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Effects of water temperature, salinity and pH on embryonic
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Abstract: The characteristics of embryonic development of Selenotoca multifasciata under different temperature, salinity and pH
were studied for the first time, to provide a reference for the selection and regulation of suitable conditions for seedling cultivation of
S. multifasciata. The embryos of S. multifasciata were incubated at different temperatures (16, 20, 24, 26, 28, 30, 32, 34, 36 C), sa-
linities (fresh water, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50) and pH (5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, 9.0, 9.5, 10.0). The results indi-
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cate that the hatching temperature of S. multifasciata was 24-36 C at salinity of 32. With the increase of temperature, the hatching

time descreased, and the hatching rate first increased and then decreased, while the deformity rate was on the contrary. The optimal

hatching temperature was 26-28 °C. At pH of 5.5-8.5, the hatching time descreased with the increase of pH. The hatching rate first

increased and then decreased, while the deformity rate was on the contrary. The optimal hatching pH was 7.5-8.2. The larvae hatched

out at salinity of 5-50. The hatching rate first increased and then decreased with the increase of salinity, while the deformity rate was

on the contrary. The optimal hatching salinity was 25-29.

Key words: Selenotoca multifasciata; Embryonic development; Temperature; Salinity; pH

LU (Selenotoca multifasciata) J& THHEH . i
SEAMPL, MRS, 58 (Scatophagus ar-
gus) JETFRBAFF, F20A0 T rh E AR R FEiE L
NENFEJE VUL FEHEE | AR X H R
20~40 cm, A, RRBHEAE, FFEHMMNABRERA
BEHE, AR A R ARIBE, PITEXTOGT Bt AR 1 a0
MH4 . ZEGRIE SR WA B KAt mk, BA
JUURL TR, ABTANEESE, RZIETE E, 2 —Fh
HEMBEMEHMEMERLST A, BT RE KNAET
i Ao AR SRR o

FURT, [ A2 SO R £ R DETEBORM D, U0

ek EN . R A R s E " S R,
M Z ARG & B S EIEE . hE . pH KMk Wik

o WEFERWT, IR A Hh 15 S AR IR Az gy
JE I i R RH S A, BRIFE IR 3 X0 i 0 A 2 R 3
SR B K B T MR SR T R L #h
JE . pH = RINFEW LUE ORI Z T . RS
B, AR AR B R S A
Mk, TAI%?“&*H%@W ﬁﬁﬂpHﬁ%#ﬁ

PR TR0 A 18 - 00 4 o % T L AR A TR A A
%Hﬁﬁﬁmﬁi

1 MRESIE

1.1 EIedrsl
SEERAE KR A BT BE AR WK T W T 16 1 B

WO HET . ZEURIE AR MR R B A SN T %
IR0, 7E DT P ZRPIRI , e H 1 J2 4o
ik 80 % M2 KT U T4

1.2 SKIGigt

121 WREE RE 9 MR (16, 20, 24, 26, 28,
30, 32, 34, 36 C), BABERE 3T, IKERARE
VOKIBREIR, miRA B HOKIBRIR, SR TTIA T K iR
HEFSTEMNIKT, FEEA TR, EsuFEE 0.5 «C, A2
JINHSF R BT S A HE S Bk Tt SCRERE N 32, pH 8.2
122 #hfF R 8 MRS (RK . 5. 10, 15, 20,

25, 30, 35), LAERIEKERRE 32 AR, GAEERE
3T TR S AR AK R FCER B, B2/t FH R
TR E IR HE SR ER T . SERKIR R 26~27 °C, pH 8.2,
123 pH iXE 11 L8R4 (5.0, 5.5, 6.0, 6.5, 7.0,
7.5, 8.0, 85, 9.0, 9.5, 10.0), LLHRIFK pH 8.2 HXf
M, BABREEEE 3 AT . HIREIR R 22 v e 55 50 21
pH, %R/ ERE PH B-4 BUHEHEC pH 1100 A S
B02H pHo SEER/KIRA 26~27 °C, #hEE 32,
1.3 XWAE

