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along coast of China in this study
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Tab.1 Descriptive statistics of sample size, morphological and weight-related characteristics of Pacific abalone at each sample site
N

SL/mm SW/mm SH/mm TWW/g SPW/g SHELLW/g  CIRC/mm AREA/mm? CURV
ZZD 153 88.43£18.68 59.7+12.55 18.2+4.28  84.95+£37.35 61.43+28.47 19.6+8.53 210.41£52.31 5725.21£2636.93 19.15+1.20
LPD 46 44.7+10.81 30.18+6.95 9.91+2.97 14.404+26.78 9.89+21.11  3.72+6.00 117.48+41.16 1 645.09+2208.76 22.45+1.13
YD 24 96.04+17.3  64.65+11.61 20.08+4.03 109.36+£35.66 78.57+27.28 28.46+8.08 339.65+49.89 6 688.92+2556.97 28.42+1.20
NHC 50 89.71+14.38 61.74+£9.54  20.814£3.53 95.14£31.72 65.89+24.49 22.78+7.18 243.42+45.04 6 108.01£2390.44 23.65+0.97
DQ 75 96.27+7.49  65.8444.5 20.5342.57 112.65+£23.7 82.05+£19.09 26.67+£5.24 223.88+37.19 7 093.40+£2085.75 17.51+1.11
XXK 31 61.78+15.74 42.77£10.6  13.17£3.79 40.17£33.73 28.66+25.94 9.37+7.64 234.73+£47.12 5343.32+2472.63 26.20£1.20
LS 73 95.67£12.66 63.99+8.29  22.16+3.25 112.29+29.38 82.07+22.89 25.00+£6.64 256.45+42.61 6 648.17+£2297.25 24.13+0.78
452 85.17+19.72 57.73£13.29 18.42+4.46 86.13£38.94 62.09+£29.59 20.15+£8.91 222.81+53.8 5 753.38+2702.60 21.49+1.60
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Fig.2 Allometric relationships between shell morphometric and body weight characters of all samples
:a. TWW-SL; b. TWW-SW; c. TWW-SH; d. SPW-SL; e. SPW-SW; f. SPW-SH; g. SHELLW-SL; h. SHELLW-SW; i. SHELLW-SH

2.2.1 TWW (SL SW  SH)  2.18~3.05
: I
TWW 3 (SL SW  SH) :
(P<0.01) TWW Student’s ¢
SL , I
0.954 (P<0.01, 2a), 2.2.2
0.553 (DQ)~0.987 (XXK) b 2.07~2.933
TWW SL 1 DQ LS SPW
LI LPD YD ZZD I
NHC XXK TWW SW SL
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b
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b Student’s ¢ , 111 LPD
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2.2.3 SHELLW (SL SW  SH) (P<0.05),
SHELLW 3 (SL SW  SH) (Mahalanobis distance, D?)
(P<0.01) ,
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0.546 (LS)~0.987 (LPD) b 1.95~2.94 , ZZD YD
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Tab.2 Descriptive statistics of sample size and ratios from morphological and weight-related characters of Pacific abalone at each

sample site

b SPW/TWW  SHELLW/TWW  SHELLW/SPW SW/SL SH/SL SL/CURV ~ SW/CURV  SH/CURV
ZZD 153 0.72(0.08) 0.23(0.05) 0.34(0.20) 0.67(0.02)  0.200.03)  4.76(0.76)  3.21(0.52)  0.97(0.20)
LPD 46  0.68(0.04) 0.26(0.03) 0.39(0.06) 0.68(0.04)  0.22(0.02)  2.02(0.57)  137(0.35)  0.45(0.12)
YD 22 0.72(0.04) 0.27(0.04) 0.37(0.06) 0.67(0.02)  021(0.02)  3.73(1.37)  2.51(0.91)  0.78(0.29)
NHC 50  0.69(0.04) 0.24(0.03) 0.36(0.06) 0.70(0.06)  0.23(0.03)  3.92(0.71)  2.70(0.48)  0.91(0.17)
DQ 75  0.73(0.04) 0.25(0.07) 0.34(0.11) 0.69(0.04)  0.21(0.03)  5.51(0.49)  3.77(0.30)  1.18(0.16)
XXK 31 0.71(0.04) 0.26(0.20) 0.37(0.25) 0.69(0.02)  0.21(0.02)  2.46(0.96)  1.70(0.67)  0.52(0.20)
LS 73 0.73(0.04) 0.22(0.03) 0.31(0.05) 0.67(0.03)  0.23(0.02)  4.26(1.12)  2.85(0.73)  0.98(0.25)

