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Influence of the parasitic copepod Haemobaphes diceraus and Clavella perfida
on growth and maturity of walleye pollock Theragra chalcogramma

SEJI KATAKURA,™* YASUNORI SAKURAI! HIDEO YOSHIDA,?
AKIRA NISHIMURA,? KENJI KONISHI* AND TSUNEO NISHIYAMADS

LGraduate School of Fisheries Sciences, Hokkaido University, Hakodate, Hokkaido 041-8611, 2Hokkaido Central
Fisheries Experimental Station, Yoichi, Hokkaido 046-8555, 3Hokkaido National Fisheries Research Institute,
Fisheries Research Agency, Kushiro, Hokkaido 085-0802, *The Institute of Cetacean Research, Chuo, Tokyo
104-0055, *Department of Marine Science and Technology, Hokkaido Tokai University, Sapporo, Hokkaido
005-8601, Japan

The effects of infection with parasitic copepods Haemobaphes diceraus and Clavella perfida on the growth and
maturity of walleye pollock Theragra Thalcogramma off the coast of eastern Hokkaido, Japan were examined in
the feeding season and spawning season. In the feeding season, the condition factor (KF) and hepatic somatic in-
dex (HSI) of walleye pollock decreased as the number of H. diceraus increased, but were not related to the num-
ber of C. perfida. In the spawning season, the KF, HSI, and gonadic somatic index (GSI) of both sexes of fish
decreased as the number of H. diceraus increased. Reproductively spent fish were more often infected with H.
diceraus than those of other maturity levels were. No atretic oocytes were detected in the gonads infected with H.
diceraus. Histological observation of fish gonads suggests that H. diceraus infection may cause spawning to occur
earlier or to be suspended. The lengths of fish at age did not differ between individuals infected with H. diceraus
and uninfected ones. The infection rate of H. diceraus increased steadily with age, but no more than three H. dicer-
aus per host were observed. We conclude that H. diceraus infection significantly influences the reproduction of
walleye pollock through the nutritional condition.

F—"T—F : A7+ XS5, Theragra chalcogramma, TV A 7 28, Haemobaphes diceraus, Clavella
perfida, B « B, TVRATY

Tt EDOEBRBH THEEBIND AT b7 X T Ther-
agra chalcogramma \Z V%, FHEM I A 7 v B D Hae-
mobaphes diceraus VB FA L, BAIPHEMLL R
WICEE/CRAP LT LIEEES NS, COEEET
T lIagvikRAry | EHF I w5, H diceraus
(syn.: Haemobaphes theragrae) 3, A7 b7 X590
1T, <& 5 Gadus macrocephalus ,*7 < 3 L A Pleu-

* Tel : 81-138-40-5591. Fax : 81-138-40-8863. Email : katakura@fish.hokudai.ac.jp

ronectes herzensteini® 73 ¥ O BBEOMICHFE T 5, H
diceraus 13, TEEDERS ) HIEXEIRO ME P % BEE T
AR VE (neck) #FbH, ZOXRMICHLEL LD
4 (mouth-part) 23fE LD LERIHGOBINRIKICEL ,
EEARIML THEIET 5,8 2 LT H. diceraus DFEIC
£0, AP S TEER EBRPUWCERE LB LTS
NBEEZLNTN S,
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—H, BEMEH AT VED Clavella perfida i3, A4
P HE S Y OBBEOBICEA B I THETS
n, 2FBEEOBACIRE Y, H diceraus D L > 7%
RiMiZ L7\, LorL, C perfida PTEEICE 2 A HE
BTBETHY, s/t 28OFERENA T VHOR
EEGEEDS, BEORRLBBICE 2 BTG I
INTWiE,