SEERA AR 500 mL HYBERR, ZEURERM NSNS, ST
R HAL S g aih, BRI RT N 50 kL, MRS
FKEE IR . SR TT IR IS FE B T AR I L Sk in & B 4F
w, SR RO G R AE TR S LR I E AT — R E
WY FEAF P RO IR 5 BT (8], A f 2 R S
TFRMAL A, SC0 i B b LSRR i B 4 0 A £ 1) W5 T R
o, JHAIE SR IIEA
1.4 HiEAIE

SHHAR DL “ TR (X £SD) 7 #%, R
IBM SPSS Statistics 19.0 # {4 4F SCE AR AT N R I 2243
Br (One-way ANOVA), 41[A]2=5 ] Duncan's £ HK,
P<0.05 A7 25 . i Excel 2010 # IV BRI
X AR AR A FAERR R 81 4347

pR

2.1 BEHmE
zﬁ%@%@%ﬁﬁﬁﬂ%ﬂé% BB, s
— AR R Bk . TR X 2 U 0 IR G & 52
FERIFE 1. B 16, 20 C 4, JAMAMIBREIAT T A & i
FRIFMGURN 0 L 4421
2.1 IREEXTIHER R R AFREE R R, 28 C
21 L SR AT AL R AR [(81.55+0.84)%], B TH:
fli4l (P<0.05); 26 C ML mAK [(1.46£1.36)%], W%
R TFHABL (P<0.05). 32, 34 F136 C HHMBALRY B ¥
ETFHALLL (P<0.05), WHERYEEmFHAMA (P<0.05).
PR . WA L R AT M 2 200G R [l A v 4y
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Table 1 Effect of temperature on hatchability and deformity rate of S. multifasciata

R JURJfs B 77 452 L A

iy a=R AR ]

Embryonic development ~ Embryonic development gﬂﬂk% mﬁﬁ}% HJ'H%N @ fupjj
Temperature/ °C stop period stop time/h Hatchability/%  Deformity rate/%  Incubation time/h  Vitality

16 EZ ) h] 5.05+0.50 0.00+0.00 — — -
20 SR 6.00+0.45 0.00+0.00 — — -
24 — 47.82+5.64° 28.4142.62° 23.07+0.08° +
26 _ 65.68+2.07° 1.46+1.36° 19.41£0.10° NS
28 — 81.55+0.84" 14.73+5.94° 18.59+0.16° N
30 — 58.10+4.42° 30.83+3.01° 15.84+0.46" +
32 — 23.5342.50° 42.47+4.11° 13.1240.13¢ +
34 — 18.48+0.98" 50.31+0.97° 11.7240.19" +
36 14.19+4.32° 95.7645.79" 9.66+0.16* +

— ANE s + WEBIRE SIS e BEShRE I AT AR B AR TR R R AR R R W 2 R (P<0.05), MR RN E 2

5 (P>0.05); FH,

Note: —. No survival; +.Weak swimming ability; +++. Strong swimming ability. Different superscript letters within the same line indicate significant

difference in the temperature (P<0.05), while the same letters indicate no significant difference (P>0.05). The same below.

Br, S5RILIE 1, LRI R 5K IR EA B A
P, BEKIERTHR, BEER (v, %) BT FEIRRE
B BB (0, %) WA . PR IEIE RS R: y, =
~0.66x"+35.23x-410.62 (R°=0.707, P<0.05), y,= 0.97x—
52.35x+719.76 (R°=0.910, P<0.05), i FHE 14 26.7 C
AL R B, 27.0 °C IR R A

o 4k Hatching rate —— Wi#4b % Hatching rate

A EJJEZ Deformity rate ----- W5 T % Deformity rate
100 - 1,=0.97-52.35x+719.76 &
90 r R=0.910 A
80 | e ;
70 |
8 /3 =0.66x>+35.23x~

