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3. LR EERL 2R B, LI 201306

FEE: LU Y F—F K F i (Oryzias melastigma) HWF 55 %14, &E T 90% KA H (H-B) . 90%Ba B £
(H-R). 75%KAMEHH; (M-B) . T5%BEHLHH; (M-R) . 50% KA (L-B) . S0%FEHLIHH (L-R) . 75%/ N4 £
(M-S) 7 Rl B R AL FRAL, F LA SE 0 K 75 85 19 A R RRIEAEAS [ B S . R TRTHEAR(F, . Fo F1 Fo)Z (A1 25 57
SERRW, RRBRAS R B R s A (R T, K5 BE IR AR R 0 4 R AR 0 M 25 R (P<0.01); ATRIACERIE], s
B A0 R ZH (0% A5 SR ) BRARHE A, I3 BE il B Ak 32 (SO% Al 155 SR ) D A= A8 /I, AHAR R] AR — 4 £ B9 11 59
PR FNAENE SR/ o A AR BRTR], AR B 4 7 A B 78 &) o s 010 4 R o A b B AR BRIl A7 8% & B
B, v B AR BT AL FRA A KRGE, BTSRRI TR, AT 0 B B RO A . BEE S T )
T, TRV R I g 5 2 455 Ak 380 20 5 o 394 SR B A1 A3 AN AR 55 508 s 4 ik e 484 R ZE AR B () AR o 5 BB B
TP A ), i i B R AR5 & S8 A W MR A 3 bR 22 5 I B AR F 5 3 BRABUAS [ 4 5
SRR 0 IR A 1 A MR AR AL, B A S 000 £ SR A8 34 i TR IS 32 LA 0l

KR WK TR, MEIRN; AR Hlk TRIR
FESZES: S931 XHERFRARRD: A

15 BT | 1) R/ INE R — RO AT 45 I BT
RN Tk SE, S 13 A WG i i 4 495 1
A R B B R g, MR TE AR B AT
F. BRI, R HEE R
H, #0542 T sl mh st fa) & 2k
T8 WA AR, XA A AR O A 5 5 T 0 3 iy M
{k(fisheries-induced evolution, FIE)*! | 7 64 5 T
M Al 57 TR g 10288 B RS e P A Y SR AR TR AR
A ) R A S A R SR AL S5 T . AR
FAE SRR R AT 32 B A [l 455 SR s A 282
g U O R A s A RO T S a0 P AR
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kildsen % UE Sk |1 vk B 0 g2 KA K PG V6
(Gadus morhua)FHf v & B T B T4 495 e 6 i
PR AR TS Y 35t 1% 22 5 o 7E £L £ (Poecilia
reticulata)’® . B 11 (Danio rerio) 45 A4 252 52y
A R T R B K Rk 27 . BAX T
AN TR 455 SR W o el 2B 9y 5 el )y TG 1 BIF 9 A A0 A
Wi, IRAEHESE N 25 32 200 E Ul B 5 AT R 2L A
PR 550710, T A )4 195 5 s 5 S g £ 26
T W T Y S e AR S AR

37K 75 (Oryzias melastigma)s J& T 4 € 1.
4 (Actinopterygii) . % 1 H (Beloniformes) . 1%
Wi Bl (Adrianichthyidae) . /& (Oryzias). /K
B, FACEE, BEEREIUE; k75
P, R IR, RS @, R A
AR €, SR A B B TN R BE A 2 Ay
HUNR G RV, HEARE R A, AT DAAE S
B = SN R AUBL AR 5% BA B A M AR AE,
M 52 BE J1 AR5 DRK, By WLEEH5A, A1 il £ By
XoF T A S R A A P Y ) 45 T e ) L R
JR% o PRI MG TR 7K T 80 T A Ay 2 W R A S 2 1 K
B AW . AW LA K 75 854 A DF T 42,
I HA RAFIETEA R B R IE T Fi. Fo Al Fs
Z |, BOHAEA R R 15 3 B, JF A
N[5 2 T RIAS ) £ B fife A A (R 455 S 28
R ZESR, T RS [FIH B R 0 2R AR K 5
e B2 (L FE P LA, 0 A AT v 5% 5 A B it o
AR ALRL AR

1 #MREFE

1.1 KIew

SIS FH )1 7K T R R A T A T R YK
FERME A BRI o FH b R e Uk (R %)) £ T
FHCRL D VE S RE, B B4 4 R B8R,
IFE A 7:00. 12:00, 17:00, 21:00, SEHEET[E K
7:00~21:00 (G5 5] 600 Ix), 56 a] 45 H I 27K iR
KUK BT ZHY, i E o e R B 7R (5.85+1.02) mg/L,
ERhAETE 29.3342.33, JKIRTE(25.65+0.52) C, pHTE
7.8240.13, & A 0.15<mg/L,
1.2 Zigit