EEOSIE, PE—MBIZEY, 19994 7 ARICILE
BERMOKELROmMBEOFENLL, BEICEE
AT by xS (T V/RATY) 3EEEZREL /- (Fig.
D, ChOOBEIIIRTLRATHY, RHEDOE
BCTHREL -RFHOBEOR (n=33) LHEL T,
HorIHhR (BRXE) Bha (hE ¥ ; 343
cm, #ifH ; 32.0~36.6cm, EBE : 39.2 cm, 33.9~43.1
m), AEMMEL (FfE : 4.2cm, 4.0~4.3cm, K :
7.2cm, 5.7~82cm), ARERE» -7 (hE: 211g,
173~233g, K@ : 475g, 311~637g), 3{E#ED [
VIRATY | OAERBEL LA, RiutEN AT VHE

T

Fig. 1 Emaciated walleye pollock (Gonbo-sukeso)
caught in a mid-water trawl off the sea floor off Ak-
keshi, eastern Hokkaido, Japan in the feeding season
on 30 July 1999.

H. diceraus > =z h 2 Bk, C. perfida 75 8~44 Bk
HHEL T (Fig.2), TV RZA» Y | Offic H
diceraus b C. perfida 3£ L T/ &b, mE4
WA TVEDNAT PO SORE, Bk LORRIC
BLIETHEBLRETAHIEABEMEL, BHEMICH
T—IUBTHREL /A by X SERICIA, EINHIC
FIHECTEHRE L 7R % BV CTRIT 21T - 7o,

Clavella perfida

5 mm

Fig. 2 Emaciated walleye pollock (Gonbo-sukeso)
caught in a mid-water trawl off the sea floor off Ak-
keshi, eastern Hokkaido, Japan in the feeding season
on 30 July 1999, infected with Haemobaphes diceraus
and Clavella perfida in the gills (A), H. diceraus (B),
and C. perfida (C).

Table 1 Sampling data of trawls and gill nets conducted off Akkeshi, Hiroo, Shiranuka, and Konbumori, eastern Hokkaido, Japan

White Black
Station number
G-100 G-120 MTG-120 1 1 2 3

Coast off Akkeshi Akkeshi Akkeshi Hiroo Hiroo Shiranuka Konbumori
Vessel Dai 3 kaiyo-maru Dai 3 kaiyo-maru Dai 3 kaiyo-maru Dai 35 saiwai-maru  Dai 11 fukuju-maru Dai 25 kinjo-maru
Net Trawl Trawl Trawl gill net gill net gill net gill net
Date of sampling 1999.07.30 1999.07.30 1999.07.30 1988.02.02 1989.02.07 1988.0210 1989.03.03
Time net was set 7:30 9:01 12 : 08 Morning Morning Morning Morning
Latitude (N) 42°49.32 42°46.51 42°46.32 — — —
Longitude (W) 144°45.15 144°46.17 144°45.40" — — —
Duration time 0:31 0:20 0:44 A few days A few days A few days A few days
?:Sﬁiged depth Bottom Bottom 100-50 Bottom Bottom Bottom Bottom
Bottom depth (m) 102 127 123 230-330 200-300 190-270 200-300
Number of walleye
pollock examined 112 51 3 50 82 66 100
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Fig. 3 Location of the trawl stations at Akkeshi in the
feeding season (white circle) and gill net stations
(black circle) at Hiroo (1), Shiranuka (2), and Kon-
bumori (3), in the spawning season.

S & Tk

REHOEKR FEAO R b X SEKRED, JuigE
XK EERFFERT M O 3BAFE A (473t) O F 12—l
HWT, 1999 4 7 A 30 BiZdtiEEEREHKE 120 m
s odE (50~100m), 100m 3 LU 120 m # &S D
ERE (BEK) » 55166 EEr &L /- (Table 1, Fig.
3o BEARIMEICTHBERFL THBRD, BLOE
RETHER, BYXERWR), k5, #H, HFEEE,
ABEBREEZHEL CTHEAEEZHE L o, BICHFET5%
DA T B, FHEL e W, 99% T X/ — VKR
TREEL, BORIEICHEL -, FEEIA T VEHORE
(T i3 KabataV DR FEE A7, TORRKRETIIH
diceraus ¥ H. theragrae (3H)fE & L TH-> TV 5A 5, K
32 ¢t Ho, Kim? O R &I /e, H. theragrae [T H.
diceraus O ) =N E LT, BAZ, BERIICHECEIR
CBEANIES XUWYEIC L O ML, FERERCHL
77