60 | 8
50
40 +
30
20
10
0 LA . ,
15 20 25 30 35 40
% Temperature/°C

K1 LRI MR | BHEAR SIRERCR
Figure 1

410.62

%

Relationship among hatching rate, deformity rate and
hatching temperature of S. multifasciata
2.1.2 Ul BEX B TR A RNl RE X 22 SUERIR )
W) A 035 R, B KR A T, R (0] 2 ¥ 46
(FE 1)o 36 C AU B AR [(9.66+0.16) h], WEAET
HAhd (P<0.05), 24 °C 41H Al [(23.07+0.08) h],
3 e THARLL (P<0.05). AKHRAET 20 C B, IRIGA &
Wik, TR, 16 C i, WIRZead (5.05£0.50) h £

I L FIELL; 20 °C i, RAGZ0T (6.00£0.45) h ZEFA
IR EIFIE; 24 C i, AEEIRRZ 8 h 25U
REWEFIL, BERT
2.1.3 REEXFIRBRIEA M & 2-a HIEF IR Z A0
W, I RAYE, FHREE. 16 C ARG (B 2-0) 5241
L A3 AR R T I WA IR ;. & 2-b S E R IR
REREI, WRNG 7 2L AR BNV, 20 °C 41LIRR 5 1EF Ik
G RALICIAR Lo RAT R (1 2-g) IFB W TR, &
RT-o —MEEURIEf P IR IGE B T 2 FEEE, B
B, AEWE BIRIGIE A, (0 30~36 C ARG %R E
RO FMIETS (B 2-0), SEMIEE, IEH VIR ILIE 2-c,
30~36 C HWIIFAT I R, Wi AR IE 2-g.
-h, AR 27 R BESYT, BOERIT a0k
BRI, fAiEEt e A, T 5.

22 HEHMER

2.2.1 FREEXEAFINRSE I RRIFRE T 2 a0k m
ZAEENRPIRE AR . $hE 0~20 4, K F RYIZAEIMRIN
SEAUUME; R 25 4N BTRIRA, BEEIRIGERK, SZH500
PR TR, BRSO TOK; ERE 30~35 4RGN IR A
AR L.

2.2.2 EREEXFCRREE R AT REERE T 2808
WA G EAL R I R L2 20 BRIROKALSL, HAbLI4 B
WEhAT M, FhBE S AFITE R 5 [(100.00+£0.00)%], W3
T HAbY] (P<0.05), £h 25 B WEIL R AL [(84.92+
5.88)%], B TN BAL AL (P<0.05), KPR mRAR
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K2 AR T 220 iria % 7 Mg

a IEWIEIGZ A b, IERIRIGSRABURE; o IERWIWETA; d 16 C AZAHE; e 20 C AR,
£.30~36 C AMIRREFMAETG; g, h. 30~36 C HWIHTHARTE
Figure 2 Observation of embryo development of S. multifasciata under different temperature conditions

g

a. Multicellular stage of normal embryo; b. Morula of normal embryo; c. Normal newly hatched larvae; d. Multicellular stage of 16 °C;
e. Eorula of 20 °C; f. Surface of embryo was dirty at 30-36 °C; g, h. Malformation of newly hatched larvae at 30-36 “C.

R2 HRENZYKRIEEERE BRI

Table 2 Effect of salinity on embryonic development of S. multifasciata

B o Embmyoni daciogment P B I )
Salinity stop period stop time/h Hatchability/% Deformity rate/% Incubation time/h  Vitality

WRIK Freshwater 55 4] Late-gastrula period 8.03+0.57 0.00+0.00 — — -
5 — _ 15374529 100.00+0.00" 18.80+0.51% +
10 _ _ 24.88+3.07" 76.0343.91° 19.02+0.30° +
15 _ _ 41.34+0.04° 47.33+17.30" 17.94+0.28" +

