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PR Z IR, B 12 N H T AP Fh 5 5% U5 1E Al
Fl3s 4% B AP 4T (Hazel et al, 1942; Khalil et al, 2016).
I FH 38 728 4 BT 1) 7 1 BB VR RN 25 2% B50HE A S 1 o At
PR, AT DAEEANS . TEAT A S A MR 2 TR AE A
MY NTER F , A R T 52 = 22878 S5 10 3 RE 7 R0
B HERA M (Trygve, 2005; FH5 4555, 2010), FH#E %
SR R e TG AR T YRR A 52 , TV 2215 D
PRI Z N, iR DT (Pinctads margaritifera) .
Ae 45 (Ostrei dae) F1 7 i3 (Cyclina. sinensis) S5 ("R 15
%, 2015; ARJEAESE, 2018; kTR AE, 2019). R,
SR AR 53 BT 7 148 7R DU 5808 25 4R s ok o
PRIRE FZHZR, 0]y DAL A8 R S 22 4
JESERAIL IR AR, RIS, R RS A
PR PRIR S F 5 HA B8 28

3 £ 22 % /1 (Ruditapes philippinarum) B4 2 K
HEETR . FRAH R . S MR AR A, R E R L
Dy V)12 FRA I R 2 O DL 2 R EDE R AR
IS AFFRAE R B, ™k 2 s o 3R g b 07 il ol 28
TRy E B4 M 53 (Zhang et al, 2006), 5 HiAb B I
FARL, FEFEE MG AT 1) 7T A IR 32 B AR B A5
RIFZI . WAEVE & it m IR B, WSE DL 52
K AR K, SNBSS EmERIE, ek
BT, Fem K EBDN, FeIR A I 4 A B
Jit £ (Eagar et al, 1978; XI4E4%, 2021), SR, Z4
K, FEHE ORI FREE A e bz AR R R G
FPERB 0 B (5K 4245, 2013), X PR i
Jb R AR T B E JE R IR A R B R IR TR 4R L b
LT A J30) TR X AR AR A ] 35 A% 78 S A 35 R 45 )t H
i SR

AW RER E AL 9 A Hu B B JEH:
TEMRAFREAA, W0 A B [ B A 7S 2 VA R T
AR, SR I AR 53 W 55 5 R IR ST SE T 806 1 A E AR R
HEFEM, T S AR R E R R, F
ARSI iR S R Z M R O R, AT &5 HEIAR
T2 MR R EE 1) e AR Il 05 5 R o IR 25 SR AN
FE AT WA A7 A () b 3R S (%) T 28 ) ) K v Joit ¢ R
M B A B R T ELAA By T B A B
BRI T E AR, TR S AR R E
FNFRFE A = HLA EE A FE A A

1 #wREFE
1.1 SCIgHH
2019 4F 4—6 H , MIREmILHTiERE 9 AIH]

PR R IR IR A, AL 8 M IRFHIEAGL
THRIEFEM | REREE . KIEGM . IR . #iiL
T TN A AR ALV R 1 A
FEA(IARIEM), S FEARRRAEMAROLE 1.

12 HEENE

i AR R CRE 6 B2 R 0.01 mm) 435110 1t 9 A4
AN A SR IR ST K | . e, SR
JEL R4S B A AT DL e i i R L B, BIER . # R
RIS AR MK IR AR T, e T RO
R 0.01g) b SIFR I TEREE . SRS, i Ifg &) T
PRI 73 2B T, BT J5 I RSP AR e
P A B 9 25 70 EE A AR
1.3 #HELIE

it Excel T 9 AN A H BEAE AR JE L G AT
A5 MR B i TR S B AT . R SPSS26.0
BAFHATGET 0T, SRILP 3408 A ifE 22 TR 3 R4
FRAS AN [vi) B A S AR A1 R B S B (FE R 36 4%
2010) . R BRI R /N 22 Sy s, a1 2 4
T BB (5 Ta 5o K R5E S 17 K ) e D52 45
FRIE, AL, R SPSS26.0 B % 45 4 1 151 15 43
A R, HEaER RS AR, 2k
o R HZ 38 AR R A PRIk U R BOR AL R MR e &R
B, PR E] A A 56 R BN Z a [BF A3 M EA T REAY
HEST Z2 Ie IE R . BT ARAS I S S B T R Sy
B, o 5K 45 MR AT R AR AR o CR A TR 52 K
FUME), KRG, A AR 145 i 1 ok R EG B 0 1) e
FLIR B R AT A IO E R (RS2 E SR, 1982), (1] 42
WARRE(Py ), i@ j Xy i EaE s 25
Pa =Tai Ry D
2, 177 3 e At 1 7 o) PR g (R E . g
2 AR R AR C R B, R NI Xy By HE
EEY
2 AT HPR [ X (A A e R B (dyg )T
N W
dyg = 2Pg Rl (2
A, Ry By mil R TR RS 1A Y
RREL, rg AR 2 TREPERIR ) A C R 4L
LAE MR A
Q=by+bS§ +b,S; +bSy +b,S ()
L, QMM IAE AR, by AHEI, b. b .
by il by 4351 4 4 AR A PR A A [ )3 2 58
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2 HEERENF FEK, H(4.21£0.75) g, T F L T REGRRF 394k

