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Abstract: Of eight traditionally classified subspecies of the tiger Panthera tigris three have recently gone extinct and
poaching, habitat loss and fragmentation continue to threaten its survival. China historically harbors four of the existing
subspecies and thus has high conservation priority, yet their status, both in the wild and captivity, remains highly uncer-
tain. A recent molecular survey (Luo et al, 2004) of 134 “voucher specimens” (taken from tigers of verified wild ances-

try and geographic origin), from across the full range including China, examined three different types of molecular mark-
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ers; four kilobase-pairs of mitochondrial DNA, 30 nuclear microsatellite loci and the nuclear major histocompatibility com-
plex class [I DRB gene; to elucidate the genetic structure of tiger populations. The data revealed relatively low genetic
variation but nonetheless significant population subdivisions, suggesting six rather than five living subspecies: (1) Amur
tiger P. t. altaica, (2) South China tiger P. t. amoyensis, (3) a refined Indochinese tiger P. t. corbetti, (4) a new
subspecies Malayan tiger P. t. jacksoni, named after the tiger conservationist Peter Jackson, (5) Sumatran tiger P. ¢.
sumatrae , and (6) Bengal tiger P. t. tigris. Reduced gene flow and genetic drift in isolated populations since the last ge-
netic diminution about 72 000 — 108 000 years ago, as well as the recent anthropogenic range contraction, is likely to have
caused these partitions. In particular, the proposed South China tiger lineage is tentative due to limited sampling. It is ap-
parent that current captive South China tigers inherit at least two genetic lineages: one that is unique and distinct from the
other subspecies and a second indistinguishable from the northern Indochinese tigers. An explicit genetic assessment of the
captive tigers in China is urgently needed to validate the uniqueness or non-uniqueness of the South China tiger, or indeed
the survival of P. ¢. amoyensis .
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J% ( Panthera tigris ) =M T & KA MF o) A R4 B B R AN O 2 R 5 B KA L A
Yy, e it A A sh Yy P Ol S I NTE B R0 R s s fhdr gl b miis i) B PR BRI 2 A5
Z—o PRI ARG KN R A i X (1) HHABVFZ YT —4E, FEARSE I A5 93 2y
SRTT, W TGRSR . WAL RIS, EPARIRR AR, BN AR TN A B A AP RE (1 1)
FfEEE C b 20 R WA R A+ Rk 2 @ W INER S MM BIEE(P. ¢, balica ).
MET A 2 £ T HCOE 15 Nowell & Jackson, 19965 HgR(P. . virgata AU P. ¢. sondaica )
Dinerstein et al, 1997; Kitchener & Dugmore, 2000 ). A F20t 2240 .70 F804F AL 4 K ( Nowell &
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B 1 AR T SRR MR A, AR A FRA A AR ETE o i EAREANAAR (=R, TIC,
ALT &5 ), DARRE SR UM 5 A RAE RAOREA i . BRI AN IR AP A R I 5. DA se sty 5, (4 SCRY BN
SABIRB ST AACENEESARIE (P t. corberi ) FIESRIE (P. t. jacksoni ) (51H Luo et al, 2004 &l 1),

Fig. 1 Historic and current geographic distribution of tigers corresponding to the traditional and the newly defined subspecies designation .
Geographic origin of samples and sample size from each location are indicated. Three-letter codes ( TIG, ALT, etc. ) are indicated sub-
species abbreviations. Dotted lines are approximate boundaries between tiger subspecies studied here. The Isthmus of Kra divides the tradi-

