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WE: R T FER a3 R FRGERRISIEEZER, W58 Megalobrama)Al 3k i (AA) . = f5(TT),
J& (Parabramis) 78 (PP) A ZEBEK K H 2232 TR (AT, TA. AP 1 PAYEL 7 DRHAFEAT T AKX, B £ s
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BRI E1(0.36 g/d), 43042 TT(0.15 g/d). AT(0.30 g/d)fll TA(0.27 g/d)iY 2.4 1%, 1.2 f5F0 1.3 5, H AT fil TA 4
ST AR P FEET TT(P<0.05), TESZINH 2, AA 4axiif & i 8 T HAbZH (P<0.05), 43942 PP(0.14 g/d).
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ORESLE, ST R Wk S = A WSk
KAt 1) B 2 58 S 6, I3 4% S AR AR A=
KA PRAAR B Bp BEA T 5 My, R3] i 69 #4228
L H A2 T AR R R AR B 2 S S R [ R,
LASUY oAy i 5 €00 208 19 2% 52 7 o A B o i 24 S e {4
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1 MR5EFE

1.1 SEIeH

A0 B3 FH B 1A Sk o RIS &R Fy. —
A B R A, Bk AT B R AR
TR Sk 735t % B R G . 2014 4F 5 H R RJBEEL
BCARELT | fRFRIEA (LA 45 30 XD T AN T2

B, R A AR B IR B 4 mx6 mx
1.5 m BRI T M FR 5 . 2014 4 8 F A)
i ML BB S5 foh: L e AT A9 A, AT B
Zbric, BEEHAEEC 120 B, P40 N—4.
Horp RSk . =85 = f65(Q)<H k85 (3) A
KA (Q)x = A (34 A BEA R —> 7K e it 575,
MY 1 F Sk K TR . P Sk 5 Q)< 4K 7 il
() FIHK 75 i ()< ] 3k 7 ()4 ASHEIR — A 7251,
RSEEGA 2. KW 3 AN EE S, AL R —
SR FRAE, SRR 1 PR A H 3T 1
WilsE, A7 3 AR A R T IR E D, &
i —RERFREAMA T RIS F AT HIR . 7T
IR DL RHE 28 25 A8 B8 (5

Fk1 LWRIT
Tab.1l Theexperiment design

415 group B 4H mating design

fAiiF% abbreviation

T4 population BYHEFRIC fin clip

P13k 77 9 < 141 3k 57 S

AA 120 28 left abdomen
M. amblycephalaQ*M. amblycephalad
=R fbid TT 120 £ #E right abdomen
. M. terminalis@x M. terminalis3

3k 65 @ x = 17 )
W38 9> =8 AT 120 Filf) right chest
M. amblycephalaQx M. terminalis3

N ﬁ' - ﬁ‘
138> =B TA 120 ZEM6) left chest
M. amblycephaladx M. terminalisQ
N S i
L5 9 <P B S AA 120 %16 left abdomen
M. amblycephalaQ*M. amblycephalad
< 35 il Q@ x 1 5 6
KEMOREMS PP 120 £l left chest

) P. pekinensis @ x P. pekinensis3

3L fi < F= b
1K B> A i S AP 120 #M right chest
M. amblycephalaQx P. pekinensis®
3k i K 71
138 S K A i 9 PA 120 £ #E right abdomen

M. amblycephaladx P. pekinensisQ

1.2 #HENE

FH L RPN AR BT/ (RS A 21 0.01 g)o PR
JEERBC & BORGM & o] 2 MR O 80 2 0.1 mm), &
FAOFLEK . ik, IR&E . R K e
B &K BWKMEM I 10 10, HELL
sERER R E S R IE 1%, F D, D3, Dss.
Ds_7. D79\ Dy4. Ds—s. Dgg+ Ds_10n Da_1+ Dy3.
D4s. De3+ De_s. D7+ Dg_s. Dg_7. Dg_g. Dig_7.
Digo, Hit 20 31, AIECPERA ML B . MLk -
R, M T 8%, iR, Mukg R, JE6E

