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Differences in recapture rate between anchor tags
for the Japanese flying squid

Tatsuya TAKAMI and Shiro TAKAYANAGI *
Hokkardo Central Fisheries Experimental Station
Yoiche, Hokkaido 046, Japan
* Hokkaido Wakkanai Fisheries Experimental Station
Wakkanar, Hokkaidoe 097, Japan

Recapture rates were determined for 8 kinds of plastic anchor tags to find which
would be the most useful for the Japanese flying squid. The tags implanted in the
fin were of various colors, sizes, and shapes. The recapture rate of the brilliant
yellow tags was about twice that of the dull yellow tags, possibly due to differences
in recognition. No difference in recapture rate was found between the dull yellow and
other tags. The brilliant yellow anchor tag was thus concluded to be the most useful

among the 8 kinds of tags.

A A A H OEEEITE, 192TFELREE TEHERI N TV 5, FEICHER XA EEMNT0ERE
TEBUORIALKIER TH - 1o FDRIT v h—2 ., FHES ER L ( NAGASAWA ef al.
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FERLIT v h—2 o, ZILA~HOSEHTH h, L Fhdb+4 = BTA + BitkEDennison Man-
ufacturing Company ®, C~HitH%&-*/ » 748 TH-7- (Table |, Fig.1) » A (Dennison
Double Tag ) FHBROBRETRLFXBATHHA 2HH B, | 0B L THEMA L, Dennison
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Table 1. Anchor tags used in the present study.

Length (=) Flag size (am) C | Manuf:
T¥Pe Towal Shaft Width Height Thickness Celoe & name
A 50 W0 13 9 1 Brilliant yelow  Opaque  Doubie Tag } s Nt T
B 66 60 10 5 | Bniliant yellow Opaque Anchor Tag M.-:I:u-n.' 01701, US A.
C 55 50 10 4 1 Dull yellow Translucent
D 40 32-35 10 4 1 Dull yellow Translucent i
E 40 3 10 4 1 White Teanslucent | Stendand Pin | Jopam Bano” i Co., Lid.
F o4 3 10 4 i Red Translucent o Keyaba=chio 2:17-8,
G 2 15 10 4 i Dull yellow Translucent | U-Pin | Nihonbashi, Tokyo 103
H 21 15 10 4 | Red Translucent

* One of two flags was cut.

BRI 21988~1990 06 ~ 9 A BAREESs tvaspmld TER L, | BOKERET. &,
Hokzx, HOBXEH BB 28807 v 21— 2, 72FERAL T, 43 2EORE%TT -1 19884
9 Aiiz B & COBER% V- T 3E, 19894E 7~ 9 ALI9904 7 AiCizA L B AT 4 EIOBSRER 21T
ol FOMOEROEESRTIITAFN | DR %{T-7c (Table 2) , 7c¥1988FE9IAD3IEL
19894 7~ 9 A0 3EDHFTiE, FhENFAUBRATRLEEOT v — % , 72 FERALTHH, %358
B TR EN LN > D TERFN IEOBEER ¥ SHE1. BE1 *§ VB TRESL
FENDBHBAN A HOEEC, =—Finy (BEA/ 5 7#HED) ¥AGTT v h— 7 o, 7D DIRE
~HRBSETEF LI [ 2oExcEE L5, 7B Q97D LERRHCTE 275 AEOR TR
FTD L5 Bt FARFCEES ni 100BEO/HERY | m B THIE L, 19884 £ 198947 A14~19
BiCiI iR % A EEOHAERSIE L1

| D

ABCDDEFGH

Fig. 1. Anchor tags used in the present study.
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BizCO# 2 (EOEMRTH -7 (Table2) , HOBZT 2EUEDOENHNBLRABE LG LOES
H+ T, FEHNCEE T (0.05¢p{0.10) AEDEHEE,NE - HEHEH AT, BHYOHESET
RERECERALNI - 1o TebbERRICETENZO bR-ORAER £ EEAORE RS
DATHY, Zhisof, fLokE s, BORZORLIHEATTREESZEIALNIL 51 iz,
SREVA LTI R E (G RV-2 5 7 SERR SV EE D b,

TN T O THR 1T - 72 2 BBRETIE, A A A 2 OB, Hofis 5l £ TOERE R L
IERADNI TS

et 2 o B £ FRFICERIE S s AL A 4 B OMEERZ14~29en DREFIC B0, Bl LIt Rzt
1988 £ 1989 7 A 14~198 TiL, T LD CHAES S ni- 2 B M THAERICER eh -1

Table 2. Comparison of the recapture rate from 8 type anchor tags.

Number of Mantle length (xa) Number of Recapture 1t

Date at release Tag used squid released of squid released® squid recaptured rate

July 11-12, 1988 A 425 14-24 (15) 13 0.031  0.420
D 99 1) 0.071
Sep. 5-8, 1988 B 294 21-28 (23) 31 0.105  5.474°**
c 267 13 0.049
June 9-10, 1989 D 295 15-25 (20) 21 0.071  0.082
F 59 3 0.051
June 15-16, 1989 D 1,540 14-25 (20) 62 0.040  0.002
E 746 29 0.039
July 13-14, 1989 E 1747 14-24 (18) 43 0.025  3.465
G 320 2 0.006
July 14-15, July 18-19, A 397 18-29 (23) 38 0.096  0.420
and Aug, 31-Sep, 1,1989 B 340 27 0.079
June 5-6, 1990 F 575 14=21 (16) 20 0.035  0.842
H 250 5 0.020
July 23-24, 1990 A 297 18-25 (21) 29 0.098  0.102
B 200 17 0.085
Total 7,851 360

W Mantle length of 100 individuals caught at respective
experiments were measured in the laboratory : range ( mode ).