tional Indochinese tiger into the northern Indochinese tiger P. f. corbeiti and the Malayan tiger P. t. jacksoni. [ Modified from Fig. 1 in
Luo et al (2004)].
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Jackson, 1996 ). HARM) 5 MWAIH, K253 200 £
4500 HIEDEE IR, NHAREMPIGE (P. ¢, gris ),
AT EINPL . AP P EVEE . B 4 pu
FUBIR ( Seidensticker et al, 1999 ); A& 500 H
RIVEIAAIE RS, NRAILE (P, t. altaica ), 5340
T W43 A E AL E ( Matyushkin et al,
1999; Miquelle & Pikunov, 2003); £mE (P. .
amoyensis) AT EAERE X, A BFE AR
2950 H, i Y AR B EAE AE G AT BB PE © 2 AR /D
(Tilson et al, 2004 ); R 1Z&MEIE (P. t. suma-
trae ) S A T EDEE R VG ML B A5 T 1AM, Al BT Ah
WAFAE 400—500 H. ( Seidensticker et al, 1999 ); EP
TR TR, P EVER . B, DRV,
diife) 253 . FREMIMGET, B K 1 200—1 800 H
( Seidensticker et al, 1999 ),

— AR R 53 E 44 T B2 A A AR
HA AR R T B ULME R B R o X BB RAE 1
R ARRAT AN 5 () ol JE A S o A S g 3t
fEJE . L, Avise & Ball (1990) LA K ASAF 5T 3k
F 2 A HH XSl ST 1 358 A% RRAE 1 — B0 SOh Rl
SR AL G A ] DU TE A5 2 840 T 2R W2 O RRAE
WA A . RN, DA G S B S E T 5E r
P, BIAARRS . SeE B, BESUEEE AR %05
MRS ) g AR AR AR BT ( Kitchener, 1999;
Herrington, 1987; Mazak, 1981). FH53F44
SEWIFST AR BE I B DA RS S 5 BT 11 358 14 2F
885 ( Wentzel et al, 1999; Hendrickson et al,
2000; Cracraft et al, 1998 ), I, FRATIN K I FP
YEFEPR B AEAR KRR B b mT REBEAT T 43Rl
IS . N T ZHH R AR PT B TG 2 ok 95 1~ A ) 1)
WRPZRAE, XA AT et FAR LA BRI IA N 2
PSS I ol

20044F 12 A, —WiHERKEZTHRE, BE
VLG ot A5 2 T B % I0A D 0 A 445 44 R I i 25
BRI | T e, HE5 R A ET PLoS Biology
e b (Luo et al, 2004 ), TEX—455Hd, FRATHI
Hth 15 (ifE#H, WiGEFAECEE (TUCN) ZF
YL RARARMEN KB F RN A%, R
BRI T B 5¢, SRR M T A B4R Y
AR (EFETE) SREET 134 i “IEUERE
an” RS =AM a it A B 7R 0 85, H] H A
5 B AMAE AR ACBE 3545 R IR A MR A R ity ) i
FF7m s r. AT T 3 Bl sz i 5 145

id: (1) PUFAHE XS LR R DNA J7 4105 (2)
30 MZIERAM TR 8 (3) MEZFEHR S
FLA-DRB £ 751 (7608 MHC " 5%E AR5 A
KHFER ), il FIAS TR 20 BT 7 845 3] T — B0
iR, FHERZHEEN N ARENSEIT %X
R UL, AT EAE AL 7 58 | 35t v AR A
FIHELSF AR TR, XA 5% X Hh [ 4
e TAEK A EEAE/R . P EDE SR o —
WA 4 DRWA (EFEARIEE . Erre. BRI
FMPIPE (Lu & Sheng, 1986) H#R 4370 I &K,
PRI, b 7 5 0% A R AP ol rp AT 2 T
fEo gRM, MFAE 20 42 60—70 4R 4 EVL R
XF PR KB AT 2, P A S b Y 3k 2k
Rk, PSP, b AR B A R R
B 2 R R, B K48 (Lu & Sheng, 19865
Tan, 1987; Tilson, 2004 ). 2477 E EFhRE, Jo
HIR AT IR AL A7 A LT 58 e V66N T 7 Fh i
Fo BRI, T LAARX R A A SRR A A
] (FlanAers SR MEN S, BN R A b g, 4
B RARAL RS ) MR PRA B A1 ( Mazak,
1996; Nowell & Jackson, 1996 ), FATIGEE i 11
FERIHE LR A AN B ARFI BRI 2238, TR BB
AV RIME Ry A I ik — 25 X P F A AR S o 25 2
FEFAMIFIE TAER TR, ASORE X [ 52 Y 57 0
TR P AT A pRas AL R RA DL A TR0 2 40 M, DAGE
ST RN (1) 0 FLE D F SR R

