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History and methodology of walleye pollock studies

Tatsuaki MAEDA, Shogo TAKAGI, Yoshihiko KAMEI,
Yoshiyuki KAJIWARA, Toshimi MEGURO,
and Toshikuni NAKATANI®

The walleye pollock (Theragra chalcogramma) fishery has been conducted
since the early part of this century. However, studies on the resouces and ecology
of pollock didnot progressed until after World War II. In the 1960's, a new technique
of pollock preparation “SURIMI" was developed by Hokkaido Fisheries Experi-
metal Station. This lend to a rapid increase in world pollock production to about
6 million tonnesduring the 1970's. Ecological studies concerned with stock structure,
life history, and stock management were activities that developed with the pollock
fishery. Although walleye pollock are recognized as demarsal fish, they migrate
widely in oceanic areas as a pelagic species. As such, they experience changing
habitat and are subject to environmental fluctuations which effects interannual
abundance and growth. Therefore, predictions of stock size and fish size requires
research vessel surveys as well as statistical analysis of fishery catch data. Futher-
more, it is important to examine annual fluctuations in the strength of each year
class, stock assessment research and methodology, as well as studies describing
and analyzing fishery management policy issues.

A 9 ¥ 5 Theragra chalcogrammald b K FEEF & £ OBEBEAIRICIE K £ BT 2Rl
T, ZoOREMI50077 t 256000 tic# L, BEMCRHEhTOREL LTIRIER
RADRFERTH S, LhL, ZOBEEOERIZY 4 + ¥ X Oncorhynchusl@¥ < ¥ 5
Gadus macrocephalus, =% ¥ Clupea pallasitFictb ~TE L Bh, BREETRILER
RictklEr BRAATHTbOh AL EA TV A, ILEHBETIREN, AR, 2%, IERLLET
1902~1904fF A SHIR S ' -, PREEBHETL X v 7 4 ¥ L TITHHE ¥ HD S8
BORTVE Y L L, Thosiimit LicBHnioREIINMEE,LSTH S,

—7h, FEOFANROEE L5 L X 5108, FARLYOILERE PR OZKERR

HXES A202 (1993F 1 A25H %)
=  JLiEARFEKEFE (Faculty of Fisheries, Hokkaido University, Minato-cho 3-1-1,

Hakodate,Hokkaido 041, Japan) /
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Fig. 1. Annual change in catch of walleye pollock off Hiyama and Shiribeshi of Hokkaido,
east coast of Korea Peninsula, and east coast of South Korea.
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Fig. 4. Echograms of pollock obtained by echosounder of 24KHz on 41° 50° N line in
Fig. 3(St. 34~85t. 40)during April 1~7, 1991.

(A) : St. 40(41° 50.0° E, 139° 59.8° E). (D): St.37(41° 49.0° N, 139° 20.7 E).

(B) : St. 39(41° 50.0' N, 139° 54.5° E). (E): St. 36(41° 49.9° N, 138° 59.8' E).

(C) : St. 38(41° 49.9° N, 139° 39.9° E). (F) : St. 34(41° 50.1" N, 138° 19.9° E).
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Fig. 5. Echograms of pollock obtained by echosounder of 24KHz on 41° 50" N line during
October 15~22, 1990.

(A): St.127(42° 00.0° N, 140° 00.0° E). (E) : St. 109(41° 50.0° N, 138° 59.8° E).

(B) : St. 112(41° 49.8° N, 139° 55.0' E). (F) : St. 108(41° 50.1" N, 138° 40.2° E).

(C) : St. 111(41° 50.0° N, 139° 40.1" E). (G): St. 107(41° 50.0' N, 138° 20.2' E).

(D): St. 110(41° 50.1" N, 139° 20.0° E). (H) : St. 106(41° 50.0' N, 138° 00.0°' E).
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Table 1. Recapture results of tagging pollock released by off Kumaishi of Hiyama,

Hokkaido.
Released Recapture
Date Date Position Fishing gaer
Feb. 27, 1986 Feb, 7, 1987 9 miles off Otobe of Pollock midwate

Hiyama, Hokkaido long-line

Feb. 27, 1986 “July 20, 1987 Off Toyama Prefecture " "Cod long-line
(300m deptf line)

Feb. 27, 1986 Feb. 1, 1988 3 miles off Otobe of Pollock midwater
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Hiyama, Hokkaido long-line
Feb.27, 1986 Apl. 5, 1988 Off Niigata Prefecture Danish seine
_____________________________________ (200m depth line) ____(Bottom trawl)
Mar. 1, 1987 June 4, 1988 5 miles off Cape Esan Bottom long-line
_____________________________________ of Oshima, Hokkaido
Mar, 1, 1987 June 9,1989 Off Ishikawa Prefecture Bottom long-line
i R S SRR, (300m depthline)
Mar.14, 1988 Nov. 30, 1988 9.5 miles off Otobe of Pollock midwater
____________________________________ Hiyama, Hokkaido __________ long-line
Mar. 14, 1988 Jan. T, 1989 6.5 mile off Otobe of Pollock midwater
_____________________________________ Hiyama Hokkaido __________ long-line
Mar 14,1988 Jan. 9, 1989 9.5 miles off Otobe of Pollock midwater
_____________________________________ Hiyama, Hokkaido ____ ____ long-line

Dec. 21, 1990 Dec. 9, 1992 Off Otobe of Hiyama, Pollock midwater
’ Hokkaido long-line
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Thic LT, KB RRSEE
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@i, XEBRHK DR D H L O
g9&, fiH¥} & 725 Euphausids, " Nando 1
Amphipods, Copepods® X U4 #
15 £ DR DRBI & > THE Fig. 7. Results of tagging experiment of pollock off

b9 308, EE O 4 Hicid80 Kumaishi in Hiyama, Hokkaido.

= 3 o L _g@" = @ : Released area. @ : Recaptured area. Number :
400mfd (k0.5 6°C) i Recaptured month.

B8 L, 108ici3400~500m & ( ) : Recaptured number.
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Table 2. Fishing experiment results obtained by midwater trawling of Hokusei Maru
off Tokachi of Hokkaido during April 4~6, 1992.

No. of Midwater trawl p | T. 2 T. 3 T.. 4
Date Apr. 5 Apr. 5 Apr. 6 Apr. 6
Time(J. M. T.) 07:20 09:41 06:44 09:00
Position N 42° 04’ 1 42° 02' 5 42° 31" 5 42° 30° .5
E 143° 44’ .1 143° 39 .9 143° 42' .7 144° 00 .9
Sea depth (m) 408~471 282~285 118~121 567~58T
Towing layer (m) 230~320 185~265 45~95 150~240

Pollock catch number
per hour 132.0 15108.0 3556.8 77.0
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Early life history of walleye pollock
Toshikuni NAKATANI and Tatsuaki MAEDA*®

Adults of walleye pollock Theragra chalcogramma in Funka Bay, Hokkaido
and its vicinity, spawn from December to March. Hatching rates are high at 0-7°C
(86-98% ) ,and low at -1°C (0-31% ) with high rates of abnormality. The
relationship between water temperature and time required for hatching was found
to be :

D=31.70*exp (—0.12+T)

Where D is the time in days required for 50 % to hatch and T is temperature (°C).
From these laboratory studies and hydrographic observations, temperatures in
the spawning grounds in the coastal areas around southern Hokkaido are suitable
except for temperatures higher than 10 °C during the early spawning season. Onthe
other hand the cold water under the freezing point occupies the surface layer of the
spawning grounds in the Nemuro Strait in eastern Hokkaido. In this area, matured
walleye pollock spawn at a depth of more than 200m, where the temperature is
suitable for development. Walleye polock eggs rise to the surface with a velocity
of 4-8m.h and they develop to the morula stage before their arrival to the surface
layer. After the morula stage, the eggs develop normally even in the cold water
under the freezing point.

Newly hatched larvae initiate feeding mainly on copepod nauplii. In Funka
Bay, the density of large-sized copepod nauplii increases in mid February after the
invasion of the Oyashio Water. The hatching date frequency of juvenile walleye
pollock collected in late summer shows the high mortality of larvae hatched during
the low density of large-sized copepod nauplii from January to mid February.
Annual fluctuation in the inflow period of the Oyashio Water affects the food avail-
ability of walleye pollock larvae in Funka Bay. Further observations concerning
predation are required in order to predict the walleye pollock population size.

HOCHES  A203 (1993%E 1 H25E%8)
= JtiE A KESFE (Faculty of Fisheries, Hokkaido University, Minato-cho 3-1-1,
Hakodate, Hokkaido 041, Japan)
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Fig. 1. Distribution of walleye pollock eggs (A : fertilization-morula
stage) and larvae ( B) on February 21-25, 1988. Samples were
collected by vertical hauls from 150m depth or near bottom where
the depth of bottom was less than 150m with a Norpac net.
(NAKATANI and MAEDA®)
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Fig. 4. Monthly change in distribution of copepod nauplii in Funka Bay and its vicinity
from January to March 1989. Water samples were collected with a 20£ Van
Dorn bottle at 15m depth and copepod nauplii were obtained by filtering the water
samples with a 100 # m mesh sieve. (NAKATANI®)
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Larval development of five species of
gadid fishes (Review)

Tsutomu HARYU*"

Larval development of five species of gadids, Gadus macrocehalus, Eleginus
gracilis, Microgadus proximus, Theragra chalcogramma and Boreogadus saida
occurring in waters of the North Pacific Ocean, Sea of Japan, Okhotsk Sea and
Bering Sea is compared.

In body proportion with development, there is clear difference between T.chalco-
gramma and B. saida. The preanal distance is 44% SL in the former and 48% SL
in the latter. A change of body proportion pattern in distance from snout to origin
of first dorsal fin, body depth at anus, depth of caudal peduncle and eye diameter
is divided into two groups. One is E. gracilis and M. proximus, and the other is 7.
chalcogramma and B. saida. And also, the same matter is recognized in the sequ-
ence of ossification of dorsal and anal fin rays. Ossification of E. gracilis occurs
at later developmental stages than the other species. Fin rays except caudal fin
begin to ossify in E. gracilislarvae of 16mm SL and in M. proximus, T.chalcogramma
and B. saida of 12 or 13mm SL. Two pigment bars in the postanal region are chara-
cteristic in early developmental stages of gadids. Although pigmentationissimilar
among larvae, there are some remarkable differences. The dorsal and ventral stri-
pes of anterior and posterior pigment bars respectively become continuous in T.
chalcogramma of 10-12mm SL and in the other species of 5-7mm SL. Lateral line series
of melanophores initially develops in G. macrocephalus and E. gracilis of 5-Tmm
SL and in 7. chalcogramma of 9mn SL. These extend anterior of anus in the former,
the other hand do not extend in the latter.
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Table 1. Summary of adult meristic counts for Gadus macrocephalus, Eleginus gracilis, Microgadus proximus, Theragra chalcogramma
and Boreogadus saida. The numbers in parentheses indicate the mean values,

Dorsal fin rays

Anal fin rays

Pectoral Pelvic
Species First Second Third Fitst Second fin rays fin rays  Vertebrae Gill rakers Authors
G. macrocephalus 11-14 14-21 14-20 16-24 14-19 16-22 51-56 Schultz & Welander®
12-16 15-19 17-20 19-23 18-21 53 18-23 Svetovidov"?
11-16 14-21 14-21 16-25 14-22 6-7 51-56 Miller & Lea™
10-13 13-16 14-17 16-19 15-18 19-22 6-7 50-53(52.3) 20.88 Hart®
10-15(12.4) 11-22(15.6) 10-20(15.4) 17-27(19.7) 12-25(17.2) 49-56(53.2) Matarese et al.®
13-15 15-18 15-17 16-17 16-17 18-19 6 22 Okamura®
E. gracilis 12-16(13.7) 17-20(i18.4) 18-21(19.6) 20-22(21.3) 19-21(20.3) 18-22(20.1) | 60-62(61.4) Schultz & Welander®
11-15 15-23 18-21 20-24 19-22 60-64 20-23 Svetovidov"
14-24 Okada & Kobayashi®’
15-24 17-24 18-20 6 18-23 Dunn & Vinter®
11-16 15-21 16-23 18-24 17-23 Okamura "
"M. proximus 11-14(12:2) 17-20(18.5) 18-20(18.8) 20-25(22.5) 18-21(19.7) 17-22(19.1) 55-58(56.2) 26-28 Schultz & Welander®
12-15 16-18 21-22 23-25 22-23 58 Svetovidov"’
11-15 16-21 18-22 20-29 18-24 6-7 51-56 22-28 Miller & Lea'®
9-15(12.8) 16-21(18.8) 17-24(20.7) 22-28(25.2) 20-28(22.9) 54-58(55.7) Matarese et al.®
T. chalcogramma  10-13(11.9) 14-18(15.3) 15-20(17.7) 17-22(20.1) 16-21(188) 50-52(51.2) o Schultz & Welander®" '
11-13(11.4) 12-15(13.2) 14-19(16.4) 15-19(17.8) 15-19(17.2) 49-51(49.9) Schultz & Welander?*?
12-14 12-18 20-21 18-23 21-23 50 34-40 Svetovidov"
13-16(14.4) 13-18(15.4) 19-23(20.8) 21-23(22.0) 20-22(21.4) Okada & Kobayashi®*?
11-16(13.4) 11-19(16.1) 15-21(18.5) 17-23(20.6) 16-22(19.6) Okada & Kobayashi®"*
10-13 13-16 15-19 17-21 16-21 18-21 6-7 48-50 Hart®
B. saida 11-15(12.8) 12-17(14.7) 17-23(20.1) 14-20(17.0) 18-24(20.9) "7 T53-58(55.2) 37-46(414) Svetovidov®©
11-14(12.7) 14-17(15.0) 18-23(20.1) 15-17(15.9) 18-22(20.1) 53-57(54.5) 37-45(40.9) Andriyashev'®
11-14 12-16 18-23 15-18 18-24 36-45 Okada & Kobayashi®
11-16 18-21 6 Dunn & Vinter®

! Alaska specimens ; *Puget Sound specimens ; *Okhotsk Sea specimens ; *‘Bering Sea specimens
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2R UL 6 TH 5, HHEBEHII60~64T, IEMIZI4~24TH %,

a<=¥35 ({E¥r) Microgadus proximus (Girard) (34 : Pacific tomcod) : BEEH
1355 1 I5EEDS 0 ~15, 32BN 16~21, 5 3HHEN1T~24, 5 1 BiEH20~29, 3 2 Bk
H318~28, figkEHi1T~22R UREEN 6 ~T TH 5., FHEFEIIS1~58T, EBEEHI322~28T
H5bo

A4 b9 ¥ 5 Theragra chalcogramma (Pallas) (34 : walleye pollock) : EESR¥T
1 HEES10~16, B2 EREN11~19, 5 3HMEA14~23, 51 BEELS15~23, 52 Bl
15~23, BeEEH18~21RUREEEL 6 ~T Th 5, HitEEI348~52T, SEEHIIM~40TH
%o

# w ¥ 3 7 ¥ 5 Boreogadus saida (Lepechin) (34 : Arctic cod) : EERIIE | i
H11~16, 52 WiEN12~17, 5 IEHEEN1T~23, F 1 BilEH14~20, 5 2 BiEEH18~24,
kg A318~21 B URGEREAS 6 TH b, HHEFHII53~58T, BERBII36~46TH 5,

FEBLAIOMRREE

REBEICBYT D EMBELOMEEL LB L ZHFERE LV, TITR=Y 7220
TGorbunova, 3 <42\ TDunnand Vinter® U3 < ¥ 5 ic> W TMatarese et al.®
DF—5 O—EEHBERE Lo £, X7 MO FSRUKy *3 75520 TIRAESE
il h TV A#% (Haryu and Nishiyama) O F—4 %(5|f L1zc T THO EF
&A1 Fig. 2 e U'Table 2 I g & 52, AR (head length), Hifl[F3& (preanal distance),
Wi &5 | EEEI £ TOE & (snout to origin of first dorsal fin), %5 2 #igE
£ TDEE (snout to origin of second dorsal fin), 55 3R E TOE X (snout to
origin of third dorsal fin), %52 B#EHE N £ TORK X (snout to origin of second anal
fin), Mokl
BT 56

(body depth at N
base of pectoral
fin), FLF98EEic
B35 (body
depth at anus) 12
B UEHE (depth
of caudal pedun- 1
cle) T, Tho
3R (stan-
dard length) IZ
-)‘d-g. 53‘]% &L 1- standard length 8- preanal distance
= 2- snout to origin of third dorsal fin 9- snout to origin of second anal fin
TRLle 21, 3- snout to origin of second dorsal fin 10- body depth at base of pectoral fin
¥ & ( snout 4- snout to origin of first dorsal fin 11- body depth at anus
5- snout length 12- depth of caudal peduncle
length ), BB E 6- eye diameter 13- upper jaw length
7- head length 14- lower jaw length

(eye diameter),
Fig. 2. Diagram of dimensions of gadid larvae.



Table 2. Body proportions of larvae and juveniles of Gadus macrocephalus, Eleginus gracilis and Microgadus proximus. Values given for
each E. gracilis and M. proximus are mean. Figures in parentheses denote mean value.

Gadus macrocephalus' Eleginus gracilis® Microgadus proximus®
Class of standard length (mm) 3.6-4 11-12 19-20 26-156 5-10 11-16 18-21 23-26 27 3-8 8-15  15-21 22-26 27-47
(6.0) (13.5) (19.1) (24.3) (27.2) (53) (11.2) (174) (24.2) (35.7)
Sample size 10 3 15 17 12 2 3 1 19 25 10 5 13
In percent of standard length
Head length 21.8-248  26.5-278 28 -30.1 19.7 26.4 29.3 26.0 254 219 26.0 29.0 316 299
Preanal distance 42-44 43.8-46.6 45.6-50 45.7-495 421 494 47.7 458 47.1 41.2 45.9 48.1 46.8 46
Snout to origin of first 3.7 371 36.0 339 335 35.2 358 3.1 338
dorsal fin
Snout to origin of second 436 485 46.9 456 4.1 46.6 47.7 475 46.1
dorsal fin
Snout to origin of third 584 68.4 705 66.7 66.9 66.0 67.5 68.5 67.2
dorsal fin
Snout to origin of second 63.4 69.6 69.0 66.8 66.5 62.5 66.0 68.5 67.7
anal fin
Body depth at base of 14.2-18 19.5-20.1 18.4-21.2 15.0 20.9 20.6 19.9 20.6 17.3 193 204 21.2 20.7
pectoral fin
Body depth at anus 9.3-12.1 15.4-16.7  16.5-19.1 7.6 16.1 17.6 18.2 19.8 10.8 16.5 18.6 20.0 19.3
Depth of caudal peduncle 4.2- 6.1 7 -83 48- 53 5.9 73 7.3 74 7.0
In percent of head length
Snout length 17.5-25.5 29.1-40 28.2-31.5 16.3 211 24.0 26.3 21.7 17.8 26.6 29.0 275 294
Eye diameter 26.4-334  32.8-364  21.9-27.6 39.2 32.3 30.3 29.0 27.8 35.1 31.6 28.4 26.1 256.3
Upper jaw length 34.3-408 40 -41 38.5-41.4 476 36.3 414 39.1 38.6 36.8 409 37.7 38.1 39.3
Lower jaw length 41.1-52 52 -54.2 46.2-50.7

'From Gorbunova ; *From Dunn and Vinter® ; *From Matarese et al."”
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Table 2 (continued) .Body proportions of larvae and juveniles of Theragra chalcogramma and Boreogadus saida.

Theragra chalcogramma’ Boreogadus saida’®
Class of standard length (mm) 10.0-14.7 15.2-19.9 20.0-24.7 25.0-29.9 10.6-14.9 15.0-19.7 20.0-24.4 25.0-29.2
(11.9) (17.8) (21.5) (26.2) (13.5) (17.8) (21.6) (27.1)
Sample size 15 78 31 6 26 57 22 8
In percent of standard length
Head length 238 26.9 27.0 264 25.7 26.2 27.1 213
Preanal distance 444 445 44.6 442 48.2 48.3 48.5 485
Snout to origin of first 33.6 326 326 317 32.0 33.0 25 323
dorsal fin
Snout to origin of second 46.9 46.5 46.6 46.0 474 46.6 46.9 47.3
dorsal fin
Snout to origin of third 66.4 66.5 66.7 66.8 65.1 64.6 65.6 66.5
dorsal fin
Snout to origin of second 68.1 66.1 66.6 66.8 64.0 65.5 66.0 67.1
anal fin
Body depth at base of 16.6 17.1 17.3 17.9 19.2 18.1 188 18.9
pectoral fin
Body depth at anus 12.0 14.1 14.2 14.9 13.8 135 14.2 14.2
Depth of caudal peduncle 5.7 6.3 6.1 6.2 6.8 6.2 6.0 6.7
In percent of head length
Snout length 20.5 22.8 23.6 25.6 23.1 229 25.0 248
Eye diameter 37.6 36.3 344 33.6 375 35.7 334 33.0
Upper jaw length 36.2 38.7 379 38.7 379 36.8 36.5 95
Lower jaw length 51.8 50.3 49.2 51.2 55.2 50.7 48.4 475

' *From this journal, Haryu and Nishiyama
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30 #HE @

FEAE (upper jaw length) BRU FEIRE (lower jaw length) REARICXHT2HEELT
Tl BERBVTENTNEESEAENTVEY, 324 L 3<% 53 Moser and
Ahlstrom® b3R8 L =K L - TV 3, CHIRBEFFREO LEOEEIC L - THRY
BREX AT AHET, BETA ) HOWRFHFICL>TEL{fEDOTVWS, CORFEREX
ATREEE SERTmTHAICBITLTVWS, Ef, AP P ¥S5EtvFas¥F5ico
WTRBSETL(HV STV 2BROTHAEREEZEEICE W /BRIt -THD,
AiEDMEE24m (EFic & - Tid2lm), BEHFEE26m (HiFiIc X > Tid25m) » SHER
it ->TWa, Table 2R LAMER <S> VWTRIEHATH 24, ThllAo4
HicoWTRFEEETH 5,
BRBIORFOLEAA2 5L, W 2DOPATRAICL > TRE-HB Y- %
RLTW3, REAE, FIIMARIESVWT, R b9 ¥5Et0Fa32¥5R3BRBEAL
THIRIEE—DET, FESUKE, REISBUESEHELIOHICERIEDSNS, -
T, COMURINS 2@EFHNT 2 LTEELSSES Y EEASNS, £/, KRR
B AEEICBVTORAY b9 ¥ I3H166~1T9%THE0IcH L, v+ 327 ¥ 5 H18.1
~192% ERPHEVOPBRKHMTH L, 374 L7550 2 IMERI0mEEI ALty +3
775k ESICEL, 19%LILEDHEETRT, 5K, VR, SE | FEERE TORE,
AfSic it 248, BRERVFRES STV TR0/ v—TFichitohd, T15b
b, a9 ¢a=YSH—0OITNV—TF, AFPIFSEFvF a2 FSBEI—DIN—
TTHB, 12, =¥V TRESEHTREATVWADTIHETEVL, FicHHELD
RIRRICBVWTTH 5, FRI0mEOHEERS LH] 2 EHMHIN~R2UTHEDIXHL, %2
FBINBEVHEVEERL, RHCH-TOWTFhbERETT 5600, M7 Lr—7RFE
FTLAZEZEORETH S, M7/ NV—TOHEBNET 5600, HEFAED/ Yy — HHUL
rebDELT, UiE»SH 1 HiEREE TORSRURBHES LY S5, —4, PRI
BUAHERREECHE - THEBEL LB - THEH, av/Lawy3HHVEE
EHBOIHL, RFXr9¥5EFyFa2 Y FREVEDE ETETIRETHBE TS, 20
LB TN—TR TR SHABOERMREEZEA S LTLEKSELIATH S,

Bx0B{téE

BROEKAROASTRFLEHLsOMOREERLAHO LT 2B SITDOATE
fesen, i, MORELFHAOMHKD S VEIERETHICHMELTVWELELT, AF Y
75 OOTBBELABE LGS B, 1272, =¥ 3>V TRBBOH SRR LR
LERRIRBEAERYESRV, #-T, AETR=Y 2BV AFEND LF3, 20
BLERIc W TRROHE: « BT 2iT5 20, BEORHEE LD /-DhTable 3 T
b3, 374 2Dunn and Vinter® ek 37— 3 TH D, 1272, TOF— & RBEEHDIL
Lip bl LR TREVEVWIREMBH S, 3<% 5 (EMatarese et al.®ick 57—
$0—8T, THL0HRERImEOEANELTVWADAT, HEBNFL (A%
TT&2, £, AV b Y53 FEROERLIELTHIY, vy F37571310mkb
ANE DA, 1526,29~30mOEENRE L TWVWS, COLS5ic, BEHAROESEAHZ
0D, 4FIOVWTRBBLZTOFLBELZIEETEZS, HELLTHY EF 031 H




Table 3. Meristic counts in larvae and juveniles of Eleginus gracilis and Microgadus proximus. Values given for each species are mean.

Eleginus gracilis' Microgadus proximus’®
Dorsal fin Anal fin Pec- Pel- Cau- Dorsal fin Anal fin  Pec- Pel-
Specimen rays rays toral vic  Branchi- dal Specimen rays rays toral vic  Branchi-
length Sample fin fin ostegal fin length Sample fin fin ostegal
(mmSL) size Ist 2nd 3rd Ist 2nd rays rays rays rays (mmSL) size Ist 2nd 3rd Ist 2nd rays rays rays
7.0- 79 10
8.0- 89 13 11
9.4 1 9.0- 9.9 14 1.2
10.0-10.9 16 3.0
11.7 1 11.0-11.9 4 48 4.5
125 1 6 12.0-12.9 8 08 06 29 1.0 5.0
13.6 1 6 31 13.0-13.9 4 08 25 28 30 23 5.8
14.7 1 7 23 14.0-14.9 4 13 30 13 75 25 2.2 6.3
15.1 1 7 27 15.0-15.9 4 13 43 28 45 1.3 05 6.5
16.2-16.9 2 65 80 85 90 10 20 7.0 325 16.0-16.9 3 13 13 3.7 6.3
17.0-17.9 3 50 9.0 100 180 137 7.0 4.0 7.0
18.0-18.9 3 43 07 103 120 127 93 30 6.7
19.0-19.9 2 55 130 80 180 145 65 25 7.0
20.0-20.9 1 60 6.0 140 100 7.0
21.0-21.9 1 7.0 11.0 130 170 120 7.0
228 1 10 20 21 2 21 19 5 7 55 220-229 2 105 165 145 225 170 85 55 7.0
235 1 12 21 19 26 21 18 6 7 52 23.0-23.9 2 11.0 20.0 200 260 225 180 6.0 70
24.0-24.9 1 13.0 18.0 21.0 260 240 17.0 50 7.0
25.0-25.9 1 120 19.0 150 240 160 3.0 5.0 7.0
26.6 1 14 24 23 26 23 20 6 7 56 26.0-26.9 1 13.0 230 200 280 17.0 170 6.0 7.0
279 1 10 19 20 23 21 20 4 i 52
28.7 1 11 19 20 22 21 17 4 7 52 28.0-28.9 1 120 210 210 280 240 19.0 6.0 7.0
29.0-29.9 1 13.0 21.0 21.0 28.0 230 170 6.0 7.0
30.0-30.9 1 13.0 200 220 260 240 180 6.0 7.0

'From Dunn and Vinter® ; *Matarese et al.®
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Table 3 (continued) .Meristic counts in larvae and juveniles of Theragra chalcogramma and Boreogadus saida. Values given for each
species are mean.

Theragra chalcogramma Boreogadus saida
Dorsal fin Anal fin Pec- Pel- Cau- Dorsal fin Anal fin Pec- Pel- Cau-
Specimen rays rays toral vic  Branchi- dal Specimen rays rays toral vic  Branchi- dal
length Sample fin fin ostegal fin length Sample fin fin ostegal fin
(mmSL) size Ist 2nd 3rd Ist 2nd rays rays rays rays (mmSL) size Ist 2nd 3rd Ist 2nd rays rays rays rays
7.2- 79 3
8.1- 8.8 3
94- 98 3
10.1-10.8 3 43 11.0
11.1-11.6 3 13 5.0 21.3 11.2-11.6 3 53 21.7
125-12.7 3 03 7.0 107 127 107 1.0 5.0 29.3 12.2-12.6 2 3.0 15 55 21.0
13.4-13.9 3 63 87 130 110 2.0 5.3 327 13.0-13.7 3 1.7 33 63 47 0.3 6.0 215
14.3-14.8 3 1.7 83 133 1T 157 13 83 6.3 35.7 14.1-148 5 1.2 58 94 96 8.0 14 6.5 218
15.2-15.8 3 33 100 143 173 163 57 4.0 6.7 38.0 15.5-15.8 5 32 102 146 134 154 36 6.8 25.0
16.0-16.7 3 47 110 170 173 173 7.0 4.0 7.0 43.7 16.1-16.8 4 40 105 153 135 170 05 35 6.8 32.0
17.1-17.7 3 6.7 133 187 207 200 123 4.7 7.0 45.0 17.0-17.6 5 54 108 174 140 176 30 38 7.0 30.2
18.2-18.8 3 77 140 197 197 210 127 5.0 7.0 46.3 18.1-18.5 5 70 118 188 170 203 58 4.0 7.0 36.3
19.3-19.8 3 93 160 200 223 21.0 150 50 7.0 46.3 19.0-19.6 6 73 122 183 155 193 62 42 7.0 39.0
20.3-20.8 3 97 157 207 227 210 167 5.7 7.0 48.3 20.3-20.9 5 80 138 192 160 206 102 438 7.0 42.0
21.1-21.8 3 9.7 153 203 210 213 163 57 7.0 497 21.3-21.8 b 92 144 204 166 21.2 122 50 7.0 42.0
22.1-22.7 3 93 1563 200 220 213 163 6.0 7.0 51.0 22.3 1 10 14 18 19 21 13 5 7 47
23.0-23.7 3 11.0 157 213 217 227 167 6.0 7.0 50.0 23.1-23.2 2 95 140 205 165 220 165 6.0 7.0 44.0
24.0-24.7 3 123 163 21.0 227 233 180 6.0 70 52.3 24.5 1 10 13 21 18 21 16 6 7 45
25.0-25.8 3 130 163 213 220 227 197 6.0 7.0 517 25.4-25.5 2 115 140 220 170 215 165 6.0 7.0 48.0
26.1-26.2 2 135 155 205 200 215 190 6.0 7.0 52.0
27.2 1 12 15 23 20 23 20 6 T 50 27.5 1 11 14 20 16 21 18 6 7 50
28.9 1 11 15 21 23 24 19 6 7 51 28.1 1 11 15 21 18 20 18 6 7 47
294 1 12 17 21 21 22 418 6 7 52
30.2 1 12 15 20 21 19 19 6 7 53
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i, SE25EE, F3EEEE W B 2 EEE N EERURHEOBANEBRENT
BB 12, 3= ¥ I2VTREHOBERHOEH LTV, WThOoHELHSETH S,

BEXBRBOTTRELOLEOHFHIBEIRLEL, WESRLEVWILETHS,
fetZ, a<4 RLEOBREBEVERICH S, ThiZATEEANDZVADICHEEFEERIESE
VOB ERBTE TRV LIRL L EAONS, I 71 3ER16m TRELHE
ERCBEOBLSIEE 245, o 3/ 11lmd 5\ id12mE THERVSREBT L, 2O LEE
{LBEEZEMTHE L TA S L, KEIBAORFTAETED ShlD LERD 7 V- T4
MBORETH B, THDHE, HHELBHEOFLO Ny —vitowTiRasfLaw ¥ 5hi—
DIN=TF, RFbUFS5LFv*al ¥IBEI—DDIN—TThHb, BIEDIN—T
D2y — 3B ORBIHHEN W 5 PHh R ERNENETRT. Jhicdl, kEos/ V-
TIMERORFEEE» SEHICHENL, EAHCMEHL LHMU S —vThHd, TOTEH
BIiHETORBIUHRUE LBEBOBRITBVTTHS, K, A L9¥5LFv*s
775 LETOPRBIBISY—vbEDONE, EAE, MELRE>DVWTERAT
2 ¥ 5B ERCMERHS L BIBRMUTERTORKL, FvF 37535 3—HEDEH
ERLBOEMTA2E W8 —vTH 3B,

Pl & 3 B E{LAREETHAMCETTI0R, A7y ¥ 58568 { AR 24m
(Bfkic k- Tid2im) BTH A, ho3Fa<A, a=¥5RkUFT v *3 2 ¥ 5 13MER2
6omd A WM F2Tmm (i & > TR25m) 5§ TH 5, ¥4 7 13Gorubunova® iz k 5 &, &
E25mfiﬁ®=t 5?560

BEROIH/IG -2
FEADERAEREORE ILEORFHEN ShIcd 5 LV ) BERP 5H 4 O/IC>

WTEEHiT A T LichhgshTEL Y, Lkl, &> TEREIFE» SHEE
BT AEEOBBICESES TEAMRBW L >MEHEA TV S, ThoDHRIRS 51

Gadus macrocephalus Eleginus gracilis Theragra chalcogramma

14.3mmSL 12.8mmSL

Fig. 3. Larvae of Gadus macrocephalus, Eleginus gracilis and Theragra chalcogramma.
Illustrations of gadid larvae are from Haryu and Minami'.
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Age determination of walleye pollock
based on the otoliths (Review)

Akira NISHIMURA®

Accurate age determinations are essential to understanding the biology and in
stock assessment. Otoliths have been used to estimate the age of walleye pollock
(Theragra chalcogramma) , however accurate age determination is not always
easy due to the existence of false rings and unclear annual rings in older fish.
This review summarizes the morphological information about otolith, with
references to the formation mechanisms of annual rings and daily growth
increnents. This review also covers the methodology of age determination based
on the annual rings and daily growth increments in otoliths of walleye pollock.
In this paper, otolith microstructure are used in solving interpretation problems
in aging adult walleye pollock collected in the Bering Sea.
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Fig. 1. Light microphotographs of the otoliths from walleye pollock collected in the
Bering Sea. A : Brake and burn method. B : Section method (section along the
short axis of the otolith). C : Section method (section along the long axis of the
otolith). Bars indicate lmm.
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Fig. 2. Daily growth increments on the otoliths from juvenile walleye pollock (scanning
electron microphotographs). C : Otolith core.
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Fig. 3. Ligtht microphotographs of Age-1 walleye pollock.
A : The otolith shows one clear translucent zone,
B : The otolith shows two clear translucent zone,
Bar indicates lmm.
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Reproductive characteristics and spawning strategies
of walleye pollock, Theragra chalcogramma®*

Yasunori SAKURAI"

Biological and ecological aspects of gonadal development, reproductive cycle,
spawning progress and spawning behavior of walleye pollock are reviewed based
on the both field and captive studies. The developmental form of the pollock gonad
is a “partial synchrony” type, and the spawning process can be defined as a

“multiple spawning” type. Criteria of maturity are proposed to distinguish
among immature, first maturing, and rematuring males and females, and to
determine fecundity by both histological characteristics and gonado-somatic
indices. The spawning period within a pollock population lasts 4 to 5 months,
with a peak spawning of 1 to 2 months. The cause of the protracted spawning
period may result from a time lag in spawning migration caused by variability in
maturation within a population, and multiple spawning by individuals over a
period of a month or less. Experiment al captive breeding may help elucidate the
reproductive characteristics and spawning strategies of pollock. A mass breeding
experiment, including collection and holding procedures, and the spawning
behavior and progress in captivity are described. Reproductive strategies of
walleye pollock is compared with those of other gadid species, and a working
hypothesis on the relationship between reproductive mechanism and variability of
pollock stocks is proposed.
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LT, ARETR, A7 o FS5OEREICEREST, RBD SERNCESROLE
YENSRE, FEOBL, SHEETHOWRER LHFEOMRELATTOMELRR
L, FEHC % sSHABOTTOR Y b 9 ¥5 O & SR OfE -t ic> v Thth
W &5, ThODHIRESEOR Y b 9 ¥ 5 OB ERE & RREHOMAICET,
ED LI BEERGESRELTEMLTTHERVLOLEOVWTHIBE LV,
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ChETic, AREOHOIIHEOREBIRIC>VTIZ, HBENHESTOhTVLEY Y,
i, FEREEK L~V THBEMB TR EOEREZTS C EHUREERP SIHSMICX
hTW3* %, 22T, ChooBEoREESVWT, BOXRRIRED S ORBERL,
EID SHOPE T & TOIRSOZ (L%, BREIY 4 XO#E L REABOL(LoMR & L
TxrL%E (Fig. 1)
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PRI TRBINOBIIASET 5, HIBRE 2, Ch CHREOERKOHABAICEICE
FNTUOVAERIRY, PROGAFLEIPRBEICHHENTEETIHEEELTVS
(Fig. 1 —8), R h/-5ERIRI3, | DoENTHRiizh, £OEEOIREIIEIR &R
CAREBHZRDA L1 5 (Fig. 1 — h)o AEBLEBHHOND 5 BHTRBII~0BIT,
DREEA~DHER E Fhick CERIZ, ThE TOMBICL 3ENER»S, BLE2, 3H
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spawning) 12K~ T, SIEOAERIXEIRIHE OFSEH LI BRI A/DBIRTE S 2 REH
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.a Maturity- I, Yolkless stage
)
L
"_-,‘b Maturity- 11, Yolk vesicle stage
4 Maturity-Ill, Early yolk formation stage
\
! :‘?‘{j . Maturity-1V, Late yolk formation stage

Maturity- V,
Migratory nucleus stage

FEN K Maturity- VI,

2
@; /’ E 4 I
Late spawning slage o™
2 A5

oM Maturity- X, Spent stage

Size of oocytes in ovary

Fig. 1. Expected maturation process of walleye pollock. The ovary development
and spawning progress are based on the histological and captiveexamina-
tions. [llutrated oraries show the chantes of maturity from the migratory
nucleus stage to the spent stage (After Yoon, 1981 : Sakurai, 1982)
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B, £OHHRILL EPHRBIUHRIZ B > TVWE0MEETH 5, C DIPHIROFE ORI,
ZOROE—ERRICZHEIERT 5 LicBEL TV AaHEESEL SN 5, LY 5§
BETHBMYPEREEHOERYT 2 KEFEE~ Y 5, Gadus morhua® & FHaddock,
Melanogrammus aeglefinusTb, JIRIBORZFIZIZ 7 b v &5 LEH THUL ~H8ERH
ST EBREETh TS Y, —4, KVEHE~Y 5, Gadus macrocephalusE5TF 3 <41,
Eleginus gracilisTi3, ERZNIPOREIBD TERKMNICETTELBERENTS
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ek, RMOEMRORESRELME I CHALIHEL L TEMEESRHEVSh TV 3,
AFro sV Th, RO IFTEMBEREZER L KGEEZHVWAIEE L, FEHIC
e 24 RERER O SR « GSI (gonado-somatic index) HEHV3HEEME 5, BiFIRE
KRERITCHV SR TV, BEE~OHKHBEBENTORSERAB &2, GSI
BBLTWS, KL, =¥50&5 cHABYERGEEOI10%L LEEA 2R8TIE,
Wb GE (WER) (o 24 MREROLRANBRIEICEDE L b5 57,

LAaL, SMREREHOA TR, RBOENE(LEEETELV, £ T, HENT
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VY505 ILABOEFENR L L TEEHOBRREZE I B, ARFNRAETE
AMFFENI-CSIEEFEEVI0BENTH 57, MR, KL Rao¥], yEE
B & REIIAOXR]H 5 Wi (fecundity) % & ORFABE THAlT XEhizow
Tid, —ICOEME[AKH SN TE/ (Table 1)+479,

KD SHANOBITOERE, ERBITOLHOEHNX 7 LRETE, £0ER
IR (LR, TR OIS, T IRE L oEla s R T 5
HREICHYT 5. ThoOSFEIROFEERE % B4 5 GSIELHE(H (3 M T2.5, HETIX1.0L
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Table 1. Criteria of pollock maturity for distinguishing among immature and
maturing, post-spawning and immature, and for examining fecundity
based on the histological characteristics and GSI.

