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ABSTRACT

In order to evaluate three species of diatoms as the live food sources for rearing larvae
of sea urchin, Strongylocentrotus intermedius, six different feed experiments were conducted
for 35 days. We measured sizes, survival rates on elapsed day after hatching and required
days of each larval stages of sea urchin in the different feeding experiments.

Sizes of the larvae of sea urchin cultured with Isochrysis + Chaetoceros, Isochrysis, Chaetoceros
and Pavlova were 735 pm, 718 um, 701 ym and 642 pm, respectively. The highest daily
growth rates of the larvae of sea urchin showed Isochrysis within 6 armed and Chaeloceros
after 6 armed. Survival rates of the larvae of sea urchin cultured with Chaeloceros, Isochry-
sis+ Chaetoceros, Isochrysis and Pavlova were 37.2%, 35.0%, 324%, and 184 %, respectively.
The required days from fertilization to the 8 armed (Senior) stage in the larvae of sea
urchin, fed Chaetoceros, Isochrysis, Paviova, chaetocerost+ pavlova, paviova~+lisochrysis and Isochr-
ysis +chaetoceros were 24, 27, 33, 28, 30 and 25 days, respectively.
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T 2 19] Rl B3 HReet B - BiE(1986) 2] iRk 2 TR Ao Ho) FFIMA A7)
& B HEVE ASEeY, SYTdde 28T dFelch
oA B A7 SR LEHA EEEES A SEAEN #a3S Holg iy 93k 19923
10% 8Y ¥ 11¥Y 12U7ZA Chaetoceros calcitrans, Paviova lutheri, Isochrysis galbana % 3%&¥H9]
HREE BEESY ol BS 5% BAE F 6/ A%ES 233y 29849 ik 4FF 4
GRS ZABIE T

Ty ROl BESREES] R st A EiRel FA8] BAEI o] oldl thE FREE7}
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& HE) AME3 EETEAA ofu)e 19927 108 FYUE T gy Helg] dutclel M A x g
RoZ BEE 71~82 cm (T 76 cm) &HES 7NAAL)

4R KCl 89 FUd st gAle] 9ol 0.5 N KCl §9-2 FA7)R 1~2 cc TYAA
RIRAIZ L, flgel o8] Astd b3 AGE 24z Eelste B 3 AFFA AeH, A g
o (10 ¢ 98 Eg2"%5)d lEste 2RI ATH

HolE ghEe AETFE 42 24 £ 6712 St RO E RET wKE A 500 me Bl A
2 vlgl/mie] HEE KWAEIRLH, AMSFe Md 2F Al EiME REBEKE £ES Fr3tach

& REgoll A18-§ HolWE-L Chaetoceros calcitrans (Ch.), Pavlova lutheri (Pa.), Isochrysis galbana
(Iso.) & BBRABES 012 242 E3138F Chaetoceros -+ Pavlova, Pavlova+ Isochrysis, Isochrysis+ Chaeto-
ceros & EFT 5 678 AETFE FESAT. Hol MY 10 £ #2H S o] &3 BE FR HEEC=E
A HEE MEE AN, FEe] B BES 1 ol 2 100X10° AE kel Adl 500X 10°
#ilf o]3A HolzA FF3Y or HolR FHHE BT Chaetocerose HEF 5~6%, Paviovast
Isochrysise 7~8%Y = AoiUth HAEME 717tede] HolFF#e uid 433 FF& FH
HEEANM 1044 %/mio] U2 3Foed, REAENAE 1:19 H&E 3t

B&RAe Arle B9 o 2RE o #ile A Zdolz EASHL, gl 4482 30
AAE FRAYE whHsly % g7(Nikon V-124)3koM SAsQon, AFRS AL&E Sea
AAF=E Aot AR7IZE B9 $&L& 145~178C, ¥F2 1.0245~1.0252 H9 Aok 4
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Fig. 1. Growth of the larvae of sea urchin in the different feed experiments.

