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FEE: TR E PO P S 6F (Paralichthys olivaceus)#i i fill, 2015 4F #5715 43l X & (C1~C5) . 3 R
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KK IEE o R I 5 2 B DA A A K
Fs R B, fEFR R R EAT 4 R AT
fREE: 55 1 WE R TE LS 15 d #E17,
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AR A P
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(One-way ANOVA)X Tukey £ H4E, 0471 9
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TEREMR |, 120 d F1 240 d B, K& G2 11
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W, %% G1. G2 I C5 Z[a| ik 25 A i 3%,
HE T HALZ R (P<0.05), 1 300 dif, X% Gl
MR e, RO R G2 Ml G3, 7E41-H
WA RS ZB(CV) |, FFR G2 ¥TE 20%L)
W, HHEBRAR RN, MK &R C2 78 180 d A (1)
R RBOAE T 81.63%, W LUFEHIKHEREREN
AMRBIERE FAFER K25 57 (R 1) AN H %
BERANLX I ERNTEERE R, BRER G3
ZHh, HAFRAE 121~180 d 18] i1 A= K U i
M %% C1. C2. C5 Ml G2 7 181~240 d ] ¥y 4=
K 5H T 241~300 d W], 1M C3. C4. G1 Fix}
WL A 2 ; 4% 24 181~240 d £ 241~300 d 1]
[ AR AR, HART 121~180 d Wi, Frf
KAMAEKHELE 1~120 d WIRIRE . KRMAE
B bR 2, 1~120 d Fi1 121~180 d HlH], %
R G2 MK M R, HIK KR GL; 181~240
diWE], KR G3MAERKHE R, HkHK G2; i
241~300 d #i[H], H&R GL AR HE P, Hik
J G3 (3 2),

R1 INTFHIEFERATRBRAERLLER
Tab.1 Comparison of body weight of differnent days of age among 9 Japanese flounder (Paralichthys olivaceus) groups
n=60; X +SD
AR5 B %
coefficient of variation (CV)

A% /g body weight

RA group H i##%/d days of age H #%/d days of age
120 180 240 300 120 180 240 300
X WEZH control  23.787+8.227° 110.500£24.321*°  156.926+45.47*  216.339£59.759*° 3459 22.01 2897 27.62
c1 32.178+8.045" 101.963+32.863%  161.632+47.407®  209.638+50.929°  25.02 3219 29.33 24.29
c2 32.330+5.562° 102.942+84.034°  155.408+40.424°  206.357+48.757°  17.20 81.63 26.01 23.63
C3 33.067+10.713°  112.330+35.359*  156.204#51.747®  216.708+65.400° 32.39 3148 33.13 30.18
ca 39.715+8.968™ 111.115+30.699°  166.243+48.416™ 224.757+£58.509*° 22,58 27.63 29.13 26.03
C5 36.122+£9.328°°  139.223+28.315°  191.065+35.599°  234.363+45.219® 2583 20.34 18.63 19.30
G1 41.070+9.881%  144.496+36.098°  195.509+52.468%° 287.753+82.231°  24.06 24.98 26.84 2858
G2 44.928+7.750° 160.750£28.550°  225.488+37.020°  262.490+47.827° 17.25 17.76 1642 18.22
G3 25.558+3.630% 103.923+20.141%  182.920+32.078°°  261.965+53.673°° 14.20 19.38 17.54 20.49

TE: RO ) bR Bl 2R A [ 52 2% ) (A o 22 e W %5 (P<0.05).

