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JOIRIRRIE ~ e IR B BN 5 S 3 B ek T
(Diagramma pictum) Z#5 PN L Z &

BRYMRE" « fAIfSHhe - SEBORT - AAKIR - PSR
=2 SNz RN EYIS ST L e RN

[T

TR VSIS (Diagramma pictum) BEZ o ARHAENRE-PEACTAE I - S icE  ERIRKIRE 5
FYEEEYIRE - 5 R/ E FEFH BN ROAITE )] - AE/KEERRFHER S - JEIRGRIE ~ 7K P hisar iR 5
A G S NG I A T R 3 SRS IR U s B A R e s (R - AT R 00 ARG A Dt
HUASAEIIEAREDEIERE (0~ 1,000 4,500 K2 20,000 lux) ~ fHEEEE (6.38%10°~ 1.68%x10°+3.35%10°
J 4.86x10cells/mL) FRENFLEE (250 ~ 500 ~ 1,000 5z 2,000 Ki/L) f&fFT > it 24 hr (5 LR 7
(LRI FEII TR o REREETR - USRI = - WIIEL 7 SR TR IR SN - T DAGEER S B J O
FERE T e R B R R R TR B2 - AR R D B B R )R 24 hr MERFERSE (T
AT+ SEIRGRRE 0 - 1,000 lux ~ fHEARAL 6.38%10° cells/m1 JzfitPNEEE 250 Hi/L » AISEFGHIRF LR
SRk 44 - 54% ~ 78.89% Kz 74.48% » MEALRRITFASER Rk 11 - 17% ~ 5.52% K 15.82% ° AT

Fekt R AT E PR AR DRSS SR DN LB - B EHMRE R R A IS TR -

RASEsT . DR/ TREAHRER ~ MEML ~ 0B ~ RRE -~ HEVBE
i = A S TR AR BRI - i

AfiEFE (Haemulidae) S 21 EJE ~ 136 1
(Nelson, 1994; Fricke et al., 2024) » {E {H FL45 1 ER
e EHEARSEEE - ATEAE (sweetlips) ~ fif
Bt A (grunts) (Lee, 1985; Chang, 1997) - Hrh »
AR R PRr 2 i LA BB F DL s PR P e ) fa ke
(Leu et al., 2012; Hauville et al., 2017) - BXBL/ ik
EAMUEE (Painted sweetlips, Diagramma pictum) 72
SIATIREIEE-PE AP i - (R LI RIER I H A
2 B0 » 2 ~ WERIRIK IR Py B B
Y)fE (Randall et al., 1997; Froese and Pauly, 2024) »
TERIA TS BT 400 - 500 To/kg © @ EEEAEAH
BIRIPARE ~ 1 ~ SRR I (Smith
and McKay, 1986; Sommer et al., 1996) - FEf 5 HIEH
ZEYFEPR (Smith and McKay, 1986) » LECEEIEERHE:
B b/ NERE (Sommer etal., 1996) « ST > b
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BRI A 1T LA f B T R 7R K -
Chiu et al. (2025) E5eEE ARy RGN
SREEDN ~ VIR B R KRR EIE T -
bk R R [ P S A o B AR -

KA IR MK SRR AR T e O - BV
R A S ISR » e a2 R INkE
FIKEL (Holt et al., 2017) » [KIt - BRIGIKIFRAR
G IO LB LR 7 Fa i AR BRI RE kA 3
HYEZ2E (Ellis et al., 1997; Downing and Litvak, 2002;
Chiu and Leu, 2021; Chiu € al., 2023) - {E/KEETH
ganh - HrZNERGRE A TR - 032
FEONAE ~ KA ~ AR ~ $TREE) ~ &
IR ~ SEIURE ~ KRR KB R
SN (Barnes et al., 2009; Broach et al.,
2017; Degidio et al., 2018; Groover et al., 2021;
Mueller et al., 2017; Pereira-Davison and Callan, 2018;
Sowaske et al., 2023) -

