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Abstract; Conservation biologists pay increasing attention to the interdependence between habitat structure and genetic
patterns of species and to the importance of conserving genetic diversity. Habitat loss and fragmentation are among the
mostly threats to biodiversity loss and species extinction. Black muntjac ( Muntiacus crinifrons) , one of the rarest deer in
the world, is listed in Category I of the State Key Protected Wildlife List of China and Appendix [ of the Convention on
International Trade in Endangered Species ( CITES), and is also considered as a vulnerable species by the World
Conservation Union ( ICUN ). Because specific ecological characteristics and their interactions with environmental
conditions , this specie is threatened by habitat fragmentation and many other severe problems. However, most studies have
not provided clear insights into effects of habitat fragmentation on gene flow of the black muntjac. In order to understand the

mechanisms and provide information for effective conservation strategies of the black muntjac, it is necessary to study how

ESWE: BR 8 ARG R BT A (30370219)

U548 B #7:2006-10-18 ; 4&iT B #4:2007-12-12

EEE T ERR(1980 ~) B WHLEHA, WL, TENEIHWESEBIF. E-mail: chy1 944@ 163. com

# JBINAMEE Corresponding author. E-mail; baoyix@ 21cn. com or sky90@ zjnu. cn

Foundation item: The project was financially supported by National Natural Science Foundation of China (No.30370219)
Received date.2006-10-18; Accepted date.2007-12-12

Biography . CHENG Hong-Yi, Master, mainly engaged in wildlife ecology. E-mail; chyl944@ 163. com

http://www. ecologica. cn



1110 £ K5 % K 28 %

the influences of habitat fragmentation on gene flow of the black muntjac. The goal of this paper is to compare the degree of
habitat fragmentation and gene flow and provide effective conservation of the black muntjac.

We digitized the vegetation map, topographic map, river map, road map and village map of Jiulong Mountain and
Gutian Mountain Natural Reserves by geographical information system( GIS) to compartmentalize patch of habitat fragment
and extracted mitochondrial DNA from black muntjacs organize and feacal samples that collected in those patch. The result
show that degree of habitat fragmentation in Jiulong Mountain Natural Reserve was lower. The medial gene flow( N, ) was
3.65 in Jiulong Mountain Natural Reserve and it was observably larger than in Gutian Mountain Natural Reserve. We show
that habitat fragmentation affects gene flow among populations of the black muntjac. One of the main goals of conservation

should be to resume habitat of the black muntjac in order to increase populations size, genetic diversity and gene flow.

Key Words: Black muntjac( Muntiacus crinifrons) ; habitat fragmentation ; gene flow
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BB BRI P A i e, LA R SRR B AR B L
1 BHRAZE
1.1 R AR

JulBll BARRY XA FHITIE %8 B Fa RS, HiAb i H B =8 3 A4k, 118°49'38" ~118°55'03" E, 28°
19'10" ~28°24'43" N, BRA R I RINEWH—A43 32, FH%K 1 000m DL b, B IR —RILER, &
R 55.25km*, T BILAF 118°52 E, 28°19’ N, ¥4k 1724m,

o H L B AR X AL T HITLE LB ST LA, STP48 2R B AT 48, 118°0349. 7" ~ 118°11'
12.2" E,29°10'19. 4" ~29°17'41.4" N, & 81. 07km*, 7 HILJBEFI8 11 B E 1L BRI —BR4), BB R EH-
EHRMYX R EESE , FIEFREIR 1 258m,

X HE P TR BIEERX , ZEERNEER K, ~FPSEEHBHNEN 2. AERE TS+
B R T BRI, M EAE R 2 B S AR, LLF W ( Cyclobalanopsis glauca ) g RH P2 B i B 9% B BLA%
., RNSYXRBARER, EPTRARWEREFIRER

