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On the ‘Isoyake’ condition in Taisei-cho, southwestern Hokkaido

Shin-ichi NaBATA, Eiji ABE and the late Masahiro KakiucH1
Hokkaido Central Fisheries Experimental Station
Yoichi, Hokkaido 046, Japan

The standing crops of the benthic animal and the marine algae in ‘lsoyake' area
dominated by sea urchins and crustose coralline algae were surveyed by SCUBA diving at
Taisei-cho, southwestern Hokkaido, during the summers of 1985 and 1986. The mean
standing crop of Strongylocentrotus nudus was about 250 g /'nf early in summer, and was
mosl abundant at 2 ~ 6 m depth. Average algal standing crops were 550 g /'nf in 1985 and
970 g /nf in 1986, and decreased at deeper area. Certain combinations of species had a ten-
dency of habitat segregation : Laminaria religiosa - Crustose coralline algaeand L. religiosa
- S. nudus. On the other hand, strong joint occurrence is observed in combination such as
Crustose coralline algae - S. nudus.

Artificial Laminaria-beds were settled in ‘Isoyake’ area at 3m and 7 m depth in Oct.
1985. L. religiosa (4,000 g /ni) and other alga grew on them during Mar. and Apr. 1986.
However all Laminaria plants had disappeared by grazing of sea urchins (230~990g /ni)
until July 1986. The artificial Laminaria-beds became covered with abundant growth of
crustose coralline algae within three years, representing the ‘Isoyake' condition. The over-
grazing of sea urchins which prevents the growth of large algae is concluded to be a main

factor of continuation of ‘Isoyake' phenomenon in this area.
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Fig. 1. Map of the area surveyed and sampling lines (A—1) .
% : Settled points of the artificial Laminaria-beds
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X1mD7 b rfifEENETN 6 MBEALT, BELH~11HZTEA 1B, BROFEEBMOEE
HWRO BT 2~ tc, 5119884 9 BI1SHICKE T micf A L7815 Lo i+ v T e HOWE
. 1425mD AR O TERBRIC L D3RO 1o, BHEEYOEHERITNTEERTR L,

B OAE & R

1. BEsEORFR

FEHOKEIR0 8~13mTH -7 (Fig. 1), HALUCHBE L 22 E S E315 % Table 1 1277 L 72,
ZORHY FH VE, voIAvEe, BREMEEIONEY IV, A HAM, EFSHAE
BHER LT, MEBYOBIFR 2 HENE T L TIBME 5 ATHS00g /i, 10ATI70g /7l
19864E 6 HT210g /M THo12o TORFF AT HE v =RENENK0g /i, 1608 /nf 250
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Mot PHERICESELTOAEEITable2 s Lk, ¥4, B, FIERITREE R
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EF4T, BEROSL - MM AY AT YT FONVIF, TYRAVES  ThA, 7T
Thoteo £/ AT ¥ 7REL LTHRFICHEL TOT, REFRDOIO~TTIE EH T, 1985410
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EHLEE S LS E T = OSTICIEOHBEAES S, 20ILF L5940 =ORHEMB D
2. T o 68 (BT 1979) £Rwvfz, 1 s tEEUIL19854E 5 H141.639 (F,=11.391), 10H (21.854
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Table 1. Appearence of the benthic animal in the area surveyed.
Siiecia May 1985 Oct. 1985 Jun. 1986
pY _8CP D SC D SC
ANNELIDA
POLYCHAETA
Pseudotamilla occelata 0.13
MOLLUSCA
GASTROPODA
Haliotis discus hannai® 0.19 3.94 0.09 1.40 0.10 3.18
Tugalina gigas* 0.01 0.47
Cellana toreuma* 1.04 0.69 0.05 0.05 0.01 0.01
Acmaea pallida® 0.27 4,25 0.18 2.70 0.07 1.45
Notoacmea concinna 0.10 0.19
Tristichotrochus multiliratus 0.60 0.32 0.02 0.01 0.02 0.01
Chlorostoma argyrostoma turbinata® 0.37 3.80 0.21 1.34 0.52 3.68
Omphalius rusticus® 213 1048 0.43 2.26 0.94 5.61
Small sea-snails®’* 2:13 0.74 0.04 0.02 0.17  0.08
Neritrema sitkana 0.01 0.00
Ceratostoma burnetti 0.01 0.01
Ocenebra japonica 0.01 0.00
Mitrella bicincta 0.01 0.00
M. tenuis 0.36 0.19 0.02 0.01 0.01 0.01
Neptunea arthritica 0.36 4,25 0.10 1.87 0.11 2.31
ARTHROPODA
CRUSTACEA
Pugeitia quadridens 0.06 0.18 0.03 0.19
Pachycheles stevensi 0.01 0.01
Telmessus acutidens 0.02 0.03
ECHINODERMATA
HOLOTHURCOIDEA
Stichopus japonicus 0.01 0.24 0.01 0.89 0.03  9.02
Cucumaria frondosa japonica 0.94 4.53 0.01 0.04 0.04 0.29
ASTEROIDEA
Asterina pectinifera 305 4328 2.14 2899 2.16 34.83
Asterias amurensis 0.01 0.25 0.01 0.39
Aphelasterias japonica 0.10 3.18 0.03 0.3
Henricia nipponica 0.04 0.02
ECHINOIDEA
Hemicentrotus pulcherrimus® 0,03 0.68 0.01 0.32
Strongylocentrotus intermedius® 0.18 5.27 0.02 0.39 0.14 5.24
S. nudus® 16.15 266,80 9.72 159.90 12.50 252.30
PROCHORDATA
UROCHORDATA
Halocynthia roretzi 0.05 4,25 0.02 1.18 0.04 5.04
OTHERS 1.36 5.30 0.06 0.20 0.22 1.91
TOTAL 30.28 363.15 12,73 202.12 17.25 325.75

* Herbivorous animals

1) Density (per ni)

2) Standing crop (g fresh per nf)
3) Homalopoma amussitatum, H. sangarense, Cantharidus jessoensis



A P AT AR O R 5

Table 2. Appearence of the algae in the area surveyed.