SERTFF 2 TR /K SR S E AN EDR IR
BB E TNHE(LTE T (Ellis et al., 1997; Cook and
Rust, 2002; Watanabe and Feeley, 2004) » ZEHA[H]
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HPLIRE R B L BE R ARK
% 7 (Cook and Rust, 2002; Puvanendran and
Brown, 2002; Villamizar et al., 2011; Pereira-
Davison and Callan, 2018; Groover €t al., 2021) > [fij
e Bl sesk s b - SRR R ERIB AR
RS AR - 1 0- 6,500 lux ¥4 (Cook
and Rust, 2002; Pereira-Davison and Callan, 2018) °

TR fa i B B IR AR /K R A I s 2 A
K+ XFE T #/KE5H | (Planas and Cunha, 1999;
Liao et al., 2001; Carton, 2005; Nicolaisen et al.,
2014) - fEEREAIE/K S BT AR - B BE AR K
RESERE ~ W AR EY) Rk oy 858
(Liao etal., 2001) - FFZWHFEHEaT /K i Re ey
U 3 R e i 52 B A R 52 2 (Coberoft et al.,
2001; Degidio et al., 2018) » E{4MF52 0 FHIETE e
BT R A R BRI fA i B S ek /K B SCRTA F
BEHL{FEEN (Hilder et al., 2017; Sales et al.,
2016) » {HESSZREONIEA LAY 52 2R Dt - Gk
FE B R R a2 B R IR
SR AR LA A TRk - A
FEEHG RGN E AR B IRk i
TTE T - HRTER GRS B ok B G ok
BUG R T g BRR/K Y SRS DI LN 22 -

1275w IR S B 0 R SR R 1 - wT LA
FEEIEAL S R St 2 PRG0S
FEEXWMAREE (Broachetal.,2017) < FF AT
HREE TN I LA — A OkER TR
HARAYBEILT - B H N A & R bR
(Toledo et al., 2004; Sugama et al., 2004) » {HE =
IR A TN Bt T RE ek A R T s » AT - R
TP ERET B LR IR BE R il > DA S Ry
B2 -

1C5 Ryl R B D U SR I
[EDEIRGRES ~ R SN R T LI T
HANELE > R SESEIT—RY IR EBEEET LA
SO L e R T

FORHEL T4

— ~ FRFETH B RNNS

ARutFeEPIEEE < ST E S B R EY) /)
AHAVEFA] (113-IACUC-01) - BEzHZFR Ik H

RETEER 22 BERVBGIEE A (84
Fe# 50 - 70 cm) - EEAFRLEZE A 50 WHAYIKJE
b - BRAVRIK R ERIE - kARG R
100% - ZKEZEANT « 7/KifE 24.5 - 31.2°C ~ B
29.0 - 31.0 ppt ~ BEE (DO)>5mg/L ~ pH 8 -
9 o B T BRI ER A A AROLEB] (%3 11hr ok
ER R F M B e BERR SIS AR
B FoRMRBE - RUIMESAA - SRR
BN ERE L - X 17:00 HEEF
MRS (Fig. 1) > MAEEH 09:00 &5
W MR S HE O -

Fig. 1 Marine fish pelagic egg collector.

o BHER R

ARFERS BRI I LR R TSR0 iR 4L
FAE] < E R BETE R ~ I3 10-12 JILERY 32
9N (Fig. 2) » WERSEITEE AN 250 mL Bffh -

FHEBER S AT - DU IE ~ TSGR
REEAF R DN At 57 (B =R (Broach et al,
2017) )¢ Wi (Chiu and Leu, 2021) » FE AN
T

ML= (%) = (Iﬁlﬂﬁﬁ?{tﬂ’ﬂﬁﬁ.ﬁﬁzﬁ

IR AR ) %100

PH LRI RIF R

SIS (%) =
W (%) = e ) <100

WA I FEAN Fig. 3 » Wi fa s B IR H
HHIE S HERMEE - BEEI1SEE (Chiu and
Leu, 2021; Tian et al., 2022) - BROCHEERE ~ flaiE
& R RN R FZ A - HAKE 2R E
EsRielE © JEE 26.0 - 26.5°C ~ BEEE 29.5 - 30.5
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ppt ~ DO>4mg/L ~ pH7.95 - 8.05 ~ $4% % (Total
ammonia, TAN) <0.01 mg/L ~ NO,-N <0.05 ~ NO;-
N <10mg/L - Jif 5 ~ BAEE & pH (% 2BUKER
(XT-131M, JAQUA, Taichung, Taiwan) ~DO L) T4
HHlIEEE (D030, Twinno Instruments, New Taipei
City, Taiwan) ELHEEEARHRETT/ 4T TAN~NO»-
Nk NOs-N fy#lliE IR 1 mL 7kE% - BERZ00
B & (WaterLink Spin  Touch, LaMotte,

Chestertown, MD, USA) 434 -

Fig. 2 A fertilized egg with 10-12 somites has formed
in the embryo.