Items Maturity condition GSI Oocyte  Optimum season Cited
diameter to determine
Maturing and male : Spermatocyte stage =10 within 2 months Yoon(1981)
immature female : Early yolk formation stage 225 203mm before spawning Sakurai(1989)
Post-spawning male : from Spent stage to =02 within 3 months Yoshida and
and immature Multiplication stage after spawning Yoon(1981)
female : from Spent stage to =10

Yolkless stage

To examine female : Migratory nucleus stage =280 0.6mm~  before spawning Yoon(1981)
fecundity (not include mature oocyte) 0.8mm Sakurai(1989)
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| Spawning period
'Elrly Peak

2 luutlnn stage &

Irtory nucleus stage

MATURITY

Fig. 2. Estimated pattern of reproductive cycle on female pollock having the long
spawning period from December through April (8akurai, 1989)
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Fig. 3. Treatment of overexpansion of the swim-bladder. The excess gas expelled by
threading a hypodermic needle into the swim-bladder
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Fig. 4. Changes in the frequency of number and diameter of spawned eggs in relation to
multiple spawnings of the captive female pollock. Dotted lines and arrows
indicate the mode of egg diameter (Sakurai, 1982)
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Fig. 5. Serial spawning behavior by the ventral mounting of walleye pollock in captivity.
Traced from photographs (Sakurai, 1982 : 1983)
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captivity
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Parasites of gadid fishes in Japanese waters (Review and bibliography)
Kazuya NAGASAWA*

This review compiles information on the parasites of gadid fishes (Pacific cod
Gadus macrocephalus, walleye pollock Theragra chalcogramma, and saffron cod
Eleginus gracilis) from Japanese waters. Thirty-two named species of parasites
(2 Myxozoa, 5 Céstoidea, 8 Trematoda, 7T Nematoda, 4 Acanthocephala, 1 Hirudi-
noidea, 4 Copepoda, 1 Isopoda) have been reported from these gadid fishes. This
review contains information on parasites which may be useful for the population
study of Japanese gadid fishes. It summarizes knowledge of human pathogenic
parasites, such as Pseudoterranova decipiens, Anisakis simplex, and larval
spiruroid nematodes, which may be infective to humans if they eat raw or partially
cooked gadid fishes. A checklist and bibliography of parasites of gadid fishes in

Japanese waters is presented.
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b HBEEAHEIC I~ ¥ 5 Gadus macrocephalus, A b9 % 5 Theragra chalcogramma
B LU 321 Eleginus gracilis® 3O ¥ SHAFMAHT 5. WFhbd, KELFRHITRA
HTHy, FCAF by 3mMIMRICERHEONS [T05] ORBRAELTEZDHTE
EThH3,

BAEIERD 7 sHEaE» 513, ChETe#E{ oFEhsfigsh T, LL,
FhoFHhOWHEERNICEE LA b0REV, £/, FEhiE-#H s
IR IBRE ATV A%, AHES SHAEOHFER T 2HHERL5ET3
HiT, XMAFLRETE OEENE -T2, £CT, ARRTREZ[ALHERD 7 SHA
H3firoMEIhAHTERCET 2 EHEEE - T oL L bic, FHES SHAED
FERICHET 3 WB&EE R L.

BAETR, ANORBLEFEREAVCGEIILALY, AEEGFECSA 2FEROREE

HCES  A207 (19934 1 H25HZHE)
« HPFKEWFEAT (National Research Institute of Far Seas Fisheries, Fisheries Agency of
Japan, Orido, Shimizu, Shizuoka 424, Japan)
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gadi & Scolex pleuronectes®13 T\ 5, B UE&HIEH [A. gadi(=A. rugosum) &S. pleuro-
nectes(=S. polymorphus)] &, BILBE=¥S LA b ¥FshobiRENTVE,
%7, Hasegawa" (3Diphyllobothrium alascenselZiIiZED 7 Lot/ 3 4 FEBEXBD




BEFL@\RIc BT 3 7 sHANOFERGRER - XBER) 1N

A b ¥shofELTWAS, AYERHEE (Trypanorhyncha) iC@T 26D TiE, =~
1) »&hiNybelinia surmenicola®7 Vo34 FOFEMIL Ronpmname Aff
BT, AT P VSORBRFEELTED, ZL 0BEBESLTRIRIKE-TWVS
Cibdd, FMOPMBERFF7 IHT, BBERXXIFATHERW, =) &
HLATIR, BUBE~ ¥ 5 5 5 Grillotia erinaceus®7 Va3 4{ FHERERESHTL
5%

Wedoiid, Zhukov'® iz & » TEABHTHRES iy SHEED STEBS Ot bOB%
\» (Brachyphallus crenatus, Derogenes varicus, Hemiurus levinseni, Lecithaster gib-
bosus, Lepidapedon gadi, Podocotyle atomon, Podocotyle reflexa); HWBEDHEE T
13, Yamaguti™ d3< ¥ 5 b & Lepidapedon gadi (=Lepidora gadi) , A5 + 95 5h 5
Hemiurus levinseni (=H. odhneri) 28&ELTV3, LbICHILBTHEESI N bDTH
%, Ichihara™ i3, Jt#BEREIMBERD X4 b ¥ ¥ 5 5 Aporocotyle theragrae®sC# L 720
A2, BTHL® Lk -» TIHEERUMO Ry b0 ¥5h 06 RVEENTED, #5 1RE
Bfic A% b9 ¥ 5p 5 Lepidapedon gadi, < % 5#» 5 Podocotyle reflexaB T35, ¥ 1
BT, Machida and Araki® (%, #+—Y 2#ER Y + 9 ¥ 5 & Lepidapedon gadi, =2
<4 LA 5 + Y ¥ 5 5Hemiurus levinseni*3R#E L T\ 5, Aporocotyle theragraeliiil
BERCHFEL, thoRBRIFPHL LM EBRICEHFET 5,

WESY S8 (Nemathelminthes) T, #H (Nematoda) #57 sHEHMICHE
T3,

[EHEE (Ascaridida) O 7 =4+ 2F B HMIcBT 2 b D& LT, Anisakis simplex,
Anisakis physeteris, Pseudoterranova decipiens, Contracaecum osculatum, Hystero-
thylacium aduncums & BAEFRE ¥ sHEH» SHEShTWVWE (KALY ; tho ki3
@REM). Hi 3 MIRANEEEPATLUHEETANAE, AKicA->TT7 =4+ 23|
ERCTLENBZ0T, EZLABTAREFERNTH B, HFFHES SHAEIPOA
FicFE 3 2 eSS W B33 Pseudoterranova decipiens & Anisakis simplex® 2 fi
ThHb, ChoREIMGHESY SHERCFELTVS, £ FREROBETREL, #
EWMILEPREETH S, ThThOLETEE ZBowen™ DR & Nagasawa™ ORIRICHFH L
{EBEh T3, Hysterothylacium aduncumiZE{LER, HhElZABRCIHER:, HAICHFE
T3,

C i3, EREMHE (Spirurida) KB 2@HBE LT, AscarophisBD 28 (A.
filiformis, A. pacificus)™'® EKEFED 28! (Type IX, Type X) O GEHEh TV
37, FHEEELE, AscarophisiBEh¥EAE, KEEOYHBEEPLIHEETH 5,

ST S REMEIcELE T 28958 (Acanthocephala) & LTI, # S#EESEchino-
rhynchus gaditik HIGHTWS, Aflii3, HHY Tk > THhHETRIIOICHE h /26
BB TS 5, 113, dtlE At — Y 2HO=Y 5 LILIBEEPEEOR Y b9 ¥ 53hD
4 SR ER W Lz, £0%, Yamaguti® BHEBOSYSER 7 b9 ¥ 555, Zhu-
kov'® RBEFIEBMO I H 5, K - NEP b - —V IBORT Y Y SHOEEEE
TW3, £7/80ll, Araki and Machida® 3it#EESHE XN EXBO S EX T
VY I oRBEREL S FERBIBBTHY, BHY 0RFEEE AT BAKEEL
—REEBL” LTV BIERE, FEHMIBL,

¥ SEEEHEDIEMICIE, Corynosoma strumosum®DHEFIEsHD <4, Echino-



2 ERENbL

rhynchus dissimilist’{t#BERUGP D= ¥ 5V hoHEETh TV S,
REBHY HPEOZ SHAELOHESATVAIRE®HY (Anneida) ¥, L
(Hirudinoidea) @ % # & JvLevinsenia rectangulata (= Ichthyobdella uobir) DA TH

%, BRBTRES <y sV EtEITREBS WA T by S5 oGS
T3, FEMAZMERET, o4 EABEEL TOAEEARI IBRMESR >N 37, ¥
FELVDOEZIMLT, DHPEHOKE (AR« EBY) Ti30ka™ MdyE L flchthy-
obdella uobirdfEbNTWBH, TOEZIIFHE I Levinsenia rectangulata® v/ = L &
ENTVLAE™, Aflii2, ILAFH, BEEBBLU~<-) v /B0 7 SHERCHFET Y,
Nagasawa™ ic X hid, JIBEEHBOR X b ¥ 5icBiF2 94 ELDFERIIIERICEL,
1981~1985F 122 500BR BB L it bbb o, HFERARDTLIEBTH-2EV I,
MDY BEARLHRO 7 > HRABCHFET 20EHHY (Arthropoda) 213, HREE
(Crustacea) @#1 4 7 ¥ (Copepoda) EEMIH (7 5 ¥ 4 ¥ Isopoda) H3dh B,

#4147 & LU TldLepeophtheirus parviventris, Haemobaphes diceraus (=H. ther-
agrae), Chondracanthus theragrae, Clavella adunca (=C. unicinata), Clavella sp. @
SHAIBHEZhTVS, ChoDH 5, HidfliidYamaguti @ BEILBOZRr+ v 53,
Clavella aduncaiiYamaguti®® &Shiino® BEhEhEB LB LHERETHE K=y S5H
SICML7-bDTH B, £/, Clavella sp. 135K s NP A F—V I BOAF O ¥
ShoiREL-LDTH S, Haemobaphes dicerausid, B, JtHEBABEDO A b v
5o BRI TVA™ W W, FUERRT I3 Lepeophtheirus parviventrishikz, fhod 4
FHETH 2, 158, Haemobaphes diceraus®FZICBIL TRBEE b HRHH 5, Kaba-
ta® (34 F ¥ XK EHER O Haemobaphes|B % W35 U 7-B8, theragraelddiceraus® ¥ ) = AT
HBHTEETEL, TDEZ(ICrabda® itk » THF&hiz, LL, &I, Kabata® i3
MEENEE LTR-THY, COMOAFCRE SFHIRBLETH 5,

i, SWROFERE LT, 235/ Y5 3 Rotinela maculatatid 5, AIES 5
HES~o4iBoFE 2 83 us, Yt hidEZBRAFFEPEXEDL
~60mOBEICE D, LIELE “7 35" BEORBOBRICEETI LV,

YSHAROERHRICEIIZFLEROER

FHEHOHBRRRICESVT, 7 SHABORHBI ORI EHETET 5 C LHHCKT
BE{hoRABShTVWEsmmmE AL, bHETRS SHASOERMETEER
EWMEBACFRATACLRIEBEAL P oo DT DIIT/NEHE « BEF™ LXK - B A3
BEE2SUCILKEHER 7 + v ¥ 5 ORETRIFNHA LT - B, B LD AnisakisE#
HOFERREFARLC LB -BETH 5,

EBO™ 3, 1981~18FicitipEALBEETRES NI A by Y SOBICHFEET 5 4
4 7 vEDHaemobaphes diceraus* I, T OHBRRHSBBHETRLEAIEEZRWE L,
St khid, K PETEIRFERSHBENREVY, BEEE4+—Y 7B TIHEL, SR
KB EHEROELEHR/NEh-EVI, CORRR, AXY b FSORBHEEELT
Haemobaphes diceraus®’EHTH 5 LERTEHDLD T, KFEDOR T by ¥ 5ER
REABBELUF F— Y 7BOAT b FSEREXNENZEETELTV S, 5IF




HAR ARk T 5 5 sEREOFERGES: - XXTE ) 73

ChFE TIERS U EROER PRI ENRORER &Y T, JtilsEALiEso 2 -
PO S ORBERT B LBUETH S,

F7:, Nagasawa® (IR 4 + 9 ¥ FICBIT 594 ELOFERMYERTHEOILAEETI
EFL{Eb->c g Lic (F4EF04%). L L, HEfAmEotToxETREE N
fAr oy S1I00REREL, 1B (FER1%) K4 ELOFLEERDTVS (BRE,
KRR TOTER, BRICL-TYFENOFERICERBSD, RBIEEE LTHA
TEHAHEHER LTV S,

—, B S™ |Haemobaphes dicerausDHEEZ A7 b9 ¥ 5 OERE & EREIR
HEREEMBEL - EhS, COFFERRAF YV SONEEABUCERELTIZT L
EE Lo, AREHREEAETLITDO, 717 vHEOHEC - TS SHAMHOERI
RIFTHERHEEN TV 3, fi2, Haemobaphesi® & [EREICHBIc &4 4 3 Lernaeocera
branchialisDFEICE L TRE{HE ST h TV a3 R®  Znii,h T, Hislop and
Shanks® (ZJLHFEE/ F v ¥ Melanogrammus aeglefinus®F I\, Lernaeocera branchi-
alisDEFEITL » THEFERLD 21% bBDTEEEPSPITL TV S, £/, Khan®
I3 KPGE= ¥ 5 Gadus morphuaic 4 % Lernaeocera branchialisDESEZEERIICEEIC

SLTWE, 5%, BHETLREEHOMOEFES (& ZidHaemobaphes diceraus!3fg
FOLEALRMLTVS) k58 SHANERNOREEERH T LBMETH S L
Bbhsd,

E¥bJURRAELRBELCSFER

ER Utk S icAHE S AL, S, WALALREERBESN TS, TDEH
TEEZBLIUAREE FRIEE 301, 724+ 200 EEEGRES LU=~
vEHTH B,

T =& A8 RHOMhEAE F OEEBICBA L TEET AEENR T3+ AETH 5,
FEER, 79 F APHRRESEFEL LTV A2AEY 1 EEES VW RTAERTEENTES
~NETEMFERTHD, WHPEEEEEFHIERET S, ¥ RANTR, ¥ 385
PEMLHTEARLGNE I ENE VY, ToRIIFLET 3 Pseudoterranova decipiens
tz\3Anisakis simplexhsBAT %% & 4 65k 6 SR w16 w15 ) Y ko> TIRAL b Y &
FOEBICERT A 7=y + 2ESHEI A TED® 2%, Ao TiBEERME TIREL
ZDAT b9 Y S HOBEHRIC Anisakis simplexD NEZEFIDBBEM LIz EVWSD, £, %
SaDERICEZFLEFOSATV AR 2 A asaanwuwu  Fopz @A Licdhifdid, A
REoKINE BT EMO NI EBICBINT AT EMBTE S, 48, 7=+ 2ABHEHE
Tt B AREAEFENIERIC LTI, KED SEHY itk - TREVE LHEhTWS,

Boll, EERBEHEOHE (Type X) O AEHFEFBEHESATVWEY , AHIEE, 247
PSR F I HORBICEELS Y7, ChofNHEoERICE-TARKICAS L,
BRTEITEREC T, 72750, BERELTIE, A7 b9 53 3ERINEBENIILAL
BWWHHEDEETHMNL, 3701 aBERERREEALONTVSY

=R vEHOMBEMIhETILY SHEEDERIC L > TABRFE LHE RV,
LHL, A7 bo¥sicBiis=~1) vL£hoFtidEs LTHED TEHICRA TRERE



4 EEfth

5z231%, AREEL BETREFERTH S, =~ YZHRIADOKEE, AEH»SH
WhcBET 540, ARTEERONBTENBHEE, RTFFIFS5DT 9y va e
Toy JBERICR T =V F AR EER, FEbF+ v P YR X-TRERS
BExhzd, RfALSOELBREIE#ETHILVHY,

& H Y [T

RN TIRARE ¥ sHAHOFERICMT MR 2RI L, 32@OFE R OfEZH9¥BH
LTWAT EMHShICE 51z, UL, COBREOBBETHOMIZE-12T &3, FIPE
7 SHAREOHFERICET 2 HHORETH 5, bHETIE, FEFEDHOEIAT SHE
KTETVWEVWRETSH 5. BKicsit 3 7 SHEEOWE T, KEEREPRREDN
PTHEERLEECHEREL LTHES T oh, B 0HESEREIhTVWS, 4,
BEET 35 OFEENUHEHERIE L T 5, 5%, FEHoWMELHEEN TS
TEitE-T, #S5HAHOEECERICHEI AWES—EBERT A EEHFELLL, £
o, EENICATS, S5 PRAT M5 T=H+ AROEENFPRTH 5, KEE
RS &L ANEHFEDMEE L OREMFKICL - T, FERPBETOEEEMAT I L b
AHEFREA Do

Ll *

A ERDBICE ey, EEPILEEKERBRRICHE L BICAr by ¥ 5 0%FER
BT AAEIAE R FIXZUTTE 5L L bic, BL{OBREUENEZRELTTE -1
JedmE Pk ER BRSO/ NER R, JbEE Rt kERBEOEBRERK, JtiEril
BAEIBBO=FEHRRICLroBILEBLEF S, 3, TRHLE{RESESXTT
& o fodkipE T K EARBOFHERF LICE RS 5, BRI, FCHECLED
XRAFCEAUEE 5 SN EFEHAFONBREETRE, IeE TREKERR
BoEFmEE, ErRFEEytEoRHERSicESsT 5,

3 ik

1) #HERE : Anisakis I BB EBICBMT s8Ha. ARiAE:E. 22, 197-235 (1973)

2) ZHEBE  bUEICE T 2O SR BMERRKR. 34, 517-526 (1992)

3) Ando, K., Inaba, T., Miura, K., and Chinzei, Y.: Morphological features in cross
section of the suborder Spirurina (Nematoda) suspected as the causative agent of
creeping eruption. Jpn. J. Parasitol. 41, 46-48 (1992a)

4) Ando, K., Sato, Y., Miura, K., Chinzei, Y., and Ogawa, S.: Further observation on the
larva of the suborder Spirurina suspected as the causative agent of creeping eruption.
Jpn. J. Parasitol. 41, 384-389 (1992b)

5) Araki, J., and Machida, M.: Some acanthocephalans from marine fishes of northern

Japan, with descriptions of two new species, Acanthucephaloides ichiharai and A.




BEAL#RIcEY 35 sHAEOFEh(RR - XRER) 75

claviformis. Bull. Natn. Sci. Mus., Tokyo, Ser. A. 13, 1-11 (1987)

6) Arthur, J. R.: A preliminary analysis of the discreteness of stocks of walleye pollock
(Theragra chalcogramma) from the northeastern Pacific Ocean off Canada based on
their parasites. Can. Tech. Rep. Fish. Aquat. Sci. (1184), 1-15 (1983)

7) Arthur, J. R.: A survey of the parasites of walleye pollock (Theragra chalcogramma)
from the northeastern Pacific Ocean off Canada and a zoogeographical analysis of the
parasite fauna of this fish throughout its range. Can. J. Zool. 62, 675-684 (1984)

8) Arthur, J. R., Margolis, L., Whitaker, D. J., and McDonald, T. E.: A quantitative
study of economically important parasites of walleye pollock (Theragra chalcogram-
ma) from British Columbian waters and effects of postmortem handling on their abun-
dance in the musculature. Can. J. Fish. Aquat. Sci. 39, 710-726 (1982)

9) Asaishi, K., Nishino, C., and Hayasaka, H.: “Geographical distribution and epidemi-
ology". Gastric anisakiasis in Japan: Epidemiology, diagnosis, and treatment
(H. Ishikura and M. Namiki, eds.) . Tokyo, Springer-Verlag, 1989, 31-36.

10) Asaishi, K., Nishino, C., and Hayasaka, H.: “Passive hemagglutination test (Boyden)".
Intestinal anisakiasis in Japan: Infected fish, sero-immunological diagnosis, and
prevention (H. Ishikura and K. Kikuchi, eds.). Tokyo, Springer-Verlag, 1990, 167-181.

11) Bowen, W. D.(ed.): Population biology of sealworm (Pseudoterranova decipiens) in
relation to its intermediate and seal hosts. Can. Spec. Publ. Fish. Aquat. Sci. 222, 1-306
(1990)

12) £H—Z : SRE~For A VRE (T=%FRE+ 75/ —NE) OBK-& (i vighy, M#
BirEREZE LI -, HEE. 8, 1513-1518 (1973)

13) Epshtein, V. M.: On the taxonomic position, mode of life and geographic distribution
of Levinsenia rectangulata. Parasitologia T, 286-292 (1973)(In Russian with English
summary.)

14) BHEE : RBEoFLEDRE. BHYFHE. 32, 275-28 (1920)

15) Fujita, T.: Studies on Myxosporidia of Japan. J. Coll. Agric., Hokkaido Imp. Univ. 10,
191-248 (1923)

16) Grabda, J.: Observations on the localization and pathogenicity of Haemobaphes
diceraus Wilson, 1917 (Copepoda: Lernaeoceridae) on the gills of Theragara
chalcogramma (Pallas). Acta Ichthyol. Piscat. 5, 13-23 (1975)

17) Hasegawa, H.: Larval nematodes of the superfamily Spiruroidea -a description,
identification and examination of their pathogenicity-. Acta Med. Biol. 26, 79-116 (1978)

18) Hasegawa, H.: Studies on the diphyllobothid cestodes in northern Japan. (4)
Plerocercoids recovered from the Alaskan haddock, Theragra chalcogramma, and
adults developed in the golden hamster. Jpn. J. Parasitol. 29, 473-482 (1980)

19) #EFRYE, /hEf K 24+ 955 olGEEOMBENERICOVWT. BLKPE. (38), 41-74
(1977)

20) B &, BA W BREY ¥ #% REEE, CEE= YT =+ EORMK. dtis
AR, 12, 155-161 (1967)

21) E—iﬁ # OhA W OEEE LF & ABEE KEE=: 74 F AEOREFNTIR



76 R

01 FOEARISIC2WT, BREEARESSE 29, 175-181 (1968)

22) B & G6f W Ok A &ROTHE, SRkR=, BUHEE . BRI 2RO T =4+ 24k
HREsNLEMzoVT, JtllAREE 14, 141-146 (1969a)

23) BiR B h& W kW & &G, 55X BAR=: 74+ REOTFHET H
% — & {Italcohol, allyl-& phenyl-isothiocyanate BLUBHOREHPICBI A7 =4+
A2$hhoEikicoVwWT—. JtilAREE 14, 167-171 (1969b)

24) FHEE  SHBERELIVBON T =¥+ 2 | HhhoBREHERIC L 2REEOLE. #
RIE, 23, 405-418 (1972)

25) Hislop, J. R. G., and Shanks, A. M.: Recent investigations on the reproductive biology
of the haddock, Melanogrammus aeglefinus, of the northern North Sea and the effects
on fecundity of infection with the copepod parasite Lernaeocera branchialis. J. Cons.
int. Explor. Mer. 39, 244-251 (1981)

26) xZEW, FAFEXR FTikil AHES BHE— : 25ETHIcEY 57 =4+ 20H#E (2).
MR T IcBY 29hofitkicov T, SHEMREGH. (18), 105-107 (1971)

27) Ichihara, A.: A new blood fluke Aporocotyle theragrae n. sp. (Digenetic Trematoda:
Aporocotylidae) from a marine fish, Theragra chalcogramma. Res. Bull. Meguro
Parasit. Mus. (3), 1-4 (1970)

28) TFREES, ETHEM, HE 8 FHEY SEAETOMOT =4+ ABRIBNAE FLER
#. 17, 582-583 (1968)

20) fhE % R EX KR M KEE—: 79+ 2Y9BhoFE NI RIETRRS L URFEORE
deAokERH. 38, 301-310 (1987)

30) BA M 74F2fEIoVT. dbimlEESEE 43, 83-99 (1968)

31) AR W HHHETF . 7o F APBBOAFBTEICOVW T, BAREMS<EE. 57, 1649-1655
(1967)

32) Ishikura, H., Hayasaka, H., and Kikuchi, Y.: Acute regional ileitis at Iwanai in Hok-
kaido with special reference to intestinal anisakiasis-. Sapporo Med. J. 32, 183-196 (1967)

33) hA W OBk B ki &oRi, e M B & BB omE (£05)
— SR EREB R OREIC B 2 KBRITI —. BAERABESE. 31, 77-61 (1970a)

) BE W iR B ok 4 LEF & &B M RENE SARE EHFEH . T4+
AZFEDOFHICBT 2HRE (2) — L CHEBEL SV RBROBRBLBIETERICDLT -,
JesmEAFIE. 15, 41-46 (1970b)

3HB) AR W FMHET BR R B7 =4+ AEOCHKEHREFNSE. BFEAHEHE. 36, 663-
679 (1967)

36) A W FMigAT, B R EREN LY # - dtBEcBI AT =Y+ RECOVT,
BAREARESFRE. 29, 49-60 (1968)

I BA W BHMBLET BR R EEFY LY 8 tEEcEUAT=FFRAEOVT.
BEERERABEFE. 29, 49-60 (1968)

3B) AR W FHHET GR & 7=vFAGhuck2BME% WEEB. 18, 393-397 (1983)

39) Ishikura, H., Kikuchi, Y., Toyokawa, O., Hayasaka, H., and Kikuchi, K.: *“Skin

(intradermal) testing using several kinds of Anisakis larva antigens”. Intestinal

anisakiasis in Japan : Infected fish, sero-immunological diagnosis, and prevention




BEEDERICEBY 37 SHAMOFERGEER - XXRER) 77

(H. Ishikura and K. Kikuchi, eds.). Tokyo, Springer-Verlag, 1990, 159-165.

40) Ishikura, H., Kikuchi, K., Nagasawa, K., Ooiwa, T., Takamiya, H., Sato, N., and
Suzne, K.: “Anisakidae and anisakidosis”. Progress in clinical parasitology, Vol. III
(T. Sun, ed.). New York, Springer-Verlag, 1992, 4-101.

41) HHEE, LG8 W B R 74+ REOTFHICET 3% (3)— & { ipyrantel pamoete
OREGHFRISOVWT—, daEAREE 19, 83-90 (1973)

42) FHHE, AR W FE R BE5 Y EMICRE LD EICE T BT =¥ F A FEOREFER
%, SRS, 16, 1336-142 (1974)

43) WERl—: 74 v ¥ a2+ Toy 7 BERHCET 2FEREE" | RELT =YX (HEKEF
£8R). W, EEMFAM, 1974, 151-158.

44) Kabata, Z.: Lernaeocera obtusa n. sp.: its biology and its effects on the haddock. Mar.
Res., Dep. Agr. Fish. Scotland 3, 1-26 (1958)

45) Kabata, Z.: The genus Haemobaphes (Copepoda: Lernaeoceridae) in the waters of
British Columbia. Can. J. Zool. 45, 853-875 (1967)

46) Kabata, Z.: “Copepoda and Branchiura”. Guide to the parasites of fishes of Canada.
Part II-Crustacea (L. Margolis and Z. Kabata, eds.). Can. Spec. Publ. Fish. Aquat. Sci.
101, 3-127 (1988)

47) #F B AnisakisBEBOEES. BHESF. 24, 389-400 (1969)

48) ®H B, WO H@kd 57 =4+ AERER. BAEFFHHE. (2786), 32-35 (1977)

49) FERE—, JIILRE FE-B B Mk b 1 BEET=4F2 - 735/ —NECOWT,
BAESHH. (3079), 30-34 (1983)

50) INEEsEHE, #E B PEBE, ZWEZA  ERBRTBCS O ABERNEOT =Y+ 2 H
PRIz oWT, AMEADF. 18, 784-793 (1968)

51) AIAFER, AKER, BEERK hlfg— KB £ SMEREZETIET=Y+RAE-FIcE
BENFANHONREB LU L Y b IR E T OMKRS —. BEH. 8, 31-38 (1973)

52) Khan, R. A.: Experimental transmission, development, and effects of a parasitic cope-
pod, Lernaeocera branchialis, on Atlantic cod, Gadus morphua. J. Parasitol. T4, 586-
599 (1988)

53) Khan, R. A., and Lacey, D.: Effects of concurrent infections of Lernaeocera branchialis

(Copepoda) and Trypanosoma murmanensis (Protozoa) on Atlantic cod, Gadus
morphua. J. Wildlife Dis. 22, 201-208 (1986)

54) %M @, ¥ @, MZEHE, A5EIR—ER : Contracaecum sp. (type-E) ¥R S o Bh) R
Bk, HRSEEZ. 26, 45-48 (1975)

55) M B, VEEE, THER, K ML BERE K DRI L zContracaecum B ¥R H1 6 F
MOTREFRIE, BERES. 21, 421-427 (1970a)

56) i B, EEH, EHEH K B4 v SSZR0EE LT 5 — RO B
FAamgE, 19, 340 (1970b)

57) ¥t B, MEERE, THEHE, B B4 Terranova sp. SRR OBHYBEER. BRES.
22, 297-302 (1972)

58) FMighAET, EEMgEL, FA G R % B8R ¥ :B7 =4+ AEOERBEREFIL
EFoswsH, 62, 731-736 (1967)



8 EFh

59) /KBRS, /vl A, REH=d, /NERE KBEEX BH B Gkl NHEH: BERE
BLUA ABIC2VTDAnisakinaeSiRRORREE. FHhiE 15, 348-349 (1966)

60) HE 8, TR BTHER FEFEH: REOT7T =%+ 2 (Anisakis) BRBBRAE.
¥Z by b, 3-11 (1968)

61) /NEEFEE], MALERE HPWE MFE— SHez, TENEE: s#E~Fosr 1 VZHE H
AH{LIEMFEE. 73, 1085-1089 (1976)

62) /b A, KERSR, REEZ=®, NEHFE, KREER B R, LRl BTHEWN  HERE
BLUZNAA A& RHENS AnisakidaeSBIHOARFR & & CHRFHIRGT. F4SEE.
18, 466-487 (1969)

63) /NEHE R, WEARYE: 24 b9 ¥ 5 OB HOZR IO LWTORKE,. KPR (38), 17-
40 (1977)

64) Machida, M., and Araki, J.: Some trematodes and cestodes in fishes from the Okhotsk
Sea off Hokkaido. Mem. Natn. Sci. Mus., Tokyo (25), 97-103 (1992)

65) BTHER, WA M #aWk AWIEL : AEESERFEOREEIc-oVWT. EirdiEeEd (5),
1-9 (1972)

66) Miyamato, K: “Prevalence of larval anisakid nematodes in fresh fish from coastal
waters of Hokkaido”. Intestinal anisakiasis in Japan: Infected fish, sero-immunological
diagnosis, and prevention (H. Ishikura and K. Kikuchi, eds.). Tokyo, Springer-Verlag,
1990, 41-44.

67) kit ¥ AR G& W Bt R BAtEBgcT PR (£06) — &< itskin
lesionicBd % KB —. dbdgEAFIEE. 15, 47-52 (1970)

68) Moravec, F., and Nagasawa, K.: Ichthyofilaria japonica sp. n. (Philometridae) and
some other nematodes from marine fishes from Hokkaido, Japan. Vest. Cs. Spolec.
Zool. 49, 211-223 (1985)

69) EF—H#: 75/ -l s2MEER | REETV+ R (BFRKEFSK). ¥R, HE
A, 1974, 73-85.

