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(2 ZRAURAE K2 A A Bl 25 B, WA JKIE 150040 )

FE. SRR, =AW R A AR o WK R, T e YR R A e BB RS B, 2003 4F, EH PR
ST RAFHERE TGRS AR B MESA X, TS KA RN, FRELT,
S R EIR . S HETRERRSEL ERER . R SRV ACEXT AR P i BA R EE L, A
T FE LLZeti{A DNA D-oop [X 490 bp B2 v Bt Ry 3 Fhmic, WE AT 7R Bk BE . 2% [ 30 Fh oA 48 47 W7 F 3t 35 4>
FEARRFHI 5, AT EEAR S, BILEI 4 R f5AY, Brd 21 NG RISREAE 35 | R s il R &
RWIREE (ML) | K22 (MP) | 4BEevL (NJ) M DU i (Bayesian) 48 (1Y 5 48 E (LR 3 W11 R B
FIES REW R LR, B2, —FH WAL —ERIE &b, 15T B RS 2% [E 0 Fh A58 15 15 % 4 (E R
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The origin and phylogenetics of Hainan Eld’ s deer and implications for

Eld’ s deer conservation
ZHANG Qiong' , ZENG Zhigao , SUN Lifeng ", SONG Yanling

(1 Academic Key Laboratory of Animal Ecology and Conservation Biology, Institute of Zoology, Chinese Academy of Sciences, Beijing
100101, China)
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Abstract: Eld’s deer ( Cervus eldi) , a highly endangered cervid, includes three subspecies (C. e. eldi, C. e. siamensis and
C. e. thamin) that distribute in Southeast Asia and one separated population of C. e. siamensis occurs in Hainan Island of China
named Hainan Eld’s deer. The endangered subspecies C. e. siamensis has been extinct in wild in Thailand over several dec—
ades. Recently, a conservation program has been launched in Thailand to establish wild population of C. e. siamensis from cap—
tive breeding deer in the zoo. Hainan Eld’ s deer has been considered as supplement resource for the reestablish deer population.
In this study, we analyzed variation in the mitochondrial DNA (mtDNA) D-oop sequences of 35 Eld’ s deer samples, including
two Eld’s deer subspecies (C. e. siamensis and C. e. thamin) and Hainan Eld’s deer to address the following questions: (1)
where did the Hainan Eld’ s deer originate from; (2) the relationship between Hainan Eld’s deer and subspecies C. e. siamen—
sis, and (3) the genetic diversity of Hainan Eld’ s deer population. Four haplotypes were observed in all samples, all the sam—
ples of Hainan Eld’ s deer shared an identical haplotype. We constructed phylogenetic trees by Maximum likelihood ( ML) , max—
imum parsimony (MP), Neighbour—Joining (NJ) and Bayesian method using the results of this study with sequences data provid—
ed by GenBank together. The Hainan Eld’s deer and C. e. siamensis were clustered together by MP and NJ method, however,
some genetic differentiation was detected between the Hainan Eld’s deer and C. e. siamensis. The average genetic distance is
0. 026 between the Hainan Eld’ s deer and C. e. siamensis. Our results suggest that Eld’ s deer could distribute via land bridge
from the South-easten Asian mainland to the Hainan Island during the Pleistocene (0. 69 Mya) when the sea level of Beibu Gulf
seacoast went down in glacier age. Our results indicate a long-term historical isolation of Hainan Eld’s deer population from its
original resource. Therefore, we do not recommend using Hainan Eld’ s deer as supplement of C. e. siamensis. We recommend
C. e. hainanus and C. e. siamensis should be both managed as evolutionarily significant units (ESUs).

Key words: Conservation; Genetic diversity; Hainan Eld’s deer; Origin; Phylogenetics
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YelE (Cervus eldi), N ZAVERE. EMEE, EH
WH, RAWH, BR, BWR, JEmhL EE)
Zor A TR RE (K1), i TA g R 5
WA, DL R NN b iy BE TR AR, B AP R
Ko 208 F B (McShea et al. , 1999 ; Bhumpakphan
et al. , 2003 ; Dang and Thuy, 2003 ; Johnson et al. ,
2003; Singh, 2003; Weiler, 2003; Zeng et al.
2005) , HHET, ZYRhg (e BF A shi Y kb [ Pr
o AN2)) (CITES) 814 B st —#fh, with 5t A
SRIRIPIR B (TUCN) 2R i fe Wy ph, 15580 285
WHZYF LS 3 AN (Whitehead, 1972 K
1), H, gifa A (C. e thamin) iR Z,
W)z oA TR E g, o H RS
A4, K#£12200 3k (Aung, 1994) , HpAiiE
37 H 3545 /N (Meshea et al. , 1999), TUCN ¥t
HA R Z s, ENEERD (C. e eldi), B4
2 53 A T R RN 40 fe) B S B8 DX, AT AR
25180 S, b A FEIE R & 20 km' B9 H B L
(Singh, 2003); ZZE R (C. e. siamensis) B
S fid) iz, KooK aEREE, BEg, Zam
WO (H BT AR AR RLAE 20 22 50 AR E K
#, FHTAYIE SR A B R 2 300 3k, Hip7 ~8
LM ZE M B (Dang and Thuy, 2003), 30 ~ 42k
A TE S (Vongkhamheng and Phirasack , 2002 s
Malavon and Saythongdam, 2003) , K#j 200 k44
T € (Weiler, 2003 ), EI B WA 1 28 [E 7 Fp
T K 4, TUCN H5 H5  dii fe M