Fig. 3 The deformed larva has a shorter notochord (A,
arrow) and a curved tail (B, arrow), while the normal
larva has a straight and uncurved notochord (C-D).

= LIRS A SZ R DN L R e & s

LTS5 BE2/KiEREE (pro aquarium lamp,
ISTA, TZONG YANG, Taiwan) B 2 i e48ss
BEARFDEREEE - 2250k 0~ 1,000 ~ 4,500 K
20,000 lux PO#H - SEIEGREE 0 - 4,500 lux FHAYERE

23 H AL e £ E R EE  (Pereira-Davison and
Callan, 2018) » 20,000 lux #H Rytbitse = 4 MEFEMIATYE
WaEE - —flER - PAMERI A R EDY:
SEHEEEEIHGE 20,000 Tux » T EAMFTE RIS
Zt (LM-81LX, Lutron electronic, Taiwan) {EHIF&IR
BERN Ry 20,000 lux o HAMKEZ2HATT @ B2
26.0 - 26.5°C ~ B[ 29.5 - 30.5 ppt ~ DO >4 mg/L ~
pH 7.95 - 8.05 - EESBHAAIRFFEBEI A 30 K752
FEON > R = BRI TR - TR IR R
& 24 hr (RIERGEIY 241 © 0D » L=EKE » D=R
%) FHEM LR KRR -

VY ~ Bl B S AH SR L e e o 2

DAra ¢ a4 s (Chlorella spp.) (Super
Chlorella V12, Chlorella Industry, Japan) ¥RV
R E A FR IRk EREE - AR TP A
Mok 638x10° ~ 1.68x10° ~ 3.35%x 10° k%
4.86x10°cells/mL PUFH » S5 as B 22 IR EL A3
BT fa 3N BS  (Degidio et al., 2018; Chen and
Zeng, 2021) - EERHHEIREREARIEEE = HiRy Bl
FHAREEE » SERCENT Ry 241 0D - HA/KEZ 840
T R 26.0 - 26.5°C ~ B 29.5 - 30.5ppt ~ DO >
4 mg/L ~ pH 7.95 - 8.05 - fHEEARIIA 30 Ki32H
O - fHH =EE A BEARRIRS TSR, - SORSONIRA AR
i 24 hr FHEH LR KRR -

11~ RGN R SZ RGO b S & s

3t 250 ~ 500 ~ 1,000 2 2,000 Fiz/L Ui -
RGN B3 5 2 7. Broach et al. (2017) B
g% - EEECPOEIGE R ARIREE = i B R
IR 24L © 0D » EETR I AR P
AR EEERASIR - L EE > BRI TSR - L
7K B4R < IR 26.0 - 26.5°C~BERE 29.5 -
30.5 psu ~ DO >4 mg/L ~ pH 7.95 - 8.05 = SZ}&H[
R AE S 24 hr FTHRHF LR KR -

N~ T
AW TE BRI £ AR

(mean + SEM) FR U ~ GIEIRIE KO
R RS R DL N 18 R T (one-way



16 BRiliagss

ANOVA) SEITHET3 47 ¢ AL Tukey’s honestly
significant difference test ¥ETTERRAE > LLlR#5HH
IR 22 BAEREE 1 - T Bt Bag it
B MG A (arcsine transformation) &
REOM » BIE T B IKHE 0=0.05 > HEEHEE
#x#8 k GraphPad Prism 9.0.0 (GraphPad Software) »