A4 b B SR D H. diceraus ¥ C. perfida D& 4
WX AHEL LUFBERORE B 570012,
i LEE, AR CFHEZEORMRE KD, AR, &
&, FREEISEERL, FFLRA, C perfda DF
# 8, H diceraus DFE B L SUMEFELEROTERD 4
b, ZnZNmRoHaiT-7 3610, AT
Fu XS oOEEE (KF), FFREERER (HSD kLU
E oL MFERER (GSD = BWZEBUCH, &
AR A T NZNO A7+ X SEEIC 1T % H. dicer-
aus & C. perfida © ¥ & | T EEF & # ( Multiple
regression analysis) 1 ZUEHGEIR (Stepwise regres-
sion analysis, F=2) %¥T- 72, IEWE, FFEMEEHEH
BLUEMRERRBUILD T OR TR DT,

KF:%X 103 (1)
HSI:%//X 102 2)
GST=21 x 102 3)
2T, BWiithE (g), FLIZEXE (em), LW
BTFIEER (9, GWIIABRER (2) TH5,

EINOEER ENMO AT b7 &4 S5iEART, 1988
#£2 AR XU 19894 2 B~3 B ORI, JtgE AP
BIOEREM, Atk LORAKRFOEE T, EffERE
MOE3IFEHN, FILBHEALBLTHE2 SGEAIC &
0, 298 E{EAE L /- (Table 1, Fig. 3), EAXI{Z
EERRED T EBRTICT, HBGE, #E, FHE
2, AMBEELHIE L, RHAE O, H diceraus
DFHE, BFAOREET -7z, Bhid, K« BANE
IZ L AFBAETICHL 72, ##ifR (BL, mm) iF1LO,
BEBYoORIC LD, BXKE (FL, mm) (CA#L 7,

FL=1.0846 x BL+0.3526 4)

WAL, FHYORX SIS R X b 4 BiE L L
Too ThbL, HEd, ORBE : BE 10, QF#H :
B 20, QK - P 30, ORUEH « UK 40, 7o
i, OFRB : B 10, QTR BE 20~22, QHBIP
i BB 31~40, @INEE - BAE 50 TH 5,

Frigds & AR OA R ORI, BREIZEICLVE
HL 7o ZOHK, 19894 3 AICRE I N -MBEED S
Y, H. diceraus D% fa THRENE RS L OHIN
Ho 2@k L, FEFEMETHRINE &M SN 1E
HOPEIL, N5 7 ¢ VEBIC X DB A BEARZ ER
LT, 574V F eI FVYVELIFV /D2
B @A L, AWM T CEZEL THEL 72, B
GOz, FOBLUEH, FYOREICKE-
7o

& R

REHOEER REYPORr F U X5, kR 9~44
cm OIS - 72 (n=166), TNOLDELP L, hA
78D H. diceraus & C. perfida 7> BH X 7z,

FERIGREOFRME (HyaM) i, FEFEEHS
58.4% (21.4cm, n=97), C. perfida DEHEEMN 26.5%
(19.2cm, n=44), H. diceraus DELED 6.6% (19.4
cm, n=11), WMHEFEROFEEN84% (28.4cm, n=
14) THY, ThLHOBEGEHMOKRICIZEREESZEDD
n7- (Kruskal-Wallis test, p<0.05) (Table 2),

i « FEEERTE, FFERISHL T, C perida
DOEL B, H diceraus DFERE LUBRTEROFE
BT, BECHEEENRONah -7 (p>0.05),
E72, TRTCOYRICIFREELRDON o7z (p
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Table 2 Fork length, number, and percentage of uninfect-
ed walleye pollock (U), those infected with only
Clavella perfida (C), those infected with only Hae-
mobaphes diceraus (H), and those infected with both

(H+C)
Fork length (cm)
Pollock Number %

group Median Range .