BRI B AR, it 7 T,
1.3 HIESH

il SPSS 19.0 FR{4 XS AR A K S B4
P EATAEBE, AT 2200 . WAETER S AT LSD
ZE B, a8 R OB +h5 M 25 (X £SD)FR
No TEHETZ g it e, HeH R R AR S
TSI T 285 2 B0 FATE S5 8 24185 LA AR K 19 ik
PEATARIE, LAY BRAS ] fr A i HKS 22 S XHE 2543
B s A i 5 i ) A A% B 800 He AR A (i 4k
L, 155 9 M K 20 MHEALEE A L B AR,
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SRJ TG LE IR T B B0 Ar . 2G0T A
53T A3 AT,

Bl 1
1. MogHe & 2. WIEtum; 3. MEEEHE & 4. KA E A, 5. B

Sk 8 7 £0 S AE R 5 4 B 1

BER AT 6. HHEAL AT 7. EEER U, 8. WEE KU, 9. REEIE
BRAL S ; 10, R ERAL AT,

Truss network of distance measures assessed in

Parabramis and Megalobrama

Fig. 1

1. Anterior pectoral fin; 2. Tip of snout; 3. Anterior pelvic fin; 4.

Most anterior scales on skull; 5. Anterior anal fin; 6. Anterior
dorsal fin; 7. Terminus of anal fin; 8. Terminus of dorsal fin; 9.
Vental anterior caudal fin; 10. Anterior dorsal caudal fin.

T ASBER I BT 3 S A K S8 5

G 2= A B S AR < 100%

A5 R CV=hRifE 22/ T- ¥ *x100%

A NHE TR AGR(g/d)y= (Wo—W)/(t2—t)); X
WL W W AR R EHIE] ¢ R 6 B AR ER

JIESH B K={RE (g)/R K (cm’)x100%.

HRESW

21 FREEMHERKMERIER
3k (AA) . = FAH5(TT). K&k PP) M H

2

ZEFAC 7 BRI R E SR KRR LB R 2
B, IWH T RLE ), SCE AL 1R 2 45 BRI 46 74
HEFRAN, it 3 AAEFE, N0k E2E
SERE . EITRA 1, AT RS RZ50H
BARTRCE, TA W& TACE, fXgER AA
3 E T HAB 4 (P<0.05), AT 1 TA BE&T
TT(P<0.05), AA YA K751 /& TT. AT #1 TA
) 2.4 £i5 1.2 £5H0 1.3 4%, MEWEEE AT 385 T H
il 3 4 (P<0.05), TA .3 = F TT(P<0.05); T AL
AT I TA #BIEAK T X%

LI 2, (RHE AR S R PA B & T
2 (P<0.05); Zaxiif R AA B35 T HAA
(P<0.05), AA B E K& PP, AP F1PA 1Y 1.7 1% .
14 f5F 1.6 % IEWE AA B&Em T HABLAH
(P<0.05), AP W% & T PP Fl PA(P<0.05); J&iG%
AP X, AA e o
22 FREMEMATHMEKEER

gt Sk i (AA) . = MAE5(TT). KER
(PP) B H 2822 A8 7 A FER M Ze B . M2k I
AL . MIER T B8 . T8 ORA . MEE A8 . IR EE
FBCRIB B A8 7 AT BOrER, SR IWE 3, &t
R, HAE nT MR Y 25 R 80OR B3 (P>0.05),
UL UL, EATEIEASA LT %R, TR K
SRR
23 BESH

X 13k 5 (AA) 5 = 5 (TT) sk A1 3k 5 5 K &
fifiy (PP) S He 58 FAR £ 1 9 MBS 2E S 80 20 4~

T2 THEBENEESEKMREELR
Tab.2 Thegrowth performance comparison among 7 groups

n=30; X +SD

’ it 2 £ /g body weight U 2 o

21 51 - AREREY% NI R/ I W5/ I /%

group 1% ;‘fg‘f 2014/8/23  2014/9/23  2014/1023  2014/11/23 cv (@d')AGR,  (grem)K  survival rate

