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Fishery Biological Studies on a Sea Urchin,
Strong ylocentrotus intermedius (A. AGASSIZ)

Kazuhiro KAWAMURA

(Hokkaido Central Fisheries Experimental Station)

In recent years, the annual yield of sea urchin has amounted to as much as about 25 000 tons,
and sea urchin has become economically important animal resource in Japan. The necessity of
conservation and propagation of the resources made the present author to carry out biological studies
on Strongylocentrotus intermedius, commercially the most important sea urchin of Japan. Particular
attention is paid to life cycle. distribution and fluctuations in abundance. The sampling localities
are divided into three regions according to geographical position : (1), The coast of Japan Sea
(Funadomari in Rebun Island and Oshoro Bay). (2), The coast of Pacific Ocean (Ikantai). (3). The
coast of Okhotsk Sea (Rausu), The author also carried out an experimental study on their planktonic
larvae. The results obtained from the present studies are summarized as follows ;

1. The planktonic larvae of S intermedius metamorphose through the usual developmental
process of echinoid. There are no recurrent rod and pedicellaria in the pluteus.

2. The plutei never develop after the six-armed stage without normal feeding conditions. The
plutei derived from the females having well developed gonads, grow rapidly through the four
armed stage, and the period of other stages is short. But, development of the plutei derived
from the females belonging to the youngest spawning population, or having small gonads, is not
good.

3. The planktonic larvae occure from the end of September to the end of October, and the
period of this stage may be as long as a month and half to three months in Oshoro Bay.
Occurrence of the larvae is three to four times during one spawning season, but it seem to be that
the larvae developing after the six-armed stage are only from the second or the third groups.

4. If the genital plate become transparent by use of xylol after the remove of its outer surface
by means of rubbing down on a rubstone and heating by spirit lamp, both white and black rings
are appearent by visible. The white one is formed from November to June, but the black one
from June to October respectively. These rings are useful for the age determination. Test growth
of the sea urchin varies with the different habitats. The Rausu population grows most rapidly in
comparison to those of Japan Sea.

5. The age of first spawning group is different depend mainly on the depth of habitats. The
group living in shallower habitats attains maturity while two years old, but that living in deeper
habitats takes three years. Spawning season is from the end of September to the end of October
in Oshoro Bay. In this period, the range of sea temperature is 20-15°C. Spawning time successively
delays from the shallower populations to the deeper one,

* WUET A 82



2 ik =B

6. The habitat of the sea urchin is classified into five major types according to the nature of
bottom. These types are described as follow :

Type A, : Bottom consists of flat rock.

Type A,: Bottom resembles type A;, but has many crevices with some pebbles therein.

Type B: Bottom is covered with numerous small boulders (smaller than 30 cm in diameter).

Type C: Bottom is dotted with large boulders (larger than 50 cm in diameter).

Type D : Bottom consists of sandy plain.

Type A; can also be divided into five subtypes according to the deposition of detritus and
growing seaweeds. Distribution of these types varies with the localities.

7. Zero-age group of sea urchins are densely populated in type B or Type A; area with the
community of small algae throughout the year. Young sea urchins expand their distribution in
the areas of type B or type A, neighboring type A,, but their distributional range remained in
the same area during a year. Two age group of sea urchins remove mainly toward deeper area of
type C during maturing period. but a small number of them comes back again to the former
habitats after the spawning season. The adult sea urchins older than three years old inhabit mainly
in the areas of type C throughout the year. Although they migrate toward shallower area during
growing period, they again return to the deeper area at the time of maturity.

8. Detritus are predominantly found in the gut contents zero-age group having test diameter
smaller than 5 mm. Detritus and algal pellets are found in the gut contents of zero-age group
with the test diameter of 5—10mm. However after attaining 10 mm in the test diameter their
main food becomes algae. The gut contents coincide with algal fauna.

9. The natual population of sea urchin in ITkantai feeds mainly Laminaria angustata through
the entire year, and the annual food consumption of the echinoid population corresponds to about
half of the annual growth of the algae.

10. The first catch includes two to four years urchins in accordance with differences of localities
or fishing methods. The catch per unit of fishing effort is rapidly down in the beginning of
fishing season, and continues parallelly low level through the later season in Funadomari. But, it
fluctuates at constant rate in Tkantai, and it decreases quite regularly in Rausu.

11. The catchable stock is estimated by the density of each age group as well as the area of
the bottom-types in Ikantai, by De Lury’s method in Rausu, and by the catches and the fishing
rate in Funadomari. It is the highest in Funadomari and the lowest in Ikantai.

12.  Although the natural mortality of zero-age group is higher than 50% in summer, it is very
low in one to five age groups. The mortality of the older age group than five becomes rapidly
high. The fishing operations which catching mainly three to five age groups seem responsible for
adult mortality.

13. In the case of the fishing ground being smaller than the habitat of sea urchin the catchable
stock shows seasonal fluctuation by immigration or emigration, and the emigrating population size
is larger than the immigrating one in the fishing ground of Ikantai.

14. The size of recruitment is an important factor to determine the size of stock. The rate of
recruitment to the stock varies with different fishing grounds. This rate is the highest in Funado-
mari, and less than half of it in Ikantai and Rausu.

15. Judging from the relation between the condition of stock and the equilibrium catch, the
fishing of sea urchin is just in Rausu, but overfishing is practised in Funadomari and lkantai.

16. The basic courses for propagation of stock of S. intermedius can be divided into following
three : (1), Increase of recruitment. (2), Increase of biological production. (3), Fisheries manag-
ement. The author, here discussed concretely the propagation of each local stock and suggested
a course for future remaining problems in this subject,
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Fig. 1. Sketch-map of the localities in where the sampling were performed.
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Table 1. Status of the female specimens of the sea urchins for rearing experiments.

Fumbiar Date Depth E):J )habital Test (ﬂ;gueter Gawd Tuilis Diamet(t:) of egg
1 Sept. 14 0.5 271 2.16 89.4
2 Sept. 27 1.5 48.0 2.96 91,9
3 Sept. 27 5.0 49.8 1.76 91.2
4 Sept. 27 5.0 37.0 0.76 89.8
5 Sept. 27 0.5 36.3 1.50 92.1
6 Oct. 6 11.0 47.5 1.70 90.2
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Temperature (C)

Sept. Oet, Nov, ) Dec.

Fig. 2. Variation of the water temperature
during the rearing experiments.

—== 1965 —— 1966

Fig. 3. Development of pluteus of S. intermedius.
A. Pluteus in the first stage, 246pu.
B. Pluteus in the third stage, 693u.
C. Larva just after metamorphosis (dorsal view), 926p.
List of abbreviations

as. anterolateral arm pda.
ae.  anterior epaulette
ar.  anterolateral rod
br.  body rod

da. dorsal arch

er.  echinus rudiment
p. pedicellaria

pa. postoral arm

posterodorsal arm
pdr. posterodorsal rod
pe. posterior epaulette
pp. primary podium

pr. postoral rod

poa. preoral arm

8. spine

vt.  ventral transverse rod



8 Ji#H—IK

Fig. 4. Development of S. intermedius.

Eggs. B. Blustulae. C. Gastulae.

Plutei in the first stage.

Pluteus in the second stage, 550p.

Pluteus in the third stage (junior), 650,
Pluteus in the third stage (senior), 880p.

Larva in the beginning of metamorphosis, 770x.
Larva after metamorphosis, test diameter 350p.
Young sea urchin, test diameter, 350p.
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Table 2. Size of each stage of the larvae.

Stage Size (u)

Egg 84—94
Fertilized egg 108—123
Blustula 115—123
Gastula 139—154
Pyramid 160—200
8 First (four armed) 200—600
i‘g Second (six armed) 460—720
a Third (eight armed) 540—1020
Imago after metamorphosis *#320—355

* Test diameter

il = 0 AR ER B, T 7 v ADFKILAR (body rod), # A (Postoral rod), fij{il#§# (anterol-
ateral rod), 3 XOERH (ventral transverse rod) 2 bl b, EHEHEMTHER LTG5, ERLEE
HET, #EMaiEERics < 54iz7c\ . 2 KOMBO LM EmT A FEELTWADT, T
T U AOREEFSERIC - T0 B E S BofucAud e, ERE AR ERT S &
il AR A7 7 A4 200 p il HRE LT, BA600 piciET 5 WKL 55,

67 7w A L FEEEE T A TRV - lic A S, Fiioim 1 X0 #iEE (posterodorsal arm)
DB ERT, OB 6T S, HBi5E (posterodorsal rod) (x7UL7 <, BITIIHEETH S,

B 7 7 A Ficie—# ORI N (preoral arm) © FEH S AMEMGE TOBRTH LN, 2O
$0 (kB (posterior epaulette) D5 A BTIC AT & BT M 5 = L 23T & 5, AflicET 5 ICiiRkiE
TI1LH, B2 13 B2 FEL 2=, Wil Ciiiom, %2 (dorsal arch) 235 2 i1, BidkE# (anterior
epaulette), B TR OHEA A E D, ¥ = FiHE(echinus rudiment) 21 F O4MlC % - THRE LiaH 5, KI5
DEFGO L CHRIBINSNIZ L D, BIlic A D LilBifids L 00y = FHOBEIEAT D, B (spine)
25 EOER (primary podium) 23 ISR X T B E 4T, Iy =0ORO—FAIEEL TL
Do NMCERAI D EE D, bTIMCBREYET BICT v AR OB OEEMEREEDH /2T
Ho, FHNERC UREER SR AT Y AOKE SIRIEEEN A U TRA LD, #E1mm
CETLMEES DD, 77 v ADKMICTELY =REST LT v ADKELT - TRHT 56882 M3
DAL, BRERITH S b T D (A - [11957), ZFREET 50 ZEEIE30 A < h LT
Hho HEHRS LIEL X T L7y AOHERNEREL TR ), BEELHRT 22, A7 v ADHH
WRICWIN TN T, BRTEMICEL, EEERCBTT 2, By =0 nifeic i » R, Xk
EREEBTRICOEK SR 50T, Bifk s FUASHEBC K 5 iCEEBTEN A 23T 5,

(2) fFs 0RO R X 5 ik E 0 RE OBt

HDRRIFIZ L B 70 7 v ADREOH LA 415 toibic Table 1 0 No. 6 @ HEOIIN B LI Fo5 9
A% B E LT, SEREH 48 BER B 36 Z O T2 I H 20 HAGAN L 235 L SE OB 4 O R EIRIEL B L 720

FAF v AORFFEMGMAHC L VREHR SR TR Y, B0k (Fig. 5) 04 b+, #HBEOEM
BETCRINLBHEOEIIC LMD TR ERERSZLR S, Thbb, THHBHEEL VGILE: B
24T T o ADRIEEE <, 14 B HIC 6 IACBT L, 40 Q#ICiTZREL - @ & B L 7 (Fig. 6),
TR X DESATL A Gt 6 H HiofhE 420 p o U TS bR, 6 BCBAT A ML -
foo =7, SAGMIOBEITIT AR T 47 v A2 6 B HICMHR 400 p 1238 525, BB L, 6
WeZEST, 22 0B ¥ T2 BE 8IEL 7=,
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Fig. 5. Growth of the four-armed plutei under
the different feeding conditions.
— Served food from 48 hours after fertilization.
--- Served food from 72 hours after fertilization.
——. Served no food.

20 40
Day

Fig. 6. Occurrence of each stage of the plutei under
the different feeding conditicns,
A. Served food from 48 hours after fertilization.
B Served food from 72 hours after fertilization.
C. Served no food.

(4 armed B t6armed [l Fimes B <P med BB: Imago

Wi, BB ORBEORY SRAOINBRE LizF 7 v A, [REEEIN G X DM &
L2188, the7AT v AORE REOWMELY LI,

ARBOFEO RGEHE (AREIEER 1.5 L E, 28 36 mm LLL) ©Fih 6584 LIcshA:RHY STHE 48
T O 300 w25 1 JERHE O 500 p % C, BEEHMCKEL TS (Fig. 7). HMOBTHZ 25
& (Fig. 8), WIFh b IR®E7eVW L8 HT6 W, 1171 12 BT 8, 1837 L 16 BT 8mE
WA+ aME» bR, 30400 0 A CAELEI LSS, o4 (Fig 9) ivTFh b %
8L 20 ADMcABIcET L, 0BT Pidlhd, O L3gEREOCBRB T, 4o
HHEMNE LW C ERRTAOTHD 5, -, ENEFEFEOARMMA (No. 4. ANINIER0.76) @ Ixb
BAELI-4ABW A7 9 A0REG RO ETH > Tk b (Fig. 7), AEHEED HBERIES €5 <

(¥ 63%) KEroFHEFT 6 WIH~BITT2 2 i3k L L, o747 v AR EORIEFICH
HL, HETHEELALRT,
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RO BRI CH B (BRI 2. 16), #EINERCR T 55 27, Imm o/ R EfE ((Nod) o
bRISIORAILDE ) HF T, TAT U ADEREMOBFTER L SHEEL, Lo bAgLL:
HEFir e o bhky (Fig 8),
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Fig. 7. Growth of the four-armed plutei developed
from the eggs of different females.

