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The growth and survival of Penaeus monodon larvae from Z, to P, fed with six
species of microalgae singly or in combination and one species of rotifer at different
concentrations, were studied at air temperature 31~34°C (water temperature 29~32°C).
The test concentrations of the microalgae and rotifer were: Skeletonema costatum
(0.25~20) X 10* cells/ml, Chaetoceros gracilis (1.0~10) X 10* cells/ml, Tetraselmis chuii
(0.25~5.0) X 10* cells/ml, Isochrysis aff. galbana (1.0~20)X10* cells/ml, Dunaliella sp.
(1.0~10) X 10* cells/ml, Spirulina platensis 63~1,000 chains/ml and Brachionus plicatilis
10~40 Ind./ml. The larvae of P. monodon developed from Z; to P, when fed on
anyone of the test food organisms except Dunaliella sp. and S. platensis, and the
survival rates of P, exceeded 50% except those fed on T. chuii and low concentrations
of I. aff. galbana. Brachionus, Skeletonema, Tetraselmis, Chaetoceros and Isochrysis were
all suitable as food for zoeal larvae, and the former three were also suitable as food
for mysis larvae. The larvae fed with Tetraselmis developed faster and grew larger
than those fed with other test food organisms. The difference in the growth and
survival were non-significant between the larvae fed microalgae singly and those fed
microalgae in two- species combinations.

R _ 2 £

EPEUR (Penaeus monodon) ZBEEECELHEREME (BH S 2 R AT —E
£ Skeletonema —E/ERHA » BBRBEY NERATRHRYERGEFHAE o Skeletonema 2
HrgEac o, A BSRE WS SEEY ) RRHARFERINT ZRHEE - BREEHI%RE
ENEE » HERERETS  BEETRETY s XBHEHAE ) #EBAT  ERIRM™ o Kk Skel-
etonema 4+ » Cylindrotheca, Tetraselmis®, T. suecia, Isochrysis galbana‘®, Dunaliella sp.>’ %
Chaetoceros calcitrans'® SRR HIEBEIRRIEMEEIE (Penaeid) > Gz E o It
5% » Chaetoceros gracilis®*®, Phaeodactylum®’ R Thalassiosira weissflogii'*’ ENREBES{EEM
HEBRESEZER -

EELSBEREEEHELE BERBATEZYENRES | Hirata er al ™ HaKE
ftiepE R Jones et ol BEHINBEGRLEY P. japonica ZH 4% ; Emmerson” Hi7E Thalas-

* Contribution A No. 52 from the Tungkang Marine Laboratory
w e i B Ae T (Institute of Zoology, Academia Sinica, Nankang, Taipei,
Taiwan 11529, Republic of China)
4k Zmos ok R e AR (Tungkang Marine Laboratory, Tungkang, Pingtung, Taiwan 92804,
Republic of China)
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siosira WESE P. indicus Z8fr~ RERZFH 3 LR The Mindanao State University"' $Ri#
MR BERER P. monodon B P. indicus ZHWF o ARSETRBREZENERE P. monodon
ez et RIE -

BRI AL E P. monodon IBEHEZENBRIREREEERNZEERE » X
BEERZE—LRBH BB RERXTR  EMMRBREZER  REEFE  LUSNER
FHETHER B ETNEEBE BRI (Skeletonema, Chaetoceros, Isochrysis, Tetraselmis, Dunal-
iella B Spirulina) F¥kf% HWEEEH Z, E P, 2&R -BREREFZESE -

# B F K
fm
&3 : Skeletonema costatum B EHERE » IBOMETME 3 Chaetoceros gracilis R Isochrysis
aff. galbana 15 H-K¥EH Aquacop » ¥iEHEMS BRSNS » BERKEME 5 Teraselmis
chuii 18 H3E#HE SEAFDEC » ¥4 8-> & 5 Dunaliella sp. 15 §3EE Scripps ¥EWIRAT 5
Spirulina platensis RI{% HKRAFEESF o ELREHEERES  EREERTER—EAFL
LREMEEE - BAEA/NND Table 1 iR e

F— RRERSENEYT A NERBER—BRBZ K
"Table 1. Size of the 6 microalgae and one rotifer used as food organisms
for larvae of Penaeus monodon.

Species | Size (pm) Chain length (#m)
i

Spirulina platensis E 7.5 360+101
Dunaliella sp. : 5-12 —~
Tetraselmis chuii f 14-19 —
Isochrysis afl. galbana : 4-7 —
Chaetoceros gracilis : 5-10 -_
Skeletonema costatum ‘ 9-16 ? 20891
Brachionus plicatilis . 136-283

Bx S. platensis Bl 54 THBEBERARN » ERZHMEESHFA 1L ZRTEEER
HRER  BR 2~3 X 4O0W ZHXBIIOASZE » & 12L/12D B » miiTRHIEE -
Skeletonema, Chaetoceros B Tetraselmis L) F ¥ » Isochrysis B Dunaliella [ Conwy
BRELCO» Spiruling PApRIEELYY SRR o EWEERZHECER - DR - gufFEEK o
Skeletonema T Spirulina &N 250 B (75 ¢ MER ) 2HBAER » B ABREK GG
EVEEEE} o Chaetoceros, Tetraselmis, Isochrysis K Dunaliella RIFIFAEE-C4% > LA 5000 rpm 3K
BED S~10 58 LI BUREEZ KGR REEFER - BREZRIE » 91°7%F L 50 41
ZRERE  BRERZEBE L EEERSET @ S BEARPZHRFAR BRAMSE 1ml ZH&#
% > Skeletonema Z fFBHRILIE 1 ml 2 EHBEUSHRAZTHARE 20 ( ARBREETEZ
s ) MEt AL 5 HUE MR HEREE o REEK A(900+X)=BX AXFEHERKBK+H
FIBMAZBGEERRE ) Xh 4 BHREZGREE B REMEZRE X BRIAMARMREZR 900
BERBFAMAZBIREAE - IR BEGES S. costatum 0.25X10°~2.0X10* cells/m],
C. gracilis 1.0X10*~10.0X10*cells/ml, T. chuii 0.25X10*~5.0X10*cells/ml, 1. aff. galbana
1.0X10'~20.0 X 10* cells/m], Dunaliella sp. 1.0X10*~10.0X10* cells/ml, S. platensis 63~1000
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chains/ml. o : -

