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1.2
1.2.1 2

EXCEL2000
SPSS10.0

t P < 0.05 P < 0.01
Mayr C.D=|M1 M2|/ 1+ 2

C.D 1.28 5

1.2.2
6 Pasteur 7

Sigma
12.5% TC 7.0 4 

35 mA 6 h
7%

Shaklee 1990 8 1

Nei 9 6

1
Tab.1 Enzyme names abbreviations and E.C. code of enzymes used for electrophoresis analysis

Enzyme Abbreviation E.C. code

-3- Glycerol-3-phosphalate dehydrogenase G3PDH 1.2.1.12

Isocitrate dehydrogenase IDHP 1.1.1.41

Lactate dehydrogenase LDH 1.1.1.27

Malate dehydrogenase MDH 1.1.1.37

Phosphoglucomutase PGM 5.4.2.2

Superoxide dismutase SOD 1.15.1.1

2

2.1  

30.2~60.8 cm 0.24~2.208 kg
30.5~42.3 cm 0.235~0.638 kg

2 3

38 Mayr

C.D 1.28 

C.D=1.35
C.D=1.60  

2.2

1 6
8 1 G3PDH* IDHP*

LDH* MDH-1* MDH-2* PGM* SOD-1* SOD-2*

0.99 8
G3PDH * 0.125

4
G3PDH* *a

0.790 3 *b 0.209 7
*b 1

Ho 0.036 3 0 He

0.041 4 0 Ae

1.125 1
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2
Tab.2 Comparisons of morphometric characters of Lota lota populations in Duobuku er River and Eerqisi River

Morphometric character
 Duobuku er River  Eerqisi River t

t-test
C.D

 Range M1 SE 1  Range M2 SE 2

/%  Measurements as percentages of standard body length
Head length 16.6~19.4 18.3 0.15 0.79 15.2~21.1 18.8 0.16 1.67 1.95 0.20
Snout length 3.7~6.1 4.87 0.11 0.59 3.1~7.2 5.3 0.13 0.91 2.04* 0.26
Eye diameter 2.4~3.1 2.76 0.03 0.16 2.1~3.0 2.5 0.03 0.21 6.31** 0.78

Postorbital section of head 9.8~11.6 10.7 0.09 0.46 10.6~12.8 11.5 0.07 0.54 6.92** 0.84
 Interorbital distance 5.05~6.47 5.72 0.08 0.39 5.7~11.7 6.8 0.12 0.85 5.97** 0.83
 Length of upper jaw 6.4~8.6 7.3 0.09 0.46 4.7~8.7 6.5 0.13 0.92 4.12** 0.56
 Length of lower jaw 5.9~7.2 6.38 0.07 0.38 3.9~12.5 5.8 0.16 1.18 2.34** 0.35
 Depth of caudal peduncle 4.2~5.2 4.94 0.07 0.35 5.1~6.9 6.0 0.06 0.45 11.02** 1.35
 Length of caudal peduncle 5.6~9.25 7.37 0.17 0.86 6. 8~12.0 9.4 0.14 0.99 9.11** 1.10
 Predorsal distance 30.4~36.5 33.2 0.27 1.4 31.2~44.3 34.5 0.27 1.94 3.19** 0.40
 Prepectoral distance 17.45~20.77 19.2 0.19 1 14.0~23.1 20.2 0.2 1.47 3.21** 0.41
 Preventral distance 14.51~17.89 16 0.19 0.97 11.6~20.0 16.5 0.22 1.59 1.81 0.20
 Preanal distance 45.38~50.47 48.2 0.26 1.34 45.6~53.1 49.3 0.23 1.65 2.96** 0.36

 Depth of rst dorsal 2.1~5.1 4.14 0.13 0.7 2.8~7.9 4.7 0.11 0.78 3.39** 0.41
 Depth of second dorsal 2.8~5.8 4.03 0.13 0.68 3.4~7.6 5.0 0.11 0.77 5.81** 0.70

P-V Length of P-V 1.9~5.0 3.22 0.15 0.77 2.0~6.8 4.3 0.14 1.04 4.96** 0.62
V-A  Length of V-A 28.0~35.3 32.3 0.32 1.67 29.3~37.3 33.1 0.22 1.57 2.21* 0.26

Length of rst dorsal 6.3~9.6 7.88 0.17 0.88 5.9~8.3 7.8 0.76 5.5 0.1 0.02
Length of second dorsal 47.5~53.1 50.1 0.27 1.43 45.8~60.7 48.2 0.85 6.2 1.59 0.25

 Length of anal 38.9~47.5 43.7 0.33 1.7 38.2~46.1 41.6 0.23 1.65 5.47** 0.64
 Length of pectoral n 9.7~13.1 11.4 0.18 0.92 10.1~14.5 11.8 0.12 0.9 1.82 0.21
 Length of ventral n 9.2~13.2 11.6 0.18 0.93 9.1~13.9 11.0 0.13 0.98 2.7** 0.32

/% Measurements as percentages of head length
Eye diameter 13.3~17.5 15.1 0.22 1.3 10.4~15.9 13.2 0.16 1.38 7.2** 0.72
Snout Length 22.0~32.7 26.6 0.48 2.5 18.9~37.3 28.0 0.56 4.1 1.63 0.21