U 21.4 9.0-44.0 97 58.4

C 19.2 15.0-42.5 44 26.5

H 19.4 16.4-40.7 11 6.6
H+C 28.4 14.1-37.9 14 8.4

Samples were caught by bottom trawls at 100 m and 120 m depths,
and a mid-water trawl off the sea floor in the feeding season on 30
July 1999 (Median fork lengths differed significantly among the four
groups, Kruskal-Wallis test, p<0.05).

800 0
o U (n=97)
20 T |0 G (n=4) ?
%400 1 |aH{=11)
m H+C (n=14)
200 +
A
0 t I } }
100
go L| °U (7=56) °u
_ ]| ec =28 /.
~s 60 T a H (I7=9)
— 40 +| = H+C (n=13)*
20 -
0- =HC B
0 10 20 30 40 50

Fig. 4 Relationship between fork length (FL) and body
weight (BW) (A), and fork length (FL) and liver
weight (LW) (B) of uninfected walleye pollock (U),
those infected with only Clavella perfida (C), those in-
fected with only Haemobaphes diceraus (H), and those
infected with both (H+ C) caught by bottom trawls at
100 m and 120 m depths, and a mid-water trawl off the
sea floor in the feeding season on 30 July 1999 (*:
Logarithmic regressions of slope differed significantly
from the slope of uninfected fish, p<0.05).

>0.05) (Fig. 4-A), fhR « HFEEEORAK T, FF
ARICHL T, MEEROFALABROEEICEERENRS
Nz (p<0.05), TXRTOYRFICEBEBEELAD L
iz -7 ($>0.05) (Fig.4-B), L2 L, ZOMEH
Tl H. diceraus ¥ C. perfida DFEBAEIITER L T

Table 3 Summary of the regression coefficients of Hae-
mobaphes dicevaus (H) and Clavella perfida (C) by con-
dition factor (KF) and hepatic somatic index (HSI) of
walleye pollock caught by bottom trawls at 100 m and
120 m depths, and a mid-water trawl off the sea floor in
the feeding season on 30 July 1999

Parasite species

H C
KF —0.85* —0.0188 0.58
HSI — 247 —0.05Ns © 046

* $<0.01; NS, Not significant, p>0.05

WigWo, FREEZEORAPAFEROMFEDRIC X
LD, HAHAVEELLL—FHOEE REFFICEE
SNTELDPTRETH S, TFEATE, H
diceraus & C. perfida O 4 BB AEEICHEEBE R AR D
BNz o7 (Spearman’s correlation coefficient by
rank test, p=0.70, =69),

Z T, ENENOFERBERN AT P X FICE
2 5B BET 5700, ERRSWET -7, ERER
BOBEBMOBEL Y, C perfida DEEKIIEEDIE
3 X O IRE BB OBBICHEL 2\ L HEr S h
7z (p>0.05) (Table3), ZHEHRICLY, LLTFD2
SOFRELEIRBEE S RO SN,

KF=-0.89xH+7.45

N

(r=0.57, p<0.01, n=166) (5)
HSI=-267xH+8.25
(r=0.46, p<0.01, n=104) (6)

ZCT, Hit H diceraus D TH 5, KIRHRER D
b, H. diceraus DT HEBEROEINZME - T, A7 b
T XS OIEMHE S LUFBEZHERABAT5 2 LR
SNz, LaL, SWRERRRICIE, Mt LIcFR
ZEWRBEIRIIE ik o (ThFh, $>0.05),

EINOEAR EINHORr b X SEKR (n=298)
i3, #KR38~63cm DHFAICH »7, TDHH, FEF
ABOEIEIL79.5% T, RROPREH 44.8cm (n=
237), 1ED H. diceraus HFH L 17.8%, 46.8cm (n
=53), 2 {EtkD H. diceraus F4: i3 2.7%, 50.3 cm (n
=8) THY, ThOoDEAMBOGKRICIIEEENAD
7 (Kruskal-Wallis test, p<0.01) (Table 4),

EURSHICE D, UTFD4>OFEZERBEBAR
HoNI.