T S

— ~ OUIRIE A SZ RO L R e & 2

BB DR SRS INESE IR 0~ 1,000 ~
4,500 F% 20,000 lux 5255 F & 24 hr > L3R5
BBy 54.44 +7.78 ~ 44.44 + 1.11 ~ 51.11 £4.01 &
41.11 £ 4.44% > ZAHMRREEEZL (p>0.05)
W53 5 HIEy 11.44 +5.72 ~ 17.40 £2.01 ~ 53.47 +
8.28 K 53.33+4.24 5 1£ 4,500 K 20,000 lux #H
Te3REAZE =1L 0 B 1,000 lux #H (p<0.05) (Fig. 4) -
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Fig. 4 Effects of light intensity on the (A) hatching rate
and (B) deformity rate of painted sweetlips (Diagramma
pictum) eggs. Different letters in the bar chart indicate
significant differences (p < 0.05).

T BRI A SR DN L R R & s

B B D O WS 52 RS ON A B R E
6.38%10°~1.68x10+3.35x10° K 4.86x 106 cells/mL
JFEREGREE 1,000 lux e T #S#E 24 hr > BE{ER
4350k 78.89+4.01 ~ 70.00 £ 7.69 ~ 70.00+3.33 K
48.89 + 6.75% > 7F 6.38x10° cells/mL FHAYIF L%
HEE AN 4.86X10°4H (p < 0.05) - BRI ARy
5.52+1.08 ~ 15.53+5.90 ~ 12.90+3.57 J, 61.04 +
15.50% » 4F 4.86x10° cells/mL fH AR TEREE S
FAEAEA (p<0.05) (Fig. 5) -

A B
100 100+
= a g = b
T 804 ab s 80+
b @
[ -
® 60 b & 60
o 2
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2 8 a
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SOSN8 SS S S
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© N N ™ % NS ) >

Microalgal cell density (cells/mL)  Microalgal cell density (cells/mL)

Fig. 5 Effects of commercial microalgae paste cell
density on the (A) hatching rate and (B) deformity rate of
painted sweetlips (Diagramma pictum) eggs. Different
letters in the bar chart indicate significant differences (p <
0.05).

=~ TRYNE R SZ RGO S e & s

B R D TR S G INAE AN EEE 250~ 500 ~
1,000 k2 2,000 $i7/L ~ SEHESRE 1,000 lux Kz pEZEM0
BRI 6.38%10° cells/mL {54 NI 24 hr > §iF
{EZE 7Rk 74.48 £4.06~46.93+£3.07 ~40.80+16.03
K 25.47+£0.75% » FRIPELRE 250 ~ 500 Kz 1,000 /L
FHAMA L REEE =R 2,000 KZ/L #H (p < 0.05) - g
RS A 15.82+£3.98+77.51 £2.81+55.43 £23.25
Bz 57.94 + 9.27% » 250 Ki/L #HEAZALH 500 Ki/L
# (p<0.05) (Fig. 6) °
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Fig. 6 Effects of egg stocking density on the (A) hatching
rate and (B) deformity rate of painted sweetlips
(Diagramma pictum) eggs. Different letters in the bar
chart indicate significant differences (p < 0.05).
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SUI

