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2020) - BEARIE L BT EIET 2 KO M SOSHAY B B
AN DTEEET B BAM U7 HE LURE E g — i
AN BCE B E RS R Ryl ~ HEG ~ BT SRS
Bt fo 2 UH BR BT 2 RAR o E AN A AY RS R
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2: | ‘j\ /"J\\‘ } .
y S -
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Temperature (C)

: /\"‘-"»J I M

water exchange 0%/day

Salinity (psu)

water exchange 5-10%/day

artificial diet (5 g/L)
Jie — .

Feed and water management

rotifers + copepods (5 individuals/mL)

6 ; 1r0 1‘5 2‘0 25 36 3‘5 4‘0
Days post hatching
Fig 1. The temperature, salinity, feeding schedule, and
water management protocol developed for the rearing
of larval Eleutheronema tetradactylum.
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Table 1 Key morphological characteristics at each developmental stage of Eleutheronema tetradactylum larvae and

juveniles cultured at a temperature of 27.07 + 0.26°C

Developmental Du'ratlon Key morphological characteristic
stage time
Yolk-sac 0 dph Larva was free from the membrane; 10-12+17-18 myomeres; one big yolk-sac
3 doh Mouth opened; digestive tract appeared; yolk-sac completely absorbed; the eyes
P were fully pigmented
Preflexion 4 dph Anus and swim bladder opened
5 dph The mouth was completely differentiated
Flexion 9 dph The hyprualia bones appeared
10 dph The hyprualia bones assuming a vertical position; oil globule completely absorbed
Postflexion
19 dph The four pectoral filaments appeared
21 dph The fin ray counts attain an adult complement
Juvenile 35 dph The mouths turned downward
41 dph The body was completely covered by scales

dph, days post hatching

weight) 1 TRHE © FHRARATT
EERE=AERFEERER ZIF%EE
(SD) / fa S P RAFHERS R (cm)
HEEE A2 Y = R AFHE(SD) / B
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VY ~ et oA
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StHkiE By Sigma stat 3.5 FiiA »

Mook

— ~ frHEfR T

VU5 RS B HE SR B B 5 I B B SR G R Al
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RIS SR R BrAGHER (Fig. 20) 5 WHLREE 3 RfF
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FIERsE a7t - JEREEAEHE /N R 2Ry 1/4 (Fig.
2F) 5 Wb 7 REFF - #8285 3.39 £ 0.01 mm
(n = 6) > BB - HBREEREHME/ N R sk 1/12
(Fig. 2G); L2565 9 RFf-lER 433 £ 0.11
mm (n=11) » (AT EIZEERHER - (HESE PR -
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Fig. 2 The larval and juvenile development of Eleutheronema tetradactylum at 27.07 + 0.26°C. (A) Newly hatched
larva, 1.29 + 0.02 mm total length (TL); (B) 1 day post hatch (dph) larva, 1.93 = 0.06 mm TL; (C) 2 dph larva, 2.67 +
0.03 mm TL; (D) 3 dph larva, 2.89 + 0.04 mm TL; (E) 4 dph larva, 2.70 = 0.02 mm TL; (F) 5 dph larva, 2.69 + 0.06
mm TL; (G) 7 dph larva, 3.39 + 0.01 mm TL; (H) 9 dph larva, 4.33 = 0.11 mm TL; () 10 dph larva, 4.49 + 0.19 mm
TL; () 12 dph larva, 5.82 £ 0.04 mm TL; (K) 15 dph larva, 9.08 £ 0.22 mm TL; (L) 19 dph larva, 14.30 £ 0.46 mm TL;
(M) 21 dph juvenile, 15.10 = 0.64 mm TL; (N) 35 dph juvenile, 30.74 + 0.81 mm TL; (O) 41 dph juvenile, 38.42 +
1.44 mm TL. Scale bars = 1.0 mm.
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BBy 13 - RRAEIEMRECRy 13-14 (Fig. 2)) 5 L
%5 15 KT #8% 5 9.08 = 0.22 mm (n =6) »