~— 3 No.2 - *No.3 --— : No.4 —— : No.5
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0 20 40

Day
Fig. 8. Occurrence of each stage of plutei developed from
the eggs of different females. Patterns in this
figure are the same with those of Fig. 6.
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HEDGERERL, 747 v ADRENBEOEMEREORBI AT BB, LHEORFOR i
VB O, KB (FIEIETN) B0 X RN ER e RELWB - LTk, ¥, M
WRRD BEF @D SREL, IERCRTET 284 CH, 4B 74 7 9 20258 L 7B AR o f6 40
By, TOROEFEERESLBMLTVBZ LHRLTW 3,

Survival rate(%)
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Day
Fig. 9. Variation of the survival rates of plutei developed
from the eggs of different females.
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Fig. 10. Occurrence and number of each stage of plutei, and
change of water temperature in Oshoro Bay in 1964,
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2 Fih& OHRE

TREgh A 0 [ A MEATE ORI 1964 4600 5 1967 55 iz b, BEI A s 12 A1 ATHE
<, 1%wL 7 BHE ¢ ZBRE0 RSO ATE6m OMSIc s\ T, AfE30cm, @AXX, 830777
FYF oy P CHBENLOEHT XL L 57

A iiB Ty =Ho ARl A7 v AR KT 5L, #oAVE, #2277 2 TiREDRIC
ROVFIEL, A A ATV 7 7 0REPRYH 5. ¥k, FFLF7V2Y=CR=V7 vy =R RVH
EEN DB, COLSNBREEENS= VA7 vy =0T Y AGER RO EL CEBTENT S
ZIPTED, BEREic BT A=Y 7 vy =0 AT v ANBIY KB &ML £ dic Fig 1027”1,
AWM T ARIA TS 1L ARGETl Al bich- ) %2, 6Bl A7 v ARI0AT
e 11 § ichi-b, ¥7o, S8BT AT Y A1 Adins 12 H L THEXA 5, Zhich
F o3 X EEBIFHDORTH 12 Hehfgn 6 1 Ahaichd TlBlT 5. BTG © KR 19°C a5
5°C ¥ CTFTRRL TV 50T, ZHREOEESERH 15°C R EOHREEEY L >KROPTEFELTVSHT
EiTie b,

AR AT 9 AREEI AFRH»5 10 HFRETo 1 AL BRI bz - T HBEL TV 55,
5% 200 p BT OEERY - O EE A Sh, Lavd, FhAFhofiiRi sHEOFEER M- Ty
5r5TH5 (Fig. 11), 2O kix, ZRETXIATHLS 10 ATH ¥ TOMIC, RERHLRICTS
3L 4 OREFIHAHBL TV A LRHEES® 5,

i, PHBETHRELCERACRERO—EARELIZD, WOAHL T 5% (Fig. 12) 2% H{HB

TAHZENBD, FOHBIRITE L Fed LB TR Mas S 5 (Table 3),
1622
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Fig. 11. Number of individuals and body length of the
four-armed plutei in Oshoro Bay in 1964,
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Fig. 12. Abnormal pluteus collected from Oshoro Bay.

Table 3. Frequency of the abnormal pluteus in the
four-armed pluteus in Oshoro Bay.

r of g} 1 | Rateof abnormal
Year Date Number of pluteus Numbe;lﬂleismurma a;lﬁtejs”z%?)n
Sept. 24 25 0 0
" Sept. 28 42 0 0
Wt | oet 18 1, 622 0 0
Qct. 20 276 126 45.7
Oct. 2 55 0 0
1965 Oct. 19 148 0 0
Oct. 23 318 31 9.7
Sept. 24 14 0 0
1966 | Oect. 1 284 0 0
Oct. 6 63 12 19.0

PLE, ZHEckd 5TRER OB oL Tl L2y, oo L H sl a o bants
Lh, AR AT RZOATH»S 10 ATHEFCIC 3w L4 ohTHEL, 4 o7 @
AR GBI BT T ACET A HARE 2 LM LHEES R 5, LaL, BB RE L BEcinig
WHEERERL, ThbiikME 4Rl ciger b+ 50T, 6lieHRT 501210 AL i IR
SRIBFBREE LcMENEMRAETHL LHESh %,

3 = £

=V R7 VY = OREF BB OO BB A5 4Bl coShERMY L BT
CRAEL, FEERCEET 2R Ta 2% 4 W0 BREM Ligs, 8 Bl % TIRARMET L O St
FL LD, oM oLl TethEofNTy = BEEARE T2, 4 NEBIEELERC T b
nisWERD, 6HMDE~RETHC L3 TERV, LAt T, FRIFEEIE 4 a8 LT, i
T L TELH LN TES,

7 = SO OfFEE O £ Sicou Tk, THEEL (1892), MORTENSEN (1898, 1921, 1931, 1937, 1938),
MACBRIDE (1903, 1914 a, b), JoHNSON (1930), ONODA (1931, 1936), FUKUSHI (1960 a, b), L1
(1962), whffs (1965), TURNER (1965), DIX (1969), HINEGERDNER (1969), f[ & (1970) i & o
WENB D, IEEH Tk Lytechinus variegatus ® 16 A AV b5 <, Strongylocentrotus droebachiensis
O 9 ML bRVEERT L L 22 Al E 260 2 i 2. LasL, ZhbofERL Tripne-
ustes esculentus (LEWIS 1958) #[r\TRELTHFIC L - Tk b, KA TOFELRO R X35 g
BEMBE, =V A7 vy =B, MELEETCRRLEVCAET30H, KRR »A¥UED
TR S fEZh 50T, EROT—HlNRESTHS I,
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=S A7 vy =thbh b X5 i RMINC I BIREAEE 2 EA T, & OMICTRES 4 O KR O M
el bz, ARERMRTU LT Shis, BHEIC 05 4l 7 v Ao MBI
Pl wDIRZ D1 THA 5, THORSON (1946, 1950) (ripE St Ok FOMIED FE L L
T, Kl fiFSe @i 5% TEFOAEOEL FAETEHE~OWE HEBcELET, o
S L LEELAMFREETHES LAXTVL S, TTEh~AX 35, =/ A7vv=07 AT v ATENH
N 5507 A A ABS THIUTRIRIZEE L, 6 BLE~ORF IV, LitiaT, =/
7YY =it BT S ERIIEE I 17 5 R A ERTOEELEBRTHHC LI MR VT H S
90 LirL, M—MBEHTTOREOBMEHIC LT, 74772 O FBHEL MEIC Hilth 2 bh 2 h
B, TRERET O MPER IR e B0 B R & & bic, B X - Th, AHEMCEEshaZ L
¥ TARETALERDA 5,

PLE, BHshbEoREoBERE LT, HEROHLMBAFED 2 coBROEE L IRHL 22, D2
DD 3L, WFhAEEEECBTTS EcoYgdoMitic k2 {BELTVW50n, i, FIRHORL
EWEEELZABELTH 502, 2516 HEUBEEBMCES ¥ T, oL oL 5 lERREsE-
TV BDICOTIE, AFFRTIRBILHMIC L 2l -1,

A 7 = MOhEE, B4 EED e R % BEf LT faF Licy o & 2%, MORTENSEN
(1921, 1938) L L > THE SR T3, =V <7 vy = Tk, ATMELEETCREREEE ILTVA
BB T HWET UM 525 AREETE TR LIRS h T binsIBHEL T 5 BRS¢
Zbh, FREALICEACBTT2LEBORVLIEARLTV 5, Lirl, Zhdivdd B researching
period THEME 5, ¥, WAEBTNEDL 5 HBMOL LT Shah VW 5ERSDELE AL
THTHB. BEEFEDHOTZERTFHOSTMERCoLTHS (1967) 1%, Bk T2 bhaHi
CLOERFEND L) XS IRl T <, BIRHiA oK 0 T RSO T, AN A DOH
WA G THA S LHERL T B, FREHREFROMEEERL & bic, Sl EEBTORML Y
B Thz bk, v=HoLBick - Th, i, ANOBELTETS Lo bsHBomshie kel
BLicdThHAd,

V EEBOL£EAR

fiERFOLMMEOEER, BE i BA, L BHEV BN, Zhiiz 580
H D= 0 & —EHIER & 5 BIEN e il e B S h g R T ), ToBE AR OLTE
BETLE D, AENHL FKTEOEE LEMEEL LTOMFROMA L LS IMRADER LY, TOK
EIRHAOhAEMYBEOEE I ATV S, Ltdis T, BEENOERCHERSYHLMCLTE
o ik, BEANOLTEARYAS 5 A TLBERRALHATS D, 1, ThboBKREER LG
FikEDXS5EfIML, E0X5HEELiTEy, EDL S NEDNEEX TR TLEMhEVH, 4FFIC
B35 BN ME L ECBEY L o4 0Th B, CoL S BANL, ARERCERT MR RT
AEBETEL{{MET 5 - L2, AFOBHEL TIN5 ko, K¥LFHI2SLT<hbL b, &
FE R T 5 KRt R AR L T R B3 THH H, =V 7 vy = 0hiHRABROFNETSH
BRI O 4RGP © 5 B, Hhc B e B 2 i o T, T iftic sy TN T 2 7,
CORETREAEFCBT L EERO: & 545585 T, BohiRiiitehi~so L35,

1 EFHMERER

EEY =B, B bomZE (MooRE 1935, JIk 1966c¢), fiEF (BULL 1938, SWAN 1961,
LEWIS 1966, FuJI1967, “F¥f 1968, HINEGARDNER 1969, JENSEN 1969b, fafH 22 1970), fEi it (FuiL
R. A., 1963, EBERT1968), [JZAMEEROREMA (ELMHIRST 1922, ATYAR 1935, MOORE 1936, NATAF
1954, LEWIS 1958, 1966, SWAN 1958, URSIN 1960, fi+: 1963, Fuj11967, HINES and KENNY 1967,



16 JiHE—K

HEEA1969) LW Th DO HETEEL TV, =V A7 v —oBICIERBELE LTtz M
EiromFiz A {, ¥, Tagging (E4:1962, EBERT 1965) iZ L & HiECit RERE = £ 5 &<
UIIH - $k1964), BEFTRERREOAL. ¥, BFEAROGINC L5 HERAEEOERYHEICHE
ETLLENTERVOT, BELCERCREIREEYRTEEFBELTVW2B5Ld, Thbes
BEFAzLizTERV, Lt T, ChbouTholEc - Th, £REM2@rL, Ththo
LR ORI Y mo I D L S HET A0 BT T A LR T i BHEOERSEE
ORI EETELSWMI L TEOH LA HINE LA THS,

() 4 W # &

JENSEN (1969 a) v = OO ML MEE, BicBbh 52 d6 s LTED T35, Bilio
BMyvs=/7vy=0) 5 BT, = olEcitliokio s o v-oT, o TgR
BifoMEIcH DA EHln{ e F THATHE LRI, 7ra—a7 7 C#L, F¥e—A Tk
THHExX E 51

AR E SRR A 5 h 58ECx Fig 13 12/RL 12 #lohFicRat T ENlREL a0, chick

Fig. 13. Horizontal section of the genital plates.
Number of black ring, A-1, B-2, C-3, D-4, E-5, F-6,
G. Genital plate, O, Ocular plate.
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Z A i) - TERES, AOREHRATECEbh TS, ] —REECH D LIcBERO £l
Mo B B0y Fig. MInRi Lz, BEHF»bEEHF~OLE 11 A6 12 i, AflhbEREAe
WAOE(EI 5 A5 6 AR b, CoZfureMifici bl W, THIEOKE2m Bk
DA, 1970 459 Fiz $p L1 AR o e w Harding OFESRACHEIC L b i L 2o R EE & 6
OB B 2 TR A L T2 % & Table 4, Fig. 156 oA HBN 5, WHE ORI ED THELL
Licflir b B2 LG THS S Fh, 54RO (Fig 16) LREE OMMI@RELY D, &M
WolE% r 2+hid, r= (0.045+0.0039) D+0.094 &\~ 5 —pspilir+ 5 (Fig 17), Zopfistici
ST, FHFEROKE 0 LHEE LBRIE, WMEOREIC & RN ORI HEREE LT L i &
%z Lt Table 4 & Table 5 @ [t#in LR/ BICHID 5 5,

BAE32odd, =V 7 vy =04 R4 LR BiE A EiIEH L LTHED S &8, S THE
TR TEH L EES T,

(2) Hefen Mg E L

=/ A7 vy = Ol S Bertalanffy o RRic Tt ¥ 5 C L3, 3¢ Fulr (1967) X » TH

ey
=
=

Frequency (%)

SO N D J°

Fig. 14. Seasonal variation of colour in the
outmost zone of genital plate.

[ ] :White E * Black

Frequency (%)

Test diameter (mm)
Fig. 15. Test diameter distribution of each age group
of the sea urchin in Oshoro Bay.

O:1year B:2years[Z]:3vears B4 years 15 years

Table 4. Average test diameter (mm) estimated from annual rings on
the genital plates and fitted normal curves.