21 AREMEEREHIFERERFESEREEER
HIEL B 53 1T

e W A TR A 1 TR 25 R R R AR 0 4 6
Giita R 10 NFE LATUE N, JEEinfraat
LN 1 B SO o1 = TN N d L SN L N R E QN R 7
BRI IIE KN, B —E 2R W T
FRA BRI 5, P 5e K R K AE TR O 4 M B
A, A (37.11+2.56) mm, i fe/IME H BLAE L1 AR 3
A, AV 4 (28.15+2.04) mm, K% HE T FEAA (1) S 2 B Ak

RE /N, N (2.51+0.50) g, SIEAMR A E MR
A, 2 AR B SE(GE TR e K RSt = 5T K ) i
AR BRAE LR SR 44 (0.49 F1 0.74), Tl fie/IME H
IRAE RGE AR U HE 14 (0.42 1 0.67)

S BB T A FE R = A AT RO SRR
AR PR B R . XTSRS, 2% &R
Bl KW R 5e B, HR RME B BAE K% 4 N BE 1A
(22.74), MiAE S R E /NG R TE S, Ha KA B TE
JUAREMBER(9.47) XA MR, FRE AR
R K, ¥ 17%.

x1 FERERFARMEHENESMEEEREIT
Tab.1 The statistics of morphological and weight traits of Manila clams from different geographical populations

ek 5T TP SRS BiRE  miisek masek
G T (BRER) (BERRR) (BRER) B)Shel (BREK) (LREK)  Shel Shell
Populations Number  Shell Shell Shell Thickness Live Soft body width/shell height/shell
length/mm height/mm width/mm  /mm weight/g  weight/g ~ length length
st 35  29.30+1.87 20.23+1.32 12.99+1.00 0.67+0.12 4.99+1.00 2.51+0.50 0.44 0.69
Fujian Putian (6.39) (6.52) (7.68) (18.09) (19.95) (19.81)
fREET 50  34.09+2.54 23.66+1.64 15.67+1.88 1.04+0.14 8.08+1.66 3.78+0.83 0.46 0.69
Fujian Lianjiang (7.46) (6.91) (12.00) (12.54) (20.57) (21.94)
L ZR 3 M 50 28.15+2.04 20.85+1.15 13.82+0.95 0.81+0.14 5.38+0.96 2.57+0.50 0.49 0.74
Shandong Laizhou (7.23) (6.84) (5.52) (16.92) (17.89) (19.58)
Kt 7 40  36.55+2.04 24.99+1.27 16.44+1.01 0.79+0.17 8.69+1.33 4.21+0.75 0.45 0.68
Dalian Zhuanghe /5.59 (5.09) (6.11) (21.53) (15.36) (17.79)
K4 35  37.11+2.56 25.16+1.76 16.59+1.29 0.91+0.21 9.23+1.84 4.09+0.96 045 0.68
Dalian Jinzhou (6.88) (7.00) (7.80) (22.74) (19.96) (23.57)
PNSEFN7E 35  36.57+3.54 24.37+1.85 15.52+1.20 0.94+0.19 8.65+2.02 3.78+1.17 0.42 0.67
Dalian Donggang (9.67) (7.61) (7.76) (19.78) (23.34) (30.89)
WL T % 40  35.10+2.48 24.28+1.74 15.85+1.29 0.98+0.14 9.08+2.01 4.03+1.04 0.45 0.69
Zhejiang Ningbo (7.14) (7.38) (7.97) (14.38) (22.40) (27.10)
IR 5 46 34.57+2.36 23.81+1.48 15.37+1.28 0.73+0.12 8.08+1.57 3.71+0.71 0.44 0.69
Shandong Hongdao (6.82) (6.22) (8.31) (16.48) (19.46) (19.16)
I AN 50  32.88+3.31 23.66+1.99 15.54+1.47 0.90+0.10 7.82+1.98 3.93+1.25 0.47 0.72
Guangdong Chaozhou (10.07) (9.47) (8.39) (11.02) (25.29) (31.92)

22 ARMBEEHIFERERFESERSEEN
Rz EEIHEXES T

FREAR T, AR E MRS T SR Z (A A R
— RN, FMSRRER/NA— BRI, Frf
FEARYTE I | T R v AR -5 1 (A A M R B i 3
M, (H5E )5 SR E PRoIR 22 1) 7 A A ] St BEAS [R] (AR
KPR 2 Mk 3). BRAGEAMEIEASL, KA
A7 JBE 5 T AR B R 5 A5G (P<0.05), (HEMT . 77 i8¢

FFGE R Y 58 )55 A E AR LU TG b 354 M

REFER e m M Te F AR SR ERRZ
[i) 222 B 8 2 A DG (R4S TR AR MR S R E IR 22 [
(R AH AR — R 25 57 o A A VIR e o S TR IR
A A G M, 40300 0.916 1 0.911; 1l
IR AR 1Y) 76 T -5 0 14 B FN AR B 1) AR DG PR e e
43924 0.900 A1 0.838; [LZRLL S HHARRYFERK SiG A E
A CPERRR, A 0.936; Kif 3 MEHAR T 515G
TR E A e, 41900 0.874, 0.850 #il 0.904,
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Tab.2 Theanalysis of path coefficients of morphological traits for live body weight of Manila clams
from different geographical populations

- S KRS MM a1 3R Indirect effects
Populations  Morphological traits Corrella'tion Direct oS 7E e el A
coefficient  effects  gnel| |ength Shell height  Shell width Shell thickness  Sum

PN FEK Shell length 0.916"  0.404" 0.149 0.380 0.008 0.537
Guangdong 3% Shell height 0.916"  0.194" 0.311 0.368 0.013 0.692
Chaozhou 7% 5% Shell width 0.884"  0.456" 0.337 0.150 0.010 0.497

