 6 2 644
December 163 4 2 169
Total 38 550 474 732 558 463 31 7 4 2,857
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Fig.2 Map showing the migratory pattern of the Todarodes pacificus tagged and released in the waters around
Hokkaido in (a)May, (b)June, (c)July, (d)August, (e)September, (f)October, (g)November and (h)December.
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Fig.3 Positions of the recapture point of tagged Todarodes pacificus from the release positions in the Sea of Japan off
Hokkaido in each month. The origins indicate the release point.
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Append.1 Map showing the point at which the Todarodes
pacificus were tagged and released in May, and where they
were recaptured in each month. Solid circles indicate the
release point and the end of the line from the circles indicates
the recapture point.
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Append.1 continued.

Z Released in May,
» recaptured in July.

Append.1 continued.
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2 Released in June,

- % Released in June,
recaptured in June.

* recaptured in early July.
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Append.2 Map showing the point at which the Todarodes Append.2 continued.
pacificus were tagged and released in June, and where they
were recaptured in each month. Solid circles indicate the
release point and the end of the line from the circles indicates
the recapture point.
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recaptured in middle July. » recaptured in late July.
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Append.2 continued.

Append.2 continued.

30° N



62 IR

z Released in June,
recaptured in early August.
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Append.2 continued.
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Append.2 continued.
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» recaptured in September.
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Append.2 continued.
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Append.2 continued.
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recaptured in December.
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Append.2 continued.
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z Released in July,
recaptured in early July.
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recaptured in middle July.
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Append.3 Map showing the point at which the Todarodes

Append.3 continued.
pacificus were tagged and released in July, and where they
were recaptured in each month. Solid circles indicate the

release point and the end of the line from the circles indicates
the recapture point.
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Append.3 continued.

Append.3 continued.
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2 Released in July,
recaptured in middle August.
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Append.3 continued. Append.3 continued.
z Released in July, L \ 50° N Z Released in July, 50° N
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b - [
1 % """" o 1 N
AT, 5
) 2 )
ﬁw{% Py, il @w? ot
A 5 Y

Append.3 continued. Append.3 continued.
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z Released in July,
recaptured in November.
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Append.3 continued.
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recaptured in January.
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Append.3 continued.

? Released in August,
' recaptured in early August.
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Append.4 Map showing the point at which the Todarodes
pacificus were tagged and released in August, and where they
were recaptured in each month. Solid circles indicate the
release point and the end of the line from the circles indicates
the recapture point.
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recaptured in middle August. recaptured in late August.
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Append.4 continued. Append.4 continued.
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Append.4 continued. Append.4 continued.
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z Released in August,
recaptured in November.

50° N Z Released in August, L
recaptured in December.
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Append.4 continued. Append.4 continued.
z Released in August, o N Z Released in September, N
recaptured in January. recaptured in September.
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Append.5 Map showing the point at which the Todarodes
pacificus were tagged and released in September, and where
they were recaptured in each month. Solid circles indicate the
release point and the end of the line from the circles indicates
the recapture point.

Append.4 continued.
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,,,,,,,, i 50° N z Released in September,

2 Released in September,
recaptured in November.

recaptured in October.
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Append.5 continued. Append.5 continued.

z Released in September, 50° N Z Released in September, o N
recaptured in December. » recaptured in January.
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Append.5 continued. Append.5 continued.
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z Released in October,
recaptured in October.
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Append.6 Map showing the point at which the Todarodes
pacificus were tagged and released in September, and where
they were recaptured in each month. Solid circles indicate the
release point and the end of the line from the circles indicates
the recapture point.
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Append.6 continued.
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recaptured in November.
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Append.6 continued.
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Append.7 Map showing the point at which the Todarodes
pacificus were tagged and released in September, and where
they were recaptured in each month. Solid circles indicate the
release point and the end of the line from the circles indicates
the recapture point.
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o N Released in November,

2 Released in November,
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Append.7 continued. Append.7 continued.
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Append.7 continued. Append.7 continued.