AA  10.50+2.73* 31.61£7.03*  41.11£10.05*  42.82+11.00° 25.69 0.36+0.07° 2.85+0.05" 92.51

. TT 10.44+1.66° 19.28+3.56°  22.77+3.96°  23.97+5.27¢ 21.99 0.15+0.01¢ 2.27+0.96° 90.34

AT 10.18£1.31° 30.72£4.29°  35.65+£5.10°  36.77+5.47° 14.88 0.30+0.04° 3.59+0.19* 88.49

TA 9.82+2.71°  26.66£7.08"  32.79+9.38°  33.78+9.76° 28.89 0.27+0.02° 2.73+0.18° 89.72

AA 4.83£1.22° 17.61£3.54"  21.75+4.86"  25.23+5.57° 22.08 0.24+0.02° 2.25+0.06° 89.51

5 PP 4.58+1.21°  12.81£2.59°  15.95+3.38°  16.78+3.87° 23.06 0.14+0.01° 1.2240.24° 88.33

AP 4.66+1.51* 16.47+4.69° 19.81+5.77°  20.11%4.75° 23.62 0.17+0.01° 1.68+0.77° 86.49

PA 4.96+1.37°  14.01£2.55°  15.88+3.09°  18.79+4.75° 25.28 0.15+0.01° 1.32+0.06° 87.56

T [ —F BT B4R T RS R R 22 57 B35 (P<0.05).

Note: The different letters on the parameters in one column mean significant difference (P<0.05).



34 [ K 77 R A 5524 %
=3 TAEEATHMER
Tab.3 Overall mean and standard deviation of meristic characters of 7 groups
PR characteristic HEYE group

AA TT AT TA PP AP PA
5% SNO 54-58 54-58 56-58 54-57 54-58 55-58 54-58
2k - 5% SNA 10-11 10-12 11-13 11-12 11-12 11-12 10-12
2 M54 SNB 8-10 8-10 8-10 8-10 8-10 8-10 8-10
54 4% DRC 3,7 3,7 3,7 3,7 3,7 3,7 3,7
Jt#E %% PRC 1,13-15 1,13-15 1,13-15 1,13-15 1,13-15 1,13-15 1,13-15
Ji 68 2% VRC 1,8 1,8 1,8 1,8 1,8 1,8 1,8
g S ARC 3,22-27 3,22-27 3,22-27 3,22-27 3,22-27 3,22-27 3,22-27

#:: DRC, PRC, VRC, ARC W18 — MNP R BEL, 5 2 MBI AN 88 550
Note: The first number in the DRC, PRC, VRC, ARC represents the number of hard spines, and the second number represents the number of the rest

fin rays.

HEAL B S 8T 0 B, R FH R FGBE 29 1) g J R
BARGRIKE, SRMA 2 FiR, iE 2 /A, TT
H5TAER 3, 55 AT RI—3; MiAA K%Y
AP R H—3Z, PA 5 PP R — 3 NI Al AT Y TA
MTT WEZERIT, AP 5 AA PR LR,
Il PA 5 PP SR REGE, Z5REBMALHERM
FEIESFEBCNEEE B, 1WA, TT 5 AA 19
SRR AA 5 PP,
2.4 FHBIHH

Xt A Sk 5 (AA) 5 = 5 (TT)EL A1 3k 5 5 K &
fil (PP) S HL 2238 TR 11 29 T H 451 S 5000t 4 70 531
b, G5RWEE 4 i DN TES R BN X
AA HINERF R 92.0%, A 2 DEEARRAN
TA; X} TT BHIHERR K 77.4%, Hrp 6 MEAR
WA AT, 1 DMREARRA AP, XF TA (50 51
Wi N 88.0%, 3 MEEAIRII N AA; X AT 3] 51
HERE N 76.0%, 1RFIH AA | TT Ml TA 45 1 MHE

AR, 3 NEEARIRA AP; X PP AR BIERG R K
100.0%, Jo—iRH; X AP A5 HER R A 81.5%,
WHN TT Al AT £ 1 DA, 3R PP A 3 4>
FEAS, X PA O FIBIMERR R 89.3%, A 2 PMHA
AN PP, 1 NFEARTRAH AP, EATILE A H 5
FH 86.3%.

0

TT

TA

AT

AA

AP

PA

PP

K2 7 AHEAR L
Fig. 2 Clustering dendrogram of 7 groups

x4 TAORFFIRSARER

Tab.4 Resultsof classificat

ion analysis of 7 groups

BEIR group

G A HIBI%/%

R HEAEL F 5 HET 5/ % .
group AA T TA AT PP AP PA samples number discriminant accuracy dizsgrigzz;eir(l)il\;‘;te

AA 23 0 2 0 0 0 25 92.0

TT 0 24 0 0 1 0 31 77.4

TA 3 0 22 0 0 0 25 88.0

AT 1 1 1 19 0 3 0 er25 76.0 86.3

PP 0 0 0 0 25 0 0 25 100.0

AP 0 1 0 1 3 22 0 27 81.5

PA 0 0 0 0 2 1 25 28 89.3

TE: SR B o3 7 k.

