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Abstract: The multivariate variance analysis, cluster analysis and principal component analysis (PCA) were con-
ducted based on 18 morphological characters that including 8 numerical characters and 10 metric characters in amphioxus
populations from Qinhuangdao (QHD), Qingdao (QD) and Xiamen (XM) with 25 samples, respectively. The results
showed that significant difference (P <0.05) in means of 18 morphological characters such as length of body, height of
body, number of dorsal/ventral septa eic., existed among 3 different amphioxus populations, and there were great vari-
ance among populations than within population. Multiple comparisons of the LSD of morphological characters of 3 am-
phioxus populations showed that QHD and QD populations existed significant difference ( P <0.05) in 14 morphological
characters, expected in number of buceal cirri, number of dorsal septa, number of ventral septa and number of total my-
otomes. QD and XM populations were no significant difference ( P > 0.05) in 7 morphological characters such as length of
body, height of body, number of myotomes in middle, number of gonads, height of rostral fin, height of dorsal fin and
height of supra-caudal fin. QHD and XM populations were similar (P > 0.05) in 5 morphological characters, e.g. height
of ventral fin, length and height of supra-caudal fin, length and height of sub-caudal fin. In the results of cluster analysis
suggested that all of the 75 samples were divided into two clusters clearly. Cluster [ were mainly maded of 21 samples
from XM population, while QHD samples and QD samples were pooled into cluster I . The result of the first three princi-
pal components from PCA showed that there were about 3 groups gathered by the all samples, QHD, QD and XM groups.
All samples from XM population were pooled into one independent group; QHD and QD groups were pooled with some in-
dividual swarmed and crossed each other showed from the graph of PCA . It is inferred that XM geographical population had
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been great genetic differentiation in morphological characters, and amphioxus populations from QHD and QD also had ge-
netic divergence on the whole while similar in some morphological characters.
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SCE # ( Branchiostoma belcheri Gray) J& T8
Y] (Chordata) kKB (Cephalochor-
data) LB M (Amphioxi), —MIAK, BHEiZSH
FRESHHOXEGHETHRXEA, HEER
AR BT (FREaGTREEET. |
REBX) IESTM (FESGTHLERES.
WRME . HERMBEEREX) (Tchang & Koo,
1936; Zhou, 1958). #AW, MIEHFFHEBRINNA,
R FRAH R B AH S WARA AR, S8
BT I FR A BIAE R B AN T SE AR (Wang et al,
2004) .

XA AR T AT EBERRE AL BORH
2k, HSHAERBH. OSA . HRBERE
(Tchang & Koo, 1936; Zhou, 1958), {HIE4
B, B TREMER SR ERIEPERER, 5
[a] 7= MR A B X SERRAE AR Y N B ST B,
B REEWHE—ERNHME (Cao et al, 2001), K
M, XRTE BRI HAMB Tk, AT R
ERESEWEE

1 #E5FZE

1.1 H&AKER
AR BT FISC B fabn A F 1999—2004 4 53 5
RETZESERERX (1S6 ). 80 F0O
(101 BB) #EBE (136 B) 3 M EEXEM™
M, fEgtEERL B, fF AT SPSS10.0 BAEHF A “Select
Case” BFN=H1 X E ARE P REVLIIER 25 BT
SREEBNMEERF RIS,
1.2 /4 &
1.2.1 BESBENNE BEBESHRENERAS
M, HHEHDH AR MARA 10 MR,
it 18 MESFHIE
HEERANE . KB A E T ORI
BT, HRRSINTHEEE RN, EERH. O
Sfhsmg. LT RE. BEALATALT R EALZEALT
EJ LS AT UE ML B A B RS
HEERKIE: B XEAKEREREFL
i, AR ER OFE X 0.02mm) WEHSKHM
hEm; B EAKE TR HENBRKE R

HETWRAVERK IR, s, BER. £R
ke, TRERKNE.