Note: Values with different superscript letters within the same column mean significant differences of the body weight among different groups

at 0.05 level.
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Tab.2 Comparison of absolute growth rate in body weight
among 9 Japanese flounder (P. olivaceus) groups

2 C2 Fll G2 A A i B ZE T 241~300 d i [H]
A A KR, AT S R W ) R A K A K i 1

gd BT 241~300 d H][a] A A K (GR 4).
%% group H lfe/d days of age 33 AN [ 5 R AR ) H 1 A A A K 1Y
— ;ZO 1?1;1580 1?;;“" 23;?;00 FARI, B R R TR R A % 1A
JHEZH contro .198° A445* 7748 .990* _ P o N o L
o ooes’  116F 0008 0800 [A] E’J’iﬁfﬂfi, S E R éEii%ﬂ@ A ) E
o 026° 1177 0875  0849° P, BEMARRT, R G2 ARKE
c3 0276°  1321°  0731°  1.009° PRI HEA SERTY o
ca 0.331° 11907 0.919* 0.975° 22 HESEKEIEHNBEXES T
c5 0301 1718  0864° 0722 I AR TE 48 T s k4% 48 b 8] B9 H 491 56 &
> e T IR KR O AR KRB, Sk
o3 0213  1306®  1a  1a1e? Kikk . ke EEWKIBWE SIKER

e B AARECE SRR AR
Note: Superscript numbers indicate the order of absolute growth
rate in body weight.

M2 3 AT HTET A K &1 C4 Fl G2 7E 120 d
1 300 d AR IR, FIHR R 225 B E (P<
0.05); 1M 180 d #il 240 d i}, %% G2 MAKEE K
THANZ F (P<0.05) (3 3). 7R R 4845 I,
FRHEFZ C4 25, HAWZK RAE 121~180 d ] 1y {4
KAERKHE R, HREE 1~120 d ME); K&
C4 £ 1~120 d ME AR AR K B B T 121~
180 d MAfalpy A K . 181~240 d HIfE], BRTH

EARFMAHEME SRR (G 5). H, LkKMEKTE
120 d F1 240 d B} 5 & 2 RANEAE, HAHXK
- I 2% (P<0.05); 1fifE 180 d i1 300 d i, Wi &
AR, H 300 d B9 AH 5C K P-4 2 % (P<0.01)

KB IR SR EAE A B A R A IE ARG, A
K Z B H % 19 3 hnmi 4% K< (0.013~0.320), H.7k
180 d. 240 d FI1 300 d K}, &K 2 (P<
0.01), AR/ S5 IRE L&A K BT 2 7
I, BR 120 d 4, HAy 34 AHHA R AR DG K -
#(P<0.01), 74k, EWK/EWRE 5 LK.

PR K AR B St S 5 3 67 M C (P<0.01)

®3 INFEHEFRATEHRAEKMLLE

Tab.3 Comparison of body length of differnent days of age among 9 Japanese flounder (P. olivaceus) groups

n=60; X +SD

A fem
body length

8 5 R A%
coefficient of variation (CV)

X% grou
grotp H i#%/d days of age H #%/d days of age

120 180 240 300 120 180 240 300

XFHRZH control  12.641+2.116™ 20.505+1.823% 20.967+2.420% 24.552+2.408% 16.77 8.87 11.54 9.82
c1 11.921+1.233° 19.981+2.439% 22.529+2.334° 25.453+2.315® 1032 1221  10.34 9.12

c2 12.552+1.018" 18.782+1.920% 22.457+2.144° 25.399+2.173% 813  10.22 9.53 8.54

c3 11.980+1.437° 19.583+2.285% 20.392+2.361° 25.302+3.147®  12.02 11.64 1157 1245

c4 13.578+1.330¢ 19.849+1.865™ 21.141+2.043%* 26.078+2.546° 9.79 9.55 9.65 9.78

C5 12.787+2.404™ 19.718+1.449™ 22.414+1.944° 25.375+2.146®  18.76 7.35 8.66 8.47

Gl 13.413+1.99% 21.042+1.718% 22.481+2.364°¢  25.714+2.838% 8.95 817 1050  11.05

G2 13.575+1.583¢ 21.821+1.749° 23.947+1.709 26.067+1.489° 11.63 8.02 7.14 5.72

G3 10.902+0.705° 18.035+1.408° 20.997+1.535% 25.033+2.099% 6.51 7.82 12.77 8.39

T RO TR] bR SRk R AN [F) 2K 2R R4 22 53 (i 3 (P<0.05).
Note: Values with different superscript letters within the same column mean significant differences of the body length among different groups
at 0.05 level.
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Tab. 4 Comparison of absolute growth ratein body length
among 9 Japanese flounder (P. olivaceus) groups
cm/d

