5540 5 55 6 ]
2016 4F 6 A

Koo

JOURNAL OF FISHERIES OF CHINA

Vol. 40, No. 6
June, 2016

NERHS:1000-0615(2016)06-0917-08

DOI: 10.11964/j£c.20151010098

mEMERE X FHIER L B R AERIF N

THs, #WITE, ® #, KA,
g, x &, WA

RIS P b, R 570228)

WE: I REARFSEERFHEBRE G ERENE W, LAY G0 & ¥4
HEBMR, RABE. #EE—FRHEFAEFERITER. R KW, FHBFHE
FRERZBE . REX ML E, 28°CH, BB AKX FHE KA, BhEREF, 26 °C
B, B KA RE, REERE. REKEETIRE H24-28°C, &iEIRE H26-28°C.
BEH24E, FHEBLAE YL ERHERE, BUERRTERMK;, RELH N
3048328, WA ERFmERRE. MERX TSGR R TWETHE H28~32, REHE
#3032, BMEHZEREEANFHBAEYHMEZRLAEE, XREEXHERLF.
e N owh A A R AL, AR H R E 8 24.61 °C, 3 E OF32E, B Fr R E 3k B &K
KAE, 28 H9532%Fn81.20%, 5 EFE H0.848, FAR KW, (ML KTy s X F 1t

BE. BREWESRMETRE, XEESHOTZ EETREKE.
KEEIR]: EH; B, HE, BAR, RER, N GE

FESES: S968.3

2EAifl(Haliotis ovina)&—FE =235 25, Fg
THAKRY) 1 I (Mollusca), &/ 24X (Gastropoda), Hijfifl
. 2 (Prosobranchia), JE4f 18 /& H (Archacogastropoda),
fifi B} (Haliotidae), #iJ& (Haliotis). Bk 5 00E
W, AT TR 2 B O ) i A TR, 5 AR TR
T PG I B S A BT A S, B SR (E R
., (HERTRA =D, ks &5t K
TN R F R EZE R, HartE R
G2 N M S e 2N
AR A Ty AT TR, TS B A DG
IR S | b i B VS U - 1 L R W
b, BFAE SRR R ORI R, R B T R A
ARG I BA H R L,

MR EE X MR LT . A RKREHFEAE
HAEE W, RN E MY R EE 5KIER
BWORR, BIFRIEFEAEY B AR, %

WHSBHA: 2015-10-09 &[5 H#A: 2016-03-04

XEkFREN: A

TR T ARk TR I R R A R
AR UARGE , HF5E I EE A ER E X 3 B fif A
AN HUR T IR, X T R S R A R
ST B RSB e R A N T

U bR i

1.1 ZHEIPAIRE

2 07 2 AR K T 6 em B HF A A4 fif (R
AR =X, 4Fr: 109°48'E,
18°21'N), & N T YIFEFIMER, SR A F- IR 07 ik
PERR RLAF O/ A A, BRCER 24 1, R LA
5: 1. KRBT G, BRALIILRETTN
MK, TR K B, R R SRR ORS . o
G, BERIFHEAT N TR, WK I, fiE
TR P AE27~29 °C,  h BE 51l 7£28.0~31.0,

BRI E X))\ NZ"H BRI R BT RI(2012AA10A412-8); GEFJi H (RITFKYXY2015-86);  [F 52 25 5l H (201105008-
7): HEAT R L T5(201207002-03): 5 E944 E AHR T H (SQ2016XDNY0199);  H(E BHe RS A Pu g4 2 f) =

