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7L &% [Lota lota (Linnaeus) |, ® & &% % H
(Gadiformes) , #% #} (Gadidae) , VL% &, & A& K F
AR IR AR A K PR S, DAy SR E — R K
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P, SRRV VT 6% AR 88 20 /R S5 T VL AL 8 A
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PAAN A, BIVLES $i5 42 MV Fp A b 28 DR VL 65 W, 45
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SRRERTE UK. PRI e BFE . 184, AR
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1.2 A&

121 EEZFAUE o 2 MRS
2 J A AIE W & R 93 7 4% AR T 2. | EXCEL2000
F1SPSS10.0 A HEAT ST o3t W H AR AT
RS, LA P <0.05 AZEREE, P<0.01 HERN
B#. iHH Mayr % 57 24 [C.D=M,~M,|/ (0, +0,) ]
FFLL C.D = 1.28 1E N AR S FRuE &

122 FEIESH [ LEEE B H AR K
VAR P2 1 Rl Pasteur S5 #EE R TT 1k T, BEAT IR

KT B R R oA T RS R B K L G £ 43 AT BT
TRk H 3£ [ Sigma AT . B RSN
12.5%, YK R 454 TC-7.0, ZE{6iR (4 C ) 15
W (35 mA) S F T HIkZ 6h, HIKEER)E, ¥
RV et i W BB B S, 7% BERR 4 L T (0
RN, 7K D S5 A TR ARAE . BB 4 B R 1)
4 % M8 Shaklee % (1990) M7 (F£ D. 24
L L] P 2 G BRI B S S T E S
MR Nei” I H Ak P g R a7k s
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Tab.l Enzyme names, abbreviations and E.C. code of enzymes used for electrophoresis analysis

GhE: GHE 52

Enzyme Abbreviation E.C. code
HHEE -3- BEER NSRS Glycerol-3-phosphalate dehydrogenase G3PDH 1.2.1.12
AT I B Tsocitrate dehydrogenase IDHP 1.1.1.41
AR E Z S Lactate dehydrogenase LDH 1.1.1.27
3EIR R i Z i Malate dehydrogenase MDH 1.1.1.37
T 1% 48] 2 $ 247 i Phosphoglucomutase PGM 5422
FEE A ALEE Superoxide dismutase SOD 1.15.1.1

2 ERESH

2.1 EEEEFIESHITHELRE

BT8R R 5 T8 RE K M 4R K e
30.2~60.8 cm, 145 & 0.24~2.208 kg; 22411 FE/R TV 6%
FEAE KU 30.5~42.3 cm, 45 R & 0.235~0.638 kg,
BT EASR, 22 2 058 3 FIHL T £ 40 BRI
SRR /R S5 ST VLA, e PR AU R 40 SRR A B ) =
GevhHdE, gt T 38 TUAT Lh AR, ARYE Mayr 2
S RBA T T AT S 25 6 R EIR ) 2 A
FEMEAL B, F C.D = 1.28 ({0 Fh 22 A e R 1
B, HWIUA B L, ERESR . — 2R AR
THEKBES L (CD=135), 59— Tt Wi 15 %
& (C.D=1.60) .

22 REIEEHHT

Xif 22 A0 P JR AT VLA R R 55 1T VLA LA
WEAT (R TES 5> 47, BE IS an € 1 B 6 PhEg a0 %
T 8NN A (B 1), 9512 G3PDH .\ IDHP',
LDH". MDH-1". MDH-2". PGM’. SOD-1". SOD-2",
LL0.99 JgbmifE, 8 AN R f 22 A P R T VL
BEALE G3PDH “ i s Il 245, 2514 0.125,
BORFIMMIL SR A2 m RS (KD, T
G3PDH {7 /5 I, 240 PE R TAE BEAR TR *a f2E[A]
AR 0.790 3, *b 1 Hk KA 22 & 0.209 7 T & 7K
FEHTIAYLAS b (R DA A6 2 1, 18 B DR A 46
MK 22 A0 R JR T FIVER JR 575 357 Ve 8 4R 1) 7 350 WL
MZeEFE (H,) 535124 0.036 3710, TRIAZL & FF (H,)
G314 0.041 4 F1 0, 394 2050 BT (4,) 937
1125 7 1.
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Tab.2 Comparisons of morphometric characters of Lota lota populations in Duobuku’ er River and Eerqisi River

% 7% /R Duobuku’ er River URFHA Eerqisi River RO
B EHIF Morphometric character - _ - e ok cD
0% Range M=% SE 0 AF % Range  M,=+SE 0, I-test