S TE AR T, VK T A S = AT ISR,

PLE N AR IR 2, TR B AR S, Y1
KT B R EAL IS, EEUEEEE . T5 R AT
PEATSER, W HA A T4, BHRIAEREE, B4
#wIE 300 B, BE T 150 L FEsmirh, toh F,
MBI 1 JHJE (2 50% Ak ) P i),
I g R AR K, IR [EI B R M I S, 4y
BRI 90% 5 %, 75% M54, 50% %,
T5% 445 I I B v 4% B B v AR DL IR
U A g s Hee SO R B, ORI E
90% e SR EE B AL AN 50%MK IR B M5 20, AT AT
LE o 5390028 90% KA AR 155 [ BV AT 455 552 e £ rh A
HT 90% A, 8B 10%A K fe /)N il 512 56 41 (R
30 )it AT T —ARESH, WFR 90% H-B].90%FH L
B [EDBEDLIH5 sC i, (REE 10%A9 T2 56 fo (B
30 B)itAT T —AR S, #FR 90% H-R].75% KA
PRIt B [ BN 55 52 36 P R KR 75% 944, PR ER
25% A K f /N SR £ (B 75 B )ik AT T — AR B,
AR 75% M-B]. 75%FEALIH; [V FEALIHT 75%
SCEfh, PRE 25%SERfa(BD 75 Bk AT N —1R
I, fRIFR 75% M-R] . 50% KA H5 [ BN 15 5
5 AR K AERT 50%1MA, FREE 50% M 505 fa
(RP 150 B)i#kf7 F —H %5, fRiFK 50% L-B].50%
BEHLIFE S [ RO BE LAY 50% 5250 10, 1588 50% 1) 52
g fa (RP 150 )it AT T — AR %5, fiFK 50% L-R].
75%/ NS 35 [ BI85 50 50 fa PR B /N1 75%
A, R 25% KK sk ry s fa iy 75 B)iktr
T —AREG, PR 75% M-S]. 4555 P E T AR Ik
e tnOn, U0 FIRKIE IR 28 °C | FF8E FE AT
fk, Zeid 10 d Bk, 5 d PSRAL SR AT f o TRl —
VKA Fy, MEEF]IL 350 RRHA 28 193758
W IR RR Fr, %08 DR S D BRI T 3 AR
(AR5 S 56
1.3 ZWHE

FRARM AL O IR HidfE 1 Hig,
B 1 HAE R N T, AR 10 hr, K
E] 1 um,

freafBe: AHBHICA 1 H, 1 H 7
HlEE NI A, B4 10 B, REHIE] 1 pm,

R BB 7E 20~60 d B, & 5 d BEATIRK .
SR, AR 30 BB, FHUERR R R T I
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Ki#f %] 0.01 mm, 40 d Fl 60 d 50 & 10 ALK
#H, WP EARRTUK g, HIH 7R, R
] 0.0001 g,

EAL AR A AL B A3 0 W AR W] H B8 300
ki, 76 1L Betkrh, HR/KIEIR 28 C . FFEE A
BEATEAL, B R R 2K DL IR BI04
TSR IR AL ATt R

FEE A BUR H Ak R R 50 AT filcE T
SLBEM, —H 4 WIRFEH SRR BT, Rk
IKTE 50%, 10 d JGic s Ja el AF s

A3 A FESEA TR, DU BT A S0 £ 4
£, K3 1 mm, LA 1 em RAEE AL IR K
AT, T IR B RO AR KB B 7 Ll
1.4 fEHRNE
141 HEKIEAR 0l 40 HERA 60 H AT
i, AR 19 OC 2R I R B R KRR

W=axL"

K, LRI, WERIR LARXS - X 1A
a RARAERMFMEF, —& R AYIAR
JETS L, b s T B R AL

AR DT R e PR BUE K5

Wy =W xS

S, G IR 7E 4 I [1] [7) [ P A ik P 496 4 3, W
Wiy 730 22 /s ZE B[] § RS ] i+ 1 B P AR B, At 3R
75 65 P T[] ol o
142 EKE (OB 1~9 HRGKRITREA
AU

F-H47 H 4 4K (growth of average daily, ADG,
mm/d): ADG=(Ly—L;)/9

KK K (average  growth rate of full
length, FLAG, %): FLAG=(Lo—L,)/L;x100%

SRR E B K R (specific growth rate of full
length, FLSG, %/d):

FLSG=(lgL gLy )x 100%/(t—t,)

Pt G FRHEE, Ly Lol ZoR Hilg 6L b
AR, L #Fn 1 HIg 2K, LyRoR 9 Hig 2K,
Rk . 2KREF 0.01 mm,

HiE H ik (40~60 )i KI5

1R H 1 KK (growth rate of weight, WGR, %):
WGR=(Wgo—Wi0)*100%/ Wy

R 38K & (growth rate of body length, BLGR,
%): BLGR=(Lgo—La0)*100%/Lo
U, Weo Wiao 23512678 60 H B F1 40 H 3K =,
Leo. Lao 2537 60 HIEF 40 HiRAK , AE
Kt %] 0.0001 g; RG] 0.01 mm,
143 WUESHEFRER

5971k % (hatchability, H, %): H=NF/NEx100%

HAAE 15 2K (survival rate, SR, %): SR=My/Mgx
100%
o, NF R4k H i i 47 041, NE 3RoR fa g
AELG M FRIR 9 d LUG R R EL, Mo Rm IR B 2
B OKEHAE 10 d UGG R ke, Hikg
TFFRIEE 10 d Z HTHE 74705 2 LR 9Y) o
1.5 SZitah

i F % F SPSS 19.0 il Excel 2013 #EA7%#
A B AT, B R AR 1E 25 (X + SD)FRIR,
I B K & 7 2253 1 (one-way  ANOVA) K 56 A [fi]
AR . AN[FEH . AFECPRZ ] 2 e 22
i 3E K- P=0.05, iR E /K P=0.01,