Significant value of chi- squared at 5 % level.
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BB IC L - TR, B, TR S~ ooy, BREOE - EBEI HHTH 5. B
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B0 T 2HEROMIT AL £ £ ADKE SIIZEN - Te b ELBRD, FREID 2 B

TRBECHEH E TORAEEIEN ARl oo b, TH~OBECTAEGR el
LHERZIND, ORI, > THERCEY N HAHLRXEZITVOT, ERICL > TAL A HDFELT
~OBECEN L L O, HHRROZBIRRROBCLIS LD LY TE S,

Tvh—2% 5 7 BOBHRICOY2EL L -1 WEMITIIELADES, loXkEEHRL 5, BD
EZINAZ{ R4 HE LGo@ES# T, B EV-EoElE SV AR En bht, L LERC
HORIHELDHF EHTIRERRREI RV L 200, ROEICLABRAROEZH T VEETEV-S
DEHEEIND, LitdioT, BETERLRAE, CRERATHEETHLI b, BEBEEOR FV:
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BEOAL A A A - TIEECHEREC B2 5 BOWIE SR TS hERRLIE, i LCitd
REh Tz REE Shic L DD Sl » o2 A BROERICHEN - LD L EL bnd, HAUKHAFTRT
(1956) HLUHEILS (1972) &, A4 A4 HORIGAIGNEROEIC L SFHREOERVIERM L TH0,
ERoE/)/ RERBCHETEZ LARSA TV A, $oBES (1985) i1, v voF1 A, 7 F7 4 Al
BTAERLT v o — 5, 7 %AV L FHERIME ( L 5ATEEHN D 5 L~ T 5

fods, BESEYAL TATLAE (R 2, 7R BRI EVEELIED bhisss, ThThofEE
(TR, B, A A ADKEEINBRAESTED, ShHOMTERRY HE 20l = 82,

% (1981 BAMRDT v AH—F , FARELICLDO2VT, REREEAPORALMEACHT T
5, SEOEETIIENE TORBHEIEE 1098 THH, oA TIIVTho # , 7 LBEEE
Bhnlhoty,

HE: L= 8D S LREENVEHHVE T vH—35 , 7L, TEATHESHIEEBDALBTSHS
LEZHND, A, BRIV COHBAZH FoAA 4 1 A DHEROREIZI8~28e TH N2 hbH & D)
ROBHFIZOVWT L S EB~20E HB125 5,

BT L AR ESTEL~OEENEREI A TH ), SO mIclift S heTuoen
NS5 s @EZN TS (LAWLER and SMITH 1963 : MCFARLANE and BEAMISH

1990) » k¥ < B oHR+EET hul, BT~ ORBCHEC L St LT3 L Bbni,
B, TVvh—2, 7DEBTLIBANL A A HOBE, BE, RChE~OEBYE~50E HBLEL
bh s

X L3

HEHK - ARBEE (1972) RBEGFEGCESTL2HFEDO AL 2 4 2 ORBYEL & EHFIC DT
HibkprERE (3) 47—58
LAWLER, G. H. and SMITH, G. F. M. (1963) Use of coloured tags in fish popu—
lation estimates. J. Fish. Res. Bd. Can., 20:1431—1434
MCFARLANE . G. A. and BEAMISH, R. J. (1990) Effect of an external tag on growth
of sablefish ( Anoplopoma fiméria ), and consequences to mortality and age at ma —
turity. Cen. J. Fish. Aquat. Sei., 47:1551-1557
#% W18 THIATC2HRAERTOME vy AEREAKBS (18) 9-15
HE F-0EFH & BEREK- LEEL (197) B EERBHRSRICRTE AL £ 1 A DEBE
BIBF%R (1970) dekgrEe (37) 10—-31
NAGASAWA, K., TAKAYANAGI, S.and TAKAMI, T. : Cephalopod tagging and marking
in Japan: a review. The Recent Advances in Cephalopod Fishery Brology,
Tokai Univ., Shimizu. (in press)
HRILIESL - TEFERME - THRE — - 5 70 - RRRE - Rk (1972) MEEEHIcRIT 5 A0 4
1 A0 LEHE BHKERFSRPRBR (57) 61—67
REE,  BAEET - 8- 83355 - 8@ % (1985) B&BEFBRCETHr v ¥++1 74 -
FF oA A ABOERENAREENR BABREERERBEKERBTABRHANERS
64
SNEDECOR, G. W. and COCHRAN, W. G. (1967) #atf9hEE 516 AR CH#TL6F - mEFE— .
BA#EERIER) pp. 200—201 EHBE HA

HALARBFAFZAT (1956) An 44 #@EOHHE L EREH (12) 18-82
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Reproductive cycle and growth of pink shrimp,
Pandalus borealrs, around Musashi Bank in

Japan Sea off Hokkaido, Japan

Yukihiro NAKAME
Hokkaido Wakkanar Fisheries Experimental Station,
Wakkanar, Hokkardo 097, Japan

The reproductive cycle and growth of pink shrimp, Pandalus borealrs, in the Japan
Sea off Hokkaido were studied. Samples were collected from June 1989 to June 1991
by trawls and pots. Seasonal variations in gonad-somatic indexes ( GSI) and carapace
length frequency distributions were examined.

Sex reversal began in July, spawning occurred in April, and hatching out took
place between February and March. GSI values of ovigerous females and females
which had not moulted after hatching remained low up to the spawning season.
However. GSI values of nonovigerous females reached peak in the spawning season.
These results show that females spawn every other year. Furthermore, it is concluded
that shrimp spawn three times at the age of 6, 8, 10 years in whole life, and longevity

is about 11 years.
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Fig.1l. Map of the sampling area ( striped portions ).
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Fig.2. Seasonal variation in gonad-somatic indexes ( GSI). The symbols and
vertical lines indicate mean values and range of GSI. GSI was calculated

as ( 100 x gonad weight / body weight ).
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Fig.3. Seasonal variation in percentage of females bearing pigmented eggs (P/0)
and of females having hatched their youngs (H/(P+H) ).
P ; number of females bearing pigmented eggs
O: number of ovigerous females