70) EF—it, ¥H B ABE—: TerranovaBYBRICLE 7 =4+ AERER. B FEPHFH.
(2611), 32-34 (1974)

) EN—# #£rK ¥ ABEA WERR-, KaE—, EEEl eSS 2#~7or
ANREORI - KB F 5/ —dEERPLELT—. AR 36, 1030-1037 (1975)

72) RE—H, Ak W, RKEEA, EEEN $HEAB KEE— 2@~ ForAVAEDCE
#. BEM. 11, 195-201 (1976)

73) Nagasawa, K.: A rare heavy infestation of Levinsenia rectangulata (Hirudinea) on a
walleye pollock Theragra chalcogramma in Hokkaido waters. Nippon Suisan Gakkai-
shi 54, 319 (1988)

74) Nagasawa, K.: *“Anisakis larvae in intermediate and paratenic hosts in Japan".
Intestinal anisakiasis in Japan: Infected fish, sero-immunological diagnosis, and
prevention (H. Ishikura and K. Kikuchi, eds.). Tokyo, Springer-Verlag, 19%0a, 23-29.

75) Nagasawa, K.: “The life cycle of Anisakis simplex: a review”. Intestinal anisakiasis
in Japan: Infected fish, sero-immunological diagnosis, and prevention (H. Ishikura and
K. Kikuchi, eds.). Tokyo, Springer-Verlag, 1990b, 31-40.




BEEA#RIcBT 3 ¥ sHAROFL RS - XRBR) 719

76) BB - kESER, - —® badhch, BELE. 13, 296—297 (1991)

1) REMHE, hithsig, =Eigsk EEHESE  LBERIBRORr r IS KBI BN T Y
HaemobaphesDHERREBELSA2HE. TR2ZFEHFKEFLFFASBHESE
110 (1990)

78) HhBEAE  BfE~Fosr A LRE (F5/—%AKkKL3) 01 H. BREFE. 19, 221-224
(1974)

79) dRIES, #EER FEAFE, E@AT, BETSH g HHEE AR S o %
BHE T =+ 2EOBM. B EMB. 5, 1437-1440 (1970)

80) BAKEXS (R) : L 74+, HE EEHELEHE, 1974, 164p.

81) Oikawa, Y., and Ikeda, T.: “Infection rate of Anisakinae larvae in fish taken from the
offing of Ishikawa Prefecture”. Intestinal anisakiasis in Japan: Infected fish, sero-
immunological diagnosis, and prevention (H. Ishikura and K. Kikuchi, eds.). Tokyo,
Springer-Verlag, 1990, 23-29.

82) KAE*—: “ASEENE . ABRE 7%+ (BFKEFEELE). ¥R, EEHFELERM. 1974,
126-147.

83) KEGE—, Frhiliih : 7 =¥+ A¢hh &z 0ARBEENE BKkE 37, 1020-1030 (1971)

84) Oishi, K., and Hiraoki, M.: Food hygienic studies on Anisakis larvae-IV. On the
relation between the mortality and the penetration capacity of the larvae into an agar
layer. Bull. Jpn. Soc. Sci. Fish. 39, 1345-1348 (1973)

85) Kb®—, & —iff, WEHHE : 7=+ 240 & REdEFrRE - V. FFEthse Ui
Aoy OFREShRICoWT, BkEE 40, 1241-1250 (1974a)

86) KGE—, WHAR, SHAWE: « ((fit) £WoRBEEIE . RBEET=4+2 (BEKE
FoME). HR, EREHFAM, 1974a, 20-22.

87) KhaE—, B WX Tl 7=4%+24hFER. B8 (185), 1-5 (1971

88) KAE—, B HEX Fihlis: 74+ 2YRoRARHEFNRHE 1. 7=4+ AWIHR
DEBRBLUREEST I /BlERIcoWT, B7kE. 38, 69-72 (1972a)

89) KGaE—, B ®|E, Fihlis : 7 =%+ AYhoAREEFNRE -1, BHEBRHIcLs 7=
H % 2G0TI EICOWVWT, HikEE 38, 133-136 (1972b)

90) Oka, A.: Synopsis der Japanischen Hirudineen, mit Diagnosen der Neuen Species.
Annot. Zool. Japon. 7, 165-183 (1910)

91) Oka, A.: Report of the biological survey of Mutsu Bay. 17. Hirudinea. Sci. Rep. Tohoku
Imp. Uniuv., 4th ser. 5, 615-622 (1930)

92) B HKER, BRRE #E: 95BU% . HEFEYRE (). H5, JtkfE 1965, 570.

93) BNFIZK : AnisakisfEDEEEHITHFE, AWHEAZE. 16, 465-499 (1967)

94) KBEEEK  BEABLIVUA ABICHRTAHLVEERF -7 =4+ AFE—I22VWT. EF VA F4
7. 12, 243-252 (1966a)

95) KEBEX : 7=+ 204W¥. F4dEE 15, 285-285 (1966b)

96) Oshima, T.: “Anisakis and anisakiasis in Japan and adjacent area”. Progress of
Medical Parasitology in Japan, Vol. IV (K. Morishita, Y. Komiya, and H. Matsubaya-
shi, eds.). Tokyo, Megurc Parasitological Museum, 1972, 301-393.

97)‘1(EIEﬁ T=HFAE EF VAT 4T, 14, 361-370 (1968a)



80 RO

98) AERIER : 7=4F RAIEIC> T, FEEFE. 82, 295-298 (1968b)

99) AERIER : BEANES» SOFLRE, FELTT=¥FAFIL>0T. &AM 10, 1-13 (1969)

100) ARERIERS, TR, AOWE, BR £ ORBoESEBmEcovwT, FAhik 14,
542-555 (1965)

101) XSEM BA 2 BY £ LEXEBEOCRNEICE Y 3 Anisakinaehh o8, HHE
BLURRRER F4:dizh. 18, 417-418 (1969)

102) KREBIER, BAA 2, ¥VIEHEF B % EEE#HC S Sh 3 Anisakinaedih O L EEE
EBLUBYER, $icTerranova$hficonT, FEdgE 17, 267 (1968)

103) /NI - 7 =4+ 2 S EEBITEICET 2 KRR, F4:digE 16, 470-493 (1967)

104) #4488 @, K % GA W Bl R: T9FRAEORGFNHE o2 BEMHER
BERERSARICE I 2 REEEOMS. tEEEFEE. 47, 241-550 (1972)

105) WO, &&FHH, BH B BLRETRVWHEhL7 5/ = EOH 1 fl. £EXE. 3,
186-189 (1978)

106) 4 AEKRA]: 24 b o ¥ >HFERCHT 2FHE, REBNFEAHI>VT, dLkKEAH. 3009),
14-34 (1973)

107) R, HEES, LEEE & RE MEREE HE ) RE6-AMICERLASH
B7 =4+ 2 8 floWit (BicF 5/ —~ARIgdmEh i), BLRTES. 33, 508 (1981)

108) REXE, Flta=, BEEE, L4 s SH 8 HINE, TEEH B75/ -4
14f|o#Et. Gasteroenterol. Endosc. 25, T13-T17 (1983)

109) Sherman, K., and Wise, J. P.: Incidence of the cod parasite Lernaeocera branchialisL.
in the New England area, and its possible use as an indicator of cod populations.
Limnol. Oceanogr. 6, 61-67 (1961)

110) Shiino, S. M.: Copepods parasitic on Japanese fishes 12. Family Lernaeopodidae. Rep.
Fac. Fish., Pref. Univ. Mie 2, 269-311 (1956)

111) #HFFERE: ool od | HOFBHMRE (th). #5, JLiEsE, 1965, 543

112) g = £ RELT7 =432 (BAKEFELSE). ¥R, EEHFER], 1974, 23-43.

113) mgE ®: ESECEEEA + 7 1 EFEofh B L UHEHOGHICOWT, HKE 41, 813-
821 (1975a)

114) iR = : =~ Y »&HNybelinia surmenicola®ifHEEFRIT> VT (Cestoda:Trypano-
rhyncha: Tentaculariidae) . H7kEE 41, 823-830 (1975b)

115) BA 2 : BEEDREBTE (F& LTT7 =4+ ) OFBESENZHI~VT. BFE
. 24, 378-389 (1969)

116) Shiraki, T.: Larval nematodes of family Anisakidae (Nematoda) in the northern sea
of Japan -as a causative agent of eosinophilic phlegmone or granuloma in the human
gastro-intestinal tract-. Acta Med. Biol. 22, 57-98 (1974)

117) Shotter, R. A.: Changes in the parasite fauna of whiting, Odontogadus merlangus L.
with age and sex of host, season, and from four different areas in the vicinity of the
Isle of Man. J. Fish Biol. 5, 559-573 (1973)

118) Sproston, N. G., and Hartley, P. H. T.: The ecology of some parasitic copepods of
gadoids and other fishes. J. mar. biol. Ass. U. K. 25, 361-392 (1941)

119) Sugane, K.: *“Restriction endonuclease analysis of Anisakis genome”. Intestinal




HAMZ#ERICEBY 2 7 sHAEOFER(RE « KB 81

anisakiasis in Japan: Infected fish, sero-immunological diagnosis, and prevention
(H. Ishikura and K. Kikuchi, eds.). Tokyo, Springer-Verlag, 1990, 81-87.

120) Sugane, K., Quing, L., and Matsuura, T.: Restriction fragment length polymorphisms
of Anisakinae larvae. J. Helminthol. 63, 269-274 (1989)

121) Suzuki, T., and Ishida, K.: Anisakis simplex and Anisakis physeteris: physicochemical
properties of larval and adult hemoglobins. Exp. Parasitol. 48, 225-234 (1979)

122) Suzuki, H., Ohnuma, H., Karasawa, Y., Ohbayashi, M., Koyama, T., Kumada, M.,
and Yokogawa, M.: Terranova (Nematoda: Anisakidae) infection in man. I. Clinical
features of five cases of Terranova larva infection. Jpn. J. Parasitol. 21, 252-256 (1972)

123) SRR : ROFEG—FEL TR by ¥ 50FEdico 0T —, ILiEREAREE. 24, 13-
19 (1978)

124) SR  BEBNESREFEROEFENRTEFRTICRETRE, SF L FEPRFFENT
FHi%, 9, 21-31 (1976)

125) $4ACKARR : Alfk® L UERBOBRYE AT by ¥ sFERCBIETRE. EHFLTFENKE
FihorFoad. 12, 1-6 (1979)

126) $ORHARH, HAEEHRSET . MEACHOFARMA. SFLTEIMAFEEMTIAEE. 8, 1-30 (1975)

127) SEARRARH, FAEEMET . MR UCERLEHFEEFENOEFIRFER I RETHE DL
T. &FLTREPRFEFRTRHE. 9, 11-19 (1976)

128) $HARE], REBHEET  RARBLUFAERRESZ A, by ¥ sFERMOEEB L UREBRNICE
LEFTHBICOVT, AHFLTEMAELRREME. 14, 5-11 (1982)

129) SAMY, KEX—: “Rr by sFEdr | RELT=Y+2 (BFKEZEK). ¥ E
EHEARM. 1974, 113-125.

130) Takahashi, S., Sato, N., and Ishikura, H.: Establishment of monoclonal antibodies
that discriminate the antingen distribution specifically found in Anisakislarvae (typel).
J. Parasitol. 72, 960-962 (1986)

131) Templeman, W., Hodder, V. W., and Fleming, A. M.: Infection of lumpfish (Cyclo-
pterus lumpus) with larvae and of Atlantic cod (Gadus morphua) with adults of the
copepod, Lernaeocera branchialis, in and adjacent to the Newfoundland area, and
inferences thereform on inshore-offshore migrations of cod. J. Fish. Res. Board Can.
33, 711-731 (1976)

132) FiEsFR : “R% . REE 7 =4+ 2 (HFRKEFSHR). B, EEHEARM. 1974, 4-57.

133) Van den Broek, W. L. F.: The effects of Lernaeocera branchialis on the Merlangius
merlangus population in the Medway Estuary. J. Fish Biol. 13, 709-715 (1978)

134) Weerasooriya, M, V., Fujino, T., Ishii, Y., and Kagei, N.: The value of external
morphology in the identification of larval anisakid nematodes: a scanning electron
microscope study. Z. Parasitenkd. 72, 765-778 (1986)

135) /UKRRSE, @fft— G& R dbEETRAELLT =4 FREICOVT. BERETEH. 40, 78-
81 (1990)

136) Yamaguti, S.: Studies on the helminth fauna of Japan. Part 2. Trematodes of fishes, I.
Jpn. J. Zool. 5, 249-541 (1934a)

137) Yamaguti, S.: Studies on the helminth fauna of Japan. Part 4. Cestodes of fishes, I.



82 E&Et

Jpn. J. Zool. 6, 1-112 (1934b)

138) Yamaguti, S.: Studies on the helminth fauna of Japan. Part 8. Acanthocephala, I. Jpn.
J. Zool. 6, 247-278 (1935a)

139) Yamaguti, S.: Studies on the helminth fauna of Japan. Part 9. Nematodes of fishes, 1.
Jpn. J. Zool. 6, 337-386 (1935b)

140) Yamaguti, S.: Parasitic copepods from fishes of Japan. Part 2. Caligoida, I. Published
by the author, 1936, 1-22. 12 pls.

141) Yamaguti, S.: Parasitic copepods from fishes of Japan. Part 5. Caligoida, III. Vol.
Jub. Prof. Sadao Yoshida 2, 443-487, 19 pls. (1939a)

142) Yamaguti, S.: Parasitic copepods from fishes of Japan. Part 6. Lernaeopodoida, 1.
Vol. Jub. Prof. Sadao Yoshida 2, 529-578, 26 pls. (1939b)

143) \hOERE, THEw®E, JIH%XE, Pl S5 Larva migrans@FR (24) #BERME
BERBI BT =Y+ AYhOBRIRE. FEhEE. 17, 262 (1968)

144) HEMERE : “A 4 b9 ¥ 5 Theragra chalcogramma (Pallas)" . ko adhiifct (S
RE HR). tB teFEELr s —, 1991, 120-125.

145) HWEHE, EFHE 4K B ERRAr b0 YSEERE. HACEENERNESSE. Y185,
de#gE T BIREKERERE, 1989, 90-91.

146) HHez, AWNEE, XEEM, FEMYE FHEZ  8F3FHOLYHEOT =4+ FEH
ORET — R IERHRANEE & Ryl . BAEFHHL (2837), 29-32 (1978)

147) HFez, EWNEE, FEMBE, AvERE, MIULE WEFRES HIAKE . HLEEHE
WLUT =4+ 240 L R CKME S OMBMBD AaZFEtko 2 /. B8, 14, 519-522
(1979)

148) Zhukov, E. V.: Endoparasitic worms of the fishes in the Sea of Japan and South-Kuril
shallow-waters. Tr. Zool. Inst. AN. SSSR. 28, 3-146 (1960)(In Russian with English

summary.)




BERO#EERIc B 2 ¥ s HRFoFEHES - TRBE R

Appendix

A List of the Parasites of Gadid Fishes in Japanese Waters
For each taxon, the following information is given: current scientific name, followed

by any synonyms under which records from Japanese gadid fishes have been established;
site(s) of infection ; host(s); reported distribution; record(s) of author (s) with detailed
locality or localities in parentheses, followed by explanatory remarks, where applicable.
PO, North Pacific Ocean; SJ, Sea of Japan; SO, Sea of Okhotsk.

i

Myxozoa

Myxidium ochotense Fujita, 1923

Site: gall bladder

Host: Gadus macrocephalus
Dist.: PO

Record: Fujita 1923 (Hanasaki)

Myxidium theragrae Fujita, 1923

2,

Site: gall bladder

Host: Theragra chalcogramma
Dist.: SJ

Record: Fujita 1923 (Iwanai)

Microspora

Pleistophora sp.

3.

Syn.: Glugea punctifera Thelohan, 1895 of Sasaki, 1973

Site: musculature

Host: Theragra chalcogramma

Dist.: PO, Sd, SO

Record: Sasaki 1973 (PO: southeast Hokkaido, south Kurile Islands, SJ : southwest
Hokkaido, SO: Nemuro Strait)

Remarks: Arthur et al. (1982) suggested that Glugea punctifera reported by Sasaki
(1973) is identified as Pleistophora sp.

Cestoidea

Abothrium gadi van Beneden, 1871

Syn.: Abothrium rugosum (Batsch, 1786) of Yamaguti, 1934b
Site: intestine
Hosts: Eleginus gracilis (2)
Gadus macrocephalus (1,2)
Theragra chalcogramma (1)
Dist.: PO, SJ
Records: 1. Yamaguti 1934b (SJ: Toyama Bay) ; 2. Zhukov 1960 (PO: Shikotan Island)

Diphyllobothrium sp. plerocercoid

Site: stomach wall

Host: Theragra chalcogramma

Dist.: SJ

Record: Hasegawa 1982 (Sado Island)

Remarks: Hasegawa (1982) mentioned that this species closely resembles Diphyllo-
bothrium alascense but differs in details.

Grillotia erinaceus (van Beneden, 1858) Guiart, 1927 (plerocercoid)

Site: body cavity

Host: Gadus macrocephalus

Dist.: SJ

Record: Yamaguti 1934b (Toyama Bay)

Nybelinia surmenicola Okada in Dollfus, 1929 (plerocercoid)

Includes: Nybelina sp. larva (larger form) of Yamaguti, 1934b
Sites: stomach wall, mesentery, viscera, musculature
Hosts: Gadus macrocephalus (1)
Theragra chalcogramma (2,3,4,5,6,7,8,9,10)
Dist.: PO, 8J, SO

83
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Records: 1. Yamaguti 1934b (SJ: Toyama Bay) ; 2. Sasaki 1973 (PO: southeast Hokkaido,
south Kurile Islands, SJ: southwest Hokkaido, SO: Nemuro Strait) ; 3. Suzuki and
Oishi 1974 (PO: Funka Bay, SJ: Iwanai, SO: Rausu) ; 4. Josho 1974 (PO: Funka Bay) ;
5. Shimazu 1975b (—: Wakkanai) ; 6. Suzuki and Matusufuji 1975 (SO: Monbetsu,
Yamato Bank) ; 7. Suzuki and Matsufuji 1976 (=) ; B. Suzuki 1976 (SO: Yamato Bank);
9. Suzuki 1979 (—) ; 10. Suzuki and Matsufuji 1982 (SO: Yamato Bank)

Pyramicocephalus phocarum (Fabricius, 1780) Monticelli, 1890 (plerocercoid)
Sites: body cavity, viscera
Host: Theragra chalcogramma
Dist.: PO, SJ, SO
Records: Sasaki 1973 (PO: southeast Hokkaido, south Kurile Islands, SO: Nemuro Strait);
Suzuki and Matsufuji 1975 (SO: Monbetsu, Yamato Bank) ; Hasegawa 1982 (SJ: Sado
Island) ; Machida and Araki 1992 (SO: Hokkaido)

Scolex pleuronectis O. F. Muller, 1788 (plerocercoid)

Includes: Scolex polymorphus larva (monolocular type with accessory sucker) of Yama-
guti, 1934b

Sites: intestine, gall bladder

Hosts: Eleginus gracilis (2)
Gadus macrocephalus (1,2)
Theragra chalcogramma (1)

Dist.: PO, SJ

Records: 1. Yamaguti 1934b (SJ:Toyama Bay) ; 2. Zhukov 1960 (PO:Shikotan Island)

4. Trematoda
Aprocotyle theragrae Ichihara, 1970
Site: blood vessel
Host: Theragra chalcogramma
Dist.: PO
Recorc)is: Ichihara 1970 (—: adjacent seas of Hokkaido) ; Machida et al. 1972 (PO:Sama-
ni

Brachyphallus crenatus (Rudolphi, 1802) Odhner, 1905
Site: stomach
Host: Gadus macrocephalus
Dist.: PO
Record: Zhukov 1960 (Shikotan Island)

Derogenes varicus (O. F. Muller, 1784) Looss, 1901
Site: stomach
Host: Eleginus gracilis
Dist.: PO
Record: Zhukov 1960 (Shikotan Island)

Hemiurus levinseni Odhner, 1905
Syn.: Hemiurus odhneri Yamaguti, 1934
Site: stomach
Hosts: Eleginus gracilis (2,3)
Gadus macrocephalus (2)
Theragra chalcogramma (1,3)
Dist.: PO, SJ, SO
Records: 1. Yamaguti 1934a (SJ: Toyama Bay) ; 2. Zhukov 1960 (PO: Shikotan Island) ;
3. Machida and Araki 1992 (SO: Hokkaido)

Lecithaster gibbosus (Rudolphi, 1802) Luhe, 1901
Site: stomach
Host: Gadus macrocephalus
Dist.: PO
Record: Zhukov 1960 (Shikotan Island)
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Lepidapedon gadi (Yamaguti, 1934) Acena, 1947
Syn.: Lepidora gadi Yamaguti, 1934
Sites: intestine, pyloric caeca
Hosts: Eleginus gracilis (2,4)
Gadus macrocephalus (1,2,4)
Theragra chalcogramma (3)
Dist.: PO, 8J, SO
Records: 1. Yamaguti 1934a (SJ: Toyama Bay) ; 2. Zhukov 1960 (PO: Shikotan Island) ;
3. Machida et al. 1972 (PO: Samani) ; 4. Machida and Araki 1992 (SO: Hokkaido)

Podocotyle atomon (Rudolphi, 1802) Odhner, 1905
Sites: intestine, pyloric caeca
Host: Eleginus gracilis
Dist.: PO
Record: Zhukov 1960 (Shikotan Island)

Podocotyle reflexa (Creplin, 1825) Odhner, 1905
Sites: intestine, pyloric caeca
Hosts: Eleginus gracilis (1)
Gadus macrocephalus (1)
Theragra chalcogramma (2)
Dist.: PO
Records: 1. Zhukov 1960 (Shikotan Island) : 2. Machida et al. 1972 (Samani)

5. Nematoda
Anisakis physeteris Baylis, 1923 (larva)
Syn.: Anisakis type Il larva
Sites: viscera, body cavity
Hosts: Gadus macrocephalus (2,3)
Theragra chalcogramma (1)
Dist.: not specified
Records: 1. Kato et al. 1968 ( —: Tokyo Central Fish Market) ; 2. Ichihara et al. 1968
(—: Tokyo Central Fish Market) ; 3. Koga et al. 1968 ( —: Hokkaido, Wakkanali,
Haragama)

Anisakis simplex (Rudolphi, 1809, det. Krabbe, 1878) Dujardin, 1845 (larva)
Syn.: Anisakis salaris (Gmelin, 1790) of Yamaguti, 1935b
Anisakis type I larva auct.
Anisakis (Type 1) larva auct.
Anisakis larva (1) of Shiraki, 1974
Anisakis sp. larva auct,
Includes: Anisakis-type larva
Sites: body cavity, viscera, musculature
Hosts: Eleginus gracilis (2)
Gadu.f)s macrocephalus (1,2,4,5,6,9,14,16,17,19,23,24,25,30,35,39,42,44,56,57,58,59,60,
61
Theragra chalcogramma (1,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,
25,26,27,28,29,31,32,33,34,35,36,37,38,40,41, 42, 43, 44, 45, 46, 47,48,49,50,51,52,53 54,
55,60,61,62)
Dist.: PO, SJ, SO
Records: 1. Yamaguti 1935b (SJ: Toyama Bay) ; 2. Zhukov 1960 (PO: Shikotan Island) ;
3. Otsuru et al. 1966 (—) ; 5. Oshima 1966a ( —: Tokyo Central Fish Market) ; 6.
Oshima 1966b (=) ; 7. Kikuchi et al. 1967 (SJ: Iwanai) ; 8. Ishikura and Kikuchi 1967
(SJ:=) ; 9. Okumura 1967 (=) ; 10. Oyanagi 1967 (=) ; 11. Ishikura 1968 (SJ:Iwanai);
12. Hayasaka et al. 1968 (SJ: Iwanai) ; 13.Ishikura et al. 1968 (SJ: Iwanai) ; 14. Kato
et al. 1968 (—) : 15. Yamaguti et al. 1968 (=) ; 16. Ichihara et al. 1968 (—: Tokyo
Central Fish Market) ; 17. Otsuru 1968a (SJ: Niigata, —: Hokkaido) ; 18. Otsuru 1968b
(SJ: Niigata) ; 19. Koga et al. 1968 ( —: Hokkaido, Wakkanai, Haragama) ; 20.
Kagei 1969 (—) ; 21. Hayasaka et al. 1969 (8J: —) ; 22. Otsuru et al. 1969 (—:
Hakodate) ; 23. Otsuru 1969 (—: northern sea) ; 24. Shiraki 1969 (SJ: Niigata) ; 25.
Koyama et al. 1969 (—) ; 26. Ishikura et al. 1970a (—) ; 27. Ishikura et al. 1970b (8J:
Iwanai) ; 28. Mizugaki et al. 1970 (=) ; 29. Oishi and Hiraoki 1971 (PO: Funka Bay) ;
30. Honda et al. 1971 (—: Nagoya Central Fish Market) ; 31. Hayasaka et al. 1971 (—);
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32. Oishi et al. 1971 (=) ; 33. Oishi et al. 1972a (PO: Uchiura Bay, SO: Monbetsu) ; 34.
Qishi et al. 1972b (—: Hokkaido) ; 35. Hirabayashi 1972 (PO: Kushiro) ; 36. Saeki et
al. 1972 (=) : 37. Oishi and Hiraoki 1973 (SO: Monbetsu) ; 38. Iwano et al. 1973 (SJ:
Iwanai) ; 39. Aihara 1973 (=) ; 40. Oishi et al. 1974 (—: Wakkanai) ; 41. Shimazu 1974
(—) ; 42. Suzuki and Oishi 1974 (PO: Funka Bay, SJ: Iwanai, SO: Rausu) ; 43. Josho
1974 (PO: Funka Bay) ; 44. Shiraki 1974 (PO: Sendai, Kushiro, SJ: Niigata, Akita,
Otaru, —: Wakkanai) ; 45. Suzuki and Matsufuji 1975 (SO: Monbetsu, Yamato Bank);
46. Suzuki and Matsufuji 1976 (—) ; 47. Suzuki 1976 (SO: Yamato Bank) ; 48. Nagano
et al. 1976 (—) ; 49. Koyachi and Hashimoto 1977 (PO: Miyako, Kinkazan, Hachinohe);
50. Suzuki 1979 (=) ; 51. Suzuki and Ishida 1979 ( —) ; 52. Suzuki and Matsufuji 1976
(SO: Yamato Bank) ; 53. Moravec et al. 1985 (PO: Shikabe) ; 54. Takahashi et al. 1986
(SJ: Hokkaido) ; 55. lida et al. 1987 (—: Hokkaido) ; 56. Sugane et al. 1989 (—) ; 57.
Miyamoto 1990 (PO: Kushiro) ; 58. Oikawa and Ikeda 1990 (SJ: Ishikawa) ; 59. Sugane
1990 (—) : 60. Ishikura et al. 1990 (=) ; 61. Asaishi et al. 1990 (—) ; 62. Ishikura et al.
1992 (PO: southeast Hokkaido)

Anisakis sp. larva
Syn.: Anisakis type III larva
Anisakis type IV larva
Site: viscera
Host: Theragra chalcogramma
Dist.: PO, SJ
Records: Otsuru et al. 1968 (PO: Kushiro) ; Otsuru et al. 1969 ( —: Hakodate) ; Shiraki
1974 (PO: Sendai, Kushiro, SJ: Niigata, Akita, Otaru, —: Wakkanai)

Anisakinae gen. spp. larvae
Site: viscera
Host: Theragra chalcogramma
Dist.: PO, 8J, SO
Record: Sasaki 1973 (PO: Cape Erimo, Hiro-o, Daikoku Island, Iturup Island, SJ: Kuma-
ishi, SO: Rausu)

Ascarophis filiformis Poljansky, 1952 (adult)
Site: stomach
Host: Gadus macrocephalus
Dist.: PO
Record: Zhukov 1960 (Shikotan Island)

Ascarophis pacificus Zhukov, 1960 (larva and adult)
Syn.: Spriruroidea Type XI of Shiraki, 1978
Sites: stomach wall and lumen
Hosts: Eleginus gracilis (1)
Gadus macrocephalus (1)
Theragra chalcogramma (2)
Dist.: PO
Records: 1. Zhukov 1960 (PO: Shikotan Island) ; 2. Hasegawa 1978 (—: Hokkaido)

Contracaecum osculatum (Rudolphi, 1802) Baylis, 1920 (larva)
Syn.: Contracaecum (Type B) larva of Koyama et al., 1969
Contracaecum type B larva of Suzuki and Oishi, 1974; Weerasooriya et al., 1986
Contracaecum-type larva (A) of Shiraki, 1969, 1974
Contracaecum type A larva of Oishi et al., 1974; Suzuki and Matsufuji, 1975, 1976,
1982; Suzuki, 1976, 1979,
Contracaecum larva (type E) of Kikuchi et al., 1970
Includes: Contracaecum sp. larva of Kato et al., 1968
Site: viscera
Hosts: Gadus macrocephalus (2,4,5,7,8,12,14,19)
Theragra chalcogramma (1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18)
Dist.: PO, SJ, SO
Records: 1. Kobayashi et al. 1966 (—) ; 2. Kato etal. 1968 (—: Tokyo Central Fish Market);
3. Otsuru 1968a (—: Hokkaido) ; 4. Otsuru et al. 1968 (—: Hokkaido) ; 5. Koga et al.
1968 (—: Hokkaido, Wakkanai, Haragama) ; 6. Koyama et al. 1969 (—) ; 7. Shiraki
1969 (PO: Kushiro, SJ: Niigata, Otaru, —: Wakkanai) ; 8. Kikuchi et al. 1970 (PO:
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Kushiro, SJ: Otaru) ; 9. Suzuki and Oishi 1974 (PO: Funka Bay, SJ: Iwanai, SO:
Rausu) ; 10. Josho 1974 (PO: Funka Bay) ; 11. Oishi et al. 1974 (—: Wakkanai) ; 12.
Shiraki 1974 (PO: Sendai, Kushiro, SJ: Niigata, Akita, Otaru, —: Wakkanai) ; 13.
Suzuki and Matsufuji 1975 (SO: Monbetsu, Yamato Bank) ; 14. Kikuchi et al. 1975
(PO: Kushiro) ; 15. Suzuki and Matsufuji 1976 (—) ; 16. Suzuki 1976 (SO: Yamato
Bank) ; 17. Suzuki 1979 (—) ; 18. Suzuki and Matsufuji 1982 (SO: Yamato Bank) ; 19.
Weerasooriya et al. 1986 (—)

Hysterothylacium aduncum (Rudolphi, 1802) Deardorff and Overstreet, 1981

(larva and adult)
Syn.: Contracaecum aduncum (Rudolphi, 1802)
Thynnascaris adunca (Rudolphi, 1802)
Sites: intestine, pyloric caeca
Hosts: Eleginus gracilis (1)
Gadus macrocephalus (2)
Theragra chalogramma (2)

Dist.: PO, SJ
Records:)l. Zhukov 1960 (PO: Shikotan Island) ; 2. Shiraki 1972 (PO: Kushiro, SJ: Nii-
gata

Pseudoterranova decipiens (Krabbe, 1878) Gibson and Colin, 1982 (larva)

Syn.: Terranova decipiens (Krabbe, 1878)
Terranova (Type A) larva aut.
Inlcudes: Porrocaecum sp. larva
Terranova sp. larva
Sites: viscera, body cavity
Hosts: Gadus macrocephalus (1,2,3,4,5,6,8,9,10,11,14)
Theragra chalogramma (1,7,8,9,11,12,13)

Dist.: PO, 8J, SO

Records: 1. Kobayashi et al. 1966 (—) ; 2. Otsuru 1968a ( —: Hokkaido) ; 3. Otsuru et al.
1968 (—: Hokkaido) ; 4. Koga et al. 1968 (—: Hokkaido, Wakkanai, Haragama) ; 5.
Otsuru 1969 ( —: northern sea) ; 6. Shiraki 1969 (—: Wakkanai) ; 7. Koyama et al. 1969
(=) ; 8. Kikuchi et al. 1970 (—: Hokkaido) ; 9. Kikuchi et al. 1972 (PO: Kushiro, SJ:
Otaru) ; 10. Oishi et al. 1974 (—: Wakkanai) ; 11. Shiraki 1974 (PO: Kushiro,SJ:
Otaru, —: Wakkanai) ; 12. Suzuki and Matsufuji 1975 (SO: Monbetsu, Yamato Bank);
13. Suzuki and Matsufuji 1976 (—) ; 14. Miyamoto 1990 (PO: Kushiro)

Spirurina sp. larva

Syn.: Spiruroidea Type IX larva of Hasegawa, 1978
Site: stomach wall
Host: Gadus macrocephalus
Theragra chalcogramma
Dist.: not specified
Record: Hasegawa 1978 (—: Hokkaido)

Spirurina sp. larva

6.

Syn.: Spiruroidea Type X larva of Hasegawa, 1978

Sites: stomach and intestinal walls, viscera

Host: Theragra chalcogramma

Dist.: not specified

Records: Hasegawa 1978 (Hokkaido) ; Ando et al. 1992a (Hokkaido) ; Ando et al. 1992b
(Markets in Tsu City, Mie)

Remarks: This larva has been currently regarded as the causative agent of human creep-
ing eruption (see Ando et al., 1992a, 1992b) .

Acanthocephala

Corynosoma strumosum (Rudolphi, 1802) Luhe, 1904 (juvenile)

Site: mesentery

Host: Eleginus gracilis

Dist.: PO

Record: Zhukov 1960 (Shikotan Island)
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Echinorhynchus dissimilis Yamaguti, 1939
Site: intestine
Host: Gadus macrocephalus
Dist.: PO
Record: Araki and Machida 1987 (Samani)

Echinorhynchus gadi Zoega in Muller, 1776
Site: intestine
Hosts: Eleginus gracilis (3)
Gadus macroephalus (1,2,3,8)
Theragra chalcogramma (1,2,3,4,5,6,7,8)
Dist.: PO, 8J, SO
Records: 1. Fujita 1920 (SJ: Iwanai, SO:—) ; 2. Yamaguti 1935a (SJ:—) ; 3. Zhukov 1960
(PO: Shikotan Island) ; 4. Sasaki 1973 (=) : 5. Suzuki and Matsufuji 1975 (SO:
Monbetsu, Yamato Bank) ; 6. Suzuki and Matsufuji 1976 (=) ; 7. Suzuki and
Matsufuji 1982 (SO: Yamato Bank) ; 8. Araki and Machida 1987 ( P: Samani, SJ:
Kamo, Takojima)

7. Hirudinoidea
Levinsenia rectangulata (Levinsen, 1882) Vasiliev, 1939
Syn.: Ichthyobdella uobir Oka, 1910
Site: branchial cavity
Hosts: Gadus marcocephalus (1)
Theragra chalcogramma (2,3)
Dist.: PO
Records: 1. Oka 1930 (Mutsu Bay) ; 2. Nagasawa 1988 ( Kushiro) ; 3. Nagasawa 1991
(Kushiro)

8. Copepoda
Chondracanthus theragrae Yamaguti, 1939
Site: gills
Host: Theragra chalcogramma
Dist.: 8J
Record: Yamaguti 1939b (Toyama Bay)

Clavella adunca (Str¢m, 1762) Dollfus, 1953
Syn.: Clavella uniciata (0. F. Muller, 1776)
Site: gills
Host: Gadus macrocephalus
Dist.: SJ
Records: Yamaguti 1939b (SJ: Toyama Bay) ; Shiino 1956 (—: Wakkanai)

Clavella sp.
Site: gills
Host: Theragra chalcogramma
Dist.: SO
Record: Suzuki and Matsufuji 1975 (Monbetsu, Yamato Bank)

Haemobaphes diceraus Wilson, 1917

Syn.: Haemobaphes theragrae Yamaguti, 1939

Site: gills

Host: Theragra chalcogramma

Dist.;: PO, 8J, SO

Records: Yamaguti 1939a (SJ: Toyama Bay) ; Yoshida et al. 1989 (PO: Shiriba, Kushiro,
Hiro-o, Shikabe, SO: Nemuro Strait) ; Nagasawa et al. 1990 (PO: east and south
Hoklzaic)lo, SJ: south, central, and north Hokkaido, SO: Nemuro Strait) ; Yoshida
1991 (—

Remarks: Kabata (1967) suggested that H. theragrae is identical as H. diceraus, and
Grabda (1975) supported his view. However, Kabata (1988) treated these forms as
independent species. The validity of H. theragrae should be studied.




