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F) il 3 5 R SRAERL R 77 I b X VK £ SR L o
(Pneumatophorus japonicus) 7K &}

1.2 SIEHE

B K E AR IR 3d ), AT, S
WA VKEEDEL . BCA RN . BOK AR 3 441,
R E 3 TPATMAE . Hrr, vKEREDEHH R B RS
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Fig.1 Morphological characters of L. crocea

AF: &K Total length; AE: {&+ Body length; AC: k¥
Head length; AB: W4 Snout length; DE: E#i{ Caudal
peduncle length; 1J: EA# & Caudal peduncle width;
GH: {1k Body height

K2 KeEmtes
Fig.2 The scheme of L. crocea

: Tﬁ)ﬁ%ﬂ{ﬁ, 2: Hﬁjﬁﬁ%{}; 3: HE@%%E@,

4; FFEEEGE N 5. BB 6. W IEEE UL ORI 5
7. BEERCKYG; 8: FREEEKNN; 9. RIEILIE AL AL
10: JREERTT IR AN
1: Mandible end; 2: Snout frontier;

3: Pelvic fin starting point; 4: Dorsal fin starting point;

5: Anal fin starting point; 6: Dorsal fin spines ending point;

7: Anal fin ending point; 8: Dorsa fin ending point; 9: Caudal
fin ventral starting point; 10: Caudal fin back starting point
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21 FHEEKEBER

W 25 R o, LA ) Rk 4H - 35 44 5 (406.7+
65.5) g, K Jy(28.6+1.2) cm, vKEEEREH -1
1A 4 (435.8+ 82.6) g, F-II1AK F(28.4+1.8) cm., IE
K 6 4 ) S YK T Ky (428.6297.9) g, “FIIAK N
(27.9£1.9) cm, SHUERKL T EZ 0N, LR EXER
(P>0.05),
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Tab.1 ANOVA of morphological traits of L. crocea

JEZAZ% Morphological traits

SERE PR AEZ MeantSD  F {H F value & 1 Significance

5k

K&K I Body height/Body length 0.291+0.019 21.431 0

4 KARK I Total length/Body length 1.175+0.047 1.273 0.285
LKAk K . Head length/Body length 0.233+0.009 2.861 0.063
WK A4 K Lt Snout length/Body length 0.088+0.009 2.405 0.096
FEKAAK It Caudal peduncle length/Body length 0.248+0.012 13.082 0"
FEKEE I Caudal peduncle length/Caudal peduncle width 3.495+0.215 12.248 0"
##JE4K K It Body thickness/Body length 0.140+0.009 11.919 0"
D1-2 The scheme D1-2/Body length 0.144+0.010 0.720 0.490
D1-3 The scheme D1-3/Body length 0.171+0.011 0.478 0.622
D1-4 The scheme D1-4/Body length 0.282+0.016 0.524 0.594
D2-3 The scheme D2-3/Body length 0.307+0.018 0.560 0.573
D2-4 The scheme D2-4/Body length 0.297+0.018 1.722 0.185
D34 The scheme D3-4/Body length 0.273+0.018 7.274 0.001""
D3-6 The scheme D3-6/Body length 0.324+0.023 10.052 0"
D3-5 The scheme D3-5/Body length 0.413+0.028 0.080 0.924
D4-6 The scheme D4-6/Body length 0.178+0.012 4.709 0.011"
D4-5 The scheme D4-5/Body length 0.491+0.028 1.028 0.362
D5-6 The scheme D5-6/Body length 0.358+0.022 3.222 0.045°
D5-8 The scheme D5-8/Body length 0.243+0.016 1.349 0.265
D5-7 The scheme D5-7/Body length 0.087+0.009 2.652 0.076
D6-7 The scheme D6-7/Body length 0.389+0.025 1.815 0.169
D7-10 The scheme D7-10/Body length 0.256+0.017 0.805 0.450
D7-9 The scheme D7-9/Body length 0.243+0.017 1.397 0.253
D7-8 The scheme D7-8/Body length 0.161+0.011 4.362 0.016"
D6-8 The scheme D6-8/Body length 0.471+0.029 0.504 0.606
D8-9 The scheme D8-9/Body length 0.141+0.010 0.176 0.839
D8-10 The scheme D8-10/Body length 0.103+0.011 0.670 0.514
D9-10 The scheme D9-10/Body length 0.097+0.006 2.966 0.057

*h 25 5 i 2 (P<0.05), ** 2% Sl i 3 (P<0.01)
* indicated significant difference (P<0.05), ** indicated highly significant difference (P<0.01)
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Tab.2 Duncan's multiple range test of morphological traits of L. crocea

Morphological traits

Duncan #; % Duncan's multiple range test

R &K [t Body height/Body length

KAk K I Caudal peduncle length/Body length

K EHH Caudal peduncle length/Caudal peduncle width
1K JE KK e Body thickness/Body length