1.2.2 FEERMERGEIT A0 FIA SPSS10.0 3K
{449 ANOVA X L B 1 3 R BE A8 7R IR
7T 28 H E2W (multivariate variance analy-
sis) o FFETERRNTHANEFRZK: 4E (R
BRHBELS) MAERMERZS, FERERH
MERAL RGBSR FERR, 7T
BEIERt b, A HIR AN FSCE A I S R AE S
fT1SD ZE L (i P {343 Bonferroni
1E); RABKKER (Euclidean distant) X FTH 3
W75 BEXBAK 18 MESHIMEH#HTRES N
(cluster analysis); FFEd##ARFIE SRR YA
HEZ, SLFIEIRE WA CERE (IRdEdk), it
HZERE W RHER MAHE M &, BaihtE L&
TERR X RL A RS, MTIX 3B BRI TREA R
F 58T (principal component analysis) (Song &
Zhou, 1998; Ma, 2001; Li et al, 2000).
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2.1 XE&INHMBHESERTEER

ZER. FONEII=#HATEAMBENS
K., EEMTEE RS 18 MESRENFA
WHEDBEES (ANOVA, P<0.05), SuHEHR
#EAR, MY SRR FLATALIT S b, RN i A8
FSATHBERNMEE, XEHA=XEABERSHE
fELERETHRWMEENME, MR T AR
HRRREE

E—2ExF 3 X B AMEER 18 MESREY
HERHFITEERE (R, FGREH: RES
HHMEE, BREDSHM., FEAN. BEREK
ALY B84 NFRIEE AR RIS, HAR 14 MR
WHEERELES (LSD, P<0.05); MHFSMENT
MRk, &, BRALTTRLT . 4 #HiR
B, WEE, SEE. LRESSZ T MFIELER
L (P >0.05); #sh, ZESMEITHERR
e A R, (HERES. LEREKARE.
TRSBKMES S MFELTFEMME (P>
0.05), MIHFSMENLETHBAL,
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Tab. 1 Difference on 18 morphological characters of Qinhuangdao, Qingdao, and Xiamen amphioxus populations