May 1985  Oct. 1985 Jun. 1986

pucio F’_ SC? F__ SC F__ SC
CHLOROPHYCEAE
Monostroma grevillei 1.5 0.6
Enteromorpha linza 44 1.0 T 1.0
Ulva pertusa 3.7 0.2 0.7 0.0
Cladophra opaca 0.7 0.0
PHAEOPHYCEAE
Colpomenia sinuosa 378 306 11.1 8.4
Scytosiphon lomentaria 3.7 0.1 1.5 0.3
Punctaria latifolia 14.1 17.3 96 8.3
Desmarestia ligulata 13.3 156.8 15.6 159.5
Undaria pinnatifida 3.7 1138 3.7 55.2
Agarum cribrosum 0.8 0.0
Costaria costata 5.2 16.4 2.2 12.2
Laminaria religiosa 4.1 219.0 0.6 108.1 17.8 675.1
Dictyopteris divaricata 3.7 0.1 22 2.3
Dictyota dichotoma 1.5 0.0 0.7 0.0
Sargassum confusum 5.2 67.3 3.2 7.5 3.0 20.5
S. miyabei 0.7 0.0
S. yezoense 0.8 24 1.5 4.0
RHODOPHYCEAE
Bossiella cretacea 14.1 0.6 3.2 0.4 22 0.4
Corallina pilulifera 2.2 0.5
Hyalosiphonia caespitosa 0.7 0.1
Neodilsea yendoana 1.5 0.3
Grateloupia filicina 0.7 0.0 1.6 0.1 0.7 0.0
Rhodoglossum japonicum 0.7 0.4
Palmaria palmata 16.3 9.4 24 0.0 104 49
Campylaephora hypnaeoides 1.5 0.2 0.7 0.0
Ceramium kondoi 0.7 0.0
Ptilota phacelocarpoides 0.7 0.0
Acrosorium polyneurum 0.7 0.0
Delesseria serrulata 2.2 2.5 1.5 0.0
Laurencia nipponica 6.7 0.1 1.5 4.3
L. pinnata 16.3 0.7 3.7 0.3
Polysiphonia morrowii 9.6 9.7 4.4 9.1
Dasya sessilis 1.5 0.1
Symphyocladia latiuscula 1.5 0.1 0.8 0.1 3.0 4.5
MONOCOTYLEDONEAE
Phyllospadix iwatensis 0.8 21.9 1.5 1.0
TOTAL 545.4 140.5 971.3

1) Frequency (%)
2) Standing crop (g fresh weight per n)
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(Fo=9.362), 1986F 6 H(21.787 (F,=10.902) THoto CHOHOMEEBFRIEICL D I5% DIEHE
Eb-THETHY, #9453 9% 0 =ONHRBEHEITHE -1z, 72 1 6 BHEROTERE£95%
ELT, #5454+ =0OFEHETE CUNF «HKF 1979 %2772, BEHEEZ19854E 5 ATl4
~18f8{k,nt, 108 T 8~11{E{kni, 19864F 6 H T11~15Mfk /nf LHEE S N7z,

WL+ s L5940 —OHEROKELBE(EFig 5ITR L7, AR 3 mERickbE<
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100m
0
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Fig. 2. Distribution of Laminaria religiosa and other algae in June 1986,
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Coverage of 25—49%
=4 Coverage of 50% and over

100m

Fig. 3. Disiribution of crustose coralline algae in June 1986.



b8 i 7 S A RICHT oD B

={

= | <200

= 200<A00
=400<_1,000
= 1,000

10m

®me:o

100m

Fig. 4. Distributional standing crop ( g fresh weight per ) of
Strongylocentrotus nudus in June 1986,

Standing crop of S. nudus (g ./ n)
100 200 300 400

- — - - .
P 2"‘-'
\_E, 4
= 4~6
g 6~8
a
8~10 May 1985
10=
1,000 2,000 3,000 4,000
Standing crop of algae (g /i)
Standing crop of S. nudus (g./nf)
100 200 300 400
0~2
~ 2"‘"4
5 |
= 4~6
E‘ .
3 6~8 i
8§~10 June 1986
10=

1,000 2,000 3000 4,000
Standing crop of algae (g. /)

Fig. 5. Vertical disributions of average standing crop (g fresh weight per »f) of
the algae () and Strongylocentrotus nudus (@) in May 1985 and June 1986,



8 B « PIBR3E - SEHNER

(1,290~3,880g /nf), ThEAETRyY oy I+ E7 20 W HET, BERRDUL -, —FH#
YLFHF = IKEL~6mTROEN -2 (200~3T5g /),

Table 3. Interspecific correlation in habitat, (C. L : Cole's index)

Species combination May 1985 Jun. 1986
L. religiosa - Crustose C. L =-0.887%=0.228 C. . =—0.933%+0.147
coralline algae x *=13.355 x*=31.215
L. religiosa - S. nudus C. L =—0.413£0.058 C. . =—0.679%0.099
x=14.784 x 1=43.401
S. nudus - Crustose C. L =0.726%0.161 C. L. =0.882%0.135
coralline algae x*=18,242 ¥ 1=139.752

