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The Effect of Salinity, Temperature and Diet on Larval Growth
and Survival of Metapenaeopsis dalei (Rathbun)
(Decapoda: Penaeidae)
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Larvae of Metapenaeopsis dalei (Rathbun) were successfully spawned and reared in the laboratory under controlled conditions. The
experiments were designed to examine effects of salinity (20, 25, 30 and 35), temperature (21, 24 and 27C) and food (five items)
on larval development, survival and growth. Salinity affected larval survival, from 0% at 20, to 60% at 35 (protozoea 1 to first
postlarva). The highest survival rate was obtained at 35 %. Temperature affected larval survwal from 46% at 27C to 54% at 21C
(protozoea 1 to first postlarva). The highest survival rate was obtained at 24C. Mortality was the highest from protozoea 1 to
protozoea 3, but decreased considerably for all temperatures once the mysis stage was reached. Larval growth was affected by
different of food items. Phytoplankton (Isochrysis galbana) was the optimum food for the larval survival and the growth from
protozoea 3 to first postlarva.
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AAAL dodde £ 712 A8 89 (Cockeroft and Em-

AR A2 AN (Metapenaeopsis daleDe 4, T ¢ &% merson, 1984; Preston, 1985; Staples and Heales, 1991; Haywood
oA F2 AdF F shuoln (Holthuis, 1980), st% A A o) 72 and Staples, 1993).

Z83 Holo|th, & Sendaiftll M 34F {9 Yo7l He B e 232 ARGAANL A AU A 48E F
Aoz zA H9len, 53 970l (Lepidotrigla microptera), ¥ 8 ZF 4% 70 wE H&&H 4 2 FU7 Hold @&
X (Lipris tanakai), B 7}A0] (Eopsetta grigojewi) @] %2 ®o}7} HEE 9 AFES A, ol5y HA M #HF} 27] 9

g (Kosaka, 1977). AR FZZA o 3% dT2€ UL Ya- o] st Aot
maguchi@ Wstel MAste AT FAAY], €9 AF=2A4,

237 2 A4} (Yatuyanagi and Maekawa, 1957), SendaiZhj o Al Xz o b

o A%, A4, 4% 2 AER £X, olF (Kosaka, 1977), A

A¥o] 93 A9 ded £A 714 (Choi and Hong, 2001) e dAE M ARGZZASE 1999 8¥ 119 3

ol At A Z3olA A¢zgoz ARste Yo AHgsHT (35T,
BN ¢Foll 2 AE4Y d7c 72 2PN (Marsupe-  EE 32). AJE Bdte 74 &F 44 RFoz Q% HAE

naeus japonicus)%t 3t (Fenneroperaeus chinensis)® & % %7|9j8] AAERF F ofo|ad g o] § A Al F2Hr} 5C
A s 402 o]FoH 1t (Oka, 1967; Pyun, 1969; Choe, A FA e AP %u}a};’it}. APAR & Hifo dax
1970; Choe, 1971). o]ofl uta], EAMIF T2 Hol7t e Y AUE AFE F2o Yol o 3027 25T F29] AAA
A28Fo #3 A7 MAT 58 #g3te @Yo 2X3 9] 2% ¥ At 5§ 20488 22 F4390 5, 9
o} (Kim, 1994; Cha, 1997). B2 A3 A -F& dutdez 7o 30). B9 21:00%9 Y 03:00 Abolo] &9 ®3ls} s
T ke ddgoz ofdte Aoz A glan, 4 Ao} Aerg ¢ HAGAE #28A nauplius?] F4L AFo)
2d do} R3teted FAAE AWM HZ oldA Eoh  AMIAL.