BT A B AR R X HEE—E R A, AR A T 35 EE s B8-S BRI X A 3R R S ki

hitp : //www. ecologica. cn



3 RER % REE(Muntiacus crinifrons ) .8 3 Fr WAL R B 2L R G 2 M 1111

ERRFH,
1.2 83 A TR I E
1.2.1 1083 A BTSRRI R 5>

AP R RBTLAE PR KA IR AT B LA R B A B P B A S Rl
Fo W TLER A RREREE %, 456 SOh IR, SRR §Y X A9 1:100000 B+ 307 F I, i2 A GIS 3 #F
mapinfo 6. 5, 3L 2 & h05rA , K43 U LA S BL AR 7 IX B9 R BRI A TR SR, SRR S X BT
BB R MBS B X1 h BRSBTS R S W R B B R R
1.2.2 183 LR BRI E

AGB 0y TR B A S WA BORIIE . R TSR Wik I 48 3, B sNF S84
BT REEBII, R T AR WE T i, Ko AT A L RIEREBA R AEREY " 3
AR R R BB A R S B R B B A BB R R LR B
R T SR B I EA R i — SR R

ABRFER LA T 18 B0 E FR FEAT S B i TR AR K

(1) T E I3

PD = Y n/A

A H, PD RFEHEE R IR Zn AT X ABESR B8GA WP XK BER . BIg B ERR, AR R
B
(2) BB 5K
FN, = (N, -1)/N,
FN, = (N, -1)/MPS
KA, FN OB X R R BT 05 Np Dy BB B 505 Ne Dy BT X B4 B T AR5 e/ N BRESR T ARG L
1B FN, 9 R BRSSO IR B 15 80 MPS D9 B A~ S BEER T A s N, R SR LB B SR B O R
¥ Ho, FN\5FN,e(0,1),0 RARWEEREHIN,1 ARG TLEHIR.
(3) B %K
N,=D./S,

D, :%«/ n/A

S, =A,/A
AN R RIZEE § MBS ETE 8 D, o2 EY § BRI 8 n RIS EY © BT H ;A AR HE
BER(hm®) ;SRR | MTEAIEEGA VR i MER (hm®) , 28 EBK, FRBERBE L,
B AR A,
(4) F LR R4

F=1 x (A,/A)?

_v.l
=D,
D, = P./(2 x \/7A,)
AH, D, RIS RIBEG P, RFH ALK A, RS i WA R HAEH;n BESHHE., FHEAK,
T A TR A .
(5) WL FRAE SE T AR A AR AL 8 5k
FI, =1 -Ai/A
FI,=1-Al/A
A, FI A FL 2R BN ERAE SR AR R AL 8 45 Al B3 — RSB YRR T AR AL B R e HY

hitp : //www. ecologica. cn



1112 £ K5 % K 28 %

BRAHTHGA RBEWESER . FIL A FLEER, R B R R
1.3 R WA RN I
1.3.1 HRERE
FEX 2 MR F R WAL TEER PR AR IR SEAT R BB 2 A B R . TR RR A U
(LA B2 B ke ) BRI, SRR R, FFSE i BEAT GPS AL, LI & R B AVRE L i B WS Fr WAL BB
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Table1l Summary information on the samples of black muntjac used in this study

SRAE S A biie 33 R REFAAR U =3 N SRAE R (8]
Sampling site No. of patch No. of individuals Tissue sample Observations Sampling year
VAR A=Y 1WAl 1 1 WLE Muscle BfH: Wildness 2002
AR 1 JE Skin B4 Wildness 2000
Jiulong Mountain 2 2&{H Faecal L2y 2005
Natural Reserve 2 2 BE B 2005
4 2 #fE By 2005
6 1 BE Bpa: 2000
1 #fE By 2005
8 2 #fE By 2005
9 2 #fE By 2005
10 1 BE Bk 2000
2 %M B 2005
12 3 (0 Lagey 2005
13 2 (0 Lagey 2005
AL E 1 1 Lpg Uiy 2004
ARRPX 1 BE Lo 2003
Gutian Mountain 1 BE B 2004
Natural Reserve 2 1 BE B 2004
1 BE B 2003
3 1 BE Bpa: 2003
1 #fE By 2004
6 1 BE Bpa: 2003
1 #fE By 2004
7 1 LA Bpa: 2004
1 #fE By 2003
13 1 BE Bk 2003
1 %M B 2003
16 1 (0 Lagey 2004
1 BE B 2004