H; number of females having hatched their youngs

1976). 2~4 8 GEHAIR 1987, AIIASR 1988, AR+ 22 7 H=BIRF— A 1989) L0
<y 4~5H (LES 1976) EEREFIRFIETSH 5o
Afpic it B 50103 2~ 3 AL A HEE Shis, Chud@E (1957) fkm (1984 &R U
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Table 1. Ranges and modes in carapace length frequency distributions of pink shrimp
sampled from commercial catches.

males transitionals nonovigerous females ovigerous females
Sample Date
Fe range mode range mode ran%e mode range  mode
: (um (mx) (o (o)  (mn (mm) (o (mm)
min-max min-max min-max min-max
1 13 June 1989 16—28 17,22 23-33 26,32 24-30 25.29
2 24 Aug. 1989 19-26 22,23 22-28 25 24-31 26,30 23-32 25,29
3 24Aug, 1989 17—26 23 23-28 24 25-30 25 23-28 23,25
4 24Aug, 1989 17—27 18,20,22 21-29 24 24-34 27,32 23-33 25,3132
5 9Nov, 1989 20-—-27 20,23 23-28 25 26-31 28 23-30 26
6 9Nov, 1989 18—28 18,20,25 24-29 27 26-32 28 25-33 26
7 27Dec, 1989 16—27 20,23 23-27 25 22-28 25 23-31 25
8 29 Jan, 1990 19-—28 20,23.27 22-29 25 22-33 126,32 24-30 26
9 22Mar, 1990 16—26 17,20,23, 25 as~27 24 22-31 24,26
10 22Mar, 1990 17-27 24 23-29 25 22-33 25.29
11 19Apr, 1990 18—27 21.24 24-33 26,30, 31.32 24-33 26, 31,32
12 19Apr, 1990 15—28 15,19 23-31 26 22-33 25,26,29
13 19Apr, 1990 15—27 15,24 24-32 26 24-31 26
14 19 July 1990 15—28 22,24 24-27 24 23-31 26 23-32 26
15 19 July 1990 15—27 21,24 22-27 24 24-35 26,31 24-32 27
16 30Aug, 1990 19-—28 23 23-28 25 25-30 26 24-30 26
17 1Sep, 1990 20—27 23 20-29 24 24-33 26,32 23-32 26
18 210ct, 1990 20—27 20,22 21-28 24 23-33 28 22-28 22,2527
19 210ct, 1990 18—26 22 22-28 25 24-32 26,28 24-31 25
20 16 Nov, 1990 17—26 22 22-29 24,25 23-32 23,28 256-33 27.32
21 11Dec, 1990 17—27 19,23 24-28 24 23-30 26 23-30 26
22 11Dec, 1990 16—26 20,22 22-271 25 22-34 26,28,33 24-28 25
23 Jan, 1991 17—-27 21,26 23-28 25 22-30 26 23-33 26,31
24 14Mar, 1991 21-—25 21,24 24-28 24,2527 22-31 26
25 27Mar, 1991 15—29 19,21.28 23-29 25,28 23-32 26,31
26 29 Apr, 1991 16—27 20,26 22-30 22,26 23-27 26
27 16 June 1991 19-26 21,24 24-32 26 23-28 23,27
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B 10~12A To{bikt 3~4 HTH A ( ALLEN 1959) . LD A, ¥ <Ay v TOERL T
~9H7T, SHEMhLd~6 HEMEEZRTYVS ( RASMUSSEN 1953 ) o 2ok 5, EIRE SLOFF
AR L > TR > T D, JAIBHIG 2 ¥ X THHHN, AfHO10~115A £\ -5 Fagiifal o
P L BT D L bR V2 B CORBIPIRY SRV £ V5 Z LG BARES » 22 T h = E ORI E
Ex b5,

iz, FEIERBIC I B ARG » 2 2 7 h =D 2HBH OFil - LT, APIRTELHEIIC 715
FEIVETOND, SO L Bcids Lizo il (1957 €, /L (1969 & #&m (1984 L
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Table 2. Ranges and modes in carapace length frequency distributions of pink shrimp

sampled
males and juveniles transitionals nonovigerous females ovigerous females
Sample g No. of range  mode rang mode range mode range  mode
no. specimens (m) (=m) (am) (W) () (nm) (am) ()
min = max min - max min - max min - max
1 16 May 1990 791 11-26 11,20 24-28 26 23-28 26
2 10 July 1990 340 15-25 19,23 24-27 25 25-32 27,30 23-33 25.32
310 July 1980 240 11-28 LhAS1% 25-34 213031 24-34 26,33
4 11 July 1980 240 12-26 151824 271-29 27,28 23-29 26
5 12 July 180 178 13-27 JRIS1% 24-28 27 22-33 222532
6 12 July 1990 228 12-26 14.20,24 24-28 25 25-28 27 24-33 25.30.32
7 11 Sep 1990 290 13-25 15,20 2-28 25 24-31 24,28.30 23-33 2530
8 11 Sep 1990 340 13-27 1921 23-28 25 25-34 26, 31 24-31 2629
9 12 Sep 1990 360 14-27 16,19 2-8 25 23-32 2530
10 18 June 1991 760 10-28 10,18, 21 23-31 27.30 24-30 25
11 19 June 199] 332 13-27 1318, 23 24-34 27,33 24-33 26.31,32
= TS 1l
12 20 June 1991 16 7-21 1316 1820
[ JuLvi9s0
w0f
(-9
£
4
]
3
=
g {01 3
ot . 0
Sr
”P_Ll JUNE 1991
ol .0 L300 ..,
5 10 15 0 5 0

Carapace Length (ws)

Fig.5. Carapace length frequency distributions of males and juveniles sampled from

trawl surveys.

bk 1967, FIEE 1967) o %1, 4k~ 7 fEtiGHIPD = 5 = 7 7 h = 12id, FHEEMT2 oD L&
HERTHLODW2 4 THEENTVAZ EPTEIATVS (BAS 1961, MEKR 1971) , BA
AN CREENT5 - L o0LES (1976 I THEESATHY, FHIKR (1987) ©H Al .,
22 7A=CHRF—2 (1989 LEBEOHMELX LTV B,

Las Ly FALADEBE TREEMROTEM I EBIN T 3D, A&, Y~44 v ( RASMUSSEN
1953) s EALF + 5 210 (EFS 1978) |, 753 AABRLIT~N—y Y78 (1777 1964) fo&—3
DEEERLNTV 3,
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Fig.6. Seasonal variation in frequency distributions of number of modes in carapace
length (CL ) frequency distributions. Vertical lines indicate ranges of CL.