FUATUR VI H (ZXBIH-XK006)
BIE1E#&: #%), E-mall: huangbohbol@]163.com

http://www.scxuebao.cn


http://dx.doi.org/10.11964/jfc.20151010098

918 ko R 40 %

1.2 FERE. EETHR—F LR

SR PR R 0 P s TR, R S il Ak
i, BRICHE3W, KRR M 18~32°C, £2°C
AR, LR ESA LY, B E
IANATILS, MR 2, SREUEE10 min
Th i e A2 cCry A B H /KR . R LR
22~36, E2NIAEE, L ESASLRA, B
2H R B3NS AT SE 5 o v AR B SR K S R AT
W, ARERE R A AREK SR
AL E R T R AR A B S 2 B RS 3R
B, IREEHITE0.5LAN
1.3 BEMEEHES WL

DL RS2 HG 45 51 ol Bl X E 4N IR (20,
24 28F132 °C)MI4NELBE (20, 24, 28F132)h
AT BEAE L8, leH Kk, BANLKIRE
3N FEAT.
1.4 SLGEIR

RS R = IR, R EA KR
T 8 AT )RR T Y B G O AL A A, B
F% 30 cmx20 emx 15 em. BE IS HL Y T 5 fl 5 &
JENT mmAY R IR, DUGE R4 B S . %
SC B E M BRI 10N/ mLAE A, SRR
AR, HRE S R . IR &
A EH R4 h e ok 1R, 4 HUk E B2 de it
K TR KR g i KAk K, ARG, 1
KER B 430.12+0.78, 7K A (28.35+0.28) °C,
pH#47.98~8.21, i H}(9.44~10.15) mg/L], %
KB U5, MRS 10 mindURE 10, 1640 i
J&, BRR40 minURE 1R, RIS, &F%60 min
HURE LR, MEIFIC IR s B R BB O o

L5 HEHESSITSN

PASREAL AN T 60% 1 F N IR IR e 7 3 B
R R AR, LU R AR T 70%E ik
Wk F ol . R RV R A R AR AR DA R
AE T 40%1E o Wy R A EOIR R R Y
HAEbR . DU RAME T 40%0E R 4 Uk B i
R R R AR A

SRS T IEE] A SZKG BT i 2B AH AR A 1 e
GO Y P I 8] 5

R W AR S SRS ISR LR 5

IS R S8 LA A A T AR -5 520 B R R

http://www.scxuebao.cn

M HE R
IR ZE0": TR 10 °CHE IR G & 7
FMPrfEg, FEA

10 HO 10/(Ta_TU)
0= (E)

AP HoMLH 3 53 27 il BE To RN T, B EAL IR 1], 45
SR T 2o IR NIG A 8 o TR

K SPSS19.0. Design-Expert 8.0, Origin
7.5F Exceld) S 40 KOs dE AT et o b, il 18 5%
I XS A2 A A AH I [ )3 534

2 4

21 REXNFHRERAMYEAL BN

K5 U LA R 24 E AT 22 2 400 I 00 A A0 R s v
SEIT DG WSS, B e &5 B Bk B BRI,
K X 2 R i & R Uk B B RS e R
(F1), MEERET S, WEE ML F i
e B ) AR e, {H K 4 ) A 28 FT26 °CH, iR
WG % & M4 d kB R El AR K . KR A28 °C
WARAG & B I A e . bR e s 7K 26 °C
= N N[BT TN RS 5 T G B
FEN18°CI SRl , MG R B IFH, JokHkTIE
WAL AR

R = 0 9 23 R i 37 S35 1) I 3 (P<0.01)
(1), BEE KRB TR, 54k 5 R B R e T
i JE AR, A3 AR K IR R 28 F126 °CHT Ik B 5 5
Ho XFKE(T, °C). WELR | BUE R AT IS FI
mHEHE T, SEA A

AR (%)= —1.34T°+69.117-820.08(R*=0.928,
P<0.01)

T (%)= —0.90 T+46.71T-556.40(R*=0.861
P<0.01)