5¢J2 Shell thickness 0.344* 0.036 0.090 0.144 0.124 0.358
W E 52K Shell length 0.905"  0.407" 0.125 0.341 0.032 0.498
Fujian 71 Shell height 0.897"  0.147" 0.347 0.354 0.049 0.750
Putian 7% 5% Shell width 0.941"  0.443" 0.313 0.117 0.068 0.498

7% )5 Shell thickness 0.542"  0.119” 0.110 0.061 0.253 0.424
WEEEIT 58K Shell length 0.872"  0.329” 0.485 0.051 0.057 0.593
Fujian 71 Shell height 0916"  0.582" 0.274 0.059 0.060 0.393
Lianjiang 7255 Shell width 0.678"  0.095 0.176 0.361 0.055 0.592

7% )5 Shell thickness 0.544"  0.148" 0.128 0.235 0.035 0.398
Wik 5EK Shell length 0.904"  0.312" 0.303 0.264 0.024 0.591
Zhejiang 7z Shell height 0.927"  0.346" 0.273 0.267 0.040 0.580
Ningbo 72 5% Shell width 0.913" 0317”7 0.260 0.291 0.045 0.596

7% )5 Shell thickness 0.403" 0.132” 0.057 0.106 0.107 0.270
Ii&kea s 5%t Shell length 0.936" 0.407"" 0.283 0.189 0.057 0.529
Shandong 3% Shell height 0.923"  0.322" 0.358 0.191 0.052 0.601
Hongdao 72 5% Shell width 0.888" 0.236" 0.326 0.260 0.066 0.652

5% )5 Shell thickness 0.551"  0.133" 0.175 0.126 0.116 0.417
WZ3EM 52K Shell length 0.822"  0.142 0.320 0.463 0.048 0.831
Shandong 7% Shell height 0.880°"  0.462" 0.098 0.418 0.075 0.591
Laizhou 7% 5% Shell width 0.900" 0547 0.120 0.353 0.052 0.525

5% )5 Shell thickness 0.632"  0.110 0.062 0.316 0.259 0.637
K 71K Shell length 0.845"  0.345" 0.006 0.500 0.022 0.528
Dalian 7275 Shell height 0.725"  0.009 0.246 0.476 0.021 0.743
Zhuanghe 5% 5% Shell width 09127  0.644" 0.268 0.007 0.036 0.311

5¢J8 Shell thickness 0.407" 0.094 0.081 0.002 0.247 0.330
k4N #1K Shell length 0.881"  0.301" 0.195 0.385 0.031 0.611
Dalian 721 Shell height 0.899"  0.235° 0.249 0.415 0.028 0.692
Jinzhou 7% 5% Shell width 0.924" 0471”7 0.246 0.207 0.026 0.479

7% )5 Shell thickness 0.418"  0.081 0.115 0.082 0.152 0.349
KR 7K Shell length 0.802""  0.174 0.404 0.346 -0.021 0.729
Dalian 7215 Shell height 0921  0.485" 0.145 0.436 -0.013 0.568
Donggang 72 5% Shell width 0.921"  0.484" 0.124 0.437 -0.004 0.557

5¢J2 Shell thickness ~ —0.079 0.061 -0.061 -0.101 —-0.032 —-0.194

T **FoR 22 50 3 (P<0.01), * R 25 1 % (P<0.05), T,
Note: ** indicates the highly significant difference (P<0.01), and * indicates the significant difference (P<0.05), the same as
below.
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x3 ARMEBEHAEERERFEESERNREEENERSHT
Tab.3 Theanalysis of path coefficients of morphological traits for soft body weight of Manila clams
from different geographical populations

_— TS bR *ﬁ?@%;ﬁl ET%{’EFH [ 2/EFH  Indirect effects

Population  Morphological traits Corre_la_tlon Direct A S g 7ol B
coefficient  effects  ghell length Shell height Shell width Shell thickness ~ Sum
AN 52k Shell length 0.897"  0.560" 0.095 0.395 -0.027 0.463
Guangdong 7% 7 Shell height 0.859"  0.124 0.431 0.367 -0.046 0.752
Chaozhou 2 5 ghel| width 0834 0474 0.467 0.096 -0.033 0.530
725 Shell thickness 0181  —0.122 0.125 0.046 0.129 0.300
fasm 5tk Shell length 0.924"  0.380" 0.249 0.328 -0.034 0.543
Fujian 72 Shell height 0.906"  0.292” 0.324 0.341 -0.052 0.613
Putian 75% Shell width 0.882" 0427 0.292 0.233 -0.071 0.454
72 JE Shell thickness 0.342° 0125 0.103 0.121 0.243 0.467

WEEET 7oK Shell length 0.8827  0.391" 0.412 0.078 -0.020 0.47
Fujian Fe 1 Shell height 09117  0.494" 0.326 0.091 -0.021 0.396
Lianjiang 55 ghell width 0.662""  0.147* 0.209 0.306 -0.019 0.496
72 )& Shell thickness 0.391"  —0.052 0.151 0.200 0.055 0.406
Wi ook Shell length 0.925" 0573”7 0.351 0.175 0.013 0.539
Zhejiang 72 Shell height 0.903"  0.401" 0.502 0.177 0.021 0.700
Ningbo 595 Shell width 0868 0210 0.477 0.337 0.023 0.837
725 Shell thickness 0.288 0.068 0.105 0.123 0.071 0.299
IhZkerky 5tk Shell length 0.910°  0.380" 0.327 0.203 0.026 0.556
Shandong 7% Shell height 0.911"  0.3727 0.334 0.205 0.024 0.563
Hongdao 35 ghell width 0.858"  0.254" 0.304 0.301 0.030 0.635
FZJE Shell thickness 0.480"  0.061 0.164 0.145 0.125 0.434
IZ53EM FEt Shell length 0.8007  0.263 0.246 0.290 -0.020 0.516
Shandong ¢ Shell height 0.801"  0.356" 0.182 0.262 -0.031 0.413
Laizhou =g shell width 0.838" 0343 0.222 0.272 —0.022 0.472