3. ZhURMBICNELEOYT

19855E10 H i AKZE 3 m DA ICEA L7z 7 b v#lifkic i3, BED 2 At ES.6m (AREEOEY)
DFY A3 TH, 1niHiznicBRL T3, 700@EEEL TOi, CO+Y A3 7R3 HICHEES]
am, 4 ACER6mE S h, HERIZVHFTTNEN4,420g /ol 39608/ mMTH-% (Fig 6),
L LABMIOCEL EicE35 A o6 Hizid, #4454 F9 =0 /T UL (680~990g /)
PRRLToTEBRLAEAD, 2y 7BERTHECICHLLL, 72020, Fony o+
NEEDORPOHEER (140~1656g /o) &FELTWAY, cvFLEMIC8AZTICHELL, 7
b D EFE OBt I IZ 23 Hicoa, —Bficky A 37 (633g /nf) HHoh, 6 HIC
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Fig. 6. Seasonal change in the standing crop ( g fresh weight per #f) of Laminaria
religiosa () and herbivorous animals (@ : sea urchins and abalone) on the
artificial Laminaria-beds, and Strongylocentrotus nudus (A) on ‘Isoyake’ ground.
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— RSN T, DA AL E DK (2,720g /nf) BEELTLRN, 2Ll Oy =8P/
TOE (2,175g /nt) AL THE LY, Iho0HHMbL T HETIL2THAL 2.

KET mOBEcIz 2 BIcEES.5cnD &Y A 3 v THEHSH, S HICEE23miciE L., BHERE
Z B T3,980g /M TH -1 LBLEOEA~5Hic: ¥ 454+ 9= (492~554 g “ni) HH§
WL ttd, AHETICI Y73k L, Ehd~THIRRZ7 207, TaAf bFY, Fonyys
H10E (228~1,368g /nf) MFHELTORM, Thoo#ds 8 BETIcHEL o, TLBOHED
R RIS IR E A HESN , F Y454+ = OBERBIBFEMLEL T200g /L ET
Hot, 7 b HERAKIFEHD O Hicid, KETmOEA o+ T2 BEIEN0% T, £
DG OMREDFLEFED SNIED -1,

% ®

WA T TR AWM E Lo T, HEGERE3M TS - /oA5, BEH (1989) BT
28EZRELTVE, COLIICHEFEIHIETH - TH, #MEEZPOE L THs OBBBEFLT
W3, Ln L1I9SSEDTHATIE, FHich~ 5 SRICHBROBHM HFR b AL L TV
(Table 2)o CO& 7 WMGHRHEEROBHER ., KE2 mPEOY =HODLHLHTREFEAED
FREhic & 2 ARREEY, B THRF Y L34+ o =R EOREHLTERE L - TV 3 (LB KE R
1986), % 7 #E OHEEBIFR 319854 & 19864E THY 2 (5 OB E bid - o, WREBE IR O M BB | D
AEEENCo LT, M- 7R (1981) &al (1991) 3, AWM OKEHCPE L D EVEIRD v T ORE
BV EE, JIIFG (1988) FABMEXZ WECHSEHEROZ O LEERL TV S, COER
&L TikiRoB& I, HEBmoBRFEOERT (Z4ES 1987, &¥Fo 1990, EHES  1990)
&L REEMoMID GA 1988) HEALND, TRKHELOBEICIMABERESRIC L SHEEOH
FHEmOMMNE . MEBYOMAFEHORONEL SN L, COLS BB EOHSRHERICIFE
HZEEPFELD S v, TOERFEEIYICERT 220G REVWEEL S,

Hy ATy T Y T B (BEE25% LI L) ORIz, BOHBIMEEED S hts, KRkETHIE
O TEBDO S B, HNEETE%E DA T/ M T oEd (Nokro et al. 1983), &I &
b1 - TREREHBEST 2700, 0y TOlETPREESEOEECEELIZC © (EfS 1981,
Masaki et al. 1984), Ltcai- THEIY » T EMOBEEHIC, o v 7REREARER S it LW eFE
Aohd, LMY TEMEF Y L5 HF 9 = ONHICRIEOHBEESED S, /4 v To
BITEF Y L5 45 o= OFAFICHT 2iEPiEAS S0 (RE 1987b), COZ & REABMOERS
FEd VR E I T oM 2EEMERE NPTV E VS ¥ - B (1984) O FEERES
REWFI TV R, FHEEY L TEREE, TUE, v =HoRENE 0 s REICFEGOBT
&Ha1x (it 1978), WiE OLRICIEOFEBIMAE U 2 aIHEMED S 2 5, & olkck v 2 a v 7
EF Y LS5HF o =0ONMIcRAOHBELSED SN, #4543 =30 v FHERIRNICEE
T3h (ZAE 1987, BEF L0 Foday IHEBECEELBEDcEZBALIZL L
(M 1989), MakiiBy oA RAER LW (B 1978) &b 5. ROAHBERN S b B,
UBRABICERES T Y THEORTICE., BLOF S 459+ 9 =R LTV, OB
SRS 0O LS BYENEEERS DS o b EFEL D, T+ 5 L4+ =3V 4~BH
TR A - WERET A R T o0 B & RO S0 I 3RS B EIREREA R E Ly, TS D4
ERAMICESABE, ¥ 5L F Y OFVEAEIC L - THRINY » T EHOYEESIEAL ., 1
BHOFEVEEE AL L LI, &Y X T Y TORGEELE+ ¥ 454+ o = OFTEIREA BT S 1
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THEREEZ GNE,