FATREIE - BEORECRy VI 55 T SIEREIREC
13 - PEHEE IR BCR 1/16 ~ FRMEREIRRECR 18 (Fig. 2K) ;5
M EIREE 19 RFF 0 825K 1430+ 046 mm (n =
9) » FH—EEEREGEC VI~ 55 BB R
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V15 ~ FEfEMERR IR TV13 ~ FEAEREPRRERy 16-17
5T KBRS B IR R B R 0 g
THHI 4 FEFR RS (pectoral filaments) (Fig.
2L) ; W biREE 21 K > #8582 E 15.10 £ 0.64 mm (n
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Ty V15 ~ REEEIEIRECR 11/13 ~ REREEFEIRECN 16 -
17 » Z g BEL AR - HEAHERIY] (uvenile
stage) - figfig 77 4 fERIRVFRERE RN (Fig.
2M) 3 WEAREE 35 K - HEfe Ry 30.74+0.81
mm (n = 13) » CIER5E s Ry A7 55— HERT
ZARBERRER ~ 2H S EEEENR - S A R AL T
ZROEM (Fig. 2N) 5 LR 41 K > HEfde
2RERE3842+144mm (n=11) ARBEHIEH
o (Fig. 2K) - PUFB RS Sl fPREfaiE LR 258 41 K
2R CREBIEER AU Y =0.740 +0.399X
+0.013X2 » R2=0.994,n=304 » Hrh Y B »
X T b RE (Fig. 3) - VUFERMUFHERIE LR
53 REH 4K O RAHEER ARy Y
=204.08 + 66.08X +3.03X? » R?=10.984,n =125 >
Hrp Y B8 X R Li KRB (Fig. 4) » fFFadfE
WrLass 4 Rbdmnmaae Ay - HXER O
&Ry 41622 £ 15.59 pm -

o NEETHEE B VYT E R R R
e 7

VUHE RS M AN R A 30 RIY
iR - HRRZH - TR - BRR KR
BRIl Table 2 - BERHERARAVERHERG R ~ 8 -
HEgE ~ WEES T - HRER LSRR
PRI AR A2 (p>0.05) 5 THFRI7H » A
(500 fish/m®) ~ B (1000 fish/m*) 5z C (2000 fish/m®) #H
43RIEy 33.33 +3.33% ~ 21.67 + 7.26% K 61.67 +
5.83% » Hrp C HHEEE SR A K B#H (p < 0.05)
i A k B fHMMEREE R (p > 0.05) s BRERT]
ifi > A~ B K CH4ME 60.00 + 5.77% ~ 73.33 +
6.67%J% 34.16 + 4.16% » Hr C fHEEZEN A &
B#H (p < 0.05) > 1 A J B fHREIMEAE =S (p >
0.05) 5 HE R S e B 7= SR A AN R % R v A 7
F#25 (p>0.05) -

Y = 0.740+0.399X +0.013X?
R?=0.994
31 N =304

Total length (mm)
8

[‘) é 1‘0 1‘5 2‘0 2‘5 3:0 3‘5 4‘0 45
Days post hatching
Fig. 3
Eleutheronema tetradactylum in culture, from newly
hatched to 41 days post-hatching. All the data are
expressed as the means + SEM.

Development of the total length of

Y = 204.08+66.08X+3.03X?
1T R*=0.984 )
60001 N =125 .

Gape height (um)

0 é 1‘0 1‘5 2‘0 2‘5 3‘0 1;5 4‘0 45

Days post hatching
Fig. 4 Development of gape height of Eleutheronema
tetradactylum in culture, from 3 to 41 days post-
hatching. All the data are expressed as the means + SEM.