Age | Number of individuals | Diameter of anual ring | Dlameter computed from
1 81 6.9+2.3 7.0+£2.3
2 56 23.7+2.6 23.3+£3.0
3 79 38.4+2.8 38.5+2.8
4 74 46.3%£3.6 46.2+£2.7
5 24 53.1=3.6 52.8+1.9
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ECER TV S, £ THHBBCRERPEC X 50E#EY, 7, (ol Harding o ikic &
o THBEL 2B ERFOfH (Table 6) 7% Bertalanffy @ fZ5% (Table 7) #3k¥t, =V <7 v =0
FLAELOMIZIE W=aD? LU 53BFEARTL, LiadFEla n IAFEHFESEL TRV 250 hA
TV 5 (FUlL1967) OT, BICmLIciER & WRIEBCT 248 & oBIFEX (Table 8) 75, FHIc X 5k
WHHID 5%, Table7 O FEMAFhOERTH S, Table 8 DFERK IC X bk 7- {41 & Bertalanffy ®
3R L D RDIMEOMICIE, 5% ORFEHE (a, to=0.2687, 1=2.447), (n, to=0.4872, t=2,447) T
ABERBEDbhich -1z, s, Tu S ERBHL, BERYHCTWADT, EIRE 124 Bk
Ot L2AXD 24AZTEIRILVSL5855bLTHS,

A A0 R O P LA ER CREEA TR L, RERED TICs, hickd L CREAT BIF.
WEZRLTEY, A 4BECET 5 AEoREEHREO 5 o EfEoRTRELBES LV, I

-
{ R 3

Fig. 16. Fifth genital plate of five years-old sea urchin.
The ring numbers indicate ages.

|

Maximum width of the
fifth genital plate (mm)

0

0 60

20 40
Test diameter (mm)

Fig. 17. Relation between the test diameter and the
maximum width of the fifth genital plate.

Table 5. Test diameter (mm) of the different size groups estimated from
intervals of the annual rings appeared in the fifth genital plates.
Number of ring Size group
R 1 — 5 3 4 5
1 6.9
2 1.2 23.7
3 8.1 23.5 38.4
4 7.8 24,1 36.5 46.3
5 7.6 237 36.5 45.7 53.1
Mean 7.5 23.7 37.5 46.0 53.1
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Table 6. Average test diameter (mm) of each age group in different localities.
A,
Locality Date ge or order of mode
0 L 2 3 4 5 6
1962 June 5.8 24.3 35.6 45,1 51.6
Funadomari 1963 June 23.0 35.4 45.2 52.8
1964 July 4.7 22.8 34.5 43.9 52,0
Oshoro
(Depth <7 2m) | 1970 Sept. 6.9 23.7 38.4 46.3 53.1
(Depth,5-7m) 1970 Sept. 25,8 37.4 42,8 46.4 51.3
Tkantai ' S - ——
Full area 1966 Aug. 12,5 25.0 38.1 47.8 57.0 65.1
Nishise 1966 Aug. 12.4 26.0 39.2 53.0
Nishise 1967 Mar. 18.0 32.4 43.0
Nishise 1967 May 5 23.2 36.0 43.8
Full area 1967 July 9.1 23.8 35.7 44,5 51.9 62.9
Nishise 1967 July 6.6 26.0 39.0 47.4 56.4 63.2
Nishise 1967 Nov. 9.4 25.3 34.0 41.0 50.7
1967 Aug. 19.2 34.2 44.4 54,0 62,3
Rausu 1968 July 18.0 33.4 43.0 52.0 60.8
1969 July 18.4 34.7 43,5 BL.Y 59.8
Table 7. Growth formulas of S. intermedius in the different localities.
. < Age .
Locality Growth formula ) Fit test of a?
tl 1_2 3 4 5
| Dt=70,9(1—e-0.312(t 0.595)) 8.4 25.2 37.4 46.4 53.0 | x2=5.80, (n=12)
Funadomari . ! n H
Wit=127(1—e—0.313(t —0.555) )3 0.3 5.7 18.7 35.5 52,9 | 0.95>Pr>0.90
Oshoro Dt=70.3(1—e~0-324(t ~0.040}) 7.7 25.1 37.6 46.4 53.0 | X2=0.40, (n=3)
(Depth,0—2m) Wt=128(1_e-u.824u -u.man))a 0.2 5.8 19.6 37.5 55.5 | 0.95>Pr>0.90
Oshoro De=§5. 3(1—erdamts=0inn) 7.125.1 36.3 43.4 47.8 | x2=1.81, (n=3)
(Depth,5—7m)| Wt=63, 4(1—e~0.457(t -0.709) )3 0.2 5.9 18.0 31.0 41.0 | 0.70>Pr_>0.50
Ikantai Dt=74, 156(1—e~0-281(t —0.340) ) 12.5 27.5 39.0 47.5 54.0 | X2=21.6, (n=32)
a
- Wit=146.9(1—e—0.381(L ~0.840))3 0.8 8.122.6 40.3 58.8 | 0.90>Pr>>0.80
i Dt=87. 6(1—e=0-23(t 0.010) 18.1 33.5 44.3 53.2 60.6 | X2=6,70, (n=13)
usu
s 2.3 14.3 33.3 58.3 85.2 | 0.95>Pr>0.90

Wt=257(1—e—0.236(t —0.012) )3

Table 8. Regression formulas showing the relationship between
test diameter (mm) and total weight (gr) of the sea
urchins collected from different localities.

Locality Regression formula
Funadomari W =0, 000494 D2-932
Oshoro W =0. 000481 D2-957
Ikantai W =0. 000474 D2.840

Rausu

W=10,000498D2.941
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HETRAKBHEI Vb THCREEIRVWL 5 TH S,

Btk i st B IR OSBRI ZE LA B B fohic, PEEIESOKIE 2m LIk & KES~Tm i LT
% {Efkor E% Table 7 1R Lize BiEOKEE BIEECAELH Sh, KEE 2m LiEo @A O F
DR KEE 2m LURIC BRI OB 5 FHEN %, &Y A2 v TS LT HHEEENFET S0
A LT, KES~Tm TIRER S0cm K OIERW T, AKEUSCREEEOBE N ZBREV, Z0L )5
HERRR=Y 7 vy = OROEERR—METH- T, EEBHFOREMICHELT, EROBHT L
PWELLDOTH D,

2 &EREHEOH - BZE(E

¥ = FO AR ISR B LT, AR AP 351 B AL AT o 54 F @R (TENNET & ITO, 1946, YOSHIDA,
1952, FuJL, 1960 a, CHATLYNNE, 1969), /:¥fitioFHiZr{t (MOORE, 1934, 1937, LASKER & GIESE, 1954,
BENNETT & GIESE 1955, LEWIS 1958, BOOLOOTIAN & GIESE 1959, FUJI 1960 a. b, ¢, 1967, JI|¥} 1960,
1964 a, 1965a, 1967, 1968, MOORE et al 1963 a, /\E (2741964, PEARSE & PHILLIPS 1968, PEARSE
1969 a, b, JENSEN 1966), :J 80 47 ik o (L (STOTT 1931, TENNET et al 1931, =iifj 1966) 7t
EDLBERHOWEN B D, =V A7 vy =T Fult (1960 a, b, ¢, 1967), JIIF (1960, 1963, 1965 a,
b, 1967, 1968), JIl#+ - #k (1965 b), JIIFt - 5 (1965), /PEiEss (1964),  =BFgEs L — 7 (1962) 7o &
T LT, EMEMROEIGER, ARROY - EoFHA 2w TE{omiEA#bhTuv 3, $TTIC
IR TH BC L X 512, [FlETRE o HBUIREE & AL E o A EE TR i 5 5 & L fEE S
HHH ERBRTORCIC L AR RET BROZER T Y, ARSI A DR S AR D 5B
Licfliiz LA Eigle 2 2 TREFER~ORMZRIET 5 oo 04 BRI WA AT & o & 5 7/l
AR TV BLEWELMCT S iICESR B,

TR OB DRSS, EREO—Y 77 YETEEL, 100277 s YHRR{ED, T77
{=F, ~TrF ) vt VvOERABICLD TV AT — F REBLL foo RO EE AR
&4 Fult (1960 a) ifEy, RAEN, FoEtl € 2 xmpny, sl sosini, sosesy, oibiio &
i,

PEPRIHEANC 317 B A A ORIELRIFOMINCHE S BEE LT, HEOHRSLE LD THID
7 Fig. 18 TH 5o ZHEOKE Im Llid HEHE L @R, MiHEE @R 15~20mm OfEED 5 &
D 50% LL EASEENCEL TV B LasL, KIE L 5m BAC AR A EF T, &R 50mm LA Lo @k o
LU T B, SO X 5 FKBEIC & HRFCAVE DS RILA, BHTLA—Ea L LTEDLARD, &
MUK i) 290 28 (Table7) 26, Fi, MAETIREEI5 0L 20mm SO@EELH 24, F
o, REE 30mm HOfEA il 3 S M T A ETH D, —JF BAC KT BEEE 30mm GO @2
EIZ, 40mm SOEFERM 3 FCHIEL TW b, Licdh =T, WTFholhtd, KiFEORWHncERT
BT LEE S AMHE FEELRUS, #2FE T Wi #1450, KOG EMz AR 54T
1, B3ETEITERBICETAI LR VLW HORLRDBETH B,

LCATREZn LGRICAERT S 1, 2, 3BHEE K4 7o L Smic AR5 3Ll Lo &R © 45
fao fE AR A Bl TRos & (Fig 19), 1o ARl B8R BE ol (FHE, HEk
A XM S0 2 LA OB E B - T b EEEEIITR R RIS L BRI b 6T, 3
Z 9 A EAAE 10 ATHOHIICHIEL TV Z Lalbmbd, O Lab EIRRRC InA Lz lffod:
AEAMRERCE, WIRCEAEE T SRR T L R E R IR e 2RI 4, B ANIMARTEbhd Lv 2 b,
LaL, ZOC idfE e RFpCARMROBIED fTiclhh 2 2 LR ERT 50 Tidio e BED:
Liiich - 2 TH S 9 AT 25 10 A FRC T, Bl KB4 B35 EERHT O\ T 451
o g Afx L TAS L, Fig 200k 5 R 605, EREBOEMFEIIC2VTL, 19664
9 A 21 Biziy, LOKETHEMMRLRE U-EEIZ SR, 9 A2THIZIE, KE Im g ToH—
SHOB L@k A bk, ORI 10 A3 A FTHVTW A, 10A 6 Aiid, KiE Im BligicERT254
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Fig. 18. Histogram showing the relation between the test
diameter and the gonad maturity of the sea
urchin inhabiting in the different depthes.
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Fig. 19. Seasonal variation of the gonad stage of the
different age groups and of the third age
group from deeper places in Oshoro Bay.
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AR TICINL T %5, 3m LIPRC/ERT D M@k0 5 5, AL L Tu5 ffx £< 460
3, 10 A 17 BRI L Ty de 40, 1967 0 10 A 3 Hicia AR 1 m DU i il L v
Do ChIZH LT, AESm LR T 5 eME, - R ic ARy Bl L Tvfeve. 1012 A
210 A3 HERERTH D, 3m RO AR BT 201210 H 26 A Thotoo ZDBGL, =
VA7 vy = AR, AR 5 ST EMA O 5 bictitcbi, Lab CokIHEE,
EOACAEET A WA SR AERT AEEREA L, HACBITLTU b0 LEESh b, 2O
ERHIRE T TS~ Ry, CofifhickH ioRe 5370 LARE L THEL TV 288y
BT T B o DIED LRI 3507 5 EERFOERMRBI KT L 0 Ric T (Table 9), KEE Imb)
I 2HGIE R iR LIS EMTED 2 2 b h b, COEREET T~ X 5ic, Kook gmE
BEORRHCIR L TV %o Lot CEERE CRFBER A VERMEI O Ch ol ilic EI L, Ekiis - hic>
SUTHRINT 24D LELZLR B,

Wi, BB O MR A LM E OB E DT S L Th %, LR 0 B IR iE 4 MEE

1966
Depth Sept. 21  Sept. 27 Oct. 3 Oct. 6

900
- 900

1967 Sept. 20 3 Oct,12 Oect.26

Oct.25

<lm

- @
- 900

Fig. 20. Variation of the gonad stages of the sea urchins
inhabiting in the different depthes in Oshoro Bay.

Table 9. Age composition (%) of the sea urchins collected
from the different depthes in Oshoro Bay.

Age
Deph )| Ngpbersl | . -
0.3—0.5 245 .7 21.6 3 Ha
2 213 8.9 27.0 44.9 19.2
5 65 9.1 36.3 54.6
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Bl %" 10 TR Eh A HATRA AL, SEREENO 4O FH L & LT Fig 21 i
Tt AMAINL £ ORIET Y, b HICIEL, 9 AR & b BARICRIT 5o 0
MR R S 0 LA E o U ic R L Tv 3. o, ABIIC 30 3 BB TO 4R
BB 05 (Fig. 22) #45 L, BATRRELKICH- I B{FEELTVL20IC5 LT, #if FRE4T

DJFMAMIJJASOND
Month

Fig. 21. Seasonal variation of the gonad index in
the different age groups in Oshoro Bay.

—:1 year ———:2years -———3 years

Fig. 22. Distribution of gonad index in three different localities.