FIA RIS (micrometer) J{8 Skeletonema, Isochrysis Tetraselmis F Chaetoceros E2
A/ 0 HETT T BN AR LS 2S=3T=8C=201 - AR ILMRMEAIL » REETE > K
B e 190 3 ZEEREA LRAREARZEENSE -

# 3 (Brachionus plicatilis) * FIf2E4} 3%F FRP ki » §ff Chlorella RIBEEEFINDIEEEE
o JMEERE 70 & 300 um ZBABE -~ HE 0 BRARMEEAMRE  GHEEH  RBRRER
10~40 £ /ml o
RHEETAR

B R S B B B AR 2 BT 2 S 50 2 ( BRERE T EERIE A H—RRE ) #5E
EHREK BR 15 2BRR 64 2HVERIET 5 BREFEHYSZBHRIER IEKE
R 30°C 2Rz EEET o SREBES Z B ERERZESLRERR o RRARER 14
LTS (=878 ) » 8 Whatman GF/C glass fiber disc @2 igK (BE 30~35% )
900 ml R 25~30 & > BREE 31~34°C~ 2T EREF » BUEENR  FRBK—K>
Bk WIBEBEF—2 FEEEN RAEEKZERD » WHETSEEHRERE S RBET
FEEBES P, BEE o AN E G ARBEMEEERRIEFZEE 178 RREEE
RS RS B (RERE) REAE (26K 11 R % ZRALER
B)ZEBEUG -

= F

S. costatum BEZER .

RIS 248 A27THE9 A6 H » BER 025X 10°~2.0X 10* cells/ml » #5F75M Table
2008 HE Z, (ReA 1) E SOSLEZEEBES M (FRSE 1 1) ZEFER 674165
~88.5+5.0% (i + EEREIRE ) » FEEIRRIBE 2 RInABR M s BEhBHSNBZFE
EREtBEERREYREESN 2R 8 Z) E SOSHU EZBEBER P (RESH8F 1 X) 25
TR 58.9+84~73.3+17.9% » REFHNER » ARBMERABEZ MEFERER - IRE

- R BBELFRBEZEUWR (Skeletonema costatum) R EARFZ AR RAEFE ©
Table 2. Growth and survival of P. monodon larvae fed different concentrations
of Skeletonema costatum, expressed as mean+SD (n=3).

Duration from

A(liallofocrg?;t:lt-ilo)n Survivagéz)u M;*t Duztit%nl\t:lrlom Surviv(aa};it P.** Z. to P
7 (days) ° (days)

0.25 8.0£13.7 | 6 64.5£13.0 10

0.50 88.5+ 5.0 1 6 73.3217.9 10

1.00 80.0+ 7.1 | 6 66.8+ 4.6 10

1.50 75.7+ 9.8 ' 6 04102 10

2.00 L 67.4% 6.5 | 6 8.9+ 8.4 | 10

F value® 2.69% } | 0.57 |

Development stages are abbreviated as follows: Zoea: (Z.), Zoea: (Z:), Zoeas (Zs), Mysisi (Mi),
Mysisz (M:), Mysiss (Ms) and Postlarva, (P1).

*1: The percentage survival of larvae when 509 of them reached M..

*2: The percentage survival of larvae when 50% of them reached Pi.

*3: ns denotes non-significance (p>0.05).
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B Z EM ZEEREYS6KE P B8 10X MERSBREMZIBENREEEREES
£ TEAZBENESEE Z, #X BFEC 4 RESHFTC -

S. costatum BBERHE » BEHIRBEF 2 HIBRENR 4~42 BB/ G FREBRER 0%
Hete o BEDHENM 143£6.0~22818.6 ; SHFAFTEBZEM » AT HERR 18079
(n=407) » REFWREFTA 2 M EHE 20 ML/ EMBE § BT ERNE 1~2 BxfEk - Rhee
ImwEE o SRS f o 168 24 /R SERFTIR R BIMVEEAR AR EIRE 5 48 R > MRz
fE MIZARERZRE » RETE  TERFBREEN - ERRER 1.0X10° & 2.0X10* cells/
ml B s WARBUNMTRF S TTEMELHRRER | Bt LEBGREERTRERE

T. chuii BEZZE

REBYES RERERAE 1H4H » BER 025X10°~5.0X10cells/ml » ¥EERM
Table 3 FFHBE M BRYBBE L ERBIEFE > ERE (0 0.25X10* & 0.5X10° cells/ml)
%o EHERE (1SEI05UT ) » BERMEE (F9X) SUNEENBE ; BER 1.0X10°~5.0
X 10¢ cells/ml 3% » HAHL| HIRSBER M, BZEFER (733£10.1~87.021.7%) 5 FRER
CETREEENER  ERBEEMTHERRK (6~7 X)) REREE (9R) RE - BERE
ER M B M. fiZ%EC % ELEUEBER P RZEFSRET) » ER 32.0+£280~467
+£129% ; HRE—BEZERFEEEX (MR- BEEEMZBERL) » LBREMEEEEHER
s EEBEEFRESERN (11X ) REREE (RR)RE-

®= HRELARFIBES Tetraselmis chuii @ERZERRERFE °
Table 3. Growth and survival of P. monodon larvae fed different concentrations
of Tetraselmis chuii, expressed as mean+SD (n=3).

. : *1 Duration from : *2 Duration from
A(liallo‘cocr;cl:lesr{gait_llc;n Survxvza%z;t M, ZE ;:ysl\)d‘ Survxv(aOIA ;1: P, Z(‘d; c;,sf;’

0.25 0(4.0)* 12(Zs)** 0 —*s

0.50 15.0+10.0 9 0(3.0)*s 12(M.)*
1.00 80.0+ 8.0 7 (32.0+£28.0)* 12(Ms)*®
1.50 73.3%10.0 7 45.3£30.6 12

2.00 87.0% 1.7 6 37.0£21.0 12

2.50 79.3+16.0 6 | 44.7+£30.6 11

5.00 —i0 0 L 46.7£12.9 1

*], *2: As explained in Table 1.