1.3.2 2otk DNA BO4RE 33 R FF

PB4 SRR LR VR DNA $REUR 3L PCR 9 R AR R 8% 1 ik, DNA 2l Kl fF R A
R BRT BRI E"
1.3.3 FdE2r

FFFI4R A Clustal X 344547 DNA FP3HES, SR LA A T8, i MEGA2. 1 SR 2547 7 37 ELEE A AR
SR, B E R A FEAER . B2 T8 57 5387 B (Analysis of molecular variance, AMOVA) THAR &8 5
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FERPRE I AIFRRE RIS 0 A K Fo {8, ST HHES MBS (Permutation test) Kude F, B & H(EERHOY 1 000) . 5
TAFMERM ARLEQUIN 2.0 ESEa. FHEFEIZEHERA N, Rt
N,=(1/F,-1)/2

2 £R
2.1 Rl 45 R

R FF G R A UL B AR X BEFE MR R 13 SR Wb B (B 1) . KB 8RR
P IX R B R 73 21 A AL TESR (18 2) o MBI R] LUK, A BB 2 W) OB R 3 4l , X Be Bk
VB 9 25 [ T REAS 2 LA R ] 7R PR PR SR 4 e, B AR A S B O 8 B T IR B AT BT . ZEBR
BB E B g R R RS TR R, A\ 9iEshE S, v I Oy 2 BT R BE i A 2 B 32 i B
RHIER

B 1 SulBil B AR X RS M TGRSR B2 L ARG X 5 LR
Fig. 1 Habitat fragmentation patch of black muntjac in Jiulong Fig. 2 Habitat fragmentation patch of black muntjac in Gutian
Mountain Natural Reserve Mountain Natural Reserve

2.2 S TR B B E A 2R

ggitt s, Uil BRI XA B B R R X RS M Wk isBink 2 fiR. TR,
T H B AR X BB S MR R R I BRRY KR, B 1.2 GEBIE & il 8RR
X PR PR B A BB LU B RRP R E L E R, H/MERERE S
2.3 R AbRR RO 2R N E A 2R
2.3.1 AR s KRR E

SH R ,37 A REAMARE R B ZORI R DNA 6 X EF F e & 19 MERAA IFRIE LT 12
R (3R3). H, BENBIAREMEAE 7 M EER(SIL ~8)7) Jrbd BIURBREHA 5 R 558
(KG1 ~KGS5),

2 AMRYP X WAL SRR XTI B AR R AR R LR 4
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£2 AZLBAKRP NGB BAR KRB LR
Table 2 Habitat fragmentation values of Jiulong Mountain Natural Reserve and Gutian Mountain Natural Reserve

2223 FBR LR 3 T F TR PARRAE I T AR AL 3L
FAP X (PD A~/km?) Index of landscape fragmentation 2 Tod B% ' F5%L F Index of Index of inside habitat
Natural Reserve  Index of patch FN FN. noex o fragmentation area fragmentation
. i A separateness d d
density egree FI FI,
. Al . 0.2253 0. 0065 0.0425 0.0366 0.88214 0.336 0.419
Jiulong Mountain
wHl 0.2411 0.009 0.0839 0.0428 0.94037 0.425 0.516

Gutian Mountain

£3 TABRENEZEEDNA HERERRFFINERIRREELHAGE
Table 3 Mitochondrial DNA control region haplotype defined for black muntjac

AR BT R SRR AL AR TR SRR BRI
Individual and haplotype Variation position Individual and haplotype Variation position

[111 222 222 233 333 344 4] [111 222 222 233 333 344 4]

[089 155 567 802 248 802 3] [089 155 567 802 248 802 3]