E |

k=113
-

H ARy LA RS SRH PRSP BB B &R
fHE 4 » Leis and Carson-Ewart (2000) $5H; - [l
Ly R ERH P AR RAIAE 0.8 - 2.0 mm (ZfH] »
SNBIEA —EARINEZE ~ IRIE K IR REE
SE4 0 IERHEEL RIS B I L U5 S BT F
AITZHRERRIEL - Kowtal et al. (1972) $fPu+g S8Ry
WL ffe R Ry 1.45 - 1.50 mm - BEAHAANE
STBIIY 1.29+0.02 mm - S (2014) Frfidiny
VUFE RS BRI LA fa e 2R Ry 1.957 mm > HIBEZARKT
FURt AR e SN » SRS (2014) AR > B
W btr Ry R DN 2E R ERIRTHFE - WA
By 18 + 22 - 24 » BHAHFSE (WIE#L10-12 + 17 -
18) K Kowtal et al. (1972) FrfftllEi# 27) &
[A] > fEAFFa SN RE A AR5 » RIEHATRE
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Table 2 Comparison of the growth parameters among the treatments and the survival, cannibalism and size

heterogeneity of Eleutheronema tetradactylum juvenile under various stocking densities

Parameters Treatment

A (500 fish/m’) B (1000 fish/m’) C (2000 fish/m?)
Initial standard length (cm) 3.37 £0.07 3.58 £ 0.11 3.51 £0.09
Final standard length (cm) 7.13 +0.09 7.16 £0.12 6.94 + 0.04
Initial body weight (g) 0.43 = 0.01 0.43 = 0.02 0.43 +0.02
Final body weight (g) 2.60 0.13 2.74+0.14 2.46 £ 0.10
Daily weight gain (g/d) 0.072 + 0.004 0.077 + 0.005 0.067 + 0.002
Percentage weight gain (%) 503.61 + 18.72 544.27 + 74.96 472.39 + 8.96
Specific growth rate (%/d) 2.57 £0.18 2.77 £0.25 2.36£0.13
Condition factor (%) 0.71 +£0.01 0.74 = 0.00 0.73 £ 0.01
Survival rate (%) 33.33+3.33° 21.67 +£7.26° 61.67 +5.83°
Cannibalism rate (%) 60.00 £ 5.77 ° 73.33£6.67° 3416 £ 4.16°
SL heterogeneity' 0.12 £ 0.02 0.11 = 0.01 0.09 = 0.01
BW heterogeneity? 0.43 = 0.09 0.38 +£0.03 0.31 +£0.03

Means sharing at least one common script are not significantly different, whereas other comparisons differ at p < 0.05; values

are means = SEM of three replicates.
'Heterogeneity of harvest standard length.
*Heterogeneity of harvest body weight.

Rt (2014) P ry vO$s S S b r s E
B2 ErTRE IR btk 24 - 48 hr HU{F-f

WAL A Fa SEDN B FEfE e R B T il
#H (Yamada, 1959) » E V= FEHFEIEEERS - 1R
ANEF g R BB R R Rl 2B (May et al.,
1974; Westernhagen and Rosenthal, 1975) - fHEHA
PHeE 2 - JBR AR IF Ry R R AR IR R HEF U R
(John and Howell, 1980; Ehrlich and Muszynksi,
1982) - BEEF NS - Bk HEREIN R 2 —
DEIERESAEE - U HIHFE RIS (Avila and
Juario, 1987; Williams et al., 2004) - ZAhF25EH Y
RIS far N A LRSS 3 RINFEVREE
B bR 4 REAtGHE - (HEERRHERM 17 - fr ]
DARIRFFI R AR R 2 2 (k) B SRR e
(BERHED)) - TIHERE R LS 10 KA 5E2HE
FEoaE o PN - WSE (2014) AYBITRTRALE
TEWFLERERE 6 - 7 RIEREIEFE ATE - BRI
BRARSIR - JE FTRER AW E T MbAIaRY 10 KA
ZRIRERAE (24 - 25°C)BIRRIL » FHER S Ho AR o 14

(Hamamoto et al., 1992) ~ BEFHBEFA (Doi et al.,
1991) Bies2E K Bk T #E A dRr R0 2 2 R AL