ABFFEE RERE B A BRI SZ RS I EAS
[FIY A~ DHOBEIR B B fRON 2% B AR TR 2
AT LA RR Y R AR 2 B - IR R E 2
% o FESRREUR - 2R INAEE RS 0 - 20,000
Tux A5 [ P S AT E A BREA L - T 2 AE i LR (40 -
60%) 1% H B A5 - AR - SO A
(Nassau grouper, Epinephelus striatus) AY3Zz%5 I
BB ERDEREREE R (0- 1,636 lux) T
#REM# L. (65 - 71%) (Ellis et al., 1997) » 1AP4
PEZFEF (summer flounder, Paralichthys dentatus)
FIE{LR (64 - 100%) KFLRFANBERE
B (2.87 - 3.24 mm) {EIGHEEREE 0 - 2,000 lux 2
Hthy8 5 B 725 (Watanabe and Feeley, 2004) °
SRT B /D ARSI AL 1% 7 P e T SR AR
R EIER A (4,50052 20,000 lux) BEEbY
B0 B Liu et al. (1994) 76 (Pacific
halibut, Hippoglossus stenolepis) [yi# b EEErR AT
BIERRSE SARIL - AEREDEIREREERT (15 lux)
HIRF LRI IR (92%) EfMESEREREER] (0 -
5 lux, 24 - 63%) - AJLIHRHERKAHERER > EIR
SRR R B E R E R - sE A ek
HITF R AR - T DR 228y
BB IV E R - B SR IH CRTHG T —
AT SRR B DR E U R R R Z 32
DR EZ S KRBT % - £ BN 6K
(European seabass, Dicentrarchus labrax) J% & B
T (southern flounder, Paralichthys lethostigma)
(e EE et BRG]
- (Barahona-Fernandes, 1979; Henne and Watanabe,
2003) - 2R1M » A DB ERIZER] AR IE i B
f4 (lingcod, Ophiodon elongatus) £ GHEGRE 1
lux AR LREAZE = 0 S 530 Tux » £ 1 lux fEff:
TR (Cook and Rust, 2002) » BHRTEFA
INIREA LIS SO B B 7 SRt A AR e er 220 -
H AT E R R ER » 0- 1,000 lux AJREEGH G
FREVBEAMUIREZ RE N - BRI ARt
/b > 2R1M 1,000 - 4,500 lux Z[ERIEIRIBEAELE
REEIRARETRH - SEthaeesE 0 -
1,000 Tux FHITHYHE SR R F5 2 — 20 HIE -

Fik/KEIE ) RiE/K R B E RN A
(Planas and Cunha, 1999; Liao et al., 2001; Carton,
2005; Nicolaisen et al., 2014) » —fEEFEET Fa T fEf%
K BRI R R i R R (Carton, 2005;
Nicolaisen et al., 2014; Groover €t al., 2021) » THE
AR /KBRS BRI L2 BT SER 2% - 12
FE T B TR B RS BR A TP i st R ) Fa O
{LBIsE2EE - TR S2 3 B A B A AR 32 K
SRR LG T & 32 2K h s iR s 2 - BIIfY
FIREEE T 4.86X10° cells/mL I - i Eii# L,
RIGAR DL L% Fa i R SR B 0930 - PTRE
AR A 7 T U 0 T i 35 ol 1 S8 AR A [
5 MEZRPA AR W S RO
I ERER RS - AT G s
SREGE R - RS E I RGE I RS - K
FRE AT REREE IR I HERS VLI AE BEMR AT e
IR i A Y2 4E - Oppen-Berntsen et al.
(1990)28 ks » AKPHEEfEEMA (Atlantic salmon, Salmo
salar) 2K OO BT RE B U AR A L B I S
A - 1fi Barnes et al. (2009) HIJ % 2¢ 2 A% K &
(Flavobacterium columnare) J&&4Lsz ¥ N3 i il fieé
(rainbow trout, Oncorhynchus mykiss) B¢t 2B - f&
VR IR AR AR » AE EHARERIG  » YRR oA
PRV AR - A S R R R ] AE?
BN B EE DS (Mueller et al.,
2017; Phanetal.,2020) - Del Rio etal. (2019) %54 -
EVA A e S IG5 S S (LR RIS - 3
AL SRIAR, - B LM S B » BRI
fER R kP2 4gs (Griffin et al., 2009;
Phan et al., 2019, 2020) » M IIERRER E &R
il - EERE (Phanetal, 2022) » BEARWTFEHEIE
ARG RV o Bt B B b th & i S R O 2 5]
FOERGRIEREE (Groover et al., 2021) » fREZIEH
SR T RS AR SORGUNAEEDEIRAN 0 - 1,000 lux B
SN ERE RS AR AR B b AR
PERIRE R CEBOERER BT &
LSRR S =R - KL - BAMHERIEDIRER
JEE B B v S A L SR R AR B e T SR B e = 2
RINGIEEIR - T2 A= Y A s A B2 H
B LE R AR Y A A KR B E R -

