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TR A o 2 PR TR DU i IR AS 25 B Sy = A R
S IPLFER S T W 2R T S e 0 e ) A L PR
FACT A 5 A AR R IR — A S 7 N Tk
Fd R AR, TR N TR B A SN ]
MZSE M E.

iz e PR Bl A2 2 B VR S e PR R Y
HESE Ol T sh Y & R e, 78 0
KRR P T Tz S e K A W
2T B W (Placopecten
magellanicus) 3 HOR e 9 (Solenaia oleivora) !
Al (Callista eryeina)™ ARREEZER N (Preria
penguin)"'® KEREE U (Pinctada maxima)™" & 1 ER
101 (Pinctada martensi)™"" | = fWLE"S 25 D1 2 rp
R P8 A2 23 BT PR 58 H S T M RORHAR S 2 1 52
NHEF A T EOS R . AT IE ARG
BRI A2 S BT o 1% 2 9% (3 1% — AR LR AR R
PEAR 5 BT (R AR BT i R BT i SE i ) 1Y

(Crassostrea gigas)

HHEL G ZR 3R FEBT TR A O R 75 ) 7
AU F R B ISR

I BPRH

1.1 ##

20224F 9 H , T2 B8 B bk T U2 X R BHT
) = A WL 5 5 b B ATL B 1 0 (2 0% (3 0% = A
MRAEA 30 H,
1.2 MEFE

il Y = A LI e TS I, 482 T K 4y, RS B
0.01 mm A HL I br - RO 2 = A L A8 7 7
S (X)) ek (X)) sem (X)) 2w (X,) 5T

Fo (X)), M Jr vk an i 1, AR b 0.1 g i+
KPR = A IEEE AR BT i (Y,) , TR R0
PRE T, SRR ST FNRE R 43 15, 43 1) ] W K 4
T 7K 20 W+ 5 FR &, O B (Y,) 58
(Y3)o

%
X, MG X, 78K X P8R X, A X TEBE.

X,. Anal Angle radiating rib length; X,. Shell length; X,. Shell height; X,. Full height; X,. Shell width.
1 =ARERSERKNE RS E

Fig.1 Schematic diagram of H. cumingii morphological characteristics measurement

1.3 HiEseE
K I SPSS 27.0 XA [a] i 1 = FA LA 25 T2 25

PR A ECHE AT R AT LR A bR
EZ AR 57 28 83T Pearson X &R EA T
AAOCAE S AT, AR AL R A 55 1) R A T AR )
BT, B A RUPE R RS 5 o5 11 B 424 FH R ) 4224
AR, T34 R IR XA 5 £ ) o e R 20
SR A 0V 23 BT 59 B AN (38 00 R R AR, %o A
JoT f N 2 TR M M1 UA 5 R B [ ) 2R 50K
B dp 2 il 2 1 [ AR AR RO R 5 A o
(M B 22 Je 2k Pk I A 5 72

2 giR50r

2.1 ARER=ANESEROSEITHH
1~3 8 = AL R Ge a5 R an 2 1 fF
TR o 1R = A LR AR RO IR AR B R 10 728 7 2R 8
Prm T2 4 3, b, 1l 208 3 = A LAk
AR AR B0 B AE 22.4%~24.0% | 9.8%~
12.1% . 12.9%~16.0%; 1 % .2 4% .3 % = ff Wi 44
r¢4jcﬂ’1”’r‘3%§&§:\ﬂf86%~116% 4.1%~
10.5% .4.6%~6.8%. L5 ZEAFK/NGANTIEE
A VPRI D S IE L, R, 7E N T B A,
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AU R I E T 218 3 XA
lﬁlﬁﬁ%éﬁzﬁjmﬂ%%‘@}tﬁﬁ IEB AR, 45