1 RIAFRTHEERE X

FATI 100 MMM . ZHEZ K R TH B B AR o P AR
Db FEIUH DNA FE9 34 B Kk 4078 BlIEXT Y 4%
PR S B, o Btk B 54 AR AL A 25
ERR AT . FRATI 113 (A S R 3145 30
AMECE R AT SR, X R BE B T3 20 4>
TR S LA E R RE S, FRATEAA A5 143
Bro XTERRIR DNA HLAEHS TS (& 2) Ffg 10 R
A EE (K 3) 7 2R R 5k & APk 2
— NS, UEBH PR 22 A AR — o TR Y b
BERR B RFIHE b . FRATIEE 5 3 Fife e X
FRER S (1) FEARTRESAIE (P 6. al-
taica ), ZW AP HAT — Aok R AR, Hf T
BRSBTS MERC P, 1. sum-
atrae ), 8 ML FARERY DL K Bk TR A R R AR 3
HEZ(3)dmMBLEC P 1. tigris ), 5 ERRLR
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B2 AR (MP) FLEAE 4078 GRS Y[R 4ok i
RAETRF I R R AW . WA EREE TR — TR i
BRI, Ay BB bRIC A S BE A ok B OMP, d /b ARk
(ME) Akl (ML) W, RABFEEEDT 70% 1
FRATFIE . &5 I BCFAR A T b LA 2 B A R 1 A 1A
o Sk EIN S Y = R A8 4 R R R I LR SRR, JD
AMO2 1 COR1/AMO3, -5 HoAth By B8 S TR PR AR T AR [7] 5 1
PRENFE i W AR IR I AMO1 B AL HAL APl 5, E
N P. t. amoyensis WHFEIE R, (51H Luo et al, 2004 & 3a ),
Fig. 2
(MP) algorithm among the tiger mtDNA haplotypes from the com-

Phylogenetic relationships based on maximum parsimony

bined 4 078 bp mitochondrial sequence. Branches of the same color
represent haplotypes of the same subspecies. Numbers above branch-
es represent bootstrap support from 100 replicates using the MP
method, followed by bootstrap values using the ME-ML analyses ( on-
ly those over 70% are indicated ). Numbers in parentheses represent
numbers of individuals sharing the same haplotype. Note that three
tigers from the Suzhou Zoos were represented by the haplotype AMO2
and COR1/AMO3, which were shared by other Indochinese tigers.
Two tigers from the Chongging Zoo were represented by the distinct
AMO1, tentatively designated as the P. ¢.
[ Modified from Fig. 3a in Luo et al (2004 ) ].

amoyensis lineage

BRI R DR AR B R R R . B TS
FRYEN S L S Aol vy DU £ 7 35 W S 388 A% 5 R AR I B Fif
BE o X PRNEE Z 8] Y R 5 HA AP 22 18] A4 ( E 4
F PR AR FE 2 8] ) ARl GEita oA 52
R ARG EN SRR o PRI AE, — R A T
AR I 5L B S BT A AL R B RE SR A B o A X 3K
(P. t. corberi 1 ), Ti7s—FhiEHAL R S i) Lok
B (P. t. corbetti 1138 P. t. jacksoni ), WELIH
SR B 5 B EE SR Z (8] Y 58 S H 0 ( Isthmus of
Kra ) AHUFRSAL