72 )& Shell thickness 0.496"  —0.046 0.115 0.243 0.162 0.52
FEFEW 5t Shell length 0.783"  0.263 -0.015 0.521 -0.019 0.487
Dalian 72 Shell height 0.673" —0.021 0.187 0.495 -0.018 0.664
Zhuanghe  Z4¢ shell width 0874 0670 0.204 ~0.016 ~0.031 0.157
725 Shell thickness 0250  —0.081 0.062 -0.005 0.257 0.314
KiE4M 5T Shell length 0.787"  0.276 0.126 0.694 -0.030 0.790
Dalian 7% Shell height 0.783"  0.152 0.229 0.749 -0.027 0.951
Jinzhou 555 Shell width 0850  0.850" 0.225 0.134 ~0.025 0.334
72 JE Shell thickness 0.204  —0.078 0.106 0.053 0.274 0.433
K 5ef Shell length 0.785"  0.285" 0.093 0.501 0.019 0.613
Dalian st Shell height 0.881"  0.112 0.238 0.631 0.011 0.880
Donggang 255 Shell width 0.904"  0.701" 0.203 0.101 0.003 0.307
FZJE Shell thickness ~ -0.188  —0.053 -0.100 -0.023 -0.046 -0.169

23 FEMEHGERRBEERSERTBEE R, ST PR
MR EHEE D A 0.407; FeE X THEEGEVT . K& R U T IR
PRI B K, 439~ 0.582, 0.485 Fil 0.346;

%&Eﬁ%’f?ﬁﬁ?&‘ﬁ%%f{ﬁﬁgﬁﬂ]?kﬁgﬁE@@.ﬁ% ﬁ{ﬂﬁi1$%ﬁ%%%ﬁﬁ@ﬁ?§?ﬁﬂﬂ%j{, /ﬂ\:qj’ TE@%

SRR 2 R 3. Nk 2T, (E5SRE mppihon 0.443, 1AM BEIR Y 0.547, i FETTRE
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&4 0.644, Ki% 4 MBS 0.471, J7 AR EIMBA R
0.456, TE7¢TE ARG 7R & i [ 4 VE I, fa
Y IR 3% 4 M B A 2 7 5 T8 JE Al b 1) 5 /55 52 ) e
K, 4391k 0.354 F1 0.415; FEEEIL . WVLT I A
T AR B AR A 7 e F A B e K, A
ok 0.485, 0.303 Fil 0.380; LIZR3EM . Kk 3] Al
KIER TR R AE S S SLmt Fos K msg i K, 4
24 0.463. 0.500 Al 0.437; LIZRLSREARRTETK
Al b )7 = AR iR, A 0.358,

MW 3 aJLLAEH, SeIE AN AR E W R
o, SR ATV T I L I RS T AR A AT S A
IR, 439k 0.573. 0.380 il 0.560; 7%/
XA E TGP AR S i K, O 0.494; JLABHE
R IR FE FE R R, o, R s A 0.427,
LA SEM B 0.356, K Iy #E1A R 0.670, Ki%
S MBEAR R 0.850, FKEARUSHEA N 0.701, 7E50IEA
X SRR B P TR 24 H A i R R RCE 4  RRE (ACR
AEFE VLA F S R iR K, 4B 0.341 A
0.749; i EVLHHARTE 7T = 2L Al 7S K A s2m i K,
R 0.412; AR SEM AR 7% FE TR BEAR 7R 76 FE 6 Atk 152
KBsgmde e, 2851 0.290 Fl 0.521; Ki% AR He it

AR TE TE A B 7e s iR iR, 4 0.631; VLT
PN ZRZL B AR e R SRR b 52 iy Y sE i de K, 3
%24 0.502 F1 0.334; J"ZR 1M A MR 7E 7E KA L
FEIE IR R K, O 0.467,

24 AEMEEREPIFERERFERERSERITEE
EENREENRERYST

FE AT G AT T8 25 R X I R 5 1 pe e R BT
BRI 4, WK AVTLIER, AR H ., KiESM
AN AR RN UG A58 5% 6 AR g MR K, te
A0k 0.277, 0.232 1 0.307; #R e TIA{T5¢
e AR Y POEE I EROR, PeE RECh 0.339; K
T AT A A5 S X 3 AR 1 e AR R, D R A
h0.415; LIRS K G%E 71 Wk WA A7 T 60 17 A i o
EAERRK, Yo ZEr 10 0.386 1 0.423; #iiL
TR 2R 2T 5 8415 v I A Y pe e VR T B K
e 2504390 0.189 1 0.231.