HRIEERRT T2 HEEER DD (R 7 A 54+ 9 = OFERYE VHEBINA Sits, ICARET
EDF 5 b 54+ ~OEFEELISEE m (#9250 /i) T 5L, YIHOEDHEIN~40mD
A5+ =132 g B/ BEOFY A 2y 7EBERTIZOT (BES  1990), wHoOMEHE®
WERERGAT L. COHEOKEE mEEROME (4008 /n) &, stRETEBL £ 2 HMTH
KTBIEICHE, COLILAMETRF I L4+ 9=DEREHEVOT, EFFTREELALH
s, T ORRMAIO Y = OEFEREMAME VKR ClEskEESR 1986) BEL TV 3 SHEEE
n3, Fusrand Kawamura (1970) GHE#REOc V<7 vo= (BliFER 60g /nf) H, 324
YarFETHTAYOFHREROEGFAHBT I LEHEL TV, 5 -3 (1981) &,
BALRETH 4 4595 9= L 62008 /mEl HER LTV A &, HEOEHF CHELRIZS
ELTV3, BEOEERSEOHTIR., v =0BERHNE oICE T HHBRNELRICEEE RiEd
AlfEMED S B 0T, BB IIIC B 1 A ARIMATIY O BIAR L | HER O ERERIC D L TRINBGE
ShIZT BHENS B,

I TOFEEEEE L TIBERKIC, KEImE TmiIcBA L7 b vHilICR, FHEO3I~4 i
ZOLITTHA,0008 /D3 v 7OEENBEH Oz, ThEII Y 7REMD2~3IHIZ, #5454
v =%F LT HABREARY OBESIEERILE (0~100g /). TOBBESEDL /b L
EZB, L LZo®k5~6 Hichd T oAREETMIEE (230~990g /m) LTE&LLL
., THETIC o v 7REEFHEE L 2. BBFEHNC SV TI9BEL HITKE 3 mIBA L - BAHIC .
20.Thg./nf (1985%E6 H) @ v 7HFLEL, kETroFEMEBH o bl 1987), Thid
1985 E DA MIERITEKRTH o772 (il 1991), o v 7o RFWIcHERMOBENDL
Iy TOBELERYPE 10T, HIHOBVEATCHA SN b L#ET 2, Ll ORAES
BABR2EHIZRTI v 7OELERBBLALED SN b -7, COREELT2~3 HiclEL AR
RN Ehr ->fo & (150~160g /o), HHi+ v TEHOWEHNEL L->TWi T & (30~50%).
B UK OKRASTENS TH - T U ENBIF OB, BBEALORIY » = = HEHE
AEIETHIOWITEL TV, SO LR (1990b) MEELTWALESIC, =/ ¥ JTox
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LB E ARREESE, BRETKRSECBRBETH 200, BEETICHO P, L e
TOFEMEL-TVE, L L COMWTHEEOLEREHEEPMOERREOEEHEATV S E
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Substrata preference on juvenile horse crab
Erimacrus isenbeckit

Kanji NakaJiMa
Hokkaido Institute of Mariculture,
Shikabe, Hokkaido 041-14, Japan

Three round aquariums whose bottoms were divided into 8 parts radially and covered
with four kinds of sudstrata (granule, coarse sand, medium sand, and fine sand) on each
parts alternately, were used for exprimentations. One, two and five juvenile (instar 5 or 6 )
Horse crab (Erimacrus isenbeckii) were placed in each aquarium. And after 24 hours, each
aquarium was monitored to observe whether or not crabs burrowed and which parts were
utilized by them. This examination was done 20 times in instar 5 and 37 times in instar 6,
respectively. There was the tendency for juveniles to prefer finer sand rather than any other
substrata. About half of the animals sellected the finest sand. This tendency agreed with
the findings observed among natural juveniles distributed onsimilar substrata at the eastern
part of Hokkaido along the Pacific coast. However, many non-burrowed crabs were observed
in the aquarium where five crabs were taken. It is considered that this phenomenon has a

relationship with individual density which causes interference among individuals,

r i= Erimacrus isenbeckii (3, AtHiEROME D S BALATEHEMI » 3T, BAGATRER
B BERREE T, $hN-) Y IH, TIRAACETHHLTVEY, AR LCRIRsh, A0
FELHERROV D TH S, BFARUREOHA» CEROBOHEL ., Bl IREY
(19554F4227,000 t ) D104} 1 F (2,000t ~3,000t ) I2H#EBIAA TS, KT 3 19824F 12691 ¢
OWESEZ i, 198911360 t ITHA L, 19844E 21990, 19914F i ik s & o h, BE R
HEH->TV3, LhL, AMEMEARO S =B lEhE < . BN (FES8m) 12730t
WIS E RS EEAES B oy, BROBEIEICE» 0 oMESETS 3, WAE TR, HEEH
LT LT EREIE %5 5 filey s ik & LT, Bl SSENIcTbhTu s,

AROREEER, 198250 5, BABREREG SO & IRREEEE TRE(LRBIMEsh,
CHUE, BHBRALO 2 o EEREE IS o, 2, ChENWTL T, WAEN BT S
KIRD A msvkd oy b BTREL, PHERT S TR THEY,

IO LTES A =2 KRR T 5103, WO RENTETH 5, ABOKR B 3
SRAER . ER~EEHOKXFEMTITOO Y, EEEoBEMMGLOhTVE, L, BY
= OETEIRME Bl 2 ERECHEIC >V TORER TV,

W ES A189 (19924F 2 A25H%ZH)
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AR, PHEREROMS =& 6R E L, ENERICL D T OEEOEIRM: 2T~ AXFo itk
HREOIHORBNMREF A EA2EME LTIT- 7, 7o, #ETENC, BAFENMETSC
EHMEEES N Y, ORIV THRE L1,

vl &

ERRICE Ly A=A =12, 19884 5 A4 5108  TtiplrbElnhcrhlifEmo%k, Yty —
TEE L bOT, WBEIEE 5 I CEYHE 9un, PIFCs) S8 6 @bl CEEEE20.3m, LLIF
Ce) DbDER W, B, 1988F11H14H 2 519894F 3 HI4H £ TiT» 720