Dashed curves indicate estimated growth curves of year classes.
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Age and growth of Pacific cod (Gadus macrocephalus)
in the Musashi Bank, northern Japan Sea

Hiroya MIYAKE and Nobuyuki NAKAYAMA*
Hokkardo Kushiro Fisheries Experimental Station
Kushiro, Hokkaido 085, Japan
*Muroran Branch, Hokkaido Hakodate Fisheries Experimental Station
Muroran, Hokkaide 051, Japan

The age and the growth of Pacific cod were studied by three methods: the
length-frequency analysis, the tagging, and the age determination by otolith structures.
Length-frequency samples were caught by longlines from the Musashi Bank, in the
winter of 1985. The tagging was carried out in the winters of 1985 and 1986.
Moreover, the age determination sample was collected from commercial landings by
longlines fishing.

Ten groups were recognized by fitting normal curves to the length - frequency
distribution of 1321 individuals. The mean standard lengths for each group were
34.5, 44.1, 53.3, 60.5, 67.3, 73.4, 81.0, 86.1, 91.9, and 97.6cm. Those groups proved
to be age-groups with the annual growth increment estimated by the results of tagging
experiments. Moreover, the age-group with the mean length of 44.1cm was determined
for age-4 based on the structure of otoliths,

The result of fitting those mean lengths at each age to the Bertalanffy equation

was as follows:
it =164.6 x {1 — £(-0.0736)

where /¢ is standard length in centimeter at age ¢, This paper shows that the

growth of Pacific cod in this region is to be slower than the previous paper.

F L & (Z

= &%, Gadus macrocephalus DMWERFARET, SRR, LRI, BAdE, KF
BEOFIREBLL, k-7 75 <=V v, TIFAABEAT, AV 7 =TSV 2 - E=H{ET
EHREMS LUAEMRE TH 5, BATEBTIEL L CBERAABICSA L, om0k A &g
TR BRE, K TIRER T 50

H AT B+ A AMHOER - ROV ToRE& R (1938), H# (1951) , koF - mmE(1984),

HBu®S AIB(191F11 A6HFHE)
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Fig.l. Geographical features of the Musashi Bank survey area.
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Table 1. Calculated mean lengths at each age (ML), age compositions (P),
and standard deviations (SD).

Age i i+l i+2 i+3 i+4 i+h i+6 i+7 i+8 i+9

ML(em) 34.5  44.1 53.3 60.5 67.3 73.4 81.0 861 91.9 97.6
P 19.4 212 19. 2 10. 7 4.3 8.0 2.0 5.1 2.4 1.6
SD 2.7 3.06 3.86 252 .72 3.37 1.66 2.8 1.36 2.85

FHE 1EIR L s, IEECET L, stiEERITable 1, B LUFigd iRk L= & 5 i1 0BRC 7
Sh, ThbDFHEkEL, 34.5, 44.1, 53.3, 60.5, 67.3, 73.4, 81.0, 86.1, 91.9, ¥ XU97.6emT,
ChoDPEEEIGRGAD = — FIE—| LTV i & 408EET 1.3 ~ 3. 8enofifich
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Fig.4. Fitted normal curves for the length—frequency distribution smoothed by
meaning over 3 classes in 1985, including tagged cod.
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Fig.5. Walford's growth transformation of mean length.
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Fig.6. Relationship between time at liberty and length increment.

Table 2. Pacific cod growth increment on length at tagging.

Length at Length at Length Time at

Year Tagging date tagging recaptured increment liberty
(cm) (cm) (cm) (day )
1986 Feb 8 42 48 6 220
1986 Feb 9 45 56 11 450
1986 Feb 9 39 41 2 48
1986 Feb 19 38 62 24 773
1986 Feb 21 45 61 16 422
1986 Feb 21 44| 60 16 430
1986 Mar 1 45 47 2 77

HEE SR~ 70 5 b, FHROKESTER I TV 4 73428 C TRD Y, FOERERIL
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(r=0.969, N=T)
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Table 3. Length frequencies by age groups based on the structure of otoliths.

Length Age

(cm) 2 3 4 5 ? Total
30-32
32—34 1 1
34-36 1 3 1 5
36—38 1 2 1 4
38 —40 3 7 1 11
40 —42 6 9 15
42 —44 1 10 1 12
44 —46 1 9 10
46 —48 1 3 2 6
48 —50 1 2 3
50 =52 1 1
52 —54 1 1
54 —56 1 1
56 —58
58 —60
60 —62
Total 3 17 42 7 1 70
plean 349 396 426 489 -

ks =
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Fig.7. Growth curve of Pacific cod. Circles indicate the calculated mean length
of normal distributions divided form 1985 length - frequency distribution.

Table 4. Age-group mean lengths (cm) for Pacific cod in the northern -Japan Sea.

Age (yr)
1 2 3 4 5 6 (i 8 9 10 11 12
11.7 225 32.6 420 50.7 58.8 66.3 73.2 79.7 858 091.3 96.5
46.89 56.99 67.08. 73.02 80.49 89.99

A
B
A : Calucated using Bertalanffy growth equation in persent study .
B: Using scale method , data from Sakano 1951,
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Mesh selectivity of gillnets for spawners of the walleye pollock,
Theragre chalcogramma, in the northern waters of the
Nemuro Strait of eastern Hokkaido, Japan.