BFEALHRI< BT 2 7 SHAROFERGER - XAIMER) 89

Lepeophtheirus parviventris Wilson, 1905
Site: body surface
Host: Theragra chalcogramma
Dist.: SJ
Record: Yamaguti 1936 (Toyama Bay)

9. Isopoda
Rotinela maculata Schioedte and Meinert, 1897
Site: body surface
Host: Gadus macrocephalus
Dist.: not specified
Record: Shiino 1965
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Recent aspect of the distribution of eggs, larvae and postlarvae
of the walleye pollock Theragra chalcogramma (Pallas)
for the season of 1990-91 to 91-92 in Iwanai
Bay (Japan Sea), Hokkaido

Hiroki YAGI*' and Takashi MUTOH*?

The distribution patterns of eggs,larvae and postlarvae of the walleye pollock
Theragra chalcogramma (Pallas) observed in the seasons of 1990-91 to 91-92 in the
Iwanai Bay (Japan Sea) were analysed and compared with that of 1986-1987 to 89-
90.

The maximum level of the eggs,larvae and postlarvae occurred in 1989-90 for
recent years,whereas the lowest levels were shown in 1991-92 followed by 1987-88.

Since the season 1991-92 corresponds to the recruitment season of the 1987-88
spawning population.We suggest that there is some relation between the parent
and its progeny stocks in spite of the hypothesis that there is rare numerical relation
between them for this species.

We also discussed the advanced spawning season in 91-92 in comparison with
the previous seasons and relation to the low level abundance of eggs due to over
harvesting.
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/100 THB0ixtL, 2 BHI34,017##&, 100 TH - 7:c NORPACR v P itk 53
#HTI2 1 AA52,853E k100 TH A DIt L, 2 822,902 &, 100 TH » 12, <
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Table 1. The numbers of eggs, larvae and postlarvae of the walley pollock collected with 3
different nets for the season of 1990-91 in Iwanai Bay (Japan Sea), Hokkaido, and
comparison with those of 1986-87 to 89-90.

Average Nos. of ind.
S g R A December January February March
86-90 00-91 91-92|86-90 90-91 91-02|86-60 90-91 91-92(86-90 90-01 91-92

Eggs

MTD net 47 10 2056 7115 3930 3606 538 4017 8| 233 24 19

NORPAC net  M/1008 | o 4 o3| 5430 2853 2803 670 2002 39| 197 49 35
Larvae " T B T

MTD net 0 0 +| 6 43 18| 2 24 +| 9 5 1

NORPAC net Md-/100af 0 o0 o0 4 23 16 10 3 1 5 7 1
(Postlarvae | T TTTTTTTTTTTTITTTTT

Larvae net ind.,/5000d 0 0 o o 3 44| 0 1 ++| 2 1 ++

86-90: Means for 1986-87 to 89-90
+ : <0.lind.,/100nd
++ : <0.1ind.,/500nd
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Fig. 2. Distribution of eggs of T. chalcogramma collected with NORPAC net in January
in Iwanai Bay. A; for 90-91 season, B; for 91-92 season,C; means for 86-90 seasons.
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Fig. 3. Distribution of larvae of T. chalcogramma collected with larvae net during
December to March in Iwanai Bay. A; for 90-91 season, B; for 91-92 season,C:

means for 86-90 seasons.
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Fig. 4. Distribution of postlarvae of T. chalcogramma collected with larvae net during
December to March in Iwanai Bay. A; for 90-91 season, B; for 91-92 season,C;

means for 86-90 seasons.
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Fig. 5. Recent catch quantity of walleye pollock in Iwanai Bay for "77 to '91.
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Estimation of spawned eggs and parents stock of

walleye pollock, Theragra chalcogramma (Pallas),
in the Nemuro Strait, Hokkaido

Mitsuhiro SANO* !, Masayoshi SASAKI*?, Hitoshi UTOH"?,
Mikio KOIKE**, Akira SASAKI*® and Masanao OSAKQO"*

Walleye pollock eggs were sampled systematically in the Nemuro Strait,
Hokkaido, from January to April 1982 when the catches have steadily increased.
The investigated area was restricted in the japanese side of the Nemuro Strait by
the intermediate line between Japan and Russia.

Sampling with special type net(mesh size;0.625mm) for collecting walleye pollock
eggs have provided adequate information of the density and distribution pattern
of spawned eggs.

Standing crops of eggs in the sampling area were estimated on each sampling
period. When the peak of total standing crop was observed in ealy March, the
amount of eggs reached 15X 10”. Peaks of each development stage of eggs were all
observed as follows;stage I in ealy, II and II in middle, IV and V inlate of March.

Coefficient of daily egg mortality was calculated 0.209 using the data of deve-
lopment stage composition of standing crops, and daily rate of decreasing from
investigated waters was estimated 0.19. The estimated egg production and parent
stock in 1982 spawning season was around 58 X 10" eggs and 300 thousand metric
tons, respectively.

ﬂf(#% A209 (19934 9 A24H&H)

*

*
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JLidlE T B ff ok BEE R &) (Hokkaido Hakodate Fisheries Experimental Station,
Yunokawa Hakodate, Hokkaido 042, Japan)

5T 8+ ~ ¥ — (Hokkaido Nuclear Energy Enviromental Research Center,
Kyowa, Hokkaido 045-01, Japan)

dbeE L HEP KBS ER (Hokkaido Wakkanai Fisheries Experimental Station, Horai,
Wakkanai, Hokkaido 097, Japan)

dbigEr Rk R ERH} (Hokkaido Central Fisheries Experimental Station, Yoichi,
Hokkaido 046, Japan)

FeAb#EE A K E SRR E 3 (formerly;Monbetsu Branch, Hokkaido Abashiri
Fisheries Experimental Station, Minato-machi, Monbetsu, Hokkaido 094, Japan)
Tt HEE X KEEPFFERT (formerly;Hokkaido National Fisheries Research Institute,
Katsurakoi, Kushiro, Hokkaido 085, Japan)
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Recent sharp decrease in walleye pollock egg abundance in the
Nemuro Strait, Hokkaido™'

Hiroya MIYAKE*?, Keiji HAMABAYASHI*®, Masanori ISHIGAME*?,
and Mitsuhiro SANO**

In 1987-1992, a vertical tow sampling was made at a range from 3 to 12 stations
in the Nemuro Strait, to explain walleye pollock egg abundance as an index of stock
abundance of adult fish. From 1987 to 1992 the maximum egg station abundance
rapidly decreased to 1,752 of its 1987 peak. This was caused by decreased stock
abundance of adult walleye pollock. It is most likely that both recent Russian
trawls and Japanese fisheries strongly affected the stock level of walleye pollock in
the Nemuro Strait.

The Nemuro Strait is one of important fishing grounds in the seas around Hokkaido.
At Rausu, more than 100,000 metric tons (mt) of walleye pollock, Theragra
chalcogramma, had been landed during 3 months from January through March in 1989
and 1990 (Yoshida 1988, Miyake et al. 1992). Moreover, walleye pollock egg abundance in
this strait was higher than other regions: the Bering Sea, off Kamchatska Peninsula, and
the Japan Sea (Sasaki 1984).

To estimate the stock size of adult walleye pollock migrating to the Nemuro Strait
in their spawning season, the egg abundance was surveyed by net sampling from 1982 to
1985. This was a Japanese Fisheries Agency's project (Sano and Sasaki 1984, Sano 1985,
Kobayashi et al. 1986, Sano 1987). The estimation of mortality rate during egg stages
was so difficult that the estimated stock size could not be considered reliable (Sano et al.
1983). However, we have thought that the egg abundance was useful for estimating the
trend of the interannual change of walleye pollock stock at least, so that the egg
abundance survey was continued at a range from 3 to 12 main stations every year.

Recently, landing of walleye pollock caught in the Nemuro Strait in Japan has
decreased rapidly. Annual landing was 116,000 mt in 1989, and 3,400 mt in 1992. This
paper reports on changes in the egg abundance, and considers the relationship between
landing and the egg abundance of walleye pollock.
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MATERIAL AND METHOD

In the Nemuro Strait the spawning grounds of walleye pollock are generally located
in the off shore area from off Matsunori to Chienbetsu in the Nemuro Strait, because
high concentrations of eggs have been observed in the area (Sasaki 1984, Koike et al.
1982). Therefore, major eight stations in the area were sampled once or twice a month
from January to March during 1987 to 1992 (Fig.1). Additional samplings were made in
April 1987, and 1991.

At each station, a vertical tow was made with a 80-cm diameter sampler. The depth
range was from 5m off the bottom or up to a maximum of 200m to the surface. In 1992,
a towing was done from up to the maximum depth of 400m. An NGG32-mesh Nitex net
(2.5m long) without a flowmeter was used as the sampler. A memory STD sensor (Alec)

Pacific Ocean

Fig. 1. Sampling stations in the Nemuro Strait. Closed circles
with open star showing main sampling stations in this
study.




Recent sharp decrease in walleye pollock egg abundance in the Nemuro Strait Hokkaido 115

was also attached under the sampler, to record salinity and temperature.

Samples were fixed in 5% formalin in seawater. Back in the laboratory fish eggs were
removed and identified from the preserved samples. Samples containing more than 200
eggs were subsampled using the split method, to obtain subsamples containing between
100 and 200 eggs. In 1992 eggs were classified into the following five developmental
stages;

Stage I from fertilization up to blastula stage;

Stage II from first gastrula stage up to the apperance of the germ ring near an
equatorial position;

Stage Il from completely closed blastopore up to the embryo being three-fourths
way around the yolk;

Stage IV from the end of Stage I until the tip of the tail was reaching or could reach
the snout; and

Stage V from the end of Stage IV until hatching.

The egg abundance was calculated as the number of eggs per square meter for each

station.

RESULTS

Eggs were collected on all cruises. The egg station abundance ranged from 14 to
87,018, 127 to 34,709, 18 to 41,302, 32 to 12,090, 10 to 1,672 and 2 to 2,534 (number /of),
in 1987, 1988, 1989, 1990, 1991 and 1992, respectively (Table 1). The maximum egg station
abundance (MESA) was observed at st. 23 off Hashikoi in 1988, 1990 and 1992.

The MESA in each cruise for the 6 year period is shown in Fig.2. In each year the
MESA peaked from the latter half of February to the first half of March, but in 1990 and
1991 it was observed in the latter half of February. The dates of the earliest and latest
peaks of the MESA were the 22nd of February (in 1990), and the 11th to 12th of March
(in 1992). More than 97.3% eggs were at stages I or II for all samples taken during that
period in 1992.

The peak of MESA rapidly decreased from 87,018 in 1987 to 1,672 in 1991. The peak
of MESA decreased to 1,752 in 1987. Moreover, the number of eggs taken in 1992 was as
low as that in 1991.

In order to examine the difference between the numbers of eggs which taken from the
tows of 200 m and 400 m, we made additional vertical tows from those depths on the 31st
of March, 1992. As a result, the numbers of eggs taken from 400 m tows were 29.9%
greater than ones taken from 200 m tows (Table 2).
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Table 1.

H.Miyake, K.Hamabayashi, M.Ishigame and M.Sano

vertical tow was 200m in 1987-1991, and 400m in 1992.

Egg station abundance from 1987 to 1992 in the Nemuro Strait. Maximum depth of

n 23-Feb 6-Mar_ 19-Mar T-Apr
Egg Statio Egg Station Egg Station Egg Station Egg Station
LNo No Abundunce Abundance Abundance bundance
18 520 16 4.045 20 87,018 16 281 13 414
20 432 17 38,609 31 17,860 19 10,406 18 782
23 450 22 39,293 M 80,177 21 22 20 215
25 874 23 28 459 36 24 27,596 23 848
28 167 28 70,338 38 3,985 26 24,747 25 201
30 215 40 16,166 29 32,556 28 311
33 36 42 22,882 31 24,751 30 44
35 66 44 10,147 34 45,601 33 770
36 12 35 14
2-5 Feb 10-Mar
Egg tion Egg Station Egg Station
¥ ¥ N
16 127 18 10,790 18 21461
18 872 20 9329 23 34,709
23 882 23 11833 28 28,039
25 565 25 8432 33 32,687
28 738 28 1,103 35 2,026
a0 808 30 8,195
33 418 a3 23619
35 1000 35 7444
1-Feb 3-Mar
Egg Station Egg Station Egg Station
N Al n
18 18 18 10,054 18 16,811
20 72 20 12,747 20 9.425
23 36 23 12,908 23 26,588
25 163 25 16,537 25 15,559
28 1,061 28 14,351 28 13,869
30 243 30 21,961 30 17,653
33 1238 33 19839 33 21819
35 601 35 10265 35 41,302
1990
1 22-23 Feb 6-7 Mar 19-20 Mar 3-Apr
Egg Station Egg Station Egg Station Egg Station Egg Station
i N N 3 N
18 571 18 1818 18 6,945 1 1274 18 %67
20 32 20 2128 20 1,170 3 1871 20 117
23 943 23 12,090 23 3372 6 1539 23 832
25 98 25 2,558 25 2,060 9 2412 25 736
28 48 28 697 28 1,730 18 1401 28 382
30 1,087 30 649 30 1,123 20 1,507 30 1121
33 301 33 7,306 aa 2,226 23 1,801 33 113
35 233 35 233 35 2,259 25 1,003 35 414
28 754
30 1889
33 1489
35 01
1891
3l-Jan 28-28 Fgb 11-Mar 27-28 Mar 11-Apr
Egg Station Egg Station Egg Station Egg Station Egg Station
o N 8 Al ce No d
B 10 8 1672 18 987 F] 171 18 70
20 50 20 860 20 255 4 3 20 16
23 66 23 1,047 <] 1162 7 76 23 52
25 44 25 1616 25 647 10 450
28 58 28 675 28 360 18 488
30 70 30 151 30 223 20 828
33 52 33 484 33 356 23 1
35 120 35 32 35 156 25 259
2 163 28 52
30 92
33 8
35 253
3-6 Fe 27-28 Fsb 11-12 Mar __31-Mar
Egg Station Egg Station Egg Station Egg Station
N ndan No n; i
1 14 18 406 13 1421 18 350
20 8 20 514 20 932 20 217
23 24 23 766 23 2,534 23 1,865
25 88 25 1818 23 1527 25 155
28 22 28 1.260 30 999 28 2,186
30 2 30 466 3 1553 30 50
33 14 33 305 B 293 33 1,728
35 12 35 127 35 24
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Fig. 2. Maximum egg station abundance in each cruise from 1987 to 1992.

Table 2. Nmbers of eggs which were taken by the tows with deffernt maximum depths,
on May 31 1992.

Station No Max.depth Egg number Increment
(m) (per squared meter) (200m=100%)
18 200 332
400 350 +5.4%
20 200 167
400 217 +29.9%
23 200 1,668

400 1,965 +17.8%
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DISCUSSION

Our study confirms earlier reports that the season of peak walleye pollock spawning
in the Nemuro Strait is from the latter half of February to the first half of March (Sano
et al. 1983, Koike et al. 1984, Sasaki 1985). However, the peak of the MESA was observed
to have remarkably decreased from 1987 to 1992.

In 1982 - 1985, a similar survey was made by the Japanese Fisheries Agnecy. The peak
of MESA in 1982 - 1985 was 74,272, 14,784, 35,812, and 97,269 (number,/ nf ), respectively
(Sano and Sasaki 1984, Sano 1985, Kobayashi et al. 1986, Sano 1987). The low values of
MESA in 1983 and 1984 were thought to result from the fact that the main spawning
depth was under 200m in these yeras (Sano 1985, Kobayashi et al. 1986). However, the
lower level of egg abundance in recent years was not caused by changes in spawing depths
as vertical tows were made from a maximum depth of 400m for 1992.

Moreover, the CPUE (catch-per-unit-effort) of the pollock longline fisheries at
Rausu peaked in 1985, and thereafter decreased (Miyake et al. 1992). The change of CPUE
is similar to that of the peak MESA. Thus we conclude that the decreased peak of MESA
in recent years was caused by decreased abundance of adult pollock and spawned eggs. We
also suggest that research on egg abundance is useful for estimating the trend of the
change of adult walleye pollock stock abundance.

Russian fishing vessels started trawling for walleye pollock in the Nemuro Strait in
November 1988. Zverkova (1992) reports that the catches in 1989, 1990, 1991, and 1992,
were 155,000, 113,500, 94,400 and 33,000 mt (until June), respectively, in the Okhotsk Sea
off the southern Kuril Islands. She suggests that the decrease of the walleye pollock catch
is due to overfishing by Russian and Japanese fisheries.

The percentage ratios of walleye pollock smaller then 40cm in length among walleye
pollock caught by longline fisheries have decreased since 1989 (Miyake et al. 1992). This
is most likely caused by the effects of the Russian trawl fisheries, as the decrease in the
ratio of the small fish corresponds to the appearance of Russian trawl vessels in the
Nemuro Strait. Thus, it is most likely that the Russian trawl fisheries have strongly
affected the stock of walleye pollock in this strait.
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Postlarval morphology of walleye pollock, Theragra
chalcogramma (Pallas) and Arctic cod,
Boreogadus saida (Lepechin)*!

Tsutomu HARYU*? and Tsuneo NISHIYAMA*?

Body proportion, fin development and pigmentation patterns were compared to
distinguish postlarvae of 10-30mm BL between the two gadid fishes, Theragra
chalcogramma(Pallas) and Boreogadus saida(Lepechin). Preanal distance is the
most reliable character to separate T. chalcogramma(40-47% BL, average 44% BL)
from B. saida(44-55% BL, average 48% BL). The position of anus in front of the
origin of second dorsal fin distinguishes T. chalcogramma from B. saida, which
reveals the position behind the origin. Between 12 mm BL and 24mm BL,, the number of
caudal fin rays is useful in separating the two species. Heavily scattered stellate
melanophores, dense peritoneal and abdominal melanophores at postlarval form
in B. saidae also is separable from T. chalcogramma which shows scarcity of these
melanophores. Transition from postlarval stage to juvenile stage takes place at
about 21 mm BL in T. chalcogramma and at 25 mm BL in B. saida.

INTRODUCTION

Four gadid species occur on the continental shelf of the eastern Bering Sea'’. Among
the four, walleye pollock, Theragra chalcogramma (Pallas) is the most abundant and
commercially important species. Arctic cod, Boreogadus saida (Lepechin) reported to be
abundant in the southeastern Chukchi Sea and predominate in the diet of many marine
mammals and sea birds?’. Gorbunova?®’ pointed out striking similarities in development,
morphology and some ecological aspects in the larval forms of the two species. Although
the two species inhabit relatively distinct regions in conjunction with preferred
temperature range distribution of these species probably overlaps in the Bering Strait,
north of St. Lawrence Island and Norton Sound. Wolotira et al.*’ found that during 1976
juvenile and young T. chalcogramma extended to latitude 68° N in the southeastern
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Chukchi Sea, the usual habitat for B. saida. Lowry and Frost®’ reported that B. saida of
7-25 cm in length were caught at 61° 33" N and 174° 31" W in the northeast Bering Sea
in May 1978.

Despite the distinguishable characters in adult 7. chalcogramma and B. saida,
identification of the larvae of these species is often difficult. Gorbunova?®’ described the
differences in body proportion, pigmentation and ray formation of the four gadid species
including T. chalcogramma and B. saida at prolarval, postlarval and juvenile stages.
Russell®’ provided the key for the identification of postlarval B. saida from other gadid
fish in British waters. Matarese et al.”’ compared the pigment pattern and the number of
rays on superior hypural element to identify yolk-sac larvae and postlarvae of the three
gadid species T. chalcogramma, Gadus macrocephalus and Microgadus proximus.
Although previous work presents general characteristics, the descriptions are not

sufficient to delineate postlarvae and juveniles of these two species.

METHODS

Larval T. chalcogramma were obtained from the eastern Bering Sea in the area
between 54" 30" N and 56" 18’ Nand 166° 18" W and 175° 30" W, during the cruises of
the TS Oshoro Maru (Hokkaido University) and the R,V Acona(University of
Alaska) from May through July, 1974, 1977, and 1978. The larvae of B. saida were caught
in the Chukchi Sea (69° 10° N and 168" 37 W) in July 1978 on the R,V Hakuho Maru
(University of Tokyo).

The samples were collected between the surface and 30 m by using fish larvae nets. A
total of 130 specimens of T' chalcogramma and 113 specimens of B. saida were preserved
in 5% seawater formaldehyde solution. Body length (BL) and 13 various body parts were
measured with a micrometer to a precision of 0.1 mm. The length of fish ranged from 10
to 30 mm. Body length here is notochord length for early postlarvae and standard length
for late postlarvae and juveniles. For the comparison of body proportions, the fishes
were categorized into the four size groups, 10-14.9 mm, 15-19.9 mm, 20-24.9 mm and 25-30
mn. Fin ray count is based on 129 T' chalcogramma and 55 B. saida which were stained
with Alizanin Red-s (Clothier®’). Terminology of pigmentation is referred to Russell’
5

We also examined 11 young B. saida (130-269 mm BL) collected in the northeastern
Chukchi Sea from the Fisheries Museum, Hokkaido University (Hakodate, Japan).

RESULTS

1. Body Proportion
Preanal distance as a proportion of body length is a distinct character to identify the
two species (Table 1). In T. chalcogramma, preanal distance ranges 40-47% BL, and 44-




Postlarval morphology of walleye pollock and Arctic cod 123

55% BL in B. saida. The average preanal distance persists 44% BL in T. chalcogramma
and 48% in B. saida over all the length range. Body depth of three parts as a proportion
of head length (HL) is different by species and changes by size. In B. saida, body depth at
the base of pectoral fin is 75% HL at 11-15 mm BL, but gradually decreases by 69% HL in
larger larvae. In T. chalcogramma, body depth at the base of pectoral fin is 70% HL at
10-15 mm BL, reduces to 64% HL at 15-25 mm BL and then increases to 68% HL at 25-30 BL.
Body depth at anus in 7" chalcogramma increases gradually from 51% HL at 10-15 mm BL
to 57% HL at 25-30 mm BL. By contrast, body depth at anus in B. saida decreases from
54% HL at 11-15 mm BL to 51% at 15-20 mm BL, and does not change greatly thereafter.
Depth of caudal peduncle persists uniformly in T. chalcogramma with 23-24% HL
throughout the four size groups, whereas it tends to decrease from 26% to 21% HL with
increasing length in B. saida. Lower jaw length does not change in T chalcogramma, but
decreases from 55% to 48%5 in B. saida when fish grow from 11-15 mm BL to 15-20 mm BL.
No particular difference is found in the distance from snout to the origin of each fin,
snout length and eye diameter.

Table 1. Body proportions of postlarval and juvenile Theragra chalcogramma and
Boreogadus saida. The numbers in parentheses indicate mean value.

Theragra chalcogramma Boreogadus saida
Body length (mm) 10.0-14.7 15.2-19.9 20.0-24.7 25.0-29.9 10.6-14.9 15.0-19.7 20.0-24.4 25.0-29.2
(11.9) (17.8) (21.5) (26.2) (135) (17.8)  (21.6) (27.1)
Number of larvae 15 78 31 6 26 57 22 8

Percentage of body length

Head length 20.0-27.6 24.1-29.0 25.1-29.0 24.0-27.6 22.3-29.1 22.7-29.5 24.8-29.9 25.5-29.2

(23.8) (269) (27.0) (264) (25.7) (26.2) (27.1) (27.3)

Preanal distance 40.0-46.9 41.8-46.9 42.8-46.1 43.5-46.3 46.2-54.4 43.9-54.8 46.3-52.2 46.1-51.3

(444) (445)  (448) (44.2) (48.2) (48.3) (48.5) (48.5)

Snout to origin of 31.3-349 29.1-35.9 29.6-35.6 29.8-32.5 31.0-33.0 30.2-35.7 30.0-35.3 29.6-35.6

first dorsal fin (33.6) (326) (326) (31.7) (32.0) (33.0) (32.5) (32.3)

Snout to origin of 43.8-488 43.5-51.4 45.0-48.4 45.0-47.2 45.8-51.2 43.1-51.5 43.5-48.3 45.0-50.0

second dorsal fin (46.9)  (465) (466) (46.0) (474) (466) (468) (47.3)

Snout to origin of 64.5-70.0 62.1-69.7 63.3-68.6 65.2-68.1 61.6-68.6 59.3-70.8 61.5-68.6 63.8-69.2

third dorsal fin (66.4) (66.5) (66.7) (66.8)  (665.1)  (64.6) (656)  (66.5)

Snout to origin of 64.1-74.1 59.0-68.6 64.5-69.0 64.9-68.9 64.0 595-72.6 63.5-68.6 64.4-69.8

second anal fin (68.1)  (66.1)  (66.6)  (66.8) (65.5) (66.0)  (67.1)
Percentage of head length

Snout length 18.9-25.9 18.0-27.7 20.0-27.3 23.2-28.3 18.5-28.0 18.2-28.9 20.9-31.3 21.6-31.3

(20.5) (228) (236) (25.6) (23.1) (229) (2500 (248)

Eye diameter 31.8-43.5 32.7-40.8 30.8-39.2 32.1-37.5 30.0-46.2 30.2-40.8 27.6-36.4 30.0-35.6

(37.6) (363) (344) (336) (375) (357) (334) (33.0)

Body depth at base 56.0-78.6 55.1-69.4 59.3-68.8 61.6-73.3 60.5-80.7 61.1-81.3 62.5-78.9 66.9-74.6

of pectoral fin (69.8) (635) (64.2) (676) (747) (69.2) (69.6) (69.3)

Body depth at anus 45.3-57.4 46.9-59.2 47.6-56.9 51.4-61.7 45.1-66.0 42.7-58.9 47.2-59.0 48.5-57.0

(50.7)  (524) (52.7) (56.5) (53.7) (514) (525)  (52.1)

Depth of 20.8-27.8 21.0-28.6 20.6-24.2 21.4-26.6 22.5-30.0 20.0-28.8 19.3-24.5 20.1-22.2

caudal peduncle (23.9) (236) (226) (236) (264) (23.7) (22.2) (209

Upper jaw length 31.8-48.1 30.9-47.4 30.8-43.0 34.8-45.0 30.8-46.0 30.0-45.0 30.0-41.8 35.6-41.1

(36.2) (387) (379 (38.7)  (37.9)  (36.8) (36.5) (37.5)

Lower jaw length 48.1-63.0 41.7-57.5 40.0-54.9 46.4-56.7 46.5-66.0 40.0-58.8 40.1-56.5 41.1-52.1

(518) (50.3) (49.2) (51.2) (55.2) (50.7)  (484)  (47.5)
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2. Anal Position

Figure 1 presents the difference of the position of anus between the two species by
showing the ratios of the distance from snout to the origin of second dorsal fin to preanal
distance. Evidently, most values are above 1.00 in T chalcogramma and below 1.00 in B.
saida. This demonstrates that anus is located in front of the ventral origin of second
dorsal fin in T. chalcogramma, but is located behind the origin in B. saida. It is apparent
that the variance of the value is greater around 18 mm BL in B. saida. The significance of
this variance has not been considered in this study. Some exceptional values of both
species may be ascribed to the curvature of abdominal vertebrae.

3. Fin Development

In T. chalcogramma, 7 to 21 caudal fin rays appear in the larvae about 10 mm BL
(Figure 2). The fin develops rapidly at 12 mm BL, revealing 35 rays. Thereafter the fin
development progresses slowly to the full complement of 48-54 rays at 21 mm BL. The fin
development appears slow in B. saida. Although there are 20-30 rays at 11 mm BL, the
ossification does not progress until fish grow to 15 mm BL, at which time 20-28 rays are
attained. Thereafter the fin develop more rapidly then in T. chalcogramma. The full
complement of 47-50 rays is accomplished when fish reach 25 mm BL.
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Figurel. Position of anus in relation to origin of second dorsal fin in Theragra
chalcogramma (open circle) and Boreogadus saida (closed circle) larvae. 2DD,
distance from snout to origin of second dorsal fin; PAD, preanal distance.
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Figure2. Caudal fin ray formation in Theragra chalcogramma and Boreogadus saida.
Circles and vertical bars indicate mean and range.

In T. chalcogramma the first anal fin rays begin to ossify at 11.5-11.6 mm BL (Table
2). The rays in the second and third dorsal, second anal and pelvic fins appear when fish
reach 12.2-12.4 mm BL. First dorsal fin ossifies somewhat later in the 12.6 nm long or larger
larvae. Pectoral fin does not start to form until fish reach 14.5-14.9 nm BL. The smallest
fish with the complete number of first anal fin rays is 15 mm BL. The full complement of
respective fin rays is recognized in the larvae of 21 mm BL and is completed when the fish
reach 25 mm BL. The fin formula of T. chalcogramma in this study is D. 11-13, 15-18, 19-
25; A. 19-25, 19-25; Pect. 18-20; Pelvic 6.

In B. saida the development of fin rays is later than in 7. chalcogramma (Table 3).
Third dorsal and first anal fin begin to appear at 12.6 mm BL, and second anal fin at 13.0-
13.2 mm BL. The first appearance of rays in second dorsal and pelvic fins is found in a
larva of 13.7 mm BL. First dorsal fin rays do not start to form until larvae grow to 14
mm BL. Pectoral fin rays are the last to ossify in the larvae of 16.1-16.4 mm BL. The larvae
of 26-27 mm BL in this study exhibit the full complement of respective fin rays. The fin
formula of B. saida in this study is D. 11-12, 14-15, 20-21; A. 16-18, 20-21; Pect. 17-18;
Pelvic 6.
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Table2. Number of fin rays in Theragra chalecogramma. Areas closed in broken line show the
minimum number of fin rays in adult form. The numbers in parentheses indicate mean

value.

Body Number of fin rays

length No. of 1st 2nd 3rd 1st 2nd

(mm) larvae  dorsal dorsal dorsal anal anal  pectoral pelvic
10.0-10.1 2 0 0 0 0 0 0 0
(10.1)
10.5-10.9 3 0 0 0 0 0 0 0
(10.7)

11.3 Z 0 0 0 0 0 0 0
11.5-11.6 3 0 0 0 0- 4 0 0 0
(11.6) (0.8
12.2-12.4 2 0 5- 8 8-9 12-15 11-15 0 0-3
(12.3) (65 (85 (135  (13.0) (1.5)
12.6-12.8 3 0-2 6-13 12-14 11-17 10-15 0 0-3
(12.7) (1.0) (9.7 (12.7) (14.3) (12.0) ( 2.0)

13.4 2 0 7- 8 10-13 13-14 12-13 0 0-3

(7.5 (11.5) (13.5) (12.5) (1.5)

13.5-13.9 8 0 5- 6 6-11 10-13 8-11 0 0-3
(13.7) ( 5.5) (8.4) (11.9) (9.9 (0.8)
14.1-14.3 3 0-2 6- 8 10-14 13-16 12-16 0 0- 3
(14.2) (om (73 (1230 (1400 (4.0 € 2.0
14.5-14.9 7 0-3 7-12 12-14 14-17 13-16 0- 4 2- 4
(14.7) € L3) (9.4 (12.9) (15.3) (14.9) (11D ( 3.0)
15.0-15.8 10 0-5 8-12 10-17 13-19 11-18 0-10 3-4
(15.4) (24) (95 (133) | (159 i (15.2) (23) (35
16.0-16.7 10 3-6 7-13 14-18 16-19 15-19 4-11 4-5
(16.5) (47 (11.8) (16.2) : 1.1 (17.6) (6.9 (4.1
17.1-17.7 10 5-8 | 11-15 15-20 17-22 15-22 7-14 4-5
(17.4) ( 6.1) (12.8) (17.9) (19.5) (19.2) (10.1) ( 4.6)
18.0-18.9 10 7-10 13-16 19-22 19-25 19-23 11-15 5
(18.5) (8.3) (14.5) (20.5) (21.8) (21.1) wan
19.1-19.9 10 8-10 14-18 15-21 19-25 18-23 13-16 5-6 i
s (89) | (151 (192 | @D | (207 | (145  (52) |
20.0-20.9 10 8-11 14-18 18-22 21-23 20-22 | 1317 i 5-6 |
(20.4) (9.4) (15.8)  (19.9) (22.4) (21.2) i (15.7) i (55) |
21.0-21.8 10 9-11 15-18 18-22 21-24 20-23 14-18 5-6 |
(21.4) (9.7 (16.0) | (20.2) i (21.9) (21.6) (15.8) | (5.7) i
22.1-22.7 4 9-11 15-16 20-21 21-23 20-22 15-18 6
(22.4) (98) | (155 (20.3) (22.00 (21.5) | (16.8)
23.0-23.7 4 9-12 15-18 19-23 21-23 21-24 15-18 6
(23.3) (10.5) : (16.3) (21.0) (21.5) (22.3) (16.3)
24.0-24.7 6 11-13 15-17 19-21 21-24 21-24 | 17-18 | 6
(24.4) (11.8)  (16.0) (0. (22.2) (225 | (17.8) |
25.0-25.8 5 12-14 15-18 20-25 21-25 21-25 18-20 6
(25.4) (12.8) (16.6) (21.8) (23.0) (23.0) (18.8)
26.0-26.9 2 13-14 15-16 20-21 19-21 21-22 18-20 6
(26.1) (13.5) (15.5) (20.5) (20.0) (21.5) (19.0)

27.2 1 12 15 23 20 23 20 6

28.9 1 11 15 21 23 24 19 6

29.4 1 12 17 21 21 22 18 6
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Tabled. Number of fin rays in Boreogadus saida. Areas closed in broken line show the

minimum number of fin rays in adult form. The numbers in parentheses indicate mean

value.
Body Number of fin rays
length  No. of 1st 2nd 3rd Ist 2nd
(mm) larvae dorsal dorsal dorsal anal anal  pectoral pelvic
11.2 1 0 0 0 0 0 0 0
11.5-11.6 2 0 0 0 0 0 0
(11.6)
12.2 1 0 0 0 0 0 0 0
12.6 1 0 0 6 3 0 0 0
13.0-13.2 2 0 0 0-3 3-7 0-5 0 0
(13.1) (1.5 (5.0) (25)
13.7 1 0 5 7 9 9 0 1
14.1-14.3 3 0- 2 0-9 0-13 5-13 0-12 0 0-3
(14.2) (0.7 (4.3 (6.7 ( 8.0) (6.3 ( 1.0)
14.8 2 0- 4 7-9 12-15 12 13 0 0- 4
(2.0 ( 8.0 (13.5) C.2:0)
15.5-15.8 5 0-5 9-13 11-17 12-14 13-17 0 3-4
(15.7) (3.2 (10.2) (14.6) (13.4) (15.4) ( 3.6)
16.1-16.8 4 3-5 10-11 14-16 13-14 16-18 0- 2 3-5
(16.4) ( 4.0) (10.5) (15.3)  (13.5)  (17.0) (0.5 ( 35)
17.0-17.4 5 4- 6 9-13 16-19 12-16 16-18 0-4 3-5
(17.3) (54) (10.8) _(17.4) : (14.00 : (176) (3.0) (3.8
18.1-18.5 4 6- 8 10-13 | 17-20 16-18 20-21 39 4
(18.3) (70 _(11.8) @ (18.8) (17.0) (20.3) | (58
19.0-19.6 6 7-8 | 10-15 17-19 14-17 18-22 4-9 4-5
(19.3) (7.3) (12.2) (18.3) (15.5) (19.3) ( 6.2) ( 4.2)
20.3-20.9 b 5-9 13-15 19-20 14-17 19-22 6-12 4-5
(20.6) ( 8.0) (13.8) (19.2) (16.00) _ (20.6) (10.2) (4.8
21.3-21.8 5 810 : 12-17 19-23 15-19 20-22 10-14 5
(21.6) (9.2) i (14.4) (20.4)  (16.6) (21.2) | (12.2)
22.3 1 10 : 14 18 19 21
23.1-23.2 2 9-10 : 14 20-21 16-17 21-23
(23.2) (95) (20.5) (16.5) (22.0) : (16.5)
245 1 10 13 21 18 21 16 6
25.4-25.5 2 11-12 : 1315 : 22 16-18 21-22 16-17 6
(25.5) (11.5) | (14.0) | (17.0)  (21.5) | (16.5)
26.0-26.9 0 - - - - - - -
21.5 1 11 14 20 16 21 18 6
28.1 1 11 15 21 18 20 18 6

4. Pigmentation

Pigmentation is much more developed in B. saida than in T. chalcogramma during
the postlarval development. In early postlarval T. chalcogramma, very few stellate
melanophores are seen on the sides of the body (Figure 3A). Dorsal and ventral contour
pigment and peritoneal pigment are distinct, and the posterior part of dorsal contour
pigment is in the process of fusing. A few large stellate melanophores occur on the
shoulder origin of first dorsal fin, being separated from occipital region. The
mediolateral streak of melanophores is weakly developed. Several large melanophores
form a typical peritoneal pigment. A few postorbital melanophores are found.
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Figure3. Larvae of Theragra chalcogramma. A, 12.8mm (BL); B, 21.3 mn; C, 29.9 nm., Vertical
broken lines indicate the origin of second dorsal fin and the position of anus
(I11ustration of A and B are after Haryu'®).