2 ZEREHSW

2.1 AEHFHRBETEAEHMEANSHALER

12 1 AT, Fo ARHEMHRE R ), HOMEAE 1~9d
Wi AR b 22 R8N, FyR Fy HBRAR K/ NVEE 1~9 d
(B2 AE 40 pm DL b AFERPREE B & 4E
K/NZERE ;W H S AFEMCPRE], Fo #1 Fi. F,
A HE A B 22 5(P<0.05) . M35 2, Fo Kt
IndEs S, HEEOIARTE 5 d e/, 9 d ik, RVA
ZFAK RIERERITZ0HER, 9 d, 90%
H-B 5 90% H-R,75% M-R.50% L-R Fl 75% M-S
Z B3 BIAFAE R . 25 P 22 573 (P<0.05); 90% H-R 5
LRI B R W A A 3 25 7 (P<0.01),
FIF ) BPARECH A L, Fo ) 22 55 P S Be i, 7, BRAE
K/NFE 1100 pm LA, BIE KT Fy #l Foo Fo 1, 1
d B A AL BRA [R) 25 R R % . 3 d i, 90% H-R
5 75% M-R. 50% L-B. 50% L-R ALt 2 FitK &
FMHERP<0.01), Hizdlieh 3 d Wb
/No 5 d At 90%H-B 5 75%M-B 5 B i & P2
5(P<0.01); 90% H-R 5 75% M-R., 50% L-R # It
I B 2E F(P<0.01), 5 75% M-B 25 3%
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(P<0.05), 7 d i, 90% H-B 5 75% M-S tH H. 2 #L
W 3 P25 5 (P<0.01); 90% H-R 5 75% M-B £

W P25 R (P<0.01) .9 d I, 90% H-B 5% 90%
H-R IG5 2 5 B i 25 1 22 7 (P<0.01),

F 1 HkEUE B KR EPE LR
Tab.1 Comparison of egg diameter between different generations of Oryzias melastigma at the same age
n=20; X £SD
f{FR generation 1 H Day 1 3 H Day 3 5 H Day 5 7 H Day 7 9 H Day 9
Fo 1081.78+37.74* 1073.32+33.55% 1080.08+43.82* 1088.34+37.93% 1087.16+36.03*
F, 1067.60+39.78" 1058.78+38.75" 1081.64+40.29* 1096.60+41.92* 1112.67+42.35"
F, 1113.49+52.56° 1128.59+51.45°¢ 1143.71+49.778 1152.94+58.98"5 1157.77+64.34¢

TE: 7] —FEUH B AR A [ B R A W B35 P25 53 (P<0.01); AR RN R F MR

Note: Values in the same column with different superscripts denote extremely significant differences (P<0.01); the same superscript denotes no

significant difference.

x2 BB F~F, FEHEH R B R TINEHE
Tab.2 Average egg diameter under different fishing strategies and ages of Oryzias melastigma during Fo—F; generations
n=20; X +£SD
R e 1H 3H 5H 7H 9 H
generation  fishing strategy Day 1 Day 3 Day 5 Day 7 Day 9

Fo JG no 1081.78+37.74 1080.08+43.82 1073.32+33.55 1088.34+37.93 1087.16+36.03
90%H-B 1084.64+43.22%  1076.67+46.29**  1094.40+58.63%® 1125.87+47.91% 1139.40+29.72°
90%H-R 1053.60+£39.39%  1037.40+34.56®  1057.93+41.95" 1082.67+36.21°*¢  1086.83+37.18°
75%M-B 1066.60+42.32 1066.87+32.24™*  1080.83+34.66" 1104.80+36.43°*%  1131.83+48.21™

F 75%M-R 1071.62+38.37 1056.80+32.70° 1088.40+39.30°8 1102.40+38.74°*®  1100.67+36.33"
50%L-B 1070.40+37.25 1057.40+40.62° 1081.86+32.25° 1089.93+35.71°®¢  1116.13+32.33°
50%L-R 1072.76+40.10 1059.20+41.71° 1088.87+31.50°8 1100.80+43.02°*®  1102.33+34.08"°
75%M-S 1054.07+31.45%  1057.13£33.27° 1079.20+28.7° 1069.73+33.22°¢ 1110.67+52.26°
90%H-B 1110.52+45.15 1138.35+54.34 1140.00+£41.94°BP  1178.09+62.49*F  1215.74+74.44*
90%H-R 1125.56+54.26 1157.70£65.96**  1153.93+44.98"" 1140.52+45.43°5¢  1186.07+56.52°AP
75%M-B 1127.80+68.27"  1126.60+50.31° 1178.93+60.13** 1180.87+72.26* 1147.93+56.38"5¢

F, 75%M-R 1114.10+42.48 1112.33+49.65°®  1116.93+42.68 1143.13£36.11° 1164.27+69.01°5¢
50%L-B 1116.30+45.58 1116.60+42.66°®  1142.13+34.19"BC  1152.87+50.60 1127.80+51.04°C
50%L-R 1100.87+52.86°  1122.23+50.18"®  1121.33+38.52°P 1157.60+58.42 1140.27+57.76*¢
75%M-S 1099.80+52.10°  1132.30+35.87° 1147.15+50.56°5¢ 1122.13+63.27°¢ 1138.67+47.73%C

T A —BE BV /NG 5 B3R R A R TR 2E 53 (P<0.05), K5 T B R n iU 35 1 22 53 (P<0.01), AR 5 Bk m o P28 5, o

FREFRIR 5 HANTE 2 5.