*3: Died at Z,; percentage survival at Z; in parenthesis.
*4; Duration from Z, to Zs.

*5: No data.

*6: Died at M,; percentage survival at M, in parenthesis.
*7: Duration from Z, to M.

*8: Died at Ma; percentage survival at Ms in parenthesis.
*9: Duration from Z; to M.

*10: Not determined.

I. aff. galbana BE 3% .

SHERHAMISE T. chuii £ » BES 2.0X10°~20.0X 10* cells/ml » 'ﬁ%‘%iﬁﬁn Table 4o {HE}E
S S A R RETE ) RS 2X 100 Tt 4X10°cells/ml % » ATTHALERES » SREESHES IS
1 o WEER 8X10%cells/ml % » BIEREUBMZ EEEIM 50% » BEFEFMERE » BRER
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FERBILA o WIS 12X10°~20X 10 cells/ml 3% » BEES M, ZIEHFES 82.7+10.7~86.7+
23% » SMEREEENER | ERRAMKRFS + 12X10° cells/ml WEEHAEFEIMN Ms BB > 16X10°
R 20X10*cells/m] EeeABMER P, ZIBE » AFELANR 0% » R_EZEFERRBER
P, ZESERHEEEEER -

E.JuY

BIREUTRREEE S Isockrysis aff. galbana BERFZERREFE °

Table 4. Growth and survival of P. monodon larvae fed different concentrations

of Isochrysis aff. galbana, expressed as mean+SD (n=3).

Algal concentration| Survival at M,* Duztit%nﬁrlom Survival at P;* Durzalt 15[);1 lgfom
(X 10* cells.ml-*) (%) (days) (%) (days)
2 ‘0 9(Z)* 0 —*
0(20.0)* 12(Z5)*s 0 —x
8 48.0+28.0 9 0(24.0+18.3)* 12(M;)*8
12 82.7+10.7 7 0(33.3+28.1)* 12(Ms)*°
16 84.0+12.0 7 57.3£31.1 12+
20 8.7+ 2.3 6 60.0£ 5.7 1%

*1: The percentage survival of larvae when 50% of them reached M.

*2:
*3:

The percentage survival of larvae when some of them reached P..
Died at Z.; duration from Z; to Z..

*4: No data.

*5: Died at Zs; percentage survival at Zs; in parenthesis.
*6: Duration from Z; to Z..

*7: Died at M.; percentage survival at M, in parenthesis.

*8: Duration from Z, to M..

*9: Died at Ms; percentage survival at Ms in parenthesis.

*10: Duration from Z, to Ms.

*11: Less than 509 of larvae reached P..

C. gracilis BEZ%E .

ARUMRBHFEIAZAE1/431A

y BERS 1.0X10°~10.0X10%cells/ml » FERRM

Table 5o Z%E)T?”%EE'&TZEER%F i%ﬁ% 6X10*~10X10* cells/ml & » !@ﬁﬁﬁﬁ% M 2
ﬁﬂ EHEEU\TFH%EZ Chaetoceros gracilis ﬁﬁﬁZiﬁ&iﬁ@ °

Table 5. Growth and survival of P. monodon larvae fed different concentrations
of Chaetoceros gracilis, expressed as mean +SD (n=3).

Algal concentration| Survival at M* D u;atit%nl&rom Survival at P,*? b urZalti?: }fmm

(X10* cells-ml-1) (%) Zdays) ! (%) (day_s_)l
1 14.2+10.1 ? 7 0(11.0)* 9(M)**
2 56.7+13.4 ! 5 0(20.0)*s 9(M;)*e

4 46.7+18.9 5 43.5+19.1 9

6 78.9+13.4 i 4 65.5+10.7 3

8 85.0+ 9.3 [ 4 65.5+ 5.1 8

10 87.8+ 3.9 4 71.1£10.2 8

*1, *2: As explained in Table 1.

*x

w

*4: Duration from Z: to M.
*3: Died at Ms; percentage survival at Ms in parenthesis.
*6: Duration from Z; to M,.

: Died at M,; percentage survival at M. in parenthesis.
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EEES 78.9+13.4~87.8+£3.9% » SRR EEHER s XBER P, 2EFER 65.5£10.7~
71.1£102% » SEMAEEZHER c BEREL  EEBES M, ZEFERE » BEFRERERE
BE  REREDES » 5 M, B o JBES 2X10° & 4X10'cells/ml » IREWBER M, ZEHF
BYE 0% BEFMESNKEEEEEHE—F s ERRERR » IEEE M, REHE P}
EFASERREERE  BERMOUER o
Dunaliella sp. BEZHE

SRESHRE C. gracilis %[ » BERS 1.0X10°~10.0X 10 cells/ml » #EF/Rm Table 6o
8X10* B 10X10*cells/m! FBEZIHENEE Z, HEHIETH » HABREZIRER 6 REBE
B M RER TREZHIET - ErHBETEAFREBRSEZER -

#A ZREUTRRES Dunaliella sp. REARFZERREFNE ©

Table 6. Growth and survival of P. monodon larvae fed different concentrations
of Dunaliella sp.

Algal concentration Survival at My* D uéatit%nhgom Survival at Po** Durzaxti?;l Pffom .
(X 10¢ Cells.ml-) (%) (days) (%) (days)

1 3.3 6 o* -

2 11.1 6 0* —_

4 10.0 6 0(3.3)® 7(Ma)*

6 3.3 6 0% -

8 0 4Zs)¥ 0 -
10 0 5(Zs)* 0 -

*], *2: As explained in Table 1.

*3: Died at M.

*4: —denotes no data.

*5: Died at M.; percentage survival at M, in parenthesis.
*6: Duration from Z; to Mo..

*7. Died at Zs; duration from Z; to Zs.

