) | CODEN:HSSHEE
t &« K & ® ISSN  0914-6830
Sci. Rep.
Hokkaido Fish. Exp. Stn.

b i 38 ST R G BRE BE 7E

$ 3 5
(A3 377K Bk i 5 )

SCIENTIFIC REPORTS

OF

HOKKAIDO FISHERIES EXPERIMENTAL STATION

No. 33

dtEBEILKERHRS
CERIE4 9 H)

(September, 1989)



EBEIKESRSHRARS

s 33 5
H x
RETEER - SHAXH
AP Y T 1 RO E & BRI 1—8

BEETE-H RBE - AEEX
bl RIcsd /"7 vy =&
FHLTHF Y= RN OB EFETIRE - 9—20

HigfE—p - |t %
N7 vy = NTREEEDOHR

[ @%Fﬂihﬁi’n‘ﬁ' %EEHM?&‘? ;U)lﬁﬁ ............................................................... 21— 29
E&FHEE - ISHSE

KB — o— vt & s L OPPEIC i 4 NaCliBEE DS ..o 31— 39
BRAIES - (NHIEE - BANES

Ry rF o7 AR ES o s s e 41 — 49
HERBT R EM

ALHITH~DOFHHE BEFIBSEERE 4 -+ -+ rereenrrmreremnnsmmsnsssssnee sttt s st 51 — 54

(Rt 9 H)



SCIENTIFIC REPORTS
OF
HOKKAIDO FISHERIES EXPERIMENTAL STATION
No. 33
CONTENTS

FUKUDA, Masaaki and Hideo YOSHIDA
Retinal structure and retinomotor response in one-year-old walleye pollock

The?’ag?'a Chalcogrﬂmma ................................................................................... 1 — 8

AGATSUMA, Yukio, Tadahiko HAvasHI and Masafumi UCHIDA

Seasonal larval occurrence and spawning season of two sea urchins,

Strongvlocentrotus intermedius and S. nudus, in southern Hokkaido ----r--rreeeeeseees 9—20

TaAjiMA, Ken-ichiro and Makoto FUKUCHI
Studies on the artificial seed production of the sea urchin, Strongylocentrotus

intermedius

I. The growth of early juveniles in winter -++-sssssserrrrminmmrimamiimieiniaae 21— 99

KANEKO, Hiromi and Yuji KAWwAI

Effect of NaCl concentration on the rheological properties of emulsion and

its heat-induced gel made from fall chum salmon (Oncorhynchus keta) muscle--- 31— 39

SAKAMOTO, Masahiro, Masanao NARITA and Kazuo TORIYABE

The manufacture of chips from Arabesque greenling:::-==sersersrrerrmmsssmunnenneresnnes 41—49

Contributions from the Hokkaido Fisheries Experimental Station:

Papers presented in other journals or at scientific meetings in fiscal 1988----+---+--: 51— 54

(September, 1989)



db/kEAHE 33, 1 — 8 (1989
Sci. Rep. Hokkaido Fish. Exp. Stn.

RT3 1 RAORKREE CRREHRIG

8 H ¥ #-F B X &
CREmAEMRARE) (Lt #IRE KSR

Retinal structure and retinomotor response

in one-year-old walleye pollock Theragra chalcogramma

Masaaki FUKUDA and Hideo YOSHIDA*
Fuyo Ocean Development and Engineering Co,, Lid.

Nihonbashi, Tokyo 103, Japan
* Hokkaido Kushiro Fisheries Experimental Station
Kushiro, Hokkaido 085, Japan

The retinal structure and retinomotor responses were investigated in eleven one-year-
old walleye pollocks. There were almost exclusively double cones in the retinae of walleye
pollock, which indicates that the walleye pollock lives under condition of the dim light.
The density distribution of cones were varied with regions over the retina, and the highest
density occurred in the vento-temporal region. It is suggested that the walleye pollock can
exactly see the target existing in upper fore direction. Minimum separable angles calculated
from cone density in vento-temporal region and lens diameter of one-year-old pollocks
ranged from 12.5 to 17.6 minutes. The threshold light intensity for the masking pigment
movement appears to lie at 107 — 107 lux.
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EFATIE, 1982F iciL gl KBEOR T, EMBICABELA-Zy oy 5 1 EREAL, B@RoMELH
BEMtOR 25X ICML T, HET0oRRE#OTHET 2,

AWITHET b, BUFRIC BV 20, bl RS =0 S . bEEREKEESIE K
BRI I K EERF RS IC M EE LT 5,

LA E

PENT1982FF 5 H. ALt KB O K TEEMICAE LA BEEEE 126 ~17.TaaD 27 b 94 7 1
BRIEERTH 5. MR T ~TIRll AP R E RO FkEERIC B T, 28[» 5 1 4 HIESE
HET -7 EEMEOBRECEERERO. RETEBEED SRR bic 77 Y RRTEEL, ~7 7+ ¥
SDRIC Cross section Z{EBL. ~= b+ ¥ ) vBEU T4 Y YT LT,

BARSNEBS D SERRIL . 19824 5 H29HIC | i HIRAKEERROBAICEE L1-ET0Y » P vOKBIicREL
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31553 IR T 1 BsRPEICh - DT B [ElfHH L 7=,

HAERIHABT CEE~1 7 02— %2R0, #EROEOBKBEIHAT ST LIk > TR, #ED
SWHEEE L TIHL. Cross section® T 0. 109 mn $RICHOAA S HEEHE L. 0. 1mEHPOMERICHRE
L. EOARS LA MEEI@ROMETR 55 9z (§i#; N, k& DN, k& D, # L8
DT, #%8:T. #F&: VT, T&,; V. BiF&; VN, i B) Zfith L. it¥ET - W, @R
Wi 2R ST, KR 40.7 cad il | RS AL. FTVRBTEELT YT 7« Ao #ic Tangental
section Z{F®I L. ChEREEELE L.