Note: Values in the same column with different lowercase superscripts denote significant differences (P<0.05); different capital superscripts
denote extremely significant differences (P<0.01); the same superscript denotes no significant difference; no superscript denote no difference.

RAEE 1A, Fo KHfifi N IHMAFE N 43.83%,
Fi LRI (E R 42.70%, H22H 19%; F; LR
H 36.14%, MR 17%. WEALZRAEACER A] 2 PR
A H . 76 7 DNALFEZ F, 90% H-R BEALF M
Fo 44%[% 2 Fp 26%; HIUK T FemE B R KR 75%
M-S, M 44% F &3] 33%; T FEIREE f/ Ny
90%H-B 1 75% M-R., F;H, 90% H-B. 50% L-B

F150% L-R RT5T Fo; FoH, A SC8 40 ¢4k
RENF Foo

RAIEE 1B AT, X T Fy fLE,, HAE S R
F Fo RAFEF LI AL; Fo AN B ey HAFE R
M 98%; FyAEiE RIME N 94%, Wl 6%, Hoirf
RN 50% L-B(97%), f/IMEHN 75% M-S
(91%); Fo 1, ¥{E R 88%, W2EH 17%, Hfe
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T RERE 75% M-S, 90% H-B 7E5G Rk, N
77%o XL Fo F1 Fo BU(E, 28 A0 B2 5 KR 90%
H-B ZbFRZH, WL 2E0E 21%, HIK A 50% L-B #il
50% L-R(12%), “B1b3E i/ N 75% M-S(4%) .
I F il £ T S T DL, Fy B 90% KA
B AT R E AR (77%), HWN Fa 19 50% KAk
51 50%FEALIR 5 (86%); Fy FP 50% KAMAS 1
5 A1 R AR 5 (97%), HUON Fy iR 50%BEL
iH5(96%). MIEFER 1~3R 2 BPRK/IXTEL, 90%
H-B SRR 3G I B ek, A LA LAk S AE P AR
Z () A LA A PR A A s AT B A 7 AL D A 1S
AN, R FARER 22 0] 28 BN T

60

550 «
s0F N\

~a-F, —o-F, ——F,

'H 43 Eb/% percentage

B4 H/% percentage

Q\o S & Q\QQ ol® Qo\le\) S ‘§\°
S
5% fishing strategy

AR B AR T UL, BV L B A A £ 50 i 35 i (H2:
HAAHRFGE AR, WG B T %
2.2 AEHERE T EKESUSFEERKEE
Fo KD T, HAFH HIE 4K 4 0.0935 mm/d,
S RAEH K RN 22.63%, SRKEFEM KRN
2.55%, DAHOMHEME, 5 H A AN PR 4T T3 (3R
3); Fi 1, SFY H SR E KN 75% M-S, /)
1~ 75% M-B; 90% H-R #1 75% M-B /NT Fo; 4>
P B3 R AR A K R B K R KA B
75% M-S, H/NR 75% M-B (38 3).
HEE 2, Bl ELER Fo( RN AR B 7EAH 7]
MK R, FofE 1~3 d B K F R 4.79%; F, 14

110 B

105k > w@-Fy -e-F, —F,
100 |
95
90
85
80
751
0 1 1 1 1 1 1 1 ]
7 e D

S\gg’ 6\3" ‘g\g) §\S~ \e\’fb \}’g~
P H <«

PR
TR fishing strategy

B AN RCER R ST 5K 75 B ) B4 3 (A) FIAE TG 5(B)

Fig. 1 Hatchability (A) and survival rate (B) of Oryzias melastigma in different generations and fishing strategy

3 AEHBRETEKSHTAERKEQN9J
Tab.3 Growth rates of larva under different fishing strategies of Oryzias melastigma (days 1-9)

fUPR generation ffi#5 K M fishing strategy

-4 H # 4K ADG/(pm/d)

LR K E FLAG/Y% KB ERK A FLSG/(%/d)

Fo T no 9.39 22.63 2.55
90%H-B 9.87 24.07 2.70
90%H-R 8.06 19.34 2.21
75%M-B 7.48 17.56 2.02
F, 75%M-R 9.12 22.23 2.51
50%L-B 12.49 30.58 3.34
50%L-R 12.34 30.31 3.31
75%M-S 13.13 32.30 3.50
90%H-B 7.08 15.50 1.80
90%H-R 9.89 22.06 2.49
75%M-B 11.22 25.88 2.88
F, 75%M-R 12.59 30.55 3.33
50%L-B 10.93 26.70 2.96
50%L-R 9.93 22.85 2.57
75%M-S 12.77 31.05 3.38
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KRBME N 3.49%, e KIEHN 90%H-B Ab PR
(7.12%), Fx/NH 75%M-B AR 1.06%(E 2A);
F, B K% 5.29%, 75% M-R AbFRZF 8 KR 5 Ky
6.71%, 90%H-B /N~ 3.54%(& 2B). Fo f£ 3~5d
WK ZER 2.93%; F #KFHMER 2.11%, Hip
75% M-B (3.41%)F1 90%H-R (3.20%)# 1t Fo, #x
/INF90% H-B ALHEZL K 0.37%; Fp FIgHE KRN
2.09%, 75% M-S Ab 21 8 K R 5 KR 3.78%, 90%
H-R %/} 0.37%, 90% H-B H1 50% L-R 4K % /)

