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WS RIS HE A A S B 98 3, i R BE W MR A R F
PR A FRCRE A, B AT, B REAEE SE
LI D (Chiamys nobilis )™ KL 0 (C.  farre-
i )P S R D (Volachlamys hirasei YIS HREg
53 0 ( Patinopecten yessoensis)"" 2 Mg V5 B W (Arg-
opecten irradians )™ | BV EFVE B UL (A, irradians
concentricus)"*  EYHE I D (Placopecten magellani-
cus)) d E WA (Mactra chinensis» Philipph) ™ . 3%
4 (Cyclina sinensis)™™ % 47 B3 (Saxidomus pur-
purata )" | FE = WA AT (Ruditapes philippina-
rum) £ 15 8 (Mactra veneriformis Yol e A
(Meretrix meretriz)"™" | 458 (Sinonovacula constric-
ta) P G EE S (Potamocorbula laevis)™ & g4t
W5 (Crassostrea angulata)™" \ KHWF (C. gigas)™ |
Tk (C. hongkongensis)[%] VETHEREE DL (Pincta-
da martensi)" Bt (Scapharca broughtonii )% g
W (Tegillarca granosa )™ % W 5E N2 KR IE .,
Ji§ R 2, 15 S0 ME B2 (Nerita yoldi)™™ | Jé 75 K12
(Babylonia lutosa YUY BRI (B, areolata )™,
ZUIE B 5 W8 (Bellamya purificata )™ . PJE 7% ki 12
(Thais clavigera, Kuster Y 48 %5 18 ( Pomacea
canaliculata)™™ | RIEMR (Voluthar pa am pullaceal
Perryi)w): S TR IR (Bellamya aeruginosa Y7L e
HEEE I (Lunatica gilva)™ | i I (Neverita did-
yma) TR E A AT
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7 39 52 e 7 B8R I 1 R 10 G SO S AR, O A U A
PEAR 5 BTk IR 22 (8] Y e L 22 oo I H AR Y, BiFFE 4 2R
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1.1 LIt al

SRR IECR AT T AR R TRR T X AR 4k
(121°13'E, 38°45'N) K RE M FIRAAE 7 T T4
TR 2E 0 5 BE 25 N SR A Kt e, B 5 1 R T
LRSCH . BRI, KR E R (12.840.3) °C, i fifk

AE R B 2 RER—KIG U (Mytilus edulis) &
KFEHH

1.2 KW A%

L2, 1 ka2 BEHLIEEC 100 AMEER 36 1 4
WA PAHE A 3000 00 A o 48 R TR K o AR .
RGO B2 0. 01 mm AYECRIERR < R & 75 R 6 1>
AR, 4045 52 5 (Shell height) X, . 7€ 9 (Shell
width) X, . 5% 1 75 (Shell aperture height) X, .52 1 7
(Shell aperture width) X, . & 12 2 5 (Body whorl
height) X 5 FIARIRZ 5 (Body whorl width) X ; f A%
BHEEN 0. 01 g BRI 2 > B ik A 4 44
Ji e (Body mass)M, G 52 1 5 &) FRAARER 5T 12t (Soft
tissue mass) M, CERURFIREEE) . TR WIE 220
RO ILIE 1,

[— X,

A
L
A4

(X588 X5 7890 X FE H s X 258 H 585 X5 AR 5 X« (R I
J29&. X,: Shell height; X,: Shell width; X,: Shell aperture height;
X, : Shell aperture width; X;: Body whorl height; X;: Body whorl
width. )
K1 FEESYSH
Fig. 1 Morphological parameters of N. cumingii
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. iz H SPSS 27 B4 % % HiE #F 47 Kolmogorov-
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2.1 BEZERSE SN

FIRW e X, e X, e Hm X, ot 1 X,
IR R X, IRIRZETE X MR M, AR T
M, 8 MR G R IR 1. 7 8 A Rh . 72 1
Te X, WIARMEZE /NS, 38) AR i M, BIbRiEZ e R
(22.78), 2 DETEIEIRAREZE YR T 6 MIEAMAR
AR IE 22, X R A IR ] 58 H 58 22 S /N AR BT i
EZREK, EHERERHRKTIESERES.