KF=-051xH+6.35

(r=0.36, p<0.01, n=298) @)
HSI=-1.14xH+5.90

(r=0.35, p<0.01, n=123) (8)
GSI(M)=-1.62x H+4.80

(r=0.21, p<0.05, n=117) 9
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Table 4 Fork length, number, and percentage of uninfect-
ed walleye pollock (U), those infected with one Hae-
mobaphes diceraus (1H), and those infected with two
H. diceraus (2H)

Pollock Fork length (cm) Number o
group Median Range
U 44.8 38.0-62.9 237 79.5
1H 46.8 40.7-53.3 53 17.8

2H 50.3 44.0-59.8 8 2.7

Samples were caught by gill nets in the spawning season in February
1988, February 1989, and March 1989 (Median fork lengths differed
significantly among the three groups, Kruskal-Wallis test, p<0.05).

GSI(F)=—-192xH+6.19
(r=0.17, p<0.05, n=180) (10)
22T, GSIIM) 3oL TR E R, GSI(F)
RHOLMIREERRN TH S, ERROBER~2L, H
diceraus OFEBAEBOBEMICHE ST, A I x50
BEERE, HHEEEIER R KOO IR E B IR
P35 T EBRREINT,

HEDRUPAERME L, IEHAER T, HREPOBMKNITE
Al (7249%), BOBHOMEELS I hick iz
(12.2%), BEIkIC, H diceraus DEHABTL, BT
(42.1%) LWkt (31.6%) H%h o /o, BHEHD
BEOMBEGHEFFERLV L2650 m2 - /2
(Fig. 5-A), MEORFERE 2 0EE (%) 13, FFFE
BT, TR (594%), WOt (14.5%), BIE
(13.8%) <& 0, H diceraus DEHHTIL, HKIFK
(52.4%), 5E# (38.1%), HIN (4.8%) DIET% <,
FFHEMTIITROMBMA, H diceraus OFF4 B TILE
IgO@EE»sENZEnE-L /- (Fig. 5-B),

FFig & MR O B REE ik, H diceraus DAL
FIEFEBOFBOEITHLCREL Y, H diceraus
DOFELEBTEHETALKBE (Fig. 6-A~C), FF4E
mCRblEcE WAL AR (Fig. 6-D) Th - 7o, kI
DM DETERRE, H diceraus DE 4 (Fig. 6-B) &
JEFE A (Fig. 6-D) Tkt bicHREZEL

H. diceraus HHE B ORBEAMEME (Fig. 7-A, D) B &
Ut 4 (Fig. 7-B, E), EFA RO KIIEME G
(Fig. 7-C, F) DU EMMAE LB L /o, KEUAE G
(Fig. 7-A) 1%, BEPEME (Fig. 7-B, C) kv 1008
F i<, BERIERAGFEL - /cl eh b, KRiE
PIChsb s ni, £TORKTRDL S S HEL
IRFEHRa D 2 RS (T IV E ] CTa - 7o (Fig. 7-E),
R HOBRE L% < & 6ht (Fig. 7-D), LA L,
IR BUH S O R R EMEIC 5 5 L HE I N 5ERTI
i1, FEFLEROBINEERICOABE SN/ (Fig. 7-
F). BIPMEE T, BITIOHK & BIINREROR

(n=98) (n=19)

100
80
60

N
o

o

(n=138) (n=42)
B jll Female

[
o
|

Occurrence (%)

U H
OImmature E1Mature H Spawning Bl Spent

Fig. 5 Maturity levels of male (A) and female (B)
walleye pollock for uninfected fish (U) and those in-
fected with Haemobaphes diceraus (H) in the spawning
season in February 1988, February 1989, and March
1989.

Fig. 6 Liver (upper row) and gonad (down row) of the
walleye pollock infected with Haemobaphes diceraus
from an immature female (A), spent female (B), im-
mature male (C), and uninfected spent female (D) in
the spawning season in March 1989.