olg| g AgArte) EHoz A, M $H A $Fe WAGA FEGAN G A HES HE2 20,2530 2 352 Al
of wal fAel A4dte #7e] g Aoz ¢HA Utk olE B3I, FE AL AFEE 4 1Y o4 BHHA NFANA &
S35 B o, BT fA4 AEAEwse oig Aeg ¢ HEAo) g A 3 F FIEA A2 AF & APE 3
AAEL Bodly] 943 A% 4H2 o5 MAZ THE G Fofl Wo 77 FEE 2HEH o, d& 35 7UE HYY S
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Arveke DEUT 22 £ 2378 A8 2511CE &
AdEh. 449 A¥Te] E¥o) £ nauplius 37) 4 100“]
A& 2L HoAd YAt AAR @2 A9 gAY

b2 BAT FA 4 APTE AES fAL AT &
*3-4 Hedl oA AlgEE wiAEy] fste] 4 AE7E HES

< protozoea 171258 At BEEZ F459 0k Naup-
11us9Jr protozoea?} &2 o] &9 T "}% -4 1/3%, mysis7|
FLE A ARE BT AA AL ASF S R
£x9 4% gle MAE AAAR 7H'r3}‘}15’r Holze
protozoea”| = Chaetoceros gracilis$t Isochrysis galbana® ™Y
d3Y Fosigoen 9ol FEE AL 4F 24 (<1000
cells/mL)o] HEE At 28 Z mysis?] FEHE & L3 Ar
temia naupliis 1Y YN A&4 A F A Holrh FE UF
F&e Tt

Fo A {A BEEH HF) B AP
g gAY F23 M) 7~3¢ HT )
21,24,27CY 37t 2 AN 2 2P 2 21C2 R34
F2AA 0L £28 4AsA tF £ AL 979 Hlo|
7Ag F7ol #29 Mg Hash sgon 24t 27T AT
v 2 YoR 3y £ Fed AR Y3 exzxA
18 dAte £1C HYdol M FAHESF gt g8 308
lataem, AbAl &9, Ho] Fof My P AgS nHE GE
g A9 YA HAASHT.
‘1‘."]01] g &g A% #3 24P Chu (19899 49

el wet protozoea 1, 271 BH& C. gracilis$t 1 galbana®
A B3t ALEE protozoea 371 FAE ol &8 first post-
larvaZ]7}A AAIE G} (Table 1. 4@ A€ Hole 5772
o224 A& Hold C gracilis?} I galbana® @Y T &%
3 Faatgden, $EA4 ™ol Brachionus sp.$t Artemia
nauplii® 247t AHEE T #49) A4 DX e Emmerson and
Andrews (1981)7F A|A1 & A 3}o] 2A3}4 protozoea 371 F4 50
AAE 1000mL wiolAsh 4z Yol @ 30, 24CoHN 4L
HABAT Z4 "ol Ho] xd AVe ¥ 17 o,
Ao AHEE protozoea 371 A9 FFHZL H 067 mme]
Ack, AEMA A ASF 12 GEH F 7T 2¥H
FYE LHo R AR

Yol AP A Holo] Mt HAEY Ao]E HHHI 3 F
gdu]d oA first postlarva A9 FEFELAE 243G
TELHFE AW JIAA FEHELY T AR L5F HE
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Table 1. Density of food items for Metapenaeopsis dalei larvae
from third protozoea stage to first postlarval stage

Density

Food item (1,000 cells/L) Reference
Isochrysis galbana 1,000 Chu (1989)
Chaetoceros gracilis 1,000 Chu (1989
I. galbana+t C. gracilis 1,000 Chu (1989)
Brachionus sp. 15 Emmerson (1984)
Artemia nauplii 1 Emmerson (1984)

HAZ ek 2R 7o FAHZ 74 Yol FhE AR
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N o 8

& o F4 A&£82 (Fig 1), 2094 ZE F40] pro-
tozoea 1712 B ¥ 34 31 FHALE 208 A 3 qEFLT
0.2 Ueidiich 25 M e AFAR 2dH AE&ol 3438 Eo
A 2% o] BESH LW, protozoea 271 FAL 20% o] A&
gro 30 3590 H]E] Y2 AELE BN, o]F AEE H F
oA d¥e] a8 B3YAdE 1%To| *3&3}"4 g1 F
e AEEE By 23, Ayl TRE B3YAAA 4
E% MAE fistt postlarvaZ] 2 984 B34tk 300 ME 49
49RAA &gl A3 WA 60% o] AEHHLH, pro-
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Fig. 1. Survival with salinity of Metapenaeopsis dalei larvae

from the first protozoeal stage to the third mysis stage.
PZ, protozoea; M, mysis.
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gho] AE3H Tt 3591 A protozoea 2719 HEE0} 79% 2 &
A8 o] v 8 2H Fo 8 protozoea 371904 mysis 171
2 ARSEA 14% 049 B2 AV AgEg 4958 A
e BYANE 59% 9 4EEL B 47T F HaF 22 4
B} 2t g2 77 (F¥ 20 A9 protozoea 1714l
A5 mysis 3717HX] o] 2 &L vlwd] EE GE 257 AU F
o2 Q&S0 R Aoz JEKoD ofd HF 3594 w2
Aoz Jebdth (y2=3064, df=2, P<001).