AU LSRR, FHRIG K E TR R
H124~28 °C, ol i N 26~28 °C; A4l A
Bl B E 26~30 °C, Hid i H26~28 °C,
22 FHERLZFEERY

itk — 2 H R MG R F BOE R, D
QA >k 2 tet 3R 7R HE — Y B ¥ L P 3 R AR Ak % S
) H R AL, S 6f4E24.03~28.31 °CH 1Y
QB T2,

23 EENFHERMLBL BN
B F 2 0 9 i A 7 R 4 KT I DA



6 10 TOHCAC, S RN R O SR NIG R B 4 R RS R 919

x1 TREETFHEBFAMYRLERR

Tab.1 The embryonic development and larvae development at different water temperature

KIEC  temperature  ERRANA AL % EEVTED R %
time of embryonic development _ hatching rate _time of larvae development  survival rate
18 — 0 — 0
20 33.7+£5.1 20.5+1.9 596.2+6.8 13.8+2.2
22 27.543.6 45.444.6 537.549.2 35.243.8
24 22.844.2 69.6+6.5 491.3+£10.3 36.5+1.8
26 19.8+1.8 72.3+£5.3 324.4+6.7 58.7+£2.0
28 17.0+6.4 76.5£3.5 384.8+5.9 51.3+£5.6
30 23.14£3.8 59.6+4.2 373.2+54 47.3+4.2
32 25.0£2.6 13.9+1.2 390.64+9.3 10.2+4.5
VEe - kR, TR
Notes: -. not detected, the same below
100 - . @465 hatching rate i, IR N 2 I AN 4h R R A A
0l ° R 3 survival rate AL SRR TG R AR AL, AR R 220 A,
<260l ] 52 B U T KA R 3 BOR 2 E W AL, T
gg QUM 25 S P8 T, R H B A 4 U,
Sg ¥ B 4B PE T TRk AT IR S 9 K 7 5 T
20 JE k36T, SRS IR AR KT ek
0 b R RE 5 00 B AL SRS R HA W A
18 20 22 zikg/o(zjg 30 32 34 S (P<0.01)(E2) . B2 AhIE TV RS . WAL
temperature TGRSR R R, 43 IAE 3 BE S 30R1 321 35 |
Bl 1 /KGR XTE SR R AERA M A . XK BRI RS R BT LG
Fig.1 The influence of water temperature on BB, BB A
hatching rate and the survival rate L (%)= —1.575492.165-1274.49(R*=0.947,
P<0.01)
HRW(R2), WA TG, WG A E BE G B (%)= —1.115%+65.075-898.87(R>=0.885,

WOR AR, Shdk FatmIn— E3hn, thEEh24  P<0.01)

R2 FARBETFEHBERLEMYRLERER

Tab.2 The embryonic development and larvae development at different salinity

P JE AR & B [8]/h AL/ % ydR G I [A]/h BRI (%
salinity time of embryonic development hatching rate time of larvae development survival rate

22 — 0 — 0
24 15.1£11.3 22.542.0 288.7+13.2 17.9+£3.7
26 15.6+6.7 52.7+1.7 292.5+15.1 35.6+1.7
28 15.8+9.4 69.5+2.4 307.2+12.8 47.7+2.8
30 17.0+£6.4 76.5+3.5 324.4+6.7 51.3£5.6
32 16.2+5.2 76.3+2.8 335.5+9.8 61.3+6.7
34 17.3£8.5 37.1+£1.4 338.0+9.3 20.3+£3.4
36 — 0 — 0
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100 = J% 4L hatching rate
20 o BI% % survival rate
I P
o w
= 5 P o
N2 | 0
g 40 . \\
20| / :
Y, \
0 A
22 24 26 28 30 32 34 36
R
salinity