O Chaetoceros (J Paviova
A Isochrysis @ Chacetoceros + Paviova
B Paviova+ Isochrysis A Isochrysis + Chaetoceros

FHER 204l Isochrysis + Chaetoceros S BEE, Isochrysis®] BIBE L Chaetoceros®| ERET}
242} 735 um, 718 um 2 701 umE M2 F93Q o7t glol(Table 1) 4&d 4FE HQ
A Pavlova®l BEEE 620 ymE 7 AR} BZES 23 w3, HolERE HEKEERS

Table 1. Statistical comparision of the body length of the larvae in six different feed experiments

Ch. Pa. Iso. Ch.+Pa. Pa.+1so. Iso.+Ch.
Ch. ¥ %k — — %k %k —
Pa. 5374 * k % % - * %
Iso. 1.023 5.955 * % * k -
Ch.+Pa. 1.611 3.772 2514 * * %
Pa.+Iso. 3.642 1.716 4.377 2.041 * %
Iso.+ Ch. 1.337 6.467 0.889 3.280 5.001

* . Significant at 95% level
* % . Significant at 99% level
— I Not significant at 95% level.
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Fig. 2. Survival rate of the larvae of sea urchin in the different feed experiments.
O Chaetoceros O Paviova
A Isochrysis @ Chacetoceros + Pavlova
W Paviova+Isochrysis A Isochrysis + Chaetoceros

Table 2. Daily growth rate for the elapsed days after hatching of the larvae of sea urchin in different

feed experiment

Daily growth rate (%)

Elapsed days

Ch. Pa. Iso. Ch.+Pa. Pa+Iso. Iso.+Ch. Remark (Armed)
3 18.7 11.7 20.3 15.7 12.6 20.6 4
6 14.6 11.5 17.3 11.6 10.6 183 6
9 135 79 15.3 112 110 16.2 6
12 12.7 7.6 11.2 10.1 6.7 12.0 6—8
15 8.7 5.0 7.0 6.8 4.3 7.9 8
18 35 4.5 2.4 5.7 4.0 2.8 8
21 - 37 - 4.3 3.6 - 8

ZHER 20U AE ChaetocerosSt Isochrysis] BEES} |8 &3S Isochrysis+ Chaetoceros 2} &
SEIMNE 34.8~381% 9 AFRE Ho] M2t Fejxirt glol(Table 3) £& AE4S B whd,
Pavlovad BBES BEEIME 245~274% 24 Az2§ EHFEL Bgoh
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Table 3. Statistical comparisions of the survival rates of the larvae in six different feed experiments

Ch. Pa. Iso. Ch.+ Pa. Pa.+Iso. Iso.+ Ch.
Ch. % X — k® % % ok -
Pa. 6.373 * % * % * * k
[so. 1.663 5.109 * % * k -
Ch.+Pa. 4110 2.694 3.500 - * %
Pa.+Iso. 4831 1.961 3.191 1.053 * %
Iso.+ Ch. 0.667 6.093 1428 3451 5914

* [ Significant at 95% level
* % [ Significant at 99% level
— ! Not significant at 95% level.
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Fig. 3. Growth of each larval stage of sea urchin in the different feed experiments. P, Pyrmid : 4a,
4 armed ® 6a, 6 armed } 8a (j), 8 armed (junior) : 8a, 8 armed ; 8a (s), 8 armed (senior)
QO Chaetoceros O Pavlova
A Isochrysis @ Chaetoceros + Paviova
B Paviova+Isochrysis A Isochrysis+ Chaetoceros
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ABEHAN A AR 7 BolAl ¥tout 6Bl EWAN B 2polF Hel7] Al&ste] sl Isochry-
sis+ Chaetoceros©] BEWE, [sochrysis® BIBE 2 Chaetoceros®] BEEE7L 242} 735 ym, 718 um, R
701 ym 2 AAFLoW, Puwlovad BEES REEE 642~677 ymzA FRY MKEE Holdl
ATH

Hol B ZEo| WE BAERMI AFERS B Fig 4949 2o) 4K 7HRE Hod Zoirt
glo] ZAashr} 4t o) F 7Mg B HAE B efficls 39.1~674% 2 FZ3] PR oH,
I olFE & FAEANE HolA gsdth
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Fig. 4. Survival rates of each larval stage of sea urchin in the different feed experiments. P, Pyr-
mid $ 4a, 4 armed ; 6a, 6 armed ; 8a (j), 8 armed (junior) ; 8a, 8 armed : 8a (s), 8 armed