[e]
£8g

) & 2

oY AE¢S AWEY (Fig 2), 20CINE 4A%RH
protozoea 2717} 2@d AJHQA 4YARA AgEe] Fhed
protozoea 2719} 3719] A& &o] 22 80%, 68% oIt Mysis7]
o} F AEC] 10% oJ3t2 ol H4Y FIEAHY 1794 4
EEL M%E N 234 FT7F 14CAN T JHAFREH
protozoea 3717 8 6N 7HA] 88% 9 & HEEE Hold
A] protozoea 3717tA| 84% 7t AE &t Mysis 17114 mysis 2
712 AYSHEA AgEe] 20% F7HHS mysis 2719 AEEL
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Fig. 2. Survival with temperature of Metapenaeopsis dalei lar-
vae from the first protozoeal stage to the first postlar-
val stage. PZ, protozoea, M, mysis; PL, first postlarva,

#43% FH&

$ o] F 8

T2t 27CAME A9 49ANA AlgEo] 46% 2 protozoea 3719

HEgo] 54% o1} Protozoea 371 o1F AMEo] 10% ©)&t9) of
2 HHE FHE FASE, AUFE A HESL 46%F EAYL,

AAE o s wzAd AP AFAF 1594 BE MAL first
postlarva?|2 B3¢t 2 & T3+ protozoea 1710041 %-E
first postlarva?|74R] &4 ¢ 5AF Aol g Aoz Jegt
(x2=046, df=2, P>0.01). =3t Z} 2o @2 first postlarva’] 9
P FFEHEE 21N 1245 mmeolles, 24Tl A 1232 mm$
2, 27CAA 1319 mm= Jepen SN E o)F Al 7]
Z 3oz Fye dade Z29 7Feftt (ANOVA, F=440,
df=2, 69, P<005). 53], AT F F2Fe] 7] Ao vluZ
)M 21TE 24T, 27T} )7t gle Aoz vehan 24¢rt
27CcET g4 AL Ao Vel (Table 2).

Table 2. Multiple comparisons using a posteriori Tukey-Kra-
mer test (Sokal and Rohlf, 1995) for mean carapace
length of first postlarval stage of Metapenaeopsis da-
lei at three temperature regimes

Temperature
21T 24T
21T
Temperature 24T 0.959
27C 0318 0.013
3) o o

an

7t gold AZ&S AHHA (Fig 3), I galbana® 9%
FFoA e mysis?] FAAA 92% 9 AELEE Ho E AYF
of Hl&l A YebEoU fisrt postlarva?] FA0) $HIAA, AL
FEo] Frtste APEEAY AELL 79% % YEUdG. C
gracilisS T AT APAF 29A%EH AL g F
7hatd e, 4ol AEEC] 76% S JERANL, 6UAN A=
& 66% S JERRSIoB, mysis 2717449 HELL 65%8 W
BT} AEEEAY HESE 022 AYFL F 71F ©A
vebdth I galbana®t C. gracilis® 37 F4§ APFA =
AY 297H 4U7RA AgE] wRhoY, 6UARE AtEo]
A3te] mysis 3719 BE80] 9% & Yehglon, APFEA
Nzl 61%5 JEMN AT Brachionus sp.8 FoF 487l
Ae 64AREH AgEol F713te mysis 3719 HELo] 81% 2
et o Artemia naupliis F98 AT A A9 29A7A
AFEol F7H3t mysis 1719 AE&¢] 90% A29, mysis 27
HE AIAAE Ho] APFEN Y AELE 772U A4 Ho
TFel @ protozoea 37191 A first postlarva”l 7441 2] A& & 9]
A3 Aele e Aoz et (x2=392, df=4, P>001).
7y ol AAY AolE AHBEY (Table 3), Hel7t #49 4
Fol 4TS vAE o2 YeRY (ANOVA, F=1631, df=4,
81, P<0.05). Chactoceros gracilis?t I galbana® &E33td £
A48T FA ol first postlarvaZ]| 7tA Bl A we) CEIHPoH,
FERFS Zolg 1 ez Yehygo dgx,