F, 1-5 F, F, 3-7 F,
H ##$ B5 FF/d age span

K2R /% growth rate

8
A 090%H-B 0 90%H-R
o 1T 0 75%M-B & 75%M-R
s 6l m50%L-B ™ 50%L-R
e a75%M-S
2 5r oo R--
8 4L
s :
#3000 MR e
Kool W
i W
1F E a
0 inH o IHERLE L LHEENA L LGN
1-3 3-5 5-7 7-9
H &% B /d age span
2re 090%H-B 0 90%H-R
075%M-B & 75%M-R
2 10 B 50%L-B B 50%L-R
& 0 75%M-S
%
(o]
Eb
RS
HF
K
SEm
£

B #R /% growth rate

T 1.00%. FofE 5~7 d HiK R 1.16%; Fy HK %
BIE N 2.21%, HAEKIEN 75% M-S (3.70%)4t
B, /NN 75% M-B AL FRLH Jy 0.84%, 90% 4k F
H/NT Fo; By KR 1.02%, HA 75% M-B #l
90% H-B T Fo, HARIKT Foo FofE 7~9 d I
A 0.0136%:; Fy KRN 1.91%, HfRK
{l 50% L-B AbFREH, Sy 3.96%, FIrA oAb FL $
FAHERK T Fo; Fao I ARIGE Hy 1.23%, 50% L-R 4b
PREF I KR KN 2.96%, 90% H-B 12/)N 4 0.006%.

8
B 090%H-B 0O 90%H-R
A 075%M-B &= 75%M-R
6 H B 50%L-B O 50%L-R
B3 75%M-S
Sp_L
4 -
3 L
2 .
1 L
0
H #4# B/d age span
2ry 090%H-B 00 90%H-R
075%M-B @ 75%M-R
10 _ m50%L-B ™ 50%L-R
P 'l}: 5 @ 75%M-S
8 [ ‘ll u
JH H
~ll u
6 ‘ll H
(L] L]
JH H
4 ~ll n
(L] u
sl LIH H
‘[I L
(L u
RELEE: (iR ) : I
F, 17 F F, 39 F
H # ¥ & /d age span

B2 K EE KR E KSR
A:3d-F|;B:3d-F,; C:5d;D:7d.

Fig. 2 Specific growth rate of full length of Oryzias melastigma

A: 3 day-generation 1; B: 3 day-generation 2; C: day 5; D: day 7.

Wi 5 d RSN E LA 20),
FofE 1~5 d, 3~7 d 1 5~9 d A3 K R ZE W FEAR,
M 7.72%F% 5 4.09%, )53 1.17%. F, #1 F, 1)
HRK R BRI YE, FIfE 1~5 d, 3~7 d, 5~
9 d FSEIHE KRN 5.59%~4.32%~4.12%, Fo
10.32%~4.24%~1.42%, F, ZRIbIRE K, 1~5 d,
F K SRYET Fo, Fo ', 75%M-R. 50%L-B Al
75%M-S MK R & T Fo, HRBMT Fo H
90%H-B k. 3~7 d, 90%H-B F, e i KR AK
T Fo, 1M Fy FALAE 75%M-B Fl 75%M-S & T Foo

5~9 d, F1 5 R & T Fo, Fy PR {E N 75%M-S
(6.54%), FARME T 90%H-B(1.88%); F, Mg i {H
H 50%L-R(3.67%), HAKMEN 75%M-S(1.42%).
WL 1~7 d A1 3~9 d BERRAT UL, 1~7 d 3R
T 3~9 d, 90%IriH5 4L 7E il Ji I 3 ) 22 1
K (Kl 2D),

2% 4 G55 nT 0, Fy RS INES % T, A fdE
1~9 d B4 K de K22 (50 841 um, F, # F3 7E 1~9 d
LK R ZEE /9K 985 um F1 945 pm, FEEL
BrRygm, [a) H A7 o 2 2 B s Kk
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4R 5, Fi AR, UL F A3, F
50%fR5R BE A H7 4 B4R 5 Fy 8] H 8 R/ 22 80D,
XoF o e R R A 4 R 25 AR, Fs 2 AL
R AP e KBS T F, JFETE 1~
3 d W 25 5 IR Fy S e il B U 9 55— 1K
frta, HoAK 2 R u U WA IR B 4. F,
5 Fr R AIR U, JCHZ 90%qr 47 41 2 1k
S N RS B = I 1Y TR S A N

BRI ER K, F3 5 F #x th28, HHIW
PR AR H S T 1R B i K 90% Al
75% KA VRN AL 57 241, HL38 T o 3 v {0
FE B LR 75%/ MRS 54 .
2.3 AEHERE TEKSHL & E KB
FER TR B W T, AR 7K A 1 D 4
FwHAE, Wit SPSS 19.0 HEMAKAAE LR,
SHOTE LIRS HFE 6, F), 10N [R5 B il B