Abdominal pigmentation is very few. In the snout and mandibular regions there are
several punctate melanophores. No epural pigment occurs at this stage.

In early postlarval B. saida, large stellate melanophores are diffusely scattered on
the posterior part of the body (Figure 4A). Dorsal and ventral contour pigment is fused
extending toward the end of the tail. Mediolateral streak in B. saida is distinct in
comparison with that in 7. chalcogramma. Peritoneal pigment is already densely
aggregated. Abdominal pigment is dense, in sharp contrast to T. chalcogramma.
Occipital pigment is also dense, and joined to the dorsal streak. Epural pigment is present
in caudal fin in this stage. postorbital pigment is sparse, and mandibular pigment was
relatively obscure.

When T. chalcogramma larvae reach 21.0 mm BL, stellate melanophores slightly
increase on the sides of the body, particularly below second dorsal fin and above first
anal fin (Figure 3B). Several melanophores are also scattered in the caudal region.
Ventral contour pigment is in the process of fusing, whereas dorsal contour pigment
becomes more dense. Ventrolateral pigment become distinct. Mediolateral melanophores
form a distinct row from the middle of the body on the base of caudal fin. Peritoneal
melanophores increase with the process of fusing. Abdominal and occipital pigment
becomes noticeable. A few melanophores are seen in the shoulder region and at the base
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Figured. Larvae of Boreogadus saida. A, 14.5 mm (BL); B,20.3 mn; C, 29.2 mn. Vertical broken
lines indicate the origin of second dorsal fin and the position of anus.

of pectoral fin. Postorbital, snout and mandibular pigment increases more.
Pigmentation appears in the base of caudal fin.

At a length of 20.3 mm BL in B. saida, melanophores are scattered on all the sides of
the body (Figure 4B). Dorsal contour pigment becomes developed, whereas ventral
contour pigment remains undeveloped. Mediolateral melanophores are in the process of
fusing. Occipital and peritoneal pigment becomes much more intense. The pigment in the
snout increases but does not change noticeably in mandibular.

In juvenile T. chalcogramma, a great change occurs in the disposition of
melanophores (Figure 3C). Small stellate melanophores increase considerably and are
diffusely scattered all over the dorsal part from the shoulder to the tail region.
Melanophores are distributed dorsolaterally but not ventrally. Ventral contour row
stretches from the posterior base of first anal fin to the end of second anal fin.
Appearance of the mediolateral streak does not change in relation to that at 21.0 mm BL.
Peritoneal pigment become very intense, but more diffused. Abdominal and occipital
regions accompany numerous melanophores. Occipital pigment becomes joined with
pigment of the shoulder. Snout and mandibular pigment increases moderately. Pigment
surrounds the eye. Pigmentation in the base of caudal fin is much intensified.

In juvenile B. saida, the sides of the body are covered with numerous small stellate
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melanophores (Figure 4C). There is a profusion of peritoneal melanophores on the entire
abdominal region, accompanying thinly scattered stellate cells. In contrast to 7.
chalcogramma, the pigment does not surround the eye except in the posterior region,
including postorbital pigment at this stage. No particular change occurs in pigmentation
in the snout and mandibular regions. Epural and hypural pigmentation becomes
apparent.

In summary, the pigmentation takes place earlier in B. saide than in T.
chalcogramma. B. saida can be distinguished from 7. chalcogramma by the denser
stellate melanophores on the body side and peritoneal and abdominal regions through the
postlarval development.

DISCUSSION

The results of this study reveal that preanal distance and the position of anus are the
most useful characters to identify the postlarval forms of T. chalcogramma and B.
saida. Body depth at the base of pectoral fin and anus is also distinguishable between the
two species. The depth of caudal peduncle is less useful for the identification because of
the great variation. Differences in appearance and distribution of melanophores provides
a realistic indicator to discriminate between the two species. Well developed
pigmentation on the body sides, peritoneal and abdominal regions in B. saida contrasts
sharply to the fewer melanophores in T. chalcogramma. Gorbunova®’ stated that the
character of pigmentation resembles each other in prolarvae of the two species.

The range of preanal distance of 7. chalcogramma in this study (40-47% BL)
appears to agree with that reported previously for larval and juvenile forms (40-49% BL:
Gorbunova?’) and for adult form (40-44% BL: Svetovidov'’). However, preanal distance
of B. saida reported by Gorbunova?® differs from that of the present study. Gorbunova
gave the range of preanal distance to be 33-41.5% for the 8-13 mm larvae and 38-44% for
the 13-24 mm larvae. The present data indicate 46.2-54.4% BL for the 10-15 mm fish and 43.9-
54.8% BL for the 15-25 mm fish. It is obvious that the present data reveal higher values.
Svetovidov'’ presented the distance of adult form to be 41.5-49.5% BL. We ascertained
that the distance in young B. saida of 13-27 cm long was 46.4-50.8% BL (average 48.3%
BL). In considering our data and Svetovidov's, we conclude that preanal distance remains
almost uniform from the larvae of 10-15 mm BL to adult form. The cause of the
discrepancy in the findings between Gorbunova's and present study is uncertain.

Our data show that the transition from postlarval stage to juvenile stage takes place
at about 21 mm BL in 7. chalcogramma and 25 mn BL in B. saida. This can be compared
with 30-50 mm length in B. saida (Rass®’) and 35-50 mm length in T. chalcogramma
(Gorbunova®). It is possible that the transition varies depending upon the seasonal and
geographical differences. A rapid increase in numbers of caudal fin rays at 11-12 mm BL in
T. chalcogramma contrasts with a gradual increase of B. saida. The number of the fin
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rays remains fewer in B. saida than in 7. chalcogramma before the full complement of
rays is attained. It has been known that the appearance of a full complement of fin rays
in B. saida occurs latest among all gadid fishes (Gorbunova®’; Rass”). Although the
slow fin development can be considered as a species specific character of B. saida, it is
also presumable that it resulted from the low water temperature condition of habitat
during the incubation period and larval stage. It has been known that the skeletal
elements of fish are determined by water temperature during early development
(Fahy"™"®. Brander"; Powell and Gordy™). Since it is known that the habitat
temperature of larval form is 2 to 5°C for B. saida (Rass® and 3 to 7T°C for T.
chalcogramma in the southeast Bering Sea (Nishiyama et al.®), it is likely that the
slightly lower temperatures for B. saida delay achieving the full complement of fin rays
in B. saida, in relation to T. chalcogramma.

The process of fin ray formation may affect swimming capability and behavior of
larvae. Gorbunova® noted that in 7. chalcogramma the transition from the passive
drifting to active movement takes place at 10 to 15 mm BL accompanying the skeletal
support in unpaired fins. Kobayashi'® assumed that the postlarvae of T. chalcogramma
perform diurnal vertical migration in water column, while prelarvae remain in the
surface layer. In the length-weight regression curve of T. chalcogramma, Haryu™ found
an inflection point at 7 or 8 mm BL, which corresponds to the beginning of caudal fin
development. He pointed out that in T. chalcogramma the changes in type and size of
food (Kamba"™) favorably coincide with the transition from postlarval to juvenile
stages. At present no comparable data are available in larval B. saida on the relation
between fin ray development and behavioral changes. However, the late formation of fin
ray may cause a prolonged planktonic stage in this species.

ACKNOWLEDGMENTS

We are most grateful to Jean R. Dunn and the late Jay C. Quast, Northeast and
Alaska Fisheries Center, National Marine Fisheries Service, NOAA, who reviewed the
manuscript and offered valuable comments and criticisms. Thanks are also due to John
J. Goering and Peter C. McRoy, Institute of Marine Science, University of Alaska, for
their comments on the manuscript. Our thanks are to the officers and crew members of
the T,/S Oshoro Maru, and R,V Hakuho Maru, for their support in our collection. Yoji
Endo aided in the collection of materials on board the ships. This research was in part
supported by the Division of Polar Program of the U. S. National Science Foundation
under Grant No. DPP76-23340.

REFERENCES

1) Svetovidov, A. N.: Fauna of USSR. Fishes. Gadiformes. Vol. IX, No. 4. (Transl. from



132 T.Haryu and T.Nishiyama

Russian. Israel Program for Scientific Translations. Academy of Sciences of the
USSR.). 1948, 500 p.

2) Ponomarenko, V.P.: Some data on the distribution and migrations of polar cod in the
seas of the Soviet Arctic. Rapp. P.-v. Reun. Cons. Int. Explor. Mer. 95(2), 131-135(1968)

3) Gorbunova, N. N.: Reproduction and development of walleye pollock, Theragra
chalcogramma (Pallas). Tr. Inst. Okeanol., Acad. Nauk SSSR 11, 132-195(1954).
(Transl. from Russian by S. Pearson, Northwest Fish. Center, NMFS, 1972. 106 p.)

4) Wolotira, R. J., Jr., T. M. Sample and M. Morin, Jr.: Demersal and shellfish resources
of Norton Sound, the southeastern Chukchi Seas and adjacent waters in the baseline year
1976. Northwest and Alaska Fisheries Center Processed, U. S. Department of Commerce,
National Oceanic and Atmospheric Administration. NMFS, Seattle, Wa. 1977, 292 p.

5) Lowry, L. F. and K. J. Frost: Distribution, growth, and foods of Arctic cod (Boreogadus
saida) in the Bering Sea, Chukchi, and Beaufort Seas. Canadian Field-Naturalist 95(2),
186-191(1981)

6) Russell, F. S.: The eggs and planktonic stages of British marine fishes. London,
Academic Press, 1976, 524 p.

7) Matarese, A. C., S. L. Richardson, and J. R. Dunn; Larval development of Pacific
tomcod, Microgadus proximus, in the northeast Pacific Ocean with comparative notes on
larvae of walleye pollock, Theragra chalcogramma, and Pacific cod, Gadus
macrocephalus (Gadidae). Fish. Bull. U. S. 78, 923-940(1981)

8) Clothier, C. R.: A Key to some southern California fishes based on vertebral characters.
Divis. Calif. Fish and Game. Fish. Bull. 79, 4-83(1950)

9) Rass, T. S.: Spawning and development of Polar cod. Rapp P.-v Reun. Cons. Int. Explor.
Mer. 158, 135-137(1968)

10) Fahy, W. E.: Influence of temperature change on number of vertebrae and caudal fin rays
in Fundulus majalis (Walbaum). J. Cons. int. Explor. Mer. 34(2), 217-231(1972)

11) Fahy, W. E.: The influence of temperature change on number of anal fin rays developing
in Fundulus majalis (Walbaum). J. Cons. int. Explor. Mer. 38(3), 280-285(1979)

12) Fahy, W. E.: The influence of temperture change on number of dorsal fin rays developing
in Fundulus majalis (Walbaum). J. Cons. int. Explor. Mer. 39(1), 104-109(1980)

13) Brander, K.: The relationship between vertebral number and water temperature in cod. J.
Cons. Int. Explor. Mer. 38(3), 286-292(1978)

14) Powell, A. B. and H. R. Gordy: Egg and larvae development of the spot, Leiostomus
xanthurus (Sciaenidae). Fish. Bull., U. S. 78(3), 701-714(1980)

15) Nishiyama, T., K. Hirano and T. Haryu: The early life history and feeding habits of
larval walleye pollock Theragra chalcogramma (Pallas) in the southeast Bering Sea.
Internatl. North Pacific Fish. Comm. Bull. 45, 177-227(1986)

16) Kobayashi, K.: Larvae and young of the whiting, Theragra chalcogramma (Pallas) from
the North Pacific. Bull. Fac. Fish., Hokkaido Univ. 14(2), 55-63(1963)

17) Haryu, T.: Larval distribution of walleye pollock, Theragra chalcogramma (Pallas), in
the Bering Sea, with special reference to morphological changes. Bull. Fac. Fish.




Postlarval morphology of walleye pollock and Arcticcod 133

Hokkaido Univ. 31(2), 121-136(1980)

18) Kamba, M.: Feeding habits and vertical distrbution of walleye pollock, Theragra
chalcogramma (Pallas), in early life stage in Uchiura Bay, Hokkaido. Res. Inst. N. Pac.
Fish. Hokkaido Univ. Spe. Vol., 175-197(1977)

19) Haryu, T.: Illustrations of larval Theragra chalcogramma. In an atlas of the early stage
fishes in Japan (Eds. Muneo Okiyama). Tokyo, Tokai University Press, 1988, 326 p.



dbk AP 42, 135142 (1993)
Sci. Rep. Hokkaido Fish. Exp. Stn.

eI B A gD Ry b ¥ SHEFROER— 1
T4 & B

H B M £, #£4K E %

Ecology of walleye pollock, Theragra chalcogramma, larvae and
juveniles in the Sea of Japan off northern Hokkaido— 1
Horizontal distribution and hatching season

Masashi NATSUME*? and Masayoshi SASAKI*?

To clarify the seasonal distribution of walleye pollock Theragra chalcogramma
larvae and juveniles in the Sea of Japan off northern Hokkaido, sampling was
carried out by Marchi net and beam trawl net from October 1984 to February 1987.

Larvae and juveniles were collected from February to June. The total length
mode of larvae was 6-8mm in February and 10-12 mm in April, respectively. The larvae
were concentrated in the shelf region around the Rishiri and Rebun islands, while
they occurred in low numbers in the Musashi Bank, Annualchange in hydrographic
conditions and larval distribution suggests that the cold water from the west coast
of Sakhalin affects larval distribution. On the basis of the larvae size, it was
estimated that the hatching time of larvae and juveniles in this area was primarily
during late February to early March.
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19854 2 B R F|R B0 dLfl» 5 2—-12 Oct. 1984 MA 15 0
3 ; " 17-18 Dec. 1984 MA 8 0

ﬁ@,ﬁﬁﬁ@ﬁﬁxmﬁm-a 19—19 Feb. 1984 MA 8 229

H 5N 5 BRI LTV 38, 10—-12 Apr. 1985 MA 19 751

19864F, 1987412147k DIEH L ik ZTg ?m Sg xi f; g
. = . = ug.

Rond, 1986HFDKIRIE3~5 20—22 Feb. 1986 BT 16 480

C& &1985, 198T4EICH~TRR 8—11 Apr. 1986 BT 24 171

i > 2— 5 Jun. 1986 BT 10 6

Mpalte FPc VEREREN L R e Br 12 0

BEPY TOMEUKREISS  23-25 Feb. 1987 BT 9 951

hisr-otz, MA, Maruchi A net".

BT, Beam trawl net'.
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Fig. 3. Seasonal change in length frequency distributions of walleye pollock larvae and
juveniles from 1985 to 1987.
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Ecology of walleye pollock, Theragra chalcogramma, larvae and
juveniles in the Sea of Japan off northern Hokkaido-1I Diel
depth distribution and gear efficiency of beam trawl net

Masashi NATSUME*' and Masayoshi SASAKI*?

The diel vertical distribution of walleye pollock, Theragra chalcogramma,
larvae and juveniles in the Sea of Japan off northern Hokkaido was investigated.
Samplings were collected at 3 time periods, before sun rise, midday, and after
sunset at three stations, using a beam trawl net for the 10-710m strata and a sledge
net for the bottom on May 26-29, 1987.

During daytime, larvae and juveniles (15-19m total length(TL)) were obtained
in small numbers, whereas many juveniles (28-56mm TL) were collected at the
night. In both day and night sumples few larvae and juveniles were collected on
bottom. Based on the size range and catch number of larvae and juveniles between
day and night, it appears that a beam trawl net is a suitable sammpling gear for
larvae and juveniles smaller than 30mm TL.

i C & I
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HXES A213 (19934 9 A24E %)

= 1 JbisE T BeEEKESS (Hokkaido Hakodate Fisheries Experimental Station,
Yunokawa, Hakodate, Hokkaido 042, Japan)

» 2 Jt#ERF A+ ~ # — (Hokkaido Nuclear Energy Environmental Rrsearch Center,
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Fig. 1. Positions of sampling stations and bottom contours in the Sea of Japan off northern
Hokkaido.
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Table 1. Size compositions of walleye pollock larvae and juveniles collected at 3 stations.
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Fig. 2. Vertical distribution of walleye pollock larvae and juveniles, and vertical profile of
temperature (—°C), salinity (=) , after sunset.
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Ecology of walleye pollock, Theragra chalcogramma, larvae and
juveniles in the Sea of Japan off northern Hokkaido-II
Best season for sampling by beam trawl net

Masashi NATSUME*' and Masayoshi SASAKI*?

In order to clarify the sampling efficiency of a beam trawl net for larvae and
juveniles of walleye pollock Theragra chalcogramma, samplings were conducted
in the Sea of Japan off northern Hokkaido on May 9-14, 1988. Samples were obtained
with a beam trawl net at 0, 10, 20, 30, 50, and 70m depth during the day and at
night.

Small sized larvae and juveniles (30m total length (TL)>>) prevailed and many
of them were post larval stage. Little change in vertical distribution and length
frequency distribution of larvae and juveniles was observed between day and night.
This suggests that there was small difference in the sampling efficiency of a beam
trawl net for larvae and juveniles smaller than 30mm TL between day and night.
From the seasonal change in length frequency distribution of larvae and juveniles,
it is inferred that a beam trawl net is appropriate to collect the larvae and juvenile

s of walleye pollock from mid April to early May in this area.

E C & I
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%E)t#% A214 (1993%F 9 B24E ZH)
Je#eE v B KEER BB (Hokkaido Hakodate Fisheries Experimental Station,
Yunokawa, Hakodate, Hokkaido 042, Japan)

» 2 JLHEEF N+~ ¥ — (Hokkaido Nuclear Energy Environmental Research Center,
Miyaoka, Kyowa, Hokkaido 045-01, Japan)
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Fig. 1. Positions of sampling stations and bottom contours in the Sea of Japan off northern
Hokkaido.
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Fig. 2. Distribution of walleye pollock larvae and juveniles, in daytime and night.
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Fig. 3. Diel vertical distribution of walleye pollock larvae and juveniles, and vertical

profile of temperarure (—°C) and salinity (==).
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BRR, KEMFROTSEE.XA5E (Table 1), St. 9 TIRETRREREK O
VWI0mELER I 13w TH - fo88, KRIZEDKETH22~2dmBETH -7 LL, TOfh
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Table 1. Mean total length (TLmm) and number of catch per haul of walleye pollock larvae

and juveniles.

St.No.| St 1 St. 2 St. 3 St.4 St. 5 St. 6 St. 7 St.8 5t. 9
Depth | TL | Cateh| TL [Catch | TL | Catch| TL [Catch| TL | Catch| TL | Catch | TL | Catch | TL | Catch| TL | Catch
>| O0m 18.1 2 18.5 3| 13.4 2
< | 10m 288| 8[188) 10/206]| 16]21.2] 43 20.9| 17{133]| 35
ol 30m 42.7 1 28.5| 11]199 9] 21.3 2| 25.6| 128|273 8| 138 39
50m 354 1]20.2 11222 4)223| 11/235 11338 6/228| 15| 184 T
70m | 33.5 1] 30.7 1213 4/194| 6|168 5| 23.6 5| 26.5 1) 24.7 2| 214 7
Total | 33.5 11363 3[258| 13|228| 31|205| 41]|21.3] 53|27.0/ 35(20.9| 45|145 90
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Distribution of young walleye pollock Theragra chalcogramma
in Pacific waters off southwestern Hokkaido

Masayoshi SASAKI*' and Kazuya NAGASAWA*?

To etucidate the distribution of young walleye pollock Theragra chalcogramma
in Pacific waters off southwestern Hokkaido, seasonal change in distribution and
body length of young walleye pollock collected with a Danish seine net was inves-
tigated. From the size range (80-300mm in body length), young walleye pollock were
supposed to be 0-2 years old. In winter and spring they were distributed in the shelf
region from Mukawa to Cape Esan. In summer the young on one year old were
collected in the shallower stratum (250m) ), while young of two year old were
distibuted in the deeper stratum (250m<{ ). Such a vertical segregation by age was
also observed between young of the year and one year old in autumn.
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bR E T RN KERRBER TS T3, 1B6ELIBEREhTELARE b i, 19715
»oEE ERATEBEOR Y o ¥ SHAETH ] 231, #ER BELE RED
DEMMEPERMBOTFRIZT->TWVW5E, CohT, FHAERYFTET BT
WEA~BEETORBEMEMEL, chibticHHEhTVWE, ThET5~8ERA
RESBEITIC L VWV TTEEh TR, LA L, 4 3 & oEBIBGR R
HTEWY, BEOPERERK L REBRERE LTVWAA, T OMEOWME RO TED,

ZONKIKTIE, BHEYDIREAED, PIESEEDLELEA~6BDIESHICE-T
GBI 3N, ARASRLEBEEIAIFELLZONEY, COLDTHRRERORER

#HXES A215 (19935 9 B4E2H)

= 1 dusEVENKERBREEWEE 8, bisEFE T8+ » ¥ — (Muroran Branch,
Hokkaido Hakodate Fisheries Experimental Station, Funami-cho, Muroran,
Hokkaido 051, Japan : Present adress : Hokkaido Nuclear Energy Environmental
Research Center, Miyaoka, Kyowa, Hokkaido 045-01, Japan)

= 2 EIKEWFRA (National Research Institute of Far Seas Fisheries, Fisheries Agency
of Japan, Orido, Shimizu, Shizuoka 424, Japan)
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Fig. 1. Survey area in Pacific waters off south-western Hokkaido.
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Fig. 3. Seasonal and vertical change in length frequency distribution of young walleye
pollock in 1975-1983.
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Fig. 4. Seasonal change in occurence (%) of young walleye pollock in trawl catches in 1984
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Fig. 5. Seasonal and vertical changes in occurence (%) of young walleye pollock in trawl
catches in 1984 and 1985.
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Mesh selectivity of gillnets for spawners of the walleye pollock,
Theragra chalcogramma (Pallas), in the northern waters of
the Nemuro Strait of eastern Hokkaido, Japan
3. Estimation of the mesh selectivity curves using body girth

Yoshiyuki UEDA*

Mesh selectivity curves for spawning walleye pollock based on body girth
were estimated from data obtained with research gillnets in experimental fishing
poerations conducted in the northern waters of the Nemuro Strait from 1985 to 1987.

A high correlation between body girth and gonad indexes was found during the
spawning season. Moreover, significant difference in relationship between body
length and girth were found by sex, gonad indices, and fishing day.

Mesh selectivity curves suing body girth exhibited a negative shift with progre-
ssion of the fishing season. This phenomena is considered to be due to fish body
proportions changing in response to gonad development and variation in transfer

of somatic to gonadal tissue which changes over the course of the fishing season.
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B3 & U19874E 3 H1082fT - - ffiliBR T2, 2H1.260048, 61, 77, 97, 122mm® 5 F&
HoHESEMA L. @O THFI>VTREFZOBR" © VL TR L 72, il
BRTEONEAORSEL L, & /- 3 EAH50R IS /278 VST IR EBI > W THERERI
kR, FRABLUCHBEEERZHEL, B>V TRELSIcEER AL, H
R ARRE & LTE 1 FRESIND S ERilic L TEEOARICHIE Ut REE
¥ (GL) CR4EEHEEBEEED IFETRLAME (10°GW/L?) 2HW, £/, #B
FIRMEMRR (LT, BB EFY) ofEER, RiEkE L TRENTEHEOAES 12 Lk,
Baihic IRAER V.
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1. B & RMERBOE(L

19854F 3 H13H, 19864 1 H26H, 19874 2 H18HB X UF19874 3 H10BIZiT- - 4 [ED
FHERRTE N EXOREMR%ETabl 12 L, 203 b RTORBTIHEDIT
mH & TRl S W EROFEHE %R D 5 & 19864E 1 HAiR b A % < 22.4em, RUVT1987
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10-

8-1

. +
I 1 ;

2=

Gonad indices

0 Bl 1 .| I
Mar.13,1985 Jan.26,1986 Feb.18,1987 Mar.10,1987

Fig. 1 Seasonal variation in gonad indices of walleye pollock. The symbols and verical
lines indicate mean values and standard deviations. Closed circle, open circle and
closed triangle show male, female and composition, respectively.




HERkIcBIT 5 245 b o & SERRHOET 55 Lo B EiRE: 167
B3 Rk 2 EE RIS

Table 1. Frequency distributions of girth of walleye pollock caught by different mesh size

gillnets.
March 13, 1985 January 26, 1986 February 18, 1987 March 10, 1987
mesh size (m) mesh size (mm) mesh size (mm) mesh size (mm)

Girth range (em) 73 79 88 97 109 73 73 88 97 109 48 61 77 97 122 48 61 77 97 122
T~ 18 0 0 0 1] 0 0 0 0 0 0 0 o 0 0 0 0 0 0 0 Q
8~ 89 0 0 0 0 0 0 0 0 0 0 0 0 0 1] 0 3 0 0 0 a
9~ 99 0 0 o 0 0 o 0 0 0 0 0 0 0 0 0 0 0 0 0 [1]
0~08 0 0 © 0 o0 0 0 0 0 0 0 0O ©0 0 o0 O 1 0 0 0
11~119 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 Q

12~1289 0 0 0 0 0 0 0 0 0 0 0 2 0 0 1 0 8 0 0 0
13~1389 2 0 0 1 2 1 0 0 0 1 3 2 0 0 0 0 1 1 0 1
14~149 4 5 0 5 0 0 0 0 0 0 4 4 2 0 1 2 1 3 1 2
15~159 19 8 3 8 ] 1 Q 0 0 0 1 3 1 0 6 0 3 16 2 2
16~169 14 16 6 13 2 4 5 2 0 2 1 3 19 2 ] 2 9 33 9 14
17~179 & 13 10 16 4 7 10 4 2 0 16 8§ 30 2 15 6 16 21 17 37
18~189 2 4 13 18 7 9 19 5 1 0 21 21 15 8 ] 1 15 13 20 16
19~19.9 0 3 8 18 4 7T 12 1 3 2 11 19 13 23 16 2 7 T 82 6
20~209 1 0 B 16 2 4 10 10 3 1 12 12 3 25 10 4 T 4 8
21~219 2 0 0 2 4 1 4 8 10 3 6 11 2 17 9 2 8 1 T 3
22~229 0 0 1 12 3 1 3 2 i 4 2 7 1 13 8 1 0 1 8 2
23~239 0 0 0 7 4 0 1 0 5 2 3 4 2 6 3 0 2 0 3 6
24~249 0 0 0 2 2 0 0 1 1 1 0 2 2 2 5 ] 0 0 2 2
25~259 0 0 0 1 1 0 1 1] 2 1 0 0 0 1 2 1] 0 0 0 2
26~269 0 0 0 0 2 0 0 0 O 1 00 0 0 1 60 0 0 0 1
27~279 0 0 0 0 1 0 0 [ 1 | 0 0 0 0 1 0 0 0 0 0
28~289 0 0 0 0 1 1 0 0 1 0 0 0 0 0 3 0 0 0 0 0
29~209 0 0 0 0 4] 0 0 0 0 0 0 ] 0 0 2 ] 0 0 0 0
30~309 0 0 0 0 0 0 ] 0 0 0 0 0 0 0 0 1] (1] 0 0 1
31~319 0 0 0 0 0 0 0 0 0 0 0 o 0 0 1 a 0 0 0 0
32~329 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 a 0 0 0 0
33~339 0 0 V] 0 0 0 0 1] 0 0 1] 0 0o 0 1] a 0 0 0 0
34~349 0 0 0 0 0 0 0 a 1 0 ] 0 0 0 0 1} 0 0 0 0
35~359 0 0 0 0 0 0 a a 0 0 1] 0 0 Q 0 a 0 0 0 0
No. of fish sampled 50 50 49 137 47 36 65 43 44 19 100 99 100 99 100 23 84 100 98 100
No. of fish caught 400 478 373 249 78 36 68 43 44 22 606 959 1210 1036 610 23 180 518 359 207

F£2HD20.7enTH -7z, 19854 3 A B L U198T4E 3 Hic B 2 EADEHRAE R, £h%
h19.3cmB & TF19.2cn & (ZIZEIROMTINTE2 AOBI D S SiT/hNEh 1o,

ENTNOREHRTE SNABAORIRR A BT 5 709, #EEREREEORHRE
BOVGH L BEREEFig. 1 TR Uk BEEROTOME M TI21986F 1 Atk b5
WIEER L7, i & A A S LI ETIE1987H 2 ASB L™, RV TI9865F 1
AASED -tz 19854 3 H 35 & U19874E 3 H BSOS 2, 19866F 1 F 19874
2RIERERFNEVETH - 7o, E1, HEERBEORBPEENTOEOELOZE
i3, HECHANHORHRE L, BEREbHIICH~NEOA M RITKE, -1,

% CCHRA & RS & OMEMBARE R B 700, BBEIEHORENKA S - 121987
2 QoS T -5 2AVT, BOEHICIAL S, HHESICER L REEEE L -
TEERSHET - 2o HOHTORR, 2 >ORPLMIc L 2ERIARE L0, FER
R ERBERICL ORIAS AL, T, HEERBEERIONEYT 3 RERGRORE
BRVEEEAY, R ERBEERENENENLICRE S HEESEY Sht, B0
BEOYRIHT ORI~ TR <, HicAE & BB & OEBIRN I TS
WEZER L7 (Table 2),
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Table 2 Results of multiple regression analysis using Girth(y), Body length(x1) and
Gonad index(x2) data of walleye pollock caught in February 18th 1987.

male female
Number of data n 80 164
Multiple correlation R 0.901 0.932
Analysis of variance F 166.3>F(2,77 ; 0.01) 531.5>F(2,161 ; 0.01)
Regression coefficient (x1) 0.4428 0.4738
(x2) 2.5170 1.8048
constant -18.1365 -28.4721
Partial correlation (x1) 0.842 0.873
(x2) 0.519 0.685

Analysis of variance (x1) 187.7>F(1,77;0.01) 517.1>F(1,161 ; 0.01)
(x2) 28.4>F(1,77:0.01) 142.5>F(1,161 ;0.01)

&5, RALRREEHOT(LERIT 200, #EEKAREE - ABME % Fig.2-
1~4, BEXEAF L cEREE - FEABEEFig.3-1, 2icmli, RBERHOZE(IC
SWTid, #130.1~5.0&5.1E Fd 2 X5 (Fig4-1,2), #§i320.1~7.0, 7.1~15.0, 15.1L1
Lo 3R45 (Fig5-1~3) LT, & -—FEAMERER LI, £/, Thookk - REK
RiHEEREOREH TIEY, HAHSTET- 7 TORER, REGRAN), MR L X
UBEEHEA oW bEE T REAS ICHRUENRED Shi, FFic, 198553
F &19874 3 oA IC L ZMERRER LHEOEMNPEETH - /2 (Table

3)o % T TFig.2-1~4ioR L AR B SR — AR OMBIZ I £Fig. 6 IR LT
W L1z, Fig. 7iTi3Fig.3-1, 2ic7R Lo ElER AR — TR ABAR DR /ST ER L e & 7t
Fig.4-1,2, 5-1,2, 3R L -k BBEH S OB Vi & A (6K — HERGER O h# % # 13 Fig. 8,
#i3Fig. 9ok Lo, HEERANIGE -RARMGRER S L, ARFRETINENM1,
2, 3H&EHELIR LBV OGE IREL b, EER/NE{E-1, T/, SERON
BOERERESAELLBELEVICKE L -1, B OKE - FRBETREOHE
THESEL, FRUKE( NI LEDELRE (N -1, BBREREX AL 3646E R
FEBARRIE, MRS bRRBEEHEMSK & { 105 LRI 3 <, ERARKE(EAE
%R L1

Table 3 Results of analysis of covariance in regression relationships between body length
and body girth of walleye pollock.