S. platensis BEZEE !

REWER3E4 /51104 821 5 BER 63~1000 chains/ml» #5870 Table 70 §
Z, FELR4B S. platensis » YEEBEIE 5~7 Ko A& Z, BT B Z. BEM > BEEE Z.° H
Z, #ERB Y IR ERETE  BEEAFESM 10% 5 BRIRER 1000 chains/ml 3 » 4 2028 1%
B P A HBRBEERTES M ® M, BR—RBIEM > LS. costarum SRBREE (59
KE2E P ) HE EHASEE - B M #Ei8 » NF 11 XERERE » BRBER 500 chains/
mlEZEFES 26755 » RERBESRNEEZ EHEEER B%EE 5 TMERKER 125 chains/
ml &R M, FREY » #¥68 250~1000 chains/ml E# RAH 20% U T ZBREZE P. o R S. platensis
TEAFREIRERSBMZ L  HERREBHEN 2 RS ETMIEA L o

S. costatum B B. plicatilis 7 BEZEHRAEAINE *

RESHAMNGL S. platensis % fF s S. costatum ZIBEER 025X 1.04~1.0X 10" cells/ml » BRBLZE
B 10~40 £ /ml o I ET XA ZKES 31.0+1.5°C pH {HE 7.90~7.98 » IFEE 5.4~5.7ppm
y BEEEES 30~35% ; #5270 Table 8o ZERRIERER » LU S. costatum [REAE - MEBER
M, B P, ZEHEARRERMTENZ &Y ) NRAREE  MEHERZE - HEEBEHSTE
£ F—GENZ 4 EERE _EENSDREEHER « RBTEMHZ RSB EFMEEER - A
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% EESLARRREZ SIS (Spiruling platensis) BEFZERREFE <K
RESFT 2 &M RS A IRERE AT R o REFF P ZBER Z,
BRS¢ Ll Chaetoceros gracilis R Tetraselmis chuii BAEE » ERR
Bk o b ELIRB T & IR 2 B (ERERATHZRE) &
B HMEIR L PEIR Z EIRR M B OR -

Table 7. Growth and survival of P. monodon larvae fed different concentrations
of Spirulina platensis. Different stages of larvae used for the experiment
were picked out from the same stock culture which was initiated with
7, larvae and fed mixture of Chaetoceros gracilis and Tetraselmis chuii
throughout the experimental period. Starting day was day 1 for Z,
day 3 for Z,, day 4 for Z; and day 6 for M, in the stock culture.

Aggl coneeniegion. | iaring suae sugsial Fingl dovelopmental
63 i Z | 0 Z: (3 days)®
125 | Z | 0 Z. (3 days)

Z; 0 Zs (8 days)

Zs 3.3 M (11 days)

: M, 13.3 M. (11 days)

250 Z 0 Z: (3 days)

Zy 0 Zs (8 days)

Zs 3.3 Mays (11 days)

M, 13.3 P;+M; (11 days)
500 Z 1.1 Z: (7 days)

Zs ‘ 6.7 Mas (11 days)

M 26.7 P:+M; (11 days)
1000 Z 0 Zs (8 days)

Zs 8.3 P.+M: (11 days)

M, 13.4 P,+M; (11 days)

*1: Time taken from Z: to the stage reached, including the time spent in the stock cultures.

2P BEZHERFR AR SRR s FATAERENER (F=59.21; df=6,:413;
p<0.01) o F|F Duncan’s New Multiple Range Test FifaZ i RoRin Table 9 o THjg HELBRAR
R R E (1156-1160 um) » & EERIEEEEER 5 B 0.5X10'~1.0X 10* cells Jml 2 Skeletonema
B85 (1108-1119 um) K2 5 B 0.25% 10* cells/ml = Skeletonema FREHZE (1066 um) BRZ S
LL 0.1~4 # Artemia $4EREE(HE M: RE P ) B&3E (1040 gm}) o

E-RRESRZENTE

Rp—  RRMST4E2 AI0EE2 ALTA © #FERBERT RIAGRZBERERHE
Wk A G B | 2S=3T=8C=201» BETFIEHZIRE . Skeletonema(f5E 5 S )2X10* cells/
ml, Chaetoceros ( 55 C) 8 X 10* cells/ml, Isochrysis ( s 1) 20X 10 cells/ml, Tetraselmis
(EIBET )3X10cells/ml » FHEERFRBERERZERLE hEE—BRUSRERAZETE
S GERIEA § BRI Table 10 o BrLLBE—T [sockrysis FiE% » BEBER My 2 EHFRE (16.7
+£9.4%) » BREEME(6F) » BREBES P 4 XRUBEIRAGREESBES M
(68.1£10.5~933+£67%) B P, (548+157~77.8+£69%) ZIEHFEHR - BFE M ZEHFE
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FN\ BEIRELUREBESZBEY% ( Skeletonema costatum) ¥4 # ( Brachionus
plicatilis) REARF 2 ERRAEFFE

Table 8. Growth and survival of P. monodon larvae fed different concentrations
of Skeletonema costatum or Brachionus plicatilis, expressed as mean +SD

(n=3).
Food and Survival at My* | Duration from Survival at P*?* ! Duration from
concentration (%) i Z; to My (% i Z, to P,
° I (days) (days)
Skeletonema l {
(X10* cells-ml-?) !
0.25 76.1%£ 3.5 5 67.8+ 5.6 9
0.5, 75.4+10.2 5 67.8+21.4
1.0 85.6+ 5.1 5 78.9+ 1.9 9
Brachionus plicatilis
(Ind..ml-?)
10 90.2+ 0.3 5 82.5+ 5.4 9
20 84.5+ 3.9 5 82.2+ 3.9 9
40 80.2+12.1 5 69.1+19.7 9
F value*® 2,15 0.83=e

*1, *2: As explained in Table 1.
*3: ns denotes non-significance (p>0.05).

RN UTRAEERERZ P RS S TR » 78 Duncan K&BHAHERNE
ZFER o Kbz CR3%E Chaetoceros, 1 {3 Isochrysis, S {43 Skeletonema,
TRk Tetraselmis o
Table 9. The result of Duncan’s new multiple-range test for the carapace length
of larvae P, fed various diets (p<0.05). C: Chaetoceros; 1: Isochrysis;
S: Skeletonema; T: Tetraselmis.