TEASPERAN BT =R AR T B R AN RE B 31T
Lo, il i AR S R EGHEAT I . R IR AR SR
LR X, AR REUR K (11,56 %0) s 7 X 1Y
5 F AN 7620 . FERTEMR T AR E M,
BRI M, B S R A 2 25,820 il
25. T4 IR FIR AR AR 5 R 4K
2.2 BEZMRERHEX ST

MR 2 A, AR 8 MR IAIAH OC R AR 3] T 1)
BEKTF(P<C0.01), ARYEAH R DY, B S HIR
X0 X0 X0 X X HErER M, M, 252 5 A
KX FRE=0. 1), Hrh X 5 EIRM, (M, 1Y

AH G BB . 4k 0,919 F10. 8603 X, 5 M, .M,
B AR OC (0. A<M X R % <<0. 1. HS5 M, .M,
A OE 22 B a7 3 )oK 0. 653 K1 0. 585, 6 MBS
PERH, X X, WA G R E K (0. 866) . X, AT X
BYAH e R B /N (0. 484) . TEASMEIRE M, BUFHE R
BMNKEIMRR A X X X, X X X TES T
RE M, BIHERENKB/MER R X X X
X, X5, X5.

xR 1 BFREZEROERES T (2 =100)
Table 1 Descriptive statistical analysis for morphological

traits of N. cumingii (n=100)

PR REY MY bafEEY BREREC /%
e X, 9266 mm 8. 11 mm 8.76
T X, 56.66 mm 6.25 mm  11.04
FEOE® X, 61.79mm 7.14mm  11.56
FE 58" X, 3L.13mm 3.38mm  10.84
NV X; 35.12mm 3.78 mm  10.75
AR2)Z 55" X; 41.67 mm 3.87 mm 9.28
VN igsin M, 88.23g 22.78¢g 25. 82

BARMEES M, 35.77¢g

S MR AR TS 72 & X A Al The code for each trait is same
throughout the text. D Trait; @Code; @ Mean; @ Standard deviation;
(® Variability coefficient; ®Shell height; @DShell width; ®Shell aperture
height; @ Shell aperture width; @ Body whorl height; @ Body whorl
width; @Body mass; @Soft tissue mass.

9.21g 25.74

®2 FBEUKEREXRY

Table 2 Correlation coefficients among the traits of N. cumingii

MR Trait X X, X, X, X; X5 M, M,
X, 1. 000 0.866"" 0.669"" 0.775"" 0.727"" 0.830"" 0.840"" 0.779""
X, 0.866"" 1. 000 0.604"" 0.740"" 0.515"" 0.806"" 0.822"" 0.742""
X3 0.669"" 0.604"" 1. 000 0.587"" 0.484"" 0.658"" 0.715"" 0.709""
X, 0.775"" 0.740"" 0.587"" 1. 000 0.638"" 0.831"" 0.799"" 0.778""
X; 0.727"" 0.515"" 0.484"" 0.638"" 1. 000 0.686"" 0.653"" 0.585""
X5 0.830"" 0.806"" 0.658"" 0.831"" 0.686"" 1. 000 0.919"" 0.860" "
M, 0.840"" 0.822"" 0.715"" 0.799"" 0.653"" 0.919"" 1. 000 0.911""
M, 0.779"" 0.742™" 0.709"" 0.778"" 0.585"" 0.860"" 0.911"" 1. 000

TE: » * FORWBFEMCP<C0.0D), X 58 X, : 5090 Xy 5o Him . X 58 H 58, X MIB)R S X ARIBRR S0 M AR R M,  BORTR TR T,
% % means very significant correlations (P<C0.01). X, : Shell height, X,: Shell width, X,: Shell aperture height, X,: Shell aperture width, X