KRR D#ERIE Matthiesen's ratio iz & D BEH L (FEAREME = 2. 55 X KEMEEEE) . BB OB R A
K9 itk bkt

sin@=a = (0.1 (1+0.25)x2) / (VaxF)

LT, A/ (radian). nid 0.0l mFEHhO#EOH. FiikBEOESERE. 0. 253EEQ
iz X % o IR,
BABSNESS (2 S PEMRARG & (o FRRBOHic & - T8 5h 5 Pigment index” T L.
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ARHlaEoEs (v)

IREREHEF O BB 3 KM AT LOZEhREEL 3 /v 4 — b A—F =T 072y vatn (Rr—vEBRE
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Pigment index =

HRLEEER

HBREEIRE

AT E95 5 | BROKKIZIZEALEHUMKTSH S LHEHRE I N, Cross section® fz HHEEECHIH
TR TH 7o €T T. BKMAD Tangental section oMM EOHEESHEFHENICHRE L, HEEIZAE
DRVHETHD . HOICET 2L HICRT| L., WHEEE BHEEic L AMAEE 1 23S ohiih - - (Fig.
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Fig. 1. Cross section(A) showing the retinal elements and tangental section(B) of visual

cell layer showing the cone mosaic in adult walleye pollock.
P : masking pigment C:cone E.L.M.:external limiting membrane

Tc:twin cone Sc:single cone.

Table 1. The average cone diameter and the numbers of cones in 0.0lm’ in various regions
of retina in one-year-old walleye pollock.
D:dorsal DT :dorso-temporal T: temporal VT :ventro-temporal

V :ventral VN :ventro-nasal N: nasal DN :dorso-nasal B :bottom.

Retinal Cone elipsoid Number of cones
regions diameter (2m) (/0.01m®)
D 10. 36 R 70.7
DT 11. 22 64.5
DN 6. 31 164. 4
B 1.12 136.9
VN 7.78 126.3
v 7.97 108. 4
N 9.43 83.5
VT 10. 05 81.9
T 8. 60 87.8

LTWwaLHEESNS,

AT F0 Y7 1 BEROHRRERICOVT, @BLE oA T T 2BEEOFYEES DS (Table 1), 8
frick - TRE ZOBOAED SN THDOB, hRLOFMIEBRENAE (. BADSOERDED SN,
ETRIH/SPEIWESBS OGN, T LTHBLOHEEEELETHETEVE (0.01 W 1T0E) TH- 12
(Table 1, Fig. 2), 1=, BROBETETOMIIFVETH -0 TOL S ICHEAEESEAICE >TRIES
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Fig. 2. Average cone density distribution shown by isodensity
lines on retinal in one-year- old walleye pollock.
D:dosal T:temporal V :ventral N :nasal.

Table 2 Minimum separable angles calculated from focal distance and number of cones in
one-year-old walleye pollock. The focal distances was estimated from Matthiessen's
ratio (focal distance = 2. 55 X lens radius ),

Standard Lens Focal Number of Minimum
Age length radius  distance cones separable
(om) (mm) (mm) (7 0.01 md) angle (minutes)
one-year-old 138 1.72 4.4 162. 6 15.3
144 1.78 4.5 158.0 15.2
152 L7 4.5 177.0 14.4
152 1.79 4.6 223.6 12.5
154 1.87 4.8 189. 4 13.0
157 1.85 4.7 194.5 18.1
158 1.84 4.7 125.3 16.3
163 1.88 4.8 103.7 17.6
177 1. 98 5.0 162. 6 13.5
Mean 155 1.83 4.7 166. 3 14.5
adult 407 4.42 11.3 92.6 7.9

HBUE{0RBTEHESHS Y| HEAEEOSVWRIC L AEMESRLEVLEDA TV 5,
LiziaT. 27 b9 ¥ S TRELLFICESMEE R ZOBBSMNIRLE (. COHEICH kL
BLIL{BRTILEEING, COT LR, EEACLTES ERLOEH LTV AT & PHiBoOEEE. &
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THESEHEHEL TV RWEEY L 8T 5,

—F. HEEORHEEL KBEDOEEDL S, —BRICHNEFETATH2HBE (B AREAOEY) HHRET
X50T. 25 b0 ¥ 5 | ZRROR/NAEAEZAM L (Table 2). ZOHBR. BhnEAE 12.5~17.65
OFEFICHD ., F 4.5 Th -7 . BATIR 7.9 Th -7 Tamura® BRE2ITEOR/NIMA %
BHL., 42~ 154 30OMEHELTHAH. A7 bo¥ 5 | REOERZORBO LRICEWETH - 1o
Ik « BF S R =907, BRAOH VML B BACHOR T LEWELTED, RA 1 Bikok
RTRBEP, A7 0¥ 720 TCHEAMEELLN S, &5i. T THEROSMNE RN RO M B
ELTERTE, A7 buy 7 1RATH 1onffEOH (47 148 U623 mOBEMTHEICEBMTESL
HEZHhS.

BA FE I S

— I RET ARG IC I EARRIC L - T, ARSI RARMICE > THEEERL. 555
AEOBIASEEBAOMRBAERTZCEMMONTIVE, TOLE, HEI 44 FOIEL. &1 F
Dbk L THRERSZRT 2L ki, BREEEMNET 5. T2 T, b oEMichd TEE FRBOE(L
R LTAH: (Fig. 3).