TS RE 1 2 3 41t Total # 5% Difference ( F?)
Morphological characters (n=25) (n=25) (n=25) (n=75)
Fam 1-2 1-3 2-3
2K (mm) 43.71+3.03 37.42+5.10 38.67+3.34 39.93 + 4,74
17.948** 6.29* 5.04* 1.25
Length of body 37.00 ~ 48,94 25.34~46.58  32.72~47.84  25.34-48.94
% (mm) 4.07+0.26 3.67+0,42 3.7910.25 3.84+0.36
Height of body 3.50~4.72 2.72~4.38 3.28~4.32 2.72~4.72 3.2247 0407 028" 0.1
1% 4875 Number of 43.96 +2.20 41.76+ 3.67 48.32+3.63 MOBEA2L e 6 s
buccal cirri 40.00 ~ 48.00 36.00~48.00  42.00~56.00  36.00~56.00 g ’ : :
EHERY Number of  302.28+15.80  310.60+14.70 323.00+17.02 311.96+17.8
F AR Number o * * * 1785 0701 832 20.72° 12.40°
dorsal septa 276.00 ~340.00  283.00~347.00 292.00~362.00 276.00 ~ 362.00
1588 & 3 Number of 55.76 +4.81 59.12+6.06 84.20+5.26  66.36+13.84
B8R 3 Number o * * * 206.704"* 3.36 28.44" 25.08"
ventral septa 47.00 ~ 66.00 49.00 ~ 69.00 75.00~95.00 47,00 ~ 95.00
L5 23 Number of 66.80+0.76 67.04 £ 0.54 64.88 + 0.60 66.24+1.16
85.232** 0.24  1.92" 2.16"
total myotomes 65.00 ~ 68.00 66.00 ~ 68.00 64.00 ~ 66.00 64.00 ~ 68.00
fifmfﬁt 38.80 +0.58 39.24+0.52 36.88+0.44 BALLIS e oaac Logt 2360
€T Ol Imr mes . . .
v oo 38.00 ~ 40.00 38.00~40.00  36.00~38.00  36.00~40.00 :
before atrioporal
H
ﬁi‘bﬂlrzfl?nmff 18.24 +0.60 17.56 +0.58 17.28 + 0.46 17692068 ot best 0.96° 028
es . . .
e o myoto 17.00~ 19.00 16.00~18.00  17.00~18.00  16.00~19.00 :
in middle
f:bﬁmf&t 9.76+0.66 10.24+0.52 10.76 + 0. 60 10.2520.72 o 0 o0t 0520
umber ol myotomes 9.00~11.00 9.00 ~11.00 9.00~ 12.00 9.00 ~ 12.00 : : : :
after anus
26.24+1, . . . . 25. .
HEFRE 6.24 + 1.45 24.88+2.39 24,92+1.29 5.35+1.86 4.748% 136° 1.32° 0.04
Number of gonads 24.00 ~ 30.00 20.00 ~30.00  22.00~29.00  20.00~30.00
8410, .7410. .94+0.07 0.8410.
Yp#E K (mm) 0.84 10,07 0.74+0.09 0.94+0.0 8410.11 8993 0.10° 0.09° 0.19
Length of rostral fin 0.68~0.98 0.59~0.99 0.78~1.03 0.59~1.03
Yi#E®E (mm) 0.87+0.08 0.74:0.10 0.78 +0.05 0.80+0.10
. L] ; » B - 0.04
Height of rostral fin 0.66~1.03 0.59~0.93 0.69~0.88 0.59~1.03 10.5137"0.147 0.10
4 (mm) 0.37+0.04 0.34+0.04 0.33+0.02 0.35+0.04
.986°* 0.04* 0.04° 0.
Height of dorsal fin 0.29~0.44 0.27~0.42 0.29~0.39 0.27~0.44 9.986°" 0.04% 0.04 00
BHER (mm) 0.41£0.05 0.35+0.05 0.40+0.06 0.3910.06
874" 0.07*  0.02 .05*
Height of ventral fin 0.34~0.53 0.25~0.44 0.29~0.49 0.25~0.53 10.874""0.07 0.05
igﬁ{f (mm) 4.06 +0.50 3.5910.41 3.86+0.40 3.83+0.47 340 0470 020  0.27°
ngth of supracau- 3.28 ~5.05 2,70 ~4.26 3.14~4.75 2.70~5.05 : ’ ' ’
dal fin
TR#K (mm)
5.79£0.47 4.94£0.57 5.58+0.41 5.43+0.60 .
.159*" 0.85%  0.21 0.64
R;EthdS"bca“dal 5.05~6.86 3.58~6.13 4.95~6.37 1.58~6.86 01397 085
n
LR#E (mm)
0.41+0.06 0.35+0.03 0.38+0.05 0.38 +0.05
i 833" 0.06° 0.03  0.03
“"l'_gh“’““p’m“d“l 0.32~0.64 0.29~0.39 0.29~0.49 0.29~0.53 10.8337* 0.96
m
TR#® (mm)
0.52 +0.05 0.42 £ 0.06 0.52+0.06 0.48 +0.08
. 701** 0.10° 0.00  0.10*
Height of subcaudal 0.44~0.64 0.34~0.59 0.39~0.64 0.34-0.6s 247017 0.10

fin

1. Z25## (Qinghuangdao population); 2. HFH B (Qingdao population); 3. JE[TFE (Xiamen population).
* P<0.05, **P<0.01 (LSD),
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& 3C B £ A A K 8 K G BB 25 ] B BB 4y R 2R B
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Fig. 1 Clustering dendrogram of Euclidean distant of
Qinghuangdao, Qingdao and Xiamen amphioxus
populations based on 18 morphological charac-
ters

1. #8558 # (Qinghuangdao population); 2. | % ff B
(Qingdao population); 3. [E[J## (Xiamen population).