Algal species C+1 C+T S S+1 C S4+C S+T

Concentration 4410 4+1.5 2 1+10 8 144 1415
(X10* cells.ml-?)

Carapace length 1084 1113 1113 1137 1155 1168 1203

(pm) e

Algal species S T+1I C+T C T+I1 T T4+1 C+T C+T S+T S4+T N+T
Concentration 1 2466 4+1.5 8 1+134 3 15410 2642 5441 1415 1341 0742
(X 10* cells.mi-?)

Carapace length 1043 1064 1088 1090 1096 1097 1098 1104 1108 1138 1149 1157
(pm) :

Food Artemia  Skeletonema Skeletonema Skeletonema Rotifer Rotifer Rotifer
Concentration 0.1~4 025 0.5 1.0 40 20 10
(Ind.-ml-? orx10* cells.mil-?)

Carapace length 1040 1066 1108 1119 1156 1157 1160
(pm) -

—174—



62 Journal of the Fisheries Society of Taiwan

£+ BEELUARAERSEREARZERRERE
Table 10. Growth and survival of P. monodon larvae fed mixed algae, expressed
as mean+SD (rn=3). C: Chaetoceros; 1: Isochrysis; S: Skeletonema;
T: Tetraselmis.

Mgat species | Sopeentration, | SUREA 4 PG " |Survival ¢ P RS
(%) (days) (days)
C+1 4410 93.3+ 6.7¢ 4 73.3+17.7 8
S 2 §3.3+ 0.0 5 77.8+ 6.9* 8
C+T 4+1.5 18.4+1€.5% | 4 73.4:423.5¢ 8
S+1 1410 77.84+ 8.4% 4 4.4+ 1.7 8
C+s 4+1 76.7-£15.3+ 4 70.0:£17.7¢ 8
c 8 70.0:£16.5% 4 68.4:£16.5¢ 8
S+T 141.5 68.1:£10.5 4 54.815.7 7
I 20 16,74 9.4° 6 0(5.0)* 8(M:)*

*], *2; As explained in Table 1.

*3: Died at M,; percentage survival at Mz in parenthesis.

*4: Duration from Z: to M.

a, b, ¢: Denoting the result of Duncan’s new multiple-range test; means designated by different
letters are significantly different at 0.05 probability level.

RIEZR (F=289; df=7, 13; p<0.05)+ I\ C+I BABRHEERE » S+T RARREERE
s (ARES P, 2EFEMRGESE S ER o EBELL Skeletonema REE# - HBEE My ZRH
B E RS EEW—F ; TiLL Skeletonema ¥R Tetraselmis RiEE » HLBER P ZFH
» Al DU B REERE—K -

P, B EREE » RENEERR  MABEZZER (F=2945; df=6, 233; p<0.01);
FIf Duncan’s New Multiple Range Test 447 Z#% (Table 9) » Ll S+T BEESEERER
(1230 #m), C+1 BEEREERE (1084 pm) o

R  RBYMET3E3IAN0EAEIALE » HBRE-ERE_ERERK 7% 1 %
BAZENEE » KRR Table 11 o LEPREBWER M, (F=289; df=7, 13; p<0.05) &

Py (F=293; df=11, 35; P<0-95), R ERER %%5*4&3%@%@2%% ° $ﬁﬁ'§ﬁ@ﬁ?% Mx
By RS 36.7+£18.5~93.0+6.4% (Z,-M.) « THFIAZREASRERM | F—RAEELE -
%S> TREAE %S+3T, %S+3T, BS+%T, BT +24C, AT +316C, ZT+¥%1 &
T+l ] BiEE  EHEERE B M UEAE 16T +3%1 R » BEEET H=K4
SLIRAE BT+%C REGCREE » BHERE o X » 2 ~ ZAEEFEZRERER
(SD>50%4 M) » IEEMZBAK - LEETREAE T+S, T+C REFE - BER M, ZKH
BB SEED 1 K o LREHBES P B2EFERS 1941103~87813.9% LIRAHR
14T+2%S REGSEEEES  BEHECEESRE  UHAENREELGERFRALRES
A M, Bz BUARNR - HEGTSHEE » BE M. B M. TS » ELREEE P 2
EREGREXS (h 822+ 195%KBE 33.3+252% ) « —RK T THHAERER P 2kRH
BE—X> T W%T+2%S HARE2K-

P, BEZTFHRTE » E4EHMAREEZER (F=17.09; df=11, 320; p<0.01) o FIF
Duncan’s New Multiple Range Test 747 ZkE% (Table 9) » L\BE—J&S SR (1043 um)
» HE—ECH TEEEES (1090-1097 zm) » TLHA S hEin THEKK (1138-1157 pm) o k=
ARB R TR AR SHEN ) CRTHFEERTME » HXNREE  —8&HEK » LS
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F+— BRENTHARAGMEERIERRETE
Table 11. Growth and survival of P. monodon larvae fed mixed algae.
C: Chaetoceros; 1: Isochrysis; S: Skeletonema; T: Tetraselmis.

Algal species | Copcentration, | SUTIEN 8t | PUZANEFOM | Survival ac p | PUTED plom
‘ (%) (days) (days)

T+S : 141.3 87.8+ 3.9 4 87.8+ 3.9+ 7

S 2 93.0% 6.4 5 81.3+21.2¢ 9
T+1 2+6.6 83.9& 5.1+ 5 72.2% 1.7 8
T+S 1.541.0 87.8+ 6.9+ 4 66.7+17.7¢ 8
T+C 242.7 83.3+ 6.7 4 52.2425. 3% 8
T+S 24-0.7 85.8+10.2¢ 4 51.0436.9%¢ 8
T+C 1.544 78.94 7.0 4 44.51+16.8 8

T 3 82.2+19.5 4 33.34£25.2% 8
T+1 1.5410 68.9+13.9 5 34.41+31.7° 9
T+1 1413.3 " 43.3134.8 5 23.3x14.1° 9
T+C 14+5.4 36.7+29.1¢ 5 22.2+15.4¢ 8

C 8 36.71+18.5¢ 5 19.4110.3¢ 9

*1, *2: As explained in Table 1.
a, b, ¢, d: Denoting the result of Duncan’s new multiple-range test; means designated by different
letters are significantly different at 0.05 probability level.