Brachionus
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Fig. 3. Survival with food of Metapenaeopsis dalei larvae from
the third protozoeal stage to the first postlarval stage.
PZ, protozoea; M, mysis; PL, first postlarva.

sp.8 58 AYT Aol first postlarvaZl 29 €397t ©E 9
o] zPBT BB =Y Ao Yepon, Aok F& ALeE
Jelgt, 7t del gl 43zt Aole FEAMO (Bra-
chionus sp., Artemia naupliD BtHe &A%} (C. gracilis, I
parbana) & FAE 709 £4 FHARY o7t va D AL
2 Jeltd (Table 3).

2k

i

HYNSE G AES AL L AFEL Yol A v ¥
(Emmerson, 1980; Chu, 1989), = (Cockcroft and Emmerson,
1984), ¥ % (Staples and Heales, 1991), 2 A& 2= (Emmerson
and Andrews, 1981) 59 AFS@A o8 4FE e AL
Hasle] gidt,

1) ool ot s

2 d7dde 48 2094 AH4E ZE nauplivs?] FA40l
protozoea”l 2 B &A F3i AEEich ofe] Hs| H4A <
AR} {AFS 30, 35904 AAEEL 30% ol Wl WA

Table 3. Multiple comparisons using a posteriori Tukey-Kra-
mer test (Sokal and Rohlf, 1995) for mean carapace
length of first postlarval stage of Metapenaeopsis da-
lei fed with five different food items

Food items
Isochrysis ~ Chaetoceros I galbanat  Brachionus
galbana gracilis . gracilis sp.
Isochrysis
galbana
Chae{opcros 072
gracilis
Food [ galbanat ¢ )
items  C. gracilis
Brachionus 0 0 0
sp.
Artemia 005 001 0235 0.198
nauplii

elytt} (Fig 1). Preston (1985)& BE|A$-7F9 271 f49 A
gfol Atg Al AR o} AHF FAo| ¥ Ao BAHY
e, 2 AT AT GEQ 29 H&H 7 3571 30
of W3 Ee AZLL JVERIT =¥ RE G¥ 7T
protozoea 171¢] AbgEo] & FA QA v A+ £A et
wth. Metapenacus bennettac Racek and Dall& ¥ %% t¥£ 9]
BaAS §AL protozoea”] AbREC] T FA7I4 vl vl
%7 Jdebddn 2ugo] 91en (Preston, 1985), °1 &1 proto-
z0ea7]9] B AAREL 0150 mysis? postlarvaZlol ¥d ¥
2 37 2 Y@ Fggo] ¥y REY Ao HuFo g
(Hudinaga, 1942; Gopalakrishnan, 1976; Omori, 1979). °|&¥
QB ph] wE §49 AS AHAHY olg ofvje FIFH
A9 AL 228 4 Ak BIANEHE Aol Wikt
ol A AgstE ABAE M 3 oA Adde ABAE
AR 202 oA Ak (Dall et al, 1990). 87 Wikel 4F

gl 28 SA4F od AA A% YR 7 FU2E
93 gxe Walzl wg AT Fol NAFoz AR FAHES
AUz g}, ool wal PN Adste o FA4F o2 7
Ae Ui ggdon, 27 FAN7E UM BYEZ, of
29 27RAL AERNA B2 AFES YEUE ReE ¢
A4 At (Dall et al, 1990). makA 203 25014 Z7] AlgEo|
A et M. daleie 9% MAEH AdAH 457 9
o) = 249 9ol & Gl Wzt AsA e XA 4
A3y 328 4 Uk