REW, 1~3 0 = MWL MAR AT & IS0 A
m Lﬁlilﬂﬂéﬁﬁo

®1 AREEHR=FNES RIS

Tab.1 Descriptive analysis of characteristics of H. cumingii at different ages

FEIR 1 1% One year old 2 % Two years old 3 % Three years old
Trait Y i 2 5 5 A Y(E ehrifie 22 5 AL Yl ehrifi 22 5 AL
Mean+SD (0% Mean+SD CvV Mean+SD CvV
X, 86.318+9.236 10.7% 122.084+6.696 5.5% 139.907+6.435 4.6%
X, 99.298+8.563 8.6% 134.851+5.506 4.1% 151.736+6.967 4.6%
X, 52.451+4.623 8.8% 67.855+4.045 6.0% 80.585+4.672 5.8%
X, 83.175+9.654 11.6% 117.146+12.253 10.5% 129.367+8.818 6.8%
X; 23.108+2.328 10.1% 36.884+2.139 6.0% 38.930+2.445 6.3%
Y, 79.793+18.358 23.0% 210.317+21.447 10.2% 336.863+43.303 12.9%
Y, 17.150+3.846 22.4% 36.300+3.541 9.8% 57.970+9.258 16.0%
Y, 35.797+8.606 24.0% 106.177+12.820 12.1% 168.170+24.843 14.8%
2.2 AEER=ANEZ KR8 XS 0.932; 1 % 3% = A WLIE A% 52 K 15 B o o 1) A

AN TRI AR5 = A WL R ROMEIR 5 44 ot it 34 3%
PR ARG (F2) . Hirp, 1% 298 =il
I 357 e WL 26 4K 5 T AR B e ) A O M B g L 3 1S
NS TR A A G R B R 0.914.0.928

KM, 2 ﬁ%ﬁﬁm‘m}: AR R B B R
0.849.0.914.0.857; 1 % 3 =M T K 5
FC T A S de i, 2 % e se MR A R B
43914 0.884 .0.920,0.899 .,

R2 AREHR=AYESEREXES R

Tab. 2 Correlation analysis of traits of H. cumingii at different ages

AW Age  PEIR Trait X, X, X, X, X, Y, Y, Y,
X, 1 0.878" 0.846" 0.752" 0.595™ 0.893" 0.764™ 0.875™
X, 1 0.883" 0.810" 0.691" 0914 0.849™ 0.884™
X, 1 0.814™ 0.725" 0.904™ 0.803" 0.867"
| X, 1 0.617" 0.787" 0.680 0.727"
X, 1 0.838" 0.821" 0.788"
Y, 1 0.930™ 0.971"
Y, 1 0.883"
Y, 1
X, 1 0.891" 0.786" 0.611" 0.855" 0.911" 0.842" 0.896"
X, 1 0.891" 0.727" 0.869™ 0.928" 0.850” 0.878"
X, 1 0.571" 0.803" 0.817" 0.753" 0.762"
5 X, 1 0.656™ 0.642" 0.657" 0.657"
X, 1 0.918" 0.857" 0.899"
Y, 1 0.881" 0.939"
Y, 1 0.928"
Y, 1
X, 1 09117 0.814 0.850" 0.837" 0932 0.878™ 0.915™
X, 1 0.778" 0.751" 0.846™ 0.927" 0.914™ 0.920™
X, 1 0.800" 0.783" 0.811" 0.747" 0.823"
3 X, 1 0.789" 0.822" 0.768" 0.818"
X, 1 0901 0.859™ 0.884™
Y, 1 0.931" 0.968"
Y, 1 0.928"
Y, 1

T FOR A A PENE B2 (P<0.01) , *F /R AH G 2 (P<0.05) .

Notes: ** represents extremely significant correlation(P<0.01), and

2.3 AREKR=ANESEKTERENER
ST

AN TRV AF W = A LI P B 0T A o i 93 42
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* represents significant correlation(P<0.05).