MTEREK X DEA—REFA—EHREEL P 2ENTFREBERMZERHR » LBEE
B (RR—RU@RAN S REMARERERAZER) -

& SO,
aY A

B EN AL AEBEERRARRERY ; Wit SEERIWMHZ AN B HE
EBET  BRAERBAEZ AN - ARRRLAENEDARES » AREESATAENE
RS 5 Bl BEZERENELARESE  BRES > AR -

HXRER 7 ERARBITBEALESEZ 8 &4 — R LERR R IR AR Tables
12 & 13 FiR o APerh 2 SIRE L T EER A BN A RREEE » RSN LY —a
R (IWESE ~ BY > Bok{LA%RIKS% ) T4M o Tobias-Quinitio and Villegas™ 5
Chaetoceros calcitrans $& T. chuii Wit &HB 2 ELERIE » ALZ-HE IR ESES

FTZ BBENREBGCLEENEYLEER

Table 12. Chemical composition of food organisms compiled from the data
in literature.

Chemical |Skeletonema | Chaetoceros| Tetraselmis | Dunaliella | Isochrysis | Spirulina | Brachionus
composition. | costatum calcitrans chuii sp. galbana platensis plicatilis
Protein 37 23.9 49.2 47.4 60.1 69.9 69
Carbohydrate 20.8 19 16.4 — 15.6 13.2 —
Ash 39 — 20.1 17.5 7.1 4.8 3.6
Lipid 4.7 8.7 10.6 10.0 17.2 6.9 21
Reference 18 6 5.6 ‘ 5 19 20 21
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RH= ASEREERZ SEEBEY ZIBYBER o

Table 13. Fatty acid composition of various food organisms compiled from
the data in literature.

| . . .
Fag | St [ hover| Tormins| Dl |ty gaton| S B
14:0] 9.6 6.2 32.7 6.3 |10.7 08| 1.3 05| 06 1.3 106] — 3.1
16:0]°9.0 11.1 69| 11.0 |— 19.7|13.4 19.7]|15.6 — 22.2| 43 13.2
16:1]18.3 21.7 21.0| 19.4 |— 29| 25 1.5| 5.1 9.8 15.7] 10 22.6
16:2| 9.9 6.1 7.4 47 |— 05| 12 25| 29 122 — 1 —
16:3| 5.4 11.4 2.3 87 |— 18] 61 1.9] 2.1 — 04| - —
16:4| 3.4 1.0 6.6 1.7 | — 147|244 — | 02 — — - -
18:0] 1.0 — 0.1 0.1 |— 03] 1.0 1.9/— 0.5 2.3 3 3.6
18:1] 5.0 1.8 0.3 3.4 |23.8 14.8] 3.4 15.5|14.6 14.4 13.1 5 21.5
18:2] 1.4 2.1 1.1 0.5 |— 33|56 — |10.7 23] 12 6.3
18:3] 0.6 — 0.6 0.5 |17.3 18.9|28.2 27.9|14.3 15.0 0.6] 21 0.5
18:4] 22 08 22| 01 |{— 7.5 0.6 3.3|17.2 10.1 80| — —
20:5(23.2 30.2 13.8| 20.8 |11.0 7.5|— — | 3.1 4.3 — — 11.1
2:50 02 1.7 04| 37 |— — |— — |03 25 72| — 2.9
2:61 65 — 17| — — — 1— 09| 82 37 43| — —
Ref. | 23 2 24 t 2 izs 2 !24 % |2 2 27 ! 28 i 21

ZkER o DL C. calcitrans BEZHEHBAKEZEQEER » HAAKEZENE » BRERRERE
B o HUE Crassostrea virginica FIWE%E Mercenaria mercenaria 7 AR BFEARZ AR
» JREL R 2 — AR A S AR T AER > (ER AP RARBRZFERTHM " o BHERLE
HEoeE2E2R2 N » REETHEAMSIEE » XTARE—EERERERERERBRZTEMS]
H2K -3 o Parsons et al.°® FRIGHEMFZz HERCBEHTERR:  BEEDEEREY T
MERDMRESE EZHE  HeBAREKZER -

%ﬁﬁﬁﬂﬁﬂia\“%%ﬁ'ﬁ&ﬁfmi&%m 9 UK %ﬁ@ﬁEﬁE@E&EmZHﬁ% HRAAT
ﬂﬁﬂﬂi‘ﬁﬁﬁ%ﬂa%@z;ﬁﬁﬁﬁﬁi@@& jﬁ;)ﬁﬁﬁﬂ%@iﬁﬁﬁ%g u&ﬁﬁz_ﬁﬁ{b’[’i%ﬁ
fRc19:239:3% 4

TR BA Ty MBI AESS (organelles) 2R AT REFFHERZTERS  BERFAAZIE
PEHSEHEMERBRETER  Boa/PERE - SEZERFME o3 i 18: 303,
20: Sw3 F 22: 603 SE/NEAARRGE > BEEIR (P. jeponicus) ZIREREE L » £RERY; K
R 20: 503 R 22: 603 BB ESREZEERERAZREE S o RARREER » FEK
Ll fRHEET » 15 18: 206 R 18: 303 fRMLIAK 06 = o3 FEETEMIENH (HUFA) »
{EHEARENBGF o