Note: Using stepwise discriminant analysis methods.
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RIS WISk 5 = A 87 sl K A i 2% 28 5 AR AR K BB A% 4 B 35

25 EWHSH

Xif H Sk i (A A) 'S5 = Mt (TT) sk A1 3k 5 5 K &
fifsy(PP) S He = 58 FAR ALY 9 T ] 8 Fb 1| S 400 20
THUHE 48 B S50 B 2500 458, 46 Kaiser ARifE
PO IE ST i E AT Ao i, Z5 Rk 5 By
7)o HA5 3 3 A~ F 43 (PCR1.PCR2 1 PCR3), &
0 B2 TTERFRIAF] 95.81%, BI AT LA RRREAAA]
ERZERFN 9581%, 1M EMD 1 STHCR LB,

£5 29 PEEGISHMRY 3N ERSEER S

Tab.5 Eigenvectorsof 3 principal components from 29
mor phological trait

(22N ffimi{ loading value
characteristic PCRI PCR2 PCR3
1-2/BL 0.682 0.465 0.285
1-3/BL 0.930 0.331 0.157
3-5/BL 0.987 0.100 0.113
5-7/BL -0.472 0.824 -0.133
7-9/BL —0.964 0214 —0.062
2-4/BL 0.101 0.960 0.241
4-6/BL 0.498 0.391 0.772
6—8/BL 0.820 0.362 —0.404
8—10/BL -0.436 0.633 0.614
4-1/BL 0.704 0.638 0.312
4-3/BL 0.591 0.742 0.305
4-5/BL 0.775 0.603 0.186
6-3/BL 0.726 0.612 0.189
6-5/BL 0.633 0.720 0.196
6—7/BL 0.469 0.879 0.059
8—5/BL 0.720 0.633 0.226
8-7/BL 0.508 0.741 0.275
8-9/BL —0.150 0.957 0.172
10-7/BL 0.566 0.523 0.587
10-9/BL 0.969 0.023 0.123
3K HL/BL 0.599 0.719 0215
W SL/BL 0.881 0.336 0.289
k42 ED/BL 0.726 0.641 0.178
HR[E]EE ES/BL 0.898 0.112 0.108
MK CL/BL -0.714 0.629 0.254
i CD/BL 0.990 0.092 -0.013
K DL/BL 0.202 0.976 0.057
4K TL/BL 0.401 0.882 0.236
A% BD/BL 0.734 0.570 0318

Note: BL represents body length; HL represents head length; ST
represents snout length; ED represents eye diameter; ES represents
interorbital distance; CL represents caudal peduncle length; CD
represents caudal peduncle depth; DL represents dorsal spine length;
TL represents total length; BD represents body depth.

4 68.44%, ‘B EZH Di_3. Di_s. Dg_g. Day. Dys.
D¢-3. D79 Dgs. Digo. W HREE . HRIH]EE
BAiK . B MEER 15 ~S80ue, £
15 W BISET E RS 1 FEETTHRA > 0.70);
TS 2 TTERE N 22.91%, B EE N Ds_7. Das.
D¢-s. Dyg. D7\ Dg7. Dgo. SKRFFRK FI4
K10 MNSHYE; TR0 3 STlRER 4.45%, ©
FEEH Dy ZEIE

V3K 85 (AA) 5 = A 85 (TT) 31 75 i (PP) bz H:
FZFAR T BRI ANMA, DL F RS 1% ) 2
2 flHEOs (& 3). WK 3 HrfIE H, PP 5 PA
W —#%, X 2 MHHASATE PCR1. PCR2 5H
MR ANR IS r KIRTES, T Ml
PP il PA 5 HABHREAA RLX 5 AA K/ MES
AT B —#; TT 5 TA L5 Sh—7%; AP 5|4
1 AA MK TT MEY A EE, &F DD
A S0 5 1 LA A D9 % 1 A [) X3, 45 A AR (1]
TEASFRAEREA AU A —E 25