72 WIOMER

z Released in December,
recaptured in December.
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Append.8 Map showing the point at which the Todarodes
pacificus were tagged and released in December, and where
they were recaptured in each month. Solid circles indicate the
release point and the end of the line from the circles indicates

the recapture point.
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Geographical distribution of Octopus dofleini fisheriesassessed for fisheries

management using a geographic information system in the coastal areas around
Hokkaido

Minoru SANO*

Geographical distribution of the North Pacific giant octopus Octopus dofleini fishery in the coastal waters around Hokkaido was
assessed for fisheries management purposes using a geographic information system. The assessment, based on the abundance of
annual catch in licensed fishing grounds and annual changes in catch from 1985 to 2004, showed that the octopus fisheries could
be classified into 11 areas around Hokkaido. These areas included the Soya Strait to the coastal area around Rishiri and Rebun
Island, the Sea of Okhotsk, the Nemuro Strait, Pacific Ocean areas around eastern and southern Hokkaido, water area around
Funka Bay mouth, the eastern and western Tsugaru Straits, coastal area around Okushiri Island, and the Japan Sea around
western and northern Hokkaido. The geographical distribution of these local octopus fisheries in the coastal areas around

Hokkaido are well suited to fisheries management.
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Fig.1 Distribution of Octopus dofleini in the coastal areas around Hokkaido. The geographical location of the octopus

fisheries were inferred from licensed fisheries, water depth, and the halfway-line between Russia and Japan.

Numbers refer to the fishery cooperative or branch office listed in Table 1.
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Table 1 Fishery cooperative or branch office (treated as distinct entities in this study) and fishery grounds for Octopus

dofleini in Figure 1.

no name no name no name
1 Hamamasu, Ishikariwan 41 Oshamanbe 81 Abashiri
2 Ishikariwan 42 Toyoura, Iburifunkawan 82 Tokoro
3 Ishikari, Ishikariwan 43  Abuta, Iburifunkawan 83  Yubetsu
4 Otarushi 44  Usu, Iburifunkawan 84 Monbetsu
5 Yoichigun 45 Date, Iburifunkawan 85 Okoppe
6 Furubira, Higashishakotan 46 Muroran 86 Oumu
7 Bikuni, Higashishakotan 47 Noboribetsu, Iburichuo 87 Esashi
8 Shakotan, Higashishakotan 48 Iburichuo 88 Hamatonbetsu
9 Kamoenai 49 Shiraoi, Iburityuo 89 Saruhutsumura
10 Sakazuki 50 Tomakomai 90 Soya
11 Tomari 51 Atsuma 91 Wakkanai
12 Suttucho Isoya 52 Mukawa 92 Toyotomi, Wakkanai
13 Suttsucho 53 Monbetsu 93  Osidomari
14 Shimamaki 54 Niikappu 94 Oniwaki
15 Setana, Hiyama 55 Shizunai 95 Senhoushi
16 Hutoro, Hiyama 56 Mitsuishi 96 Kutsugata
17 Taisei, Hiyama 57 Ogifushi 97 Kabuka
18 Kumaishi, Hiyama 58 Urakawa 98 Funadomari
19 Hiyama 59 Samani 99 Teshio, Kitarumoi
20 Esashi, Hiyama 60 Fuyushima 100 Enbetsu
21 Kaminokuni, Hiyama 61 Erimo 101 Shosanbetsu, Kitarumoi
22 Okushiri, Hiyama 62 Shoya 102 Kitarumoi
23 Matsumaesakura 63 Hiroo 103 Teuri, Kitarumoi
24 Fukushimayoshioka 64 Taiki 104 Yagishiri, Kitarumoi
25 Siriuchinakanokawa, Kamiisogun 65 Otsu 105 Tomamae, Kitarumoi
26 Kikonai, Kamiisogun 66 Urahoro 106 Usuya and Onishika, Shinseimarin
27 Hamanasu, Kamiisogun 67 Shiranuka 107 Shinseimarin
28 Kamiiso, Kamisogun 68 Kushiroshi 108 Mashike
29 Hakodateshi 69 Kushiroshitobu
30 Nesaki 70 Kushirocho
31 Zenikamesawa 71 Akkeshi
32 Toicho 72 Chirippu
33 Esan 73 Kiritappu
34 Todohokke 74  Ochiishi
35 Minamikayabe 75 Habomai
36 Shikabe 76 Nemuro
37 Sawara 77 Shibetsu
38 Mori 78 Rausu
39 Otoshibe 79 Utoro
40 Yakumo 80 Shari
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intervals from 1985 to 2004.
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Octopus dofleini catch among the octopus fishery
grounds with annual catches exceeding 100 t from
1984 to 2004. Areas shown include the Soya strait,
Sea of Okhotsk, and the Nemuro Strait to the
Pacific Ocean around eastern Hokkaido. Numbers
in parentheses adjacent to the distinct name shown
in Table 1.
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Fig.6 Distribution of Octopus dofleini fishery grounds in