20 _ _ 52.83+21.80" 3.67+0.81° 17.87+0.40° -+

25 _ _ 84.92+5 88" 0.00:£0.00° 18.720.15% -

30 _ _ 81.23+6.17° 6.00£2.67° 18.52+0.10™ -

X #8 Control — — 80.41+13.55° 7.3342.52° 18.49+0.27™ o

35 _ _ 31.00£9.10* 40.43+10.83" 18.37+0.19° +

(0)o HREE 30 A1FFfb R 5 AL Z R JC i % 2 5 (P>0.05), R T HABFR AL (P<0.05). FhEF 25~35 21 1 RS HS [] 74  4
HoAhZH 55 5% BRG] 1A f 35 25 5 (P<0.05), M, HESHANRE (P>0.05),

SRR LR | BRI TR IE 3. 224 HEXERABEESNER  EW GRS
SRR MWL R G B BB AN, BEEIRERTT (B 4-) TR RO R 3/4 4b, JFEEm FEE; MR
i, LR R TH R E R TR B, BOERARR . Pi# LS, AR BL, 3 AR B0 (18] 4-b). HIE#
(B 7 BRGS0 2 p,==0.12x"46.20x-11.09 (R'=0.730,  JaWINRIAAHLL , Wk LLNRMA J500m I B0 s e 2624 (1 4-c), B30
P<0.05), y,=0.25x"12.83x+168.62 (R°=0.892, P<0.05). H177  (AiBMHRM, HAKT=. $hEE 5~15 HF4 IR EIA A A
PRSI ASER A 25.8 IR ILRI R, 25.7 BFIRIE 35K REEF A ANBIE I, 2 AwH R, JFgketmn s &
22.3 FhEEXTILBEETE AR MOK AR JC IR, & 7 (& 4-d),
it 8h EBEEFMEMERT (£ 2). HEF 15 M204mMH 2.3 pHEMER
IR AT, 3908 (17.94£0.28) 1 (17.87+0.40) h, W3  2.3.1 pH XPALRAMIERMER  mE 3 W0, pH
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o WL Hatching rate —— 4L Z Hatching rate
A W% Deformity rate ----- i 7 % Deformity rate
100 - A );,2:_%2859)622—12.83x+168.62
90 \ : o
80 | 8 8
70
60
X 50
40
30
20

10

hE Salinity

K3 LUK | BHE ARSI R
Figure 3 Relationship among salinity, hatching rate and
deformity rate of S. multifasciata

5.5~8.5 YIREME AT, HiAth 4 U LEN 0, pH 5.5 B,
WAL REAE, {UN (12.41+4.67)%, WL REIL (97.67+
2.52)%, HHAbHZEREE (P<0.05), pH 6.0~8.0 ZH 5%}
MR R, =T 60%, FSAmLiEEES, E
pH 6.0, 6.5 WL RE S, 300 (23.41£5.04)% .
(14.60£0.56)%, 31 T HAl 3 41 (P<0.05).

X pH . Wb BRI TS O RIMZ LA S,
BEE pH HFH R, EARIEAL R 5 e T J RR AR ka3, W
FWARMIZ . B E AT p,=16.91x™+247.45x—
812.98 (R’=0.794, P<0.05), »,=21.47x"—324.05x+1216.3 (R'=
0.879, P<0.05). HJ7FEIHE AT pH 7.3 BiEfb R R, pH
7.0~8.0 B ITTEA 0 0,

K4 AIFEE T Z o0 IR % g
a IEWIIGEAEY; b EFRAIEARN; . BOKANMIGEAEW; d A 5~15 HHIRIGIRATE M .