[820 634 792 313 675 789 3] [820 634 792 313 675 789 3]
SJ1-1 ATT ATC CTG TCT CTA ACC T SJ7 -2 ATC GCC CCA CCT ATAGCTT
SJ1-2 SJ7-3 ..CGC. .CAC.. A.. G.T.
SJ1-3 SJ7-4 ..CGC. .CAC.. A.. G.T.
SJ-4 KG1-1 G.C.CA.CACTC.CG.TT G
SJ2-1 ..C. KG1-2 G.C.CA.CACTC.CG.TT G
SJ2-2 ..C. R KG1-3 G.C.CA.CACTC.CG.TT G
SJ3 B O & KG1-4 G.C.CA.CACTC.CG.TT G
SJ4 .C.C.. ... ..T. KG2-1 ..C..ATCA..C.CG.T. G
SJ5-1 ..G..TG KG2-2 ..C..ATCA..C.CG.T. G
SJ5-2 ..G..TG KG3 .CC..A.CA..CAC. .TTG
SJ5-3 ..G..TG KG4-1 C..A.CA..CACG.T.
SI5-4 ..G..TG KG4-2 C..A.CA..CACG.T.
SI5-5 ..G..TG KG4-3 C..A.CA..CACG.T. .
SJ5-6 ..G..TG KG5-1 C..A.CA..CACG.T. G
SI5-7 ..G..TG KG5-2 C..A.CA..CACG.T. G
SJ5-8 ..G..TG KG5-3 C..A.CA..CACG.T. G
SI5-9 e it e e . GLTG KG5-4 C..A.CA..CACG.T. G
5J6 B & KG5-5 C..A.CA..CACG.T. G
SJ7-1 ..CGC. .CAC.. A.. G.T.

v son BERN R RAR, AR RA 55— BAEE (KGL) A i R4 A, ST f KG 25 2kl B AR KRR E EIL A
RIFEPXEBEMNYE Numbers( vertical ) showing the variation positions among black muntjac haplotype; The haplotypes designations SJ and KG are

abbreviations for the population introduced from the Jiulong Mountain Natural Reserve of Suichang and Gutian Mountain Natural Reserve of Kaihua

2.3.2 TAERSHAERR
Jueill BARRSXFI il AR R X BB WL AR FE (R 5,38 6) , RBL—&0 0 i Wi AL e 1|
) F AR, X U 8k b AL R AR R RO R A G R B, O T T30 2 AR X b Rp e i ZE B it
FTHEL R T Gamma N FH(FK 5.3 6) AT REERKNMGEE EH ALY
N, =(1/Gamma, -1) /29
HZARLMEE T 2 MRIPX B ER B LM EEE R (R 7.8 8)

O HFEREARRE RS R AT FFINRE ST KeERRIUES LRSI GRY KRR RELIEI0E ,2005,21:1 ~36.

Incidental catch of loggerhead sea turtles( Caretta caretta) in the Mediterranean; conservation consequences of genetic heterogeneity between foraging
grounds. United Nations Environment Programme, Seventh Meeting of National Focal Points for SPAs. 2005, UNEP( DEC)/MED WG. 268/inf. 21 ;1
~36

hitp : //www. ecologica. cn



3 RER % REE(Muntiacus crinifrons ) .8 3 Fr WAL R B 2L R G 2 M 1115

MR T 3R 8 W LIEREMA H Ukl BRI X EBER BEM RN EFNRERTHHILERRIRXR
B R Wb b, PRI EIL (3. 64748) I B KT H HIL(1.12041) o AR HILRY X B
RO BERIR LU IR K] (BFRZERIR N, B R KT 1, W& A Wik Rt R e — €2 E T,
BRI A B AR PR SR AR X e ) ) 22 R 3 P B R B S o

F4 ARLTHELBBKERY R FERERER IR E R A AR
Table 4 The haplotypes of fragmentate patch in Jiulong Mountain Natural Reserve and Gutian Mountain Natural Reserve