HRAP » BEATARENS  $HRGAYRAERaRMEZRTEC” 5 EREERY
BELTBAMERERYHE - it BTEIRFEAYZ S ERTHS Y Z ET IR EBEIERA
s TIEENR RSB RTHESYZ 2 o Scott and Middleton®® & L. Dunaliella tertiolecta
TR B & (Scophthalmus maximus) BEZ &Y » ERERBERARFECZE  YTRZER
HEW MUERZERZEETHENEYE -HHR2ERXIHHL B LBARK - REBARRE
VEEERFEN MINRNREFTEEETHMENE (10 20: 503 & 22: 503) B2EE  MER
ZEREXBRRARBEDFHEEZHE c Rt » BT 2B BEEHAR S BBHE -
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BRI AR AEER o HPURERMEEEE Cl6, C18, C20 & C22 BXE#MME
84% ; EOTRRRAELMELS 1627 = ER 16:0 R 14: 09" o SERFEBPFEEHESEERE
EECD S BIHUY S ERIER O REBERFIUENTR Y FMR  HEVBERYRE—E
B 5 BR—WE > H—EMARZERER » TIERSEEKE ™ o Chaetoceros R Skeleton-
ema BT (Bacillariophyceae) » LIA{EREZ CI18 MEBHAZ 2015 B » AN GG
¥ o Isochrysis B Haptophyceae f» &4 C18: C20 & C22 Bt o Spirulina B EEEM (Cy-
anophyceae) » NEESERENISESEE o Dunaliella FR&EH (Chlorophyceae) » =& 18:3;
Tetraselmis &} Prasinophyceae ff° B4 C20 E C22 THEAEMAOH BR—E o LIGEEEE
BEfAsGRaSESE S 20: 503 (Table 13) o

HAERBTAEE U CEER £ T » B Dunaliella & Spirulina 5 » HIBRSBERSS
ARILOIZRETENIEEE o ARRERER » Ll Dunaliella & Spirulina /A ZEXRER» &
IRERSBERFNERRER i%ﬁftﬁ@??’%%Zﬁﬁ ’ mETﬁEﬁHa%@mﬁ&%ﬁEﬁ%iﬁﬂé
ZEERFCHNT 0 ‘ -

ERREERREN > HEEZAUABREEHEEZ —A R - %Wﬁ Zﬁtt ﬁﬁ—k”ﬁ
(mandible) ~ /3R (maxilla) RFAR (maxilliped) ZFEEBEHR ; BUERKRTS
Calanus BRIFHE » ERERYARBBSHAZ MERFERAFRELNZATRES  BAR
¥z Tortanus HeBIRABLL » RIRBSMEZATHE " s Bt » BRGEUSERYE -

FRBRERETEB SRS SRS LEA/NS 5~20 umz B EESE  /REELI136~283 um
KWz Skeletonema RERHBR&Y » UBHELMY » Bl{8% (filter feeding) » JRFIHE R (raptorial
feeding) » BB EYWZ K/MOERBEZEFE#E o SEAFDEC® [J 50~200 um K/ EBEEYE
FIRE 0 FEREREZEBOE Z, MR AFH » TR Particulate feeder o HEEHR (P.
Japonicus) B8 Z, # » T Ll 160X 199__,um KN KIS ~ 10~54 pm HHBE 20~100 #m
BORA LSRR 5 P. indicus 7 Z, TTHARAYY ; HERR » BEFEEN (Penaeid)
BEZHRYE o RLL 10~54 um XBEKE P japonicus s  Z, HALEE 9um PTZHBES
£ » Zoea II-1II, Mysis I & Mysis II-1II HI4-50388% 23 um, 28 um % 44 um YT ZHBESA
 BATE Zoca METAMAL » SREMETHRALUBREAL EIHANBR o P. indicus ™
REREZEHTE - TR » BIREHEIEIE » Ll Isochrysis, Tetraselmis B Chaetoceros
REZE > EHEREFS » TEREBREREBRNEIDHAZTRAW 5 LURSBK Skeletonema
REE  BESBEZ&Y  ERYBHRBREZEEREFSF -

FRBERET  GHRETRYBBELEFRER A EENARBEZREGE £
ARZBERERN £EENZBERER © Skeletonema 0.5X10°~2.0 X 10 cells/ml, Chaetoceros
8X10'~10X10* cells/ml, Tetraselmis 2X10°~5%10*cells/ml, Isockrysis 20X10* cells/ml,
Brachionus 10 % /ml ; }tB Aquacop® Ll Tetraselmis B #4s » Beard and Wickins®® B
Tetraselmis B Isochrysis, Tobias-Quinito and Villegas® Ll T. chuii 8 C. calcitrans {8% P.
monodon; Jones, et al.“® L C. gracilis » 2B Skeletonema =, Chaetoceros % P. japon-
icus; Simon® Bl C. gracilis % P. vanamei B P. stylirostris 1858 {355 BEEFTReRS ~ W
EYE o FRRTHIEESEENZEEBRE (cells/ml) RBEHKIREL  (ERBEREREE
(Cell volume) Z AL WMAIESE ; Wit » IREFTS B & R 2 SEBB R ARS8 % o Simon®
R C. gracilis BERE 45X10*cells/ml » SEAFDEC® L T. chuii {BESE 5% 10! cells/
ml B AEEAEIMEE | ARBITE 2 SRR AMZ RT3 - BEPH A2 R RE
BEEA  EROMALUZEERET  (MHREEEE  Hit > SEUSELSS TEFEREEEE
B e AREYN X YE > MREBLSEW -
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Walne”” HHHMEENERARELANEZHSDEESESA ) BB ; ABBgZ
EAERER  FECERE » BABEKARZ YA o Romberger and Epifanio® zRigH A&
RREETAS  ABZ4A&RREAIER MY (Nonadditive) R iFM: (Synergistic) —# » AR
BP L ERER AR BIEE  BEZEEE Y AR S KARBEZ RN B DEEREE » £
{EEATR » (BEf LY SEERER o