B#ELIAICHEAAECEL TV EEEEER. B (FETH3IS) F300ETRRLALERLTVWED
S tehs, #1 BSOS 8 BtiL SIESEY o h. FESEHECRBINEHET L. ZoZ{t:EaELE
EEE BEMaEolhT% L1 pigment index ®&{b: L THEELOBAMNICAHZ L (Fig. 4). Bl (N)
BLUBE (T) TIIEEM | BEBICIENEA LD LR ADICH L. oS TR PPEN SHEIESLNh,
LirL. 201553 #ICiz 2 TOML TIESES Hhd LT, ZIXERICIRENE - T, ZOT &, IR
B & BENEIG~ D ZEA LT LB P iciThh, BRI L 221 H-TbOFPUTLERL TV S,

SF Ik, BEREHEFOBEOZLERH L-&R (Fig. 5). BRFE» SBEREEICET LTV 46,
R T ES LML, SEER LR TRAET AT EHTES. FHRTHLS TH4S F TOMAERNT
AELEERERLTVWS, COBRDLL. 247 055 1 EBRIZ1072~107 luxd R BENEE A S BENESS I B
FLETHENTE I N, AL 2R Yo FrBLUS=¥F 5 EBEHI0 ~107? foot-candles (#1107 ~

100 pm
18: 30 19: 30 20: 00 20: 30
Fig. 3. Photomicrographs showing various stages in the process of dark

adaptation in one- year-old walleye pollock.
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Fig. 4 Pigment indices at various stages in the process of dark

adaptation in one-year-old walleye pollock.
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Fig. 5. Changes in light intensity during dusk when the experience of retinomotor

responses in one-year-old walleye pollock was carried out.
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Seasonal larval occurrence and spawning season of two
sea urchins, Strongylocentrotus intermedius and
S. nudus, in southern Hokkaido

Yukio AGATUMA, Tadahiko HAYASHI* and Masafumi UCHIDA®
Hokkaido Central Fisheries Experimental Station
Yoichi, Hokkaido 046, Japan
*! Hokkaido Hakodate Fisheries Experimental Station
Hakodate, Hokkaido 042, Japan
*2Abashiri-seibu Fisheries Extension Office
Monbetsu, Hokkaido 094, Japan

Seasonal larval occurrence and spawning season of two species of sea urchins,
Strongylocentrotus intermedius and S. nudus, were investigated at five sites in southern
Hokkaido : Otobe on the Japan Sea coast, and Fukushima, Shiriuchi, Kamiiso, and Esan
on the coast of the Tsugaru Strait. )

There were differences in the larval occurrence and spawning season of S. intermedius
among these sites, At Otobe and Fukushima, 4—armed echinopluteus larvae of S. intermedius
were most abundant in September—October, when the gonad index of this sea urchin decreased
sharply. At Esan, however, S. intermedius spawned twice a year, July and September—
November, and its larvae were most abundantly collected in these seasons. Although S.
intermedius spawned in September—October at Shiriuchi, its larval occurrence were highest
in this season and May—July. On the other hand, S. nudus spawned at all sites in Septem-
ber—October, when its larval occurrence peaked.

The abundance of larvae of two species was extremely smaller at the Tsugaru Strait

sites than at Otobe. S. nudus larvae were much more abundant than those of S.intermedius

HYES A 160 (19899 H 2 ASHE)
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at Otobe, Fukushima and Shiriuchi.

L] B

IHREREBRINE TITHhh TV 59 = REOMERE I = /7¥7 » v = (Strongylocentrotus intermedius)
EF7L74%9= (S nudus) THd. CHOLHED T OHF TORER AL EEKERSBICL S L, 1978F
D OIVTEDIVEMOTIET 128 t TH AL, 94~ 159 t EEBBAE L, COHRO ¥ = EHEALENICHS
EHL, SocliiERs70icid. BROBAEBEBLHSHICTECEBUETHD. TODIEEEFICH
TAHRABACLIEETH S,

v =MD KRB B 1) 5 RN LD & BBYCBAL T, ALl h sk AR S 197450 519834 it h 1
b, BRGSO THEKFB S OMETHEL, =/ 7 vy 2 ito0W TRBENEOERERBONG &
BExHomic L. CoBORRIRHEFEMARELL .

R T B REES OX BB H A ifgd S L IR THRATE Y. 2ORBREL SKICHhIT
AL, £OOHFEPITRROTECLEBALNTHS?, COBRIBETEET T/ N7 vy =dbty
74+ = OFFBNEOER - B L ULERR. oL HINEBRESHEEBRORICAE (EEEZYTY
5bDEELLNS,

FEDRI982F D 51986F 1 T, IR FIBEMMAEERBELBL T, H2VEIOEEELZUT. Th
£ THEFDOT WV ILHEE B A EETL S BEEROBFEBRT T /N7 vy =L+ 5 4 54F 9 =ORENHED H
ML HRRE., ThThoMRogiEEcERT 2MEOERRE OMBRTH~-DTEORREEET 5,

AREDOMD & Licd iz 0 TV 20 b EERFKEE AR HIR A SR M i B il L L 2,
* fo. k2L K EERCH Y B e AT, R ch Rl DK BERCIT S B fR A, 5 RS S DX /K BE BT i Rt B A,
ZiERETES, JHAERGEES. MRS, ERATHEGEME. MNTEE. RETRERERE. o
FEBEME. MBlREREMEE. BUBTEE S O BILMREGERE OBESAIC I8 ICE L THRIEC K
HEVEE VW, CTIRELTHEZET 3,