2 RS FERTAL AR LUK AR R R AT
Fig. 2 The influence of water salinity on

hatching rate and the survival rate

LEEHERBHR . LR MG R, b
Mhe kB WE TR E H28~32, RiGhE N
30~32; MK FIEHALE N28~32, BOEIhE N
30~32,

24 RE. EEXFERRRFINERL BRI EFN

ek 6 B 52 HAE O SR R G & B IR R
i) 22 5% K B 3% (P>0.05), i AER BE o X - (1) 5%
e 22 5 i 3 (P<0.01)(3R3). 7EiRJE24~28 °C, #h
JE28~32, WA bR YIRE . ERRARER i B,
F I LA R AT, SRS SR AT RS . Y
PRFEIR B N AR AR, BEERIET A,
FEL IR R T m R TR R MRk
R N EAE KA, BEE R E TR, WL
R[FRE ST JE B AR (& 3-a) o IR FNEh B PR 7
(P<0.01)) F =35 932 HAF FH (P<0.05)%F = fifl 4
BH G R 2 R B (R3) . B E R R
AR IR 24~28°C, #E28~32, mIRARERET,
BTG R AR o 2 PR IR B R B A R AR
Bl A R B T, B R BT MR RRER
JE R A SR AN AR, B IR TR, SR

U R IS TR IR R (B 3-b)o X - 6
A ) RS T L VA TR o AN A
R, IR 24.61 °C, B R320F, BEALFA
B IR B B KAE, 439028 95.32%F181.20%,
T % M 0.848,

3 iR

3.1 KIEXTFE L B BTN

e WG 2 B B U B Y3 PO IR 2 5 i
NTH MR RHESE ., F0 & T 52 B
HUT2MERAX: —2@dEmERAT L
TR IS R, AT R e A a0 Bl . — i Y
P, KRB, A TR MR R, DL 2R AR K R
PR (HR BE v A, Y O R AR 2 AR
Pl , AR SRS o A S0 KR Y
W, FHIPER AT REMG M A TRSE, ¥
B F IR, X 5B (Soletellina
acuta)® . B LA (Meretrix Iyrata)® 35 5K ARk 4
P, i S ) B K AL ) 2% 40 B (A
diversicolor)(IG IR : 26~27 °O)E R —F, 5
J& T8 7K AU B0 1) 4% 40 3 8L (H. discus hannai)(F 36
HREE . 15~22 °O)a5 Rl 2 e, — Rl 5
il F WA SV A 3 T e 81 D0 2 A 2R A AR TR 1,
T AR TR R R AR R 7R R
BN, FHI G 8 BRI iUk B R K3
wWomp . TR R BRK TR JLFLE, 8 SRR KT
Y A 2 B, AR H AR KRS R RS I, AR
Bt & RS I TR, AR EUR R

2 U E B S e L 6 BT RE T,
30 °C, FHAHRE MK, REEFERT
et A R BUE AR TS AR, RS Sk
fiX, KRS, gEHRE, FHFE4
T 7E B V) X, R TG R, SC IR IR
FEAR 2220 °CHY, =F Bf1 75 22 K &t il & HUAH AR IR 2R

*3 EREMBEXNFHRFELR. FEXRLGEDN

Tab.3  Analysis of variance for effects of temperature and salinity on hatching rate and survival rate

A5 R 54k 2 hatching rate

source of variation

EIHHE df Y77 meansquare Fff Fvalue P{H P value

% temperture 3 411.98 15.92
#RE salinity 3 236.18 9.12
Wi xR E temperturexsalinity 9 57.06 221
R 7 error 32 38.85

JHIE 3R survival rate
)77 mean square  Ff{f F value PfH P value
<0.01 2027.88 58.73 <0.01
<0.01 569.1 16.48 <0.01
0.3022 252.35 7.31 0.0478
41.44

http://www.scxuebao.cn
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51442 /% hatching rate
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9 T - 29
%Qigiigﬁ/%
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salinity temperature
(b)

B3 EBEMEEXFERPFIUIER. BIE RSN R E

Fig. 3 Response surface for the effects of salinity and temperature
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AN BB T RE S 25, REIK IR,
T I A AR BT A e R R N 0 R Ak R
BT R TRER B, ERL b o 0 R Eh A T 52 P
5 TR