Tetraselmis ( X% Platymonas ) BRAVBEES # O SEESEN  TEELESBY
Sk FARABSHEZRFRY » BURBHZHRZIBMBEINLL Chlorella BEEES"
o LIMLEYER P. setiferus F1 P. aztecus » IBEBEIEY » BREBLL Skeletonema ¥#BEHR® 5 L
HEERS > BAZBTEI Chlorella BEEKRS o XRRKEEIETRL Tetraselmis BiEE
IRERPECK - SRR c BREEKE_EHNEAFSIEGEEN (EEREEEN) » B2
ERER S o T. chuii ZHMPBEHE » ERBRPASBERHE » FUELFREZE_E
Tetraselmis ( X—HUH A¥H Aquacop » BHIFEIMIRE S8 s B—REERE » bERFIFHHE
8 WENRY  BUR) 5 XEREEBREENE Bk RESMEEEREDYHEL B
BES REMNE; BRERE ) TR ¥2HIE JREEHA  THLKE s HEHER
R o REGH/D » LRFESE OB KR » QISR - BRKTUML B RSk S 50E » (857
BBREES - B8 (R -

S. costatum T3 Hudinaga $3 1958 4£ » 7Eitb R F ok A T 858 S RSB S BUSh T A 2 S 0
* AREBSC EEEE XA TEMSBRERRNYTAZENE » E—ESALRESHES e
SRR AR 0 S EE ) RENABTHERE - ARG RFAEREEERSANY
BEIRY > BUHRE  BERARSGF ANA—RBrE2BHRS RARMHzERESE . 5
Skeletonema @A » HEA S » TLUBHBESHED  REEESEBN R ENNEZRME
* DB BRIREAY  RERE > WERBR— THBRE o EMRBEEESL Skeletonema Ytk
» REVSRESBUBTE » WEKETRES » SURSESMBNENRYT s X84 0 EDH BB EEEM
2% » Skeletonema ZTH7NTEH o

Skeletonema BB ZFH » FIREMREEM  ZHEHESE  BHERSYZSERERS
RANEHE® - REZBE » HEGEFRREEIRES » 7 30°C fh o 1224 /P E1% » HIEknE: »
WBPFRRIEBMES - Bt SA%K ﬁ%ﬁﬁﬁﬁﬂ% BEZERRETHE (FRARER)

S {ESBRIUK » DR R BRI EE » S 2 E R %5 (EERDEDH) 5 RS
AL ESRANRBER o Bk LA Skeletonema BEEBIRMESEL (SEAN2ERE
RE—F"R) BRSZRE  ARYENSRRFSTEE S REMEE » DR EFEE » 56
T RER o

C. gracilis TIANBAEZEMBYWE » BHXFAEB2 C. calirans FREBSREASZEFA
Pl o WEIRTER s WRBBE IR BRSNS  REHERLEY  S1E  AWEEE—
BEB B ((BEEMEFHE Skeletonema B2 M) » BUNEHGT B SRSHRY o

1. aff galbana RN 1. galbana T HMEEREWEE  AREHZETFAYCY o HB/NAK
Bt BEAFRIBE Z, R Z, fiZ8  METES Z. BH2E o S5a LIRS 8 » EH
FEBRZHEERBIRY  YETRBEDE 88O (ATRH) DR TR R ARE
B BREEREETFRE s HEERZRT - KBRERRS % BESHENAERLE
P HERRREBEAES ; ARFAMKRAKRRERN  GRENSSHEEYHe  HEUSEHE
° ERPARERRN » EAREARBNEHER  ZRALSEEN  WREHRRM » B
ZIERER R o

Wi# (B. plicatilis) JTIHWIFTAM— B KAERDASEREL LY » EERSER « SRR
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8 WHEES TR Artemia 28 > BBAERA o WEFREE Chiorella {ERHS
ZEH BEREAREBERCR EFTARE  BRRERED - MRAKARRBEEREBEH
Z, gV RRA BB Z, BERE > ERRMUEEES ) ZBRESMES P, #EL8e -
FEEBRNEGAE > EERRRA T Terraselmis, Chaetoceros, Isochrysis =, Chlorella
M ERRATZERERE  FRABEURIRIBRME » WTIREKE -

frEFTL » HEERSERLERE  FREEHDEESZHE - AN~ BREEN  Bamkiss
HSNIREAUSLRERBAZEN -

# 2

AXERNERE IR ERE S Skeletonema costatum ((0.25~2.0) X 10* cells/m1), Chaetoceros
gracilis ((1.0~10X10*cells/ml), Tetraselmis chuii ((0.25~5.0) X 10*cells/ml), Isochrysis aff.
galbana ((1.0~20) X 10* cells/ml), Dunaliella sp. ({1.0~10) X 10*cells/ml) B Spirulina platensis
(63~1000 chains/ml) SE—RAERERISD Brachionus plicatilis (H0~40 £/ml) g, -
HZ ZP ZERREFE  FIF 14 285 > BA 900ml #gk (EEEE 30~359% ) & 25~30
EEER > BERERRER 31~34°C~ 22 BEAT » HUEENTER - SFRBAK—K > Hkes
BIRERBEF—SFARESEMRFBEAZENRT  YREREHBEPRERE: RBEFZIBES
BR P BREIE o BREER » R Dunaliella sp. B §. platensis % » LIHEE—EER B AR » 248
Higked Z, BMEE P BRE T. chuii RIEBEZ 1 aff. galbana BEENMEHEERHE S04
Eo-ENBEYEBREZAR A FERBERMZRE  EFUNRBESRLLS. costatum (0.5~1.0)
X10*cells/ml, C. gracilis (8.0~10)X 10* cells/ml, T. chuii (2.0~5.0)X 10* cells/ml, I. aff. galbana
(16~20) X 10* cells/ml & B. plicatilis 10~40 £ /ml S o 888 ~ Skeletonema ~ Tetraselmis ~
Chaetoceros | Isochrysis H@G{FREBERGBIZE » MHZERELFRRBHZE
o LA Tetraselmis REFE » IREEK > BEAEFERE B4 EEERE—SE O8N HANE
BEEER

] 23
FREREZGRHARER (FHEBR 73 BE-411-E 128(5) ) » Hrbhiksgto
ARARRIFRB—ABLANLRRS HEE » BEMLE - RRAKE ~ EABREREE

B BELEL  BENEABYRS  KERMERICELTE 15 BERM » BHEZ B
o ROCUEBCERBERBEUER  FARETHEE » WEEL—biEEH o

2 £ X R
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