BB AR E e REULE 5. WK 5L
B AR AT E R AR N A A5 T X AR R e K
IYCESER, HeE RE 0 0.249 Fi 0.443; fRd:
HEVL WL T PR LU AR 21 5 A2 o X 2 o P e o

x4 AEMEBEHEEEZERFESHERNEEEENRE ZH
Tab.4 The analysis of determination coefficients of morphological traits for live body weight of Manila clams
from different geographical populations

BEA LR 7k = FEhi FEJE MU liiES i idag
Population Morphological traits  Shell length Shell height  Shell width Shell thickness Sum  Correlation Index R?

T 2R 72K Shell length 0.163 0.959 0.959
Guangdong 7% % Shell height 0.121 0.038
Chaozhou 795 Shell width 0.307 0.137 0.208

72 JE Shell thickness - - - -
AT H 72 shell length 0.166 0.981 0.981
Fujian Putian 5% Shell height 0.102 0.022

5t Shell width 0.277 0.104 0.196

72 )& Shell thickness 0.026 0.015 0.060 0.014
AT 7&K Shell length 0.108 0.896 0.896
Fujian 7t Shell height 0.319 0.339
Lianjiang 5% Shell width - - -

72 J5 Shell thickness 0.038 0.070 - 0.022
WL % 72K Shell length 0.097 0.946 0.946
Zhejiang e Shell height 0.189 0.120
Ningbo 5% Shell width 0.165 0.184 0.100

F2JE Shell thickness 0.015 0.028 0.028 0.017
7R AT 5 7&K Shell length 0.166 0.961 0.961
Shandong 72 Shell height 0.231 0.104
Hongdao 7555 Shell width 0.154 0.123 0.056

72 )& Shell thickness 0.047 0.034 0.031 0.018
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FEZE TEAS AR Ui IS T FEIE FEJR S HXAEH R
Population ~ Morphological traits ~ Shell length Shell height Shell width Shell thickness Sum  Correlation Index R?
1 Z53E M 5e1 Shell length - 0.899 0.899
Shandong ¢ Shell height - 0.213
Laizhou 795 Shell width - 0.386 0.209
5%J5 Shell thickness - - - -
o e VA 521 Shell length 0.119 0.879 0.879
Dalian 5t 15 Shell height - -
Zhuanghe 2 g shell width 0.345 - 0.415
)5 Shell thickness - - - -
R 4 M 7&K Shell length 0.091 0.912 0.912
Dalian 5t Shell height 0.117 0.055
Jinzhou 595 Shell width 0.232 0.195 0.222
5¢J& Shell thickness - - - -
i 7R vk 521 Shell length - 0.893 0.893
Dalian 5t Shell height - 0.235
Donggang 3 g shell width - 0.423 0.234
72 J& Shell thickness - - - -
#*5 AEMEFEFEERFESERTREENRE RE
Tab.5 The analysis of determination coefficients of morphological traits for soft body weight of Manila clams
from different geographical populations
REAR TEA AR sk T FC L FeJs JSuil R R
Population ~ Morphological traits  Shell length Shell height  Shell width Shell thickness Sum  Correlation Index R?
AR M 7t Shell length 0.314 0.887 0.887
Guangdong 5t 15 Shell height - -
Cheozhou' 2 5 spell width 0.443 - 0.225
7¢J% Shell thickness ~ —0.031 - -0.016 0.015
e 7t Shell length 0.144 0.950 0.950
Fujian Putian 5% Shell height 0.189 0.085
5¢ % Shell width 0.249 0.199 0.182
5¢J& Shell thickness -0.026 —-0.030 -0.061 0.016
e T FE 4 Shell length 0.153 0.892 0.892
Fujian 7E# Shell height 0.322 0.244
Lianiang — 2e45 shell width 0.061 0.090 0.022
5¢J& Shell thickness - - - -
WiVL T % 521 Shell length 0.328 0.892 0.892
Zhejiang 521 Shell height 0.403 0.161
Ningbo %95 Shell width - - -
5t J& Shell thickness - - - -
INZRET 5 7t Shell length 0.144 0.903 0.903
Shandong 51 Shell height 0.248 0.138
Hongdao gy shell width 0.154 0.153 0.065
5¢J5 Shell thickness - - - -
2536 724 Shell length 0.069 0.783 0.783
Shandong 5t i Shell height 0.130 0.127
Laizhou

%% Shell width 0.152 0.187 0.118
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HEAR JEAEPER AN =1 FETE FeIE BLA MXIEH R
Population Morphological traits  Shell length  Shell height Shell width Shell thickness Sum  Correlation Index R?
525 Shell thickness — — — —
R FE 7&K Shell length 0.069 0.791 0.791
Dalian 5% 1= Shell height - -
zhuanghe 5 shell width 0.273 - 0.449
52 )& Shell thickness - - - -
JetE 4 M 52 Shell length - 0.723 0.723
Dalian 5ei5 Shell height - -
Jinzhou 9% Shell width - - 0.723
5¢J2 Shell thickness - - - -
R TR s 7&K Shell length 0.081 0.857 0.857
Dalian 5T Shell height - -
Donggang 25 shell width 0.285 - 0.491
5% JE Shell thickness - - - -
YERIERR, YoE RESh 0.322, 0.403 Fi1 0.248; TEASPEAR A 819 5 2 5 4% 53 (P<0.01), i 1] H R %L

AR SR e A5 0 B B Y DR AR T B, TR E R
Kl 0.187; KEEFET KGN R I AR UE G 14T
JE5E SO XA E RS B R B TR E A, DR R K
0.449, 0.723 1 0.491,