WAk, e R B AT R R A, A7 s
BN X S Jm 28 [, (H 3R B K
R FAR RN A U R R IR B RN B2
Tl ST G MR F (C. e. hainanus) (#JE
WE, 1983) , MR R I E, R Bz
Sy AR A S B 200 m DL R ALK (A HTA A
1984) . B2, HBNELOK, #m B R T B8k
JE R 43 A X B e PR 4, N EE N S B A
R, IXEEP R BB BB 2R 9D (Zeng et
al. , 2005) . 1972 4 TUCN #4345 T 15 pg & 1) B
51| Ry Wi f&Fh (Goodwin and Holloway, 1972), 1989
E 114 Hoh P E R Mol ik A B (ER
HE PRI AR S A k) KT R S O K —
RIS Y, CITES K iff g W RE 51 Ty by 5 — Wy b,
1976 4F, T ORI 9 26 HRE, drk

FH S 8 9 M e AR DR 41X, S5 it 39 L R 4. 1990
SETTUR STt M AR AP, TRV B B P9 0 1 R A
f, HAr s A S B 1 000 B (ZEA
45, 2001) , JRCA TR [E PR ORI T AR R U
Bz —

2T e W RE AN AT IS, | ey A B | g e A
I ANEEE S, 250 EAHmMNESIE., A
SO T R R 2 DN AR B I R il i B B Vi R
( Bhumpakphan et al. , 2003) . $E8H 7 5 (B M ORF
&) &3 ICHE, RovH M FE AL, B S S
IR T 5, BUm AR —al VR IR T RE 2
XA BT B R B g 7 TR 4 BRI BN 3
JEE ) AR AR S R 32 30 2 R ) g, R ot R B 25—
BB TR i R Fie 8 ik 2, R e
PR TAE P IO R LBt , SRy (T
HORAREWA) A RAR I RT 5. £E 2003 4F
< B RE DR AP AR 2 MK 5 i [ PR AF R 2 b
[ PRt 23 1Y 2 SR 2 38 3 K i B M RE S ) A\ B R 28
LS o 94 J5E 43 A X, O 0 4 K T AR R A A
1 (Pukazhenthi et al. , 2003) . #Eit, FATHKOH
() REE . 1) i P 3 JEE 2 vy W — 1 3k JEE IV e 3 A 17
7 A A Ay Aok BN R B 2) M
FERNRE AL 2 FEVE K Anfif 7 3)  BETS 44516 B bk
FEDIAZEIE, 2 [ A Y B A R 7

1 ARAR 7 %

FEAC ) SR 4R

A IR EWG L 6 DFHEE (— AU A
—— R HE PR A R FRRE ) 3 21 A I R i
FEAS, 2 28 E A Y M AEAS 12 A4 fa) 7 A Y
MW FEA, B4, M GenBank 3K 45 B JF WV Fb
(AW EL ) 5 A5, #ETM6 F
G F 4 f) AP 10 A TF S (B SRS AY 137080 -
AY137125) MLbAE 430, [FIBFIE N 2K BEE ( Ela-
phurus davidianus, 55 AF291894) [65 7 51k
RAMEE (E 1, K1),

1.2 Sk

1.2.1 DNA #H K ZE K& DNA D-oop X 5 51

ey

E

1.1

MLEFEAH DNA Jh 422k H 28 80 iy — S (5
P71 (Sambrook et al. , 1989) . Z&Ki{& DNA 4%
il X PCR ¥ 3451418 (Cerv. tPro: 57 - CCAC-

* Vongkhamheng C, Phirasack S. 2002. Laos trip report April 15 — May 3. 2002. Pp 4. Smithsonian Institution.
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Table 1  Information on Samples
FEA 4 A H R AR 1 1] FEAR
Samples Name Sampling location Sampling time Sample size
A T 39 JE D PN REE: TS A