MRELUHE

TYNT VY =EFE LT F T =DOBBEGEOHBURI A RS foshic, 198264 5 1985812 Ao if THL Ml
P B A HE O ZERET & B HE O RRET, AMIMNET, EREATYL O U ILBTO SRR IRIC 2 ~ T OFEE S % e
Uteo &/, PREEGNEDH BRI & AR ORI IZ(LD & A/ EIREE R8T A 2nic, EBETEE< S ik
DRE2 ~6 mOBHRTHY =2 FEL (Fig. 1),

1. FHEHEOLBRE

TRENE DT AT - - HER ESHRIC L - TRED ZHITTIHI983FEO I AMS1IIATHS . EBETTR
19844 L 19855E DEIC 5 AD S T HIZh B TOLWTh BN TS » 12, Thict L TREBETTI319824E T A »
519834 3 AL i T, X SICEILEITIXI19824E 7 H> 511H & 19836 8 H 5519845 1 BiTh it THE L.
HINBITOREBTIZIEFE DD, Hic6~TAEI~1HIHEERHAEE LT, i81EIFT -7 (Table
1.3

BENERBAEMSET. O0F30m. BEXX1307 7 V2 b Y2y FABEDSSHBEE THREICS VL TERSE
Lize Thoids Hhittov< ) Yilgk TETE L7, ERBMELAHVT, TUYNRI7vyI9=bF3 7 L54%Y
= DOFHEHEICONT 4B, 6BiH, WA, 8 Bl o U EEHO 5 >OREEMICH T L 7.
MEOBRERMEORENERI 7 72 b % v FOMKEE 100%BE LT, 1 dbDIcBELK,
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Fig. 1. Map showing survey areas and depths of sampling sites for echinopluteus larvae
(@) and adults (O) of Strongylocentrotus intermedius and S. nudus.

Table 1. Larval investigation and gonad examination of Strongylocentrotus intermedius
and S. nudus

Larval investigation Gonad examination
Sites . No. of times ; No. of times
Period R . Period A
investigated examined
— S.intermedius Jun. 10, 1983~ May 22, 1984 10
Chote %P Zeioy: 5198 e Jun. 10, 1983~May 22,1984 10
: " S.intermedius Jun, 18, 1982~ Aug.31, 1983 12
bk B SISO W &y Jun. 18, 1982~Nov. 21,1983 14
W May 29~Nov, 30, 1984 S.intermedius Jul, 2~Nov. 5,1984 6
Shiriuchi . 2~ Aug. 7, 1085 N Apr. 17, 1986~ Mar. 12,1987 11
25 May 17~0Oct. 27,1984
Kamiiss'  yre9 Bocdun, 41985 s
Esan Jul. 13~Nov. 15, 1982 5 S.intermedius Jul. 19, 1983~ Jun, 12, 1984 10

Aug, 10, 1983~Jan. 9, 1984 S.nudus Sep. 1, 1983~Jun. 12, 1984 10

* After AgaTsuma et al®.
No gonad of S. intermedius and S. nudus was examined at Kamiiso.
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2. AM¥omE
MEOEBEOEHIEE B HA» S 1 Fitbi b, 13iFA 1 ROHATEIMELRE L TH 58,
HAETICBH AT/ X729 =20 TR TALSNAIRPEITIT e KEL. COMRTH I 6549+ =
DM & BN AN ELRRIE-T3 (Table 1),

BELALZY N7V =2LF 9 L5450 =0KESE. ThENBEOmEL LS S TIE50mEl LT - oo
BELmEOEMEORISE I ERMEEY EREER X 100/ 26, ¢BER) KXhkni,

L *

1. BHEOHRRR

HABREMGROZEETICE T 2 /37 v o =0 4 Bilsh4 . 19834 9 A5 5115 o @B icHEL .
FHCI0H21H I %D - 12, 6BENIE 8RERTHATS ST IC 8 O A3, 10H21A & 118 2 BICHB L 05, &8
MRS ohiidh ot 7 L5959 =D 4 BlHYAR O ~1IAOEHBBICHRAL. TOHBMT 9 A30
Hic2EHHHEEL TSP /. 6 EHLROSHEERROY LG T~ ToREMMbIcHE L, £/ &
HEMShAES 9 AS0H LI B L7z (Table 2),

Table 2. Number in 1nf of echinopluteus larvae of Strongylocentrotus intermedius and S.

nudus collected at Otobe

Strongylocentrotus intermedius S. nudus
Date St. e— .
I I m v v I I m v v
A 0.9 2.7
Sep. 2,1983 B 1.2 1.8 1.2
C 0.7 2.1 1.0 0.7
A 2.8
Sep. 17 B 57.4
C 0.2 170. 6 0.2 0.2
A 4.0 40.4
Sep. 30 B 4.1 174. 6 2.4
C 4.6 204.4 1.6 0.7
A 59.6 3.2 il Y 1.1 1.1 1.1
Oct. 21 B 54,6 1.3 1.9 4.4 1.3 0.6 0.6
c 33.17 1.0 0.3 4.7 0.3 0.3 0.3

A 2.4 2.4 1.2
Nov. 2 B 4.1 0.6 0.6 0.6 0.6 1.2
Cc 1.9 1.0 0.6 0.3 0.3 0.3

I:4-armed stage, II:6—armed stage, Il:pre—8—armed stage, IV:post—8—armed stage and
V: metamorphosis stage.
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2. EHBEHOFHNEL
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ThHoteo —7i BLEITRTYNT V9 = OERBEMIBESFI0LL L2 R L. 5 ALIRL 9 ALIROE 2 [
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Table 3. Number in 1nf of echinopluteus larvae of Strongylocentrotus
intermedius and S. nudus collected at Fukushima and Shiriuchi