EEGKHE 2, IR LER6Bom, EEH60em. X R2mdET 5 2 F » 2 BHA 2 0ER O T, K
WFh s EANFNIEETH 5,

Table 1. The frequency of grain size of substrata,

Grain size (am) Substrata - -
Granule (%) Coarses. (%)  Mediums. (%) Fines. (%)
~(0.063 = - - 12.6
0.063~0,125 = = 0.5 15.0
0.125~0.25 == 0.2 19.2 47.8
0.25~0.5 = 1.2 66.2 14.5
0.5~1.0 = 68.7 14,1 10.1
1.0~2.0 8.3 29.9 - =
2.0~4.0 T - — -
4.0~ 13.9 - - ==

IR (= chu0s S BRI D 237 T 8 2icXY) -
7oz, SEHANERO/NMG (LIT#) ., BaMA O
b2 e 30 (LIFHB), Y€ v 5 —Alks
DEBL fohidbZh & 458 (LUFdR)., HAH
PHRMRA OB & 0 e L -k 2thin &5 28 (BL
THIEY) (Table 1), WA LML D L D22 AT
28 (Fig. 1) COKEE3IEL SR, EhE
nicERmBORET=%21E, 2R, sBNAELL (B
TI1RK, 2RBK. 5BX). 2RX. s RRof&
i3, BRI =4 o 7 TEREE-O O, BEEIET-

7o, SEERBANSI EbI0BEA S1SMOME L, Ko T

DRI AL D B o BRIE LCUBiROBTIS,  §

h = OBBIRES £ UBHL TV B EHE TR L7, L

i 1EOERKRE L, CslcoWTIIR20E, Celzo 1 B Granule
WTIRSTEIT - 2o EEBRHBIEL L THAMAASHEA 72 (B B Coarse sand

: 60cm g Medium Sand

2, MOERBABECFED &0 & ANMZ TiT- e 68cm s [ Fine sand

foo EERR THRICKEKL S, HEX =0 O fin %
Lizh, o Ficli s & o7 S#ib LT w341
BEYE L 1z, SHE KK 8 CITIil L 7o s K Fig. 1. Experiment aquarium
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RO, dikE L,

& R

AL D BL 2o fE A = U I, MR 208, £ 0RE U BT, KMRER
fihd 3z, 7. [G—@EEkd, mEFECEEHDLibITRE . REITBERL (Fig. 2.
3), ERETHICIR, ZOfER#EDP LTV,

C s DEEHHBIY LTV EE A KR Icdmi Rz L (Fig. 2). thEF¥ho<— 7 GHFEICE
BAEML - F—0lkE LU ORBOBKTH 5, | BXTRT~THBHL ., BEPLEHE
O L/NE DHIEAIE EE < . RV THEbAS 5 B, MR 3B TH D | B L 1Bk -7,

Fle ¢ o o0 o o =] o o o o
L
M_ o o o © o]crab
[ o) o ?
G
N
c Floe ¢ o8 o» e 08 OB O OOS(E ® OB CE ® .
= M[ e . . oo © & Zcrabs
2 B o . o ?
‘H-:‘ 3
£ G
5 s
© N c e
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F =Fine sand
Times M =Medium sand

C=Coarse sand

G =Granule

N=Non-burrowed

Fig. 2. The substrata where crabs burrowed at each times on instar§,
Each mark (except? ) shows identical individuals. 7 mark shows
the crab didn't crawl out.
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C g a s a o A #r o x a a N L] Fadil O * a4 e a 0a
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Times

Fig. 3. The subslrata where crabs burrowed at each times on instar 6, liach
mark shows identical individuals, The abbreviations as shown in Fig, 2,
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2EXTENFONSVASS, 1RBIREI3, 5, 1, 0[], ftho 1 Ei13, 2, 3, O[T, #pLx
WA EGEEEE b 1 BT 06 -7, Chicl, SERTERH#DLTOEESRLE <, KIS
ZE, Np0EBOSE, 11, 9, 8, 8, 8EA LRI,

Wb L7 b TR GERYZ D - EE IR, 1 EEOH (YD) 2REMHP TS -7z, KO Thid,
Mk, BolRE Gy, 1BK, 2ERXE[EHOMEREZRT A, LU cEDL -EEE3 12X,
2K~ - 1o,

Colz2W\WTCi&lpkic#id L TV EE A KRR L 7. (Fig. 3). 1BETIE, HEO/NHS L
K HNEIZ18, 10, 6, 3EITHRLIOEEREL -7, 2EXKTE, BEoNSOERL, 1RE
30, 2, 3, 20, fho 11227, 6, 1, 3[EIT, B LUVEERLE, s, —F 5 EXTR#E
Lia WS, EENIcAH 2L, SIHOEBROS S, 11, 6, 5. 3, 20& -7, #EPLES S
TRLEMHGZ D - REHIMEPTH O . kOThik, k. Bolisso, 1BK, 2EXEEHRO
il TH - 1o

Table 2. The number of individuals of four kinds of substrata with percentage
for burrowed crabs on instar 5 in each individual density.