Figure 4 Observation of embryonic development of S. multifasciata at different salinities

a. Late-gastrula period of normal embryo; b. Normal embryogenesis period; c. Late-gastrula period of fresh water;

]R3 pHN S LR GERIRE B HIRIT
Table 3 Effects of pH on embryonic development and newly
hatched larvae of S. multifasciata

WL

WA JE 4

R

pH Hatchability/ Deformity rate/ Incubation V{ﬁjj
% % time/h itality
5.0 0 — — -
55 12.41+4.67°  97.67+2.52°  26.5120.09°  +
6.0 86.89+2.42°  23.41+5.04° 23.41x0.100
6.5 90.4442.27°  14.60£0.56°  22.06+0.10°  +
7.0 93.02+2.89°  2.42+026"  19.82£021° 14t
75 91.45+2.03°  1.561.41"  18.88+0.16°  +++
8.0 90.83+2.56°  5.53+0.28"  18.69+0.18° 44+
%HIH Control  89.89+3.08°  331£1.80"  18330.17° 44+
8.5 69.32+5.70°  3.6042.56"  17.93+0.16"°  +
9.0 0 — — -
9.5 0 — _ _
10.0 0 - _ _

d. Embryogenesis of partial embryos at salinity 5-15.

2.3.2 pH X BRI SEM pH Xk 2 SRt £ 1Y 5
i) B S, B pH TR, HH A )2 i 4
(3% 3). pH 8.5 BRI [(17.93+0.16) h], WELT
HAbZH (P<0.05); pH 5.5 4 H A [(26.512£0.09) h],
T3 T HAMZH (P<0.05); pH 7.5, 8.0 ZH (% M R 7] 22 5
R (P>0.05),

o Wk & Hatching rate  — ¥4t %R Hatching rate
o & WP Deformity rate -~ WJE;% Deformity rate
- y,=16.91x+247.45x-812.98
100 L 4 R*=0.794
80
< 60
40 |
20 +
0 1

K5 ZECERIRMABHLR | BHERS5pHI LR
Figure 5 Relationship among pH, hatching rate and
deformity rate of S. multifasciata
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2.3.3 pH M ABIEAMZEN  pH5.0, 5.54, I
HEATKAA 10 min J5 R W35 3 B ASTR M, IRAGAT SR 4k S21m)
JERE, BEEZYHER, pH 5.0 L ERE, 1EW IR
HAIE SR B, HA ] WH A, FIiA T B

WEMT, %S9 (K 6-a); pH 5.5 HE A MBI @RI, H
BAE IR BRIR AL (8 6-¢), WEAEHTJLF- o g 2.0 Bk,
VIt 2 AR, HoGlEshee ) (K 6-d).

¢ 02mr d

Ko AlFpH T IRIHZ LUk & 7 e
a IEWHRRGEATE )5 b IR T (5 . pH 5.5 ARIAHAOE ;5 d. pH 5.5 AIRIE(Tfh .
Figure 6 Observation of embryo development of S. multifasciata at different pH

a. Appearance of statolith of mormal embryo; b. Normal newly hatched larvae; c. Appearance of statolith of embryo in pH 5.5 group;

d. Malformation of newly hatched larvae in pH 5.5 group.

3 e

3.1 RENEEEE BN

ABFTLRLAR 24~36 C T ZLCEME L n] LIFEAL e, G
JAR TG AL 3 R T A8 5 KR AR OG, A2 a3 55t fh
(Brachydanio rerio var)[”] . HARE GG (Nibeajapanica)[x]
SRR R R AR — B WA | IR AR A
TG ) 3 Jr SR A AT, 2 SRR £ ) fel A K
W 26~28 C, 5B AR FAE KR 28~30 €M
AHIT

TRLRE 2 2R (2R IR B K B P, i B AR DU Gl
BIEAL, RERELSE, MITIRIE & & i ABrsE
H, BREREAT, MEREE R, T 20 C MR EIE,
RS RRT; BEE R A TR, R R (8] 45 25 45
B, X5 EER (Cynoglossus semilaevis)[s]\ IR B i £A
(N. miichthioides)"'V . B8 (Pagrus major)!"™ . %3 fo
(Rachycentron canadum)[m] SRR K MR 2R AR TR . 7K
T T i R T DA T 2 SRR R AR Y B TR] e IR G
H, EXHARERIFEEL AR, AR5 34, 36 C
HIIE ARG E, HAAT @35 1%, Kamler' ™ AOHFSE %
B, U, B 2R A BRI, iR
SRIENR, BEEMAER TRER AR, MR W A7 Ay i
i, SEwIE, sEEal ] B H6 (Oryzias la-
tipes)!"™ SERFSE R, S 0 VERR R 5 AL ) I FEE 4% 4 B i
MR AT BRI . AW, ERERE 20 °C BHR
fRIEE R 0, BIEART 30 C BHAIER, XHNLZLL
BRIt A R BRI TRV, R TR K R
A, DRI G o v e ) T A2 PR R TR, AN il R
LI RIRIRE T E