Bl <10 10~-1 58 >1.5
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i, EMERHOPIVEROL H BEFEOERL TV SR LA A bh, BN L 2 4EMUEEOZ(L
BELe ChbOFHRRE, =/ 7v 7y =0RPBENEMRORMWERLELT, RVLETY, @
HHABTERELYRH - TH ), ThEEHEROHBON - RE L L#EDOS5 Z &R TL0TH
Hhe

3Ia L

JLEGEIC B 5= 77 vy = EEB EE, B0, R, AR BlEh Ty B (IF1960) . HEikH
& v = o534 (LINDAHL & RUNNSTROM 1929, MOORE 1934, JI|4 1938, (LIF1izAs 1959, MOORE et
al 1963 a, b, JI[§f 1964 b, 1969, BUCHANAN 1967, J§ |5 1969), B E)(ORTON 1929, STOTT 1931, MOORE
1934, LEWIS 1958, MOORE et al 1963 a, BUCHANAN 1967), E¥iz I % iEBhHo 2L (14 1938,
SINCLAIR 1959, THORNTON 1956, SHARP & GRAY 1962, YOSHIDA 1966) /e Kicf+ a2 h ¥ ToaA
T, v =O4FHBFRC & b 5 KHEMF L OMCMERHASICHLAC Sh TV 204 T, §RERE
AL TV, S EEGFFORENINLHFERR TH 5, EEERNF LS 5 EFRRIIREEY
LOoODONHRCEVLTII—BHNTH D, CoRMECHIEL T, BEEN, S OL 5ICEXERLYEFICF
HLTW3h%, MEMZTL TR, =V 7y =BEHENOEEERYIEL {ER T35 LicaEi
WHTHY, ¥, v=EBBBT5AFOMM LLBELNRXRETEL0THELELLN S,

(1) EREBEO 4 IS FK

HART T0 ORI ST T, BREHE v =03 4ikEY SCUBA A L Y BEEB LR T, &
OFHEXITBE)HERIEE T, SHREH» S -T0 5, L L, 20 ERLTASBE, ZONEKK
DR, ko 520k AbERMovThsicli+5 (Fun & KAwAMURA 1970 a, Fig. 23),

AP ERTH AL, ET0kVBobs bbb,

AW SEEARERTHESN, & SIS HRGENES T, OPICREAIMEL TV L4055,

B U g8 E 7 RS BV ITR 30em LI O ER S S EEGEEL TV 5,

C B : S F 7 XBIE TR 50cm LA LolEHEAMAEL, ERbiu,

D f: PRETEARDNET LI LLH50, FoRET <Py,

ERORENTBHIYRLE0HFig. 4 Th5, ZOREPEHC LT, St Li-4@#ickits
EREXOERE, x4 Table 10iCiL 7z, &KL i A BIKI2 1070 L 20%, A BI[X 5% LIFT
Z(eaidiowat, B, C D& K iz X 2F (kA E LV, CHB K 2 EHUAOMIE TR A fii
i, HEH, BHTIR0% LT3, DEKGERETRLEL, 080 5L k¥ 4T
A0, OB TII0/VL20%IcEEF LT 5,

I

m

‘\l

il H

Fig. 23. Classification of the bottom types in
where the sea urchins are inhabiting.

B Rock [E: Stone [ : Sand
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BEEEME L & = OFERBIC L 201 L OBES, SEENC L > TEDX HIZERL TV 502D,
B ilic s BECEIK = & OFERBEEO 1m? 24 0 FiS#EESY Table 111 —#EL TaRL7 0, 1 BFE 222G
HOEEL, VThoficksv T, BREKTE{, SRIFOEERE., chicdl T, CEETRA
BRSEML T3, 0L 5 BRK Geti C K Sy, #RSciaT o8& T
$%5. DERTRHV-ThoOHKTLY=0BEIESTE . 8, coTEETC LR A BRI
B PHBTORINIEEE THEOCHML T, HEESIVEATRIEDTEGLWHZETHD,

Ay MIEEEKE A S 2 EEO S EREOTERT TH L, WRMOBENEL 7171 22,
IR OWRCRIES 5, A Bk 5 coRicilly 2h 3 (Fig 25),

Aj-a B B R, REOBEILBEALELT A £ A b A bRV, Ay BOJRIC

Oshoro Bay

Fig. 24 Diagrammatic representation of habitats classified by
the bottom types in Oshoro Bay and Ikantai.
(I B

A, A B C D

Table 10. Area of each bottom type in the different localities.

Bottom lypei k

Locality !-— Ai. "I = y l ]
Cxa0mt | % | xaomt | % | x1otm | % | <10t | % | x10m2| %
Funadomari | 147 | 21| 35 5| 27 | 31| 245 | B 56 o8
Oshoro 3.2 16 0.4, 2| 06 3 3 15| 128 64
Ikantai 44| 15 0.3 1 53| 18 15 20| 46 16
Rausu 45 9 15 | 3 5 | 9 350 61 ' 30 18
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Lho

A-b 27, kv F v S EHEOMOXMEEENFE L TwAH, SEOBERET, Fr7A X
ADWAILHTHTE B,

AceBl: =YX, %270, vy EzoMoROBREONESBE SR, 7742 A0WK
LbETRHbRS,

Ap-d B2 Ay-eBUICEIL TV 388 TR 74 4 A, RO S, RO SRELRD, AH
=L TA L DRCBFT S,

Aj-e B EEICERGMMA S D, I BREORIEN RS HR S, BROMMNAHL, B it A,
RThss, WHEOERTHE Lizv,

ZOMG SR EERICESC T ZEBEO 0 MO FEEEOLE Y25 & (Table 12), 6 Aiciz Ayc
TR THE b EV O (95/m?) #oRL, KT A;-d, Aj-e, Ar-b LY, Ai-a, D BIRKIcing L 54
29, CHE T A~cHEKD /10 U Fied &icve 9 AT 6 BT hlie LTy Picv A, A-d BEK
TOFEMWALE Lo FRETHIHOTERICIE Ay-c, Ar-e BoFn KRHICALh 0L T, H#
Hh, BATIE A, Are Bz, Apra $703 A-b BIRKA S 2 &85, A RIS 3 0lBEED
FREOMIRA L EZRY AL LTWALO LR S h 5,

PAEodEn s, 0T BRI W TFholkt b i1 54, A MK TREES X ORI o RE
CXaT, PHEENELTHECLL 5, OMBEOLFEHMOFHELT, 1) HHELTOF 744
ANELETDHC L, 2) WRLABARFETACLNTESZ L, 3) X bkl T tNnTcEL L
EREFLRE S, BREKELIOC A c BRI ChboL&F2REestELONS,

EC, =AYy —0gEREYRS L, 3AREOREN, 5 EMEORER, 7 A,

Table 11. Density (n/m?) of each age group in each bottom type in the different localities.

- Bottom Examined Age
Locality type area (m2) B : 5 5
Aa 9x4 39.5 0 0 0
A, 8x4 1.0 39.2 22.1 6.1
Funadomari B 15x 4 2.8 46.0 24.6 5.6
C 20x 4 0 0.8 1.9 10.0
D 0 - - - -
Ay 12x1 65.3 0.7 0.4 0
Ay 11x1 4.2 5.2 2.1 0.4
Oshoro B 6x1 18.8 4.6 0.6 2.2
C 12x1 0.8 o 1.5 3.3
D 3%l 0 0 0 0
Ay 6x1 0.1 0.5 0.5 L |
A, 4x1 2.4 14.0 12.6 18.2
Tkantai B 13x1 21.5 17.8 5.1 0.8
C 38x1 0.3 3l 3.7 11.6
D 10x1 0.1 0.3 0.2 0.2
A 4% 4 0.5 0.6 0.4 2.2
A, 5x4 4.5 3.8 9.4 7.4
Rausu B gx4 7.6 11.5 16.6 7.4
C 54 x4 0.4 0.3 0.6 6.7
D 5x4 0 0 0 0
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LAREMBOEC FhEhiEN LT3 (Full 1963, 1967), 2T, ZhbOFHINC T 5455
Wofny %, HREHOERBLAEL LT, FHEOFHr blH L0y Fig. 26 THH, FMlFC
EEAEREC ST 2 BEOERE L TLL2 -0 Fig. 2T TH 5,

OB oA AESOEOph RO BRKICEPHCABRS, 1KEC-73 A ki BEX %4
LELT, ThioEAEYa0ECERCSARY 072 X 510k 52, EEERKIERLLTBE

Ai— a
b "
Ai—e¢
«}'4‘.‘:.\".'
Ai—d
Al'_ e

Fig. 25. Variety of the bottom type A, by
vagetation and deposited detritus.

Table 12. Density (n/m?) of zero age group of sea urchins in each bottom
type in Oshoro Bay.

i June September =

Bottom type Exa(l:l)fr.lﬂigl 2z;re-a n/mt Exa?iln::;i,) area | n/m?
Aj—a 8 0 8 | 0
A—b 8 12.5 8 ' 1.6
A;—c 11 95.0 11 33.2
A—d 12 25.0 12 3.0
Ai—e 11 17.8 11 10.0

c 3 8.2 3 1.5

D 2 0 2 0
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BEHEEKCFELTV-5, 1 RIS BEAEFRIRIC A Z B IRV L5TH D,

25 HERACHO BEEEKCEEETHHL T35, 7 AcifoMilido CEHK TS
HEARL, Ly, AOMBAKhRREFEECE - T3, #5251, 2plHBRRED
XNELLDHOT, COBFEERBECIZEELAEV-LEbhay, Lal, flfEO 11 Atk BO A
OB IR AFEEE AN G2 EFE T L 61E, 7T Ao REoE®EEEkiz v = » BREX»6CH
E~eBBLAC L), ZOBERTHS L5 [HEESEE V.

3WLL @A 22 S FIMc T T, OB BRI L3 AEiiFs, Livl, SHEFIRMOHE2

[CJon/m <R, .

FEI1 — 100/ m SN -
[@11—20n/m
W20 <n/n

Oage group  lage group 2age group 3age group

Fig. 26. Seasonal distribution of each age-group of the
sea urchins in Nishise of Tkantai. Dotted line
shows a boundary of the bottom zonation.
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A ;

B : - -+-FF-]-Ff-
¢ T

'+ I |
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A

BB -FE-F TN 1--
D | | |
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N #}%ﬂ

May  July Sept. Nov.
Month

Fig. 27. Seasonal fluctuation of the average density at
the different habitats in Nishise of lkantai.

Bottom type
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Plane figure May 7
Distribution of tagged urchins.

Vertical figure
A A
OTW‘
1
B B
1
c c’
0
1
2
3

Fig. 28. Tagging experiments for both one and two age groups
of 8. intermedius made at 27 th April, 1967.

Depth (m)

B Discharged point «: 1year *:2years

D CHECIY, AESEESGLAH-TED, TACRBRRICIREEA S G HEZiVOT, HTFoBH
BH-Th, CRKAFAREKE L TVWDLELORD,

SERIE O A IS ORI oL T oL LoBE 6, 2B FROERINC L iy, EHEOHEE
BLTVGAAEMEAHH - LA E R COAYELCBNT A, 197044 A 27 A, FHKEBO A,
Hoifk (K 20~30cm) i, 1, 2HIFCE T2 3050 70 [l 4 v 7 v — A fyem s (I - Fk 1964)
X DB L, BEOEEBE M, Fig 2810+ 50, 5 Alciz 1, 2EBEE bic, s s,
HANOBENLZEALEDGRIG, L L, 6 ALBICE 2 MBFOEA~OBEYVEEC BHbh, 7
KT 2m ¥ TORICBE L 7o iiE7M3E 60% 2 5B 3 icFE > o ook LT LRt BB 112
REEESTWAIRT Eicl, ORI 2B BT 5K 6 A6 7 Bicth i © CRHEHK~BET
L EEBEMNT TR LEELRS,

2 % mr 4 Ai

BRI = V37 v g = ORI O BHINEEE b 2 Bo L Tuw B o kdlbhotodl, FhTith
ThOLIEEE O 7T, MEHEMSED L 5 rflMEE YR - THFL TV A THEA I, B Cof
KRBT DS b 5T OME LD, ZCChiETS v= OB B3 Lic. &0 BiFiibtio
1x1m AR CORE & v = HEoRFIBIFL Fig. 20 0 X 53 CH b, #Bificik-s < MEikok ¥ 51 Fig
9 DTFIRLTHD, 1x1 m# 1/64m? % 1 X - +5 L 5115 L, Poisson o> iR E L (R 1952) %
WHLIE DA WThoEERTY v/E>1 2 7 ENTHS (Table 13) ©T, =37 v =1 ifih Rl
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(1) (2)

Type C Type C

§ it |l JMMML

= L
Z %5700 60 %0 0 60 0 20 40 600 20 40 60
Test diameter (mm)

Fig. 29. Distributional pattern of S. intermedius
according to bottomn types.

Table 13. Divergence coefficient (Fp) of
the sea urchins in Fig. 29.