Individual Total number Non- Burrowed
density of burrowed
Individuals Granule Coarses. Medium s. Fines. Total
1 17 0 0 3 5 9 17
(0.0) (17.6) (29.4) (52.9) (100.0)
2 34 2 0 4 6 22 32
(0.0} (12.5) (18.8) (68.8) (100.0)
5 85 37 4 9 12 23 48

(8.3) (18.8) (25.0) (47.9) (100.0)

Cs DIEHERIO#MH L 7- Bk L CHY L 2O EERO AT L. B~ioBi L i @koflaz .
BN TRLE (Table 2), 4, KERVWT OB E~HT, B (iEORRLEEDS B0 (10,
15, 16[EH) &, ROEFTH SRV,

1EX, 2RBRE b, B L AEE0SE IHIERELEE o, £0EN562.9%, 68.8%TH -
fo RO THRDA29.4% ., 18.8% . HEPA17.6%, 125% TH 1. 5 EXTHHE L k0BG,
HEbA347.9% LKEBE LD 72,

CetlcoLWThEBRICR L (Table 3), #MPLHI&E, MikrmbE ., 1 EX48.6%, 2EKX
77.0%, 5EXB.8%TH o1z, ROTHPHENEN27.0%, 10.8% 20.9% . ¥EPHI16.2%6, 5.4%.
17.7% . BEH38.1%. 6.8%. 7.6%TH =70

Table 3. The number of individuals of four kinds of substrata with percentage
for burrowed crabs on instar 6 in each individual density.

Individual Total number Non- Burrowed
density of burrowed
Individuals Granule Coarses. Medium s. Fines. Total
1 37 0 3 6 10 18 37
(8.1) (16.2) (27.0) (48.6) (100.0)
2 74 0 5 4 8 57 T4
(6.8) (5.4) (10.8) (77.0) (100.0)
5 185 27 12 28 33 85 158

(7.6) (17.1) (20.9) (53.8) (100.0)
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Table2, 3 DFERH, HEOBRWEITHICE-THOWLbOME I L EHELD BB, £
ENOMEENIYFICSERICHEHS LIEL T, ¢ "BEERTT- 1o IR, B LABEKZTZAL,
WL 1500 - 2o A IEBR VA, FORR, TXTOREMICE VT, GHRE | Y THEREMNEDOH
7z (Table 4), #-T. COERMOEK T, B8, DemboH =, Heb, hibLv.,
MR AR EIR L THR T BRER & 155 7,

Fro, WHEBEGERHZ WEBEE, #H L WEESHEENZ & 54 (Table 2, 3), AAEEH
<A EEDITENCE LN B & LaifElbhl,

Table 4. The value (with degree of freedom) of ¥ *-test (p=0.01) for equally distributed
in substrata about different individual densities on each instar, Different d, {.
depends on the condition of expected value,

value of x’-test

Instar K 9. 5
5 7.118 (d.f,=1) 35.000 (d.f.=3) 16.167 (d.L.=3)
6 13.703 (d.f. = 3) 107.297 (d.f. = 3) 75.975 (d.f. =3)

* Individual density per aquarium

e =

A0 SLIHBER VLR b b LIPEHHE S L KB TOr =0l =S HEBEORE TR, £h
T =BT EHII>LTHhoh TV, BEYR, #A= QomERboisdR L LT
) . v b HisAs0%EA AR TREES AT, BEAHAEDOE T IREICZAMLT
VB EEHELTVS, FEYE, 1., 2@loBEoEBBRc>LTHEL., R, fidicER
LTVW3ELTW3, ChoDERE R, AR THO MM & 2R CHElRO b0 TH D, SEO
ERTHEOO R L1,

LipL. FlESVE, it HOERBOHICBME (HBahicl L 251, £/, BEFEEKEST
BEIAIHHELAEELT, EEHEOBREED OBV ERELTVS, KRTIR. BT =05
F, KOFNP, HEOMFRE, Z{OBERNBHBERL T 2LEL 005, SEREOICNEEE
ML, SR LTOL AENH B,

iz, BEFELBPOBREAB L, Fig. 2, 3iemLisdie, 1BRK, 2BRXTRIEBEAL
BEPL 7o3, 5 RETREW LS WEERSS (B s h, i, BENCHBITEIEHE <SR, [
— kD3 EEEIE UERE B L b TR AERSTEIY A SR S L, KBRS LM
Fiek-T, BEEEREORY BEI > TOWHLWI EETRBL TV, 5 EXTOBRL L WVEEIE
VEWHIKERIE, BREETCELLIEEEILNE,

DT LEMMDHBIDIC, Table 2, 306, FEBXT, FFIEES WLV CRBOBYT
B - EUEL T, BB LlEicounT, Cs&Colco 0T x BEXT -/ (Table 5),
M & bARLEZED ST, FEIED > THRARTETRIMENSR ~ TV EELbN 2,
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Table 5. The value (with degree of freedom) of x *-test for substrata preferences to be
connected with individual density, about burrowed crabs exclude and include
non-burrowed crabs on each instar, Various d.f. depends on the condition of
expected value.

Value of x *-test

Instar

Exclude non-burrowed Include non-burrowed
5 2,606 (d.f.=2)" 29 262 (d.f.=6)"""
6 15.207 (d.f.=6)"" 34,139 (d.f. =8)"""

* Insignificant in 0.05 level
= x [nsignificant in 0.01 level
= = x Significant in 0.01 level
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Studies on shellfish poison of scallop
Patinopecten yessoensis

I. Reduction in toxicity of PSP infested
scallops during extrusion processing.

Tomoki OnTA, Hiroshi NomATA, Tadaaki TAkEDA, Hiromi KANEKO
Monbetsu Branch, Hokkaido Abashiri Fisheries Experimental Station
Minatomachi, Monbetsu, Hokkaido 094, Japan
Toshiyuki Iipa and Sigeharu NoguTA
Hokkaido Kushiro Fisheries Experimental Station
Hamacho, Kushiro, Hokkaido 085, Japan

Extrusion processing was applied to detoxify paralytic shellfish poison (PSP) infested
scallops.