2.3 XEBEINMHBESERINERSINE
g

=H B 75 HEART 18 NMESFIERI RS
SR RN, BEANERS I 18 W, Ht
A3 ERAHRITITEREN 60.87% (F2). F
1 ERAHREREN 28.69%, FEHLK. KE.
HFHER. L TREKARFHAR M NRTR
FHERTRE; B2 RN TREN 23.40%, *
BES5OM4MAN. BERERR. DA, BILAT
M. BRAELIEIS . LI ENSH%ET
BORHMERX; B3 EMAHITBREN 8.78%, KBt
TS RS MRIE. BRIL=Z 5, HeFRae
HRERENBME. T 3 M ERTHHE (B2) 7
LEE, IARAKRRAISH 3 K. BREK
B, FRABMEITEE, KYRkaRITHMEER
R—HB R KR, MRAZESME SN
FEFEAEE ENEE—ERXLNESR, ¥
HE RSB NHE, MEESMNESFEE
BHESERBEET, NMEREE &R 72 A 0
.
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3.1 ZHNEEMBENELSER
BEYRRESRBE S, BHERE—-E#HIAN
RAMEMTHLERMEZRNK. Zhang et al
(1988) WMEER. F%. B/ IXILBEBLEERE
MXEAESRHIELEREAN, Z2ER5HFRHX
B FBERER MM, MEEITHXEATEEE
FEAPTR EAEHEZEH. Cao et al (2001) iF
BERAR. FE. BII=SHRESIHEH T
FNA, ZHXBRAEESHFEMESKE LBF
—EER, UWAHBEESEFSXEAHLBRESE
BRI 458, Zhou et al (2003) = HAE S KB
RAPD A FHRicHAR, X EIRE X B AERWY 4
MR TR SRR, RAERRER
FICEfE THERE, KA RETHRES
tho AXEERFER, X EAMEE 18 MBS
B HFERERERBEELER, MLERS.
FRAE TSN BB, B Ak
HEE, RAH=# X EaMBERELESFIELER
AHBER, BBT 3 X AR EE. H
MAEXRESMRMER ST EE, FESFEN
HFHMBEEERE—R, MEMAHEUERTEHN
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Tab. 2 Factor loadings of principal components extracted from morphological
characters in three populations of amphioxus

FE RS> Principle component

PEAR Character
1 2 3
4K Length of body 0.859 -0.187 0.154
X% Height of body 0.603 0.065  0.332
%/ No. of buccal cim 0.448 0.660 0.038
HEEM No. of dorsal septa -0.077 0.535 -0.131
BEBE &S No. of ventral septa -0.094 0.915 -0.105
AL B3 No. of total myotomes -0.026 -0.882 0.133
BFLATAL Y No. of myotomes before atrioporal -0.098 -0.898 0.045
BEFLALI TEIALA L No. of myotomes in middle 0.33  -0.541 -0.129
ALY 3 No. of myotomes after anus -0.198 0.545 0.268
HERBEH No. of gonads 0.281 -0.239 -0.384
W85 ¥ Length of rostral fin 0.479 0.278 0.604
) #%E Height of rostral fin 0.558  -0.271 0.576
55 F Height of dorsal fin 0.620  -0.302 -0.294
&5 Height of ventral fin 0.633 0.117 -0.433
L B#K Length of supra-caudal fin 0.787 0.032 0.089
T RHK Length of sub-caudal fin 0.878 0.152 0.015
R #ER Height of supra-candal fin 0.639 -0.071 -0.339
TR#®E Height of sub-caudal fin 0.696 0.313 -0.251
B WAy TR HE Varance explained (%) 28.70 23.40 8.78
Rit F#k#E Cumulative percentage (%) 28.70 52.10  60.87
HIFM S
_ o Lactor3 O Hamin
.- - A A \& Qinghuangdao population
’ af A S\ w EEER
/ A A Qingdao population
i AL 1
\ A L;AA A 1 A SINEH _
\ é A A . v Xiamen population
S~ —A__ | I -
TN
WERS N BoEms
Factor! m ® | Factor2
1 © O, 3 \
] O@ o ; {
\\ o O - L] -n”® l'
N N © w,’
Seo o2 > : - - ’/
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Fig. 2 Plot of the first three principal components from PCA based on 18 mor-
phological characters of Qinghuangdao, Qingdao and Xiamen amphioxus
populations
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