Compared lines T test of intercepts(a) F test of slopes(b)
Mar.1985—Jan.1986 P<0.001 * * * P<0.01* *
Mar.1985—Feb.1987 P<0.001 * * % P<0.01* *
Mar.1985—Mar.1987 P>0.05 - P<0.01* *
Jan.1986—Feb.1987 P<0.001 * * * P<0.05*
Jan.1986—Mar.1987 P<0.001 * * % P<0.01* *
Feb.1987—Mar.1987 P<0.001 * * * P>0.05 -

Total males—total females P<0.001 * * * P<0.05 *
GI classes in males
0.1~5.0—over 5.1 P<0.001 * * * P<0.001 * * *
GI classes in females
0.1~7.0—-7.1~15.0 P<0.001 * * * P<0.01* *
0.1~7.0—over 15.1 P<0.001 * * * P<0.05 *

7.1~15.0—over 15.1 P<0.001* * * P>0.05 -
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body length and body girth of female's
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Fig. 5-1 Regression relationship between body
length and body girth of female's walleye
pollock in gonad indices from 0.1 to 7.0 which
compound four experimental fishing data.
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Fig. 5-3 Regression relationship between body
length and body girth of female’s walleye
pollock in gonad indices above 15.1 which
compound four experimental fishing data.
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Fig. 7 Comparison of regression curves between
body length and body girth of walleye pollock.
Solid line and dotted line represent the results of
male(Fig.3-1) and female (Fig.3-2), respectively.
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Fig. 9 Comparison of regression curves between body length and
body girth of female walleye pollock. Solid line, broken line and
dotted line represent the results in gonad indices from 0.1 to T.0(Fi
g51), from 7.1 to 15Fig.5-2) and above 15.1(Fig5-3), respectively.
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Fig. 5-2 Regression relationship between body
length and body girth of female’s walleye
pollock in gonad indices from 7.1 to 15.0 which
compound four experimental fishing data.
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Fig. 6 Companson of regression curves between body length and body
girth of walleye pollock. Solid line, dash-dotted line, broken line and dotted
line represent the results on Mar.13,1985(Fig2-1), Jan 26 1986(Fig.22), Feb.I8,
1987(Fig 23), Mar.10,1987(Fig 24), respectively.
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Fig. 8 Comparison of regression curves between body
length and body girth of male walleye pollock. Solid line
and dotted line represent the results in gonad indices from
0.1 to 5.0 (Fig.4-1) and above 5.1 (Fig.4-2), repectively.
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Fig. 10 Mesh selectivity curves of 97mm mesh size gillnet for walleye pollock
using body girth. Symbols plotted in alphabet represent the body
girth from which the curve was estimated.
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Fig. 11 Mesh selectivity curves of 97mm mesh size gillnet for walleye
pollock using body length(top figure) and body girth(bottom
figure). Solid lines and broken lines represent results on Mar.13,
1985 and Jan.26,1986, respectively.
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Annual changes of catch, length frequency distribution
and the age composition of walleye pollock, Theragra chalcogramma,
caught by set net in the Pacific coast of southern Hokkaido

Nobuyuki TANAKA*®

Annual catches of walleye pollock, Theragra chalcogramma, caught by set
net in the Pacific coast of southern Hokkaido were compiled from 1985 to 1991.
The greatest annual catch was to 14, 950 tons in 1989, and the highest ratio of
set net catch against total commertial catch was about 22% in 1990.

Body length frequency distributions and the age composition of walleye
pollock caught by set net in December 1991 and 1992 were compared to gill net
and danish seine catch. Results show that walleye pollock caught by set net
were smaller and younger than those taken by gill net.

A b9 ¥ 5 Theragra chalcogramma (Pallas) 13, BEABEE2 ST #EED ) LITEK
SRR (A0 bEp SEILETICE Y 278, Fig. 1) 0BEESEEMRETH %,
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B THRESH, BROBEEELOCEHEED L I, £ TEHIR, EEHETH
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&7 3,
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Experimental Station, Funami-cho, Muroran, Hokkaido 051, Japan)
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Fig. 1. Map showing the major fishing grounds of walleye pollock in the Pacific coast of

southern Hokkaido.
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Fig. 3. Body length frequency distributions of walleye pollock caught by set net, gill net
and danish seine in December 1991 and 1992.
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Fig. 4. The age composition of walleye pollock caught by set net, gill net and danish
seine in December 1991 and 1992.
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Biological characteristics of walleye pollock, Theragra chalcogramma,
off the west coast of Sakhalin in spawning season

Masami MIZUNO*' and Masashi NATSUME*?

Biological characteristics of the walleye polock, Theragra chalcogramma,
caught off the west coast of Sakhalin (Tartary Strait) in spring of 1989 and 1992,
were investigated.

Highly dense distributions of catches tended to shift from south to north with
the progress of operations in each year.

The samples off Sakhalin were mainly comprised of more large-sized and older
pollock than off the west coast of Hokkaido, and the spawning season of pollock
off Sakhalin was estimated as 2-3 months late from off Hokkaido, although the
walleye pollock of both areas had been considered to belong to the northern Sea of
Japan stock. These results suggest that the walleye pollock off Sakhalin may

compose a discrete stock from these off Hokkaido.
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The study of the reproduction features and the status of
stock of “Okhotsk Sea” walleye pollock population™'

Larisa Mihajlovna ZVERKOVA*?

In this paper the results of studies of the “Okhotsk Sea” walleye pollock
population (one of the largest in the Northern Pacific) are presented. During the
spawning season this population occurs in the Okhotsk Sea north of 50° N. The
conditions of pollock stock recruitment were analysed in relation to the currents
existing in the Upper Quasi-Uniform Layer, in which pollock eggs predominantly
develop. The recruitment of Okhotsk Sea pollock takes place within the extensive
system of cyclonic water circulation formed in the Okhotsk Sea north of 50° N during
the winter-spring period. The seasonal dynamics of the cyclonic circulation and the
dynamics of spawning distribution is presented. The area of reproduction of
Okhotsk Sea pollock is a rather closed system, and it appears that intra-annual
changes of water circulation patterns are one of the primary reasons causing
natural changes in population abundance. Data on the stock dynamics of the
Okhotsk Sea population are presented. The abundance of the Okhotsk Sea pollock
population is currently decreasing, with maximum harvest reaching as high as 1.5
mln metric tons per year.

In this paper the results of studying walleye pollack inhabiting the Okhotsk Sea
north of 50° N. are presented. Here ] summarize mainly the results contained in my papers
both published, and in print, and written by myself or with the co-authors. The Okhotsk
Sea is one of the largest walleye pollock harvesting region with maximum total catch
being more than 1.5 mln tons per year. The main portion of the total harvest is taken by
fishery fleet to the North of 50th degree N. L. where the range of Okhotsk Sea population
is located. In the paper I intend to show : the pollock reproduction features in connection
with water dynamics ; and the status of pollock stock as such.

In my opinion, the knowledge of pollack reproduction features, induced by the
environmental conditions and water dynamics in particular, is a reliable way of
identifying laws controlling the abundance dynamics of the population. This opinion is
based on long, up to 2-3 months, plankton life of pollock in Okhotsk Sea involving the

Accepted : September, 24, 1993. Contribution A219 from the Hokkaido Fisheries

Experimental Station.
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* 2 Sakhalin Branch of Pacific Institute of Fisheries and Oceanography (SakhTINRO) ,
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embryonal and early post-embryonal development periods. This period is critical for
pollock from the standpoint of generation's abundance formation, because variation in
environmental conditions over specific years may induce changes in the direction and
velocity of eggs drift, the area and character of species spread during the embryonal and
post-embryonal life, and the availability of food larvae. Through special studies it was
established that the main portion of developing eggs accumulates in the upper layer of
marine water from 0 to 30-50m in depth® . At these horizons of Okhotsk Sea the Upper
Quasi-Uniform Layer, or UQL is formed, which is apparently the ‘“cradle” for pollock.
With the lower boundary of the Upper Quasi-Uniform Layer taken as a quasi-bottom, the
multi-annual water dynamics in the Layer was studied using mathematical modelling
method®.

The necessary oceanographic investigations were conducted by my colleagues —oce-
anographers from Leningrad (now the Sankt-Petersburg) Hydrometeorological Institute.

The water circulation features are shown in the Fig. 1. As they were identified based
on a multi-annual material, we may consider them to reflect the norm (averaged regime)
for pollock reproduction conditions. The meteorological macrosystem, namely “the
Aleutian low - Siberian high,” which exists throughout winter-spring period, induces the
extensive closed system-the cyclonic movement of waters in the upper layer of Northern
Okhotsk Sea north of 50°N. This kind marine water movement is clearly evident in March
and May, that is, during the pollock spawning. In March, the most intensive water
movement is observed off western Kamchatka, and in May it is observed in North-central
and North-western Okhotsk Sea. From June, the anti-cyclonic circulation starts to form,
being especially well evident in August. Now I'd like to compare the established patterns
of water circulation in the upper layer of Okhotsk Sea with the spawning regions and the
distribution of developing pollock eggs. In March, the spawning of pollock takes place in

Fig. 1. The pattern of the currents and the pollock spawning region’s distribution in the
Northern Okhotsk Sea.
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the Eastern and North-eastern parts of Okhotsk Sea, within the zone of Eastern
component of cyclonic water circulation system. In Apirl the spawning still continues
there, but starts to relocate towards the North-central and North-western Okhotsk Sea.
In May, the spawning occurs in the North-central and North-western Okhotsk Sea where
the intensive cyclonic circulation is formed at that time as can be seen. The results of
developing pollock’eggs investigation revealed that their main portion concentrates to
the North of 50th degree N. L., within the zone of extensive cyclonic circulation that
exists there in the winter-spring period* (Fig.2). With all that, in April the especially
dense eggs’ assemblages were observed in the Eastern Okhotsk Sea, and in May - in the
North-central Okhotsk Sea. Through modelling method it was established that eggs and
larvae, representing the passive stage in the pollock’s life cycle, are rather intensively
transported by the currents existing within the Upper Quasi-Uniform Layer®. The eggs
drift direction is shown in the Fig.3. The drift occurs mainly within the boundaries of
population’s recruitment region, that is to the North of 50th deg. N. L. It appears
therefore that the reproduction of large pollock population inhabiting the Okhotsk Sea
north of 50°N. takes place within the relatively colsed cyclonic circulation system. The
range of pollock’s population spreads over the whole reproduction region, occupying the
North-eastern part of the Okhotsk Sea in March-April, and North-central-North-western
part in April-May. The system of currents of Upper Quasi-Uniform Layer, within which
the embryonal and partly post-embryonal development of pollock occurs, contributes to
the extensive drift of eggs and larvae within the reproduction area being sufficiently
isolated as such.

The character of currents of the Upper Quasi-Uniform Layer, identified based on the

Fig. 2. The distribution of the developing pollock's eggs (The intensity of hatching shows
the density of the assemblages.).
a-The general distribution of eggs.
b-Eggs' distribution at the final development stage.
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Fig. 3. The pattern of possible drift of the eggs and larvae of pollock.
i —The direction of movement.
—The sampling points sampled at month's intervals.
—The starting point of drift (since February).

averaged multi-annual data, and shown here, reflects the norm or averaged regime of
pollock reproduction, as was mentioned above. But this pattern may change in specific
year, which would naturally affect the conditions of species reproduction and in the long
run-the abundance of generation and stock strength. The future studies will be aimed at
investigating these relations.

Within the region described above the reproduction of species and growth of fish
during the first years of life cycle occurs only. As to the adult fish, the rearing polloock
spread wide throughout the Okhotsk Sea, with part of the fish migrating outside its
boundaries.

Using the VPA method we studied the change of stock strength of pollock over nearly
the 20 years. The abundance increase was observed in 1973-1975 and 1983-1985, with latter
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Fig. 4. The changes in the abundance of pollock of the Northern Okhotsk Sea.

being even more great (Fig.4). The marked decrease in stock strength happened in 1977-
1980 and is being observed now.

With the decrease of stock strength of pollock taking place nowadays, the conducting
of unsupervized and unmanaged pollock harvesting in the central Okhotsk Sea is
completely impermissible. The unmanaged harvesting may lead to damaging the
reproduction process in the population and stable abundance decrease.
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Reproduction level of North Japan Sea walleye
pollock population off Sakhalin at present™’

Larisa Mihajlovna ZVERKOVA*?

In the 1960-70s, the winter spawned pollock dominated both in the Tatar Strait
off Sakhalin and off Hokkaido. At present, however, spawning of the walleye
pollock off western Sakhalin is practically non-existant in January-February and
now takes place in April-May. The abundance of the North Japan Sea walleye
pollock population decreased markedly in recent time. At present abundance levels,
the spawning of walleye pollock off Sakhalin and Hokkaido appears to be markedly
differentiated in terms of timing and place. The results of studies, performed by the

author, suggest that two different groups exist within a common population.

Two walleye pollock reproduction areas are known to exist in the Japan Sea. One of
them is located in the western part (Peter the Great and Korean Bays), and another-in
the eastern part of the Sea. In this paper I touch upon the walleye pollock inhabiting the
eastern Japan Sea. According to Bakkala et.al.’’, walleye pollock there were observed
from the northern tip of Honshu up to the northern Tatar Strait or 51 deg. N. The results
of studies by Zverkova?’, Tanaka® and Tsuji indicate that the eastern Japan Sea is
inhabited by a common walleye pollock population, which was called the North Japan-Sea
population by the author. But according to Dr. M. Iwata®, the pollock of the eastern
Japan Sea consists of two local forms-the western Hokkaido and western Sakhalin ones.

Sakhalin branch of TINRO has conducted research (surveys) into the North Japan
Sea population for a number of years now. Until the 1977, i.e.the year of establishment
of 200 mile Exclusive Economic Zones, the surveys by SakhTINRO covered the whole
range of the population and were made both off Sakhalin and Hokkaido. But since 1977,
SakhTINRO surveys of the North Japan Sea population have been conducted within the
Russian Economic Zone only (in the Tatar Strait). The catch of pollock on North Japan
Sea population for the 20 years’ period is shown in the Fig.1. The data on the Japanese
catch were taken from the published paper of Dr. S. Tsuji*’ and that for the recent period
were reported by Dr. K. Watanabe in Russia-Japan Annual meeting in Fisheries Science.
Catches by Japan and Russia differed substantially, with maximum Japanese catch of
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more than 250 thou. M~T being obtained in 1975 (this catch included fish caught off
Sakhalin and Hokkaido), and that of Russia of 45 thou. M/T obtained in 1964. The
highest pollock catches over the recent time (1978-1979) amounted to 23 and thou. T.
respectively. In the 1980s a marked decrease in catches took place. We believe that the
decrease in the catches of pollock of North Japan Sea population was caused not only by
reduced harvesting activity, but also by the change in timing of formation of harvestable
(spawning) assemblages ; the change in reproduction level and the change in pollock
stock off western Sakhalin. These are the features that I would like to touch upon in this
paper, using the material collected over the 4 recent years and material of the previous
years for the sake of comparison. | think that the data, discussed below, might be well
supported by the results of research of population in guestion conducted off Japan. The
joint analysis of all the material available would enable us to get more complete and
objective information on the abundance status of pollock population in question as a
whole. Our knowledge of timing of formation of the harvestable (spawning) assemblages
and the duration of spawning and its intensity is based on ichthyoplankton surveys that
were conducted by means of sampling net of m k ¢ -80 type in the water column of 0-100

x10*
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Fig. 1. The catch of walleye pollock of North Japan-Sea population by Russia and Japan in
Ton.

1-Japanese catch, l1a-a catch taken off western Sakhalin.

2-Russian catch.

Note : The Japanese catch to 1977 includes catches taken off Hokkaido, Primorie coast of the
Japan Sea and la.-catches taken off Sakhalin.
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Fig. 2. Distribution of walleye pcllock's eggs in the Tatar Strait in number of individuals per

square meter,
a.-In March of 1987.
b.-In March of 1968.

m. We carried out 2-3 survey cycles in an observation season with one survey cycle
following the other. The surveys conducted in the 1960s showed that the maximum
quantity of developing eggs of pollock of population in question was in March then. The
abundance of eggs reached more than 1000 individuals per nf. But ichthyoplankton
surveys, conducted in February-March of the present time, have yielded very small
quantity of eggs. To support the above-mentioned I provide data on the abundance of
developing eggs of pollock for the March of 1968 and that of 1987 (Fig.2.). At present,
the substantial increase in the abundance of eggs and hence in that of spawners takes
place as late as April, which is contrary to the 1960s. The distribution of the eggs of the
first stage of development for the period of 1988-1991 is shown in Fig.3. Note that the
first stage of eggs’ development is completed upon the appearance of embryonal strip.
The distribution of pollock eggs on early stages of development reflects reliably enough
the distribution of spawners. Judging by this feature, the main spawning assemblages of
pollock off Sakhalin are distributed in the middle and northern areas of the Tatar Strait.
In May, the abundance of eggs of first development stage decreases markedly thus
pointing out to the completion of the spawning period. Having taken into account the
abundance ratio for the eggs of different development stages and the timing (duration)
of their development in relation to water temperature®’, we reconstructed the course
(dynamics) of spawning process for the pollock in question (Fig.4.). As can be seen, at
present, the highest abundance of eggs of first development stage off Sakhalin and hence
the mass-scale pollock spawning there occur in April. Using the data on eggs’ abundance
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Fig. 3. Distribution of pollock eggs of the first stage of development in the Tatar Strait in
number of individuals per square metre.
a.-For 21-30 of April, 1988. b.-For 19-29 of April, 1989.
c.-For 15-25 of April, 1990. d.-For April 25-May 5, 1991.
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Fig. 4. Dynamics of walleye pollock spawning process in the Tatar Strait.

at the time of spawning, corrected for natural mortality in the process of development by
Crossland’s method™, the total abundance of eggs in the spawning period for the 1988-
1991 was calculated.

Therefore, as can be seen from above, the spawning of the pollock off western
Sakhalin at present takes place later, than in the 1960-70s, namely in April-May.
Moreover, at the recent time practically no pollock spawning is observed in February-
March, contrary to the 1960-70s when this was just a usual thing. Along with the changed
spawning timing, a marked abundance drop in pollock is observed off western Sakhalin
over the recent time, as compared with the 1960-70s. At present, the North Japan-Sea
pollock, living off Hokkaido and Sakhalin, are markedly differentiated in terms of time
and space. The results of research, presented here, encouraged me to make a conclusion
that the North Japan Sea pollock population, inhabiting the Japan Sea from Ishikari Bay
up to the Tatar Strait consists of the two differentiated subpopulations. One of them
could be called winter-spawned and another - spring-spawned. Subpopulation of the
winter-time spawning is considered to be distributed off western Hokkaido and western
Sakhalin. The spawning in this subpopulation takes place in January-March. The spring
spawned subpopulation is considered to be distributed off western Sakhalin. After 1975,
the abundance of winter spawned subpopulation considerably decreased. probably due to

Table : The reproduction of pollock in the Tatar Strait.

Years : The number of eggs during the spawning period
multiplied by 10
1988 29.0
1989 22.4
1990 15.7

1991 9.3
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intensive harvesting. Since the 1970-80s practically no spawning of fish of this
subpopulation has been observed off western Sakhalin. As a result, the approaches of fish
of the population to the western Sakhalin, a place of intensive Russian pollock fishery of
the 1960-70s, practically terminated in January-March. In the 1980-1990s, only the spring-
spawned subpopulation is observed to spawn off western Sakhalin. It means that
harvestable assemblages there form only in April-May at present, much later than they
used to be in the 1960-70s. The abundance of subpopulation, spawning in spring, is
markedly less than that of subpopulation which spawns in winter. In the 1980-90s, the
abundance of the North Japan Sea walleye pollock population as a whole became much
lower than that observed in the 1960-70s, thus affecting the total Russian-Japanese catch
which also dropped markedly of late. It is not clear enough to-date, could the above-
mentioned subpopulations be considered as a common stock at the current status of

abundance decline in the North Japan-Sea walleye pollock population.
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Stock structure of the southwestern Okhotsk Sea walleye
pollock, Theragra chalcogramma, during the feeding
migration based on the vertebral number

Kengo ISHINO*®

The numbers of vertebrae in 22 samples collected from commercial catches
were examined to investigate the stock structure of the southwestern Okhotsk Sea
walleye pollock during the feeding migration from 1984 to 1986.

Statistical tests successfully detected at least two groups with distinctly different
mean number of vertebrae, 1. e. a lower count group and a higher count group. One
sample contained a intermediate value which was not included in either group.

Comparison of these samples to spawning stocks using mean vertebrae counts
suggest that the higher count group belongs to the Western Okhotsk Sea stock, the
intermediate count sample belongs to a Nemuro Strait stock, and the lower count
group belongs to a Western Hokkaido stock and,”or a Nemuro Strait stock.
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Fig. 1. Map of the southwestern Okhotsk Sea, showing the sampling
area. Number is the same as in Table 1.

Table 1. Collection data of the walleye pollock sampled in the southwestern Okhotsk Sea,
from 1984 to 1986.

Sample Date of Fishing Fishing Number of Standard
number fishing gears * depth(m) specimens _ length(mm)
1 1984.11.27 LL 120 29 mode(480)
2 1984.12.12 LL 83~90 10 mode(410)
3 1985. 7. 3 DS 200 46 220~260 * *
4 1985. 7. 3 DS 200 43 210~230
5 1985. 7. 3 DS 200 75 17026 * * *
6 1985. 8. 5 DS 160 82 188+28
7 1985. 9.18 DS 150~200 51 173+33
8 1985.10.15 LL 135~140 49 45639
9 1985.10.29 LL 140 94 458+ 46
10 1985.11.20 LL 110 48 461+48
11 1985.11.28 DS 158~199 141 259+46
12 1985.12.23 DS 150~200 73 413+41
13 1985.12.23 LL 120 84 461+32
14 1986. 5.19 oT 200 77 160~240
15 1986. 5.19 DS 130~140 30 170~240
16 1986. 5.20 SN 30 60 110~170
17 1986. 6.11 DS 150~200 100 200~250
18 1986. 7.29 DS 280~300 51 210~320
19 1986. 7.29 DS 280~300 100 100~200
20 1986. 9. 3 oT 230~260 30 280~320
21 1986. 9. 5 DS 260 74 150~200
22 1986. 9. 5 DS 130 82 150~220
* LL; long-line, DS ; Danish seine, OT ; Otter trawl, SN ; set-net
* * range

* * ¥ meantSD
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Table 2. Number of observed fi;h(n), mean number of total, abdominal and caudal
vertebrae, and the variance in twenty two samples.

Sample Total Abdominal Caudal
number n mean variance n__mean _variance n___mean _variance
29 51.17 0.7901 29 18.48 0.2594 29  32.69 fi
10 51.00 0.8972 10 18.50 0.2783 10 3250 0.7244
45 51.04 0.8870 45 18.53 0.2489 46  32.52 0.5538
42 51.19 0.5351 43 18.63 0.2802 42  32.55 0.4858
75  50.35 0.3928 75 18.04 0.2020 75  32.31 0.3537
: 0.4371 82 18.06 0.1323 82 32.17 0.4413
51  50.51 0.5399 51 18.18 0.2693 51 32.33 0.3475
49 51.29 0.9631 49 18.71 0.4174 49 32.57 0.7103
94 51.32 0.9752 94 18.56 0.3350 94 32.76 0.7069
48 51.27 0.8225 45 18.67 0.2667 45  32.62 0.4572

[
O WOo=00 U L=

oo

(3]

o

(=1

[a]

(<%

11 141 51.16 0.7748 141  18.56 0.4024 141 32.60 0.5515
12 73 50.32 0.5600 73 18.16 0.2228 73 32.15 0.4927
13 84 51.48 0.8447 84 18.70 0.3757 84  32.77 0.5560
14 68 50.62 0.6773 77 18.30 0.2354 68 32.29 0.6488
15 28 50.29 0.4184 30 18.10 0.1567 28 3221 0.3113
16 51 50.22 0.4437 60 18.10 0.1567 51 32.12 0.4176
17 100 50.21 0.6459 100 18.10 0.2300 100 32.11 0.4579
18 49  50.20 0.4890 51 18.18 0.2237 48 31.98 0.3537
19 90  50.30 0.5211 100 18.20 0.2400 91 32.10 0.4187
20 29 51.28 0.4757 27 18.48 0.2497 26 3246 0.4024
21 73 50.15 0.4567 74 1811 0.1505 70 3197 0.3706
22 76 50.25 0.5559 82 18.17 0.1660 75 32.08 0.3936

Table 3. Variance analysis in the means of twenty two samples for three numerical

characters.
Numerical character d.f. F P
Total vertebrae 21,1365 24.02 0.01>
Abdominal vertebrae 21,1400 14.38 0.01>
Caudal vertebrae 21,1356 9.23 0.01>

AVOFSliz>\\WTi2 9 @oiE4E (No.1, 3, 4, 8, 9, 10, 11, 13, 20) Afthod
11@EoEEx (No.5, 6, 7, 12, 15, 16, 17, 18, 19, 21, 22) DT, +~<ToO#f4
AbERBVWTHEEERLL (Fig. 3 )

CVOEGffiic>\WTIid 8 HOEA (No. 1, 3, 4, 8, 9, 10, 11, 13) Mo 8 H
oA (No.6, 12, 16, 17, 18, 19, 21, 22) LT, TRTOHELEDLEIRBVWTH
‘EEZRLE (Fig.3 )0

CNCORRERE TS L, F4—V 7BEEKEORr b 9 ¥ SHREHCIZ, TV, AV,
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THEET A &L S, THROLHEHMBRHICBVWTAELESE@EE 27 v—7 (No. 1,
2, 3, 4, 8, 9, 10, 11, 13, 20) &, /h&ELFHEE DI/ Vv—F (No.5, 6, 7,
12, 15, 16, 17, 18, 19, 21, 22) TH 5, No. 4R ELELICbFHELEMP - 12,

C T Tlwata and Hamai® iz L7zdi-T, FHAREFEEMICAVIZOWTIZ8.5, CVic
2WTII25ICEE L - EIc &AL &R R LA (Fig.4). B HMEhic 2>
DI NM—=TI, AVOHIIH-~TRA3EENFNIB6LIBI10FMICEREh TV, 12
M7 v—7RuFh bRl silfah ollEsh T,
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Fig. 2. Significance of differences between the mean total numbers of
vertebrae in twenty two samples.
@, Significant at P<{0.05 level(Duncan's new multiple range
test). Figures show the sample number in table 2.
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Fig. 3. Significance of differences among means of abdominal and
caudal vertebral numbers in twenty two samples.
@, Significant at P<{0.05 level(Duncan’s new multiple range
test). Figures show the sample number in table 2.

aeIgalla) [epne)

207



208 GEFEE

Fig. 4. The means of abdominal and caudal vertebral counts plotted on
Cartesian co-ordinates of 60° . The figures show the sample
number in table 2. Open circles and solid circles indicate young
and adult walleye pollock, respectively.
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Table 4. Mean number of total vertebrae in spawning pollock.

Waters Sampling Date Sample mean Reference
area size
Teuri Is. 1969.12.29 25  49.96 Iwata and Hamai(1972)*
Iwanai 1972. 2. 1 25 49.96 Koyachi and Hashimoto(1977)"
Kumaishi 1970. 2. 5 47 4998 Iwata and Hamai(1972)
Mashike 1969. 3.29 46 50.02 Iwata and Hamai(1972)
Moneron Is. 1969.12. 7 30 50.03 Iwata and Hamai(1972)
Japan NW Wakkanai 1969.12. 6 29 50.07 Iwata and Hamai(1972)
Sea Ofuyu 1973. 2. 70  50.114 Koyachi and Hashimoto(1977)
Kumaishi 1972. 2. 4 50 50.14  Koyachi and Hashimoto(1977)
Kudo 1970. 1.23 49 50.18 Iwata and Hamai(1972)
Moneron Is. 1969, 3.29 30 50.20 Iwata and Hamai(1972)
N Wakkanai 1969. 1.17 65 50.23 Iwata and Hamai(1972)
Kholmsk 1969. 3.26 30 50.23 Iwata and Hamai(1972)
Kholmsk 1969.12.25 83 50.33 Iwata and Hamai(1972)
Rausu 1988. 2.22 50 50.18 Yoshida(1988)™
Rausu 1969. 4. 8 48 50.19 Iwata and Hamai(1972)
Rausu 1987.12.17 50 50.22 Yoshida(1988)
Rausu 1969. 4.21 96 50.23 Iwata and Hamai(1972)
Nemuro St. 1983. 3. 2 97 50.25 Sano(1983)"
Nemuro Nemuro St. 1984. 3.21 97 50.28 Sano(1984)™
Strait Nemuro St. 1984. 3.21 99 50.38 Sano(1984)
Rausu 1988. 3. 9 50 50.42 Yoshida(1988)
Nemuro St. 1983. 1.20 79 50.49 Sano(1983)
Nemuro St. 1984. 1. 1 114 50.62 Sano(1984)
Rausu 1988. 1.29 50 50.72 Yoshida(1988)
Rausu 1988. 1.12 50  50.78 Yoshida(1988)
East Sakhalin  1983. 5. 1 98 51.00 Sano(1983)
East East Sakhalin  1984. 5. 1 100 51.09 Sano(1984)
Sakhalin  East Sakhalin  1983. 5.17 100 51.20 Sano(1983)
East Sakhalin 1984, 5.14 100  51.24 Sano(1984)
Western Kam.  1970. 1. 2 87 51.90 Iwata and Hamai(1972)
Western Kam. 1973, 2- 4 101 51.910 Koyachi and Hashimoto(1977)
Western Kam.  1972. 2- 4 589 51.957 Koyachi and Hashimoto(1977)
Western  Western Kam. 1974, 2- 4 50 52.000 Koyachi and Hashimoto(1977)
Kamchatka Western Kam. 1973. 2- 4 390 52.082 Koyachi and Hashimoto(1977)
Western Kam. 1974, 2- 4 749 52.084 Koyachi and Hashimoto(1977)
Western Kam. 1972, 2- 4 51 52.137 Koyachi and Hashimoto(1977)
Western Kam. 1972, 2- 4 140 52.157 Koyachi and Hashimoto(1977)
Western Kam. 1972. 2- 4 46 52.239 Koyachi and Hashimoto(1977)
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212070 —71}, BOORLEE | FHOWHONE (18.00AVE) SrWiriEic
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the feeding migration ; O, young. Sample number as in Table 1.
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Regional difference of age-composition of walleye pollock,
Theragra chalcogramma, from the Japan Sea coast
of Hokkaido and an interpretation for its cause

Hitoshi UTOH®*' and Masashi NATSUME*?

Fluctuations in commercial catch, size, and the age composition of walleye
pollock longline fishery landings from 1978 to 1989 were examined in three spawning
grounds, Ishikari Bay, Iwanai Bay and Hiyama region. Patterns in catch, size and
age compositon were different among each spawning grounds, especially between
the Hiyama region and the other areas. The catch percentage by age of each year
class was distinctly different in each spawning ground, especially between the
Hiyama region and the other areas. We thought these regional differences were
due to changes in availability on a regional scale. We successfully simulated fluctu-
ations in stock abundance, age composition, and other parameters of available

stock in Ishikari Bay and Hiyama region using availability as a variable.

& C & (I

BB ARRRCANT A7 by ¥ 513, REHEEFIR, (LCEBEIE, GRS &
BB L RILoSEEEFREE LT, FH8 T t ik h 2 EELRESHTH 5,
ChoDiEicRkET Ay ¥35i3, BEY, 8H Y, dVFOWERKL->-T—0
FEBICET 2SN THD, BROFEPTFHIS Chic Lichi-TEREShTVWS, L
L, M8k -» THREROBFEETICKZTIEESA SN, HEHBAOTHSEEESHR R
bHb. THbL, LEERLBEED 2 7 b9 ¥ 5 R 1950 (L5 ED & TOFER M
I TEMRIRE G 2, < OMERER T 2 BECHINSO B AR R & R TH -
729 (Fig. 1)o L L, "TOERBEEIZA > THSRMA LI UY, Bl Tlddic b
OFERAE FEIARIEE S - TWVWES (Fig. 2 ).

HXES A222 (19934 9 A24AZ8)

* 1 b HEMKEERER S (Hokkaido Wakkanai Fisheries Experimental Station, Horai,
Wakkanai, Hokkaido 097, Japan)

* 2 JbiglE A Bt K EERBR S (Hokkaido Hakodate Fisheries Experimental Station,
Yunokawa, Hakodate, Hokkaido 042, Japan)



216 Fi& 15 HEHE®

g

1

]
Il

1

THOUSAND TONS

[~
(=}
1

'

1935 1940 1945

Fig. 1. Changes of annual catch of walleye pollock in

1955 1960 1965 1970
YEAR

three sub-prefectures along the Japan Sea®
M : Rumoi, A : Shiribeshi, @ : Hiyama.

L

201

THOUSAND TONS

o -

5

a

s ly
] .
Y
,A""—'“;:‘
1047 et

o

1980 1985

FISHING YEAR

Fig. 2. Changes of walleye pollock catches during the

fishing period (November to next March) in
four fishing grounds off west Hokkaido® .

@ : Souya region, A : Ishikari Bay, /A : Iwanai Bay,

O : Hiyama region.

BLW-EEEAE

CO/I2WT, &2 ich
oOWHRICRKYET EA b0 ¥
S%xl—FRHHELI-ET, &
EEoBX IERHBKEOR
KL, ThIBERHELIck-
TEDEPBIcE T ERT
BAhEVSESOMED 22ic
- TEAENBEHRLETVS,
—%, =Y REROFELE
BicidohrmEioEEL KR
L, | REcES B E R Y
it #EHick 3 REHOH
BPFEROES CRER) 0%
i3, BEYOEEMERPER
HiRk s & OB REYERRBIC
bEEERIEITLEIONAL,
ChEchaRkstikiTbhT
WL,

FHETR, ARBLEAB
BRURLBROE S REY >
WT, @EI0HERE ORISR
L ERMEREE I ERER 0%
BEHERT LR Hob
NEEpESEY S, £C
T, TOERL L TRERDOE
BEEZ, ChEZEHELLY
Iab—=vavick->TERBD
wBEREEAFHE L,

B 0GR PERMR I, EIRHLZERSORENRAROHEPRRREOHER
Kk -> TR S, KK OMNRTH 2IL#EREBOROR 7 b v ¥ 5 0HE, HEKSHE
e AR LRI, OB R PO E LT, EEIEEICER & P REEE P AR b
WHEELTWE, £OMNRFRECHRENR IENHTH 545, ik - THREMEHLR
BTV, FABETEH LEEE GHETEH LERELERREENDD, ERBL
Rl T RERRENL T TH S, £CT, HEEBEBICT 300, #BBIIEIRE LM
HRELTWAGRBLEABBSLURILEESE L, REEERChSIKLETIR S b Y

¥ SRS - 12,




LB ABREICB T 5 25 b9 85 OFBMKOHIEE - 2 0RRICRYT 2 —EE 217

% r50° N

- 40

gz, Fig. 3 R LG “m"m“ﬁgn
HicoWTi, BEkERRS }
HZEFHT & HELET R DT 0T T, SHAKOTAN  PENINSULA
BRBEEABII VLTI, b
ek BERRERIE A3 R T HT & &5 PIHT
T, ThThkBFshicmk
PRz o>WTER L TV 2 R EE]
ERER & S o ST EE
ThHB, 155, RLAKIZ1978
i, BREIZ19804F, ARFEI
19815 H L 0B TH 5, flk :ﬁ
HITE FiEHERE (11~3 H) &
A1ms2E, #FECHiER g
(18450 — 1008 (&) ZHH L :
TERL, BohiEEMRE 120 130 140° N
$EmBEEREH TMEL T,

JAPAN SEA

PACIFIC
OCEAN |

Fig. 3. Coastal fishing grounds of Walleye pollock off

PR oM ERD 12, west Hokkaido. 1 : Souya region, II : Ishikari
y iy Bay, Il : Iwanai Bay, IV : Hiyama region,
A, ROTGEI & - A : Rumoi, B : Shiribeshi, C : Hiyama
TRz, £, 19894E 1 Bk sub-prefecture.
HeIR DT S E R MY O

WMAETEAERL, <OfEE%EBertalanffyDERICHTIIH T, EMFIFEEERERD I
ChEROVT, L8557 0 FRAHRINEC L - T, SEREREC, TOoERERY 5F
BrtHRR EHERE L Tzo

& F

1. REHEEMEROEFELE(L

1980EE LI O HIS R B % Fig. 4 1ok L1, T O, 865 T2l & LTAEY LS,
'87, 'SEIT/NR LD Sh B, FOREREBEMTREL - T, SABHPREEG
BEMAERLTWS, T5bb, #ldRoMRi3'86, 8THEE THEA KE(LL TV 3 0icx
LT, ARBOBERFhRLEELARILRAOALV, BLEROEE— FZ, 'S804
D350mmh> 5 844ED400mE THITL, £OH 6390, 400micfiiBLTWVWS, L L, BF
BT OR350, 360mERIE LTV S, SRBRHEOPRLARFBISEUL TV,
GRS TIRIBTEICE T — FAFHED60mD 5 290mic T Ucds, ilEs & aniBic
FE— FOBTREH AT, 310micB|E— FEHERETAIEE-TWE, CORIE—F
OHEERRILBIRE » bEABHEV, R2ETEIREOBFIcEE— FOBITHRERLN
3, ZoFEKEIR330mT, FFEORHBEOEE—FLD bHLMIIKEV, £/, TOF
OFHRE & ARSI LHE L » /A OHENE <, EABIREEOTHNEHEREEZL
Tva,



218 T 19, HEH®E

201

104

PERCENT BY NUMBERS OF FISH

== T T
300 400
BODY LENGTH (mm)

Fig. 4. Body length frequency distributions of walleye pollock longline
fishery. —— : Ishikari Bay, ** *** : Iwanai Bay, --- : Hiyama region.