AHRH A 43 E /% Measurements as percentages of standard body length

34 Head length 16.6~19.4  183%0.15  0.79 152~21.1 18.8%+0.16 167 195 020
4 Snout length 3.7~6.1 487+0.11  0.59 3.1~72  53%0.13 091  2.04* 026
HR {2 Eye diameter 24~3.1 2.76%£0.03  0.16 2.1~3.0  25%0.03 021 631* 0.78
AR J& 3k K 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
HR[H]BE Interorbital distance 5.05~6.47  5.72%0.08  0.39 57~11.7  68%0.12 085 597+ 0.83
47K Length of upper jaw 6.4~8.6 734£0.09  0.46 47-87  65%0.13 092  4.12% 056
FARE: Length of lower jaw 59~72  6.38%0.07 0.38 39~12.5  58+0.16 1.18 234*% 035
EWEE Depth of caudal peduncle 42~52  4.94+0.07 0.35 5.1~6.9  6.0%0.06 045 11.02%% 135
A Length of caudal peduncle 5.6~9.25  7.37+0.17 0.86 6.8~12.0  9.4%0.14 099 9.11** 1.10
T AUPE Predorsal distance 304~36.5 3324027 14 31.2~44.3 345+027 194 3.19% 040
BT EE Prepectoral distance 17.45~20.77 19.2%0.19 1 14.0~23.1  202£02 147 321** 041
BERTEE Preventral distance 14.51~17.89  16%£0.19  0.97 11.6~20.0 16.5+0.22 159  1.81 020
REHI#E Preanal distance 45.38~50.47 482+026 134  45.6~53.1 49.3%0.23 1.65 296** 036
2 —H 5  Depth of first dorsal 2.1~5.1 4144013 0.7 2.8~79  47+0.11 078 3.39% 041
% " #E 5 Depth of second dorsal 28~58  4.03%0.13 0.68 34~7.6  50%0.11 077 581* 0.70
P-V & Length of P-V 19~5.0  3.22+0.15 0.77 20~68  43%0.14 1.04 496** 0.62
V-A K Length of V-A 28.0~353 3234032  1.67  29.3~373 33.1£022 157 221¥ 026

B EEEL K Length of first dorsal — 6.3~9.6 7.88+0.17 0.88 5.9~8.3 78+0.76 5.5 0.1 0.02
B T #E5LE Length of second dorsal ~ 47.5~53.1  50.1+£0.27 1.43 45.8~60.7 48240.85 6.2 159 025

g R Length of anal 38.9~47.5  43.71£0.33 1.7 38.2~46.1 41.6£0.23 1.65 547* 0.64
Mg Length of pectoral fin 9.7~13.1 11.4%£0.18 0.92 10.1~14.5 11.8%0.12 0.9 1.82 0.21
AEHEK: Length of ventral fin 9.2~13.2 11.6£0.18 0.93 9.1~13.9 11.0£0.13 098 2.7%% 0.32
AH%T kK 43 H /% Measurements as percentages of head length
HR4% Eye diameter 13.3~17.5 15.1£0.22 1.3 10.4~159 13240.16 1.38 7.2%* 0.72
14 Snout Length 22.0~32.7 2661048 2.5 18.9~37.3 28.0+0.56 4.1 1.63 0.21
AR A]EE Interorbital distance 26.7~36.1 31.3+0.48 2.5 28.8~56.9 36.0+0.61 44 S5.13*%%  0.68
R J5 3k Postorbital section of head 53.2~65.1 58.5%+0.45 2.3 57.2~75.6  61.6x0.47 344 4.14%* (053
AR Length of upper jaw 35.3~49.0 40.0X£0.54 2.8 243~42.8 348+0.58 423 579% 0.74
AR Length of lower jaw 31.8~39.4 349%0.44 2.3 21.1~37.5 31.1£0.89 648 295%F 043

o KRMEE; ¢ P<0.05; *+ P<0.01; P HiliE; A BV OEES; =M, My/S, (In+1/ny) "% C.D=|M, M|/ (o/+3,).
Note: ¢ Standard divisions * P<0.05; ** P<0.01; P Pectoral fin; A Anal fin; V Ventral fin; (= (M, M)/S,, (1/n+1/n)"?; C.D=|M, M,|/(oi+0y).