Body whorl height, X;: Body whorl width, M, : Body mass, M,: Soft tissue mass; the same below.
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Xo e X, MRIBZETE X B M, {8

e m X, e 198 X, MRIRZETE X, TEJE?FHJ@%%&
A ZHL BBV 443 AF 56 22 B8 43 o 45 MR I B A ) G
72 Z B0 AR 3 i A bR A 1) 22 A ) (3 4%

M, (W EHAE ¥, 43 318 0,649 1 0. 5595 X X
M, F1 M, WEEAE I8N, 43028 0. 271 F1 0. 3015
X, % M, fTEHEVE R (0. 626)  JEl it 50 X, il
X EHI; X, %0 M, 19 TR 2 4E F 85 K (0. 606) , J2& i

RO, RER . EFRGIESHR S, X XM, e X, X AER.
*x 3 BESESHERMESEERNEZRI N
Table 3 Path analysis of morphological traits on qualitative traits of N. cumingii
i =SEN SIS ERIN PN i LR LIP3
Qualitative Morphological Relative i Indirect effect
] ] - Direct effect
trait trait coefficient X, X, X, X, »
X, 0.822" " 0.197"" 0.103 0.523 0. 626
M, X 0.715"" 0.170"" 0.119 — 0.427 0. 546
X5 0.919" " 0.649"" 0. 159 0.112 — 0.271
X3 0.709" " 0.240"" — 0. 101 0. 368 0. 469
M, X, 0.778" " 0.172° 0. 141 — 0.465  0.606
X 0.860" " 0.559" " 0. 158 0. 143 — 0. 301

T —FORTEIRHEAE AT 25 AR MR IR A IR AR T T Ge 3 3, D3R BIRHEAE I, * FR BEAR R (P<C0. 05), * » FIRRIEE I (P<<0. 0D, —

means no indirect effect, no statistical significance is expressed in the interconnection of the blank, 20 means total indirect effect,

correlations (P<Z0.05),

2.4 FEESERIREERRERE S

T BB AT A PR 18] B 75 P PR x4 5 s MR ) e
ERBWFE A4, Xy M M, BEERE R R K
(0. 42D, X3 ®F M, W H e R 8/ (0.029): X,
X XM, 3R] P g R 8RR (0.206), X, FiT X,
Xt M, 3L P E R R /N (0.040) . X XF M, AU EL
LD RBERCK 0. 312) . X, X M, BB E R R

F 4 ESERMREERHERERE
Table 4 Determination coefficients of morphological

traits on qualitative traits

* ¥ means very significant correlations (P<20. 01).

i s IS P REY
PEIRY HRIRY X, X, X, X
X, 0.039  0.040 — 0. 206
M, X, 0.040  0.029 — 0.145
X, 0.206  0.145 — 0.421
X, — 0.058  0.048  0.177
M, X, — 0.048  0.030  0.160
X — 0.177  0.160  0.312

TE R 2 o — 7 Sk PR 2 o 1) R R B, L b i 2 T A
R R LR e R, — RIR LG F E X, Bold data repre-
sent the determination coefficient of a single independent variable on the
dependent variable, and the other data are the co-determination coeffi-
cients of two independent variables on the dependent variable. indi-
@ Qualitative trait; @ Morphological

cates no statistical significance.

trait; @Determinant coefficient.

* means slgmflcanl

/NC0.030) 5 X, FI X X M, By e R ER K
0.177)5 X4 F1 X, X} M, A3 [6 de @ & B /D
(0.048),
2.5 HEREESHEREREMEREMEIFHH
u;nszElBﬁa\*ﬁfrﬁLmXa‘ M, F1 M, 500 2.3
PIEATER (X —X ) » FHoArifE 11 )3 R %5 CRI 38 42 43 A
SRPOPITA El"h_ﬁé%ﬁ)ﬂi% 5,18 12 R EA ) B E K
(P<20. 05) MR BE LR BE . FEXT M 19 1m0 A 2 B il 7
HIERE X, X, Al an‘ M, {119 43 B 3o 7 o AR B2
X, X, A X AR RN IR AR M, M, 195
OBV ERE S iR
M, =—145.039+0. 649X +0. 197X, +0. 170X, ,
R*=0. 879;
M,=—53.492-+0. 559X ; +0. 240X ,+0. 172X, »
=0. 786,
o R BERR D He e R B E R S e R AR i
Ry 4R S i o [ 1 56 2R ok 1 A8 B AR ) L gs1