HERR (P. 1. amoyensis ) IFEGA 517, T

1994 4EHJE R AR TP sh b (18 4). HATER
JEREI SRR 2t H M AR R 6 MR B+ 4 %Ay
M. FATRERERE AL, ([HEAZ D)
Yk Uh s tE e ik & AR R ( Traylor-Holzer,
personal communication )o XTI, ZpHrEY], X5 H
ARG JRACER T 8L G R FEm R . o
H M S I i PSR (Pi-217, 218) BYZRRLIR
DNA H %57 ( COR1/AMO3 ) 15 H Al Jb #8 B0 52 )%
(P. t. corbeni | ), W RAME (n=2). HH
e (n=14) MBEILE (n=5) KD AT
SEAH A, (% B TR S B S 0% Hh A i Y —
o R ARSI B 95 = HARR IR (Pi-222) 19
Lok B AE R AMO2 AL AR G AL CORL/
AMO3 BT (& 2), AT HE L MR R B F R I
(HITEAAR DNA R BEZR % ) WREISOR (P,
t. corberti 1 ) Pt S YbE AR, &
P& Wy 1 0 P AR (P-219, P-220 ) 1Y B4 7
AMO1 5 At o 249 AR B Loz, B 0k 57 B — 32
(H 2). ¥ BAAARY 30 AT A 7 Y i R 7Y
(DB EERMACRILF L) L85 'R i
BN 45 2 5 LRk DNA — 2. 75 M 3 9 e A 1k
(Pti-217, 218, 222) MR BRI RS 9R 5 B 5C
PRANREAR 40, T E DK Sl b A A 1 (o219,
220) [FEFESST B —32 (& 3). AL, fnsR
REAS 2 BE Z s W) IMARE S 3 BT i SCRe . 5 RSl b
PR AR AT RE 2 BUAFME— Y — SCHE R IR (P. ot
amoyensis ) R,

SETRATHI 23 Hr 4l SR, AR OR300 A8 2 B A
£, BACTRBIRIREAE 5 AP, TR 25 gk o0
6™ (K 1): (1) THAFIELE (P. 1.
(2) BIVERR CP. ot sumatrae ); (3) Fh$iE
(P. t. tigris ); (4) FIE (P. 1. amoyensis );
(5) JLENEESZHRE CP. 1. corberri 1 ), PRE A
(P. t. corbetti ); (6) TKIE (P. t. corberti Il 5%
P. t. jacksoni lo Luo et al (2004 ) VO R R Y
SEREN Pt jacksoni, VAFRIRXIHE TR 1-
UCN iR s & K ALHT FFE Peter Jackson SEA1E N
TSR PR A AR A7 DR 3P OO 15 1 S O - 4 4 10 45
Ho PR IRTEICRR A ST A, SR TSR
AR E PRENYI B AP ANA . T IRAT H AR A
AR, LE [ Sh b B2 i 2 b i i A AR R A A
ARSI AN AR A A5 B UE S DLAT, HOE A Y
NE R — I EEE.

altaica );
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Fig. 3 Phylogenetic relationships among the individual tigers from

composite microsatellite genotypes of 30 loci with neighbor-joining algo-

rithm. Branches of the same color represent tiger individuals of the same named subspecies. Bootstrap values over 50% are shown on the di-

vergence node. Note the disjunction between the five South China tigers from two different zoos in China [ Adapted from Fig. 4 in Luo et al

(2004) 1.
2 MEFEERIMPESESEFE

XF PRI DNA 35t % 2 FF P R 47 2 23 #r
SHAWER S AR R, R AR R L 24
PR HE A (Luo et al, 2004; Wentzel et al,
1999 ), WUAEAP [ (EMbite (P. . sigris ). 75
I1EMTE (Pt sumatrae ). EPZZFE (P. ¢,
betti ) FIELREE (P. ¢, jacksoni ) | HAHEREER
BV IR 2 485k, M3 AT 2 Hr iy 13 20U {A A &
(P. t. altaica ) BAT—biIK DNA BLAET, ¥
A2, W HIZRAER S SR T, ]
W, AT B R R AT P 4 3 1) 52 A4 bR I 265
kN R dey sk, BBk R AT
459 (Luo et al, 2004 ), 7E 20 22 20 4FfCH T A
AR Wi A X R B A g, R 22 R
TREZ 20 230 2, iz S ROV AT REE— 2D
%72 WA Bt 15 Z HEPE (Russello et al, 2004
Kaplanov, 1948 ). HE(HIEHEARICHIXIEN, B
FEPRIARIE SR S BOR 2 500 H, S FRATHTAL, i

cor-

RA ity W PR A P IR Sl 2 B0 1 ) 3 i v
HEAETE 109 N B (Hensleigh et al, 1987 ), 2 T4¢
MR, BT RATABEHINN R R, AR
N, Tauxr FER e i A AR AT A R SR A T
TEMC DR IE NI A, SRR A5 2RI 5 Al
TR EREhY, WSEUNE . e gksh . M. HE
NS BSEIEAAN Y