the coastal area around Hokkaido. A: Soya Strait to
the coastal area around Rishiri Island, B: Sea of
Okhotsk, C: Nemuro Strait, D: Pacific Ocean
around eastern Hokkaido, E: Pacific Ocean
around southern Hokkaido, F: water area around
Funka Bay mouth, G: Eastern Tsugaru Strait
around Hokkaido, H: Western Tsugaru Strait
around Hokkaido, I: Okushiri Island, J: Japan Sea
around western Hokkaido, K: Japan Sea around
northern Hokkaido.
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Fig.7 Annual mean catch of each Octopus dofleini
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shown in Figure 6.
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Table 2 Fishery cooperative or branch office (treated as distinct entities in this study) in each of the 11 major Octopus
dofleini fisheries in the coastal areas around Hokkaido. Location names are the same as those given in Figure

6.

name of major fisheries
no distinct name

name of major fisheries
no distinct name

name of major fisheries
no distinct name

the Soya Strait to coastal area around Rishiri
Island and Rebun Islabd, sea area A.

90 Soya

91 Wakkanai

93 Osidomari

97 Kabuka

98 Funadomari

the Sea of Okotsk, sea area B.
80 Shari

81 Abashiri

82 Tokoro

83 Yubetsu

84 Monbetsu

85 Okoppe

86 Oumu

87 Esashi

88 Hamatonbetsu

the Nemuro Strait, sea area C.
77 Shibetsu
78 Rausu

Pacific Ocean around eastern Hokkaido, sea area
D.

68 Kushiroshi

69 Kushiroshitobu

70 Kushirocho

71 Akkeshi

72 Chirippu

73 Kiritappu

74  Ochiishi

Pacific Ocean around southern Hokkaido,
sea area E.

53 Monbetsu
54 Niikappu
55 Shizunai
56 Mitsuishi
57 Ogifushi
58 Urakawa
59 Samani

60 Fuyushima
61 Erimo

62 Shoya

63 Hiroo

water area around Funka Bay mounth, sea
area F.

35 Minamikayabe

36 Shikabe

37 Sawara

38 Mori

46 Muroran

the Eastern Tsugaru Strait around
Hokkaido, sea area G

32 Toicho

33 Esan

the Western Tsugaru Strait around
Hokkaido, sea a area H.

23 Matsumaesakura

24 Fukushimayoshioka

25 Siriuchinakanokawa, Kamiisogun

coastal water around Okusiri Island., sea area I.

22 Okushiri, Hiyama

Japan Sea around western Hokkaido, sea area H.
13 Suttsucho
14 Shimamaki

Japan Sea around northern Hokkaido, sea area I.
1 Hamamasu, Ishikariwan

Ishikariwan

Ishikari, Ishikariwan

Otarushi

Yoichigun

Furubira, Higashishakotan

Enbetsu

Shosanbetsu, Kitarumoi

AN AW

100

102
103
104
105
106
107
108

Kitarumoi

Teuri, Kitarumoi

Yagishiri, Kitarumoi

Tomamae, Kitarumoi

Usuya and Onishika, Shinseimarin
Shinseimarin

Mashike

75 Habomai 26 Kikonai, Kamiisogun
76 Nemuro
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7 YU (Ruditapes philippinarum) |ICEET DIN\—F Y A EFEH
(Perkinsus sp.) DALBEBIC ST D RPN E T DREEEICDNT

Infection of protozoan Perkinsus in the short-necked clam (Ruditapes philippinarum)
on the Hokkaido coastal region and the infection examination.

Yutaka NISHTHARA™

The Ray's fluid thioglycollate medium (RFTM) assay technique was used to study Perkinsus infection in the
short-necked clam (Ruditapes philippinarum) in the Hokkaido coastal region between 1999 and 2001. Formation
conditions for the Perkinsus zoospore were observed, with particular attention to favorable temperature and
salinity ranges. The zoospore was then cultured with short-necked clam tissues and experimentally infected into
short-necked clam, Japanese scallop (Patinopecten yessoensis), Japanese oyster (Crassostrea gigas), and Ezo abalone
(Haliotis discus hannai) at various temperatures.