BOAF 23 (P<0.05) 5l 3 /K- (P<0.01) A A
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) Ry B O R A TS ) 2 8% = A LR 3 1A
Jor e ELAE R BUR KM 5K 50 m 118 31 =14
AL e A A I £ L 2 R Bl R ) R e A, TS ) 2
W% = A LA A0 1A o it 1 R AR K 7e 58 5 5
Wi 1% 2 % .3 0% = A L 5 o e L R B K
()53 3 R R SR TR I SE 9 e

2.4 AEEX=ZANESERTERENRE
RET

AN T A 1 = A P RO RO I 1 e
TEFREOLFE 4, 185 = A WUIE RS A i i e e
XY A 5 s 1 e ] e o R B A K, e R R e S X
AR o ) M [ e R B e R, X o R R
B e KT A B 5 2 % = A LA 52 K D
5 P I AR BT A A R e R AR, SR K RN
B R B9 ot e 118 S [ e R B R K, A T I
TN FE B 0T 7 o e 1) e ] e o AR R A K5 3 R =
1 LI R R IS PO B R 57 R X AR I £ 1) 2 [
TR R B A R, X AR o o R R B A K ) S e
1, B AR O I A A Se 10 7 ot 1 2 [m] e e AR
JERK
2.5 ZuERAFENEL

K H 22 03 20 WA 3 AT, S B3 % 4 5 £ 52 i)
AN AR R IR 5 42 B R R S ) 18—
WAL AR o ) b 3 AR R (3R 5) , el S e Il A
. Y,=—122.652+0.579X,+3.191X,+0.825X,, R’=
0.978;Y,=—-24.001+0.242X,+0.741X;, R*=0.909 ; Y,=
-50.177+1.531X,+0.586X,,R*=0.937 .

[ B, N7 2 8 = A P 4% AR RUME R 5 4k o
= 1) UL B R . Y,=-221.247+1.457X,+
3.683X,+0.843X,, R*=0.961; Y,=—29.597+0.804 X+
0.275X,, R*>=0.883; Y,=—110.683+2.951X,+0.909X,,
R*=0.932,

[ EE, 57 3 i — A1 WL 25 IR RO R 5 4 i
= ) & 0 B O RR . Y,=-534.32042.612X,+
5.718X,+1.866X,,R>=0.965;Y,=—119.351+0.875X,+
1.146X;, R>=0.928; Y,=-327.547+1.305X,+2.990X -+
1.296X,,R>=0.951,

X BT U 7 R 7 22 3 A R B [l 5 ¢ R 1k
BB i KT (P<0.01) o % BT 15 5 i v & R %K
PEAT 0 A 50 s, A A RO R T (% I £ 14
0] 5 22 K0 1k 31 {2 35 (P<0.05) ol 5 1 i 3 7K
(P<0.01).

3 ihe

3.1 AEAEH=AMEERERERILE
A7 A0 o I 1R 2 8 3 — A LR Y
S AN MEAR , K BLIR 2 1% 4 MR I AR S R B
o U A S R T A, R AR RS = A A
U R I 1 AR S R A R T AR RUMIR , L 1 =
FAMLEE A T AR e REY KT 20% , R HEA
MWL E W . EA W R R D]
(Pinctada margaritifera) ' RERFEDIN {3832
PR DLUOVAE DB oY & B, e MR B AR S R
Bt TR MR . 1R 2 0% 30 ) = A L
FC i AR S R B TE M KR K
SRR T AE ST 1 = AL A SE R R B, 5T
A S R T oe o SR TEIR A I A T R
THMH Z W 80 & 225 REER 2
AR AR 3 B W 0RO, HJR A I o R
T 45 3 0 I 22t S 52w AR S R R, A
U, 76 A 22 e T MR B R HERR TS R R e
DAL N
3.2 AEEHR=FAMEEREXSTABES LR
ARHIEF X AN ) AF i = A LI 14 A S 1 43
M, FEAEAR S AT A il 1 B F 738 A2 4 A fn 2
JCIE AT o AHICHE BT R BT, 1~3 1 1 — MR
U ) A RO R b 5 4 I o 1 R O R Bk 0.642~
0.932, J8 F1 IO W A X 3 R 5 19 4 56 R BUHE
0.893 LA |-, H XS4l i AHOC . it R A A AH
KO ANRE A TR B A MR Z M AR B G R 38
A2 BT TR o SEL Al R ) A DG R B L
FE R[] 4225 ), 208 10 T 4 ] ) 3 50 AR MR G
SR 22 1 = A LR ROMER 5 3
J e AR S B & B, B AR O R K RSE v S5
T 1A I3 5t 1) AH G R A (430714 0.893,0.838) Ik T
e G AR A OC R £0(0.914)  (HIE AR5 HT
PR ST A Y B VR (0.270) /N T
PO B R AR T R 44 T e 1) B A FH (43 33l)
4 0.415.,0.405) 5 76 2 I = LA R IR 5 1%
A o 2 R O 1 5 38 458 0 BT 45 R — B0 X 3 1% =
FA LI A ROHE AR 5 95 R S5t 8 R G 43 B & B
TG IE R TR A A R (090D KTk s
T A R R A 56 R 80(0.927) (HIE AR S Hr
Fe AR A 5T 1 B AR FH (0.300) /N T 72 5 XF
T A R R Y A (0.323) , HAV K B 7K F .
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B U N O M 4 (Cipangopaludina
chinensis ) WIRIFFE | AS ) 1 DX 1) TR 285 14K A5 4k o
I AR DGR A3 AT SR AR A T B A AR —BUm 4