. Strongylocentrotus intermedius 8. nudus
Sites Date St.
I mn m v v 1 a m 1\ Vv
Jul, 23,1982 A
A
Jul, 30 B
C
A 10 a
ug.
¥ c 1.0
Aug.23 Q 1 |
Aug. L .
Aug.30 é
ug.
& C 0.3
Sep. 4 o
A 1.9
Sep. 8§ B 10.9
C 4.6
Sep. 14§ 0.9
Sep. 19 g
y ep. B
A 16.0
Sep. 20 B 1.1 31.0 0.5
C 4.4 05 0.3
A 1.8 1.9
Gopi2s 1§ 21 21 0.5
A
Oct. 2 8 L
D 0.4 0.2 0.2
Fukushima Oct. 6 ﬂ
Oct. 15 £
A
Oct. 19 B 0.5 1.1 L6
Cc 1.6 L0 0.7
A 1.0 1.0
Oct. 23 B 10.3 6.0
(o] 10.2 3.3
A
Oct, 30 B 0.5 0.5
c 0.3 0.3
Nov. 7 é
A
Nov. 15 B 0.5
c 0.3
A
Dec. 16 B
C
A
Do 28 0.5 0.5
A
Jan. 17,1983 B 0.5
64 0.3
A
Feb. 7 B 0.5
C
Feb, 23 g‘
Mar. 4 Q
Mar. 23 ‘é
E
May 29, 1984 é
Shiriuchi E
Jun. 7 G 0.6

I:4-armed stage, I:6-armed stage, II:pre—8-armed stage,
IV: post—8—armed stage and V:metamorphosis stage.
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Table 3. Continued

S, nudus

Strongylocentrotus intermedius

L.

S

Date

Sites

Jun,

0.9

WED Cdd COOARED 44 CNOAKRY 4 <OOR € 4mel <

Jun.

1.2

&N wwow
el 1]

Jul,

©
o

W NN TN
oien B..Laﬂ.]..&

Jul.

Jul.

dul, 11

Jul, 27

Jul. 28,31

Aug.

Aug, 4~7, 9
10, 16

Aug. 29

1,35

Sep.
15

Shiriuchi  Sep.

Sep. 17

24

71

Bt € < <nOl <aul <<dd<dg<CtttIqg

LU T T A -1 B

i g3gsgigdssi: 2

1.2

- ey o~ o,
gni= = e

May 13

1.9

o W0 @O @G 6

8 10

May 20, 27
Jun, 3
Jun, 28
Jul.

Jul.

Jul. 12
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Table 4. Number in 1of of echinopluteus larvae of Strongylocentrotus
intermedius and S. nudus collected at Kamiiso and Esan

itae Dats 5l Strongylocentrotus intermedius S. nudus
I 0 ® N V I _ N B m ¥
May 17.1984 3
Jun. 14 A 1.4
Jun, 19 D13 4.5
Jun, 20 A 9.4
T A @ 1.2
Jun, 29 D LT 11
Jul. 6 D
Oct. 27 A 1.4
A
Kamiiso May 8, 1985 %
May 14 Q
ay
c
May 20 é z8
May 24 D
May 28 b o8
3 g'} 0.7
Jun. 4 c . .
D
Jul, 11982 § 44
Jul. 20 8 52
Aug. 3 é 0.6
Aug, 10 8
Aug. 25 8 0.7
A 7.4 2.5
Sep. 1 B 142 10.4 L5
Sep. 16 g 24 Ié',%
Esan Sep. 24 S g? gg
Oct. 14 Al 4B
Nov, 15 g 0.7
Aug. 101083 f 06 8
. A 19 10 82 29 1.0
Sep. 28 B 83 0.8
Oct. % 8
A
Dec. 9 s
Jan. 91984

I:4-armed stage, Il:6—armed stage, Il:pre—8-armed stage,
IV: post—8—armed stage and V:metamorphosis stage.

bl T—ENETRT 22 Eh 0. COBROT /<7 V9= 3HKEE SN KEHRRE LRROERA
WO B LR L, 205 A, BB OMEE S 2 & 8 BEalGENS T AiICEL, 9 Hic 4 G
HHE{HBT A ED S, FMEPSHERRE —B LTV A L HlTEhi.

—F. AAETTIE 9 ~10H e THRMBHEEAI0L T~ afic THT 32 L5, /2R B A4
WL ERCEK 1 Bl TH B EEZ Shb, LivL. AMORESHERSEOEBTE~T HILhd TOHELT
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® Otobe

| © Fukushima
® Shiriuchi

o Esan

10F

Gonad index
3
:-:;-—i
s

n i A L 1 1 Lll % z
JJAS ONDUJF
1882 1983 1984
Fig. 2. Seasonal changes of the gonad index of S. intermedius.
Each vertical bar shows standard deviation.
® Otobe 3
I O Fukushima (after AcaTsuma et al™.)
= Shiriuchi
% o Esan
|,

index
—

Gonad

e e e e e R e
¢ J JASONTDJIFMJJASONTDUJIFMAMUJIAM AMUJIJASONDUIFM
1982 1883 1984 1886 1987

Fig. 3. Seasonal changes of the gonad index of S.nudus.
Each vertical bar shows standard deviation.