F4 FEHRATRNREREBAKEMFELKIER

Tab.4 Comparison of full length of larvae between different generations of Oryzias melastigma at the same age

n=20; X £SD
{XF% generation 1 H Day 1 3 H Day 3 5 H Day 5 7 H Day 7 9 H Day 9
F, 3720.00+220.34* 4153.33+143.20" 4355.56+144.31* 4443.33+147.82% 4561.76+160.25"
F, 3705.91+224.41* 4031.44+278.10° 4231.56+250.32° 4445.66+£238.98* 4690.23+320.51"
F; 3863.00+305.94° 4346.50+299.90¢ 4540.00+301.75°¢ 4675.00+293.78" 4808.50+225.01°

T R —F R _EARAS [ 7 B 3R A B B 35 R 25 57 (P<0.01); MR RERIR I B E 125 52

Note: Values in the same column with different superscripts denote significant differences (P<0.01); the same superscript denotes no significant

difference.

x5 F~FARBEHERBMBRTEREHFELK

Tab. 5 Full length of larvae under different fishing strategies and ages of F;—F; generations of Oryzias melastigma

n=20; X +£SD
B EHE LS 1 H 3H 5H 7H 9 H
generation  fishing strategy Day 1 Day 3 Day 5 Day 7 Day 9
F, 7 no 3720.004220.34  4153.33£143.20 4355.56+144.31 4443.33+147.82 4561.76+160.25
90%H-B 3690.63+229.11 4364.10£295.12*  4387.50+294.36™  4511.43+211.12 4578.79+196.46"
90%H-R 3751.72+232.41 3965.63£216.44™5¢  4269.23+276.79 4380.95+210.97°"  4477.42+214.02**
75%M-B 3832.00+£186.46"  3926.47+265.50°BC  4247.22+202.11 4330.00+266.72°®  4504.76+204.76™
F, 75%M-R 3692.59+197.92 3918.42+155.71°%¢  4100.00+220.91"®  4402.38+249.38"  4513.33£167.61*"
50%L-B 3660.00+£281.13 3976.67£209.57°¢  4165.00+159.4° 4535.29+238.53™  4842.00+368.17""
50%L-R 3675.00£209.45°  3903.57+£123.17°*%  4168.97+230.07° 4380.00+245.91**  4798.77+343.69""
75%M-S 3665.52+181.81 4117.244264.67°PC  4205.00+£234.19"®  4552.08+175.03"  4776.54+306.30""
90%H-B 4086.67+£318.11**  4433.33+220.24"5  4500.00+227.43 4723.33+244.50™  4720.00+215.60""
90%H-R 4035.00+£149.65*  4640.00+208.76"*  4680.00+241.92°  4765.00+215.88"  4925.00+129.27**
75%M-B 3903.33+283.43  4386.67£293.30°%  4643.33+211.21° 4846.67+185.20"  4913.33+187.05™
F; 75%M-R 3710.00+£342.76™%  4330.00+317.48°B¢  4653.33+326.67 4710.00+£305.52 4843.33+207.92
50%L-B 3770.00+£261.49*%  4296.67+339.86°C  4493.33+271.56 4710.00+264.38""  4826.67+206.67""
50%L-R 3683.33+213.48"  4113.33£217.72°%C  4443.33+374.79" 4513.33£320.27°®  4666.67+268.24
75%M-S 3910.00+£268.26°®  4323.33+248.70° B¢  4413.33+£318.11 4486.67+311.54 4803.33+214.13

15 =3B AR A FNG 7R R A B35 P 22 5 (P<0.05), K5 7 RE R 3 1k 22 5 (P<0.01), AHIF 78375 J0 B 3 1k 22 5

ToF bpRoR 5 AN TG 22

Note: Values in the same column with different lowercase susperscripts denote significant differences (P<0.05) with different capital susperscripts
denoting extremly different significant differences (P<0.01). Same superscripts denote no significant difference, and those no superscript

denote no difference.
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FEHF, HiEKSEE RS HERE/DN, b{EY
0 3.10, Fc KM M 3.21, J& 90%H-B AbFR4, #ix
/IMEJE 2.97 R 50%L-B AL PR, #2=M 0.24; afd
B 1.67x107°, Hrfig KAE N 2.45%107°, F/h
6K 1.13x107°, $25H 1.32x107°, 7E Fy, 7EAA
SRIERPIRNE T, HAKS5REXCRSHE F
A, b (HBME N 3.26, ARLTER N 3.11~3.44,
W2 0.33, Hd 90%H-R Ab B 2H %5 {8 &% K,
50%L-R AbHRLH /] a {EIE R 0.937x107°, HAR
LR R 1.32x107°~0.612x107°, 25K 0.715%
107, FHKAHH 50%L-R ALFRZH, f/IMEH 90%H-R .
Fy 1, 7RISR BB 56w T, b M¥EA 2.95,
AEIEFY 3.15~2.80, #2220 0.35, HiH 75%M-R
AR B R K, 75%M-B AbFRZH /)N, a {EH41E

o 2.32x107°, HAFEREFER 1.29%x107°~3.26x10°°,
W2EHN 1.96x107°, e KIE N 75%M-R AbFRL, fx
JIMEN 75%M-R.,