25 AEMBEGFERERIERS
IESHELER, ¥y

T Ao O [0 U R A v, R A Tk
SRS B F RIEAMER, B AR 2m . FEm A
THRAREE B L A7, £ BA X R EE A I8 2 I S = el
KAMTIEEERON BZFNE L), FRERIESMIR
Xof B R A A ) B A D E 5 #2 (3R 6). AAFE 6 1]
VIE R, (8003 7 2 F0l 0 A 3 0 52 oWl ¢ 21 ) (A
b TG 2 25 5, A RO B A R SE A R IR AT R 2
(B NFERR R o Zad Z o0 AT 225081, iR E 54

SR XTI EE

\\

*k 6 AEMEHERTFES

I8 #) i 7K P (P<0.05) , TE 45 BRI S AE R A 7 F
BRWVT I . AEETT AL AR LS 3 REARSN, HoAl
2 BEVR A A58 58 X B ER A2 R S, i TS AR B
¥1>0.2, 1% AR HIFEIR, BRI 2 N g e
HHBEARSN, HABREARST SN A T2 0 8 3 AR .

26 EBEHHT

A A AT S R R A [R] B A 22 ] P AR
FOE(E, #EAT AR BEAE R A SR 0, S5 5RILIAT 1,
MIE LT UE H, J5 BBt (iR (s d 2 e 1,
M TZHT AL AT 0, BUfE N 0~0.25, F/nRHIES
MO . 85 R B, FRIE B LU AR R R IR AP
ERIP NS, — S AR HA L AR SR AR 4
S8, T AN T E o S AR RS R A #TT
TR IIE GINFER SR, B 5 RIEARWE IR R

MREENRERDTTE

Tab.6 The optimal regression equations of morphological traits for soft body weight of Manila clams
from different geographical populations

FEIR Populations

AT Soft body weight

I 4 HM Guangdong Chaozhou
FEEET M Fujian Putian
Y% IT. Fujian Lianjiang
WL T3 Zhejiang Ningbo

11 3£ Shandong Laizhou
117541 % Shandong Hongdao
K% HEW Dalian Zhuanghe
KiE4 M Dalian Jinzhou
K% # Dalian Donggang

Qo= —7.924+0.212S +0.403S,~1.539S;

Q.= -5.089+0.101S_+0.110S,+0.213S,,-0.511S;
Q.= —7.519+0.128S +0.2515,+0.065Syy

Q.= —10.169+0.239S5 +0.239S,

Q.= -5.001+0.065S_+0.190S,+0.250Sy

Q.= —6.671+0.114S +0.179S5,+0.141Sy

Q.= —7.510+0.096S +0.499S

Q.= —6.426+0.634Sy

Q.= —-10.212+0.094S +0.680Sy
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Fig.1 Analysis of clustering for Manila clams from different geographical populations

H—3; RIEFEM AR LB R R, 5 1m
BEVLHEAIR 9 — 30 WL T I RS . Rl JE
T IAREL S AR VLK 6 DREARR i sr — 52,
5T AR U N R A [ 2 ol A R A 2 ) 32 2
GY3C. HPRFW], AFE AN IR RIS R
B B A R 7 AL T 0 AR A Y RS T 22 B
FIALTT S R LR

3 e
3.1 FEEEMRFARMEEECHEST

AT R S A A DL 2 ARG I
NN T2 4040, TR AR S [R) B R 37 5
WA S IR AL AL SR I R B AR TR, e, HAk
TR 25 FN38t A% 45 #4 76 B AR 1) 1 B AH 275 5 (Nie et al,
2015; 4-iA 1A%, 2015; Jefd%, 2020), AMfF5EH, R
SRR AL TR 9 AR I AT B A R, KR
J6 77 BRI A PR I - 2 (R 1 O AR, (R 22
SN A BRI S TR A AR IR 7R S R AL
JWRT S BEACR R MR A O B, KSR R
B K MR TR FE , AR A T IR A ik &
RO o ARWFSE R, S A o3BT A LA TR T AL TR 9
AN ) R R R JE A 0 AT I S T S AR PR, 2 Bt

iR G T RE AR SN, AR A IR A7 R S MR ) A8 5 R
B A S REOR, Hrb, BIRE WA 5 R AU
KIOBEAR SRR TT L IR | R LMK
WAL, RILERY, 50 SMERM L, HBrEik
R E SR E R A B R EF WS . 758,
XFF AW FE A BRI SRR =GN 5, SRR AR
SR > K R MR ISR, TR
MBSERR BE TR, R R I, ST R S AF A K R A
BIRROUBE VIR G, A KA P 35 A7 LA A X )
DA, AR R R 1 G AT D1 5 RS (Watanabe et al,
2010)., 5 IAHL ST U1 (Mytilus edulis)Fe /5 5 b B
FPRE B 45 B A A A B G R, KRR RS, TR D
PFEIERE, 7T RE ST A T W JE Y 1Y #1555 (Briones
et al, 2014), ARG ES R b7 R AR L A LA A —
H, AT R AR S R B AR S B A i
FFaR, Hi RME B R X . X Al fE 5%
H XA RRARA OC, FEUST ISR N, K
NS . R, STE AT AR R P 8 7 A R R
B IR E SRR