FOBREN G, BWIEFER LD & H diceraus F 4 A
DI PP RO BIE AT L T 5 LT N/,
e d b H diceraus DEERBIC B HEE L HhE
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Fig. 7 Gonad section samples of an immature female walleye pollock infected with Haemobaphes diceraus (A), a spent female in-
fected with H. diceraus (B), and an uninfected spent female (C), in the spawning season in March 1989. D, E, and F are en-
larged images from gonads of A, B, and C, respectively (ow, Ovarian wall; def, Degenerated empty follicle; ao, Atretic oocyte;

Scale bar, 0.1 mm).

OBERTIE, FEIL, # (n=110) ICFEFER L H
diceraus DEL B L OROEHEICIIBEEELRAON T
(ANCOVA, p=0.73), liBZOURICHELRDOLNL
Mo72 (ANCOVA, p=0.06), x7/-, ff (n=157) T
3, fEX (ANCOVA, p=0.91), HJF (ANCOVA, p=
0.77) IZBVWTHEBEENRDL DN P -T2, Db
s & LI ERREWNT A0, £ 2IZid H diceraus
OELEOFEIFEBL kW 2 n (Fig. 8),

A b XS5 OEEIC H diceraus DFA IR %
SL7E A, H diceraus DEHFIT 0% ~50.0% O
BATENLL, 20> b, 1{EHED H. diceraus F4:
DOHBEIEIL 0% ~35.7%, 2 EED H. diceraus F4
OHBEET 0% ~14.3% OFETHEILL 7z TN BT
RN A nEIC L /2 (Fig. 9), %7z, FHE
Wi, ESAEARTIRAS5E, 1Bk H diceraus F4E
AT 5.35%, 2MEM&D H diceraus HEFBTIL 6.1 % T
»Y, H diceraus DFLEMBEROBMITHE 75 -
720

% =

AL FEIHAD X7 b 75 T ~DHEOEE HH
WO 2 b &Sk A H. diceraus DB DG
i3, EEE S LUHBERERZ B SE 5 2 LB
mlixstc, LirL, C perfida DFEBOWEMI, %
NOIZHERE 2 -7z, IEREHEEX SRORT A
5 4 7 Merlangius merlangus TiL, WRMtEH A T

¥ Lernaeocera branchialis D& £ P AEMINCEM &%
BIIFETH, hA T Clavella adunca (syn.: Clavella
unicinata) DOFEZHEEOBWMPICHEL 2T LA
HEINTWAHD R X5 ERT 45 0 V7 TH,
HEBROBIRLLHOD, RmtEN A 7 VEDOAPIE
FIERFEL BT TATHAL TWH, IhHDIE
M6, H diceraus OFEROE ML, REWORF |
XS ORBREIIKESLFEELY 525 LH#ish 5,
AWrgecix, H diceraus DEFELB OB OHEITH
T 7end, ZOBHEL UL, #EAICKREA
BELGENII L L, REMOB A TIIERERERED
ETL T/l EBEZLLNS,

—7, B X v X 5T, H diceraus DF
AFOBIMCAE - T, MR DI, IEGE, FEEER
BaEA L, EREBEERHLETIAI PO L
Trotce BRI A F 4 /7 Tid, Rtk h A7 V8
L. branchialis DA B OFBIEE &I 51.4% H Y
L, BEORBREBIIEEEL LTI PRGN
TW5,D EIVHIO A b X SFROEBIE, FEHER
b H diceraus DEFHEBTIIRL D, FEFEATOOH
BAEHO AR, H diceraus DEEBITRF AL
KEEBETH -7 (Fig. 6), REONRKIL, awEL%S
WEBERBREERL, YR VWEETEBEEIRT I LA
SNTWABE Z LD, H diceraus DFAVL, w74
T4 VITRRRICAT PO X S ORFBIEE S &5 M &
, RERELBLIEDLELON, F/, BB