Hainan Eld’s deer

Datian Nature Reserve

HE ARG X

Bangxi Nature Reserve

HAF I B ARDR X

Ganshiling Nature Reserve

WA REY)

Fengmu Deer Farm

4 AR 2

Jinniuling Park

3B R

Wenchang Reserve Station

2 [ L b N %
C. e. siamensis Thailand
4 ) I JE %
C. e. thamin Thailand

1998 11
2003 2
1998 2
2003 2
2003 2
2003 2
2008 2
2008 12

YATCAACACCCAAAGC -3’ , Cerv. CRH: 5’7 -
GCCCTGAARAAAGAACCAGATG -37)  ( Balakrish-
nan et al. 2003) , PCR JZ /W 7E MBS Satellite PCR {X
AT, R RN 30 wL, HP 4 60 ~90 ng
B ZH DNA, EA514 0.3 uM, 200 pM dNTP,
1.5 mM Mgh , 0.3 U Tag polymerase ( Promega)
SN . 95°C TS PE 20 s, 50°C 30 s, 72°C
20 s, fE¥FF35 K, 72°C ZEAH 10 min, PCR =¥ H
Qiagen PCR Zlifbik 7 & 2l 1k, #| H ABI BigDye 7E
ABI 377 Genetic Analyzer #£17 ¢ 5 %2 .
1.2.2 B

F] I CLUSTAL X F2J¥ ( Thompson et al.
1997) XJ il & 19 ¥ 51 2 Ik GenBank "~ 2k 1) 5 ]
(B35 5 AY137080 — AY137125) #k47 %tz HE %1,
i Mega 4 ( Tamura et al. , 2007) AT B A
O N 1 WS - & 71 11 A~ - VT 2
DnaSP4. 0 3475047 . il i DNA 2 AU 24
AL SRR A I ¥ (hLRT) 1 MODELTEST 3.7
(Posada and Crandall, 1998 ) FlI PAUP 4b10 ( Swof-
ford, 1998) #fFikih, T HETFIMARELRT
SMTWESE (Randi et al. , 2001) , B JEE 4 25 (il S E
(JFHIFE GenBank %558 AF291894) , H PAUP
4b10 ( Swofford, 1998 ) #K {4 #4 # fx K ) 4R #§
(Maximum likelihood, ML), H MEGA ( Tamura et

EIfE India

i
China

R

Vietnam

A Cervuseldieldi
B C.e.thamin

C C.e.siamensis
D HainanEld’ s deer )

B Present range HRj2M 6 X
Historic range 7§43 Zitl

Bl YRS

Fig. 1  Distribution ranges of Eld’ s deer in the world

al., 2007) #K R4 & 4B M ( NeighbourJoining,
NJ) Al KB (maximum parsimony, MP) ., 24§
I MP FIML JriEM R E K E MG, B REAhE
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M1 (bootstrap analysis; Felsenstein, 1985) #%
KB ER LA B nl S (1000 IRE ), — i
N, EAEEE (BS) KT 70 BEWTIX Zr By Al %E
P4 & (Hills and Bull, 1993), K F Mrbayes
3002 BT e A0 B BE R AT DL 87 (Ronquist
and Huelsenbeck, 2003), £ 4304 08 3 435 2 i F )1
M E SR R, — O, KT 90% 5
HEHR R W 40 B 15 B B 2% L FF (Shaffer et al.
1997) . ARWF5E 618 F NETWORK4510 /% ( Ban-
1999;  hitp://
engineering. com) LA MedianHoining network ( MJN)
AR B A 2 T D 4 G R AL

2 #X

£ ki /K DNA DHoop 741 M Hi 2 5
M35 A3 BEREAS rh 8 500 1 8 490 bp (2R
FifK DNA DHoop X WYL R BLRF%, FFHEiEE
2 9 % % F] GenBank (% SE 5 N FJ851215 -
FJ851239), fli H#£F Clustal X ( Thompson et al. |
1997) XA Al A 0 )5 1 i A7 % 47 HE 51 s 15 3
452 bp WRIIEIX P31, 724 P50 Borp 3t Bt 42
NN, WA HAMELL, 26 A A5 B AL
M, 16 MNHEARN M, I S AR, TR
21 NF Al e,