Reo e, ARESGE AR S E A FIWT IR AR

X AR Bt PRS2 W, T e 5 A 43 AT
SRR BT R 1) E RSB HER

®3 ARERZANESERIERENERE SN
Tab.3 Path analysis of body mass of H. cumingii with different traits at different ages

P

AR i UBIN M 28 B [ BEFE ] Indirect effect
Age Mass Trait Coefficient Direct effect X, X, X, s
X, 0.893" 0.415™ 0.237 0.241 0.478
Y, X, 0.914™ 0.270" 0.364 0.280 0.644
X 0.838" 0.405™ 0.247 0.187 0.434
1 v X, 0.849" 0.539" 0.310 0.310
2 X 0.8217" 0.448™ 0.372 0.372
v X, 0.875™ 0.629™ 0.246 0.246
3 X 0.788™ 0.414™ 0.374 0.374
X, 0.911™ 0.263" 0.333 0.314 0.647
Y, X, 0.928" 0.374 0.234 0.318 0.552
X 0.918" 0.367" 0.225 0.325 0.550
2 v X, 0.850” 0.427 0.422 0.422
2 X 0.857" 0.486 0.371 0.371
v X, 0.896™ 0.475" 0.421 0.421
3 X 0.899™ 0.492™" 0.406 0.406
X, 0.932™ 0.388™" 0.273 0.270 0.543
Y, X, 0.927™ 0.300" 0.353 0.273 0.626
X, 0.901" 0.323" 0.325 0.254 0.579
3 v X, 0.914" 0.658% 0.256 0.256
) 2 X 0.859" 0.303" 0.557 0.557
X, 0.915" 0.336 0.333 0.246 0.579
Y, X, 0.920" 0.366 0.306 0.249 0.555
X, 0.884™ 0.294" 0.281 0.310 0.591
TE RN A MR 2 (P<0.01) , * R M DG 1 3 (P<0.05)
Notes: ** represents extremely significant correlation(P<0.01), and * represents significant correlation(P<0.05).
R4 AEEHR=FHMEZERIEREFRERZH
Tab.4 Determinants of body mass of different traits in H. cumingii at different ages
AR Age JiiH: Mass PEAR Trait Xl X2 X5 >
X, 0.172 0.197 0.200
Y, X, 0.073 0.151 0.957
X, 0.164
1 X, 0.291 0.334
Y, 0.826
X, 0.201
X, 0.396 0.305
Y, 0.872
; X, 0.171
X, 0.069 0.175 0.165
Y, X, 0.140 0.238 0.922
X, 0.135
2 X, 0.182 0.360
Y, 2 0.778
X, 0.236
X, 0.226 0.400
Y, 0.868
: X, 0.242
X, 0.151 0.212 0.210
Y, X, 0.09 0.164 0.931
X, 0.104
X, 0.433 0.337
3 Y, 0.862
2 X, 0.092
X, 0.113 0.224 0.167
Y, X, 0.134 0.182 0.906
X 0.086

o
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RS TRFR=ANESTORAFENREDEAZLMOERYEEERE