NI | -El ectronic Library Service



The Japanese Soci ety of Fisheries Science

330 &, B3, FM, R, /N, B
60 593 H. diceraus DFENB A F 7 X5 ORBICER
ouU BB XTI EIERL 225, KBTI H dicer-
oH H ¢ aus DEF LR DOIEINAE > ERIFEBIFROE T 5
50 -+ ¢ PR ¢ I N7z, Hislop, Shanks!”i3, dtigEZ SHEENF v
% § 7 Merlanogrammus aeglefinus DZII¥iL, L. branchia-
Iis DFEAEBTIE, FFEERLIVL21IE LT L L%
w0 L B, SRBEDT LB, AX bYFSICENT
b, EIMAD H. dicerans DEEFOMMT, IV
B S LR PR RBIND, —K, RAEDOR
A Male (7=110) i\ T, H. diceraus D% A4 I L HERE & 12 2R
£ 30 —t VI (BOR « BB OEBIICH) Ok % < HE
L 60 L7z, SR EEREMET LTSS S5,
y 8 O EABEL D, IREIFEBETL, EIED
1y AR T BB TH - -0t L, H. diceraus D%
50 | ARTE, EINVER,y A4 AL /RREE TR L7, &
D &I H. diceraus DFLE B TIE, BIEOEINERL R
NV FREDEEL CEINTE b oah, HHVIIE
DRPAEFERL DR Lo LT RER LR L7, HED
40 - :k#%,Hdem®§$iX7F775®ﬁ$E
ICEFEZ B LET Z EBRgESIh,
B YA TERBEADHE REL, H diceraus DL
30 f f f } f t } HRAT P XSORBEXRBAVIELIEhD, BE
1 2 3 4 5 6 7 8 9 NEEEABIITWEEND S L AERL T3
Age SERES NI T VIR BEEININES o 728, B
Fig. 8 Age at fork length (FL) of male (A) and female DREMC 31 5 2 + o 2S5 OER L AR OBIRICIE, HE
(B) walleye pollock infected with Haemobaphes dicer- M BICIEFEF & H diceraus DFAEBOBICENT
s 0 8 e ) 005 SO e diars DR, AR R
1989. MEIORBEDOERRICIFEL BXIET 0D, KA

DERRICITFESPNS CATRREAD 5, 1990 FRUC
BT BAT b0 S5 KPERHOMEDBAF#IT 47K
100 (n=1) (n=45)(n=89) (n:=.:(‘-36) (n=44)(n=14) (n=8) (BB EIL 75%) ~5 2% (R 90%) F#MEXhT

]k W5 RBFGEDBEIHID 2+ X 5T, FRED
< 80 = H. diceraus 4RI IMEICHE > TWML, FHERIT
o 60 1 & 3 H. diceraus O£ BEB OB > THEL ko722
§ B L, PEEREORENRTHOEGHAITY H
§40—— diceraus DEFEFEHIEINT 2 AEEE S RB I N/,

3 H. diceraus OBERE L VEFE KFETIE, &
o 20 + BHAD 15.1% DR b7 & 56 H. diceraus DZFHEH
RN, 1EMKED H. diceraus DEH: B 10.2%, 2 @
0 U A A OB A8% Tl - 12, E7o, BSOS |
2 3 4 5 6 7 8 F A, 20.5% 0 H. diceraus OFEHTER SN
Age |OU E1H M2H | BEOS & B 17.8%, 2 BHEOFE RS 27% T
Fig. 9 Occurrence of uninfected walleye pollock (U), 272, Grabda®(3, DY 7 OT VT MR T
those infected with one Haemobaphes diceraus (1H) 271% DA+ I X5 6 H diceraus DA % TR L
and th.ose infecte'd with two H. diceraus (2H) in the ZOWR & LT LEED H diceraus DFH:faH 21%, 2
;i:::rﬁugggéson in February 1988, February 1989 and BEDEERD 6% CThote o L ABEL THD, &