Judel AR X HHLERRFK
Jiulong Mountain Natural Reserve Gutian Mountain Natural Reserve
RS AL 8 el BER RS FEAEL el BEE
No. of patch No. of individuals Tissue sample haplotype No. of patch  No. of individuals Tissue sample Haplotype
1 1 ALP] Muscle SI5 1 1 LA KG5
1 Bz Skin SI5 1 BE KG5
1 2&{# Faecal SIs 1 3&E KG5
1 E{( ST 2 1 E{( KG1
2 1 #fE sJ6 1 KE KG1
1 E{( SJ1 3 1 BE KG1
4 1 E{( SH 1 E{( KG2
1 E{( SI5 6 1 BE KG5
6 1 B% sk 1 £ KG1
1 E{( SI5 7 1 A KG4
8 1 E{( S 1 E{( KG2
1 E{( SI3 13 1 BE KG3
9 1 [ sn 1 [ KG4
1 #fE sy 16 1 ] KG5
10 1 BE sI7 1 BE KG4
1 BE SJ7
1 £ SJs
12 1 E{( SJ1
1 £ SJs
1 £ SJs
13 1 E{( ST
1 £ SJs
£5 ARLBAKRPRBREFFLHEL F, R Gammay B
Table 5 F,, and Gamrma,, values of black muntjac in the Jiulong Mountain Natural Reserve of Suichang
BEBR Patch 1 2 4 6 8 9 10 12 13
1 - 0.36538 0.17742 0.12069 0.51471 0.84483 0.43258 0.00833 0. 06250
2 0.37500 - 0.41176 0.23077 0.50000 0.94872 0.44010 0.30556 0.20000
4 -0.22222 0.16667 - 0.11111 0.41176 0.77778 0.27778 0. 16667 0.17647
6 -0.37500  -0.25000  -0.60000 - 0.23077 0. 80000 0.32292 0.09091 0. 06667
8 0.58333 0.33333 0.16667  —0.25000 - 0.94286 0.42204 0.47917 0.42857
9 0.92308 0.94737 0.75000 0.77778 0.94118 - 0. 16667 0.84375 0.85366
10 0.39506 0.46512 0.11111 0.20000 0.43902 0. 00000 - 0.40230 0.36198
12 -0.40000 0.18182  -0.28571  -0.50000 0.47059 0.89655 0.36066 - 0.02778
13 -0.50000 -0.33333  -0.40000 -0.75000 0.20000 0.84211 0.29268  -0.66667 -

AL EF N Gamma, ,SHHALXT N FMH Above the diagonal; Gamma, ,Below the diagonal: F,, values based on haplotypic frequencies

hitp : //www. ecologica. cn
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F6 HHLARRPERERFELMBED F, R Gamma,, B
Table 6 F and Gamma,, values of black muntjac in the Gutian Mountain Natural Reserve of Kaihua

Bk Patch 1 2 3 6 7 13 16
1 - 1. 00000 0. 50000 0.37500 0.37500 0.37500 0.37500
2 1.00000 - 0.33333 0.33333 0.79310 0. 75000 0.92593
3 0.24895 0. 00000 - 0.07692 0. 28000 0.37500 0.44000
6 0.00000 0. 00000 -0.71566 - 0. 28000 0.28571 0.33333
7 -0.00186 0.77037 -0.12362 -0.12401 - 0.26316 0.20000
13 -0.00210 0.71549 0.09193 -0.10985 -0. 16569 - 0.23077
16 0.00000 0.92367 0.22240 0.00120 -0.33364 -0.25026 -

AL EF N Gamma, ,SHHALXT N FMH Above the diagonal; Gamma, ,Below the diagonal: F,, values based on haplotypic frequencies

£7 AZLBRARPRERFEFEHBEHERR (V)
Table 7 N, values of black muntjac in the Jiulong Mountain Natural Reserve of Suichang