3 e

3.1 BEMEFEN

BN R T PR 282 —, Wil
XE SR BEAT A% 20 A7 FATT0] LT i AN Rl PR
NP P SN R S Ak e e (WS /T Bu R /)
FIIFFEIE 25 AR 5 o AR =2 18] A AR S A L T L 1
HEAT I RAEAR AR A D9 N T 80RO AL R 5 2
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Table 5 Partial regression coefficient test between morphological traits and qualitative traits

IHI 25 it e fhi ol AR RETIEES - P
Dependent il i Partial regression coefficient Standardized I
) Constant i o t-test value P value
variable B S E regression coefficient
—145. 039 8.923 —16. 254 <0. 001
X 3. 822 0.379 0. 649 10. 072 <0. 001
M
: X, 0. 541 0.153 0. 197 3. 547 <0. 001
X, 0.716 0. 222 0. 170 3.232 0. 002
—53.492 4,798 —11. 149 <<0. 001
X 1. 332 0. 219 0. 559 6. 091 <0. 001
M,
X 0. 310 0. 081 0. 240 3.812 <0. 001
X, 0. 469 0. 233 0.172 2.010 0. 047

B FREIHRES E FRprifEiR2ZE, &S AR /R IHE L, B means regression coefficient, S, E. means standard error, blank means meaningless.

(S UNCOELPiN e S C LD B BB NI 208 RN UBUE £y
Bl LT A [ PR 22 1) f st A R, D il 7 Bk 2 B9
BT R A S I g AR .t TR S TE
ARG B VIR 8 B AN ) L ASRE B A LA, ST A
ARSERBEE bR, A S RO, AR MR A e %
BB BIMR B S G i R
Finl  BEDEE AT E . 225 R LT B ARtk
PR B A2 K B4 B AR PR B AT EAG TR A E T
JUZRLHEY. O MR DR W B, K
HRUS UG SO 7 O BEAR KR BUIE B
HRLST B AR AR IR B PR MR A AR A 1 A8
FBIGREIT 2094 i R IR B 0 AR S AR BRI
20 %6 BRMHS T 9 78 57 R MO AL 20 %0 5 P07 LR
B BRI (1 R A RV A Rk 7 S 2R 3 i et
2006 ABIEFEH . A 80 MR oA 5 MR TR AR A A S
FRI L 20000 BT A R AR i o 9 728 57 R K
(20. 2396 » Ut WA b X 7 2 A9 0 i 5 RS 750 okt o L
ABRMEFE .
3.2 EERSEREREHRKKHEXEME RS0
ABFFEA 6 AL SPIRE B Motk i AR 5C R B
IR KOF-(P<<0. 01) . 3X 5 1 2 49 D1 2 0 A ry i
GEGEIR BB K B IR T
PRk (A DG FR B R 5 05 B AR RV A 5 ik A G
FBERR IR FEFE 5 A Tl B U8 AR RUBA G
FEIB R E R AT 8 L 55 R I MR A 7
PR BT A O R BRI RO AR IR 2 . 78
ABIEFE A A U8R 0 AR 2 8 55 AR T R AR G o 1Y
FAOR R B B K L X5 ) s R AR 1) 07 Bk AR XU L 9 2R
JRVHERRI Bz G 84K B P A0F 5 205 SR AN — 250 IR ol A 1R
FA IR AL A A BER 22 5 3 B0 s AR ST 46