The materials used in this study were mantle (included gonad and gill, 38.2MU,” g ) and
digestive gland (224.6MU, g ) of toxic scallops Patinopecien yessoensis from Funka Bay,
Hokkaido. Each material was mixéd with defatied soy protein at a ratio of 70:30 (W, /W)
for extrusion processing. Toxicity to mice was assayed at materials, mixture and extrudates.
In the case of extrusion processing of digestive gland, analysis of PSP was carried out by
high performance liquid chromatography (HPLC).

All extrudates were found to have lost most of the toxicity during extrusion processing.
The reduction ratios of toxicity were 81.6~82.2% at 130°C, 85.6~97.8% at 170°C. In HPLC,
the digestive gland contained the toxins of gonyautoxin (GTX) 1,2,34 and saxitoxin (STX),
while extrudates at 170°C, only the toxin of STX.

iﬂ}tﬁ% A190 (19924 2 A2505Z8)
AWFEO—H I TaK 2 FF 0 AKEF bl T AL cOmMB R L 12,

* 2 BB BN THFE € ~ # — (Hokkaido Food Processing Research Center, Bunkyo-
dai, Ebetsu, Hokkaido 069, Japan)

= 3 BUbsE 7B KESREIE (Hokkaido Hakodate Fisheries Experimental Station, Yuno
kawa, Hakodate Hokkaido 2, Japan)
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PHABREA~OHKBEORBOREL TETVWE, — 4, &y F 1 OMIKEIZZy »~2H, IBH
oftt, FEOHFHRSHPETATHE I EMS Y, F@, IEECHRMEORMBER & L ToF|H 58
Eha, Lhl, YRoZEUHCHBRSESOMTERE U 2186, Bl ORES 2
WIZHHIRBGLIT £ TOMBIHEE L5,

B#EFS0 5 5T, FEER#E (PSP) 20 TR, BRAKSHTARALEETHII MMSNTL
3%, £ IT, RENBESAECAERA Wz s R P v—-FERHOVT, PSPickbibkL x4 7
4 MTREONEETV, TOHKEOR (LB L UHdMks o<t 757 (HPLC) &3PS
PERAOE(LI>VLWTRIIL, ETOMREB-OTHET 3,

HEBIUEBAE
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PR 2HETH, MABTKIBTS WML BN+ 7 7 74 2RKEG T oMBIcEX L, TBRE LA
EE (MR, 25%280) 2BNLEEE L, b, B3z 72 bv—FRBIct4 53 T30
CTHAERE L 720

IV M= TONERE

FMTHML B ERIERG Y v v 7 H (BSE /v E—#600, HERIMERED £7 . 3 (W
/W) OBETRE L., KAERB0SIcHE L, COREMEL 2 2 Fv— YRR (RE&WE)
Eltz, T2 R M- ¥ IZRHPYMTY ASH M LHLBTCV-50LE £/ L, Table 1
ERLAEEHFC L RERHERAL /-,

Table 1. Condition of extrusion processing

Screw rotation (rpm) B'll'e'mge]rsazlure(g)s
Ex130 50 110 125 130
Ex150 50 130 145 150
Ex170 50 150 165 170

* B : Barrel with heater and cooler
Note : The twin screw extruder (KOBELCO TCV —50L, L/ D=24) , equipped with
cooling nozzle die was used.

ZH. RAEEB LU 7 2 P - FOEYIc> VT, —RRSH & CBEHEORIEST- 72, 272,
HERERVAEZ 2 2 b v— B> WTId, HPLCItX3PSPHAOGTbiT-172,

ST &
—RERS OSHTIE . BEICL DTz, PSPOEBERMBXGHREBOAGFICEEL, v
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ZERVAAEE ICEOBME Lz, HPLCAHTAENR vy 22HLAAEE T L TP S P
SEMEL., 7oosaick OilER, SEP—PAK C-184—F ) 9w Ph 588X UA T LN -
F7 = (0.45um) Lk DMBE Lz bDEMTERIE Lz, HPLCIRL AP S PAITRAR
SUDHHEICHE LT -7, MTFICERE S L UANRHEER LI, B, PSPEETEHRRAERYE
HOKELFIIRZEL 5 &N GTX1,2,3,4 STXEH WV,

il HEA YT BI655—15, RIG# 7 HI655. HAEKREE HIZE50—10LC, 7— & LFEE
# HIYZowhrdv7F5L—%— D-2500 #54 :GL¥AxvAH® 41+—+v C8-5
(4.6mmID x250mm L), TEHEHLE : 0.8ml /min., BEHEMMDOGTX1,2,3,44FH : 5 mM~7
YyANEYBF P YT A, 10mMY YT v E=TEERK (pHT.2), OSTXHH : O/ 7+ b
=bU=9,1, MbH (Fd: 0.4nl min) : TmMid 3 Y%, 50mMY vBEF F U o LERE
(pHI.0), BISIA N : 770 Fa—7 (0.5amIDx10mL), RIGEEE : 65°C, o (HisE : 0.8
ml/min) :0.25MBERE, Bt E  BhE2EIE330mn  HVHEE390mm,

& - -

THR M= & B EEEDOE(L

T4 A b— FREGhORERES L UFEN%ETable 2iCR Lz, =7 R b v— 5 TREFO XK
FHERE R, L VRBEEL DL L 2 TRED - F2d, L3RBT HRIEFERZEICE ThMsh
T, UL, NLHERIZS VTR, 130°CTH4~43kg /el TH » e DIzt L, 150, 170°C Tt
10~16kg, /o L{EWVMEA R L foo E /oy WO 2 2 b v— SYHTOREMEME, DBERESARO
150°CALEE TH#y 3 53450 T - 12,

Table 2. Temperature and pressure of the mixture*' during extrusion processing

ixtrudate Temperature (°C) Pressure(kg,/cil)
B2 B3 DH*? B3 DH
(Mantle)
Ex130** 118 131 127 34 35
Ex150** 134 149 134 15 16
Ex170** 144 170 140 11 13
(Digestive gland)
Ex130 119 131 128 43 42
Ex150 127 149 134 10 10
Ex170 147 170 140 12 14

* ] Mixture : The material and defatted soy protein were mixed
at the ratio of 70 : 30 (W/W) .