’ Station
_ 1 (2) (3 (4)
V/x=F, 4.94 5.10 1.79 1.82
F(0.01) 1.47 1,47 1.47 1.47
Table 14. Actual and theoretical frequency distribution of S. intermedius per unit area.
16))] (2)
Number Number
per unit |Frequency| Cole |Neman-A per unit |Frequency| Cole |Neman-A
area area
0 54 54.7 47.7 0 48 49.8 51.8
1 3 2.5 0.5 1 5 3.9 0.1
2 g 2.6 2 2 3.4 |
3 1 1.0 3 3 2.5
4 0 4 2 1.7
5 1 | 5 0 0.2 |(
6 0 35 [ 15.8 6 0 0.2 12.1
7 1 iR 2
8 0 3 2 2.3
9 1 9 0 /
x? | o8| x2 2.05 | 240.47
X2 EES 2] 15.09 |
(3) (4)
0 33 37.7 32.5 0 37 42.0 36.4
1 13 0.0 14.3 1 11 1 14.9
2 11 Tl 8.8 2 11 7.8 8.8
3 2 2.4 4.4 3 2 2.5
4 4 3.0 2.0 4 1 1.5
5 0 5 2 l o
6 1 6.3 2.0 6 0
7 0 |
| 6| ass X2 | 49| Ls9
% | T |11 X s | 13
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Table 15. Structual correlation coefficient of the sea urchins in Fig. 29.

| Station
| (1) | (2 | (3) ] (4)
v 0.177 —0.018 | 0.300 o 0aw
Ito] 0.456 0.265 4.70 1.73
tn=222) | 0.674(@=0.5) | 0.674(a=0.5) | 3.20 (x=0.00) | 1gg Eﬁzg:%

Poisson 73Aiic i5 4T 5 M iz T L HE L bh b, BINEERO 4% Cole DIEFHIEH #s L 0f Neyman
ARDBRMIC MTEDT, O FBEEY BUEL Tz, =5 (Table 14), B#X Tix Neyman A #,
CAYtix Cole OBERIC LA 5o 2 5 LEHERSME, AHHENTo @liioRih 3 I FCi 4
BRTH L6, CORLETHLMSHEHMEY oM T LR TELV. £ TBE (1952) ©
EARGEHBIRE (v) % R #EHECH L1 FEENCHDMEO v % —§ Licon Table 15TH
5, tOFENLBRITIR 024K YL, CRTRyY204FEETHL - LAbhb, O Lhb, CE
EEXO Y =05 ERETH ), BRE CIRBIEEE by RET2 L 50y =05
PREh TS LHES RS,

EIHiT, v=0OKEXLERC L 304N, CRCEEEnm D LoARETH), BRI SR
HThHad, ANFCRY =RHACETA L 52 >Tw35, MBI ELLTHOTIRES-
THEICEBEE BV THMiLTE D, £OFERRICENALR S, DL 5 EIERfERTO Y = OfFE
HALREFOBBETHET S 2 L, v =FERIEFRERO L SRERFCHICLIAEFYEATHA S
ERFT1I2DHLLATHA S,

4 ]

v = SHOEANC B L 2= BF g, AT o i & B (LASKER & GIESE 1954, STOTT 1955, FUJI 1961,
ANDERSON 1966, BUCHANAN 1969), fr{f (DAWSON 1868, PARKER 1932, AF 1933, MOORE 1934,
N4 1938, HANcCook 1957, LEWIS 1963, 1964, JI|ff 1964 a, LEIGHTON et al 1966, &t - |- 1965,
PEARSE & GIESE 1966), Ef4{: XM ()14 1938, FB 24 1957, ik - %4 1962, Fujl 1962,
1967, MOORE et al 1963 a, BOOLOOTIAN & LASKER 1964, BUCHANAN 1966, fij[Hiz: 1970), frfho
e, ERR~oiER (Fur 1962, 1967, JIl&f - # 1965 a, b, JENSEN 1969 b, iz 1970) 7c
EEHHC bl - ThEhTE . =/ 17 vy = iouwTid Full (1962, 1967) X - T, i{EEOH
&G LB, v =0FERCERIC L ZEFAR, AeRonR, Kbl KL EEEoBRicowT, £ NIIH-.
Pk (1965 a, b) i X b, EMERIKEROFHLL, Al X H1EM, WE EREEOESELL LY
EhTuvs, LaL, DEDEERICThLRTERY E4L LESRTH Y, BABAFOREICHMTS
MR L ioh T, AMEEESRRYE L, TORRAIcLE {BEFL TV 82
RTHAH5, LI T, P s 27 =AML L0 LS REHTT, F0X5hfth%, Lhabil
[LTW2Dh, £LT, £OFRELT, v={{fROLPHI4E LD L S5ITR-TWEDMhEVS,
ey =0 ARBEEREL OO D R LM L TE{ S LARETHS 5,

(1 fr 4

FHSED © = DFEE N OMEE L5 &, PR LA, W IR0, NEoE s Bl L <
\+% (Table 16),

YE=ORESICLEY T, EEAMOELY MEEHED» 5245 & (Fig. 30), BiE5mm ¥ TO
BEERHKE, ERBYEL7 7 1 2 A0 EEASHEREL TV 5. BIES VL I0mmOKEZD
HETE, 774 FRACELIC, MEOBERIREL TV A Z 2250 05D 594128 10mm
T SEETREDTH D, COZ LD, BRImMmBE4EELT, 774 5 AEORENS
RO KE~DERY BB L2 L 5, HRACET B=7V 7 v o =Dt TNEH L LB EEC X b
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Table 16. Number of species found in the gut content of the sea urchins,

Locality ’ Chlorophyceae | Phaeophyceae | Phodophyceae Animals Others
Funadomari 4 14 20 7 4
Oshoro 4 11 19 6 5
Tkantai 5 7 ; 14 6

10
8
%
i

Test diameter (mm)
Fig. 30. Variation of gut contents of sea urchins by size.

Detrit
[ : Detrius 73 ;:5'“ =

Algae

Table 18. Gut contents of the sea urchin. The figures show the percentage
occupancy by dry weight.

Seaweeds Age-group Nov. Jan. May July Sept.

1 19.6 13.6 2.9 4.8 13.1

Ulva pertusa 11 21.9 10.2 4.9 3.1 0.9
111 14.7 6.3 1.8 0.8 0.7

1 40.7 52.2 33.6 71.4 68.8

Laminaria angustata 11 49.8 67.5 61.2 78.2 80.2
11 63.6 80.6 71.1 83.3 33.9

1 20.1 8.8 17.9 5.2 6.6

Phyllospadix iwatensis 11 10.2 5.3 1553 7.4 7.8
111 6.8 6.8 9.8 3.6 6.1

I 19.6 25.4 45.6 18.6 11.5

Other 11 18.1 17.0 22.8 11.8 111
II1 14.9 6.3 17.9 12,3 9.3

TR, 7HT A, v A v v, HIKEE A T EHREBLTWA D EARLTWS (Table
1o 2DH L, THTAY, AHNE, V427 BIVFOMOGREOBAMELYBEREED LI,
£ OERERFC BT S 2 fEOMEE NS & OfERIE S, LT R Th% L, Tablel8m X 5Bl
N, HRBERBTOLELMENL: YA av T ThE T Ldlbinb,

(2) fEfRoEr

HEGERIC LT 5= V7 vy =B OZLB) A4 B L L€ Rk tcisEa Table 19 TH 5, &
HAEMECFEL TORERIFOK X %, = OMHIONEONER Ic 31T 5 FRFEOAE SOFSfi L
L, 2, ol OEHE G A& Rk it REh o L%l 4 (Table 18) oWEF 0¥ L
AlebiE, HREHEb 04 BEE L - OBMEE ORI, FEAHE TS 2 OISR IEA LR
KEERFbT LTS, ZOLHELT i ¥4 vavy #EATS EREE O KX 3% Rt iR
Table 20 LR Ll TH 5. HFEMROTHREYHETSE =V 7 vy = 1Ak o Eiiks Fun



Table 17. Frequency of growing seaweeds and the number of times of their
appearance in the gut content of the sea urchins in Ikantai.
(Number or examined specimens : 214, Date : Aug. 1966)

=917 Y = ORRA R
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Species of seaweeds

Rate (%) of volume in gut

Frequency (%) &

Cladophora opaca
Chaetomorpha monirigera
Ulva pertusa
Enteromorpha intestinalis
Ectocarpus siliculosus
Sphacelariale sp.
Heterochordaria abietina
Seytosiphon lomentaria
Laminaria angustata
Costaria costata
Agarum cribrosum
Sargassum sp.
Phaeophyceae

Porphyra sp.
Neodilsea yendoana
Corallinaceae
Grateloupia filicina
Tichocarpus crinitus
Caulacanthus okamurai ?
Chondrus sp.
Rhodoglossum pulcherum
Rhod ymenia palmata
Lomentaria hakodatensis
Ptilota pectinata
Polysiphonia sp.
Laurencia sp.
Symphyocladia latiuscula
Rhodomela lariz
Rhodophyceae
Phyllospadim iwatensis
Diatom

Blue-green algae

Leaves of land plant
Fibers

Thecata

Bryozoa

Crustacean

Acorn barnacle

Shell

Scales of fish

2.-9—'__
1.0

49.0
5.3

1.0
2.9
63.2
1.0
4.9
10.7

10 | 10-50 50
9 - -
1 = -

21 50 55
3 =y =
3 — —
5 - -
8 - -
6 10 58
1 1 1

14 7 6
3 - -
) = =

38 51 58
1 - -

13 = -
3 2 1

i 1 =

== 1 =

25 5 1

- 13 =

14 1 =

= 2 2
1 - =

14 2 =

38 42 11
2 - =
) = -
2 - -
9 - -

33 1 =
3 = =

56 = =
2 = =
2 - -
1 = =
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(1962) MENHEERIC L hRDIfHIC Lizdi 5 LT 54 61E, ZOWEOR L ERAEMNPI i Shicli
MEIHTEL Y D, chbOi a3 bwva k, Table 20ici+ X H1IC5M 412.4g/m* D s v A vav s
DEORICAERT A=V A7 vy = EBCEAShI- L EESh S, BREHELTI YAy av 7oy
$T FT A OEMEAE, FEEOFETI12.17g/m? k FEEhs (Full & KAWAMURA 1970 b)
AF REBBEAZ LG (FUIL1967) = &, %7, Fo{iofEBoBHEIHELEARDEN LT
BTHLHI LoD, =237 v o =AHEHEM Lol oL s v 1 v a vy 72l aiE EEb 5
dheEd, ThirEE{kv-LBbh b,

BEBEOELO TSN ALY, AP, HEh TERL TO 2 EAY S Hih#L AT
BN, =V A7 20X tithEY LIEROMRLELTVWALEFLBRB, Lich - T, Table 20
TROIAREREFEAEL VEEL R LHAEI SCEALLEOHHL LD LTV 2T TS 2,
ERCEAAETI =2 v 7L 4 M Tt &8 L THttsh a0 6 (FUll 1967), 3 ¥ vav
OFEL T WEIKICEEL, MMEERIC : 1 o2 v 72 RE LTV A BHIHREYEAE L - EHiET
HHERETHC LIX, SREERELpTRRRI-CETIIRVEELZDBLD, MAELXIERTIEHAFL,
BARIEEEERRETAIEGLE LW ETE L, 24 va vy 7 OHH20.6g/m? HiiihiEnrboER
Bkt d (Table 21), L7zhv- T, 1967 4 11 A2 6 19684 11 A @ 14Efic Table 201 ;JRL7= L 57k
FEOY={EERT, v A v2 v T OFEMENEND 391.8g/m? %, Eio, HhEEND 20.6 g/m? BN
THLDOLHEEEN S,

FREHOMICEEL TWE v/ vavy OBFEEIHHsRMEEC L h, Table22 0 X 5ic #FE X

Table 19. Population sizes (individuals/m?) of S. intermedius
inhabiting in the whole area of Nishinose

Month ‘ Age-group
| S S i 1\
Nov. | = 1.99 2.13 3.55 2,13
Jan. - 1.85 3.84 5.54 1.70
May 2.41 2.7 1.99 2,27 0.43
July ‘ 1.56 1.70 1.42 0.99 0.85
Sept. | 1.70 1.85 1.14 0.57 0.57
Nov. 2.13 2.56 1.85 1.42 0. 43

Table 20. Estimated amount of Laminaria angustata grazed by the sea urchin population.