FATHM Y 35 DEEAH SIL R 4 B
AL FFA 21 AN RS REAE S (B4 TERD A AT 1
FREE) L1 RS AL, ARiCh D135 2 AR EIE
Flt DNA A5 32 1 B A% A ARiCh N1 12 D40
fa) I Ah DNA KA 2 Rh B4 8 23 SIdRiC N
JE2 | JE29; H 4y B % R ¥ 5] [ Balakrishnan %
(2003) Fr&F3CHL, ARPEFRATH EHE A e
BRAR LB, MR RE B LA 15 FheAfE Al
2.2 RGHH

DI L R A B (hLRT) 25 R F200, I e
LRI DNA #5il IX 7 31 1) d5c 38 B AR B Sk HKY +
G, & gamma 7301, HE T IRATH T 51 FodE F1 A
GenBank H 2 09 7 51 80 4, A T B KA AR A
(ML) . JRFAR (MP) | B3 (NJ) Hnblnt
WA DO AR AS R i v A Y FR G A B 0 45 SR AR
—F (K 2), g IR e 10 Fhefs £ e Rz I A
B — P A R B AR — B, MP RN NJ B i T ik
ES A E W R R AE —&, EEMALME (BS) MF
70, ML AR DTSR 2 G TR VR R R L — A
SyA. P B Y ] 35t % R S B BIE R 0. 027,

delt e al. , www. fluxus -

2.1

MY S 2 E AP N1 A B 0.03, 5 N92
B HE S R 0. 025, 5 N83 s A HE B 4 0. 023,
Network F9%%5 5 8 78 5 rg Y RE 5 2% [ . Fh A9 N1 B
fERIRAET 13 IREAZ, 5 N2 KAT 11 REAE,
5 N83 KA T 10 k%A (K 3),

E. davidi

D13 Hainan Eld’ s deer

o

} C. e. siamensis

j C.e.thamin
C.e.eldi

C.e.thamin

B2 R R AR AR R Al B2 R DHoop HY R SE 1 LAY
Fig. 2 Phylogenetic tree of D4oop sequences constructed by Maxi-

mum likelihood ( ML)
3 Wik
i P 3 R %) RS R 5 2 Ak
FRATT 0 B 53 45 SR 2% WY 1A T 5 R 5 2 TSI Ao ) S
Gk FR G Ay  ENEEANEE, (HZ,
i R 1) B B 2 ] ST A ) = e B B 2 ]
AR R AGIE Ry, R HCRE T —EBE
B35t 1% 434k . Balakrishnan %% (2003) B9 B 5% 0 75
FMER LS, BB E S B EWMEEES ERA
HRMES (F2), WA, W4 5L oo,
T ] 1 98 B I 5 Kl %) 70 15 R A R R 24 100 JT 4R LU
A CTEB XA, 1991) RS, o T 76 v [E KR
i b DX DA SR AT ke B R R RE R AL A, PR A 223
INRIX TSI ok B 5 e B B TR 2 0 R R R
fili o AR, 2 A FRATTIS SR AN R 165 e 35 O o B 11 9
FE R 5 A BR8] (ER ARV = M X R Y
A7 o A S0 R0 B 1 LA B A2 1 AR T Y
YRR kb, b EAESE R HESh ) R
FRRIT — YLBE LI B YR B RE M Ak A (R R
TEMB T, 1998) , XA KU, =AAE1TT
LRI, WM RE SN RS T,
I, B AR 25 S Ak A 1C sk R 5 T ¥ e 5 R ) e S
b T AR B ]

5 FE A 3h Wy 2ot A4 45 1] X0 B B 2 AR oy B
HJT4E 3.6% (Polziehn and Strobeck , 2002) . F&Al]
CRUIREIE g RE i S R A S S A NEO - X

3.1
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N83
No2 )

Hainan Eld’ s deer

EL17 C.eeldi

6
% 10 1 §
e

C. e. siamensis

4 R
JE331
9
1
2
3
L
1] 3
JE29
C. e.thamin
N J

B 3 ffi ] Median-oining 3£ #3714 D-doop FF %1 15 Fi B 5B Network /n i B . HP AL EF AR, X EWBFRERD
TR TR SR AR IR Y A B 2R bRy R SRR AR SRR AR ok AR ) Yy A £ 2

Fig.3 Median—joining network of the observed 15 haplotypes of mtDNA Doop sequences. Each line represents a mutational step. The num-—

bers on the line represent nucleotide variations between two haplotypes. The circles represent the haplotype. Black dots on each line indicate

unobserved haplotypes in the samples.