3.2 HEXMRERRA BRI

22 BUERIR £ 52 K5 51 Fp L 1) T BR R 18 32005 B 380 Tk
t, HAT SR RE R 0 PRI AR, ARG IR TE AN R R
JEAK R BT RS 5 A A B ™ 22 T g a2 R o
A AR, ARER B SZHE 00 K B R WIDUR, MEARMELIS 3
SRR, RIS ZFET-IRIRSE I, ORI R B
i, MBI, XAEPAR . HhEE 25 28Ukl
FRFIK (84.92+5.88)%, WHEAN 0, NI 2 EUEAR
FREE I, AR AR T 25, WO i S AL KSR
JE, FRRFREZEA, MR TR

R R 2 SO IR B R IR E A, X SR
¥t (Larimichthys crocea)” . 7% A BEA™Y | HARBEL
™ SRRk, BEEIRIE TR, MR SET
e JE RS, eI AR A S o ARER 25 1F ik fik
JGANM B AR A, TCRRMAMIAL , IROK R 1F T ZE R
MHALBE R B 2, RARMRT; FHXEM
(Branchiostoma tsingdauertse)[zl] IR BEL B = 4 55 8 41l
W1, EREER AT AIRRTT; SRBERME (Verasper moseri)™
H A 4 £ R SR U ZE 2R 10 IR T, BRI K
AWML B —E A9ER B . Ciapa FI Philippe™
BIFCUESE TiX— R HIRBIELIREE T D HES 7 (Na)
W, A 225 R FE R 7S B, AR A I, B
PRV, T RBUEY R T . AT 25~32 324
O — EAR R B LR (R T 60%), T i JE R AR T
10%, W Z L0 e o iRt ol £E B TE L™, 5
JUERPERORR AR G o SR, CYEREEART 25 Bl T 32 1Y,
LR SRR, BRI R . WA WIE AR M
WM EIE 155 00, DO R 25~32 SR 24Uk £ iR
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R B R R B
3.3 pHXMEREE EI’J S

pH Xf Z BRI ARG BOBFAL AR | W2 23 K JEE T ) £
AT %HM‘A\%WE@*}( (Triplophysa yarkandensis)[ 4 B
e ) (Epinephelus coioides)[m Wi fig 75 Iyt
(Takifugu xanthopterus)”" B8 —5, XFEIRLE AT LA
PEIT AT 1) WA & 7 B B BRI 19 HL] 1 R & &
SE4r, M T W pH FELRBA"T S 2) pH i ek SRR
Wbt ﬁ*%%%%%mniﬂﬁﬁﬁﬁ%wmzﬁﬁﬁ

RS SR, pH i mEGE R, HasRERE T
(N1 3 19 e Jn%ﬁpHﬁgﬁ%%ﬁ%%
W RAEN, pH 7.0~8.2 B, LUk ta IR G AL
%ﬁ% W R, irshil R, A HRR A E B

W pH JEH . 2RO K 0 N T P R 55 R A K 3
Bi, AWFIEER R 2 SO IR 5 R 2 R0 K A0 2 A
pH & —2.

Wi pH 23 W IRIG LA . DFFERET, K pH ]
Bk (Hypophthalmichthys molitrix)m] RIRmITE , 4 K250
WA T AR, IR IOR, D BmHE iR
WK, X 5ABIS pH 5.5 Z1RIAML. pH 5.0 124
RS2 RGN A B B4 ; pH 9.0~10.0, MEGRTZ, &
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