Tab. 5 Partial regression coefficient and significance test of regression coefficient of multiple regression
equation of H. cumingii at different ages
FEbR eI R AL o .
il kit 5 Non-standardized coefficient Frififl R AL
Ago Mase Hom v Standardized ! P
B Standard omror coefficient
i -122.652 8.999 -13.630 0
X, 0.579 0.203 0.270 2.848 0.008
h X, 3.191 0.444 0.405 7.183 0
X 0.825 0.169 0.415 4.876 0
GRS -24.001 3.690 -6.505 0
: Y, X, 0.242 0.050 0.539 4.843 0
X 0.741 0.184 0.448 4.031 0
L -50.177 6.301 -7.936 0
Y, X 1.531 0.310 0.414 4.936 0
X, 0.586 0.078 0.629 7.496 0
(g, -221.247 30.855 =7.170 0
X, 1.457 0.521 0.374 2.795 0.010
Y X 3.683 1.175 0.367 3.135 0.004
X, 0.843 0.409 0.263 2.064 0.049
) W -29.597 8.377 -3.533 0.001
Y, X 0.804 0.303 0.486 2.655 0.013
X, 0.275 0.118 0.427 2.334 0.027
W -110.683 16.501 -6.708 0
Y, X 2.951 0.809 0.492 3.647 0.001
X, 0.909 0.259 0.475 3.516 0.002
(s -534.320 51.804 -10.314 0
X, 2.612 0.882 0.388 2.961 0.006
Y X 5.718 1.796 0.323 3.183 0.004
X, 1.866 0.837 0.300 2.230 0.035
i -119.351 14.780 -8.075 0
3 Y, X, 0.875 0.178 0.658 4.906 0
X 1.146 0.508 0.303 2.257 0.032
W -327.547 34.940 =9.375 0.000
v X, 1.305 0.564 0.366 2.313 0.029
’ X 2.990 1.212 0.294 2.468 0.020
X 1.296 0.595 0.336 2.178 0.039

33 ARER=ZAMNEFERERSEREN
A

Z T 1A J7 FE RE 6% i AL R KPR 5 1K o 4
AORENR SC R o Lrp, 10 2 I A RO IR X A4
o dk 9 3 [ 2R S AR B3O O 0.825.,0.778 , R T
0.85, T X i (AR JBt At 7 Joa o o 2 e A o e g A
] P R A R T 0.85, BRI, X 1% 2% = £
P A A o e A T B0 52 B R bR o s 2
— LR GE o AN P R B IR R
(Volutharpa ampullacea perryi) ™ FEFEREIGFF2

BB DL BB BR DL R R S D
(Patinopecten yessoensis) * S5 B 57 9453 T 28
IR SE SR o J PSRRI o R RS DL 2R Y 7
TR AR AN, T AR o k2 52 B B85 AU AR 2
SRR o AWEFERBIRENE 1~3 8 A9 = A AR
PRI 2N T B A IR ek e,
S 3 1% Y AR WL A o Y R e
K TEIE L S 1 2 W A = WL e R R 2
TR FE I FEUE, AR 3 W A = A WU 5 B
(9 2N T AU IR ek GesE. e,
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5 ) it LG M 0A (Lutraria sieboldii) ™' | 1 5¢ WA B FEEAE e R MR 5 5 e e SE & . TR
(Mercenaria mercenaria) " FIAEFETEMSAF AT MoK DIZEIAROCHE S, e K oo SERe HIBAS
B FEERNRE MK, 0 4 B (Sinonovacula PR IR R M AR TR e E 2N, B O ER
constricta)[33]44&&%3/‘]1%9%/?5.%%%% ,HAIR R E AR H N ITAEAS B 5, 8 A TR D
R, MR R B i FEHRER 2 KK IESE m ke SCE R AF 4, HLIRAEE
5¢ MR, 52 W G (Cyclina sinensis) B 3 uh R R = A WU AR B R ) FE R T2 —
(Meretrix meretrix) AT I FEPE FFR5e 25 FRITR B AU MKW 52K Sevirkik—
T TEVEAR XS Tl 2 SRR DU R T R RAE A S AR F A A T SR
x6 AEER=FAMEFAREKRSERELEFXREHNFTESH