X2 BENESERERETIMHERSEZAEAMNESR

Table 2

Morphological differentiation between Hainan Eld’ s deer and Cervus eldi siamensis

T3 FRAE
Morphological characteristic

Hainan Eld’ s deer

% (2] 7

C. e. siamensis

(L3
Body weight < 100 kg > 100 kg
SERUREE AR ) iRl
Pelage color Rufous Brown
PE A A v T R AR A WD 0 1 B A HOBE
Spot White spots on the flanks No white spots
S, o BrT M ETS, FEET LRER

There is no forfication at the end of antler,

Anlter shape
p and the end of antler is coniform.

There is forfication at the end of antler,

and the end of antler is flat

69 JTAETT; ERERI TA 35 T4 LR RESE
[ AP ) F 5 fb 47 ( Ginsburg et al. , 1982), XM
AN T 0 T 96 1 5 5 R RG22 8, I R
AL RIS Bk, A AR BEACHRAESO m LAY (I AR
&, 2007); vKIHES, W1 R R RA 80 m, A
W,V YR T R S A BT T DI A I o i R AR
R AR | B L RO R A [ 50k B
M, XINEZREERETMYEZEsmE, B
SR, X RN AT AT 3 A T T IR 2 rh 2 I Ao
ik, I H e phar ghAk 1 AR A i ] A9 2518 AR W)

AN
H o

3.2 R R Z AR

A 5 3 o X 6 R 3 — N IR R R S AN aE
FRRESE 21 A mtDNA DHoop FIFH 50 B, 455
& I AR T TRV R 5 O B R AL 1 R A A U
A Vg e B R o B 1 3545 2 RE MK AR, Pang 5%
(2003 ) 8 o X ¥ e R I 220 H AR DR AP X 55 4>
MMAE B mtDNA Ddoop P8 #4740 4, 45 SR E B AT
AAAUA 1 FhBALE AL Zhang %5 (2008) A 10
AN TR A7 s X T B B RE 3 SRR R (— A DR
FIWASIE M AP BF ) Yt ZREE AT 00, 45 R
T 3 AFRER RS ZREMAKCOT AL, G
JE (H) “F¥250 0.3, X L5510 B AR 7R
PRYFNAE MO PR RS AE T, T e B R AR B Al B R
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WK, AHFPRE L 2 R AR IR A N E .,
SREFRATTX V5 e B R A R DS D DE 96 e B
i B T —WRECE SR LB E A A,
TR, BRI SRR AR 2R N, |
B UL BESLEARONE | R SR N D R et A T AR S B
TV Y RE FhORE a8t 1 2R MK O 8K (Pang et
al. , 2003; 3KIH%E, 2007; Zhang et al. , 2008)
3.3 WEREEMLAD Y

T AMRESR, RIOIAEDE BRG] A
RE, EEREVAEAEMEE., FEWOT. 1) B
TEVF 22 SCHR 2 WK 52 I g 0 i) 1 66 D51 3t ] DA A 3%
Wi s B M4 (A, Hedrick, 1995; Madsen
et al. , 1999) , B E e 8] A9 56 PR 38 it A vl g
FECFh B B Z R E 2R (Lacy, 1987), &
A BB A —SE AR A T e 3 RE T g 2 2T
LT 69 JTAE, B L BT A S B A A E
HEREWFEAFBAAE—EWERE, 2) N
10t A% 22 FE R e B R 1) 5t A% Z AR VB IR AP R S |
P, TTREA BTS2 i AHRTH i T ZREERR S
HA s IR G . SR, BRI R bl R AR 5k i
S K 5, FhEE A AT 2 A T K SRR K
3) WIS AL Ak B K RS 2R AT 4% 22 T B T B0
% H (Rhymer and Simberloff, 1996) , i m 3% fE
HHREWA Z M & E— g EWEE s, XFh
B2 o S AR O = S R i £ 17 N e o a1
( Balakrishnan et al. , 2003) . HIt, FATAZFFHE
Pt 23 1 % GERN 27 35 46 0 00 g mig I R 5 | AR RE 2R
B S b 1 B4 A X, o A R o I T A R R A
MmN, marm e, WRCkEEE B2 )E, ©
SPST HEAC — R, AUEER FE a5k
REZREA A RS, it A — R
FER 34k, 006 R 3 ) A 28 [ I ol ) D 0 A XA
fE—E R E R, FRATEBCK R 3 S 2 A
A3 M AE R WA Al S HE AL B 3 FOT (ESUs) AT
B, UEATA B K AT R o A A AR

Brigt . RO R ORI R R H AR IX . TRIR AR
TRAF X HARIE RGP IX . BKRREY . & F IR
DEl FISC B [ AR DR Aol 112 1AL 96 v SR RERE AR RGBS 28 1
Kasetsart K2% 1 Worawidh Wajjwalku 18 1 $2 4t Z5 [H
S Foft 1 44 ) I )RR AR
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