2. Design of the non-mesh-selective gillnets for researches,
and results of the experimental operations.

Yoshiyuki UEDA
Hokkardo Hakodate Fisheries Experimenial Station,
Hakodate, Hokkaido 042, Japan

Non-mesh-selective gillnets were designed from the results of 1985 experimental
fishing operation for spawners of the walleye pollock Theragra chalcogramma in the
northern waters of the Nemuro Strait, Five mesh sizes ( 48, 61, 77, 97, 122mm; a ratio
of 1.26 geometrical progression) were selected in order to equalize composite relative
efficiencies ( £20%) for the walleye pollock ranged from 25 to 65cm in body length.

The composite relative efficiencies could not be equalized, because most fish were
caught by upper jaw and few small- sized fish were taken for the small size meshes
such as 48,61mm. Therefore, these gillnets did not work for non-mesh-selective gillnets.

Few fish smaller than 34 cm in body length were taken in spite of using 48,6lmm
mesh sizes. Moreover, the corrected body length composition support a same result.
Therefore, these results suggest that the small size walleye pollock did not immigrate

in spawning grounds or they did not coexist with spawners in the Nemuro Strait.
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Fig . 1. Non-mesh selectivity curves estimated from results of 1985 experimental

fishing operation and composite selectivity curve of five mesh size gillnets
(48, 61,77, 97, 122 mm) for walleye pollock .
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959{@fE, 122mmE &3 61018, 48mE 5T 606{BETH ~1z. THbBTmAE G LOHERENKE
TEBIT LIch » TEHREBEE 70 < 48mE & TTIanE & O KEEE O X H L7 o1, WEL
T BARDERMM Y Fig 2 IWR L1 48mE SO GRAR Tixdien&ic £ — F235 D, FEfkRiz408mT
Hot,, SIMEETIIBME S L hAZ\ - HEGBmEICE— F2i5 D, BEEHRIZI26MTH -1, 12
BELbea— FOEMICRBEYIICERYRLIL Tl SOBTIEROmEIT = — FAid ., Tk

Table 1. Number of walleye pollock per 2 gillnets caught with five mesh sizes on
February 18, 1987 in northern waters of Nemuro Strait .

A : No. of fish examined. B : No. of fish caught.

Range of bod Mesh size (mm)

e T 6 Bl 77 37 122 Total
(em) A|]B|AJ[B X[l A]lBlA]lBl a]®
<30 2 2 1 2 0 0 0 ) 0 3 4
30— 1 1 2 5 0”6 0 o o 0 3 6
31— 4 4 1 2 0 0 0 0 1 2 6 8
32— 3 3 5 11 0 0 1 3l 0 0 9 17
33— 9 9 4 9 0 0 0 0ol o0 0 13 18
34— 20 20 2 5 3 7 0 0| 2 4 27 36
35— 22 22 5 11 4 10 0 o 3 6 M 49
36— 40 41 6 14| 10 25 0 0| 2 4| 58 83
37— 25 26| 13 29| 30 74 0 0| 4 8 72 137
38— 43 44| 10 23| 63 156 1 30 10 19| 127 244
39— 56 57| 18 41| 91 225| 11 29| 12 23| 188 375
40— 51 52| 43 97| 92 227| 24 63| 29 56| 239 496
41— 80 82| 50 113| 73 180| 49 129| 18 37 |.271 541
42— | 73 75 44 100 49 121 57 150| 43 83 | 266 528
43— 62 63 | 64 145| 26 64| 65 171| 29 56 | 246 499
44— 40 41| 49 111 | 14 35| 64 168| 31 60 | 198 415
© 45— 27 28| 44 100] 13 32| 55 145| 28 54| 167 358
46— 16 16 | 37 84 5 12| 2 68| 22 43| 106 223
47— 5 5 15 34 3 7] 18 47| 15 29 56 123
48— 3 3 4 9 6 15 8 21 10 19 31 67
49— 1 1 6 14 3 7 g8 21 T 14 25 57
50— 6 6 1 2 1 2 3 8! 6 12 17 30
51— 1 1 0 0 0 0 3 8 9 17 13 26
52— 0 0 0 0 0 0 1 3 B 12 7 14
53— 0 0 0 0 1 2 0 Bl 8 is 9 18
54— 2 2 0 0 3 7 0 0| 3 6 8 15
55— 1 1 0 0 0 0 0 0 4 8 5 9
56— 0 0 0 0 0 0 0 0| 3 6 3 6
57— 0 0 0 0 0 0 0 0 1 2 1 2
58— 0 0 0 0 0 0 0 o 2 4 2 4
59— 0 0 0 0 0 0 0 ol o 0 0 0
60— 0 0 0 0 0 0 0 0 1 2 1 2
f1= 0 0 0 0 0 0 0 0ol 5 10 5 10
Total 503 | 606 | 424 [ 959 | 490 [ 1210 | 394 [ 1036 | 315 | 610 | 2216 | 4421
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Fig.2. Body length frequency distributions of walleye pollock caught with five mesh
size gillnets on February 18, 1987 in the northern waters of the Nemuro Strait .
N : Number of fish examined , u« :Average body length , C : Total number of
fish caught, ¢ : Standard deviation of body length .
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Fig .3. Mesh selectivity curves using Ishida’s method of two mesh size gillnets (48, 61mm)
for walleye pollock on February 18, 1987. Plotted alphabet symboles represent
the body length from which the curve of 4872M mesh size was estimated .
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Fig.4. Mesh selectivity curves using Ishidds method of two mesh size gillnets (77, 97 mm)
for walleye pollock on February 18, 1987. Plotted alphabet symboles represent
the body length from which the curve of 77MM mesh size was estimated .
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Fig.5., Body length composition of walleye pollock corrected with mesh selectivity curve
of 77mX mesh size on February 18, 1987. Solid line shows selectivity curve
of 77mR mesh size .
=35 : Body length composition of walleye pollock corrected with selectivity curve
of 77mm mesh size .
[]: Body length composition of walleye pollock caught with 772m mesh size
gillnet. N : Value of corrected CPUE, C: Value of caught CPUE.
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girth of mouth rear edge.
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Feeding rate of the Japanese scallop Patinopecten yessoensis
in suspended cages in Lagoon Saroma ko