WA, R EE T B XS 52K B AE K A b % 3 A e
A, USRI, FREAR T 28 SR,
G OB DT AAE K AR IS, To k15 B R 98 1 A
R, ERE BT, S TE2A T,
AR ] W A AR, TR BE & T34 LR A, %
R O ER P A KRR 2, 2R O 5 /K IR 3 fil oA 52
gy, REHATIER YR ASH, 2RO R,
WP AR REAR . TR £ B Sl 28~32 11 52 45 2H A2 K5 O
IR, KRB RE . X 55N H

AR B I 4 (Nibea japonica)JR i & & W52 A0 4518 —
B, HAEHITERATE RN IBE P FE™
P i g 5 B K AR SR

3.3 IREFREXNFAEIRFLRL R AR

WRIG & B WAL R 7 T, I B AR B X S i Y
TR, MRESHENHGEA DEY
Me) o AT R 2 ik A O 5 ) R 9 1k R U YT DL 2 A
KER , MERBE I 2 0% Fe i 19 >k 52 i D127
3, IR AT WD e R A E e, itk
JE 0 5 e A R B 55, TR BE L IR IR B
Wi EE L 4 BORUE RO, R
HERNRAHBKAGHAA RELm, HEE
VR e 32 T L, FLER S R ) R R P
AR 55 B T A 5 ) 2 G0 R PN 0 g TS A,
SO B A AT G, N2 B B i R P ]
W MZ 54 A miE s, SOk, R AR
ES RN AT LR REEELE/EH. X5
L5 DX (Chlamys farreri). ¥&V5 5 Dl (Argopecten
irradians)~§ VLSS0 45 B A — (" fEIRE
HEM AT, XA EREE W ST
MLERIOAT S B e ™, WJe & % 3k f(Oreochromis
niloticus) . 83 %% (Kosteletzkya virginica) e I
B R R, B SRR R g
DNAMJEALRE SR YL 5 51454 . DNAMZ . DNA
FeE M L DNA Y 8 A B A0 AR I Jr X s is
AT 2 1 2 PR 3R A o SE SR IS A4l AR K BB T
=T HDNAPEAA G, ([HiRHE— 2.

B E W
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Effects of temperature and salinity on embryonic and
larval development of Haliotis ovina

DING Jingjing, HU Yagiang, HUANG Bo’, ZHANG Yidan,
YANG Xiangqin, YUAN Chao, YU Xiaopeng
(College of Oceanography, Hainan University, Haikou 570228, China)

Abstract: In order to investigate the effect of temperature and salinity on Haliotis ovina embryonic and larval
development in Wenchang Hainan during November to December, 2013, we used the artificial domestication of
wild H. ovina as experimental material, and single or double factor combination method with the temperature and
salinity to design the experiment. The results showed that: the hatching rate and the survival rate of H. ovina were
significantly affected by temperature and salinity. When the temperature was 28 °C, the embryonic development
time was the shortest and the hatching rate was the highest. When the temperature was 26 °C, the larval
development time was the shortest and the survival rate was the highest. The range of suitable temperature for
embryonic development was 24-28 °C, and the optimal temperature was 26—28 °C. The range of suitable
temperature for larval development was 26—30°C, and the optimal temperature was 26—28 °C. When the salinity
was 24, the embryonic development time and the larval development time were the shortest but the hatching rate
and the survival rate were the lowest. The hatching rate and the survival rate were the highest at 30 and 32,
respectively. The range of suitable salinity for embryonic development and larval development was 28-32, and the
optimal salinity was 30-32. There was no siginificant effect of temperature and salinity interation experiments on
the hatching rate, but there was siginificant effect on the survival rate. Based on the response surface model, the
hatching rate and the survival rate reached the maximum (95.32%, 81.20%) when the 2-factor combination was
24.61 °C and 32, with the desirability value being 0.848. The studies indicated that the H. ovina embryonic
development and larval development had different sensitivity to different temperature and salinity, The high
temperature and high salinity were better tolerated than the low temperature and low salinity.
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