The protozoan was not detected in the Pacific Ocean or the Okhotsk Sea, but it was detected at all tested
locations in the Sea of Japan. No effect on zoospore formation was observed to result from variation in salinity
(0-3%). In the laboratory, zoospore formation was observed at 20C and 25T, but not at 15C. In the lab portion of
the study, however, when Perkinsus infection was attempted at 20T infection was not confirmed in any of the four

tested species. At 25T, however, infection was confirmed in the short-necked clam.
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*1 dbiEE S Yk ERERY; (Hokkaido Central Fisheries Experiment Station, Yoichi, Hokkaido 046-8555, Japan)
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WX DM A AR ZER L, N—F v 2BEFEEOM
FRN T DRI RE & iERE L 72,

K2 L LT, MBEAREL 2 KEHEL, FHRE
40.6mD 7 ¥ ) % & S MEETONEL, N—F U RAE
JE U E T % 1 mLjN 2 20°C CT24 15 BiRIE L 7214,
20COFKTOOHBEE L. MEH TR, LI ER
ZRFTMILE TR L, BNV 2 MR L7,

3. 2. fhiER%E

WOLEEDT 7 ) VKIS EYFHELT 1mD K 5 77
A e H20fH 4 & P55 R39. 2m D~ 7 ¥ 1018k % 2 2
ME L, X —F U4 2@ Bl E i % 1 mLinz20C
T24REERE L7214, #20C oK T30H BT L7z
FHEFRF— N T AR WEGI L2, FER TR,
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72t%, #20COHAKTIONABEATE Lz, HAFHRIETY
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BB D20% & B L80%LL L EHRTH ), FrITilE,
AT ARG, HEPY, AL TIRFAEL 2T RTOTH I
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25CIX CIERE MR > & 568 I 2 12 Bk & T2 DM
fa 55 & T OB 2 iERE L 720 20°C X T II80/FH] %
5 — TR R ATHERR S AL, 96HE IR 2 & LT
(Fig.32<FN) DA HERR S 7z, 15 CIX Tl i 554
bR SNT, WETORUE b R S 7% - 72 (Table
2)o

F 7 H 0 IREE % 0 %, 7.5%, 15%, 22.5% &% 72
AR M O W9 T b 56IRE [ B 0 © bR T O B A5 HERR
AN, WHSEEOEWIZE ZEETEREICEIIR SN
Lhrolz,

3. WEFERVABRRR
3. 1. 7%

IR 1 TlE, 25CKK, 20CKOWVWTNOKIZBWTY
BB RO IIMER SN2 D> 720 25CK TIEEERIZH
W7z 5 A e T ol B X OHVER D 5 RFTME TH AR
PR SNz, 7o, MU EAOBISE,rS b,
FARENIC X —F A BF R OFATBE TS 5 KEEKD
RSNz (Figd)o —77, 20CIX Tld 5 ke Tl
Tho7z,

20CIZBUT BHAIRIEIZ X 23RER 2 TI1E, 1EKDIE
EARER S NTAS, IR SN r o7z, FIERT

Fig.2 Prezoospolangia of the organism in Ruditapes
philippinarum.Mantle tissue stained with Lugol’ s
iodine solution(arrow)

Table 2 The rate of detection of prezoospolandgia

infected into short-necked clam in Hokkaido.

Location No.  Site Sampling Date N Size = SD(mm) Positive rate(%)

1 Kamiiso 2000/4/20 15 25.245.3 93
2 Esashi 1999/10/20 24 30.4+3.1 100
3 Suttsu 2001/5/1 20 33.242.6 80
4 Oshoro 1999/10/27 23 33.2+4.0 100
5 Ishikari 2001/10/11 20 21.6£1.6 20
6 Atsuta 2000/2/7 12 34.8+3.4 83
7 Rebun 2000/6/20 20 28.8+5.9 100
8  Wakkanai 2000/6/1 20 36.6+£3.2 100
9  Esashi,Okhotsk 2000/8/17 20 32.3+1.4 0
10 Abashiri 2000/9/13 20 39.9+1.8 0
11 Monnbetsu 2000/10/26 20 34.246.5 0
12 Hamanaka 2000/9/12 20 42.242.6 0
13 Chirippu 2000/9/27 20 45.942.0 0
14 Akkeshi 2000/9/12 20 36.2+2.0 0
15 Shizunai 2001/10/23 20 29.3+5.4 0

&, BRI TORGIIMER SN0 72,

3. 2. 1biERSE

FIH RIS AR Y 744 B LA F O3 BIER S
NGno7zs REBRICHWAEEROBE L ONEREE) 6K
J5 R S R 2o 720

Fig.3 In vitro zoosporulation of Penkinsus sp.(arrow).
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Table 2 In vivo cultured zoosporangia in culture
medium (DMEM : Ham's F12 = 2:1 added 5 %
FCS with ASW) at 25,20,and 15C.