HRAEHE HAE K B R BRI 1 KR (), 45
UK 7 R Fo i, GAEAEAS AL B 7] 22 480/,
i KK 50%L-B, f/NA 75%M-S; Fi, /NN
90%H-B 21, [} 0.01428, i AfH N 50%L-B, M
Fi—Fs, BB 500 5006 DL S BN, Fs 4
10 BE I KRR T Fy XFW A4, 50%L-B 7E
P 22 R8N, IR K, HAYEIA
[F)F2 BEREAR, Irf A BRAL P Fs 19 90% KA A 7
2 Ry 15 SR B I

8 AATRHIB RS Tl KR, F, (ki
WK B E T 100%, FHE R 180.12%, i Fs {4

x6 ARHHERETEAKEWERKSEESRE
Tab. 6 The model of length and weight under different fishing strategies of Oryzias melastigma
fXF% generation 90%H-B 90%H-R 75%M-B 75%M-R 50%L-B 50%L-R 75%M-S
a
F 1.13x10°° 1.20x107° 1.27x10°7° 2.45x10°7° 2.31x10°7° 2.05x107° 1.29x107°
F, 1.18x10°7° 6.12x10° 6.31x10° 8.27x10° 1.29x10°7° 1.33x10°7° 6.95x10°°
F; 2.60x10°7° 1.66x107° 3.26x10°7° 1.29x10°° 2.70x10°° 2.74x10°7° 1.98x10°°
b
F, 3.21 3.20 3.17 2.98 2.97 3.02 3.16
F, 3.17 3.44 3.39 3.28 3.12 3.11 3.36
Fs 2.90 3.07 2.80 3.15 2.89 2.88 3.00
xR7T AEHEHRETEH EHEIERKE
Tab.7 Instantaneous growth rates of juvenile Oryzias melastigma under different fishing strategies
fXPR generation 90%H-B 90%H-R 75%M-B 75%M-R 50%L-B 50%L-R 75%M-S
F, - - 0.05176 0.05140 0.05433 0.05323 0.04577
F; 0.01428 0.02788 0.02706 0.03662 0.05171 0.02772 0.03178
x8 AEHHRMETEWYEIEKE
Tab. 8 Growth rates of juvenile Oryzias melastigma under different fishing strategies
%
(M EHEr LS WERKR KRR bR EHEF LS WEB KR RRIRE
generation fishing strategy WGR BLGR generation fishing strategy WGR BLGR
90%H-B — 32.42 90%H-B 34.47 10.40
90%H-R — 21.07 90%H-R 61.22 14.17
75%M-B 179.91 31.64 75%M-B 64.02 15.25
F, 75%M-R 179.53 27.46 F; 75%M-R 112.26 24.11
50%L-B 196.40 32.39 50%L-B 116.33 24.96
50%L-R 206.82 32.38 50%L-R 154.47 25.28
75%M-S 137.98 31.77 75%M-S 88.39 22.90
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HHE R A BRI, FI{EN 90.17%, Fo o8 F3 Y
Wifs, EF, B —SCg e KRS T Fs 524,
F,WGR 2%} 68.84, F3 & 120; F, BLGR %K
11.35, F3 & 14.88; F, FLGR #2 K 7.76, F3 N
18.01, F3 3 A KB ZWHIBI KT Foo FafhK
AR IR BE 08 29.89% . 29.23%,
M Fy R K P R 19.58% . 22.93%, K
F F,. F, BLGR HRAKME N 90%H-R (21.07%),
F3 & 90%H-B (10.40%), F, H &N 90%H-B
(32.42%), F3 N 50%L-R (25.28%), fh . ffik(l
ZHER K,

3 itig

BRAR I /NN 2 R % B R T Y LA
HEM YR L, — A KOPAR o ) o AR
F/NGRAR AN, KRENFR AN RS A E" . ]
B RN, WK SRR & F B AR PRz
[ PR AR RN S (R 1, 3 2), BB ICERIG N,
HEBROFER H IR F 25 b e, JF Bk
& HEE N, EAS R ER ] R4 25 S i ke
ZRERKRA K9 HINEE, Fo'5 F, 2% 8 70 pum,
P AT L, iR A B X B RN R
FEBEE R PRR N, 225 BE R, N s
RS, R TR A R A A A B R A7 R
BB S, SR SR WG] T, A TSR
HAYLER A RE U, B S ALE 1~9 d K4
Mrek R, ARMRPRZ A 0 B 22 R Gk 4), 1
FHIR I 87 & T, A R PR E] 22 S5 M i Kk
90% Il 75% = ok BER 4 4HL(3R 5), ISR B Al 15
AR FIAT M KRR 22 ¥ i/ dlid
W B R I, A 3 RN, AR s
KRR, RNFE BB TR AN A
WEMZES ., WEWENT, WKagIRFET 7
99%201 DRIt B Ay B AR P | A A A A AR R
RN P A K5l B P2 R R R T A I A T i
P, DXL ARRRAE 1R 00T % T Bl 2 X 4l 14 o Bt
(1R FERE A = A A S R 5 R o 90% i 56k & il 5
A AR I TR A B, (AR AT
FHGEE T B, IR At 2 K B hn S5 250 3
JE 20 R AL R (R 3 w4k R RE 2, (B HAT Ay