1-year age group 2-year age group J-year age group

= — o ~ @ B —~

B 5 % B 5| E E 3| &

3 - z = ~ - g = ~ 4 Yy = =
Duration ~E é & 'E @ uf é & 'E i :;'9 “ é s "c; B

i o i s

g d =y s 9 5 g d o < O - & ©

ZO| 62 |SE|Z0|62|8E8|28|8 3|8 8
Nov.—Jan. 0.89 6.271 5.581 1.75 11.189 19.581 6.04) 14.862| 89.768
Jan.—May 0.88 12.377| 10.875 1.88| 24,156 45.414 3.77| 3B8.799| 146.273
May—July 1.04) 6.870] 7.145 1.19f 10.992( 13.081 1.75) 17.672 30.926
July—Sept. 1.25 5.816] 7.270 1.01] 8.576] 8.662 1.25) 7.163] 8.954
Sept.—Nov. 1.21]  6.311 7.637 0.98 6.552 6.421 1.11] 4.348) 4.826

Total ‘I ‘ 38, ;188} ‘ 93. 159' 280. 747
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hTw% (Full & KAWAMURA 1970b) . &SIk oFERO%E L ZOWMb o 1 BEoFEERE O
Wiz, FoMiMcisr s Hi g ke X sMhEolirid. ¥, EMAFNMOMEE 1 EE
OFGER O L T OWR OFEEER L OMIL, TOMMFTOBEORER KK L 5HELR
Frolichd, COXHRERLE I VA v 2 v 7 0L EMEOHEN Table 23 0fRETHB, ¥4

Table 21. Predation loss of the frond of L. angustata
drifting in the beach. (Dry weight(gr)/m2)

30 ~ =
> s £ g
= o & 2
Duration > & a3 i oA
o e~ -
£ = B 5 £
E ¥ § < ¥ <
5 8 - B = ’t-l)
Nov.—Jan. 0.64 10,774 6. 863
Jan.—May 0.51 25. 104 12.853
May—]July 0 11.845 0
July—Sept. 0.02 7.185 0.115
Sept.—Nov. 0.13 5.737 0.740
Total 20.571
Table 22. Variation of the biomass of the Laminaria populations during one year cycle.
Established in 1965 Established in 1966 | Established in 1967
F e
® ) %
£ |5 | % |E |5 | % |£ || %
Month A H ~ = _— - [ - -
5 |82 8 |z |E21 8 |5 |52 5
“a | w8 wal|l v d e | o E
J% 82| § (f%|¢ E] § 2u B2 i
E = | 2 B = | 3 g - | 8
S 2|1 ¥ = 3 2 (5> & 2 2 2| B & 2
Z S|« 2| A& Z< | < a| @ Z S|« | A
1967, Nov. 0.69 3.85 265 1457 2.04 29.62
1968, Jan. 0.11  4.83 0.53 9.08) 5.48 49.76
May 7.88| 29.47| 232.22 10L.71] 0.07 7.12
July 5.35 47.40 253,59 85.39  0.55 46.96
Sept. 1.47) 11.64 17.11 14.14  1.04 14.70
Nov. | 0.40  7.76  3.10 mjﬂ 5.91 75.23
Table 23. Production structure for the Laminaria population.
All data were indicated by dry matter (gr/m?).
Duration Growth I Shedding | Depopulation Recruit
Nov.—]an. 40.699 - 22.972
Jan.—May 203.435 — 20.970 7.120
May—July 163.511 — 101.990
July—Sept. 24.385 — 121.942 — 171.181
Sept.—Nov. 65.428 —  3.628 —~ 15.279
Total 497.458 —125.5670 = 332,392 7.120
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Yav7 O FHEERIL 497.5g/m? THBA, 391.8g/m¥E NELRHLEAZIRTH20T, B0/
REXCOWMFEOMEL B, Ticbb, 889.3g/m2 AIEHOMER LHETEL 5 2. LTV iv vy
=EERR 1 EME, (Y4 a2 v ORBEROM 1/2 2 fMs LTERL T3 20k b,

5 % =®

IERA Y = o ESAEBEBTNC L > T8RS o ik, Echinus esculentus (MOORE 1935, 1937), Str-
ongylocentrotus droebachiensis (SWAN 1958, 1961), S. purpuratus (EBERT 1967, 1968) 7¢ &€ &1
BHTV 5, SWAN(1961) i3 UE O i L 0 fiiES 2o 0B &EOX YU FDBE L
RERICELDE LTS, BEOERIEC R AEM T T, M—HRHNT LIS X -l
LB bh s (Table 7), Funl (1967) R Eikyr=v 7 vy =icAbh 2 REBS0ERY £
HT2AHNLBRTHY, MoOBERAHOMERINS & OKRERS0BFC B BEThIENL L 0
THEIEVIRAELTWB: 20X Aicdlinh, KERSRXAMENL PRt b TERERDL
FHCHMCRNENS L2 5ETHAL I M b, RERSOBRIICY . Tk, MENRBLLTLELLS L
iz, TOMEATHDEEORMECLEMIFIZ LML TR Z LARETHS 5, BEEOREE
Sofnc, ML 5h 2 OEKIE L LToRSERNS A ShienT, FHhERLis
tFE2bh %, FUIL(1960 b, 1963, 1967) (X LHEETITCAEBT A=V A7 vy =220 T, IRl
29 THD L LTV 5, M, i BAORMKOKYE Im Bk & v 5 k5 e ik & C Aicdkgt 5
EERETIZ, ZhE@EZFLVERAH TV A2, K Im DIEEOBEA A BT 2 Hkc2u0 i, W34
MEINERTH S 23 Fig 1BORTEZATH B, = V7 vy =ogEliliz Fus (1960 ¢, 1963
1967), JIIKE (1967) #MERIT5 & 512, BKifixhiic 2w L 3mAicbiz - TV 5285, AEEKEN RS
wliehin T, EFsRLS L (Fig 19), FiEshEomBE A3 kv L4EIRZS i abhao &
TeEnh, ROCKRCERST 2@ AEMMMoiz, 24 BoABcAERT Al 2O
W, BT abnrELONG, 20X 5 ERERT=Y 7 vy =0t LTO4EFEDO LR RT—
WThHh, v=(FFOFEERAL L TLEMSRELETHL D,

v =HARECENC X VBT A 2 LiwounwTid, Echinus esculentus(ELMHIRST 1922, STOTT 1931),
27 vy = (4 1938), Tripneustes esculentus (MOORE et al 1963 b) 7z &b Tk b, w =
EIERTHE 2 D0~ TH A 5. LarL, thsofETcinEmRmot 2%tk kmT 5 o
LR ERTLWOT, EERFTOLEL v = D&KL OFRUH ERH AT 2HATHE, TEbbh
T g =Y 37 v g = DR OEEY Fuit (1967) o 58# By, AiFRMOR 5 Lioht - T
LTA% &, Fig 31 O X S IR L 5 5, MBS 2 0 I Es B RIEE R F o0k A-c X%
HEIEOBE LT\ b Ar-e BIKITHEABEETHZ L2, v =0EhEHOBRCHTHLT 74 8AD
Wi 2fenih, BRIK LR UAREHE2 2 0 LTW 2 LBbha0T, FRHCEC L BHEEORITL
WIEEOAEFREO b & Tk, BAIKOLN OREEOLIERT L LTREEL TS EEL bR A, ikl
D 1 it B RICHR S AR A T T B BAIHICA - % @D 5 L TERKO 2 BRI RE

Axe geowy [BE s
Month . Mar. May Sept. . Mar. May Sept.
= Adult period

Life cyele L“."Zl Young period
perio GS-t lGS-g‘.\ISLSS[ Gs+ [Gs | usss
git:tt:i l;fuonE.Ga“‘g”"E i o) Scntle;'mg ‘?E;at‘i‘;lg’ Migrating i‘[igrating‘
Ai=C Ai—C— A (A2) C C C € C C
Habitat [ ; ,
B B— B B ‘B cC C \B) (B) C C

Fig. 31. The life cycle of S. intermedius, showing
the successive developmental stages.
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ZBRELL CREXA~ABTL, BREHC—MEHU BRXCHATS. —F, 3FUEoREFILAEE C
BIR 2 =40 L LT, AR TR, AR IR 2 con TR OB ik 235 <
edtE2HhTVS (I - #%1965b) OT, HHMICET 2HFT~OBENL L b ZE L B~ 0BT
EHMLTWA LD LBbhd, EDX S, =V 7 vy =04iFEfil, v=0RFaRIcL k>3
L, WO RR, Bt L ofEoRASOo LG L TABLTV5L5THS, LirL, Z0OL
5 EIRRIROERDS, FOLBLRMITL > THREATVE0N, $0LIAULARLLEV. Y=
ABOLFYENT S5 2T, SEBRENCRAT~ERETSS5.

A7y =TIRERES oL 8mm { LW ETERMAHERCT F 74 2 A2F L LTEATEY, Th
Lok 2oMETiz, BESELEATSI ks (b - #11965) Z LAHbh T3, RHAR
THEATEETA oL, =/ A7vv=itonTHAETH Y, HitmificEg T2y =FicdgL -
fREORTHA 5, ¥, BEACBITLEES, v=0lbENED LM 5 EEhOmR ERST
OBEHERBC Y s TBTBZ 2L, =259+ 9= (JIIFF1964b, 1967), ~F4Fw=, A7V
v = (bt - #1965, 3 Liza1969), Strongylocentrotus purpuratus (EBERT 1968) T3 Lk {HIb
hTuwa, LaL, 7= LHHLoELYGFHTA2 LT, KO220kKELMESA»EIhTVWS L
5iIcEXbhd, —2k, HABETCHEREESLT M4 2ANRED L 5 RS HFLLTV-200, *
LTEABTHEFY ChASEMEELT, EOLBLERLTVHOMEWLIHTHS, EIFFOKRELH
X, WENOEM OVTRERBROTEIC L2267k d e, HFROMEOEBELENTS Z LTk
ERSh-HERETHA S, W E—20OMEMAT, v =FENOEA X EEY L L ColSoEmE
BEOMETHSH, MOORE et al (1963 a) it Lytechinus variagatus O KFIEERE = D REETFORA
BT O EMIEARIL, BT H B Thalassia testudinum OFEMEERE BIESVHF-TWBELTH
%o —7j, LEIGHTON et al (1966), JONES & KAIN (1967) 25480 v =i X 2 fr@a it h .,
WEORFEROWNT Y =FHIC X5 L LTV 5, HFIRETHLMEUL, v 4 2 v 7 OFEMEER (Mt
B o1/28=V 7 vy =itHRERBC L RHEESEA, LasL, = OfHiX 1967 45 1968 41T
fed I EERORSRICT Eis e WREIOEMEERIT - BL TED, ¥, Zhiifds v =k
PELEOH - Bic kW TIEEE)T 5. PG CRIER AEE L v = WAREO S o h X b B
ThHIZL, REACbl2iRE L v =BENOEY EEROER IR L 5 5 120 OB R oM AT R
BThhHH L, HEERCHEARORL SR OIS -0 BL D5,

V /7R BOLEH

HAHOEBIFMMEEHFOH - BiEEOTLORHTHY, ChILMBEAK oL EEORE L BREOE
fblzhicmabh 28825 BERofAGbE L LTHEN SRS, MEEROEDNEE L, BHEHEO
RiasMilAYThZho 8 TuaAFHERTHtbh TV 52 EMVEEOBNTH 556, BickE
HHERANOBIER & MECEMOBELIEE T LIC L), RETHOoEEXHMT AL TESET
BHH, ARTIE, FEECET2EEROTH UL CT S Lk, - oRETHY &L CEHER
i‘&?f L J‘-‘o

1 REHOR - BE(t

i, S, EFAOFBBIC ST 2EEOFEY Table 24 108 L URL 7z, BEWRI FRSTR
t-TkY, b EIERY B 5,

WD OFIALK LA L 7- Table 25225, ZUHT i 2h 2EKIT, MM, IRETR2KBETH
B8, EATRIMNTHS. T, REENCHHLIFEAOMARD T3 4R TH52, HRED
BERD TIZ2~4 ), HOTIR45BHTHS EAERERS,

BRS04 ) OO, Bl LR L OBIRYMAH N TR O—oTHS (Il 1949,
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Table 24. Fishing activity of the sea urchin in Funadomari, Ikantai and Rausu.
Permited Permited i s Permited | Limited
Locality fishing fishing Fls&:nf minimum | maximum ﬁ:ﬁ? of closeg
season time e size catch ng groun
Funadomari | July 1-Aug. 20| am. 6—10 boat 40 mm free 89, 000m?
Ikantai Nov.l-Aug. 31 free boat or hand 40 mm free -
Rausu Mar.1-June 30| a.m. 6—p.m.5 boat 55 mm 190 ton 169, 000m?
Table 25. Age ccmposition (%) of landed sea
urchins in the different localities.
Locality Number Age
2 3 4 5 6
Funadomari 243 4.2 42.8 44.5 8.0
(1962)
Tkantai 500 25.9 41.4 26.2 6.5
(1967) L
Rausu 384 0 9.7 50.0 26.5 13.8
(1967)
=1
=
: Funadomari
g o]
¥
o
= 5 .-——'——'\_/.‘.
g
g,
g
% e June July Aug. Yot
k)
H
2

S Mar. Apr, May June July
L e et
e \.\ Rausu
0 W
" Mar. Apr, ’ May June
Month

Fig. 32.

Variation of the catches per unit effort
during the fishing season.

AR - HBRL195T)s M, FHREE L OB OZHENC BT 5 G o Mg A EE0 1 A1 A
b @i B EER) L ThobLc0s Fig 32 ThH 5. AT, fliombhiciiEy BirfE
BERL TS, LIRSl T 5, 85Tl LMl U T 20 kg i #HFL Cv-52% @EHT
TGS B, WA T T, BEERNCERL TV S,

2 RRBOLE®

LEROLAMEooIE, FFE« ORREL2bhcT 50805 5,
TEHRUEOEDEFRBOMEIBFEE TV L 2h0HENSTFHLRTVLE (A - FIE 1957). L v

Bh s De Lury o mRE, BA7EESS 724 b ol C (1) & RERER K (1) o,

QP T L
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Fiax N (o), K#EHETHE KoL sh—kRAr M5 LxFRALTV5,
C(t)=K{N(@)—-K(@)}

IO PR L AL, BB X AR LA ERN SR BB AP, MBSV,
B ADAfE £ Hew DT, ZOXTENTEL V. T, MR ETHEMPESAA~BEIL
Tk, BRI TwA S &, Hth oA THEMBRZERT L EAEROLDHD
DERME LD, BEHCZL L, L bEORBSERE A oML 5 dREDTHL T2, 4B
EELTONDHHEFREEE L CBERYRINT 2L TE S, :waﬁpﬁﬁhgﬁﬁﬁﬁ§%ﬁm
ﬁﬁﬁ&%&fi%k@,niﬁﬁﬁﬁﬁksw)&L%Gﬁﬂ%MOﬂ&?hu;ﬁﬁim‘Esml
M (n) CREhs. i, @i oRGHEFOTEEEMPRY r, olilboBRaERExC LL,
ﬁﬁomwﬁ&ﬁmxoroaﬁcqﬁa¢hw,ﬁﬁﬁm%&ur*bﬁao

BLECRLEFEO WA ERT AL, ~F £ — 2 —FEROIEEN KBTI T L ORERRET
HY, LhEYTHEMCHD - TWD, BAMBCRECRLAL L S, Rk MR TLIT
HMIEL TV 5 E#E 2 b AD T, De Lury #i% (Fig. 33), H-9¢E € i) i B2 Lok <, 18 o
DECESEEC HUE L 5 B L\ 5 Fldiat BB 7o strip-fishing #% @i L7z (Table 26, 27, %5 X 0¥ Table
28), —F, SiAfEBc oL TIRIER S Y b, BRES)Y ) ofiERko Bk ROk £V
G LT3 iV 20T De Lury B l+5 - L3FEYSTH D, Fi:, strip-fishing g0
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= T
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= -
=0
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0 -
0 100 200 300 400

Cumulative yield (ton)
Fig. 33. Relaticn between the catches per unit effort
and the cumulative yields in Rausu

Table 26. Age composition (%) of the sea
urchins in Nishise of Ikantai.