0. ERITTHRERKIZHET 2L 08NS 2", SAOWETRIHSHIKE A S T HKhE THERL
TUViz,

—RUCHERT B IO, & ORI L FEE S S ICBEKORBOmS & ZOHEIC L 5D
EGENED, /77 29 =OFBNHEI3KEBIBCT Heterosigma akashiwo 288 L 1-84. S8
B (GEME®RIEE) TRAHTILEESNTHE, LbL. ABORBNEOSREBRREICE ) 2 8B
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DWTREBEAEHSLHILEA TV E L, 1 LARIK L TRILEERAEIINREOEA TR, 4 BlicEko
RO > THAIHEBBHL. TZT6~8BliAHEA L. TEIMICA S LBICED I RhiCE-> THUES
HMICER L THBE T AL EESA TV A" . SHIEE L bl e s 353 0nh SEko Lea 5,
FHCI9BUE R FERRINE E TRA LT EAHEIhTVAY), GAEIL LBREIT6 AL THIZ b/ N7 vy
=OEBHR L LR, ChooETHICERT 2AEKBROAREIFAIL4ESHD L L biz, HLETE
BU AT T OB S 5 Rilldh 4 A B gk o e i R~ i 5 mTREtE I oW Tl & o
FEHDEVOPTESEPSPICT 268N D 5,

¥4 £ 74 F 9 = ORI L G EO H BRI AL S E AR, AN, KRS S IR
R TI 0 ~10H Th A% ¥, 272 SEHEA L 7 Z50T & AETE S I BILBT T T hE TORR & &6k
THo. Hgick 2HBRASNIED-fre L L. SEETEFIAE S IC BILET TR EIC ST TFILE
Lizo BABETIE 5~THICh ARG EHINBIL, COT LRI OBICERT 3 BRBOEEL THLTVEY,

/-, BREHEOBREL. WANEL FRETL S UHILBIOSHERICE Y 2SO EOmMENIE. BX
WERO LM L D SBIEICDIIh - f, —RicdbdsE B AR O@MED 4 KA. e- 2R 1 of
L DEELSETEESHRET 2L E855hT0aLS8 Z Lol LT, Z8ENcs g 25140 B
BAHBRRETR—RNTH I LHMSh3, Thicy L TREEENE CRBOEENEOHBREN DI, -
T &k, BHhESAHTAERE LTORNO R E— FHEBESBHELD BN LItk 30, hEH
EB L2940 EET2HFHSNICE 200, HLVREIREBTHEHEMBRBGRELD DIV LITLS
Ok, SROWERELEL Ch5, $-ZMETE WREIL S VIR T+ 5 4549+ 0 =0OFBHER
W/ R7 9=k DBD -0 Lid,. MEOEBRRPREBOFEHICHMFEL TV ELIICbASONh. SHEH
o = O IREE LT LAEESLETS S, & o0, BARGHE, S REAkASHEE THHEBRKkOE
B 21 A0, AMD SOPEORHROREIc >W T H R 5 L EHB 5,

3 #

19826 A 5 19864 1T 0 i THL AERE S H A Hig o) ZEFAT & S e et o IS HT. AAET. EBETS S O LBt
BERFRTT /N7 v 9 =L %5 L F74% 0 =OFBGEOHBENG L HEREE, i, MEOEMERE
HOZ(bs oY L BRI & BB O MR ILE L 1=,

/37 v =0 4 BKhEOHBREE & BRI O L ERETTIREIC 9 ~10H TH » 7o i, HILET
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B L IR, SEARTEICI~I0HTH -

@D 4 B EO MBI, e HRE OE S T 2T IC -~ TR DS -t ZEET L REETIS
SUICHINEI TR+ 4 4 544 9 =0 A BASIEOHBHIE = /7 v 9 =it hNTED s foe

. Ak
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2) ToBa,Y. K.Tomizawa, Y.Kurasawa and K.Hanawa (1982) Seasonal and year-to-
year variability of the Tsushima-Tsugaru Warm Current system with its possible

cause. La mer 20, 41—51



3)

4)

5)

6)

7)

8)

9)

100

1

12)

13)

14)

15)

16)

1D

18)

19)
20)

21
22)

23)

24)

JEHEERESRRRIC S A Ty v = F 9 L5959 —RBENEOHBE & FEIE 19

EETH - TS - HEER (1988) F4 o34+ —0LRERAMEEHERICOVT SH1W &
MEOFEMEIZENL JekEAPER 30 3341

Mg E—E - @A - THEE - e £-FHER (1978) FE - LxEltticst 52/ v
o =OHERMYERBOE kG A® 35(2) 19

Taxanasui, H, (1980) The annual reproductive cycle of the sea urchin, Strongylocent-
rotus intermedius, at Rishiri Island, Hokkaido. Bull. Japan. Soc. Sci. Fish., 46(9)
1189

dedmiE (1981)  BHFNSSEERE ARSI SR A HEE dERIFK, =/~ vy =)

A (1978) AKHIHERGEIBRH RO R AR EE (WENK, =7 v o =)

NF—IE (A973) /7 v —OfEAYFNE JbKE# 16 154

NF—IE (1967 RAHEOT VA7 v =b+5 6549+ =DEFIMTS 2 « 30MHME kKR
H# 24(3) 36—45

EHAEE] « BRMIER « 40eH i « RS (1984) b EENR LR T 5 T/ 87 v o =0
OFmEL JLARH® 41 469 —479

EMAEE] « BHIIEAE « AU {di— « TEER (1986)  JLHBERER O A #I0E D St RS A E AR T

WLz N7 v = JLkaEH# 43 919

Je#gts (19800  BHFIS44FRE KEIBMREBMRTRBEREN (RRMIK , = /w7 vo=)

de#ats (1983)  BHFISTEERY AHIBUREB R EMAREYN CLoltX, t v va v 7)

dbiE (1982)  BUFNSGEERE ABUHERARIBHI BB ERAERE Y (Bl - X, /7 v9=)

R K EE R S B R A e (1981) BHFNS3~556FE = /37 v o M EICHET 55
BAHE® GR18) 9-—54pp

RigE# (1981) v =WbREBEOFEEL HSEE bl REiEesa e vy —HEREE
103 — 104

JIEF—IE « PaidE— « (Tt « RIAES « )| 8 « NEHEE (1983) ooy oo =FiffiARadE
BOEAFEER  BAOASTAERE bl iR e « vy —FEHEH 71— 103