R3 EHERUSHRFALESTHIELR

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

Z AT FE/RIA Duobuku” er River /KT H1iA Eerqisi River

St - — — { i
43 T4 AE Meristic character A% E A—4[ +SE . A5 E ﬁ_lzi SE o rtest C.D
Range Range

B — 1 #E85 4% Number of rays in first doasal 10~15  12.8%0.29 1.49 9~14 11£0.17 126 5.65** 0.65
2 #E#E 4% Number of rays in second dorsal ~ 72~85  79+0.61 3.19 68~86 77.5£0.57 4.13 1.68 021
&% 4 Number of rays in pectoral fin 17~22 1924025 131 15~23  194+024 174 0.63 0.08
JE#E#5 4% Number of rays in pelvic fin 5~8  6.74%0.11 0.59 6~9 7.6%0.11 0.8 521% 0.60
R g g 4% Number of rays in anal fin 66~80 73.9£0.72 5.77 64~77  70.9%0.49 3.59 3.42% (.32
B #g1% 4% Number of rays in caudal fin 35~47 41.6£0.65 3.36 29~43  36.6%X0.46 333 6.38% 0.75
HMIEAEZL Number of external gill rakers 7~11  8.8%0.23 1.21 7~12  93%0.15 107 185 021
P BEHE 2 Number of internal gill rakers 9~13  10.6%0.15 0.8 9~12  10.6£0.12 0.86 024  0.02
& 2 Number of vertebrae 56~66  62.41+0.33 1.74 62~67 64.1£0.14 099 5.64** 0.63
#17E % Number of pyloric caeca 19~53  36.8%£1.46  7.57 42~85  66.7+1.83 11.1 12.77%* 1.60

o KRMEE; ¢ P<0.05; *+ P<0.01; P FiliE; A BV OEES; =M, My/S, (In+1/ny) "% C.D=|M, M|/ (o +3,).
Note: 6-Standard division; *~ P<0.05; **- P<0.01; P-Pectoral fin; A-Anal fin; V-Ventral fin; = (M,~M,) /S, (1/n,+1/ny)"*; C.D=|M,-M)/ (6, +0,) .
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Fig.l 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)

R4 SWERAMERFT OISR EREENZE . S5MAA Y. FHREENTREVER
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

o [R] EEfor sefy 3 IR Allele frequency
Locus Allele LA £ K Duobuku’ er River HURTTHIA Eerqisi River
G3PDI* *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
Pogy 0.125 0
H, 0.0363 0
H, 0.0414 0
A, 1.125 1
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Lok e, oA FUEE AL TS i A R A
a0 A DX, W T H BIHT 0 AR R AT BE 1 L W
FH. BT HE D, TinE A E
K. BT ERITKAMILEE T T4 0
o 0“4l RV TAE N A7 43 A DX A2l , T HLASE
BENmEY R, LRSS R 5 w8,
ke

WEEHEEMBEYER T, WENH R
T WIS k. TR 240 PR R 5 BUR S5 v
B FEAR T2 & 2 B FE A A A0 1T 4 A0 1Y 38 Tt Al
Pk o, 18 B 2 5 B2 K (P<0.05) FH 28
i, Horb 26 Ik 21 22 {7 A B 3 K F (P<0.01), AT
DL A7 E 58 4 Hb PR B8 B 1) 22 A7 R /R ] R /R 5% 1 v
TLES AN TR (R O PEIR AR S 2 T+ BB 1. L C.D
15, 2245 PRI VT 66 145 2R 55 i o] VL 4 A T
PRTE R AP 0 ARG R 4 BRIl 1] S 2 500 H P
% B WK . Kirillov!™ Ak, W11 E T 10 5
H Z 5 2 WA RN VL 6% 1 £ TR ). A W25
TR A S A A R BB T K B R 4 B v
VT AT AR MR S Jb oK K & 1 DU R VT 65 1)
38 TR A IR BEAT X L, M 4E C.D {E R 2 1
B IR (TR BEA A K | -t ey 1) 5 3
) ZRIEFNL AT SR T RO 55
TN K, E A2 (B Y 2 55 J b e R () AR 57, AT 45
HE LA RV 6T 48 24 WM I 2518 . ARFTE
BT HHBUBE R, F IR R WA BRI AL
AlREfE T A R

Mayr 7£ #2 H H 2 57 R E0X A8 IR X 2 AP

R SR G 1 « < oeeeee D VR RV AT RE IR BNV 2
FE AT A_E 2 RV E I K, eeee

AT B H A KL, F LR M. McPhail '
BV VTS AT WA 4 2500 N A B F IR A=) =
$i A. Van Houdt % "' £ B) T & i 45 DNA 4
P8 3% b R R4 | D7 A VL ES AT T 5 280
GO A, VLA 43 2 V165 48 44 NV Ph F0 A6 32 B VT 62
WA, B2 IR A W R B AR A, [
TES VKA T 7 O 2 N T B s A 22
FOH . 2 AL R LR R EEAR T 2 2% B T 2 S B
BT T R 2R EES . S 2
TR AL A B — /N 0.15~0.30, P B N