TR BRI, ML, 75%M 50%fH 550
14 Ab B2 AE AR 22 8] 25 S48 /D, AL ARG bk
o FIREMS SRR & IR
%, 5RWEFSEBIRINT | BLRH
K BEPHIR G, 200 v o R AR 35 7 2 G B R bR
ARk, P RESE L2 ), o™ A i R A T A
AR JE S — 5

TE SR B R T, Ak B W B Ky
13 I 2 I T A0 AR SR, UG R
R ETEY., SUext b, (R0 T,
4l fa B B Begs T 3 2 TR A B SR g
H, FMEFERE R TITE. K, AUFREM,
L TR T R 2 B A B A5 R 1 HE
2, DA 25 R B FA AR A, 1 G b
Kt A 5 2 AR, DRI 25 2 1 A2 B B E 1Y
Zhi Y, P K& S80E S BN AR
REEHNE AR A AR BT DR AT £
R PR R A a0 e SRS R L BT AR
Wi, A7 fEit—2 5T . I AR AR T 7 FE (R 6)
MR BUE R TR 7)455R, RA PRGN, e
FRRON AAAE, FBF; BRI KA BT F)
AL BRLE, ELWIAR AR 50% KA A 15 41 ki K
RIRRAE, M 90% KA VA4 155 2L Ik B 14 < 3 0
i o REH 3 25 S 3 R I /2 Fa i 90% 1 75% =i ikt
FERRBIZH, JFH Fy R0 Farby, oy o B2 45 40 0% B 1
FERE /N, AT LA AE S R B R 0T, WK
T Bl 0 N0 B A 22, M I B ORR Ol A AR Ak 4 o A
I S e AR . 5 E Rk E L R
P AT S5 AR R, Bl A B G v
hn, 20 42 80 4EAL I 60 4EAL 2 AN/ N EFBER A
PR A KB TR, P AR S SR T, AR I
TRER EZIR I ANRIASAR T G LT R B
A K R D 1) T R B B 2 P, T
(Scomberomor us niphonius) Z 55 B R (R IE Ak . /N
TEEE G 28 P RSt R AE IS © ik 20 i
50 SRR 0~6 W AEHE = 0~4 1%, DL 0~1 340 E,
BRSPS B i 250 mm [ ZE 210 mmP3" ) W] i
AT XT3 i AT 7 T ) T IR e Ty, fa 2R R A
SE, O 2R B IE N I N, AR SE R AR

AEAEE,
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Growth of Oryzias melastigma with different fishing strategies

SU Chengcheng*, SHAN Xiujuan'%, SHAO Changwei'*>

1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences; National Field Observation and Re-
search Center for Changdao Marine Ecosystem; Shandong Provincial Key Laboratory of Fishery Resources and Eco-
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2. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot National Laboratory for Marine Sci-
ence and Technology (Qingdao), Qingdao 266071, China;

3. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China

Abstract: Different fishing strategies have different effects on adaptive changes in the morphological characteris-
tics of fish species. To evaluate the impact of different fishing strategies on the growth characteristics of fish, the
marine medaka (Oryzias melastigma) was used as the model organism. Seven fishing strategies were used: 90%
large individual fishing (high-intensity large individual fishing, H-B), 90% random fishing (high-intensity random
fishing, M-R), 75% large individual fishing (middle-intensity large individual fishing, H-B), 75% random fishing
(middle-intensity random fishing, M-R), 50% large individual fishing (low-intensity large individual fishing, L-B),
50% random fishing (low-intensity random fishing, L-R), and 75% small individual fishing (middle-intensity small
individual fishing, M-S). The growth characteristics of O. melastigma in the F,—F; generations were determined.
The egg diameter and larval length of O. melastigma were significantly different under the different fishing stra-
tegies in the same generation (P<0.01). Among different generations, the egg diameter increased in the high- in-
tensity fishing treatment group (90% fishing strategy condition) and decreased in the low intensity fishing trea-
tment group (50% fishing strategy condition). However, different generations had little effect on the hatchability
and survival rate of the next generation of eggs. The growth rate of the low-intensity fishing treatment group was
higher than that of the other treatment groups in the juvenile stage among different generations. During the inter-
generational larval development stage, the growth rate of the high-intensity fishing treatment group increased ra-
pidly. This growth rate was significantly higher in the early stage than in the late stage. However, the growth rate
of the high-intensity fishing treatment group was lower in the larval and juvenile stages. With the increase in ex-
ternal fishing pressure, the instantaneous growth rate of the high-intensity fishing treatment group was the lowest
among the same generation. The instantaneous growth rates of the low-intensity and large individual fishing stra-
tegy groups were stable among generations. Similar to the current fishing strategy, high intensity and large indivi-
dual fishing will lead to great differences in the biological characteristics of fish in three generations. Therefore,
for the sustainable utilization of fishery resources and to predict the development trend of fish evolution, it is im-
perative to study the changes in biological traits of fish caused by fish-induced evolution by simulating the dif-
ferent fishing strategies.

Key words: Oryzias melastigma; fishing strategy; growth; fishery resources
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