%5 2 -3 R HAZRIFREMERAEY) - MKEy
PRSP ARG B BIRE - fEff RS
R AR KR R AR L YIS -

WEFFLEET Ry HFRITE R LR
By FEAIR R IRFIE&MF (Shirota, 1970; Fernandez-
Diaz et al., 1994) » VU5 Rl fEe g ss 4 Ry
185y 416.22 £ 15.59 pm » ATLAEFHE A/
150 - 250 um Flyligds - S BETTLIE
BB IRART R S S P REF RSB IR/
DUEEEATIETRIAEY) » SRS (2014)AYbF5EH
ARRAE T AR CRITE R - B AR R K
AL - PU¥E RS MU F Y DR AR E R A SR
(Lutjanus argentimaculatus) 1y 210 um (Leu et al.,
2003) ~ BEEG M A (Epingphelus marginatus)
214 - 259 pm (Russo et al., 2009) K ZEHCGHE A
(Epinephelus moara) f 307.18 + 9.29 um (Ef%,
2020) -

HRTHI#EEERIIARE 52 22 Kendall et al.
(1984) FrlmimAvssR - Rtk BB n 3k
R FUEAENE » HRTR S EZ A - 4351
RN e BT fad ~ TR R LR AT - HRR
e FRAT O~ R OR L AT FU B HE FR
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> AWK IR A HE R R B R R P B
ZIRHEG R Table 1 - 2L REITC IS BURH FHE
FRIPRREE 2% - SERimINIFefERiu PY$s 5 il
FHES 2 B EE LR E B ORI ES - Bilan
Kowtal (1972) Z2ERFF s Rl &REE -
5 01 HIZ A Rt f (MR LEIM b a8
3 R) ~ MR (B beess 4 RENES 13 X) Skt
] (LARES 14 K25 36 K) JKES  (HHAET
AT REER IR AN EL Kendall et al. (1984) WYJ5iEH
Fir7E5e o ANRISCR-R A PUFE S Bw) A B Ry Hiul
i A — 2 JE FTREENE R R A A AH LR S AT Y
RS - RILAEARARAY I 72 P ERZ o FHAH RIS E
HEFTEISEOS -

VUHE S IOHE FROE A (R 2R A% B R ASE 30 KAy
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Larval and Juvenile Development and the Effects of Stocking Density
on the Nursery Performance of
Fourfinger Threadfin (Eleutheronema tetradactylum)

Pei-Sheng Chiu®, Yeong-Torng Chu, Che-Cheng Chang and Shinn-Lih Yeh

Mariculture Research Center, Fisheries Research Institute

ABSTRACT

The fourfinger threadfin (Eleutheronema tetradactylum Shaw, 1804) is distributed throughout the Indo-West
Pacific, including the coasts of India, Southeast Asia, the Philippines, Papua New Guinea, and northern Australia.
It is an important marine farmed fish that has high economic value in Taiwan. Our results show that newly hatched
larvae were 1.29 + 0.02 mm in total length (TL) with 10 - 12 + 17 - 18 myomeres. Four days post-hatching (dph),
the TL was 2.70 + 0.02 mm. First feeding took places at this stage. At 21 dph, the TL was 15.10 + 0.64 mm, and
the fin ray counts showed an adult complement. The statistical model Y = 0.740 + 0.399X + 0.013X?, where Y is
the mean TL (mm) and X represents the dph, explained 99.4% of the variation in growth (R? = 0.994, n = 304). In
the present study, juveniles (3.37 - 3.58 cm, 0.43 - 0.45 g) were randomly stocked at three densities for a 30-day
trial, as follows: treatment A (500 fish/m?), treatment B (1000 fish/m®), and treatment C (2000 fish/m®). No
significant differences in the growth parameters were observed among the treatments. Nevertheless, the highest

survival rate (61.67 + 5.83%), and lowest cannibalism rate (34.16 + 4.16%) were observed in treatment C.

Key words: Eleutheronema tetradactylum, larval development, stocking density, survival and growth,

cannibalism
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