D34 The scheme D3-4/Body length

D3-6 The scheme D3-6/Body length

D46 The scheme D4-6/Body length

D5-6 The scheme D5-6/Body length

D7-8 The scheme D7-8/Body length

it & Ak 21 VKA1 A 21 K MG 2

Formulated dietary group Fresh dietary group Net-cage group
0.2772 0.292° 0.304°
0.243% 0.244 2 0.256°"°
3.54432 3.355° 3.5852
0.1342 0.141° 0.144°
0.2642 0.280° 0.274°
0.3112 0.329° 0.334°
0.1732 0.179° 0.182°
0.351°2 0.365° 0.359 ®
0.1592 0.1582 0.165b

e [ESEHE A AR bR B3R 25 7 3 (P<0.05)
Note: In the same column, values with different superscripts were significantly different (P<0.05)

0 5 10 15 20 25
ALA R 2ttt
Formulated dietary group

YOKFALL 4
Net-cage group

UKEEFRRLA
Fresh dietary group 1

K3 AN[FZH K ISR
Fig.3 Thecluster analysis of L. crocea in different groups
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68.882%, Hif, Ty 1 N KB AAARRIZE RN 5
KR WA R, FENS 1 FEREIR T
MHESE A ZE S FM 2 BIERHIEET R, T
g7 3R E SRR EZE

W ERS L5 EMS 2, FRA 15 EWRS
34HIHUS K (E 4, K 5), g5RExR, ANEERSA
R FEBE AT, 708 KB i PR 7 5 R[] 9 40 A
o H, AR SR MAHE RS 1. F
WA 2 EEChEY, AR 3 EFETEE, £
CHEERE SR LR R ES X5 E 0 rd
RWA o MKEEFDRH N TE 34 F o Y R B —E
(RS AP L 8 BH /NI DK B ) Al 5 K A AR () T
BESEKR.

25 FHI4H
B 25 2 Rt BRI A R AT H00  Br, SR

BRI 27 DRSS AT N, ikt
B 7 AXPABITTERE S HL, S0l Sr. 3R H
HPREOTFVEEI (5] 6), KW RERERT X 70 3 A
TROK A R 5
Y;,=—694.836+1732.071X,;+168.065X,+891.577Xs—
568.378X,+930.396Xs+13.138Xs—-1542.221X,

(R CEEPN 3
Y,=—649.384+1659.057X;+162.308X,+1129.876 X3
—683.916X,+858.222X5—48.065X5—1422.479X,

UNRCEE PN e
Y5=—636.438+1670.692X,+156.880X,+953.536 X5~
567.274X,+748.050X5+92.607Xs—1397.701X;

X, X BAEEERKE ., X BEEKERSHK. X
J& D2-4, X4 /& D3-6. X5/& D56, Xgi& D6-7. X;
& D810 A £ I £ (B A 21 ) pREHHAR Y
e K B 25 B A A A 2 5

HE AR YR BT AT DU E A AR A ST & S B A E AT B
WAy FIAERE PL h 66.7%-93.3%, P2 K
79.4%-86.9%, ZEGHIGIHA 62.5%, 438 H G
SR 22 5 (P>0.05), Vi [ iR ) A2 AT 48 HL
e

3 i

BN A — A EEMR, e 2% EHA
B, Gl A 25 7T RE 5L BT S ) A 3R [
FREER I 7. ERE MBI, CHFRETIEEER
ETWI T W R L N CIE S-S NIEI B =Rt N
(T HEZ %%, 2005) ., AN A= K B Br (0 Bt 4%, 2010)
ANFEVE R GRALAE, 2019 R faiE 5255, I
EE ) 31) o SRS AR, S B AN [ B AR 1) X 350
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Tab.3 The component matrix and the contribution of principal components to the total variance in PCA analysis