(senior)
QO Chaetoceros O Paviova
A Isochrysis @ Chaetoceros+ Pavlova

@ Paviova+Isochrysis & Isochrysis+ Chaetoceros

223 SEEEIE 7HRQ) RS Isochrysis+ Chaetoceros @) REE7) 562% 2 71 45 dAoH,
Pavlova®) BEEEE B 713 KRS £HFES Jehidoh s #i7tAe £HFHEE Chaetoceros2|
BB Isochrysis+ Chaetoceros &) RAE 2 Isochrysise| BEBIE7L 242 372%, 350%, 329% & €&
EHERE BYD, Pawlovad BEES BAEYE 184~252% 2 A2 AHFERS BT

3. HO|ME =Fo| W hEo| BN FERH
Hol B FHo| WE g ?é&ﬁxi%BU FRE RS Table 4 2 Fig. 59 Zo] ZE ABEIA
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Fig. 5. Occurrence of each larval stage of sea urchin in the different feed experiments.

A { Chaetoceros pyramid
B © Pavlova 4 armed
C : Isochrysis 6 armed
D : Chaetoceros+ Paviova 8 armed (Junior)
E ' Pavlova + Isochrysis 8 armed
F ! Isochrysis + Chaetoceros 8 armed (Senior)

Table 4. The required days to each larval stage of sea urchin in the different feed experi-

ments
Developmental stage Ch. Pa. Iso. Ch.+Pa. Pa.+Iso. Iso.+Ch.
Pyramid 1 1 1 1 1 1
4 armed 2 2 2 2 2 2
6 armed 6 8 6 6 7 6
8 armed (Junior) 12 17 13 13 15 1
8 armed 18 25 19 21 22 18
8 armed (Senior) 24 33 27 28 30 25
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T 29 whol 4WEHEV} HBIEIE T eHHIZIAE 6~8Yo] FrEE O] Hold wE zpo]7} vtEhT]
RE 1=

8ikAd] =28l=dl= Chaetoceros 2 IsochrysisS BIBIE S Isochrysis + Chaetoceros 2| R EE 7} 18~
19¢°] FEHD, Yrxe 21~25U0) FEHA 8k F717HAE Chaetoceros® BHE7F 2442
7V Wk 11, Isochrysis + Chaetoceros & BEE R Isochrysis2| BBE 7} 22} 259, 270l MBS AL H,
Paviova®) BEEE 3395 88 ##17 HHRE 22 Holol W 4R AT o] & YEhlL
At

% %

QA ghite ABEHARE SHERAZIA = BEREAR #ifzel Edol dA3] s, I olF 8 %HI7H
g8 22g 93 Bl Ushdeg 4] #aste Aol don, k3 FREE i LEi7Ae
B-{A G HEahe A7) HolE FX otk BHSIATH4HAT-ElE Ad2lo] AlZtE =) o)w 440l
Aoz P o et kol o] ERA Gert(F 1973) 1 3tE2 A SrEfFE A
Hol7} F43% I8S g & F Uth

BHE - PF(19742) & B3 Al st Phaeodactylum tricornutum, Niteschia closterium, Chlamydo-
monas sp., Chaetoceros gracilis® AV&3F A3} Chaetoceros gracilise 818 T Chaetoceros graciliss
EIFY BETFC F243E AUt eGSR, AE - P07 E MRS HoldERA
228 Monochrysis lutheri (Pavlova lutheri) & AA ) BH74 Aol o]43 A3 2448 HojA
%dcha &k,

X FEdde Lelvdatdx 32 widstal Qe ChaetocerosS B1E3td Pavlova L Isochrysis
3717 ol AES BE & BEos IFIH A& Zn HolAE FTH OE HES XRK®
20U Aol Chaetoceros 2 IsochrysisS BBES} Isochrysis+ Chaetoceros & BEENA THERE 700
pum ooz AHo) FRov(Fig 1), 53] Isochrysis+ Chaetoceros®l EAEE 735 ym Z Kol
713 4z

HolE R utE ARMMEEY ol THK 9L AAE Lockysise BEE 2 BEE7
F33H s, 1 0|3 ChaetocerosS] G5 & BEENA 433 ARINRES Bol22A HhEHHI
(6Es) o= Isochrysis, 8BEZ71F-EI= Cheatoceros®) HolE o] ¥ Aoz Vel THTable 2).

olz ] HZUEMA BOBMAYG-NX Chaetoceros$t Isochrysis® Hol7} ikEHE7 A= Ao
Uelte s, tl&o] Chaetocerosd IsochrysisE ETEHEAT Aol mifkel ¥ £ Aoz Uehd &4
planktong E&sNA FF3tH 3hte] AEA planktond TFdhs A 2ok fEel o wlEcH(Walne
1970) 2 B33 AF} 2 A et

Thorson(1946, 1950)2 3AFHFEE9 471759 dAAMIRISEE KB, Holfgs, el A%
sk, ey AdEME =AY 22 5 5 ded olFd M F83 7L Holgtn HIEE
c}.