Culture time
Temperature 8h 24h 32h 48h 56h 72h 80h 96h 104h 120h 128h 144h 152h 168h
2%¢ - - - - 4+ 4+ 4+ + 4+ + + + NDND
20 - - - - - - 2 4+ 4+ 4+ o+ o+ 4+ o+

15°C

- : negative of zoospore , + : positive of zoospore , -* : confirmed cell division

T2V TIETYH, MEHEICEKEOETCIIE
BEINmholz, MEBRICHCEKO, SHERED SR
JEHUIHERE S N h o 72,

5
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B EENIEEAEOMBEIZSHT A LML NT
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MPHN—F U ABREBORKBRIBIEESN, Z0H b
7 i ETIE80—100% D =R CIRYL SRR S N7z — T,
KFEE, dAR—2 7 7 A TRILZ2 75 ) 2051
KERIIBE SN ol 2O 0L, RIFERIZIL
BBV CHARBE CIL gL, HfEFToL
5, KFE, A=V 7EHITIIEE L TnwianwZl e x
RLTWD, KFAEORKBERITES? OfERE 3L,
IS DFERD S 8= F 2 g O YL IR O YL L
i, BAREZ L ET A ERRASEYS L Twab 0TI
TWwhtEz b,

THVIZHEET B N—F U 2 BF I, WEEFIIE
MIBAL, TGN TREREZERL, NET
MRS H A RS, Tk, HABET A% L LTl

[ 9 R Y et T, TR
e t &N\ ‘l»"."."‘ 4 50um
. A 9 4
Y '.. %& - { { - ’ L]
] o

L A “v‘ ¥ h‘*:
9, 0\\“0“\'.\'&‘-‘{ 7

Fig.4 Perkinsus sp. infected foci in the tissue of
Ruditapes philippinarum.
Arrows :Trophozoites of Perkinsus sp. H-E stain.

KRN 72 B LRt T3 ISR T 5, AiEETEIE
WARPClEETFE 2D, EETEZEET S &) &G
BEFOZ LTSN TWDYW , KIFgE T, HinlEET
EDOBEETELRTEEFPRIE SN SEMHLELT
1I5CLL T OKER Tl 72K Sy, 20CL LT’
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T A B RGBT, 25°C TGO H 7
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FANS 9 A FAICH 72 B KIEOBURFCERS 2 5 il

L, ZOMOFHKIEE REKIREDFE % g L 72
(Table 3)o Z DOFEHE, BE/KIRI OFHKIRIZILE23.0C,
JEH21.2°C, MEPN20.5°C, #%3£19.5C, $ o ~itf19.8°C,
JER15.6CTH Y, REKIRDVIHIITAE23.8C, EH
22.1C, #M21.6°C, H=20.6C, Hu~<if20.7C, Ei
170CTH o720 2D EHIZ, RERDPRBATH 2
BUL B IT I L CEMOKRAME C, S 5124
DI D HIKIZ L > TIKHE T ISR XL H Y, /53—
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TP R D REE D BE T E v LEDZ &5,
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BEL BN L, #EETIEBIIES IR E DMK 3
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TFEOH & F 7 RIEEF 2 EHN T 5812, B
PO NTHEKE 0 %0 575%D 4 B, HHomEEic LT
0 %072 522.5% % L 72 ERRIX & 50, WEETEREE
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100% A T3k TS L 7255 i & WAL\ E T O TR’
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DI & N 7278 T D48 TR 5 G D RS 12 5
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LI LIS H Y, SHOMEL Lo T2,
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Table 2 Average sea water temperature during high
temperature period from the beginning
August to the beginning September at 6 sites
in Hokkaido, during 1989 to 1999.

Mean sea water temparature(°C)+SD

Site Maximum temp.  Mean temp.
Esashi 23.8+1.4 23.0+1.6
Atsuta 22.1.£10 21.2+1.4
Wakkanai 21.6%1.1 20.5%1.5
Esashi,Okhotsk 20.6%1.3 19.5£1.5
Saroma 20.7¢1.4 19.8+1.6
Akkeshi 17.0£2.0 15.6+2.5
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BRLEVWDDEEZ N, 72720, R THAIZE
HT 5 P qugwdiV’ © X512, BHIZAERL W HE
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