EESH B Tt 2 Fr 3
Morphological traits Principal component 1 Principal component 2  Principal component 3
&k K 1t Body height/Body length 0.265 -0.292 0.824
4K AR K Lt Total length/Body length 0.354 0.131 0.254
3k KA K 1t Head length/Body length 0.224 -0.459 -0.381
Wy KA& K b Snout length/Body length 0.121 -0.576 -0.008
K A& K [t Caudal peduncle length/Body length 0.165 0.459 0.582
FEK R Caudal peduncle length/Caudal peduncle width -0.022 0.777 0.037
ISR K [t Body thickness/Body length 0.238 -0.437 0.691
D1-2 The scheme D1-2/Body length 0.793 -0.206 -0.103
D1-3 The scheme D1-3/Body length 0.647 0.020 —-0.205
D1-4 The scheme D1-4/Body length 0.922 -0.094 -0.015
D2-3 The scheme D2-3/Body length 0.885 —0.096 -0.174
D2-4 The scheme D2-4/Body length 0.863 —0.055 -0.287
D34 The scheme D3-4/Body length 0.855 -0.110 0.341
D3-6 The scheme D3-6/Body length 0.823 -0.158 0.396
D3-5 The scheme D3-5/Body length 0.845 -0.012 -0.110
D46 The scheme D4-6/Body length 0.696 -0.220 0.076
D4-5 The scheme D4-5/Body length 0.940 -0.120 -0.094
D5-6 The scheme D5-6/Body length 0.902 -0.085 0.019
D5-8 The scheme D5-8/Body length 0.836 0.026 -0.112
D5-7 The scheme D5-7/Body length 0.623 -0.175 —0.299
D6-7 The scheme D6-7/Body length 0.891 -0.098 -0.135
D7-10 The scheme D7-10/Body length 0.825 0.420 0.034
D7-9 The scheme D7-9/Body length 0.806 0.433 0.019
D7-8 The scheme D7-8/Body length 0.761 0.124 0.074
D6-8 The scheme D6-8/Body length 0.863 0.022 —-0.203
D8-9 The scheme D8-9/Body length 0.735 0.368 0.029
D8-10 The scheme D8-10/Body length 0.637 0.514 -0.013
D9-10 The scheme D9-10/Body length 0.854 -0.044 0.124
TLHkE Contribution rate (%) 51.022 9.440 8.419
o PREHFRIE 3 © PREERIEIH
Fresh dietary group o g%?,r%‘ﬁzﬁy group
° Efé\."ﬁlﬂ 4 . 2 Formulated dietary group 2
ormulated dietary group
< 4 & o O BOKRIFHA
£ Bk MIFELE | & Net-cage group )
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& ° a0 ¢ & e T
g o & £ R
8 L 1 1 _) 1 8 ® o
"Tg" -6 —4 -2 .q o 4 6 '::i | | | ! !
£ o _1_‘0. IE - D &’s . )
[ [-» ()
% 0e® ° o _&
o |o K °
2]
ﬁl ’ E} @ ® o
° 9
3 8
°
-4 -3

EN %! Princip_al component 1

a4 AEAREAEIZE TR 15 EW5 2 5087
Fig.4 The morphology analysis of principal component 1
and principal component 2 of L. crocea in different groups

FE 431 Principal component 1

K5 ARHREMIEES TR 15 FEWS 3500
Fig.5 The morphology analysis of principal component 1
and principal component 3 of L. crocea in different groups
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Fig.6 Thediscriminant analysis of L. crocea
in different groups
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Tab.4 The discrimination analysis of L. crocea
in different groups (%)

. WK fid & VK gt
F T o . et et
| dentification 46 20 iaip SR iaip S|
accuracy Net-cage Formulated Fresh dietary
group  dietary group  group
J W U SR PL 90.0 93.3 66.7
J W E A 2R P2 79.4 84.8 86.9
ZRA R
Total discriminant 62.5
accuracy
A2 H K3 Cross validation
FIWTHERR 2 PL 86.6 90.0 76.7
ST HET R P2 74.2 81.8 91.3
ZRAFN R
Total discriminant 61.6
accuracy
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The Effects of Different Dietsand Culture Environments on the
Morphological Variationsin the Large Yellow Croaker (Larimichthys crocea)

SHEN Weiliang"?, WU Xiongfei'”, SHENTU Jikang", LIN Shugin®
(1. Ningbo Academy of Oceanology and Fishery, Ningbo 315103; 2. Ningbo University, Ningbo 315211)

Abstract The morphological character is an important externa indicator of the value of a large
yellow croaker (Larimichthys crocea). Therefore, it has become a hotspot how to improve the
morphology of the cultured large yellow croaker in the fishery industry. In this paper, we analyzed the
morphologica differences among the large yellow croakers cultivated in different environments and fed
with different diets. We collected the morphological data of three groups of large yellow croakers, and
then applied methods such as cluster analysis, principal component analysis and discriminant analysis to
analyze the data. The results showed that there were significant differences in the body height, the caudal
peduncle length, the caudal peduncle width and the trunk width between the groups. The environment and
the diets also had effects on the frame morphology of D3—4, D3-6, D4—6 and D5-6. The morphological
differences primarily existed in anterior trunk of the fish, which indicated that the morphological changes
caused by the environment might be associated with the flow velocity. We also speculated that the diet
might affect the fish morphology due to different nutrition compositions and accumulation. The cluster
analysis showed that the formula diet group and the net-cage group clustered closer than the fresh diet
group. Three principal components were extracted by principal component analysis, and it showed that
the formula diet group and the net-cage group shared similarity in principal component 1, but were
different in principal component 3. The fresh diet group was discrete on each principal component. This
finding suggested that the large yellow croaker cultured in the small net cage and fed with fresh diet were
more diverse in morphology. We also applied discriminant analysis and established the discriminant
functions of the large yellow croaker under different conditions. The cross validation analysis showed that
there was no significant difference between the discriminant functions and the expectation, which
indicated that the discriminant functions could be used in the morphological identification of the large
yellow croaker cultured in different patterns. Our study suggested that the morphological improvement of
the large yellow croaker would be achieved to some extent by altering the flow velocity, the size of the
cultural space and diets.

Key words Large yellow croaker Larimichthys crocea; Morphology; Diet; Environment, Multivariate
anaysis
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