H #%/d days of age
1~120  121~180 181~240 241~300
YIWEZH control  0.105* 0.131° 0.007° 0.060°

K Z group

c1 0.099° 0.134? 0.040* 0.043°
c2 0.105* 0.1048 0.061* 0.049°
C3 0.100° 0.127* 0.014% 0.082!
Cc4 0.113 0.105’ 0.0227 0.082*
C5 0.107° 0.116° 0.045° 0.049°
Gl 0.1122 0.127* 0.024° 0.054*
G2 0.113* 0.138! 0.036° 0.035’
G3 0.0917 0.119° 0.050? 0.0672

TE: EARRECT R KR AT
Note: Superscript numbers indicate the order of absolute growth
rate in body length.

23 RREERIBHEILER
ghIR 2.2 FWIRE &K 5RE R IEH, 1

BRI &S RE R A, 456 4K ERext
I NR AR MBI A E AT LB th 3 6 I, &1
A KB HA R KA BUE RS R G3 K&,
FEA BT AHEA 8 IR R 5 120 d Bl
C4 1 G1; 180 d ifl G2; 240 d il C2. C4 Fil
G2;300d i}y C3. C4 Fl G2, H# 7 A, £
WK% L, 120 d i, %% G3 &1k, H
WREZHZ Cl, C2, C4, C5, G1 Al G2; 180 d i,
K% GLH G3 fefl, HIKEZ & C5 Ml G2; 240 d
i, K& G, HIKZEZ % G2 #il C5; 300 d i,
K% C5eflt, HIKEZR AR C2.LL L& R, bk
T 300 d i AR AR = AR, KR GRS
WICFREAE 2 D A K BT I R I A AL, TR
7 G2 AN EREBHAPIA R B hHEA B
SEAT. ZEA DL LSRR, RR R UR R 2K
R, T AT R A 1 /N ) R 2R A A B e
A X PRI FR B E N F Pk B S8z — .

x5 INMRATFEHRNFHIEHSHEENHEXRY

Tab.5 Phenotypic correlation of body index and body weight at different days of age in Japanese flounder (P. olivaceus)

H i /d PR ke B NIZNIS Mi%/é& EARK R
days of age trait body weight head length/ body height/ caudal peduncle Ien_gth/
body length total length caudal peduncle height
AT body weight 1.000 0.091" 0.013 -0.002
S K /MK head length/body length 1.000 0.409” -0.403"
120 RTI /4K body height/total length 1.000 -0.433"
EWIK /R caudal peduncle 000
length/caudal peduncle height
AT body weight 1.000 -0.032 0.200" -0.134"
kKM K head length/body length 1.000 0.342" -0.438"
180 {A#5/4: K body height/total length 1.000 ~0.305"
FEARK /MR caudal peduncle 1000
length/caudal peduncle height
AT body weight 1.000 0.119° 0.265" -0.305"
S KM K head length/body length 1.000 0.357" —0.406"
240 &I /4K body height/total length 1.000 -0.295"
MKW caudal peduncle 1000
length/caudal peduncle height
AT body weight 1.000 —-0.203" 0.320" -0.213"
kKM K head length/body length 1.000 —-0.014 -0.142"
300 {A#5/4: K body height/total length 1.000 ~0.098"
KR caudal peduncle 1,000

length/caudal peduncle height

T =" AE 0.0 K (W) L 35 AH5E; “* S AE 0.05 ZKF- (U I & 2 AR G,

Note: “**” means significant differences at level 0.01; “*” means significant differences at level 0.05.
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Tab.6 Comparison of body height/body length of different days of age among 9 Japanese
flounder (P. olivaceus) groups