Mamoru KURATA, Hiroshi HOSHIKAWA
and Yuji NISHIHAMA
Hokkaido Abashirt Fisheries Experimental Station
Abashiri, Hokkardo 099 - 31, Japan

The feeding rates of 0~2-year-old scallops cultured in lagoon Saroma-ko, Hokkaido,
were determined by an indirect method ( feeding = growth + respiration + excretion ) and
direct method ( feeding = food X filtration ). Growth, excretion, and food were expressed
as carbon quantity. The feeding rates of l-year-old scallops increased almost linearely
from May to September with rising water temperature and growth, reaching annual
maximum 106mgC/day/indiv. in September. They subsequently decreased with drop in
water temperature to an annual minimum 9mgC/day/indiv. in March. Seasonal changes
in feeding rates by the direct method were approximately similar to those by the
indirect method. Feeding rates were affected markedly by water temperature. The
annual maximum filtration rate of 1-year-old scallops by the silicate method was 268(
/day/indiv. in October.
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Gonad development of the northern sea urchin, Sérongylocentrotus
nudus, that experimentally fed fishes.
I. Gonad development

Yukio AGATSUMA and Takafumi NISHIKIORI*
Hokkairdo Central Fishertes Experimental Station
Yoiche, Hokkardo 046, Japan
* Hokkardo Kushiro Fisheries Experimental Station
Kushiro, Hokkarde 085, Japan

In an excavated fishing ground at Satsumae in Matsumae, southern Hokkaido, a
survey was undertaken to examine the gonad development of two groups of northern
sea urchins, Strongylocenérotus nudus, which were experimentally given teleosts, Pacific
saury Cololabis sarre and Arabesque greenling Pleurogrammus azonus, respectively, from
mid-October 1988 to mid-January 1989, and then seaweeds, Laminaria Japonica and
Underia pinnatifida, until the end of March 1989. The gonads of C.saire-feeding
sea urchins grew rapidly and the gonad index ( gonad weight x 100./total weight, g in
wet weight ) reached 23.1 in late February and thereafter did not grow. Although
the gonadal growth rate of individuals which fed P. azonus was lower than that of
those which were given C. saira, the gonads of the former individuals grew until the
end of March. The gonads of fish-feeding sea urchins developed better than those
of individuals from natural fishing grounds and did in larger-sized individuals.
However, the gonads of sea urchins with regenerating spines did not grow even when

they were given fishes.

3

mj

T, Al H AR~ AR RO SN T, ARBERE AR L, BESER v Y =clbh
SRESETBRSI T L2205 B, BTN, BES SV IERMEOREOE  F X AT HF v =
( Strongylocentrotus nudus) HEFBEICER LTV B, T THE, horEHcHAL, BE
HE RUOT B, EENS THIEMEOREVRES L IEFMRIE TN TV 5,

BYES A8 (191411568 ZH)
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19884E10A 5 Bt AL PATR 8 ~15 miC BT 5RESmLL EDF 5 A FFF 7 =
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FAT w7 AARE LK 2 2 (A, B) Ko 500MToMmE L7 (Figl) o 72, 300BEDR
EEFINCHBI L1, WBELI 24 7++ 7 =O4ERIEYHRREL. £ TLAI0A198 00488
EAELIS
FF ATHF T AMEOREBEL RN 570, 1989F | A198 $TIC, AKX TREEE
iEEY = (Cololabrs sarra )%, BETIIEAWIEETHRBE izt o & ( Plewrogrammus azonus)
% T~ 12AMBR TS 5~ ThonfafiL 1o £, RAREIC L SEMMoSH Y vas+siomic 3

Fig.1. Map of Matsumae and two test compartments ( A,B) of turtle blocks covered around
by fishing net in an excavated ground and near- by natural fishing ground (C).
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A258 ¥ T~=v7 (Laminaria japonica ) L 7# 4 (Undaria pinnatifida) % 3~13HEERT3
~30kgEEf L7z (Table 1) o
Efo, &Y 43T eBLE LEREOSTRY S, BERIOTNE (KE2~3m) LxBX
(C) & L7 #HXA, BABFKKCESD, 10~3 BichitTA | EOEE TH220BEGEDF 2 4 5++
v =RERRL, BRE SERTOUCARKER (7, 8ED AEAIL, MR G x 100
/LED wkwrz, 26k, JENSENOHE ' ik VEREAEE UL, o, BEXTHEORIC 1 EL
HBETIZEA 18 Q08 £12A%B <) OFE THRIKEREC L b kRIS

Table 1. Amount of foods given to two experimental groups (A,B) of
Strongylocentrotus nudus.

A B
C.s *! L.j*2 U.p*3 P.a*t L.j uU.p
Oct.19. 1988 5% 6
Oct.31 7 7
Nov. 8 6
Nov.10 T
Nov. 16 5
Nov.28
Dec.19 7
Dec.25
Dec. 31
Jan.11,1989
Jan.19 i
Jan.26 5 5
Feb,10 3 3
Feb.19 4
Feb.27 10 10
Mar. 2 10 10
Mar. 8 30 30
Mar,21 5 10
Mar.25 5 10
Total 58 38 34 63 45 30
*1 Cololabrs sarra
%2 Laminaria japonica
*3 Undaria pinnatifida
*4 Pleurogrammus azonus

=5 kg

Date

-3
-3 o

- =
- = = =

& =

1. #9L5H9FI-OREFLER

BEERICE L 20O+ 8 454 7 =OFFRQ~T4mOBHETH D, BOTRES60mOEES:
Zhotz (Fig2) o ChORSBOFENERL, BV TROLODBhot, HBREKTH+ 4 45
¥ 7 = DFEIIS0~60m TH . SO ER L, B L 3EA—OF@HE» BRI ATV
(Table 2) ,
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N=300

Frequency (%)
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Test diameter (ma)

Fig .2. Size frequency distribution of Sérengylocentrotus nudus transplanted in two
experimental turtle blocks (A,B) in October 5, 1988 .