Age 1967 1968

groups Mar. May July Nov. Jan, May July
0o | 12,2 18.1 25.8  23.9
1 | 47.2 B5.7 29.2 20:3 14.3 24.3 26.1
11 ( 45.2 25,2 271.8 21.7 29.6 21.2 21.8
111 | 7.6 6.9 24.9 58.0 56.1 28.7 28.2
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BHTTRYE S A ) SHEEL VR D, HEXFL (EL{ b tix¥ndihitv, £2C, 0
BT, ORGSR Dk L RER O B8P\ 0T, FEOEEMLRIC 1964 B iLEHL T,
FEPAR LR S RERLHEET S k% #@A L7 (Table 29), HEE¥H A% —#5L T Table 30
Rl

FINT 3517 MRS 1963 4ED 1,040 + v 45, 19641242 1,150 F I/ D§9100 + v i TV 0
I LT, HRAEAOHIEE TIZ 19680 17.2 F ¥ 25 1969FED 15 + v~ L®P LT3, BARED

Table 27. Density (n/m?) of the sea urchins each
bottom type in Nishise of Ikantai.

Type of bottom and area
Year | Month A B £ D
| 10, 500m? 25, 900m* 11, 100m? 22, 900m*
Mar. 10.40 36.90 30.33 2.8
1967 May 10.33 39.52 14.40 1.00
July 7.33 15.84 24.70 0.00
Nov. 3.33 16.90 19.33 0.10
Jan. 3.75 27.14 14.60 0.09
1968 | May 1.20 14.50 14. 60 0.50
July 4.43 9.33 14.40 0.69

Table 28. Variation of population size of the
sea urchin in Ikantai. (%104 individuals)

Age 1967 | 1968
groups Mar. May July Nov. Jan. May  July
0 16 13 17 11
1 69 73 21 14 13 16 12
II 66 33 20 15 27 14 10
111 11 9 18 40 51 9 13
Total 146 131 72 69 91 56 46

Table 29. Estimated stock size of the sea urchins in Funadomari in 1964.

i Density (n/m2?) of |Density (n/m?) of
Individuals calchabllg stoc calchahlé stocl): ?‘:;:)reased L Catch Stock size

or weight pefore fishing fafter fishing

Individuals 8.0 | 2.9 64 1840 > 104 2870 % 107

h

Weight 372g 89g 76 864 ton 1155 ton

Table 30. Estimated stock sizes of the sea
urchins in different localities.

Locality 1963 1964 1965 1966 1967 1968 1969

Funadomari 1,043 1,155 - - - = =
Tkantai - - - - 18.6 17.2 15.0
Rausu 170 310 230 220 365 375 39
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PrERE 1963 4E 45 1969 FEICFE S 64ERIS, 170 46 400 + v iobhi- 2 TE*RL TW54%, HHf
RAtmofiEERL Tv5,

3 RETHHORIT

EIAMEE D BT 2 MK 3517 5 BRI © BHECTESEE © Bed 5 Rt L-#Es Table 31 TH
B, L, OMBRZoLTIE, EABTOHOBFIBRE I mm UTTA518, TOERREORHEIL
BEDLC 5, BOTRLELSHAEVOT, BENERCHEV-556 250 s coBES L Y
Biz,

OMIED HAAMEEIL 6 AN 9 A CofifdTciiiriEss? » Afibh s, chio®HL T, 1iHE4R
FCOEKBOMEERL L, EBHLS2EECT FixL LirL, 6L LOFERBE TR EAMEL
Bl h, LLEOEENS, ROZEAERE LTV 5, EEBTERO 0 BEFOABARITIZS HEE
BE {50, 1RSSR EITR ARG IAMEEROMIRIEA RV L2L, Thl
EOERBBOABRTECRSEC S S, TTERLELSE, REBickT s EERENSET 22V L
SHHTH D, L1diaT, =V S7 vy =HFCmMLbh2MiED > b, Pl L LARECHKE L
FEELHDTVBEREZLLELIVTHS S,

FEROFTETEAE L L COEMIEME & ES~OBIMARC L > T dh b, 1iFLBLGSNEOA
BB LA L EHL 5 50T, REECHENSBE~MAT SHEMEL, % OEOF NG SITERDE
X0 1HTOFERIEORT MR LEL T LWES 5, K IC 05 FEl %7 L1z Table 32 7
B, MO 1B X0 2N ¥, HESO 1R TR Fh AR 30% LLE % 5 TW501I2H L
T, §EAD 1L 3 RBHL 20% DIT KBRS & K & 5 T Bo  HUIB I R & RAEREIC Hulixt 0%
ELTIMATHIEINEE DL G, i G 5B OEI G % Table 32 22651545 & Table 33&
1B o MTATIL 85%, HHEH T2 35%, HEFITIZ30 7L 40% 25 TH 5, METRHEMBE b TA S
o EnEH Eh b,

Table 31. Variation of the dinsity (n/m?) in each age group of the sea urchins in
the closed fishing ground in Oshoro Bay and Rausu during a year,

; Examined Age
Dat
Locality ate area (% 1m?) 0 i 5 3 i 5 3 7
| 1967, Sept. 2 3.50 1.78 1.27 1.26 0.45 0.31 0.07
Oshoro 1968, Sept. 25 1.66 1.76 1.31 1.18 0.41 0.22
Rausu 1968, July 29 22,6 165 7.3 3.4 2.4 3.0 0.9
1969, July 29 17.3 21.5 15.1 6.9 4.1 2.4 1.6

Table 32. Age composition (%) of the sea urchin in the different localities.

. a
Locality Date E:ec?rlr:::.is 5 - Ag; 5 <
1963, June 5106 9.5 36.7 25.2 28.6
Funadomari 1964, June 6336 3.2 34.2 38.0 24.6
1964, Aug. 3937 4.5 45.4 421 8.0
i 1967, July 1829 18.1 29.2 27.8 24.4
Tkantai
1968, Aug. 2209 | 23.0 26.1 21.7 28.3
1967, Aug. 1989 16.7 10.0 32.7 41.6
Rausu 1968, July 2252 18.9 19.3 16.0 45.8
1969, July 4229 10.3 18.6 24.4 46.7
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BENC L 55 0B IS~ o AL, SBTER@AO X o gy iy Haed, MEs LT
D EF B LB A2, HREO oMM AR Im RO IESh TR b, Lk, BlisE
DTEDRBLBIFTHLEYH D,

FELFOMMBIIMEVIC LY, BELHTTH Y, TOMERT EHKERGBER) & LT Table 34
DXdCEEINT Do 2O L) AeflEHOREMAR (Fig. 34) (X 2L LOFEMBLREL T2 L
ARLTWA, ZOREHOBRHE S BHMP#EF I TV A LT 0401, v=0DREBELEHEHERED
BAMR (Table 35) 20&, WilEdy 1 EAY D o4 EER YRS, e WHERTHLISHTZ LAuRET
BB strip-fishing g B HEE L 2ol G5 (Table 28) & @ Ro XL, MO b 0BEHREY
Tt kit he FORREAER L0 Table 36 TH H, BKIfAHLWICE HOBCBA L, B
DM HEBHRKLTE), BHEIBARLII LS - TV 5, 2O LWL, HiETIHR~7z2
WRELA EO RO G & &7 5 BIGEIEOABCHIEL T2 EFE 2 b %,

goc T X AMEEY BN Lise AR 1964 Eo RN O #3511 5 fiE RO FERN O EE L
{bas, fEEoBREOM EY HETH L, Table 37 © I 5 inksEriBoh, HAPEL 50% LA Hicik
L. i 5 I LT 94% LitESh 5, okt a2 Ao Tchaond, BHAR
BEETALERRVTHEA S, LichiaT, oMK EET2 L0125,

Tablz 33. Rate (%) of natural recruitments to a catchable stock
of the sea urchins in the different localities.

Locality I Year | Individual Weight
Funadomari | 1964 | 85 66.5
—_— ] 1967 36 16.5

s | 1968 34 11.6

1967 15 36.3
Rausu 1968 26 13.6
1969 34 18.3

Table 34. Variation of catch (gonad weight)
in lkantai at each half of month.

Duration l Catch (kg)

i 1967 | 1968

The first half of Feb. 9.6 7.2
The second half of Feb. 20.7 11.2
The first half of Mar. 61.3 9.6
The second half of Mar. 56.7 72.8
The first half of Apr. 126.3 89.6
The second half of Apr. 184.2 125.4
The first half of May 122.2 81.9
The second half of May 116.1 51.2
The first half of June 61.8 98.0
The second half of June 92,7 108.3
The first half of July 40.3 140.7
The second half of July 44,7 28.0
The first half of Aug. 14. 4 31.5
The second half of Aug. 19.8 16.5
Total 971.8 871.9
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Fig. 34. Test diameter distribution of landed
sea urchin in Ikantai.

Table 35. Regression formula showing relationship between the test diameter (mm)

and the gonad weight (gr) of the sea urchins collected from Ikantai.

43

Month ‘ Regression formula between TD (mm) and GW (gr)
Jan. | log WG=5.311 log D—8.079
Mar, log WG=4.595 log D—6.762
May log WG=3.690 log D--5. 269
July log WG=3.653 log D—5.302
Sept. log WG=4.566 log D—7.899
Nov. log WG=4.275 log D—6.314
Table 36. Estimated total catches and removed population of the sea urchins in ITkantai.
Dt Variation of population Estimated total catches Removed population
— (% 10¢ individuals) (x 104 individuals) (x10* individuals)
May—July — 4 | 4.5 0.5
July—Nov. — 4 0.8 —= 3.2
Nov.—]Jan. + 23 0.1 + 23.1
Jan.—May — 55 16.3 — 38.7
Table 37. Variation of density (n/m?) of catchable stock in
Funadomari before and after fishing season.
Age Density before fishing Density after fishing Decreased rate (%)
111 20.2 10.1 50
v 5.4 0.9 83
Vv 6.2 0.4 94
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B ORI 50% Lich, SERERESVCEETRIEIh TV AT Lol % (Table 40),

ST, EBHEECHT 5L LofSREeE AR, BROEY Yhdha E,

P(n+1)=(P(n) —F(n)) % (1+G(n)) +M(n) +R(n) x W
EVWHBTHLHLY B, 22 TPn+1) ik nt VEOHWIFTIOFEER (FR), P(n) it n 4 o BT O&F
FiE (), Fin) 3 nEorfitB R, M) it n FoBBRE (BAX+, B —L13) (HR),
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FRBTOEMOFER A HI L0t Table 41 Th %, HEEL 7z JOEEORGTTIEE T, REEDY
WMEWR L FE—F L fix L > TVH 2 L, ZBERE LCofliE BHAR HFnEoREE #Y

Table 38. Fishing rate (%) of the sea urchins in Nishise of Ikantai.

1967 1968
Stock before E Stock before
Age | fiching Catch = fishing Carioh -
groups | ;5o % 104 Fishing rate | /'~ 104 x 104 Fishing rate
(individua]s) (individguails)i (individuals) (individua]s) | -
11 27 6.9 25.7 17.5 7.5 42.2
111 37 19.6 52.8 37.5 17:7 48.2
Table 39. Annual variation of fishing rate (%) of the
sea urchins in Rausu.
Stock before Catch S
Year fishing (ton) (ton) Fishing rate
1963 170 70 41
1964 310 150 48
1965 230 180 78
1966 220 170 77
1967 365 220 60
1968 375 195 52
1969 395 190 48
Table 40. Fishing rate (%) of the different age groups
of the sea urchins in Rausu in 1967.
Age Stock before fishing Catch 7 s o
jfoups (2 10¥ individuals) (x10* individuals) Fishing rate
111 147.3 ' 19.3 ' 13.1
v 224.3 124.0 556.2
v 94.4 68.2 72.3
VI 70.3 35.5 50.6
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THEZERRLTWA LB A, TH@ATIEY = OBIIC L 5 ASEMAEROMAMC T - T3
z Ly, Table 41 726 3 dibh 5,

Table 41. Variation of stock sizes of S. intermedius in the different localities.
T : . h Estimated
Estimated . 1.:.. |Recriut- |[Rate of .
: -=""|Catch |Fishin : Removed | Removed | stock size
lit Yi k & -
Locality AL stoc{:m:;ze (ton) rate(%§ mf::)tn) ;?('n(';,“_;-!;]e stock (ton)| rate (%) ;feal:e(xtton)
l1963| o3| 73| 76 | 740 | 683 | o 0 1,083
Funadomari
1964 1,155 864 76 787 66.4 0 0 1,186
3 1967 18.6 8.5 45.6 3.8 22.6 = 1.8 —7.2 16.8
Tkantai
1968 17.2 7.9 45.9 2.1 18.9 —= 4,0 —=26.3 11.1
1967 365 220 60 101 28.9 * 70 38.7 349
Rausu 1968 375 195 52 46 13.5 * 74 21.7 341
1969 395 190 48 79 18.3 * 101 23.4 432
7 * Transplant
Table 42. Parameters used for calculating of the equilibrium catches per recriutment
of the population of S. intermedius in different localities.