2. RERY & FREMOEFE(L

Table 1 &Fig. 5 icdEMBIEMEEY, Fig. 6 it % OERIIEI S OBRFEL(LEBIRFNIR L
o WFNOZER) Y — v ERETRL - TV %, FEEHOKIHE, RiLEBROEE19
SUED S1984SEIC T TR E LD Lzik, 198748, 5 FRICERL, ZhLETE RFIRER
BELE-TVW3, BEREERBORBRESAZ (D LEEIRChE Y b8BhT, 19
858D S 198THEDHITH D, 18FEILE T EFL-boD, BIBUFICRBFUREDLLTL
%o R GRFBORDBRE W,

ERBIEE (Fig.6) T, 4B TOoROHESHAENMAZEL T, ARBETRELEL
ENE, RUBROIETEZ->TW5, BiZ, ARFEARBOES, 1985, 86FEF Tkl
BMETE LR ER LTV A4, RU#ERoBE'81, 82~'84FEDR, F4 5L TOH




LB EEFHARIC BT B2 by 55 OFGEROHIRZE & £ OFEICET 5 —FE 219

Table 1. Walleye pollock longline fishery catch' by age group.

Year 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

>

o&m-—ae‘:maumﬁ

32 58 14 0 7 91 132 61 T
633 389 584 327 274 398 1828 1874 291
3065 2287 3383 2870 1910 1723 999 3189 3134
8188 4901 6336 3698 4621 2743 728 664 3342
3101 2893 3028 3015 2328 1640 543 413 2260
975 1210 1138 1551 1472 995 261 264 1827
559 520 541 783 T44 501 127 142 920
526 534 261 455 458 243 83 T8 667
483 485 205 303 185 220 61 48 163
Total 17562 13277 15490 13002 11999 8554 4762 6730 12611
130 34 19 98 0 64 96 9 227 253

741 1397 1323 433 312 756 475 3118 3888 2046
11733 7154 5928 8693 5369 8512 4244 2807 14185 10165
23564 21108 18802 13588 11352 15369 7649 4525 3700 6557
8140 9103 11379 12609 9791 8973 6601 3924 2882 1561
2271 3552 4879 4113 6415 5277 4074 2085 2041 661
1778 1775 2212 2375 2781 2737 2576 1259 1249 376
1857 1560 1585 2110 1552 1304 1417 878 672 214
U187 1351 1388 963 930 778 897 483 555 166
Total 51401 47034 47515 44982 38502 43770 28029 19088 29399 21999
13 110 0 0 0 0 0 0 0 0 0 0
506 296 72 26 58 17 6 0 0 1163 584 638
3181 9788 5166 2172 2398 1949 1071 570 918 2489 12836 10509
4663 12578 15681 18294 11288 6312 3203 3566 2702 4254 9363 14762
2818 4139 4105 8572 7263 7833 4779 5851 3774 4361 3822 5893
4222 2793 1825 3151 5069 4033 4118 4760 3389 5298 4080 2528
3415 2313 1362 1732 1086 1212 1694 1450 1021 1571 1042 1457
9 4322 2619 2027 2980 2111 1338 1843 1359 1249 2100 1977 1445
10 2345 2280 910 1405 07 524 853 598 404 565 374 592
Total 25486 36915 31149 38332 29980 23218 17568 18154 13457 21800 34077 37824
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Fig. 5. Walleye pollock longline fishery catch by age group. ’I‘op
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Fig. 6. Age composition of walleye pollock longline fishery.
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Fig. 7. Walleye pollock longline fishery catch of year chasses
1974-1985 by age group. Arrangement and symbols same as
figure 5.
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Fig. 9. Simulatedavailable stockabundance Fig. 10. Simulated age composition of

by age group. Top : I (Ishikari Bay) available stock, by numbers of fish.
region, bottom : H (Hiyama) region. Arrangement and symbols same as
S:age 4" B: 5" M: 6", 1H: 7", figure 9.
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Fig. 11. Simulated available stock Fig. 12. Simulated available stock

abundance of year classes by age group. abundance percent by age group of year
Arrangement and symbols same as classes. Arrangement and symbols same

figure 9. as figure 9.



Table 2. Availabilities that give suitable simulated results, estimated stock abundance' of each year chasses and their calculated available
stock abundance’ by group.

Year 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
oo Availability of virgin spawner _________
I regon(AID) 0.280 0.201 0.322 0.297 0.313 0.341 0.165 0.19 0.008
H regon(AH) 0.120 0.194 0.125 0.100 0.084 0.052 0.021 0020 003 0116 0242 0.133
_______________________________ Availability of repeat spawner _____ - .
I region(BI) 0.200 0.166 0.159 0.165 0.187 0.145 0.051 0.050 0.005
H region(BH) 0.175 0.100 0.133 0.202 0.154 0.137 0.119 0.159 0.131 0.228 0.294 0.290
Year class 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985
Stock abundance 1 82 45 30 22 29 36 30 30 23 19 14 10 12 36 42
Age| e _______Available stock abundance’ by age group _ o
4 2520 1.812 2.222 1.693 1.441 1.023 0.594 2.048 0.097
I regio 5 6.713 4.136 6.076 4.367 4.155 2.948 0987 1.378 0.174
6 2306 2382 1.897 1.968 1.710 1.095 0.284 0.19 0.021
7 0.980 1.074 1274 1.102 1.249 0743 0.216 0.156 0.010
8 0.748 0456 0575 0.741 0.699 0.542 0.146 0.118 0.008
4 0.792 1688 1350 0900 0.756 0.359 0.120 0.084 0.108 0418 2541 1676
H region 5 2.848 2700 2.627 3.187 2152 1.542 0722 0.713 0.583 1.016 2.178 4.247
6 3.131 1193 1.163 2.329 2.204 1.634 1.413 1449 0.9%0 1.269 1.169 1.384
7 | 3195 1.002 0.888 0989 0.994 1.098 0792 1.059 0.671 0.965 0916 0.646
8 | 1022 0.746 0756 0422 0495 0532 0.593 0490 0.654 0.697 0.506

1 Abundance index by number of fish at four years old.

2 Abundance index by number of fish.
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Fluctuations of walleye pollock and Pacific cod
resources and bottom temperature
in the waters off the Tohoku region of Japan

Tadashi INADA*' and Mayumi MURAKAMI*?

Annual fluctuations in abundance, from 1980 to 1990, of walleye pollock
(Theragra chalcogramma) and Pacific cod (Gadus macrocephalus) in the waters
off the Tohoku region of Japan, were analyzed in relation to the movement of
an intrusive cold water front (designated as the “Oyashio front”) . Mean value
of catch per haul by commercial trawlers ( “Density index") in the Kinkasan
and Johban waters of the Tohoku region, together with the southernmost lati-
tudinal location of the high density area of these cods, were used as indices of
abundance. The southernmost location of the 5°C and 8°C isotherms at 200m
depth was also used to define the position of the Oyashio front. A comparison
of the position of the Oyashio front with the indices of cod abundance resulted
in significant correlations. When the Oyashio front extended southward, the
density index of walleye pollock in the Kinkasan and Johban waters increased,
and the distribution of the high density area spread to the south. For Pacific
cod, these correlations are highest when indices of abundance are compared with
the position of the Oyashio front from the previous one or two years. Resources
in the different waters (Kinkasan and Johban) of walleye pollock are likely to
be form the same stock and those of Pacific cod are also the same, since they
exhibit very similar patterns of fluctuations in abundance with movement of
the Oyashio front.
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(Tohoku National Fisheries Research Institute, Hachinohe Branch,
Shimomekura-kubo 25-259. Same, Hachinohe, Aomori 031, Japan.)
= 2 HIEDUKEERRFAT
ERRIEETIRET 3 TH21-5
(Tohoku National Fisheries Research Institute, Shinhama-cho 3—27—5, Shiogama,
Miyagi 985, Japan.)
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Key words : walleye pollock, Pacific cod, resource fluctuation,
bottom temperature, Oyashio front, Tohoku
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Fig. 1. Map of the Tohoku region, showing the distribution of walleye

pollock and Pacific cod (shaded part) in the Kinkasan and

Johban waters.
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Fig. 2. Annual changes in the density index (annual mean CPUE : kg by haul) of walleye
pollock (solid line) and Pacific cod (broken line) in the Kinkasan waters from 1980
to 1990.
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Fig. 3. Annual changes in the density index (annual mean CPUE : kg by haul) of walleye
pollock (solid line) and Pacific cod (broken line) in the Johban waters from 1980 to
1990.

39'4

8
?
b

walleye pollock

Latitude (N)

w
‘\.0
'l

. Pacific cod

v T T T

1980 81 82 83 B4 85 '86 87 B8 89 90

Fig. 4. Annual changes in the southernmost location of the area of high density of walleye
pollock (solid line) and Pacific cod (broken line) from 1980 to 1990.
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Fig. 5. Annual changes in the Oyashio front index (southernmost location) of the 8 °C
(solid line) and 5 °C (broken line) isotherms at 200m depth from 1980 to 1990.
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Table 1. Correlation coefficients between the density index (annual mean CPUE : kg by
haul) of walleye pollock and Pacific cod in the Kinkasan and Johban waters, and
the Oyashio front index (southernmost location of the 5°C and 8 °C isotherms at
the 200m depth).

waters species 8 'C 8°C n
Kinkasan walleye pollock -0.671 * -0.373 11
walleye pollock*'  -0.260 -0.306 10
_walleye pollock** 0308 | 0.500 9.
Pacific cod -0.531 -0.347 11
Pacific cod * ! -0.909% * -0.858* x 10
Pacific cod * * -0.365 -0.157 9
Johban walleye pollock -0.723* *  -0.552 11
walleye pollock* '  -0.225 -0.044 10
‘walleye pollock** __ 0.265 0400 9
Pacific cod -0.512 -0.455 11
Pacific cod * ! -0.961% *  -0.901* * 10
Pacific cod * * -0.622 -0.440 9

Statistically significant at 1% level ( * *), and 5% level (*)
* ! : compared with the Oyashio front index previous one year.
*? : compared with the Oyashio front index previous two years.
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Fig. 6. Correlations of the density index (annual mean CPUE : kg by haul) of walleye
pollock (left) and Pacific cod (right) in the Kinkasan waters, with the Oyashio
front index (southernmost location of the 5°C at 200m depth) from 1980 to 1990.
The density index of Pacific cod is corelated with the 5°C location previous one year.
The solid line represents linear regression.
“r" values are statistically significant at the 5% level (*), and 1% level (* *).
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Fig. 7. Correlations of the density index (annual mean CPUE:kg by haul)of walleye
pollock(left)and Pacific cod(right)in the Johban waters, with the Oyashio front
index(southernmost location of the 5°C at 200m depth) from 1980 to 1990.

The density index of Pacific cod is correlated with the 5°C location previous one
year.

The solid line represents linear regression.

“r" values are statistically significant at the 1% level (* *),
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Table 2. Correlation coefficients between the southernmost location of the area of high
density of walleye pollock and Pacific cod, and the Oyashio front index
(southernmost location of the 5°C and 8 °C isotherms at 200m depth).

species 5°C 8°C n
walleye pollock 0.711* *  0.686* 11
walleye pollock* '  0.220 -0.020 10

_walleye pollock** -0.050 0.108 . 9
Pacific cod 0.286 0.350 11
Pacific cod * ' 0.658 * 0.594 10
Pacific cod * * 0.980% *  0.890* x 9

Statistically significant at 1% level (* *)., and 5% level (*)
* ! : compared with the Ohashio front index previous one year.
*? : compared with the Ohashio front index previous two years.
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Fig. 8. Correlations of the southernmost location of the area of the high density of walleye
pollock (left) and Pacific cod (right), with the Oyashio front index (southernmost
location of the 5°C at 200m depth) from 1980 to 1990.

The density index of Pacific cod is correlated with the 5 °C location previous two
years.

The solid line represents linear regression.

“r" values are statistically significant at the 19 level (* * ).
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Table 3. Correlation coefficients for density index (annual mean CPUE : kg by haul) of
walleye pollock and Pacific cod between the four waters

species walleye pollock Pacific cod

waters Iwate Kinkasan Johban Iwate Kinkasan Johban
Aomori 0.310 0.370 0.391 0.896% *  0.021 0.298
Iwate 0.231 0.170 0.118 0.431
Kinkasan 0,789 * * 0.870 % *

Statistically significant at 196 level (* %)
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Demersal fish assemblages and macro habitat niche
overlaps among gadiform dominant species
off Sendai Bay, north Japan*'

Orio YAMAMURA*?, Tadashi INADA*?® and Kenji SHIMAZAKI*?

The analysis of the structure of the domersal fish community off Sendai Bay
was made based on a total of 30 trawl samples collected at the depths of 100-500 m.
The samples were grouped both by cluster and principal component analyses into
three distinct faunal assemblages, more than 70% of which were dominated by one
of the following three gadiform species : Threadfin hake Laemonema longipes,
Pacific cod Gadus macrocephalus and walleye pollock Theragra chalcogramma.
The macro habitat niche overlaps among the three dominant species were generally
low : 73 out of 75 of the size class pairs showed overlaps of less than 40% in
Schoener’s index. A simple comparison of water temperatures and the tolerable
temperature ranges of the dominant species suggested some biological interactions
between Pacific cod and walleye pollock.

INTRODUCTION

A goal of community ecology is to clarify the mechanism of organization and
maintenance of communities. Accordingly, analyses of community structure should be
accompanied or followed by studies on interspecific relationships. The structure of
offshore demersal fish communities have been studied in various areas extending from
tropical (Fager and Longhurst!’ ; Bianchi?’) to antarctic (Tiedetke and Kock?®’) and
arctic (Mito*’) waters. Most of the studies, however, have only described the patterns of
assemblages, and offered little insight to interspecific interaction. This is contrast to the
excellent studies on coastal or reef communities (e.g. Sale®’ ; Livingston®’ ; Thorman and
Wiederholm™ ; Norton®’), in which the mechanism of community organization and
maintenance are dealt with.

Such a contrast may be the result of the methodological disadvantages of offshore
studies in data collection. In contrast to the coastal environments, where one i1s able to
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deal with the microhabitat use by species or interference among individual fish through
visual observation and fine scale sampling, the methods of sample collection in offshore
studies are limited to net sampling which can evaluate only the large scale distribution
pattern of organisms. However, the estimation of macro habitat niche overlap is possible
even in the offshore community if one employs an adequate sampling scale
(e.g.Macpherson®’) .

The area off the Tohoku region, including the study area, is the southern margin of
northern fishes. This area has been the target of intensive fishing activities : in this
decade the offshore trawlers in this area have yielded more than 300 metric tons of
walleye pollock, Theragra chalcogramma every year. Since 1989, the Tohoku Regional
National Fisheries Research Institute established a comprehansive long term sampling
program of demersal fishes off Sendai Bay to monitor the year to year fluctuation in fish
abundance, and to clarify the causations. In this paper, we separate the research area into
a few homogeneous faunal assemblages based on the data collected in the first year of the
research program. We then made a simple judgment whether the distribution patterns of
the dominant species of the assemblages reflect the ecological interaction among them or
merely respond to physical environment.

2. MATERIALS AND METHODS

Data used in this study were obtained from the cruise of R/V TaNsHU-MARU 89-02
(May 24/89—June 5/89) , conducted by the Fishery Agency. The study area, shown in
Fig. 1, was the lower continental shelf and the upper continedtal slope off Sendai Bay,
northern Japan. It is delineated by the latitudes 37° N and 38° N and 100 m and 500m
isobathes. A stratified random sampling design was utilized based on depths and
latitudes. The sampling gear used was a bottom trawling net. Its mesh sizes in the wings
ranged from 18mm stretched mesh near the head rope to 90mm near the cod end with a
codend liner of 18mm stretched mesh. At each station, a tow of 30 minutes duration at a
ship speed of 3.3 kt was made during the daytime. For each tow, catches were identified
to species, and the total biomass of each species was weighed on board. At the end of each
tow, bottom temperature and salinity were measured using a salinity temperature probe.

As a measure of similarities between samples, we used the similarity index (T) of
Schoener™:

T=1 —0.52 | Pik—Pirs |
i

=minZ (pih Pu) (1).

where p;« and p; are the proportions by weight of species k for pairs of samples i, j. For
the calculation of the index, some dominant species were divided into graduated 10cm size
classes to take the ontogenetic change of distribution (Macpherson®) into account. The
species which occurred in only a single sample and pelagic and mesopelagic species were
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Fig. 1. Chart showing location of the 30 sample collection sites off Sendai Bay
during May and June, 1989. Symbols indicate groups separated by the
cluster analysis : station group A [@], station group B [A] and station

group C [%].

discarded from the data set.
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The samples were classified by cluster analysis using CLUST (Tanaka et al.”). A
group-average sorting method algorithm was used. There are some disadvantages of
clustering such as forcing graded series of samples into descrete clusters (Field et al.').
Gauch™ therefore proposed to apply substantially different techniques such as
ordination. Accordingly, we also applied principal component analysis using PCA
(Tanaka et al.™) . The data set was log-transformed to remove skewness (Taylor'”). The
clusters which were clear on the principal component axes were considered to be

consistently different in species composition.

Finally, we examined the habitat niche overlaps among size classes of dominant
species using Schoener’s index. In this case, p,. and p:; in the formula (1) were relative
abundances of kth and jth species at ith sample. Following Ross', overlap values of more

than 0.4 were regarded as considerable.
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Fig. 2. Dendrogram showing result of the cluster analysis of 30 samples based on species
composition.

RESULTS

A total of 11 orders, 28 families, 57 genera and 61 species were identified. From the
data set, 11 species which were considered as pelagic or mesopelagic, and 13 species which
occurred only in a sample were omitted. Threadfin hake, Laemonema longipes was the
most abundant (48.9%) in total weight followed by pollock, Theragra chalcogramma
(22.8%) and Pacific cod, Gadus macrocephalus (20.9%). These three northern gadiform
species accounted for 92.6% of the total fish biomass. One of the three species was
dominant in every sample.

The cluster analysis revealed three groups (A-C) at a 20% level of similarity (Fig.
2) . The geographic distribution of the clusters and the species composition of the
clusters are shown in Fig. 1 and Table 1, respectively. There was no area of overlap
among the clusters. Each cluster was dominated by one of the three dominant gadiform
species.

Cluster A comprised samples collected from a wide range of water (106 - 357m).
However, it mainly (thirteen out of fifteen) consisted of samples from the shelf part
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Table 1. Species composition of station groups revealed by the cluster snalysis. Three
dominant gadiform species are divided into four 10cm size classes. Mean depth and
bottom temperature for each station group are also given.

Station group
Depth(m, mean+SD)
Temp. (°C, mean*SD)

Fish Species

A B Cc
161£62 242+56 409=44
6.4+1.3 6.3=1.6 3.3%0.7

Squalus acanthias 0.39 0.03 -
Hydrolagus barbouri - - 1.77
Clupea pallasii 0.44 - -
Pterothrissus gissu 0.75 0.06 -
Notacanthus chemnitzi 0.18 - -
Simenchelys parasiticus 0.08 - -
Physiculus maximowiczi 4.08 1.15 0.14
Laemonema longipes (-3) 2 1.02 1.24
Laemonema longipes (-4) + 0.29 51.01
Laemonema longipes (-5) + 0.29 33.72
Laemonema longipes (5-) - - 3.66
Gadus macrocephalus -3 22.61 1.93 -
Gadus macrocephalus (-4) 10.62 6.04 0.22
Gadus macrocephalus (-5) 24.08 13.88 1.88
Gadus macrocephalus (5-) 18.80 2.58 0.87
Theragra chalcogramma  (-3) 0.04 1.44
Theragra chalcogramma  (-4) 2.55 27.37 0.05
Theragra chalcogramma  (-5) 3.75 39.31 0.20
Theragra chalcogramma  (5-) 3.86 1.39 -
Caelorinchus macrochir 1.66 0.01 +
Lateolabrax japonicus 0.40 0.02 +
Scombrops boops 0.04 0.01 -
Suruga fundicola 0.04 - -
Lumpenella longirostrlis - - 0.42
Stichaeus grigorjewi 0.39 0.08 -
Allolepis hollandi + . 0.12
Zestichthys tanakai + 0.11 3.23
Sebastes minor 0.06 . -
Sebastolobus macrochir B - 0.89
Hexagrammos otakii 0.76 0.05 -
Hemitripterus villosus 1.60 0.14 -
Cottiusculus schmidti 0.02 +* -
Alcichthys alcicornis 0.45 - -
Dasycottus setiger - - 0.03
Malacocottus zonurus - 0.12 0.04
Liparis tessellatus 0.60 - -
Careproctus rastrinus + 0.02 0.08
Hippoglossoides dubius 0.06 0.41 0.43
Dexistes rikuzenius 0.97 - -
Clidoderma asperrimum - 0.11 -
Microstomus achne 0.73 2.12 -
+:40.01%

(<200 m) of the study area. This cluster was dominated by Pacific cod (76.1%) followed
by walleye pollock (10.2%) and Brown hake, Physiculus maximowiczi (4.1%).

Cluster B combined samples collected in the intermediate depths spanning over 159-
320m. Walleye pollock was dominant this cluster (69.5%), which was followed by Pacific
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Fig. 3. Ordination plot of 30 samples on the first two axes of principal component analysis.
Sample groups suggested by the cluster analysis are coded as station group A (@],
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Fig. 4. Matrix of Schoener's index showing intra- and interspecific babitat niche overlaps
among 10cm size classes of the three dominant fishes based on the 30 samples : TH ;
Threadfin Hake, PC ; Pacific Cod, WP ; Walleye Pollock, +;<0.01%




Demersal fish assemblages off Sendai Bay 247

cod (24.4%).

Cluster C was made up by samples collected at stations deeper than 340m. The
dominant species in this cluster was threadfin hake (89.8%) . Jelly eelpout, Zestichthys
tanakai was second in abundance making up 3.2% of the total biomass.

In the principal component analysis, the first and second principal component axes
described 27.6% and 20.9% of the total variation, respectively (Fig. 4 ). The symbols on
the figure show samples that were grouped together by the cluster analysis. The different
groups outlined in the cluster analysis are readily apparent on the plot of the two
ordination axes (Fig. 4 ). The groups show no area of overlap. This fact shows that the
species composition of the groups are consistently different.

The similarity matrix showing interspecific habitat overlap values among size
classes of the three dominant species are given in Fig. 5. Of the 48 interspecific pairs, only
two pairs, 401-500mm size class of walleye pollock versus middle sized (301-400mm and 401-
500mm) cod, showed significant overlap (0.45 and 0.50, respectively). No pairs of
threadfin hake versus Pacific cod or threadfin hake versus walleye pollock showed overlap
more than 20%.

Discussion

The study area was separable into the three faunal assemblages (i.e. station groups)
by both statistic techniques employed. The groups showed no area of overlap in their
geographical distribution, therefore it is acceptable that they indicate disparate faunal
assemblages. All the samples were dominated by one out of the three Gadiform species,
Pacific cod, walleye pollock and threadfin hake. These species constituted more than 70%
of each assemblage in bimass. These facts indicate that the clusters merged reflecting the
abundance of dominant species in the samples. Consequently, the clusters A, B and C
signify the main habitats of Pacific cod, walleye pollock and threadfin hake, respectively.
Therefore the structure of the demersal fish community in the present study is certainly
defined by the three dominant species. In other words, the observed distribution pattern
of faunal assemblages was established reflecting the low habitat overlaps among
dominant species : as shown in Fig. 5, 46 out of 48 pairs of size classes showed no
considerable (<40%) interspecific habitat overlaps.

There are several factors which would promote the observed distribution pattern of
dominant species. The possible factors are roughly divided into the following : 1)
physical environment - the differences by species in tolerable or preferring ranges of
various physical paremeters promote different distribution on pattern; 2) biological
interactions - the interacting organisms such as competitor, prey or predator cause
unhomogeneous distribution of a species.

We have insufficient data to determine which factor was operative, however, the
data on the principal physical parameters, depth and temperature, are available. The
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examination of the parameters partly answer the above question. If a pair of species is
distributed in physically disparate habitats, then the species are considered to be
responding to their physical environments rather than reflecting their interspecific
interaction. Oppositely, when a pair of species with low habitat overlap is distributed in
the environments of same or similar physical properties, then some factors other than
the physical environment are suggested. Although we did deal with temperature, did not
deal with depth, because all of the three species are tolerable to the depth range of the
present study, 100-500m (e.g. Maeda'; Ronholt, et al.””;Bakkala™;our unpublished data).

The mean water temperatures ( =SD) were 6.7+0.9°C, 6.4+1.6°C and 3.2%+0.7°C for
the main habitats (i.e. assemblages) of Pacific cod, walleye pollock and threadfin hake,
respectively. Whereas the mean temperatures of habitats for Pacific cod and walleye
pollock showed no significant difference, the mean temperature for the threadfin hake's
habitat was significantly lower (P<0.01, ANOVA). This reflects the relatively low
maximum tolerable temperature of threadfin hake : our unpublished data shows this
maximum temperature is ca. 4 °C while that for Pacific cod and walleye pollock is ca.
8 °C or higher (Moiseev™ ; Westerheim and Tagart® ; Inada and Murakami®) .

It is therefore inferred that the distribution of threadfin hake in the present study
area is determined by water temperature rather than by species interaction. In other
words, the onshore impingement of threadfin hake from slope to shelf is prevented by
high water temperature (>4 °C) and is not prevented by the exclusive competition. On the
other hand, the mean temperature for the habitats of Pacific cod and walleye pollock
were very similar. This fact suggests some interaction between these species as reported
from various areas : predation on walleye pollock by Pacific cod (Mito® ; Livingston, et
al.® ; Wakabayashi® ; Tokranov and Vinnikov® ; Yamamura, et al.®), and food niche
overlap (Livingston, et al.®) which should promote habitat segregation. The diet of both
species, which is in the process of examination, will help explain such relationships.

In this study, we have clarified that threadfin hake have slight interaction between
Pacific cod and walleye pollock. According to Mills™, an important part of any difinition
of biological community is the interaction of species with other species and their
environment. Furthermore, McKelvie® claimed “if interactions are inconsequential then
communities per se do not exist and species assemblages are random associations”.
Following their definitions of communities, we propose the two following communities,
the lower shelf community and the upper slope community. In the former, biological
interaction between Pacific cod and walleye pollock was suggested. This interaction will
be elucidated through analysis of trophic relationship. Such information will enhnce
comprehension of the mechanism of organization and maintenance of offshore
communities.
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Age and growth of saffron cod (Eleginus gracilis)
Are-Lang CHEN*' and Yasunori SAKURAI*?

Age and growth of saffron cod were studied using a iotal of 2,495 individuals
collected from the eastern coast of Hokkaido (Nemuro Bay and Pacific waters) and
the Kamchatka Peninsula. Examination of cross sections of the otoliths from 709
individuals showed that the translucent zone was an annual growth ring formed
during November and March. Age determination revealed that almost all fish
attained first maturity by age 2, including individuals whose growth was fairly
slow. The first spawning groups of 2 year olds in eastern Hokkaido was estimated
to compose more than 90% of the population.

The Bertaranffy growth equations derived from mean body length (un) at each
age by locality were as follows.

Nemuro Bay Li=403 (1—g™ (-0 ]

Pacific waters L, =375 (1—g (-0 ]
(t : estimated age)

Kamchatka Peninsula L:=391 []1—¢mir-2 ]
t=t"—2 (' : estimated age)

It was suggested that the fish in Hokkaido had greater growth rates and lower
age at maturity than populations in northern waters.

T C ® I

3 <A Eleginus gracilis (Tilesius) (3, JtE#ED 3 —o o YAHEICER T Snavaga, E.
navagak & biz, 1R 2HEEBTHREMEO/ IO Y SHAMETHD, =55, A7 tvY
T2V TR PN E TREES R REICE > TV 5, FEOE 297
EKATRE2=7+— ¥, F22F8, BIUN-) v IBOREICDIz-TED, —
FTOTHITIR, ovTOFa2 FiELLTENE, ) YEOEERBLIUBAEDOE 3 —
FAKEBICEILRGREBERICER LTV, £, BAEZ@RTIHtBEDE s~
v 7 @GR PIRES, KAFERORZEED SItEEEHORMKBICESRERICAHL

HES A225 (19934 1 H25HSHE)

= 1 PEESIEMEM (Hakodate Seimo Sengu Co., Ltd., Minato-cho, Hakodate 041, Japan)

= 2 JeEEAFEAKERSER (Faculty of Fisheries, Hokkaido University, Minato-cho 3-1-1,
Hakodate, Hokkaido 041, Japan)
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Fig. 1. Locations of sampling areas of Hokkaido and Kamchatka. Stripes indicate
sampling areas.
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Fig. 2. Frequency distribution of body length of immature (open bars) and mature
(solid bars) saffron cod collected from the Nemuro Bay and Lake Akkeshi during

winter period.
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Fig. 3. Frequency distribution of body length

for juvenile saffron cod collected from
the Funka Bay during 1982.

FEABOUREE— FROTRHIT0~210mTH - 12, Fi, AR TRIREBEE SR
HEEhbDT260~300mn (Fig. 2 —A~E), RBRICATEERNOEREH T320m (Fig. 2 —
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R OFEHN L REAREF~ .
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Table 1. Comparison of weight and length of right and left otoliths in saffron cod.

Number of individuals(%)
Sex Totoal L<R L=R L>R

Otolith Male 123 54(43.9) 12( 9.8) 57(46.3)
length

Female 209 88(42.1) 26(12.4) 95(45.5)
Otolith Male 121 48(39.7) 9( 7.4) 64(52.9)
weight

Female 204 68(33.3) 33(16.2) 103(50.5)

1. 2 EHbhoRhdToshomE

TA»B12A% T, 1313 1 7 AR TEAEOHRELHRY STRE Lt YfRER ok
HEENEFig. IR Lz, THLEERBZDEOEFIHL L AR —50micE—F2 D
SUFASERES W, ThEDYRBOET— K38 AP T0m, 9 A TI00m,
10 FHT160m & BT L, 1281213150 —200mmici# Lz, E7, 7 B FHOEHEAF
PR (FEE) BLUBREBER, SEEINELATE, YREBVThbEEE— F60
mAERLS 2, 105 i 3REBETI2micEL TR, TOT Eh S, HRADEREIZK
ENWRERTVELONE, LA -T, ZOXRBARIIT I BATHS LHlrahi,

A B

Fig. 4. Sections of the otolith of saffron cod.
A. l-year-old, BL : 202mn B. 2-year-olds, BL : 278mn
C. 3-year-olds, BL : 354mm D. 4-year-olds, BL : 382mn
E. 5-year-olds, BL : 353mm F. 6-year-olds, BL : 367mm
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2. FMEE

2. 1 EHRhoExdsE
EHOEAOERME>LTRET 5100, MEOHREELELEBLUERERTHE
L7 (Table 1), DR, REBLUVERE GEFORBHERA SO L2,
AR TREREECREEOELEERICH V.
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2. 2. 1 knkfa

Ehotkich i TERBRES AW ABEZOKEMBICL D, 1 BRI ENRKBRROER
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B Ic@Y ohTwiid, BL LbELoRIEATTERENZ boLYlixhi,

2, 2, 2 BAR

Fig. 4 — Bic{x&#EH250 - 300mO A O H Al Ohh 5, RENLELDERLI. #
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IBEWAEHNE 13 & A THRICRILMRICHHBR BT, T40bb r 2 RS TV,
Fi, 300mll LOABRIGROBE, bl L 2 ROERHELD AR, PRV EH
WA14 (r3) 5024 (r4) EREhTW 300 E Nk (Fig.4-C, D)o
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Fig. 5. Seasonal changes in percentage occurrence of otoliths with translucent edges
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Table 2. Comparison of maturity and body length between 1-year-old and 2-year-olds
saffron cod during winter period.

Body length (mm)

Age Maturity N mean SD Range
1 Immature 236 194 23 142~249
Mature 4 225 9 211~234
2 Immature 0
Mature 129 282 26 201~351

BLTEACLICH~N (Fig.5)o COBR, 1 1A OERFIR1I~3 A0, i
TERHRT~8 At hTh AEFYOELORLICHE L TED, 9~11ABLU4~5
BMEhEFnEEE FEHESOSics s LaliEhi, TDOTEPS, T 2LED
EHE IR, BFERLOZA LI TERENEILRIESH,THD, ChoEFRLEANTC
EMNTEB, Lid-T, Fig.4 —B, C, DicRL7-BHiz, £hTh2, 3, B8LU4
fhEiMrah sy, Dk oRE k- THERETEEM LI, £, r1&r 20
MVBIHENED O AEE LS - 1285, WTFhoOBA bl RIFPRIcEREh, L
LR &N L AR R TRB Th e COT EMD, T LAREIIEDN G
D 5 5 3 Rl b 4 fa]
S OEBEE(
i hERELL 3 T
B LEEE N, 204 N=151
B, EIRR%Z 154
& Licl12~2
BrREshim o
faodiciz, BEE 5 |-|

25

Ag o BT K
Rk @ 8 & AT
Aohid, Ch
B (335 BH 7 R 4
PPLrEhATVLAE D
DERLL, EH
Wi RSl b ER 204 ) Paclfl:;:;ters
ic1 E-m:i_'c’}&o
o

04— !
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Frequency (% )

154

101
3. A4 DE#R
ann o+—+4——0 ” ﬂ ” L
3. 1 mR&EE 0 250 300 350 400
ERBRER Body length (mm)

BEBER (F Fig. 6. Frequency distribution of body length for mature saffron
FEatmEad) cod collected from the Nemuro Bay and Pacific waters
during winter period (open bars : 2-year-olds ; solid bars :

KBiFE3L0E%E more than 3-year-olds).
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Table 3. Estimated age composition at each body length class for saffron cod
collected from the Nemuro Bay and Pacific waters in Hokkaido.