Tab. 6 Variance analysis of regression relationship between body size traits and
body mass of H. cumingii at different ages

A " T
N e em v s ¥ ’
mys] 9352.432 3 3117.477 192.754 0
Y, i 420.507 26 16.173
it 9 772.939 29
BIE] 354.121 2 177.061 63.867 0
1 Y, B2 74.854 27 2.772
it 428.975 29
mys) 1 884.089 2 924.044 68.389 0
Y, 52 263.881 27 9.224
it 2 147.970 29
mys) 12 327.178 3 4109.059 105.535 0
Y, 5% 1012.323 26 38.936
4iit 13 339.502 29
Y= 283.372 2 141.686 47.659 0
2 Y, 5 2% 80.268 27 2.973
it 363.640 29
EYE| 4136.513 2 2 068.256 88.670 0
Y, 5k 2% 629.781 27 23.325
45t 4766.294 29
EYE| 50 612.041 3 16 870.680 116.404 0
Y, B 2% 3768.248 26 144.933
it 54 380.290 29
[l 2141.422 2 1070.711 84.019 0
3 Y, B2 344.081 27 12.744
4iit 2 485.503 29
BIE] 16 183.961 3 5394.654 81.824 0
Y, lieis 1714.182 26 65.930
it 17 898.143 29
S 3CHR: (2] (R, R, XUBEE, % b EYOK B EANL IR
(1] XUAZE, B, FMk, %, REESHLRE). 3 ‘?Zﬂ@uﬁﬂ LRERER AR, 2014, 23(6) - 874
Yoyt 1979(2): 188. 881.
LIUY Y, ZHANG W Z, WANG Y X, et al. New record of BAI Z Y, WANG G L, LIU X J, et al. The status and
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Correlation and path analysis between anal angle radial rib length and
other growth traits of Hyriopsis cumingii at different ages

LYU Gaolun', LYU Xuefeng', WANG Hao', ZHANG Yao', LI Jiale"?, WANG Zheng’, BAI Zhiyi"’

(1. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs, Shanghai Ocean
University, Shanghai 201306, China; 2. Shanghai Collaborative Innovation Center of Aquatic Animal Breeding and Green
Aquaculture, Shanghai Ocean University, Shanghai 201306, China; 3. Zhejiang Jinhua Zhexing Pearl Trading Co. , Lid. ,
Jinhua 321001, Zhejiang, China)

Abstract: In shellfish culturing and breeding practice, the width of shell growth lines is an important index to
measure the growth rate of shellfish, and anal angle radial rib is the part with the widest growth lines. In order
to explore the feasibility of taking anal angle radial rib length as a typical growth trait, this research analyzed
the correlation between anal angle radial rib length (X,) and other growth traits, such as shell length (X,),
shell height (X;,) , total height (X,), shell width (X,), live body weight (Y,), soft tissue weight (¥,) and
shell weight (Y,) of Hyriopsis cumingii at different ages and conducted the path analysis of body size traits to
body weight traits (live body weight, soft tissue weight and shell weight). The results of correlation analysis
showed that there was a significant positive correlation between anal angle radial rib length and body weight in
the first to third instars of H. cumingii. The correlation coefficient between shell length and live body weight
was the highest in the first and second instars of mussel, while the correlation coefficient between anal angle
radiating rib length and live body weight was the highest in the third instar of mussel. In addition, the
correlation coefficient between anal angle radiating rib length and live body weight, soft tissue weight and
shell weight showed an increasing trend with the increase of age. The data of path analysis and multiple
regression analysis displayed that the main factors affecting the live body weight of 1 to 3 year old were anal
angle radial rib length, shell length and shell width, the main factors affecting the soft tissue weight of 3 year
old were shell length and shell width, the main factors affecting the shell quality of 1 and 2 year old mussel
were shell length and shell width, and the main factors affecting the shell quality of the third instar mussel
were anal angle radiating rib length, shell length and shell width. In conclusion, anal angle radial rib length,
together with shell length and shell width, can be used as a new typical growth trait to represent the growth
rate of H. cumingii.

Key words: Hyriopsis cumingii; body size traits; body mass; correlation analysis; path analysis
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