FETIN e R B B B B - N R s A
R D AR SRS DN LR e B J =R B A -
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AR 250 Ki/L RliGi SN ERE - Z88 0
ZF (Pinfish, Lagodon rhomboides) RGNS EEE
Barh 2 BARDLAU RS SR - /K B IS T SR B T
JCON 8 B Ry 250 R7/L oy AT AL SR AR
(Broach etal.,2017) - Bi#53F & (orange-spotted
grouper, Epinephelus coioides) fRUNEERE 200 - 400
(40 - 60%) (Toledo et al., 2004) - Eg i fi
(humpback grouper, Cromileptes altivelis) HJiXIN
BERE 500 Ki/L BEh0E 3000 Ki/L - BE(bR{E
77% FREE] 59% (Sugama et al., 2004) » & fEHE
i (Pigfish, Orthopristis chrysoptera) fit¥p s
FEEEE 1000 Ri/L - HIfE 85 - 90%[EZE 70 - 75%
(Broach et al., 2017) » W FRLAE—ffEIR/K - ANimtT
REEFT SR, [N B R e B s B LR
QSR EE IR IR = S B T L R - BTl
JEAE B A IR A 28 0 BB BUR TE Y 7k o
(Broach et al., 2017) - ZBE D RREAMUER TN R
e tE— S I LR AR TE R T E R
250 Rz/L £ 500 Ki/L > B R - BB IR
i OB A 250 K/L B4 1000 KZ/L > Fa1ERE
BEEXE R BRI RIIE /N (Broach et al,
2017) » 38 A]REE A Ry N FE IS NS Bk #e -k
VAR - T R T REE IS E R
(Mueller et al., 2017; Del Rio et al., 2019; Phan et al.,
2020) - A EEEER HIEE AR

ABFFFE RN — R GRES — 18 A 7B 5
PRETEIT ~ DICBIR I R fO N 2% 5 S 25 B AV AL
S S LS8 - AR AR ERRAER R
AR A TR L B A f i TP Y 2 B T RE
RS e I AT REAAE AL LR » TRt
— % R EERG o i A R Y B
IR - (HAHTEAE B B RS SR A B R
H&HETT Z K 7ol Baly - fR AL K1 /K MR ERY
275 - IRIBE P B AU I UG IR - el B A
55 PEIRF BRI 24 hr PIHERFERIS RO - SEiR
BT 0 - 1,000 lux ~ fHFEIER 6.38X105 cells/mL 7
TN RE 250 Ki/L - n]SETGAEETER AR LR Bl
R R -

B

ARG E: T R
BT 2 AT (113 E2R}-6.5.1-7K-02) | f&# 7
R BEATFFEAFLAERISERL - FrELEE -

225 30k
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Effects of Light Intensity, Microalgae Concentration and
Stocking Density on Hatching of Fertilized Eggs of
Spotted Sweetlips (Diagramma pictum)

Pei-Sheng Chiu®, Shine-Wei Ho, Cheng-Hsuan Huang, Yeong-Torng Chu and Jinn-Rong Hseu

Mariculture Research Center, Fisheries Research Institute

ABSTRACT

The painted sweetlips (Diagramma pictum), widely distributed in the Indo-West Pacific region, is an
important species for fisheries, fish stocking, and the aquarium trade, and has potential for aquaculture
development and stock enhancement. In aquaculture environments, light intensity, microalgae concentration in
water, and the initial stocking density of fertilized eggs affect the hatching success and subsequent larval rearing
outcomes. This study investigates the hatching rate and deformity rate of larvae after 24 hours under varying light
intensities (0, 1,000, 4,500, and 20,000 lux), microalgae concentration (6.38x10° 1.68x10° 3.35x10° and
4.86%10° cells/mL), and egg stocking densities (250, 500, 1,000, and 2,000 eggs/L). Results show that increased
light intensity significantly increases larval deformity rates, while higher microalgae concentration and egg
stocking densities lead to reduced hatching rates and increased deformity rates. We recommend that the following
environmental conditions should be maintained during the initial 24 hours of D. pictum larval rearing: light
intensity at 0-1,000 lux, microalgae concentration at 6.38%10° cells/mL, and egg stocking density at 250 eggs/L.
Under these conditions, the respective hatching rates are 44-54, 78.89 and 74.48%, and the respective larval
deformity rates are 11-17, 5.52 and 15.82%. The results of this study can be applied to the hatching management

of fertilized eggs in D. pictum and contribute to improving the survival rate of subsequent larval production.

Key words: Diagramma pictum, hatching, light intensity, microalgae concentration, egg stocking density
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