SL/SUM  SW/SUM SH/SUM TWW/DSUM SPW/DSUM SHELLW/DSUM SL/CIRC SW/CIRC SLSW/(100xCIRC)
ZZD  0.53(0.01) 0.36(0.01) 0.11(0.01)  0.88(0.22)  0.63(0.18) 0.20(0.03)  0.42(0.05) 0.29(0.04) 0.26(0.06)
LPD  0.53(0.02) 0.36(0.01) 0.12(0.01)  0.92(0.12)  0.62(0.09) 0.24(0.03) 0.38(0.03) 0.26(0.03) 0.12(0.03)
YD 0.53(0.01) 0.36(0.01) 0.11(0.01)  0.87(0.16)  0.63(0.11) 0.23(0.06)  0.31(0.09) 0.21(0.06) 0.20(0.07)
NHC  0.52(0.02) 0.36(0.02) 0.12(0.01)  0.81(0.11)  0.56(0.09) 0.20(0.03)  0.37(0.03) 0.26(0.02) 0.23(0.03)
DQ  0.53(0.02) 0.36(0.01) 0.11(0.01) 0.89(0.23)  0.65(0.18) 0.21(0.03)  0.44(0.09) 0.30(0.06) 0.29(0.07)
XXK  0.53(0.01) 0.36(0.01) 0.11(0.01)  0.91(0.09)  0.64(0.06) 0.24(0.16) 0.27(0.09) 0.19(0.06) 0.13(0.08)
LS  0.53(0.01) 0.35(0.01) 0.12(0.01) 0.83(0.12)  0.61(0.09) 0.18(0.02)  0.38(0.05) 0.25(0.03) 0.24(0.03)
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Fig.3 The Mahalanobis-distance-based cluster analysis for ratio variates from morphological and weight related characters of Pacific
abalone populations
:1.DQ; 2. LPD; 3. LS; 4. NHC; 5. XXK; 6. YD; 7. ZZD
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Fig.4 Multidimensional scaling plots of weight ratios of Pacific
abalone samples at all sample sites
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Fig.5 Population-based linear discriminant analysis of all
samples of Pacific abalone
: 1. DQ; 2. LPD; 3. LS; 4. NHC; 5. XXK; 6. YD; 7. ZZD
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SHELL MORPHOLOGY AND RELATIVE GROWTH VARIABILITY OF PACIFIC
ABALONE HALIOTIS DISCUS HANNAI IN COASTAL CHINA

ZHANG Jia-Wen"2, TANG Jun-Wei’, ZHANG Yuan-Fan"2, WEI Min!, ZHANG Guo-Fan?, WU Fu-Cun’

(1. Key Laboratory of Marine Biotechnology, Jiangsu Ocean University, Lianyungang 222005, China; 2. Key Laboratory of
Experimental Marine Biology, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China; 3. Changdao Marine
Economy Promotion Center, Yantai 265800, China)

Abstract

populations are an important source of abalone germplasm. Shell morphology and relative growth variability among

Pacific abalone (Haliotis discus hannai Ino) is an important fishery resource in China, and its geographical

different geographical populations provide important references for fishery management and identification of genetic
resources of the species. Seven abalone populations were sampled along the coast of China for research materials. By
measuring 9 morphometric characters and defining 17 ratio variables of the abalone samples, the relative growth patterns
of shell morphology and body weight variations within and between populations were presented. Except for one ratio
variable, analysis of covariance revealed significant variations in morphological and weight ratio variables among
populations. Allometric growth studies revealed a highly linear correlation between shell morphological and body weight
characters and allometric growth patterns among populations. The populations of Pacific abalone were classified into two
groups in China by non-metric multidimensional scaling analysis (NMDS), and Mahalanobis distance clustering analysis
(CLUSTER), as consistent as linear discriminant analysis (LDA) in overall. This study preliminarily revealed that the
Pacific abalone in China exhibits phenotypic plasticity due to differences in coastal environments and/or ecological
conditions, but might also be genetically influenced by seed release in history, and provided a reference for the fishery
management of the species to better evaluate the genetic variations in different geographical populations of the species in
China in the future.

Key words Pacific abalone Haliotis discus hannai Ino; multidimensional

shell morphology; relative growth;

scaling analysis; linear discriminant analysis