0.03~0.08. F 212 25 A Ll 48] 2 DR P [R) ok )
AR PR 5, PEAR 8 A 1 AT IE 50%, Bk R
9% ", 22 AT R IR I RVUR 55 BTV A% 4K ) 42
AL RS2 R R 0.125 F110, 24 & FE5> 514 0.041 4
FO, VLI A BRI AL 2 AR LUK, IR IE
T VP A B R (B AR AR S R P 1 B bR 2 —, iR 4R
Nei'™ 07T, 77 B8 4 18] 1) 48 1% B B 2028 0,01,
WAL A 0.1, FhIE 2 K 1.0, F 5 R HFhEEE
A PR B Y 2 0~0.05, AN A& 0.02~0.2". R
B AHIEST ) 6 PRI 8 ANFE R {7 45, 224 P2 JR ]
FUUR ST I E57E 7 ARG S E £ 5, B1E
G3PDH ™ {37 55 ¥ 5 [R5 5 22 7t 1k B AL R 2 46
IR, PR BRI AR P B A 3 0.082 86, JRA B T
W FR K-

Gt o IR P AN VTS B R A 2 R AE LA L]
T B IR TT 45 B, I 45 & A 2% 3 Se i A 5% T
A, 4 35 V0K 2B 0 Y1 R8T 8841 /R 55 0] 7T 6
KA F A

ZEHR:

(1] ZE2E 20, 2R % PREKSKIESESE M. I
IR BITTRFERR BARAE, 2002: 198 200.

[2] Hubbs C L, Schultz L P. Contributions to the ichthyology of
Alaska with description of two new fishes [Z]. Occasional
Papers Museum Zoology, University of Michigan. 1941,431:
1 31.

[3] Pivnicka K. Morphological variation in the burbot, Lota lota
and recognition of the subspecies: a review [J]. J Fish Res
Board of Can, 1970,27(10) : 1 757-1 765.

(4] WEE®, S, 27N R 1], A2 EHR,
1958 (1) : 7 10.

(5] Z/R.CHERFE. IWSEZNIEMER M. 405t &
Z HARAL, 1965.

[ 61 Japan Fisheries Resource Conservation Association. Population
differentiation of marine organism by isozyme analysis// [C].
Report on the Genetic Assessment Project, Tokyo. 1989:
28-209.

[7] Pasteur N, Pasteur G, Bonhomme F., et al. Practical
Isozyme Genetics [M]. Chichester: Ellis Horwood Limited,
1988.61-150.

[ 8] Shaklee J B, Allendorf F W, Morrizot D C, et al. Gene

nomenclature for protein-coding loci in fish [J]. Trans Ame

PDF S i “pdfFactory Pro™ i RAG]&E www. fineprint.com.cn


http://www.fineprint.com.cn

%34

SR SR - BIEIT A7 R PR HT BBATU/R 5 HT I TS ) AR AL I A A AL 23 1 391

[10]

[11]

[12]

[13]

Fish Soc, 1990, 119: 2 15.

Nei M. Molecular Evolutionary Genetics [M]. New York:
Columbia University Press, 1987: 128 134 .

Kirillov F N, Ryby Yakutii. The Fishes of Yakutia [M].
Moscow: Nauka Press, 1972.

MR, BRI, AL, 5 BRI (Y MR R R AL 2K
Mtz [J]. B4, 2002,38(6) : 850-854.

McPhail J D, Lindsey C C. Freshwater fishes of northwestern
Canada and Alaska [J]. J Fish Res Board Can, 1970, 173: 381.
Van Houdt ] K, Hellemans B, Volckaert F A M. Phylogenetic

relationships among Palearctic and Nearctic burbot (Lota lota) :

[14]

[15]

[16]

Pleistocene extinctions and recognization [J]. Mol Phylogen
Evol,2003,29: 599 612.

Van Houdt J K J, Cleyn L DE, Perretti A, et al. A mitogenic
view on the evolutionary history of the Holarctic freshwater
gadoid, burbot(Lota lota) [J]. Molecular Ecology,2005, 14:
2 445-2 457.

JoHE, TR MR, % LRIEIEE T AT B AMSRER
A e G R LB AR R R A AL T (], I8 5,
2000,32 (5): 512-518.

RAEHN . (EXEF). o TR E@EE 5K M), b
5 R HRAE, 19751 121-203.

Morphological comparison and isozyme analysis of Lota lota populations in
Duobuku’ er River and Eerqisi River

ZHANG Jun-li', GAO Tian-xiang', FANG Hua-hua', GUO Yan®, YU Hong-xian’, LIU Man-hong’

(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 significant 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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