PR Patch 1 2 4 6 8 9 10 12 13
1
2 0. 86844
4 2.31817 0.71430
6 3.64285 1. 66666 4.00005
8 0.47142 0.50000 0.71430 1. 66666
9 0.09184 0.02703 0.14286 0.12500 0.03030
10 0. 65586 0.63611 1.29999 1.04837 0.68472 2.499%4
12 59.5240 1.13634 2.49994 4.99995 0.54347 0.09259 0.74285
13 7.50000 2.00000 2.33334 6.99963 0.66667 0.08571 0.88129 17.4986
SE5 Average 3.64748
SALT AN N, {8 Below the diagonal: migration rates(N,, )
#8 HHUBARPRERFEEHBEHERR (V)
Table 8 N, values of black muntjac in the Gutian Mountain Natural Reserve of Kaihua
Bk Patch 1 2 3 6 7 13 16
1
2 0.00000
3 0.50000 1. 00002
6 0.83333 1. 00002 6. 00026
7 0.83333 0.13044 1.28571 1.28571
13 0.83333 0. 16667 0.83333 1.25003 1.39999
16 0.83333 0. 04000 0.63636 1.00002 2.00000 1. 66666
SE5 Average 1.12041

SALT AN N, {8 Below the diagonal: migration rates(N,, )

2.3.3  ENFA R WL TSR A] 2 R B B

P P9 2= IR AR BE AR B9 A B S IR AR EE ARG A i A% L SEIARL , X sl R BE B PR B A R, $RER B PR
X [ps N R N R S B A A A N TR - 353 B 2.2 N W AT = B i w2
EAR TR X B4 PR BT B W7 S ke 2 ) 54 e 20 B g P R ) R A P A S ik oA I 304 SR B,
2 AMRIP X B R B B TR B B B AR R K R A R M R &R, 3 P E M50 0. 117 F1 0. 804, ¥ KT
0. 05, A WAB ST F Wik BES A R BB i R R Z R AT S E R PR R R R, %257 02— i S
Wb T IR, 3R 7.8 SR BIRFAL AR TSR AR B/ MEE R B BOR R BEAR , H B 4 R IR W B8
/NREBA KIS 47 B H 25 B B )R B TS R o
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L5

_ 5 y=-0252x+03182 - . o N CE o TN
ES) . 40 R*=0.1019 :E) 05 1. -
3 o Yl e S —— TS
< \'\0.5; 20 -1.5 1.0 -05 0.5 1.0
k> . * & 05,
o | | L% \ | | Fog _ L
it * * 3 ry 2 1.0
E 20 -15 -10 -05 o 05 10415 20 = y=-01907x+0.153 |5 |
- , 2 — * e

5 s L, . e R?=0.0069 o

H P BB B (gL HuPR PR AT HA (12L)

B3 Ukl BARY K R WSS 3 R B B B S R E B4 HELARRYRERBERMER R E R S ER KA

FEEH KT
Fig. 3  Correlations between gene flow level and the geographic Fig. 4  Correlations between gene flow level and the geographic
distance in the Jiulong Mountain Natural Reserve distance in the Gutian Mountain Natural Reserve

3 g

B2 DNA FRCEoR BT 2R T 0T EREM R ZA-GUR T, EFRER 2= BIR S 451 R R AT
FIBIEZ L SRNAERBAR (3S) HEER, T T o TESFE ST RERFNE G BT E P SR 5
SFEEE  MEER TG SER GRS G RERRNEERRARE™ , £EE
HRA R H &, BREER AR RIE D& . BEFEDS AENTFHEREMIIE
P, EHI5 B R R RGN T A I T BB , 3 T HBR_E B R ZHY T, R HE T = R R AT
e, A RAEYIAT R S, & R B R IR R AR REDL M , 6 RssURi e Ia] tH BRA R AR B A 2 5

HEMRFR A 7S B AR ER 08 2 . BRI E T . LRSS, B TEEAAEBR
FHRERY RERE R R , B BIHEDI R 2 B R LB 2 B0 HE R AR AR R A TH R, B Fdk. X F
PRI 270 57 RECERI, FAEDE OV IER, W LUE R A GBI RERI K ZE R R (V) , #E47 LB, AR EF
FERIEE R K P38 55 , (B 2 &R AL T Rl — R E X8, @l FETRER B W HT T N,, A5
RAT Gamma AR FAEBAT N, KEE B3 TERENSGR

FERBESEHI S P , AR PP RE Y BB BRI RS 8 3, TH R BT St , F- IR AT T B BT
IR, RGBT E S, BT R B, MR (R F A S IR R R 1B O BB S I, AT R B9
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