0 1
PCR1

K3 7 AR 1 X Ry 2 BRI
Fig. 3  Scatter diagram for PCR1 and PCR2 of 7 groups

3 itig
31 ZEMER

L G I 5 A AR A K U L FERS A
RAMREE, REAEE:F I G NGRR3R A 1) 2y
e, BAKFEE RS S TR AR E At
U FE AR U g R B, Sk 655 (Q) < S 41 ()
HAFI ] AR, AR FE A Sk R 1.6 £, e
SHMEBAT 3.4 £, FIH RO EAE KL R
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F 24 8

P AUV B, Q)% () AR AR 1A T I S 52
B, 1 WA EE Y FEBCE R 101%, FERE &
FEXSE T 99.6% o i % 55 25OV AR S 1 B 1Y) Fg
F; Ml Fg AT 35 o R 5 110 7 359 A Kol B 4 0l Ky
1.07 g/d. 1.12 g/d. 1.47 g/d, EBERIER I
SR IR ST A R R, R B A i A K R
M HEA T R A B LS, I fa
Ko, HIesg faUMErE R o . X R g R R
A2 A B HEAR TR A KRS

ARSI S LA Sk 7 5 = M E5IE . 2 TR
A % H F2(0.30 g/d. 0.27 g/d)I T = A
(0.12 g/d), HAEK B S = MBI 2.5 f5H
1.1 %, 2B ATER T A1 Sk 5 i 4 X 3 32
(0.36 g/d). TMi7EH ki 5K FimAsc G, H
IE REFAVER BB /AR K B 1.2 5 H0
1.1 A%, AR S AT AR T ] 20 1A Sk figy 9 3 o =52
(0.24 g/d), XELLEIRK, Hk 5 = Mok
FiZe s, HIERZFERAERKIT =Mk
Ffi, (I BB Sk 5 1) Z R e 3 . A
5% 44 28 F AR A AE A 1K 7 T AR R R 3 B8 U 4%
FpOL A, (0 Aty T B se MR A F 80 . an Al
S5 5 = MW7 1E 8 TAUAT) HR F A48 5 R 50 8
MRTFRGE, MW B8 5 T ROEEP<0.05), R
WFTE) 2R 5 Q) A K 855(3) QI8 S W A TR AP 4
T 5 A RS B S A T AR 5, R AR R
F U k5, ZeRh N KRR L koK e S P ik AT
i@ 4 Fh R R 228 I A G i, RISk
5 5 = A5 E A TN IREAE | BBk #
B2 R S B/ v ) Bl s € 1 ) S ne N
AL, B 238 F— AR A Kl B T F = A 5
s KA, 1T Sk 5 2 AR, FARTT
AR B LB X K Ry 55 B 11813k 65 ( Q)< A B i ()
FAZFh, HAERKEERLOAKERE, (APRTFEE
A Sk Ao, AT Tt S S A 2 /D S5 ) e
RGARWFFCLERANR, 1T RESE R FRAH Tt 5 2 5 0
i wNER A S EI RS
32 ZEXFRHUESERSN

FEf e, B PR E — R R
(525 hR 0 FEAR ST Ko et B,
1 BB A Skt . =l . KB BN

Z R FRIESFEAE AL, WIRA S X5y,
XF 7 AFER B ATER AT R B, A42E AR
AR TACREAR Z 0], RFfERE 2R, W
I, HELURAIX 42858 . S ST R,
P13k 6l ()< K B (3) A4 28 Fr ATEHE R B 42
Tk, HESARE ., R L SUTER k8
=t )T AR AR O R AT R I, RIS T
IR 122 SR W MRS e X 3k 5 5 1
256 MHEARD RTERIEAT AT, RIRE R e
MIFE AT BEAR 22 SR 3 . 22 B R 2 2 e xt
e % Ak REWIE S22 S T, 451
12 FH 2 TS H50E5 100 Lo o (i F o AR R M I 7S
SRy 2EfE J1 . AH L Harrell 2521 AR 6
(Morone)fa LA L WF5E, AR XT 7 FBE
1A 29 A LL IR BEA T H0 5 A B, L2 6 0 5% R
86.3%, FIBIRCR LT, W] HE R A5 HEAR
TS . BRI REH, A3k b5/
=M AR TG S MR O R AT, Ak B
B i 138 FA0 5 Sk 05 26 4 06 R, 38
FREKFR KRR, XL REN, 42
LFARFEARTE Fy PRI — & RN, #X
130 25 O T A1 3k 8 Q)< K AR B (3) 258 Fy AT
JEA2E AR R] T FFER S5 8 . (A 4HINN,
X — BN TE 45 AR R B & A, A R
FEREE X — R, — 2 GRS R S
B B B XGRS A, HmRg b = S
FITHA 3k 05 3 T2 SRR AL L R T, 15K
B CRBGE, ARSI LR, X540
KRG H A AR AR . Zokifk DNA KR
TG o A% R VT i (I 235 SR AR A o
WS, M SR R AR R BN
AR b | KR RS Sk B E S TR 2 A
A A 5 B R T A RIX o ok, X IR 2R R 4
AW G, UL R E S 58 R3S AR TR R 22
o TR T AL BT ST Oy m, akAF A A POhE i
FEg T2 DNA 58U, K58 i A Sk
SRSV = A A Gy, R R SR A AR
SE R KRR, S AN, ABFSE 3 A S
I R R BRI AR A EHE, DA RHA
[T S FRAF REA M E N — B 25 . Fr
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RICERE: WISk 05 5 = 7 5K 7 i 2%