EFTHE - PR (1988)  db@EmHEATERRICB Y A /7 vy = NTHEEOHE 51
R SRR Ak 31 15—25

de#giE (1980)  BRFNSASERE AHIBUSMBHFEEARWRET (EBUX. =/~ vy =)

Fiw— (1982) WESFHBVORFEREAESR W GEOFRICO>VT (1) BELLEY
4(6) 444 —449

Kb (1987) dE#stmiaii~onRsakomA  dEA0kERE 38(3) 209 —220

A & - miiE—an - EmAEs] (1982)  Jb#EdtsinREic s 2+ 4 7% o =AM bk
M 24 91—99

Fumn, A. (1960) Studies on the biology of the sea urchin. II.Reproductive cycle of
two sea urchins, Strongylocentrotus nudus and S. intermedius, in southern Hokkaido,
Bull, Fae. Fish. Hokkaido Univ., (11) 1 —14

NHGTEHA « JRBRA - EREARER (1984) EHEHEFMNERICERT 235 L 74+ 9 = Q4RI
iConT HAKREHE 3 17



JekEtBFE 33, 21— 29 (1989)
Sci. Rep. Hokkaido Fish, Exp. Stn.

TS NRT O ATHEHEEBEEOHRE
[. #BBICETIELEMBHY —DlE

H g @—pp-tE i '
(LR RERA ¥ 5 —) (N RSRRRRAH)

Studies on the artificial seed production of the sea
urchin, Strongylocentrotus intermedius
I. The growth of early juveniles in winter

Ken-ichiro TAJIMA and Makoto FUKUCHI*
Hokkaido Institute of Mariculture,
Shikabe, Hokkaido 041-14, Japan
*Hokkaido Institute of Promoting Mariculture,
Shikabe, Hokkaido 041-14, Japan

The early juveniles of the sea urchin, Strongylocentrotus intermedius were reared in
the outdoor and indoor tanks with no-warmed running sea water and metamorphosed in
October, November and December, 1986. The growth of these early juveniles in the follow-
ing months was as follows:

1) When the juveniles were reared in the outdoor tanks at a water range of 1-15°C, the
juveniles that had metamorphosed in October grow about Tm in mean test diameter but
those that had metamorphosed in December reached about 1mm in the next April.

2) The growth pattern of the juveniles metamorphosed in October had a marked differ-
ence in the outdoor and indoor tanks. The juveniles reared in the outdoor tanks grew more
rapidly than those in the indoor tank. Allmost all reached above 5m in test diameter.

3) The sea water temperature appears to have a great influence on the growth of early
juveniles, espcially those under 2mm in test diameter.

4) The variation in size frequency distribution of rapidly growing juveniles was small.

# B

x /%7 9= (Strongylocentrotus intermedius) O A THfiEEOEITHH o OREBHTEE 15
LLT. HABMTHOATE 22, JtiglrRERERS+ v 5 — It B0 TIZ 19825 h & H i IICHIR 25
BsL. 19858F & Tie—MOHKRARET - THHAREFOH EL 1Y . S SII1986EL SIIMEEEL L

BYES A 161 (198%4E0H 2 HSM)
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Effect of NaCl concentration on the rheological properties
of emulsion and its heat-induced gel made from
fall chum salmon (Oncorhynchus keta) muscle

Hiromi KANEKO and Yuji Kawar*
Monbetsu Branch, Hokkaido Abashiri Fisheries Experimental Station,
Monbetsu, Hokkaido 094, Japan
*Laboratory of Marine Food Technology, Faculty of Fisheries,
Hokkaido University, Hakodate, Hokkaido 041, Japan

Effect of NaCl concentration on the rheological properties of emulsion and its heated
matter composed of chum salmon (Oncorhynchus keta) muscle, skim milk, corn oil and
water was investigated in connection with the commercial quality grade of fall chum salmon
judged from the degree of nuptial coloration: S grade, silvery; A grade, slight nuptial color-
ation; B grade, moderate nuptial coloration; C grade, strong nuptial coloration, D grade,
upstream and strong nuptial coloration.

Maximal amount of NaCl-extracted protein from muscle decreased with the lowering
of the quality grade of fish. Myofibrillar protein was fully extracted above 2. 5% NaCl
concentration for pre-spawning S and A grade fish, while for the lower grade of fish the
extraction was observed above 2. 0% NaCl concentration.

Viscosity of emulsions and rupture strength of their heat-indused gels were increased
with NaCl concentration. Above 1. 0% NaCl concentration, both rheological properties tend-
ed to increase with lowering of quality grade of fish.

1.0% NaCl-soluble protein from spawning (D) male muscle had a higher emulsifying
activity than that of pre-spawning (S) male muscle.

It was suggested that the emulsifying properties of muscle protein might affect the
rheological properties of emulsions and their heat-induced gels made from muscle of salm-

on during the spawning migration.
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Table 1 ICHKEO—MKIETR L. 7+ESHICRS &S LD 08E L BIIEHOGMER LK, 1
bbh, FHbick - THEASORN, BE. 1y v HoROEEER Shiz. i, 8B, A, B, C7
FOHF T BHCHARTER « B 770N 7+ B TRHS 22 \ABDIET EMBHETH - e

Table 1. Proximate composition of fall chum salmon muscle, (g 100g)

Stage Quality grade®’ Sex Moisture Lipid Protein*?
Pre-spawning S Male 74.00 4.02 21.88
(*Ginke") Female 76. 07 2.50 21.38
A Male 74. 98 3.16 21.81
(“A=Buna") Female 76.06 2m 21.19
B Male 75. 74 2.80 21.50
(“B=Buna”) Female 77.30 2.19 20. 31
Cc Male 76. 18 2.15 21.44
(“C—Buna”) Female 77.84 2.09 20.19
Spawning D Male 77.50 2.73 19. 44
Female 79.03 2.01 19. 00

*] The commercial quality grades of fishes judged from the degree of nuptial coloration:
S grade, silvery; A grade, slight nuptial coloration; B grade, moderate nuptial colora-
tion; C grade, strong nuptial coloration; D grade, upstream and strong nuptial colora-
tion.