2) F20| o8t A

B QpoaE Atg A $29 24T 21T 27C HlE A
280 B Ao Vet (Fig 2. o133 Ade A& £
20| BENSFY A AELA FadL AL HY Pres-
ton (1985)8] @F AT} ulzsity, AL, AAA 9] F&3 &
e 25 UAS 9 7 2R G AFAY FE
$A9 ATFEe o= Aoz B At (Preston, 1985).
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FAY Foo w2 HF71H2 27CAA 159, 21CAA 18% °]
go] AaFo] REoX Apd wia dFo] Wit} Ewald
(1965)= Penacus duorarum (Burkenroad)©} 4Fgell A first post-
larvaZ]7h A1 9] 7)zbo) 26Tl N e 159, 21T E 25U 2 fA 9
o] AEHT B wWE Aoz Busgr. 53 £
LAF9 93719 o gE 4Fd 2L 94FL v
882 =, Gopalakrishnan (1976)2] B.31oj] 239, Penaeus
marginatus (Randal)9] F443& Holdte HYoluy} 429
o8 B §& JEe wom nFLET AFLAM E3F7|
7} ZojAdan Budxn Yok, E3 Cockeroft and Emmerson
(1984)& Macropetasma africanus (Balss) 42 nauplius®] A
first postlarva”?] 742 242} 15, 18, 229} 25Col A A} &8t 4L
A FA9 4o maun BEusgr B dFedAT 29
e first postlarva’] Q] FELAE 27CA 1319 (£0.14) mm,
24Co A 1232 (£0.11) mm, 21TAA 1245 (£0.09) mmE 21T
9 27, 4CE £9F Aol7t gl A2 Yegon, 27C7
24Co) ]3] tha & Ao el (Table 2).

3) Moo <5 H&t

¥ d7AME I galbanag FAF APTFNA & 4y 4
ol b3 A w& AELE BYOH, C graciliss FAF
AP TN F2 &S HAY (Fig 3). gwraoz HeA ¢
F FAL nauplius”l 592 yolkel 93 A=dn AREH,
protozoeaZ} 8 Ho|& 443, protozoea’] 9t mysis 2717}
A AEA HolZ AA3T, mysis 371%E FEA HolE A4
£ Ao 2 %8 it (Emmerson, 1984). Sanchez (1986) & Pe-

naeus vannamei (Boone)® mysis %4 & Isochrysis sp.&H& ¥

o8t 53%7t postlarva® B3t B3 of2f s A%
T, ¥ drdAx Jeiged, $E490E 448 AddT ¥
& AEA HolZ 44T AP we 4FES 24 (Fig
3, Table 3). Kuban et al. (1985)% Penaeus aztecus (Ives), Pe-
nacus setiferus (Linnagus), P. vannamei®t Penaeus stylirostris
(Stimpson) 4%9 &4 4% AolA HEA Yot T
AT 54 Y| (Artemia naupli) & 74 o8 487
Bt} protozoea 27| %-¥ first postlarvaZl 7t §A ] A& &3 4
ZFEol ¥l B3P ol e KAANIY 17 £2
g 717} FEA FHolol vja] A &4 Holg YAa7] & A
7198 o2 25480 HEA Ho| FH mxx FA9 4
Z&2 AolE YeAth Chu and Lui (1990)F Metapenacus
ensis (De Haan) #4°] Isochrysis sp.% C. gracilisT 4 3e
o] Platymonas sp.g A43e ARG AEgo] ¥A e}
HEA Holo @E &g Aoj7t vt Rugych 59, £
19 £ M dalei= protozoea’l 5 I galbana$t C.
gracilisg 2ol Fod A7t 44& Fo4g AP v&) A
E%o] 52 Aoz vyt (Choi, unpublished data). 919 2
#E F3 £ @ M dalei 49 protozoea”] )4 postlarva?] 7t
Ao Holze AEEH AHE0) FHAHLRE £& [ galbanas
B2 AE4 oy} Aty FHE

FO

ok
=L

Aol AL HEE dAE 7PN ARFZZAS (Metape-
nacopsis daled)© 19999 84 1194 ¢ dx ZaolM A=
& ol &3ta] A AFF FAE ) GETFLH A
o 277 2 /MY g o] TUA ALKt o] AE
&3 AZES P gEEddAE AFAY 9EF FA
g 307 3500 AEEo] BRI, & 2PAME AR £
4CAM AEE] M wqt Yol 24 A AEAY
ol A AE&H o] FEAHS FAT APT+EY U

Zatel 2
o] =& 19973 ¥=FEAT AT TRIAA A7v|d o3
o ATHUE

2z od
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