FAARSC] Qo] 71 HAE A% DAIE 4BEiHol A AR ol T WE K - kM1986) 2 kA
BB ZHE% o) GAZA 40% 2 FHAIE EHUL AL, NF(1973) 2 s EEEMEAA 45
HAL7) BEESITI T B e om, K g HolME FHo BE AFEE RE RBENAN THEHE
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B2 XA Strongylocentrotus infermedius $h'ES) A3 3E HEES ol BHE

59 oljel FHAl7} BEEIA=T(Fig 2), ol 4bifi(Fig. 4o sigstm=2A & - #1986) R JIH
(1973)9] B39} # ISt o] BT MLEol A3 HkE e Aste DARAM F
HAP7} o] Fof 2]7] H9EE HolW e FFHE L KEEH F HEEHE A% d77t olFof Aok
g Rog AzteEr)

TRtk 2048 L FEE Chaetoceros R Isochrysis ) BIEES} Isochrysis + Chaetoceros 2] R-EE N A
34.8~381% 2 S5 £HFEG H Y9, Pavlovad BEES o8 TR HRENME 245~274
%2 Azsac

Holo] W R AfFdl st Bl - HiE(1986) = HolAE FiH dE FFAY
Ttk 393, Wikfors et al. (1984)2 Hole] &Ml MR R £l #EE
HIIEZA HolWE] FFAI7] E 259 A(LBM AR HiTstd AE B ik 2 £%&
=d 7 Ue #HEHely ey 59 AUt AlgHojo @Ro2 AlgHEh

S ELPE R SREHAR S AR IR O] nhel & 93-S Wi Hold] uhE HB EEC) sk Jii(1973)
2 Phaeodactylum tricornatum< 35 D& % 7~8YA 6zl LRI, 11~12¢9) 8k
A7 Hdchn 9o, K Mk Ae 6~8Utdl ebEfArt HIRsted Hold Aole AR Wk,
8% #IHA= Chaetoceros 2 Isochrysis® BIBIES} Chaetoceros® BEEEANA 11~13¥ 0] FiES S Ikt
(1973) 8} B.a1e} ]S8R, Pavlova®l BERES BEES 156~179 FES Y t& Fold vlstyo
AR == Aoz Jehwr)

LlE BRTEAA E748 FF ol iR, £FF 2 BERMES S8 B, Chaetoceros calcit-
rans S} Isochrysis galbanas Hol Y& 24 EE7}t Bhod, o] 28BS RETE9e W o £2 KRS
Holmg HolYEo] REHHE 23 YEfFol vigdsicta Azt

Z 8

BEDEAA gkiel Holgags &7 fAstd Chaetoceros calcitrans, Paviova [utheri 2 Isochrysis
galbana®) 370 BEES o8& RE 5 Chaetoceros + Paviova, Paviova~+ Isochrysis, Isochrysis+ Chae-
toceros) 370 AET T F 6709 AlPTol uid BRE, AFER L ¥EF BERN 28455 AR
A oS 2k

Hol FHo| ME KAl AL WAL Isochrysis + Chaetoceros®l E&TE, Isochrysis®) T
X Chaetoceros®] T=T7F Z42: 735 ym, 718 um 2 701 ym 2 47go] E%e™ Paviovad D5
642 ymZ A3 Th Yol FHE YHAARo UoIA ghEFIHAGKEE) ol Isochrysis, 8B 27
Y-EE Chaetoceros®] o) &0 & Ho g eyt

BEZ A= Chaetoceros® BEIBIE, Isochrysis+ Chaetoceros®) BAEE, Isochrysis®] BRE 2
Paviova®) BRE7} 27} 37.2%, 350%, 324% 2 184% 2 JEINth BRTEAGAL ALK 9AE
oA Ao 6kl ZMAE HolZFol uE Exbol7t gile, 8k F717HA19) 28 U= Chaeto-
ceros® BEEI} 24AAZ 7Y WD Lsochrysise] BRET 274, Paviova® BHE L EAEE
30~33Ye] 285
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