roeis 2 & FkgIC, H. diceraus DAL BE GO M &
LITEEDOHBMBEEKIIEAL L Thd, chbol &
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6, BELIRHKDD H. diceraus DFAMBEEHELDH
mE, BEORCICKERFELBIET I LHRES
Nn, 7, H diceraus 7 3EEL EFEL /AT
TASHEHINZ LTI D, H diceraus DEF
AROEMIABROBBROEERFCER L VE
LRI NE, N=YVITET Va2V x VBEC
i, 10~20 MOBBOKIAr F o XS5 H%E S BT
5,19 1999 435 L UF 2002 F I\ MK T, HROKE X
YU XSOEML, FHECEAL1IEKDOH
diceraus DF v 7 OBAF L BH L7 (HEBK « BN
B, ®RFE), COHBET, H diceraus DFEGH AT b
IRESEDEGTHLHI L, £ 1BEOXEFEL
KBD AN b &S AT F, H. diceraus O 2588
DOBERL - tEHEIR S, AT PUXSORK
&, kv ¥* a7 &S Boreogadus saida TiL, ZFEDEN
I ERET ARRIC, H. diceraus Y REOWRINME T A T
3 86 H. cyclopterina O M 7 K B A O P #i  ( penella,
body straight) 33 XU U #f (body with two or more
points of flexure) IZTBEDEICEHFEL, 6 » A TE
YPTTRE 7 IR A8 (egg sac stage) ¥ THR « AT %,

FOEEMEITE L Z8 »r it ST EBHBNT
WB2 At XS EEAD H. diceraus DFAD H. cy-
clopterina & RBEDAEE R 2785 3 niE, Akl 7
2 KA BB AOEE ) HEFE RSB 5 FTREM 253
BXnb, Grabda® ik, A7 F o 4S5 OICE H
diceraus 75 3 AL EFEL T WHIcoWT, 2@
R H. diceraus HFHE LI AT F 7 X 5 OO &80
HOURICET ABIIRE A B L, BIRENRS H dicer-
aus DF v 7 L O SN TEPIIE « BT 57
®, 3EGEUEOBAOTFEIRECTHS LIERHL 7o,

H. diceraus O A7 + 7 X5 ~OFERD, dfEER
WS 35 X ONR=Y V7T ) 12—V % VR
TREZABVIENC EBRBESINTED, FHRETHE
FREMOEA L EIHOBRADORERINC, ¥ 10F0D
MR pd 50, BREMNTEEI VT EHKL, Ly
L, GHERESEREHRELPKZSEHTH5E, KAHE
TRENFEREPEEC ST THELELT ST
A TWE TR\,

KEERAT bS50, LEEERKELIUZOBE
DECHELL , 20 BUR & & b B EIAL, 20
%, EEREBICEET 5.2 G148 6~7 FICEKEHNOD
tEEEARMICHRA TR P X5 0RBEDOKE
13, BXZ6cmEiTH 54, H diceraus DFALITHE
FEh Tk, KR CTEE SN &/ D H. dicer
aus DFLEBIIMGR 14cm O 1A TH - 7o, H. dicer-
ausly, AT I FZSANOFERPEERIC LD B
N,%) ZTOEFERICEWT2 ODBEERLELT S &
EZE20NTW5H0 ULal, BEEXEEELATr X

SOEBERRICEWT, FEDOBI A5, K, F4&
B, FEREEZHELA IR TR,

AW TId, TIVIRAr Y | B H. diceraus DFAIT
0L EINAAEREDPEVC EATRBIN R, £
OB L FAER & ORRERRE SHE O I H0NEP
Bho TG IUEIHORAY + X506 H dicer-
aus D 15~21% OFERBPER I N/, ThHBER
Flcoa s b & Les, H diceraus DFAIL AT b
X SEEROKEEFHERICED S5, 41K, AT
FYESOBFREEEICEWT, FERICLLBFRHOTE
BT ALEAD D, TODICLEFECET AT —
RUVE L T DL TH B,

EARECH 27207288 SBAEER, 88 35 F AL,
FEIBHEABLIUTE B SBAORARICHE RS
%o MERHENTICWE, LB RFREBKERFRIER O
M MIRR, AEREAREAOBREICITIEERFERF
Bek BRI R O X RBREME L, FERY VT IVOR
A E R KRR OBEAATK, SRR
JeEEKFEITTEWE T + — )V PRt % — John R.
Bower IFIC W NI B LU THE R WA, EL
R L BT 5,
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