Body Nemuro Bay Pacific waters

length 2-year-olds = 3-year-olds 2-year-olds = 3-year-olds
_(mm) N % N % N % N %
200 2 100.0 0 0.0 0 0.0 0 0.0
210 4 100.0 0 0.0 0 0.0 0 0.0
220 8 100.0 0 0.0 0 0.0 0 0.0
230 16 100.0 0 0.0 0 0.0 0 0.0
240 20 100.0 0 0.0 0 0.0 0 0.0
250 76 100.0 0 0.0 2 100.0 0 0.0
260 163 100.0 0 0.0 3 100.0 0 0.0
270 172 100.0 0 0.0 13 100.0 0 0.0
280 159 100.0 0 0.0 27 100.0 0 0.0
290 99 95.2 4 438 51 100.0 0 0.0
300 75 92.6 6 74 84 100.0 0 0.0
310 35 70.0 15 30.0 95 100.0 0 0.0
320 6 23.1 20 76.9 95 100.0 0 0.0
330 0 0.0 13 100.0 87 94.6 5 5.4
340 4 50.0 4 50.0 58 100.0 0 0.0
350 4 50.0 4 50.0 15 429 20 57.1
360 0 0.0 3 100.0 4 25.0 12 75.0
370 0 0.0 2 100.0 0 0.0 4 100.0
380 0 0.0 1 100.0 0 0.0 1 100.0
390 0 0.0 1 100.0 0 0.0 4 100.0
400 0 0.0 0 0.0 0 0.0 5 100.0
410 0 0.0 0 0.0 0 0.0 1 100.0

@tkodih s, 1WBLU2HEETESNEEOGE (Pl HUERZED LU %,
KB L BBRICH T TTable 2R Lz, CORKR, 1 WTRAKEIBERERBTHD,
AR 200mEl FOKRBEED T — R TAHAONLDATH -T2, —H, 2HTIIGK
E200mEEOREOEVEEHLAD TIRTHRRICEL TV, ThoD T Ehs, HEE
BRIcBIsa7113, AV 2B THRBIGET S LEERs N, COLS IS, EHEE
TRYIERBRERSZTEE > TVA 1%, EIFBLIAORKICE T 2 RELEEQHFIC
i1, SHMFEROBEL YV SU LABELATAEEINFRICLIABLOEETS 5 &1l
ahiz,

3. 2 EHEERICHT D3~ EHEOEIRHER

» HHHROYNB OESREH S Pt T 52 & id, AREMHPHEENEFMT S LT
HETH S, TLT, INFTOFERBETHERICESVT, LOREBL L FEEAEFER
AT B 3= A A OERBR A~

¥, BERRIVBONAYEERBTS S 2#A, BLURERATH S 3WLILED
BEEOERMEN L, WEHIc>\VWTFig. 6IcRilie £LT, CIhoBohikiRE
GE0 28 LUK LOBEKORES, 197HEL L U19845EH 5 1VTHEOK LS
A OEGEICES S Lic (Table 3), COBERMSHERENIBL LOoEEZEOL
22, BEBHHTE.0% (916@ A PTIEE), A TFrrmKT8.9% (586 Eh52{E &) T
Hotoo LEM-T, WilERE SERFBHODIEC & E0%LLEH 2HOVEIERATED S
hTwaiHERshr,
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Table 4. Observed and calculated body length (am) by age group for saffron cod collected
from the Nemuro Bay and Pacific waters in Hokkaido, and the Kamchatka
Peninsula.

Body length (mm)
Locality Age N Observed Calculated
Mean SD  range

Nemuro 1 158 184 27T  130~244 184
Bay 2 157 282 27  201~358 281
3 29 331 20 302~375 335
4 5 366 18  338~382 365
Pacific 1 126 188 16  141~222 187
waters 2 8 316 25 253~366 316
3 17 358 25 303~400 357
4 3 368 9 360~378 369
Kamchatka 2 1 233 233
Peninsula 3 47 283 18  250~328 285
4 20 311 26 270~360 320
5 12 346 21  307~380 343
6 2 376 33 353~399 359
7 1 367 370

3. 3 avAORE

BREB, KFEFEBLUNLF » v WHHEOE 3 < 1 BEHMOME L BRI 5109,
7, EENOZVEESR, AFEEHER >V THEOREELFH~ LTS, A—HET
IR 3D Shih ot (P>0.5), £ 2 Titlli% £ & O TERIIOFEEE L EIER
#A&RY, Table 4 ITR L1, EHMROBEB/ERI2~3 Hc@ohicdboT, Lhd
otz FIAEREBRCOKATLEEDTEARTHESE LTVWAY, ARERIE
CALEHTELLER, TNTHERTE LI, #4F v v h¥BEOMBEEKIZ I A LA
ShicbDTH B, MRV T TRRERELEDTOAILPS, BREA»SLETOHK
EREETEXALHML, BAEIQAERIC 1 2MAT, LOERHOFEREFRELTEL
f:o

Table 4 DiEIcE-SZ, SFRBEOFYEEEZ WolfordDFZRIZYTiE®, BREERE
(L), BREFRH (K), E# (a) £k, von Bertaranffy®pENEH\ 1z,
BEERILTO#ED TH S,

R Lt =iy [ 1—~grumcisee ]

A Lt=375 [ | —ev&tt+um ]
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HoF vy AR : L t=391 (1 —e 00+ ]
t=t'-2 (t': &EFER)

ChooRESWT, BEB, AVEBEELIUNLF v v WlIcB ) 2REBRE
Fig. TIoR Lice BES, KXEEOMBRTRAKRE TCOBEHEEAEETHD, 5B
toEmEkRERI NI b -1, £, 18» S 2RICHITORERIE, BEBETII8
mm, KRR TI3128mm & BESH THEMEVER KL SN bOD, iR EE
BEohiEh-1= (P>0.5),
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Nemuro Bay Pacific waters Kamchatka Peninsula
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Fig. 7. Growth curves of saffron cod collected from the Nemuro Bay, Pacific waters and
the Kamchatka Peninsula.

T, HoF vy HBEOEETIE, WD STHAH - EMHIZ, BET6HE THZEX
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Maturity and reproductive cycle based on the spermatogenesis
of male Pacific cod, Gadus macrocephalus, in waters adjacent
to the southern coast of Hokkaido, Japan™'*?®

Tsutomu HATTORI"®, Yasunori SAKURAI"*?
and Kenji SHIMAZAKI*®

The spermatogenesis of male Pacific cod, Gadus macrocephalus, was
examined in the waters adjacent to the southern and southeastern coasts of
Hokkaido, Japan, by examining histological sections of fish collected between
April 1989 and September 1990.

Based on the spermatogenesis, testis maturity was histologically divided into
six grades from multiplication phase (1) to spent phase (VI). Characteristics of
maturity were described for correlation with gonadsomatic indices. Using this
maturity, the reproductive cycle and the age at first maturation of male Pacific cod
in the southern coast of Hokkaido were examined. The age at first maturation of
some male Pacific cod was estimated to be three years old.

INTRODUCTION

Pacific cod, Gadus macrocephalus, is important as a commercial resource and plays
an important role in subarctic ecosystems. Some previous studies on female Pacific cod
reproduction have been carried out'~*’, The maturation process and reproduction of male
Pacific cod, however, have not been made clear.

In this study, the spermatogenesis and maturity of male Pacific cod were described
from fish collected in the waters off the southern coast of Hokkaido, Japan throughout
the year because Pacific cod in this region are regarded to be a local population®’, The
annual changes of gonadsomatic index (GSI value) and maturity were examined in
confirmation of the efficiency of the maturity.

MATERIALS AND METHODS

Male Pacific cod were mainly collected by angling, bottom trawl net, bottom long-
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line, bottom gill net and set net in the waters off the southern and southeastern coasts of
Hokkaido (including the Tsugaru Straights and Mutsu Bay, Aomori) during April 1989
and September 1990 (Fig.1) . Collections were made at depths from 50 to 300m on the
continental shelf and in shallow bay waters.

Body length (scale-covered length) , total body weight, eviscerated body weight and
testis weight were measured and the gonadsomatic indices (GSI:, testis weight X 100,/
total body weight in g ; GSI:, testis weight X 100,/ eviscerated body weight in g) were
calculated for 151 male collected. Otoliths were kept in distilled water and then used to
determine age by sectioning®~*’. Age is expressed as 1%, 27,3*-*» on the assumption that
January 1st was the date of birth of Pacific cod in the waters off the southern coast of
Hokkaido®,

The middle portions of testes from fresh fish were fixed in Bouin's solution. The
fixed tissues were embedded in paraffin, sectioned at 6 g m in continuous sections by a
standard method and stained with Delafield's haematoxylin and eosin. Prepared sections
were observed under a light microscope.

The histological division of spermatogenesis of this species follows the development

of germ cells in other gadoid fish as has been reported in saffron cod, Eleginus gracilis™.

vy

45°N

40°N+

T T T T T T T T

T T
140°€ 145°%
Fig. 1. Sampling areas off the southern coast of Hokkaido.

Stripes indicate sampling area including sampling
sites denoted by solid circles, and waves indicate
sampling area investigated by trawl survey off the
southeastern coast.




Maturity and Reproductive Cycle of Male Pacific Cod 267

Table 1. Summary of the stage composition in germ cells on male Pacific cod.

Body stage composition®*
Date Loc*'. length GSI, GSI: Mat®*.

(mm) PSG SSG SC ST §SZ
89, 422 UJ 2% B0 R T A # = = =
'89. 422 UJ 538 033 044 I * e = = =
'90. 5.28 KN 671 0.78 0.93 I + + ++ - -
'‘90. 8. 7 EN 620 2.52 3.03 i} + = + -
'90.10. 2 UJ 523 562 701 1 + o+ o+ A+ -
'90.10.11 KN 620 1682 2333 £ & = A5k =
'90.11.21 KN 528 2481 3475 IV b B o e R
'90.12.19 EN 636 1596 27.48 v + + — = o
'90. 1.23 _EN 690 138 161 VI P Al <

= 1 Location : UJ, off Usujiri ; KN, off Kinaoshi ; EN, off Esan

* 2 Maturity : 1, multiplication phase ; II, early maturation phase ; I, mid
maturation phase ; IV, late maturation phase ; V, ripe and sperm releasing
phase ; VI, spent phase

* 3 Growth stage of germ cells : PSG, primary spermatogonium stage ; SSG,
secondary spermatogonium stage ; SC, spermatocyte stage ; ST, spermatid
stage ; SZ, spermatozoon

RESULTS

1. Development of testis

The percentage composition of each germ cell with maturation was examined in 50
male Pacific cod (Table 1) . A cyst was formed by germ cells at the same stage, germ
cells at various stages, however, were observed in the same lobule.

As shown in Table 1, the germ cells advanced from the secondary spermatogonium
stage to the spermatocyte stage and the spermatid stage. When the germ cells developed
to the spermatid stage, a few spermatogonia was observed.

The gonads of immature fishes were occupied by younger cells below the secondary
spermatogonia throughout the year.

2. State of maturity of male Pacific cod

The germ cells between the spermatogonium stage and the spermatid stage were
observed in the testis of the same indivdual (Table 1) . The phase of maturity was divided
based on microscopic observations of germ cells. The GSI, and GSI. values are given in
Table 2, and the characteristics of each phase are as follows.

I. Multiplication phase (Fig. 2A)

The germ cells reach from the primary spermatogonium stage to the secondary
spermatogonium stage. The number of cells increase. Mean GSI, and GSI: are 0.34 and
0.40, respectively. Immature fishes have the gonad at this stage throughout the year.
[I. Early maturation phase (Fig. 2B)

Spermatocytes are mainly observed in the cysts, and maturation division advances
actively. Some individuals with the germ cells at the spermatid stage are observed. Mean
GSI, and GSI: are 1.49 and 1.82, respectively.
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Fig. 2. All figures are photomicrograghs obtained from sections through the testis of
Pacific cod. All were fixed in Bouin's solution and stained with the Delafield’s
haematoxylin and eosin preparation. A. Multiplication &glase, x400 ; B. Early
maturation phase x400 ; C. Mid maturation phase, x200 ; D. Late maturation
phase, x200 ; E. Ripe and sperm releasing phase, x200 ; F. Spent phase, x100

M. Mid maturation phase (Fig. 2C)

Spermatids are abundant, and the individuals with a few spermatocyte are observed.
Mean GSI, and GSI, are 8.88 and 11.99, respectively.

IV. Late maturation phase (Fig. 2D)

The testis is occupied by sperm and a few spermatid are observed. Mean GSI; and
GSI2 become the highest and are 20.04 and 28.83, respectively. In this stage, the ductus
deferens is filled by sperm.

V. Ripe and sperm releasing phase (Fig. 2E)

Spermatogonia and sperm are observed. Sperm spirally fill tubulus seminiferus. The
sperm in tubulus seminiferus are fairly sparse at the end of spawning season. Mean
GSI, and GSI: are 16.67 and 22.60, respectively and gradually decrease.
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VI. Spent phase (Fig. 2F) Table 2. Relation between GSI values

(GSI, and GSI.) and maturity of male

The sperm in tubulus seminiferus are
sparse, and most of the tubulus seminiferus

is empty. Testicular capsule becomes thick, Maturity® N GSI,
mean _SD range
and the edges of lobules contract. Mean 1 39 0.34 026 0.07-1.56
GSI, and GSI. are 1.38 and 1.64, o 33 1.49 0.84 0.42-3.25
il i1 35 8.88 5.87 1.33-23.41
R v 9 20.04 531 7.32-25.43
3. Reproductive cycle of male Pacific cod v 20 16.67 4.90 6.15-24.86
Using the maturity of this study, Vi 14 1.38 1.20 0.24-5.54
seasonal changes of GSI value and maturity GSI,
. 1 Maturity®* N
were examined (Figs. 3, 4) . Because GSI, mean _SD range
. I 40 040 033 0.15-1.98
was influenced by the change of stomach I 33 182 100 052380
content weight, GSI. (testis weight X 100,/ i 35 11.99 9.03 1.56-34.25
eviscerated body weight) was used in this v 9 2883 823 9.2137.22
; e N 20 2260 7.8 7.24-37.93
analysis. Also, age of each individual was Vi 14 164 1.41  0.30-6.50
used to determine the age at first = Maturity : 1, multiplication phase ;

maturation.
The maturity of male Pacific cod
gradually advanced from the multiplication

Pacific cod.

I, early maturation phase ; I, mid
maturation phase ; IV, late maturation
phase ; V, ripe and sperm releasing
phase ; VI, spent phase

40
male ” ¢
- .1—
et
211 0 | (e, . 3 _{4_
Mean SD :
.......... 11
o 20
g -] .
& r
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T4+ 6 4+ .5 . 6"
2 terr3eITETL ¥ ) y . 5
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Fig. 3. Seasonal change of GSI: values of male Pacific cod off the southern coast of
Hokkaido. Asterisks indicate spent fish.

Birthday
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Fig. 4. Seasonal change of maturity of male Pacific cod off the southern coast of Hokkaido.

Birthday

phase to the mid maturation phase from April through August. In September, The GSI.
increased to about 10, and the maturity of the individuals at the maturation process was
mid maturation phase. After that, the maturity of the adult fishes reached to the late
maturation phase from October through November. Mean GSI: was the highest. In
December, the individuals at the ripe and sperm releasing phase were observed. Mean
GSI: in December was lower than that of the individuals in November. After January,
most adult fishes shifted to the spent phase.

By this analysis, the maturation process of male Pacific cod was made clear. Also,
the ripe, spent and immature fishes were observed in 3 age group (2" age group before
January 1st, and 3* age group after January 1st) . In other words, both immature and
mature fishes existed in 3 age group, and all fishes in 4 age group would be adults.

DISCUSSION

The samples and data from female fish have been generally used for analysis of the
fish reproduction, but males’data have not been used because males’data could not
explain the peak and end of spawning season. The studies of female Pacific cod
reproduction have been carried out by the maturity based on optical observations and a
few histological studies' *. Studies based on microscopic observations, however, have
not been reported for male Pacific cod, so the reproductive characteristics have not been
made absolutely clear.
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In this study, the maturity based on spermatogenesis was described for correlation
with gonadsomatic indices (see Table 2) . Using these criteria, a rough estimate of the
division of maturational stage can be made by the morphological measurement without
sectioning of gonad, but it was difficult to divide into groups between immature and
spent after spawning season using only GSI value. The GSI value of spent fish was higher
than that of immature fish, but the range of the GSI of spent fish overlapped with that
of immature fish. So the correct division between spent and immature must be carried
out by sectioning of gonad.

From the analysis of the reproductive cycle, it appeared that the change of maturity
was reflected in the change of GSI value. Using a GSI value, it was hard to distinguish
spent fish from immature fish after spawning season, but spent fishes were distinguished
from immature fishes by maturity based on spermatogenesis. As mentioned above, the
change of GSI value gradually showed the process of male Pacific cod reproduction, but
it was difficult to clearly make the distinction between spent and immature fishes. We
considered that maturity based on spermatogenesis would be useful for the examination
whether spent or immature. Also, it was assumed that the spawning season in the waters
adjacent to the southern coast of Hokkaido was during the period of December through
January, corresponding to the females’®’. In this region, the age at first maturation of
female Pacific cod was estimated to be four years old®’. In males, mature and immature
fishes were observed in 3 age group. Males become mature fish faster than females in this
region. The tendency of precocity was supported by many studies of 50% maturity length
of Pacific cod'*"*". This phenomenon could be considered as the biological characteristics
of Pacific cod.

The microscopic maturity of male Pacific cod showed some biological aspects,
reproductive cycle, spawning season and the age at first maturation. Using this method,
the data from males would be useful in the examination of Pacific cod biology.
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The rate of elimination of food from the stomachs of
adult walleye pollock (Theragra chalcogramma) and
immature saffron cod (Eleginus gracilis) in captivity

Hideo YOSHIDA*', Are-Lang CHEN**
and Yasunori SAKURAI*®?®

Adult walleye pollock and immature saffron cod were fed with known
quantities of foods under different temperatures and stomachs were opened at
various time intervals.

The rate of elimination of food from the stomachs increased with increasing
temperature and food size. During the first half of digestion, the rate of elimination
was greater than at the latter half.

A curvilinear and a straight-line relation was found to describe the quantity
remaining in the stomach and time interval after feeding.

Time for 50 and 100 percent of food evacuation from the stomach were calculated.

The stomachs of adult walleye pollock fed on juvenile walleye pollock were
empty after 118, 68, 55 hours at 5.4, 8.1, 11.7 °C, respectively.
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FHETR, AT by YSRAERLIKERGTTEAL, BhoYoEadnr (M
RS OEAR), EEER, HLES - WToEBYMELZEBs2EMNE LA
B, Ar b YIEBLAFTEIEHHRAP-e®, BRU 2 SHEEDO 2 w1 KRR
ZHWTERORMRE L L,

MEEHE

AYOE B B 2RI L2y by ¥ S RfE, 19804E5 & TF19824ED | ~
3 TItiE B A M OGN THEMIC X D iRE L /(AR 33~44cm, {AEE250~520 g D
BEDRHA DR+ L UM O34EE T, HAKEE 5D, 37113, 1980E4~5 BIcEEF
ERET b Ak EE 2 N R R K BE R BRAR A 0 /E T Tl = W/ (6E20~30cn, &
80~280 g DA MASIBHEEZH V12,0

EBRI3, 19804 4 A30~ 6 B25H & X TF19826F 4 F12~1TH ic bl Ak EE B RE
FUKEERATICBWTIT- e AE AR, &H - BHVICHRL, 1 tFROARB X
UARUKMMBIC, B84 5~TRT>ERICT 52 F v 7 WisEH%E - TEEESS L 28I
BL, FELICLAHRET2~3EHOBFEOHE, 3~5HEHLEY:LTrA5T8ED
EBZT->7 (Table 1),

EROFMEIZ, APEEEY 7R (cod) BT ARBOWFZE> - VicYV, R& + Y
YoBIUPITA ICEBEHOR Yy b9 ¥ s EAEHD | ~13%0@HTEA, e
BeRIIRE TRAE L, Ao Licoe THABYOEEREHIE L.

RIFFICIH{LOHEITRES (FRES, HILoH, HHE{t, #Hik EEO 5Bl 2RI
H o BRBEYOHLOHETERE I, /A - ILOY OHEEEBEILITOX RS L1,

BT BB

1. BREE : HLokisizEA LR SN VIRE

2. MR - HESESTEBRL TV AN, RIFFERE L&, EEOURHSETRERE

Table 1. Experimental details of walleye pollock and saffron cod.

Species Experimental Dates No. of Mean water Mean average Mean average Food"®
number fish  temperature body length  body weight
(range) C (range) mm (range) g
Walleye 1 1980 5 5.4 358 316 JW
pollock 30 Apr.- 6 May ( 4.6- 6.6) (346-368) (251-425)
2 1982 6 5.8 408 453 SF
12-17 Apr. ( 48- 6.3) (382-444) (375-522)
Theragra 3 1980 12 8.1 365 349 JW
chalcogramma 13-19 May ( 74-93) (332-421) (252-506)
4 1980 8 8.1 355 329 BK
13-20 May ( 74- 93) (336-407) (263-462)
5 1980 3 11.7 361 382 JW
3- 5 June (11.1-12.1) (340-395) (329-486)
Saffron [ 1980 17 8.2 255 172 JW
cod 13-20 May ( 74- 93) (233-290) (123-272)
7 1980 25 11.7 267 186 JW
Eleginus 3- 6 June (11.1-12.3) (207-298) ( 82-284)
gracilis 8 1980 11 15.1 280 188 JW
23-25 June (148-15.3) (253-309) (132-263)

* JW : Juvenile walleye pollock, SF : Squid flesh (Todarodes pacificus) . BK : Boiled krill (Euphausia
superba)
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4. #H b BiFELIHEbsh, BEROHNIZL L FaliEinikE

5. F H:HbhIEEROb0H 2V IRERFOREENVDERS S, 24 MbEK-
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(1) BtnliEEE

L x

1 K5 7 b o R YhEEE & PREAEYEROMEE AT v Y SYRERYIL LTS

ABETABE (Fig. 1), BABRPLPORRAEE L RS ToEARPA S V@R HHE
Z 30, BIFHWBIcLBET R, AX v Eav/ 2R CEE EURYRTHE
T5&, 274 OHEARIPLPE VY, KEICHTZEEEAT P Y Y5 OEBPPE

Rate of elimination ( g/h )
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. 1. Relationship between rate of elimination and mean stomach content weight of
walleye pollock and saffron cod. Figure shows time after feeding.
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(2) BYRFEIREOBR

BYERERY LHRXOBEE, EH (Y=a+bX) BLUHER (Y=2+bX+
cX?) I TIRHBTAS (Fig.2, Table 2), 5 ChiRicBF 3247 b9 ¥50DBE&R,
ESRNE N B B LA, KBS ERT AL, BLTHERXOAMBRES L,
LL, i@ TREL2AYAE » o@a8d 2501, KEXFVESITkD L
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146578 12 £ EERRES RS - 2o

o, 111~123CicBid s a<4 2f)ic s b, BABEESRISIZIT—EL 5 1285/ LL
BOBHERAVT, VIDICEALAYRNELE 2EOENS S 2B T, 2ATREER
B L (Fig. 3), EREHZXOEHHHETHItICZR S o0 - (0.2<

100- 100
1 Walleye pollock Saffron cod
Food: JW Food: JW
804 .7 *C 50 15.1-%¢

Walleye pollock Saffron cod

Food: BK Food: JW

804 — 8.1 *C 50 .75
Walleye pollock Saffron cod
Food: JW Food: JW
8.1 °C 504 8.2 °c

504

100+ 100

Walleye pollock Walleye pollock

Percent lift in stomach ( % )

-
§ Food: JW Food: SF
E 4 5.4 °C 5.8 °C

505 50
N
S /.\
: RS
0 §:) 7 ,5? /£2¥§5§!5§5=>~ o ; . ; ; =

o 24 48 T2 96 120 144 o 24 4B T2 98 120 144

Hours after feeding

Fig. 2. Percentage of the wet weight of food remaining in the stomach of walleye pollock
and saffron cod at different temperature and food in relation to time. Abbreviation as in
Table 1. Degree of digestion : @ Almost intact, @ Some broken specimens, indentifiable
to species by individuals, @ Largely broken specimens, flesh still recongizable on body,
still identifiable to species partially, @ Largely liquid, fragments of muscle and vertebrae,
unidentifiable to species, ® Empty, or few liquid, traces of vertebrae and otoliths
remaining. /\ : one specimen fed large size food
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Table 2. Experimental details and fitted constants to the equation Y=a+bX and

Y=a+bX+cX?
(Y : percent lift in stomach, X : hours after feeding).
Species Exp. No.of Mean water Food® Y=a-+bX Correlation Y=a+bX+eX? Correlation
no. fish temp. T (9%BW) a b coefficient s b c coefficient
Walleye 1 5 54 IW B7B4 0747 0946 8604 -0695 -00004 0.946
pollock (28-13.0) (0.01<P<0.02) (0.01<<P<0.02)
3 6 58 SF 11881 -0.958 -0.990 11313 -0691 -0.0021 0992
(39- 76) (P<0.001) (P<0.001)
312 8.1 JW 85.19 -1.259 0897 10700 -2622 00162 0.920
(14-172) (P<0.001) (P<0.001)
4 8 8.1 BK 68.11 -0.872 -0.661 8808 -2.075 00144 0.689
(0.9- 55) (0.05<P<0.10) (0.05<P<0.10)
ik BK 7522 -1.193 -0.866 9226 -2250 00150 0.894
(09- 4.0) (0.01<P<0.02) (0.001<<P<0.01)
5 3 117 Jw 7254 -1324 -0923 1704 -5139 00618 1.000
(11- 38) (02<P<03)
Saffron 6 17 82 JW 7520 -1388 -0.928 9586 -2850  0.0209 050
cod (31- 11) (P<0.001) (P<0.001)
7 % 117 JW 8089 -1849 -0835 9263 -3727 00390 0.965
(2.0-10.0) (P<0.001) (P<0.001)
8 1 151 JW 6445 -1983 -0832 8654 -5287 00831 0892
(1.0- 64) (P<0.001) (P<0.001)

= JW : Juvenile walleye pollock, SF : Squid flesh (Todarodes pacificus) , BK : Boild krill (Euphausia superba)

® & except one specimen fed large size food

P<0.3), EIE¥EE (Hx) MicidZEdsoh (p<0.005), BEYBIESOBTIE, B

& % 8 Bifll@Hs R 248 < 72 - 72

(3) SHOE(&EEFM & DORER

AT b SICBNT, EEKESSCTANA A WAEHROT LS, BLU8.1TCTH

BLAEEBEFT7TIZRHWVWT
BYEEERLHHOBMERN%E
sk (Fig.2, Table 2)o
ANAAATIR, AT bo ¥
SHROBELHELT, B
AV AMEREL L SH
T, 2AEREENM b 4~
6 BifiiR - 1o, A + 7
ITR, BEEE(HANL (&
HD55%) BEETERESRY
Ehoth, ThERL &,
AT buFSHROBELD
AR D - oo

Percent lift in stomach ( Y )

4) HLES

Fig dic1fl&LTa<A
DUNTCRBUFBAX o ¥
S ERME LTH W
& OEERMH & Hh ok
EEZRLE.

%

1004 o: Meal size 7.30-17.92g
o —— ¥ = -1.309X + 66.92
'..0 N=8 (X212)

e: Meal size 3.59-6.91g
] [ === ¥ = -1.0BBX + 46.98
. N=8 (X312)
504 2
o
3
T o
0 L L T L] T 4 L 9_ L) L
0 12 24 36 48

Hours after feeding ( X )

Fig. 3. Percentage of the wet weight of food remaining

in the stomach of saffron cod in relation to time
according to meal size at 11.1-12.3°C.
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Table 3. Number of hours for stomach to empty by 50 percent and 100 percent for walleye
pollock and saffron cod.

Species Exp. Mean water Food* Hours for 50 percent of Hours for 100 percent of
no. temp.C food to pass from stomach food te pass from stomach
Y=a+bX Y=a+bX+cX? Y=a+bX Y=a+bX+cX?
Walleye 1 5.4 JW 50.7 516 117.6 117.0
pollock 2 58 SF 71.8 748 124.0 120.5
3 8.1 JW 28.0 259 67.7 -
4 8.1 BK 20.8 216 78.1 -
* % BK 21.1 21.7 63.0 65.9
5 11.7 JW 17.0 16.2 54.8 -
Saffron 6 8.2 JW 18.2 18.6 54.2 60.2
cod 7 11.7 JW 16.7 13.3 438 -
8 15.1 JW 7.3 8 32.5

* JW : Juvenile walleye pollock, SF : Squid flesh ( T'odarodes pacificus) , BK : Boiled krill ( Euphausia superba)
* % except one specimen fed large size food

PRI LR 1R, KEBRHAELT, A7 b9 Y35, av4 & b50%HAREEDH
iz W THE 4 O OFEEHIBIOEEES [2Ht | ORIz -7 (Fig. 2 ),

z &

(1) EYEEEE

IR T - - AYHEEEE 2, B » 0Bt 2 ERE - (LML - T
EEAOHIHESDEHRE L TETCENTES, £/, AT MY ¥ 5 0RBEERE
BoposHohiflEKB4~TCcB i 2HREARDH S HORAMER, FHEDIRIZME
BOENEREAMRER (18R] ¢—BLTHh, BHERSEHIORERLBFET S
CEBHH LI - o

BYIEGEE I, Hto#THicE <, BHoBRckVED Lz, Chid, BUERF
LWL OBRICBEWT, 50%EEREIE#Nc X 0 B EE L, 10096818 R % R
HBICREHROABRVWC EE—FHLTVWE, £/, AMEHLK 2 LRI B4 I0EER
MicZENL Shicdd, AMBESERRICDTVESR, & oEERKERESEEEEbNE,

AERTREVENENICSABORYERFRIFAE L 1Th - oh, KEFEE Y SRR
¥ (cod, haddock, whiting)? ¥ T3, Wil 5A LHOBERIZ, A5 THEHNH
DRPOHEENIERFRIVBEVEL LTV 3,

ZIT, AT+ SSHEBEEROKREREOER LRIKRICEB T 2FEROBYERER L
KEOBROBEMRS, 5, BhoRGEREHE L (Fig.5). HEERICL2HMHERER
ORAERFEDI8KTH AV Y, HESHABEFERICIIFEDI2~16%D b DHE SN,
EEOFEREE L, WA EEALBES, HEELVRELNEEEZI LN,

(2) SHOEL&EERR & OBAR

ANA A ANEBHFAOTD &R, 27 by ¥l T, BAakd~48EHE TO
HLERDIIV, Thiz, 224 20U B, ARMICRRRVFRICEILIARIZE
AETLET, BIRARINEHB LV - LHELERERL, 27 FY¥SHRDEI I
PBARSHERRNTR TRESAE LY, HREETEXICRLLBVEHLEEL LIRS,
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-7

M

C e — F

Fig. 4. Digestive state of food (juvenile walleye pollock) in the stomachs of saffron cod at
various time intervals after feeding at 11-12°C.
A : 15 minutes (degree of digestion @) , B : 1 hour (@) ,
C:9hours (@), D: 12 hours (@—@) , E : 24 hours (@) ,
F : 36 hours (@—®) . Abbreviation as in Fig. 2.
Scales indicate 2 cm.
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(3) HLES
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4) RYBEFSEOHEIEL DLE

509 RIPYE AN & kil £ OBIR & ATIHHE # 5 RSO cod, haddock, ABIEDHFR
EySHAMOAY 9 ¥ 5, 1w LCHEKO=Y <, hydt, =7 VOH
a2 a0 B LT (Fig.6 )o

BRI F O 72 AR 50 00.8% L F DcodPhaddock T A1 @M SERE 1 D
B, 1%LLE (F592~3%) OBEEH~ZE, AMEOITAPAY FIFSDEER
¢ RBoTVEY, i, SRS BEROAYEBIE &L T, HEHRFERETIC

$B¥ A8
Y8 5] 3
Ehu 5 Walleye pollock
t-T, T ool 20150 G
HossHAaR )} B gL 21-40
DOHABEYREIT ]
it > TOHD ]
&z, #Hiko i
HEAE SDPH s 407
{tEREOF-& 3
£HicBi 51H : 5
= & BL 34-39
il 8 (2 E o 8 B 2 5-5.0 A
EIHET AL E ]
EhiH B, s
B BL 33-42
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g 1.8-5.4 ABN
o
BARBETK 8 ,0] w2
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B AEARD ‘E? .
BL 34-4
BUEERRE R . ?szz":s‘“ l.l-s.aoisu
TEEREHE " R BL 21-30
; - a -10.0 BN
ﬁatb“_‘ z : £a a0 2.1-10.0
b’lﬂbi’-ﬁlﬁﬁ _E 10_- 2.8 YBW
& mikfs *ﬁﬁﬁl ] BL 33-35 it'f:;?;lmd Jack mackerel
%7kiE (5.4~15. 0.2-0.4 VBN BL 40 1064 W g o022
P e '_ e
(RArbw¥ -3% ] gLazgaas Mackerel 064 %BW
m ﬁﬁ*#‘ 7 E » BL 15
S, ANALD 0 ' 10 1 20 Y
NEHRTE) Water temperature ( °C )
w &b 8 EBRK Fig. 6. Relation between time for stomach to empty by 50 per cent
haY) and water temperature of mackerel, jack mackerel, skipjack
KaYTHEEL,
tuna (A : Magunuson, 1969) , cod (@ : Tyler, 1970 ; Il : Bagge,
HEREMOHE 1977) , haddock (Ml : Jones, 1974) , saffron cod and walleye

pollock (A, O : present study) .
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Artificial propagation of Pacific cod in Esan,
southern Hokkaido

Satoshi YAMAUCHI*" ?, Shoi KONO**,
Masaru SAKAI*" * and Masayuki KOBAYASHI" ' *

Information on the artificial propagation of Pacific cod conducted by fishermen
and other persons concerned with cod propagation was compiled from four fisheries
cooperatives in Esan, southern Hokkaido during 1990 to 1993.

The maturing fish for egg take were obtained by set net in the coastal region
(Kikonai and Ofune) in January and February.

Artificial fertilization was made by dry method. The fertilized eggs were then
transferred into various incubators.

The survival rates after fertilization were 62-97% and hatchabilities were 30-83
%. High survival rates took place using the incubator of box type hatching-jar type.

Total effective temperature from fertilization to first hatching were 73-92 °C. In
1990 through 1993, 5.5 million yolksac-larvae were released.

 C & I

HLBNcEB 13 =55 0l 19825E% TI350 t B TH - 1= H51983EH SN L,
1988~19914E0 4 £EH](21,000 t Bk %A@ L, AWEEHb 4 ~5@MIELAE (B1), 19
RFICRFL LLbon, HILETTRI YT, ANMAAH, 4rIcRSEELKERRTH
Ho

LB T RETAO 4 > 0t O FES e LEI LIRS ES (HEETs4] %1988

WES A228 (19934 1 A25ASH)

1| EEREEEHEKKER Y R 153t (Oshima-nanbu Fisheries Expension Office,
Nakahama, Esan, Hokkaido 041-04, Japan)

» 2 B, OO KER R K158t (Rebun Fisheries Extension Office, kabuka, Rebun,
Hokkaido 097-12, Japan)

= 3 H, AR kEH i R85 (Shiribeshi-hokubu Fisheries Extension Office,
‘Iilamal)'laka. hokubu Fisheries Extension Office, Hamanaka, Yoichi, Hokkaido 046,

apan

= 4 B, P KERT Y KIE®AT (Rumoi-nanbu Fisheries Extensin Office, Suninoe,

Rumoi, Hokkaido 077, Japan)
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(Hokkaido Central Fisheries Experimental Station)
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(Hokkaido Hakodate Fisheries Experimental Station)
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(Muroran Branch, Hokkaido Hakodate Fisheries
Experimental Station)
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(Hokkaido Kushiro Fisheries Experimental Station)
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(Hokkaido Abashiri Fisheries Experimental Station)

b g 18 37 #8 A k B B A B S 8
(Monbetsu Branch, Hokkaido Abashiri Fisheries
Experimental Station)

It &% 8 L A KER RSB
(Hokkaido Wakkanai Fisheries Experimental Station)

VR ERERSE t ¥ 5 —
(Hokkaido Institute of Mariculture)
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(Hama-cho, Kushiro,
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EE a1

(Masuura, Abashiri,
Hokkaido 099—31, Japan)
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Hokkaido 094, Japan)
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(Horai, Wakkanai,
Hokkaido 097, Japan)
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