Table 2. Test diameter and age composition of three experimental groups (A,B,C)
of Strongylocentrotus nudus .

. N Test diameter Age composition
examined m*l+s*2 [V \l Vi Vi i 4
Oct. 19,1988 20 559+ 172 2 12 5 1
Nov. 16 20 58.7+9.3 11 3 3 3
A Dec,.19 20 534182 15 2 2 1
Jan, 20,1989 20 57.61+564 7 8 1 2 2
Feb,27 19 52.6 1+ 4.8 14 4 1
Mar, 27 20 568+64 1 13 2 2 2
© Oct.19,1988 20 53.7+46 N 10 8 1
Nov.16 20 ST.4=x1.1 10 5 3 2
B *Dec.19 20 579+5.7 9 4 3 3 1
Jan.20, 1989 19 553+ 48 10 7 " 1 1
Feb.27 20 58.2+6.5 1 6 6 5 2
 Mar.27 20 554444 1 9 7 2 1
~Oct.19,1988 20  537+46 1 10 g 1T
Nov.16 20 56.8 +4.4 2 10 6 1
C Dec.19 13 58.9+6.3 6 3 2 2
Jan.20, 1989 20 54.5+ 4.2 15 4 1
Feb.27 20 57.0+ 4.5 13 6 1
Mar.27 20 548+ 5.4 16 4

%1 Mean value *2 Standard deviation

2. kBoE(L
a3 AKRIZI0A19H®I5.3C15 3 A8 HO 5.5 CETTHEL, £0HER LT, 3ATHIC
i17.6°CTHhorz £z, HBEOKER biHZERICER L7 (Figd)

3. EMMORE
BEABEELZI10A19B IS 5 AL BEARGURCED* 5 A 5++ & —OERBEIRETIFNER 5.8,
576U S.TTHN. RER—TH-1 AROERBEERI0ALRESMCFAL, 2 A2THIIL
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Fig .3. Variations of sea water temperature from October, 1988 to March , 1989 in the
excavated ground (A,B) and natural fishing ground (C).

.1 £ DFLL@Eh=ls LoL, 2 ALERIERO EROER L, 3 A2THICIZ2LTTCH »10 BET
GAEMAHERI2AETER L, £0% | ARETER LI, To&, 2 ALRERCEC LR L, 3A27
EITII21.8 £70 0 AR L IHERRRICE D > 1o Tods, TRSHHEIC KT, BABEPOF 2 AT+ T =0
AR R L SN B o 1, CETIIAMBISEI2AKETERL, F0H2 ARF M L1 +
O, 3ALBCERIIFEUCES L, 3A2THET8L ), AHEORMREIBHEE OF 5 454
Fr=tHEE LTSNtz (Figd) o

2A2TB L 3 A2TEICRT S, RBEOF 2 4797 =OFELEHMEEROMEYFigsiomLis
SRBERIAZEER A LY, BT, 3 A2THICBRE ADTR T 4mOEEOAME TR
25 THNELLKE DT

z #

defmie e s 6 HABGSBRECEL v =@mB T, £2 459+ 7 = D4EHBERY 7T~9 AiI220
BB D, 1~2 B l0diE BT, Chuckt LT, S L BHOSRIENL 2 AXT
0B EE e D, EIICAREAE L (RBLEZEERLTV 5,

FRLFHET =02 v 7T IEARIEARTTEA L. KB3~3.5COEET CHES.ImD

BHEDF 7= v 755 AREHRZ 1. 1%TH3'Y,  Chics L TREOBHARE, KEB5CT0.5
VeRIETHEDE b hhvbbY, 2 v7 L b LAEREF RT3 a)o DI LR, EXRTFTOMAORE
P RILR S DICEMEA OISR S E T LT By ¥, BRI, =Bl L1
TEEDERR LA o 5 2GR LIS DL HANTRELL, COBRL LT, ML 5RARRST OECE
RSB LI bD L EL GRBA, * 2 ATHF Y = ORRERICAT 2B (. SHOWFE,E
b

=37 %9 =(Strongylocentrotus intermedius ) Tii, ARESSEL, R EIRICE LN,
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{/ndarin pennatifida
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Fig. 4. Changes in gonad indices of three experimental groups (A ,B,C) of
Strongylocentrotus nudus from October, 1988 to March , 1989.
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Fig. 5. Gonad weight of different sizes of two experimental groups (A,B) in February
27 and March 27, 1989.
Urchins with regenerating spines were exclude.
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Reoccurrence of Pennella sp. (Copepoda) on
the saury, Cololabis saira, in 1990

Takayuki HONMA and Yoshihiro IMAI**

Hokkardo Kushiro Fisheries Experimental Station
Kushiro, Hokkardo 085, Japan

** Hokkairdo Wakkanar Fisheries Experimental Station
Wakkana:, Hokkardo 097, Japan

FEERHSEO—@Y v~ S+ A Pennella sp. (Fig,1) D+ v~~0D%4iz 1981~1985 4Eic
29 T ALBEACFEE A . LIC AR IR CHEEE S 1 ( NAGASAWA et al. 1988 ), $Hc19834EiCiz
—EE, BB D60% %A B v T ICFEAL RSN, HEMIC Az cREIC o7 ( £AL 1984,
s 1985 ) o

D, 1986~ 1989 it v = b o L ATEA L TV 7ati, 1990 6 7 ~11 Akt xh
T v/ v e OF AvOFELNRLRI-OT, REETIE, FTOBERIIZOVTE &,

ALY, ERREHFRESBEM K, ABHERC I EAREC S TS OB Y, KETE
FKERRAT RSS2 DS L+vwe o+ A vOEEY LTEV S, BELRHOTYET S,

Fig.1. A uaury infected with Pennella sp.