R AN — 20, HET R gk 22 52 AR S R A
SFEW, AR FIBRWN AR RE(8.76% ~
25.8200) K F K& FIBA& S R (538% ~
20. 23%0) IR Bt ZHEE

FHOCHE ST BT U BE $2 A8 o [A] A R M G R IR IR
AR R B E LR FL, RATHE L5 A
WM. FEIE R AR S BT 1 F 5 v 6 B MR
MR KL S REAFR R P EAEZES . K
AR BRI 1) R MR SR TE L 52 1 s MR IR 2
T U i A e K R R R TR A R 3
ARV PR AR KB 7 v L MARIELZ 18 A5 B S D s TR AR AL
IR B AR 5 7 IR 5 BE AR KU Y 5%
B 5o i PR IEZ 2 K 2 5 s 5 AT A
PR B 2R b B 114 7 1R S B I R S A S B
ARV S P 75 A5 ML A 5 K 2 5 i o e A = MR
FRAFIRIT oy o) B (0 4 A MR AR R LR WAL K N S R
FE 1 W % P (0 A i MR T e K Y Ry e B LA
BB 22 1 5 7 I MR 11 58 W o) AR I 5 il e R (R B2 5
) e 2 A o R W e K 5 5 1 R B A 4 B
WA I A A R i DR T 5 A T T A R o I
JFRAR R e R 5 B i T MR R R 0 e R R R
Feve . IWASHIFSE A0 42 20 Hr Ak sE RS SRR
M WA 5T S 1) T IR R B B U R
FETE 3 T M A B 1) MR R AR IR B L L
ARBETE T R X —E5 5 K B 0B SRR B [ g gt |
T B 4 RV R e A XU S AL
3.3 HMMFEREMEROEEMER

ARHFFE % A SRR A B E ) AR R
PRIR , BRI K BN/IMK R R AR SR 2 58 52 58 Fl7e
15 e T X A T P TR A P e A 5 % 8 MR R A8 I
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Correlation and Path Analysis of Relationship Between Morphological and
Qualitative Traits in Whelk Neptunea cumingii
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Li Dacheng"*, Yu Zuoan"?, Wang Qingzhi'*"*
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tory of Dalian Jinshiwan, Dalian 116034, China; 4. College of Fisheries and Life Science, Dalian Ocean University, Dalian
116023, China; 5. Dalian Changhai Yide Aquaculture Company Limited, Dalian 116001, China)

Abstract: In order to determine the influence of morphological traits on the quality traits of natural
population of the whelk Neptunea cumingii in northern Yellow Sea, China, six morphological traits
(shell height X, shell width X, . shell aperture height X ;, shell aperture width X, body whorl height
X5, body whorl width X4) and two quality traits (body mass M, and soft tissue mass M,) of N.
cumingii were measured. Correlation analysis, path analysis and multiple regression analysis were used
to study the influence of morphological traits on the quality traits. The results showed that there were
significant correlations among all the traits (P<Z0. 01). The body whorl width (X;) had the maximum
correlation with body mass and soft tissue mass. The body whorl width (X;) had the maximal direct
effect on both body mass and soft tissue mass. The direct effect of body whorl width (X;) on body mass
and soft tissue mass was 0. 649 and 0. 559, respectively. Shell width (X,) had the maximal indirect
effect on body mass (0. 626), and shell aperture width (X,) had the maximal indirect effect on soft
tissue mass (0. 606). Stepwise regression analysis established the optimal regression equation with body
mass (M) as dependent variable and morphological traits as independent variable, which was M, =
—145.039+0. 649X, +0. 197X, +0. 170X, (R*=0. 879). Stepwise regression analysis established the
optimal regression equation with soft tissue mass (M,) as dependent variable and morphological traits as
independent variable, which was M, = —53.49240. 559X, +0. 240X, +0. 172X, (R*=0.786). The
results showed that when mass traits were selected as the target traits, the body whorl width (X)
should be selected as the primary morphological traits. Shell width (X,) should be selected
cooperatively when body mass is the target trait, and shell aperture width (X,) should be selected
cooperatively when soft tissue mass is the target trait. In conclusion, our findings can provide a
scientific reference for the growth, artificial culture and genetic breeding of N. cumingii.

Key words: Neptunea cumingii ; morphological trait; qualitative trait; path analysis
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