2 DH : Die hoder

3 Ex130 : Extruded at the temperature of the third barrel 130°C,

4 Ex150 : Extruded at the temperature of the third barrel 150°C.

5 Ex170 : Extruded at the temperature of the third barrel 170°C,

The same expressions apply to Table 3 — 5.

* ¥ X =N

BRI O—ERES 2 Table 312k L1, ilblOmsH ., BIEAT Y v~ 7 HORMIc L bk4, W
PRI {ETF . % v 2, RGO ERBE ORI, T2 2 b v— FRBIC L Bk, Wy v B
DORKEBELRZRON LD -1,
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Table 3. Chemical composition of the material, mixture and extrudates

Moisture Protein Lipid Ash
%

(Mantle)
Material 874 96 0.7 2.0
Mixture 64.4 26.4 0.4 33
Ex130 62.6 26.9 - -
Ex150 63.3 26.0 - -
ExI70 62.4 26.9 - -
(Digestive gland)
Material 76.1 9.4 114 1.7
Mixture 524 28.2 8.0 3.3
Ex130 51.3 279 - -
Ex150 51.3 28.6 - -
Ex170 51.5 29.7 - =

BAFIOP S P#ttfii L BASEE» S ORMEERETable 4 12RL 7z, HBICHOLERE, 5%
SUAEMI, 38.2MU/ g, BB, 224.6MU,/ g OBEEERL 20, BIEXTE Y v~ 2 HOR
Sk H B, ThTn, AEBI4.TMU g PIBRIMEMU g L7, KiREGEEEL
AR =FiCk BMEET- R, 30CoNET, AERT2TMU, g TBIRTIR18.6MU/ g,
150°COMHE T, PIFRTIR3.6MU/ g, 1T0°COMIETI3, AERT2.IMU/ g PERTE23MU
S g NERE S BEESED L IT0CCOME T, ThEh, 85.6% 8 LUIT.8% DMV MEELETR LI,

Table 4. Changes in toxicity of PSP during extrusion processing

T‘oxicity”
Mantle (%) Digestive gland (%)
Material 38.2 224.6
Mixture 14.7 (0.0 104.6 ( 0.0)
Ex130 2.7 (81.6) 18.6 (82.2)
Ex150 2.7 (81.6) 3.6 (96.6)
Ex170 2.1 (85.6) 23 (97.8)

* 1 Toxicity expressed as MU,/ g
* 2 (%) : Reduction ratio of the toxicity.

IR PN—FUBILLEZPSPRSDEEICDNT

FBEOBAE >V T, HPLCAicLh P S PRSIOZ (L2834 L7, Fig. 1, 2ICPSPHE
5 (GTX1,2,3,4.STX), =7 R bav—FRBCHOZTEER, REABELTFz 72— ¥
REYMOHPLCIKEE3PSPAT7 o= ¥54%R0LE,

tRRAEOP S PRS2, BREZOBHME,LS. GTX1,2,3 A BLUSTXE2EU LD LHEE
Eht, AHCRIEAT Y v 2EHERN, RARLEP S PlSEEES iz, L L, 130CTAH
YTz, GTX4%RTE—2 @R#%EL, 150C, 1T0°CREMTit, STXZRTE—7 Lefitishi
hatze
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Fig. 1. HPLC chromatograms of toxins® during extrusion processing (GTX group) .
a) Standard toxin, b) Material, ¢) Mixture
d) Ex130 extrudate, e) Ex150 extrudate, f) Ex170 extrudate.
* 1011 injection of each sample.

The same expression apply to Fig. 2.



28  AHTE - FHE F - REBH - &FEE - HNZ - FARF

a) b) )

STX

STX

[

d> e) f)

s x »
() £t =
n &
T Y T | W A
0 10 20 (min) 0 10 20 (min) 0 10 20 (min)

Fig.2. HPLC chromatograms of toxins during extrusion processing (STX) .
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iz, Fig. 1, 2ILR LB P SPHAO E— 7 HEE 1 g M0 c@RBL, =72 b v— yLHEI

B33 PSPHRADE(LIc>LTHRIT L7z, Table 5 icBAXHOP S P&KSO £~ 7 Ml %100 &
LT, 222 A—YBYOEP SPHRSOBERERL. 22 bv—YUEYOEP S PR
BIERIZ, 130°COMBMT, GTX 455kl GTX 1,2, 3 D80 TFh $14.8~99.2% & &b
L7z L, STX(3122.6% & ALFHATL b bHINL 7z 7. 150, 170°CAAEITIE, GTX 1,2 ,3,
1 OBRAOVTHbRILE Nt - 7258, STXRI50°COMMTI3103.5%, 1T0°COMEMIZ BT
b, NEFORSRETHRIEEhi: € — 7 059 6% L T,

Table 5. Remaining ratio of peak area of the toxin composition by HPLC
during extrusion processing

Total peak area _ GTX1°' GTX2 GTX3  GTX4 STX

Mixture 100.0 100.0 100.0 100.0 100.0 100.0

Ex130 73.6 14.8 71.9 99.2 ND*? 122.6

Ex150 24 ND ND ND ND 103.5

Ex170 14 ND ND ND ND 59.6
* 1 GTX expressed as gonyautoxin. * 2 STX expressed as saxitoxin.

= 3 ND : No detected
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