BRICIESL, 2B AN S RIE AR 5 52 215 A
AR, 5T 50K EILE L ESHOR
DA KIS KL E SRR Y ZE A b7 (Watanabe et al,
2010), Seed % (1980)ff5¢ A 8L, A:iGAE = L4h D
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I (Mactra antiquata) Bif 14 52 1< 176 9 £ 78 57 H AR K
ML, seA K K, SEIFRIEARITER
T, XA H T HGE B oK KR . S5 4h, DLk
B 58 5 5 KA TE A U E S50 A 36 1 i A 5%
BYIME, s R e IR, NRFEINRIE S
MERIE, MAERBRIKT R, IR i A
#I(Eagar et al, 1978)., fnffocim . s fe S KW LES
B, NRFEBERE, SMAERKEE R E D
FME, AR R P AR SNE 2 - (Watanabe
etal, 2010), [AIFE, 2 BAMH S (2015) %L T Wi JE AR 1
IS AT ET A BRI T S H A R B, K24 B BE R T Al B
i, AMEERTER Yy R A, E R A A Y
PR 2 590 25 22 SO0 I I DG, HEDN X AT BE -5 1.8
(AR 3038 1 S R R B G o FEARF SR v, s R
RGNS ERKLEMES SRR HEE
B, INARSEIN B SE R = IS R S LU E S BT A
FEAR PR K, FEBHZHE (A 52 7 ™ 7R Bl e T 784 ) L 7R oy
fE o X ATREIH A TR A i s vh, KRR . R
e S A R R B 2 SE R &R, JR A SRR
A LRIV FH B 45 5 (Yokogawa et al, 1998).,

g Lk, AP R DL R, TES
HEHEem SR K EME R 5K L E) BN, Al
DIAE R A WA A A K 8 T R SRR LAY T B 38 Hr o 7
R e AR R, R AT DIARE TR S e S RO 52
JELHE B SR B 2 A A ISR 1 S A B BIL , 50 G B 1) o A
VIR LB e SR o, R, SRR P AT
ANFE AR TEAG R I 57 B A AR AR K R Ao T AR A AR
HAEBRZENESE L.

32 FFEREEWRFAREMERERSERIMEEER
IR R EE AR =

TE DL S5 AL T AU, S A8 A IS e T 200
AR PR 2 ) ) AR, R @ AR 53 BT T A B T
R E EZORSINER, A TR Ex IO S8
S B I BE ) ANE Ao 1) TR 1 (R 25, 2021) 0 SR 4%
(2020) 7 FEAH 2 e A7 AN [7) 1 BRRE (AT 25 R0 4k
AR AR 3 A P R B, S AT b 3 BRI A R T Y
EERFR R RKATTE , M0 R 7 BRI 7k
M EER R RTC R, SANITEE R —5 BN
PR E PR )R R R BE TR [ R B AN]R8
I BUAPE A O B3 AT R AL o TEASHETE R, S KO0
YL WAREL R A0 R A 9 PR T MR 52 i e
K, FERAAREETT ISP R B IR ROR, 52900
L ZRSIEH AR A AT A AR L PRIR S R B R

TEIAE AT IFTE P, BPE R %0=0.850 S E 1

MR R AR E, TEARMGE T, XA AR
TG RERT S, TS MR 16 R Y e R AL
>0.850, FMTEK . 5T 5T L FIFE SRR M 1 R T
) FERZE SR, XTSRRI A 5 i R
M) FEERZ, QLRSI | R T R AR s R
4 4 A AT BEAR Y e R E#<0.850, 1T RE &
X4 A H R B SR SR IR A TR A A AR SR bR
AT, AN SE . AN . T KA
GARAE(FBAEAE, 2015), SULEMIAE, GEMHEE
PR HAR IR & AR AT 2 B, 2 R F 3 13 11)
Fe ke | 78 T8 T R S A RO R ) B P R AL
¥7<0.85, FHHMHMR T RE SR SE A S A A AR R 1 —
A F P ZE(Seed et al, 1980)., #F3 5 Il (Mizuhopecten
yessoensi S)JE A PR X M B 19 B E R ALK 0.737,
IR A7 A HoAth B AR i T SR, T eSS L
MNP L WSE A M R SOK AR R
4545 % (Chang et al, 2008), AF5¢ & BE, 5 M 14
SR E 7 %0<0.850 1Y 4 MRERER A AEAL T, X AT g
FAUTHBARAL . MR A B MR BT S 25

ENRANTEF IR, EAERRRE M
B, FEARM T X EATE SR B . SR,
Xof S T v T I g A B R () A A A R 4
A3 2 38 A5 53 BT 5 R PE AR TR A P R IR B 1
R, s iR s MR ) R 2R T8, &
SRR Z T AT R, B TS B B A O
D SEF R PEAR . NS A B ih (Saxidomus pur pur atu)
WA R, AR E MR A BB S8 bR 5T
B, AT LA X SR AR 58 Y 8 e R S IR LA R
PEH AR (LI et al, 2008) ; F #5 AR H 4 D138 72 3
Mra&i, Femfse v R s R E i B R E, N
B T A R R B A R A R (5K R AR
2019);; i #4115 (C. angulata)ili 72 /0 Hr £ 8, 52 1~2
W4 A W R B e R B PR R R ST e, T RE MR 3~4 4 4t W5
R EE AR R ETC R, ma h  AE R
TEESH MK (AR EA S, 2018), ZE LTk, R
D1 2N [) b BB AR B[R] — DU SO [R] 47 3% 1 T A PRtk
XoP A R R A BT 25 5, AEE AR A AT 4 SR DL
T P R RS R AL T R A S A s AR A
PRI, A8 RS A0 38 72 20 B 285 SR St s i 2 ot
105 5 F2 , A AR A ] BEAE AR i) {4 T bR A 2
JEASEbS, HlE G HR B A7 5, S m R i HER Pk
83 DAL B R A AL = i B, el & B e
RUSEWE | 3 7= SR R MR B I A1 A AR (R) o