N

b

JE AR AR BIE 280 o b 37

WRE TS Z RN 3 DM, H 25k
HH 95.81%, A] tbALA R HIA A 7 ASBEARZ E] Y
25, Hohpked FMr 1 AYERIE 18 B 48 3K
AR TR R 22 4 v o A7 AR 8 S 35S RN 35 R il o ), X
TE X 3t R MIERBE 18 1V 2507 1) ELAT BB A Y,
AN, YesE RS 2 19 10 NS R K 2 8 e
BB, ST RS T A R A 2 fif i £ S (1)
BIL A SRR

g LR, i R IR R K & T fa
XK, EARREG BEZAE, TFRA AT 45T
AT 25 L5 R ) A 1) A D00 B A= % ) st A
TR RERE, X i 55 10,28 1 SR AR BE R A O 9P B
U X,

S 3k -
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Comparative analysis of growth and morphological variations among
Megalobrama amblycephala, M. terminalis, Parabramis pekinensis and
their hybrids

GUAN Wenzhi, ZHENG Guodong, WU Chengbin, WANG Chenglong, DU Shangke, CHEN Jie, JIANG Xiayun,
Z0U Shuming

Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agricalture; Shanghai Ocean University,
Shanghai 201306, China

Abstract: In the present study, growth rates of Megalobrama amblycephala (AA), M. terminalis (TT), Parabramis
pekinensis (PP), and their hybrids (AT, TA, AP, and PA) were compared to investigate growth and morphological
differences. Three multivariate morphometric analyses were conducted to assess morphological variations based
on meristic parameters, measurable scaling parameters, and truss network scaling parameters. In the first group,
absolute weight gain rates of AT and TA were significantly greater than that of TT but were all lower than that of
AA (0.36 g/d) (P<0.05). Growth rate of AA was 2.4, 1.2, and 1.3 times that of TT (0.15 g/d), AT (0.30 g/d), and
TA (0.27 g/d), respectively. In the second group, the absolute weight gain rate of AA was also the largest (0.24
g/d), which was 1.7, 1.4, and 1.6 times greater than that of PP (0.14 g/d), AP (0.17 g/d), and PA (0.15 g/d), re-
spectively. The growth rate of AA was significantly faster than that of TT and PP (P<0.05), and the growth rate of
their hybrid offspring was between that of their parents; lower than that of AA, but higher than that of TT or PP. In
addition, no differences in countable characters were detected among the seven groups (P>0.05). Based on the
nine measurable scaling parameters and 20 truss network scaling parameters, a cluster analysis revealed that the
hybrids were closer to their female parent than to their male parent; namely, the relationships with TA and TT were
closer than the relationships with AA, AT, AP, and PA. A discriminant analysis using the morphological character-
istics of the seven breeding groups was carried out, resulting in a high comprehensive discriminant rate of 86.30%.
A principal component analysis (PCA) showed that three main PCs were obtained with a cumulative contribution
rate of 95.81% of total variation, which represented the major morphological variation in the seven breeding
groups. Furthermore, traits with a larger feature vector absolute value for PC1 were mostly concentrated in the
head and dorsal-ventral axis, whereas traits influenced by PC2 were mostly concentrated in the tail. Overall, these
results provide a theoretical basis for fish breeding and identifying Parabramis and Megalobrama germplasm.
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