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Divergence in Qinhuangdao, Qingdao and Xiamen
Geographical Populations of Amphioxus ( Branchiostoma
belcheri Gray) Based on Morphological Characters Analysis

YAN Lu-na!, ZUO Hui-kai', CAO Yu-ping?
(1. College of Biology & Engineering, Hebei University of Science & Technology, Shijiazhuang 050018, China;
2. College of Life Science, Hebei University, Baoding 071002, China)

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 etc., 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 buccal 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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Tab. 1 Difference on 18 morphological characters of Qinhuangdao Qingdao and Xiamen amphioxus populations

1 2 3 Total Difference F?
Morphological characters n =25 n=25 n =25 n=75
Fapm  1-2 1-3 2-3
mm 43.71+3.03 37.42+5.10 3B.67£3.34 3993474 L o
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 3.79+0.25 3.84+0.36 i 040° 008 o012
Height of body 3.50~4.72 2.72~4.38 3.28~4.32 2.72~4.72 : : : :
Number of 43.96+2.20 41.76+3.67  48.32+3.63 M8420
buccal cirri 40.00 ~ 48.00 36.00~48.00  42.00~56.00  36.00~56.00 ‘ ' ‘ :
Number of  302.28215.80  310.60214.70 323.00517.02  31L.96x17.85 oo
dorsal septa 276.00 ~340.00  283.00 ~347.00 292.00~362.00 276.00 ~ 362.00 : : : :
Number of 55.76 + 4.81 59.12+6.06 8420526 66.36%13.84
ventral septa 47.00~66.00  49.00~69.00  75.00~95.00  47.00 ~95.00 : ' ‘ :
Number of 66.80+0.76 67.04+0.54 64.8820.60 6624116 oo
total myotomes 65.00~68.00  66.00~68.00  64.00~66.00  64.00~68.00 : ' : :
N 38.80+0.58 39.24+0.52 36885044 33IxLIS L
tmber of myofomes 38.00 ~ 40.00 38.00~40.00  36.00~38.00  36.00 ~40.00 ' : ' ‘
before atrioporal
Nomber of motomes 18.24 +0.60 17.56 +0.58 17.28 +0.46 17695068 e 0.8
tmber 0! myotomes 17.00 ~ 19.00 16.00~18.00  17.00~18.00  16.00~19.00 : : ‘ :
in middle
Nomber of mvat 9.76+0.66 10.24+0.52 10.76 +0.60 10.25£0.72
tmber of myotomes 9.00~11.00 9.00~11.00 9.00 ~ 12.00 9.00 ~ 12.00 : : : :
after anus
26.24+1.45 24.88+2.39 24.92+1.29 25.35+1.86 pasc 136 13 0.04
Number of gonads 24.00~30.00  20.00~30.00  22.00~29.00  20.00~30.00 : : : '
mm 0.84+0.07 0.74+0.09 0.94+0.07 0.84+0.11 5003 0.10° 0.09° 010"
Length of rostral fin 0.68 ~0.98 0.59~0.99 0.78~1.03 0.59~1.03 ' ' : :
mm 0.87+0.08 0.74+0.10 0.78+0.05 0.80+0.10 0513 0.14° 010" 0.04
Height of rostral fin 0.66 ~1.03 0.59~0.93 0.69~0.88 0.59~1.03 : : : :
mm 0.37+0.04 0.34+0.04 0.33+0.02 0.35+0.04 0036 004 0.04° .00
Height of dorsal fin 0.29~0.44 0.27~0.42 0.29~0.39 0.27~0.44 ' : : '
mm 0.41+0.05 0.35+0.05 0.40+0.06 0.39+0.06 0874 0.07° 002 0.05°
Height of ventral fin 0.34~0.53 0.25~0.44 0.29~0.49 0.25~0.53 : : : :
et of o 4.06+0.50 3.59+0.41 3.86+0.40 3.83+0.47 a0 047 020 0.7
ength of supraca- 3.28~5.05 2.70 ~4.26 3.14~4.75 2.70~5.05 ' : ' :
dal fin
m 5.79+0.47 4.94+0.57 5.58+0.41 5.43+0.60
Length of subcaudal T o DU T 1597 0.85%  0.21 0.64"
Crr‘,g‘ o srbeat 5.05~6.86 3.58~6.13 4.95~6.37 3.58-6.86 20139 085
mn
i 0.41+0.06 0.35+0.03 0.38+0.05 0.38+0.05
Height of supracaudal = = o= o= 833" 0.06° 0.03  0.03
eflf" o7 supracauda 0.32~0.64 0.29~0.39 0.29~0.49 0.29~0.53 10.833°70.06
m
mm
Heiabit of e 0.52+0.05 0.42+0.06 0.52+0.06 0.4820.08 e
efl,g o subeaut 0.44 ~0.64 0.34~0.59 0.39 ~0.64 0.34~0.64 ' : : '
m
1. Qinghuangdao population 2. Qingdao population 3. Xiamen population
* P<0.05 **P<0.01 LSD
2.2 3 I’
1 75 17 57 % 12
40% 1 "
I 21 13 57 % 7 30%
95% 3
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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. Qinghuangdao population 2.
Qingdao population 3. Xiamen population
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Tab. 2 Factor loadings of principal components extracted from morphological
characters in three populations of amphioxus

Principle component

Character
1 2 3
Length of body 0.859 -0.187 0.154
Height of body 0.603 0.065 0.332
No. of buccal cirri 0.448 0.660 0.038
No. of dorsal septa -0.077 0.535 -0.131
No. of ventral septa -0.094 0.915 -0.105
No. of total myotomes -0.026 -0.882 0.133
No. of myotomes before atrioporal -0.098 -0.898 0.045
No. of myotomes in middle 0.334 -0.541 -0.129
No. of myotomes after anus -0.198 0.545 0.268
No. of gonads 0.281 -0.239 -0.384
Length of rostral fin 0.479 0.278 0.604
Height of rostral fin 0.558 -0.271 0.576
Height of dorsal fin 0.620 -0.302 -0.294
Height of ventral fin 0.633 0.117 -0.438
Length of supra-caudal fin 0.787 0.032 0.089
Length of sub-caudal fin 0.878 0.152 0.015
Height of supra-caudal fin 0.639 -0.071 -0.339
Height of sub-caudal fin 0.696 0.313 -0.251
Variance explained % 28.70 23.40 8.78
Cumulative percentage % 28.70 52.10 60.87
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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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