TN, ARG REIE TR, S FERE
A AT B AR A H B LR (%) b BB B S AR AT, TR
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Effects of Shell Morphology on the Weight Traits of Manila Clam
(Ruditapes philippinarum) from Different Geographical Populations

WANG Songlin™?, XU Xinghong®, TU Kang?, LIU Zhihong?, ZHANG Tianshi?,
WU Biao?, ZHOU Liging?, SUN Xiujun®®
(1. Marine Science and Fisheries College, Jiangsu Ocean University, Lianyungang 222005, China;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences; Laboratory for Marine Fisheries Science

and Food Production Processes; Key Laboratory of Marine Fisheries and Sustainable Development, Ministry of Agriculture
and Rural Affairs, Qingdao 266071, China; 3. Putian Fisheries Research Institute, Putian 351100, China)

Abstract Shell morphological traits are important quantitative traits in shellfish. Shell
morphology is usually affected by many factors, such as the ecological environment and shellfish
genetics. It is considered the results of comprehensive actions of natural selection, micro-evolution,
and heredity. Measuring shell morphological traits aids our understanding of the current situation of
germplasm resources among shellfish species or intraspecific populations and also provides important
breeding traits for shellfish breeding programs. For most shellfish, quality traits (eg. live weight and
soft body weight) are considered the important breeding traits, but there are practical issues in using
these traits, such as the inability or difficulty in measuring them in vivo. It is well known that
shellfish quality traits are closely related to shell morphological traits. However, a simple correlation
analysis between quality and morphological traits cannot adequately explain all the intrinsic links
between these traits. In this study, Manila clams (Ruditapes philippinarum) were collected from nine
geographical locations along the north and south coasts of China. The shell morphology and quality
characteristics were measured and analyzed for the nine different populations of clams. Furthermore,
the main factors affecting the quality traits were analyzed using cluster analysis to reveal the genetic
relationships among the populations. The optimal regression equations were constructed using the
morphological traits with the soft weights of these populations. For all populations, shell length, shell
height, shell width, and shell thickness were measured using a vernier caliper (with an accuracy of
0.01 mm) and a thickness gauge. After wiping the surface of clams with filter paper, their live weight
was measured on an electronic balance (with an accuracy of 0.01 g). A scalpel was used to sample the
soft body from the clams. After drying, soft body weights were calculated using the difference
between live weight and shell weight. The morphological data, including mean values, standard
deviation, and coefficient of variation, were calculated using SPSS 26.0. To eliminate the effects of
size differences among individuals, two morphological scale parameters (shell width/shell length and
shell height/shell length) were calculated to reflect the morphological characteristics of the clams. In
addition, stepwise linear regression analyses were performed to obtain the correlation coefficients,
direct path coefficients, correlation indexes, indirect path coefficients, and determine the coefficients
using SPSS26.0 software. The correlation coefficient and multiple regression analyses of the traits
were evaluated. The multiple regression equations were established for all populations. Cluster
analysis was used to assess each trait using the calibrations (to calculate the ratio of each trait to shell
length). The heatmap displayed the shortest distance method for the Euclidean distance between the
different populations. There were significant differences in the effects of shell length, shell height,
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shell width, and shell thickness on live weight and soft body weight of clams. Morphological traits
were significantly correlated with body weight and soft weight (P<0.05), except for shell thickness.
The results of determination coefficient revealed shell width had the greatest impact on live weights
of the Putian, Jinzhou, and Chaozhou populations, with determination coefficients of 0.277, 0.232,
and 0.307, respectively. The determination coefficients of soft body weights indicated that shell width
played very important roles in determining soft body weights of the Putian and Chaozhou populations,
with determination coefficients of 0.249 and 0.443, respectively. By calculating the total of
determination coefficients, the results are consistent with the correlation index R? for each trait. For
the total determinant effects, the sum of determination coefficients for the morphological traits with
soft body weights were greater than 0.850 in most populations. In contrast, the sum of determination
coefficients for the morphological traits with soft body weights were less than 0.850 in Laizhou,
Zhuanghe, Donggang, and Jinzhou. Based on the path analysis and the determination coefficient
analysis, shell width had the greatest impact on live weights and soft body weights in most
populations. The maximum values of the two morphological proportion parameters (shell width/shell
length and shell height/shell length) were found in the Laizhou population (0.49 and 0.74), while the
minimum proportion parameters were detected in the Dalian Donggang population (0.42 and 0.67).
Among the shell morphological traits, shell thickness had the largest coefficient of variation (22.74),
while shell height had the smallest coefficient of variation (9.47). By testing for statistically
significant variation in the partial regression coefficient, the optimal regression equations of the
morphological traits for soft body weight were constructed for all the populations. The cluster
analysis revealed that different clam populations did not have a typically regional characteristic in
terms of the shell morphological traits. There was an irregular north-south alternating clustering
phenomenon. According to the present findings, shell thickness and morphological ratio parameters
(ratio of shell height to shell length and ratio of shell width to shell length) are important indicators
for evaluating the growth potential and nutritional status of clams in aguaculture. The present results
provide a scientific basis for morphological discrimination and germplasm resource evaluation for
geographical populations of clams and also aid breeding strategies to predict breeding traits for
aguaculture breeding programs, including guidance for the selective breeding of clams.

Key words Ruditapes philippinarum; Shell morphology; Soft body weight; Path analysis;
Cluster analysis