Interorbital distance 26.7~36.1 31.3 0.48 2.5 28.8~56.9 36.0 0.61 4.4 5.13** 0.68
Postorbital section of head 53.2~65.1 58.5 0.45 2.3 57.2~75.6 61.6 0.47 3.44 4.14** 0.53

Length of upper jaw 35.3~49.0 40.0 0.54 2.8 24.3~42.8 34.8 0.58 4.23 5.79** 0.74
Length of lower jaw 31.8~39.4 34.9 0.44 2.3 21.1~37.5 31.1 0.89 6.48 2.95** 0.43

* P<0.05 ** P<0.01 P A V t= M1 M2 /Sw 1/n1+1/n2
1/2 C.D=|M1 M2|/ 1+ 2

Note Standard division * P<0.05 ** P<0.01 P Pectoral n A Anal n V Ventral n t= M1 M2 /Sw 1/n1+1/n2
1/2 C.D=|M1 M2|/ 1+ 2

3
Tab.3 Comparisons of meristic characters of Lota lota populations in Duobuku er River and Eerqisi River

Meristic character
Duobuku er River  Eerqisi River

t
t-test

C.D  
Range

M1 SE 1
  

Range
M2 SE 2

Number of rays in rst doasal 10~15 12.8 0.29 1.49 9~14 11 0.17 1.26 5.65** 0.65
Number of rays in second dorsal 72~85 79 0.61 3.19 68~86 77.5 0.57 4.13 1.68 0.21

Number of rays in pectoral n 17~22 19.2 0.25 1.31 15~23 19 0.24 1.74 0.63 0.08
Number of rays in pelvic n 5~8 6.74 0.11 0.59 6~9 7.6 0.11 0.8 5.21** 0.60
Number of rays in anal n 66~80 73.9 0.72 5.77 64~77 70.9 0.49 3.59 3.42** 0.32
Number of rays in caudal n 35~47 41.6 0.65 3.36 29~43 36.6 0.46 3.33 6.38** 0.75
Number of external gill rakers 7~11 8.8 0.23 1.21 7~12 9.3 0.15 1.07 1.85 0.21
Number of internal gill rakers 9~13 10.6 0.15 0.8 9~12 10.6 0.12 0.86 0.24 0.02
Number of vertebrae 56~66 62.4 0.33 1.74 62~67 64.1 0.14 0.99 5.64** 0.63
Number of pyloric caeca 19~53 36.8 1.46 7.57 42~85 66.7 1.83 11.1 12.77** 1.60

* P<0.05 ** P<0.01 P A V t= M1 M2 /Sw 1/n1+1/n2
1/2 C.D=|M1 M2|/ 1+ 2

Note Standard division * P<0.05 ** P<0.01 P Pectoral n A Anal n V Ventral n t= M1 M2 /Sw 1/n1+1/n2
1/2 C.D=|M1 M2|/ 1+ 2
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1
1~16

Fig.1 Isozyme electropherograms of burbot in Duobuku er River and Eerqisi River

Lanes 1 16 are burbot samples from Duobuku er River 17 27 are from Eerqisi River

4
Tab.4 Allele frequency proportion of polymorphic loci average heterozygosity and the average effective number 

of alleles of burbot in Duobuku er River and Eerqisi River

Locus Allele
 Allele frequency

 Duobuku er River Eerqisi River

G3PDH*
*a 0.7903 0

*b 0.2097 1.0000

IDHP* *a 1.0000 1.0000

LDH* *a 1.0000 1.0000

MDH-1* *a 1.0000 1.0000

MDH-2* *a 1.0000 1.0000

PGM* *a 1.0000 1.0000

SOD-1* *a 1.0000 1.0000

SOD-2* *a 1.0000 1.0000

P0.99 0.125 0

Ho 0.0363 0

He 0.0414 0

Ae 1.125 1
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Morphological comparison and isozyme analysis of Lota lota populations in 
Duobuku er River and Eerqisi River

ZHANG Jun-li1 GAO Tian-xiang1 FANG Hua-hua1 GUO Yan2 YU Hong-xian3 LIU Man-hong3 
1.The Key Laboratory of Mariculture Ministry of Education Ocean University of China Qingdao 266003 China 2.Xinjiang 

Weiwuer Autonomous Region Fishery Institute Wulumuqi 830000 China 3.The College of Wildlife Resources North East 
Forestry University Harbin 150040 China
 

Abstract Duobuku er River is a branch of Amur River. Two populations of burbot Lota lota in Duobuku
er River and Eerqisi River were analyzed using morphological measurement and isozyme assay. Thirty eight 
morphological characters were measured of which 26 68.42% showed signi cant difference P < 0.01  between 
the two populations. The difference of two characters ratio of caudal peduncle depth to standard body length 
and pyloric caeca number reached subspecies level by the criteria of C.D 1.28. Six different isoenzymes were 
assayed using horizontal starch gel electrophoresis. Results showed that these 6 isoenzymes are encoded by 8 loci. 
All but G3PDH* locus in population of Duobuku er River are monomorphic. Alle frequency at G3PDH  locus of 
the two populations are next to alle replacement. Nei s genetic distance was estimated as 0.0826 indicating that 
the two populations are different subspecies. Based on these present results and previous data of other authors
burbot in Duobuku er River could be regarded as a new subspecies. Journal of Fishery Sciences of China 2008
15 3 386 391
Key words burbot Lota lota morphorlogical character isoenzyme subspecie
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