n=60; X +SD
%% group H #/d days of age
120 240 300
Xt HRZH control 0.328+0.014% 0.331+0.012% 0.343+0.023% 0.335+0.015%
c1 0.327+0.021* 0.343+0.015™ 0.349+0.015" 0.345+0.014°
c2 0.321+0.018° 0.332+0.012% 0.347+0.013° 0.342+0.011%®
C3 0.323+0.019° 0.342+0.016" 0.346+0.016™ 0.345+0.014°
c4 0.334+0.016" 0.339+0.013* 0.348+0.013° 0.348+0.010°
c5 0.327+0.025® 0.337+0.015® 0.339+0.014% 0.337+0.010%
Gl 0.335+0.016" 0.346+0.009" 0.345+0.013% 0.341+0.012®
G2 0.328+0.030® 0.349+0.012° 0.348+0.010° 0.346+0.012°
G3 0.362+0.017° 0.362+0.017¢ 0.378+0.012° 0.361+0.012°

TE: RO ) bR Bl 2R A ) 52 2R () 50408 22 57 1. %5 (P<0.05).

Note: Values with different superscript letters within the same column mean significant differences of the body height/body length among

different groups at 0.05 level.

R7T INTHEFRAFRHRERK/EMS LR
Tab. 7 Comparison of caudal peduncle length/caudal peduncle height of differnent days of
age among 9 Japanese flounder (P. olivaceus) groups

n=60; X +SD
%% group H #/d days of age
120 240 300
XIHE4 control 1.293+0.156° 1.222+0.124¢ 1.141+0.146° 1.267+0.160
C1 1.128+0.157° 1.187+0.139% 1.292+0.179¢ 1.282+0.178
c2 1.151+0.151° 1.125+0.155° 1.229+0.124 1.161+0.127°
C3 1.288+0.160° 1.178+0.168 1.265+0.116% 1.392+0.147°
C4 1.141+0.128° 1.212+0.154¢ 0.940+0.123° 1.324+0.140%
c5 1.119+0.138° 1.007+0.161° 0.927+0.136° 1.009+0.148%
Gl 1.081+0.107° 0.819+0.049% 1.178+0.171° 1.046+0.131%®
G2 1.081+0.140° 1.006+0.122° 0.954+0.126° 1.072+0.127%
G3 0.896+0.133% 0.896+0.133% 0.844+0.094% 1.135+0.174

TE: RO ) bR Bl 2R A ) ¢ 2R () 50808 22 57 1. %5 (P<0.05).

Note: Values with different superscript letters within the same column mean significant differences of among different groups at 0.05 level.

24 BREAWKREEMFEMFEMBHFENELGH
it

H 2015 4 10 J] Je 73 5250 - 4f %8 2016 4 2 H
K, HERRZYKRERABMEEMBY K, A
2016 4% 3 H IThh, WA Aol 0 T b6 £8 bk L 3 i,
FOIARIIEIR Ry Bt RS | BB AR A I A
o 2T o bR RO, 84 A B 9 L S0 ol A B
TENSAE (K 1b); THem MATE A YL B S0 50 5%
BT AR, BRI A A 24 R I L e A i
M(E 1a), Bl A F= R ] A3, o £ BTG A

()3 i ot &2, T L ARG £ LB TR AR B, 5
AWaIZE6 A 3H, B MEM LEI R, K
BRI, FIL, 7E 6 H 3 HEIH4%
KR YU AN AR FL ], 45 50 R Xt B ALY
U RISk, HA 59.57%; ik, G2
(L6 AP 8 8 155 (97.20%), vk Ky C5 (84.49%),
Cl. C2. G1 #l G3 EAIUMIRY AL 70%~80%,
C4 I fikh 66.09% (1 2). 7EFTA K F&H, C5 F
G2 MBUIR IR L T FRATTIREE 1 80%I1 FEEL,
FYURK R FFR C3MPURIRITFA 79.10%, &
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Bl 1 ZFeFidEEME AR (A)FEBE MR (B)
Fig. 1 Lymphocystis diseaseresistant individual (A) and sensitive individual (B) of
Japanese flounder (Paralichthys olivaceus)
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Fig. 2 Ratio of lymphocystis disease resistance of
different Japanese flounder (P. olivaceus) groups
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Tab. 8 Paired T-test of body weight and body length of lymphocystis disease resistant and sensitive individuals
at 390 d among 9 Japanese flounder (P. olivaceus) groups