Locality W (o) M th tp k to
Funadomari 127 0.1 7 2 0.312 0.595
Tkantai 147 0.1 7 2 0. 281 0,340
Rausu 257 0.1 74 2 0. 236 0.017

Funadomari Fishing index
40 15
1.0
20
0.5
0.3
0
Tkantai
1.5
404
1.0
Yw
0.3
0
80 Rausu
60 1.5
1.0
40
0.5
20 0.3
0

2 3 4 5 & 7
Age at first capture

Fig. 35. Relation between the age at first capture and yield
per recriutment under different fishing indices.
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An Annual Change of the Liberation Number of the Conchospores
and Growth of the Conchocelis of Porphyra yezoensis UEDA
in the Shell of Patinopecten yessoensis (JAY)

Masahiro KAKIUCHI and Yasuaki TSUJI**

(Hokkaido Abashiri Fisheries Experimental Station)
#*(Fokkaido Central Fisheries Experimental Station)

The authors carried out investigations on the liberation of conchospores from the Conchocelis
of Porphyra yezoensis UEDA in the same season for five years and observed on the vertical
growth of the Conchocelis of the same species in the shell of Patinopecten vessoensis (JAY).

The results obtained are summarized as follows :

1. The liberation of conchospores continued every season for five years. After four years,
however, the liberation number decreased gradually and its periodicity became irregular.

2. Under suitable cultural conditions, the liberation number was abundant every season for
the first three years. And this Conchocelis in the shell of Patinopecten yessoensis (JAY) can be
used to artificial seeding for laver cultivation.

3. Unusual change of environmental factors, water temperature and light intensity, in the
culture period of Conchocelis causes bad influence to the liberation of conchospores from rather
the old Conchocelis than the young one.

4. Conchocelis in the shell of Patinopecten vessoensis (JAY) grow vertically through the shell
matrix, reaching the reverse side of the shell for about one year. After that, it grow densely in
the both sides of the shell gradually.

5. Conchocelis cultured from carpospore on the shell of Patinopecten vessoensis (JAY) grew
densely annually. Ten carpospores per 1 em? on the shell seemed to reach upper limit of practi-

cal uses in the fourth year.
F L & I[C

Porphyra umbilicalis (L.) KiUtz. o358 oz ki1 Conchocelis-phase @ # % = L #' DREW
(1949) Iz X > T HAShTEg, 7=V BORRECOVT 2L ORI IND L 5l Tc, b
Eizds\~Th R (1958a) It CT7+ 24 U Porphyra tenera KIELLM. #O{0fiCF O ffED
R S, (LK (1954) ARINMEOARRIC OWT, FUE - Ul - gkl (1954) 2SRRTORHhc SV T L
Thhe EOH, K- PIF (1956 a, 1956b) %, #EICH\ T RTHIHO EBE Ty, Ebic, Hk

S A8
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HOER KRS LUXEMEOBFECOVTHRE LTV, B (1961) B7av 1 #f0T, B2k
DM BT 5 R RGO EEYHELTV-5, LAL, ZhbhibfEomzEr, BERTHT2FR- 120,
fl1EMotoThh, BAFHTE SFcbi28Eib ) AbhT, #&55 (1970, 1971, 1972)
M, Fy=wras Y, AYE sV Porphyra yezoensis UEDA T, HEECHI-2EATORELYEHEL -
LORBERTTHE, 40, thbORBEMHEL, R27 51 HRLRHEE LAY 2 ) ORfT
i 1EES B 648 & To Hpt b 10 2 ik ko4 12 Ll Folkitic >y TORERELEBFEL,
= EOMREBLOTI g T s,

AFICABICELD, k&7 74 A0 ERIC H72 b 2 BSHEEFofiute, diisEE KR 5T
BMRONEEEE M/GEEREE, AU CREREEEMET UFsTekgtoE e ET 5,

# #

AEBRCH TR, e oW TR TR -0 T, ThEHEL, SKREOHEES 1ecm?Y h iy
10 e b X 5 BRTHT 2Ty, Rikfld L7, i, —HoRRE, RkEO A-Tw3
BAbwihE ChxfloRAbIcE 2o Tk, 4751 A2boFEy EHE L THC
A, FOkE XL, BE14.2~9.1emThH D, FEBHEORBEIER @D THH, Tibd, Nol 0k
R, 19665 %, BEAEMWH 6, ARAELIER, FEKCh I VKL, &= < CRMEAT
1 T BEE 2 BT 2 87, No.2 oMk, No.1 ofikika s 1967 fFICER L, v = ~#THRML
e b ORI L L1, No.3 ofk#iL, No. 2 o&RMEHD 1968 FCHH Licboik AL Lz, No.4
DAL, 19694E1C No. 1 OfhfE%x #x, HADL RicF o0 T fd 28, No.b oMk,
No. 3 Ok B 1970 FCFEH L, e ~#THEMAL - b0 %L Lz, No.6 ofR{EX, No.bo
FRED BIOTIEITEE L, e ~MTRBEL- SO BELS L,

Pl &

. RRGOER

Fpthiz, e = 5HOHE 180 cm x #180cm x X 120em © = v # Y — F BUKECIE FISEL, #50 A
Tl PR K, ETAR RIE (REBet U vEE2S RV YA 12K Te) ¥ fileote R
MENE7A1B XD, BEA#ETT59 A ka0 CHIHIORRIZ L T - 7.

Table 1. Period of the observation

Material ‘ No. 1 Na. 2 No. 3 No. 4 No. 5 No. 6
T Dec. 13, Dec. 4, Dec. 23, June 7, Dec. 12, Dec. 18,
Beginning of the culture 1966 1967 1968 1969 1970 1971
Density of Conchocelis
] o8| 10 10 10 6
Aug. 1~
1967 Nov. 1

1968 Aug. 1~  |Aug. I~

Period of the obser- Oct. 4 _Oct. 4

Aug. 1~ Aug. 1~ |Aug. 1~ [|Aug. 1~

Uk, concho- | 1969 [ " 0ct. 31 Oct. 31 Oct. 31 Oct. 31
Spers S1DELE ok Aug. 2~ |Aug. 2~ |Aug. 2~ |Aug. 2~
1970 Oct. 6 Oct. 6 Oct. 6 Oct. 6

Aug. 19~ |Aug. 19~ |Aug. 19~ |Aug. 19~ |Aug. 19~

1971 Sept. 21 Sept. 21 Sept. 21 Sept. 21 Sept. 21
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AFEEOWMNE Table 1 WAL AL i, {§ESH L v@iaTo b & Bbh 2893 22A8TH -
fopt, 19715E1% 9 H21E Tk Lz, RIATRHomER, RREoouwis 2744 Apib% EE3cm
ORI E b, 1EF-o7 5 AHE (52 10cm, @HiE3.1cm) ofico5 L, Bk T2 LT, 0
bt TEtoy s AR (BEff3om, Hific 1lmm ZLCiEEb-7-b0) RE Y, K% e LTE
BARCET L Tfileatce ZOF 7 AMREZERIGNHC & DHHL, & 7 AN EICHT L 2o ha T+ B
BTEER10x151C LT, 1045258, 1em? Bl b OFTFECHBE L -,

3. RREOmME

F AT H A BN IC RT3 2 7 - fo Akl No. 1~ 6 # 19736  THEgR &8, = 0 BA S Ol
BZEOLSHIBE2 AL HIc 7 v 2 —ATHETEL, Zha@liEakd CEMIEW> 44 2 b 100
B) CTHE X 220~450 g, 39330 p wCHIHG, UIWRE A A TOHEL, SRR BEMEETHE L.

& #

1. R ORSE

BRI oA & B, 120N 22 b ok HE T Fig 1icR L7z, S TH 50, BET
—HEESTRERA T 200, B EF =<2 v 2 ) O, KIICEZAS €2 ) O, EH
DN =TV EPHLIRDTHD, 0FED S5 H, 6 BiCidn —7 vilRDOR, BEFFGELL-T0 ¥
o, BEEHIAR o BREH L, 1.01900~1, 02652, AL 1.02400 i TH 0, pH 12 7.8~9. 10 FE Tl
MXB. 2R TH - 1

2. BREFORH

BRI OBE L EF R T, R R T - B ORI, BT R o F R
% Fig.2~61mRL1:,

No.1 (1966 FFRMIFH17) ORRF T LERH S 5EH ¥ To BERMMC 517 23T otk
WhHsd e, LEALSIFHET HNOBNS HEEESh iS50, B 3FEH (1969 4F) 29 AT
B 10 FIehid T < o A B -1 O, 44EH, SEHIC D & it B2 B 84 L -
(Fig.2)o L& L, 3FEH ¥ Tz 2 V) OFic il T,

No.2 (19674ERMFHT) WL 140, 240 £ T o Biss eEls 2h, L%, 2968 (1969
4E) 1k No.l o BCLRBRI L5, 9ATEHMS 10 BErF T B2 %4 -7, 3R
B B4, Nool okt s 45H DO &R CIRETH - %= (Fig. 3),

No. 3 (1968FERMFf7) R 1EHERORTHRIEARSh, F 9 ATHL D 10 Jic s 5ot
ZEALERD L, BEBCRBEOKHA RS TH -7 (Fig.4),

No. 4 {2 1969 4E 6 Bz 1966 E BT 0 B35 X h A Xt 0T, [E8 AL bEKT otk
WA FRE LA FHAERL T 2 2 A oltsiis s hi, KoL fmglzzsh, No. l~301 351
BRETHIEZG -0 s, TORBTOKIRIICE K E &Ik 7. FTOMH, 14EH (19704)
Tix, BEHHOBENS Rbh sy, BRd i, £, 29EF (19714E) Tk, W\ s bicdis
bi RISy (Fig-5)o

No.5 (1970 4FEBMT) (X 1EH oxo @25 T 554, —EASk IHBEEAS D (1,000 FHELL
Jem?) HEORIENIE A D - 7225, No. 1, No. 2, No. 3125t 535 0F3# 1 E /2 b h 2T o
EABROMEHE R L T 5, R EoBEoBM T RO E 25 L, No.1 @40k 54EHO
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Fig. 22 Number of conchospores liberated from the Conchocelis
of Porphyra yezoensis UEDA which had been cultured
from Dec. 13, 1966 (Material No. 1).



60

HABRE - ¥ B

104

1968

10°

102
v

—
o

10

CR=1

1970

10

™

o O

1971

10

10 20 30 10 20 40 10 20 30
Aug. Sept. Oet.
Fig. 3. Number of conchospores liberated from the Conchocelis
of Porphyra yvezoensis UEDA which had been cultured

from Dec. 4, 1967 (Material No. 2).
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Fig. 4 Number of conchospores liberated from the Conchocelis
of Porphyra yezeensis UEDA which had been cultured
from Dec. 23, 1968 (Material No. 3).
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Fig. 5. Number of conchospores liberated from the Conchocelis of Porphyra
yezoensis UEDA which had been cultured from June 7, 1969 (Material
No. 4). These Conchocelis had been transplanted from the Material
No. 1 shell, which crushed and scattered on new shell surface.
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Fig. &, Number of conchospores liberated from the Conchocelis
of Porphyra yezoensis UEDA which had been cultured
from Dec. 12,1970 (Material No. 5).
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PLATE |

Profile of vertical growth of Cenchocelis of Porphyra yezoensis UEDA growing in the shell
of Patinopecten yessoensis (JAY).

1,2 : Cultured for about six years (Material No.1). (1: x20) (2: x48)

3,4 : Cultured for about five years (Material No.2). (3: x20) (4: =%48)

5,6 : Cultured for about four years (Material No.3). (5: x20) (6: x48)

7,8 : Cultured for three years and a half (Material No. 4). These Conchocelis had been transplanted
from the Material No. 1 shell, which crushed and scattered on new shell surface. (7 : x20)
(8: x48)
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PLATE 11

Profile of vertical growth of Conchocelis of Porphyra yezoensis UEDA growing in the shell
of Patinopecten yessoensis (JAY).

9,10 : Cultured for about two years (Material No.5), (9: x20) (10 : x48)
11, 12 : Cultured for about one year (Material No.6). (11: x20) (12: x48)
13 : Conchocelis which somewhat curved in the part of badial rib, cultured for about two years
(Material No.5). %20
14 : Vertical growth in the part of badial rib, cultured for about two years (Material No.5).
x 20
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