*2 (Total N) X 6.25
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Table 2. Autolytic activity of fall chum salmon muscle. ( #mol Tyr./g muscle./h)

Stage Quality grade® Sex pH 3.5 pH 6.3 pH 7.0
Pre-spawning S Male 0.930 0. 137 0.137
(“Ginke") Female 1.613 0. 203 0.071
A Male 1. 264 0.080 0.052
(*A-Buna”) Female 1.378 0.127 0. 033
B Male 1.902 0.279 0.184
(“B-Buna") Female 2.431 0.245 0.104
Cc Male 2.698 0.321 0.127
(*C—Buna") Female 2.648 0. 297 0.109
Spawning D Male 4.475 0.736 0. 222
(*D—Buna”) Female 4. 456 0.845 0.312
* The commercial quality grades of fishes as shown in Table 1.
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Effect of NaCl concentration on the amount protein extracted from fall chum salmon

muscle,

Protein concentration was determined by the biuret method”’.

S, A, B, C and D are the commercial quality grades of fishes as shown in Table 1.
Symbols: male, O——; female, @— — —.
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Fig. 2. Effect of NaCl concentration on the rate of protein extraction from fall chum salmon
muscle which was defined as the rate of extracted protein amount to the maximum.
Protein concentration was determined by the biuret method”’.

8, A, B, C and D are the commercial quality grades of fishes as shown in Table 1.
Symbols are the same as in Fig. 1.
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Fig. 3. Effect of NaCl concentration on the viscosity of emulsions composed of fall chum
salmon muscle, water, corn oil and skim milk (10: 10: 2 : 1, w ./ w).
S, A, B, C and D are the commercial quality grades of fishes as shown in
Table 1.
Symbols are the same as in Fig. l.
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Fig. 4. Effect of NaCl concentration on the rupture strength of heat-induced emulsion gels
composed of fall chum salmon muscle, water, corn oil and skim milk (10: 10: 2 :
1, w/w).
S, A, B, C and D are the commercial quality grades of fishes as shown in
Table 1.
Symbols are the same as in Fig. 1.
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Fig. 5. Effect of oil volume fraction on the turbidity of emulsions prepared from corn oil
and protein extracted with 1% NaCl solution from pre-spawning S grade and
spawning D grade of fall chum salmon.

Absorbance of emulsions was measured at 500 nm after the dilution to 1/100 with
0.1% SDS solution.

Protein concentration of pre-spawning S grade and spawning D grade salmon are
7.13mg/ml and 5. 77 mg/ml, respectively.

Symbols : pre-spawning S grade (male), O———; spawning D grade (male),

o .

Tabie 3. Emulsifying properties of 1% NaCl-soluble protein from fall chum salmon muscle.

Pre-spawning Spawning
S grade*' (male) D grade*' (male)
Turbidity** T o 0. 834 1. 356
T 24 0. 760 1. 285
4t 7 AT*? 324.3 338.0
ESI*3 270.5 458.4
EAI*? 0. 936 1.880
Adsorbed protein** 1. 14 2.562

(mg/ml oil)
0il volume fraction, ¢ =0.25.

* 1 The coiamercial quality grades of fishes as shown in Table 1.

Protein concentration : Pre-spawning S grade, T7.13mg.ml; Spawning D grade, 5.77

mg./ml.

* 2 To and T2 are the turbidity of emulsion diluted 1100 with 0.1% SDS solution at
0 and 24 hours after the emulsification, respectively.
AT is the change in turbidity T, occurring during the time interval d4t,

« 3 ESI, emulsion stability index ; EAI, emulsifying activity index

* 4 Amount of protein adsorbed on the surface of dispersed oil globules,
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The manufacture of chips from Arabesque greeniing

Masahiro SAKAMOTO, Masanao NARITA and Kazuo TORIYABE'
Hokkaido Wakkanai Fisheries Experimental Station,
Wakkanai, Hokkaido 097, Japan

“Hokke chips”, snack foods from Arabesque greenling ( Pleurogrammus azonus), were
manufactured. In the process of manufacturing, slicing, drying and frying processes were
mainly examined. The simplification of cutting, washing and dewatering processes was also
tried.

1) The simplification of cutting, washing and dewatering processes caused slight increased
in the yield rate. However this simplification caused the dark coloration and stronger fish
taste of chips, which are not good for the quality.

2) Thinner chips were made by using a slicing machine than by the hand. When the
sample was not frozen, the sliced sample could not be formed a disk, while the sample
was frozen at —5°C, the sliced sample in the from of a disk was obtaind.

3) In the drying process, the appropriate temperature and duration were 50°C and 5
hours respectively. In this case, the moisture of samples was about 8%.

4) In the frying process, the proper frying time was 30~#60 seconds at 180°C. In this
case, the moisture of samples was about 1%,

5) Without salt, the sample did not swell when fried with salad oil and the forming of

chips was impossible.
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* Present address: Hokkaido Central Fisheries Experimental Station, Yoichi, Hokkaido 046
Japan
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