n=60; X +£SD
. 14 /g body weight p &+ /cm body length
ZK A& group =)
i disease resistance fJ% disease sensitivity $i/ disease resistance i J disease sensitivity
X HE 2 control 290.211+91.338 266.274+81.349 0.302 28.598+2.169 26.314+2.357 0.001
Cl 304.700+68.881 245.100+79.109 0.027 28.005+2.392 26.581+3.326 0.162
C2 254.600+83.603 216.700+73.184 0.083 26.485+2.512 25.740+2.672 0.296
C3 231.571+76.191 293.429+105.718 0.072 25.348+3.013 28.060+3.053 0.028
oz 278.421+99.694 280.474+84.053 0.948 27.359+2.754 27.719+2.434 0.689
C5 277.330+72.092 399.445+453.801 0.274 27.589+2.213 28.255+3.245 0.257
Gl 390.464+99.800 408.721+81.290 0.621 30.087+2.484 30.345+2.428 0.715
G2 361.164+60.706 277.282+90.150 0.012 29.581+2.073 27.268+2.797 0.073
G3 377.505+119.298 376.235+105.442 0.962 28.216+2.720 27.959+3.282 0.735
XA mean 304.255+100.133 305.847+189.665 0.923 27.844+2.742 27.484+3.072 0.217
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Tab.9 Correlation between body weight and body
length with lymphocystis disease resistance at 390 d in
Japanese flounder (P. olivaceus)

£ R IiN'S
coefficient body weight  body length
Pearson HXAH 0.009 0.087
Pearson correlation coefficient
P 0.863 0.110
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Analysis of growth and lymphocystis disease resistance of selected
breeding families of Japanese flounder (Paralichthys olivaceus)

HOU Jilun, WANG Guixing, ZHANG Xiaoyan, SONG Limin, SUN Zhaohui, ZHAO Y axian, REN Jiangong,
JANG Xiufeng, Sl Fei, LIU Haijin, WANG Y ufen

Beidaihe Central Experiment Station, Chinese Academy of Fishery Sciences, Qinhuangdao 066100, China

Abstract: Lymphocystis disease is a viral infection caused by lymphocystis disease virus, which has serious im-
pacts on the aguaculture industry, resulting in heavy losses. In order to select new varieties of Japanese flounder
(Paralichthys olivaceus) resistant to lymphocystis disease, eight experimental groups and one control group were
established in 2015. The exposure experiment was conducted on one farm with high incidence of lymphocystis
disease, and the protection rate of each group was determined. At the same time, the growth traits of each group at
120 d, 180 d, 240 d, and 300 d were measured and compared. The results showed that there were different growth
patterns for each group in different periods, showing inconsistent growth patterns among groups. However, in all
the groups, the growth performance of group G2 was always ranked the highest for each period. The results also
showed that the disease resistance protection rate of the control group was only 59.57%, while the disease resis-
tance protection rate of all the tested groups was above 60%, reaching up to 97.20% for group G2. From the over-
all analysis, there were no significant differences in the body weight and body length between the disease resistant
or sensitive individuals at 390 d of age. The body weight and body length were positively correlated with disease
resistance protection rate, while their effects were not significant (P>0.05). However, the mean body weight of
disease-resistant individuals in group G2 was significantly higher than that of disease-sensitive individuals (P<
0.05). Based on the group G2, it is expected that a new variety of fast-growing lymphocystis disease-resistant
Japanese flounder could be devel oped.
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