BXES A 187 (1991411 A6 8%
* AREIFOBY Y ~HEHRS (1991463 A188., HEWH) TRERR L.
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118 I X UL B TER Tl = nroit 23330275 5, MRS v =g (HEE)
LHRATHIL, SEECFET O = e Ok AR L THESTARER L1,

FERBUL. MARGOLIS et af. (1982 OFEHL7kD 3 DDIFHETHET Lizo

F4ER (prevalence : %) = (FALRH+WERE) ¥ 10°
P4 H (mean intensity) —REEaK-HERK
HFEH (relative density) =#F4EaH-GHERR

2 R

1987~1989 it ~h R K EETREI Ny v =R v e % A vOFERS {EH bl
o LinL, 1990 7T~11H1239°30°~46°30°N, 143°30°~ 160 °24'E DG T4 v =g+ v~
o avOpErmaidni (Fig2), FEIFEIRISE (1990F5~118) T8.286Bh T2RICR
LIEFAERIT0.9%. FIHFER1.04, HYFERL0.009 TH-7z (Table 1) o #+v=eoFnvm
FELLT2RDY = 2B B 5 L A& (R29enLl ) #594.4% ., 8 ( 24~290m %) 1 5.6 %
T B (24emkil) il Ronith o, FERNIMERLT TP B, KU THERILEA
15% O (5, RIS L) MI2%Th-1%

1990 DEAER, FHFAER, HNAAERIIFES R bbbtz 1981 HEOILF~ PRI 51T 284
R LD TELL T (Table 1) o SOz Enb, &8, v v~ e o% AvDFELIF =0 KR
SRV EL R, ZOBEAEH S,

HOE SOE 160E e 180°
TSN
' P
L e . § 4
L ps : 1
. 22 I 45N
i VIl ™ P L
- x
. &‘ x il x "
: g % 4
x o x
- W'N
x o
il

Fig. 2. Distribution of sauries infected with Pennella sp. in 1990
@ : Sampling localities of infected sauries
x : Localities where no parasite was found
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Table 1. Annual changes in prevalence, relative density, and intensity of Pennella sp.
on the saury in the western and central North Pacific Ocean,1981—1990 .

Region Yot No. of fish Prevalence Relative Intensity Dits sbetica
examined infected (%) density oo Range
181 754 5 0.7 0.007 100 §  DleeeeEal e
Western and 1982 3299 242 7.3 0.096 131 1—-6 ibid
okl 1983 17189 5798 33.7 0.984 292 1-—32 ibid
North Pacific 1984 5921 1440 24.3 0.502 2.06 1-10 ibid
1985 5155 7 0.1 0.001 100 1 ibid
1986 628 0 & 00 ... 0000 — o . ibid ____
1987 491670 0.0 0.000 — - Present study
1988 5698 0 0.0 0.000 - - ibid
1989 4430 0 0.0 0.000 = — ibid
1990 8286 72 0.9 0.009 1.4 1-2 ibid
X ik

MARGOLIS. L., G. W. EsSH, J. C. HOLMES, A. M. KURIS and G. A. SCHAD (1982) The
use of ecological terms in parasitology ( Report of an ad hoc commitee of the
American Society of parasitologists ). J. Parasttol., 68 (1):131—133

BBt - AEE— -+ EF(1984) 1983FCMBLhstcr v~ oFaviconT, dbKRA
@ 41(6) 221-234

NAGASAWA K., Y.IMAl and K. ISHIDA (1988) Long-term changes in the population
size and geographical distribution of Pennella sp. (Copepoda) on the saury,
Cololabrs saira, in the western North Pacific Ocean and adjacent seas. Hydrobiologia,
167/ 168 : 571— 577

BIRE - MR F - BEFRE - SEEK(1985) 1983FICH AFAERMES v 2509 v =~
DFERR WIKFFER 47 3746
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LB EIKEERS

@ E L bR kERXBES
(Hokkaido Central Fisheries Experimental

it & KEKERXRS

( Hokkaido Hakadate Fisheries Experimental Station)

B ET HEKEARS Z MG

(Muroran Branch, Hokkaido Hakodate Fisheries
Experimental Station)

b # & 57 B ok E X BB

( Hokkaido Kushiro Fiskeries Experimental Station )

Lt EILRREKERE S

(Hokkaido Abashiri Fisheries Experimental Station )

At a8 32 8 E K BE BRI B R
(Monbetsu Branch, Hokkaido Abashiri

Fisheries Experimental Station ) 0

tdE LA KERARB

046
s Bl TRy 238
Station) ( Yoichi, Hokkaido M6, Japan)

042

BxifEThis 18] 1—2—66

( Yunokawa, Hakodate,
Hokkaido 042, Japan)

EliifREr 1-133-31

( Funamicho, Muroran,
Hokkaido 051, Japan )

051

FEEHaHT 2—6

099-31
|EmRE 3

BRI AT 7

( Minatomachi , Monbetsu ,
Hokkaido 094, Japan )

EATER4-5-4

(Hokkaido Wakkanai Fisheries Experimental Station) (Horai, Wakkanai ,

ktEEITEEAERE LYy -
(Hokkaido Institute of Mariculture )

041-14

Ll UKESBEMRHEE #3715

19914511 J1 30 0 3&f7
i
e

HIRIFR

ItERE L hRKE SRS
A ity B AR BT 238
®E 0135 (23) 7451 (O
FAX 0135 (23) 3141

Bl S
R ThAEKEETIEIS TE 1 #F12%

( Hamacho, Kushiro,
Hokkaido 085, Japan )

(Masuura, Abashiri,
094 Hokkaido 099-31, Japan )

Hokkaido 097, Japan)

FEREEEETETF 451 539 — 112
( Shikabe, Hokkaido 041-14,
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