3 ERHMREREEARENEIR

AR S YR IR T R — T — A 4
HRHT I, B S 2 A £ P H s rhd i
Pefs® . i) 1 — 32, A FER IR S R L
Pt 2 b2 KU ( O’Brien & Johnson 2005; Johnson
et al, 2006) o 37 Pl BLACAE Rl Sl I F e kAL O 5
TR g3 S 84 43 3, TR I TE B8 43 3 Pan -
thera, GAEH) . . RIF . TR KW K& =
B, R R R—3Z (Johnson et al, 2006 ).
FRA- S R R A A R BT P A T AR, Y ET e
JEEBFINGE 5y b R WITE b8 A A S 40
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Pti219 Pti220
(B)Chongqing Zoo Lineage—South
China Tiger P. t. amoyensis?

EDNAEY RN EN YRR

Pti217" Pti218 Pti222
(A)Suzhou Zoo Lineage—Northem
Indochinese tiger P. t. corbetti ?

SR Z i i R AL ENIE SR B

4 AWFSEET AR IR AR BRI . (A) MBHER IR R 45t
KA KRR LRI A IR S b % R 8 = RIEME (P 217,
218 #1222) SALENESTARIRE (P. 1. corbeui ) BA X, (B)
ok A TP S bR R B W RURRAMA (P 219 #1220) 5 AR
i, BaEHRETEBEE (P, . amoyensis ) WS4y
Mo a. XNET R ESIY PR IRIE RS b, X TRE
[ ZORAE DT i A Z RS R A 5 . [ - Bt O -
Fig. 4 Origins of South China tigers used in this study. ( A ) Three
tigers ( Pti 217, 218 and 222 ) were derived from the Suzhou Zoo lin-

eage and genetically indistinguishable from the northem Indochinese
tiger ( P. t. corbetti ). (B) Two tigers ( Pti 219 and 220 ) were de-
rived from the Chongqing Zoo lineage and genetically distinct from
other subspecies, tentatively recognized as a unique South China
tiger lineage ( P. t. amoyensis ). a. Chinese zoo stud book number.
b. ID of the animals at the Laboratory of Genomic Diversity, National
Cancer Institute. []-Male; O-Female.

FEIR) 43 A 28 /0 i K S 9 R 3 4 H X ( Hemmer,
1987 )o SR 275 U 22 5557 thE B 300 174 1 1] 393 A ] vk
AR B S B0 A U AR 2L, e iy AT
PEREAL, TR AR A T — S I A AT R
LTINS Y AR 1% 85 WA N/ KA = N o SR R
BE, TS 78 2% 00 38 B i 0 B 9 5K ( Hemmer,
1987; Kitchener, 1999; Kitchener & Dugmore,
2000 ), HBL, PRAFE R — AWy it 15 s 1) A B
S d5c il e [ 4 e i S 5] T 2 A (] O A
TATH LMW B ( Takezaki et al,
1995) X BUCFELORI A DNA HAA7% 7Y fr) 2 i (] 12
Fr TAGSR Al se— ek g 4 EREYF R B R 1] 2
B K 29 — B 7 4 i ( Hemmer, 1987;
O’Brien et al, 1987; Wayne et al, 1991 ), LA} [E]
R, BB R A SRR JLAEN 2.29 x
1078, BRFEFRA T Hr Y DU T-H B 3 19 1 B b R 29 4

— i DUTFAE & A — A X A 2878 o DA I 28 728 R 4fe
B CUFTRL KA DNA ZREERA R LT T
AR (95% EAF X828 39 000—104 000 -
6] Do USSR B LA A A A IR AR = T AR R
F1040 A ( Turner & Anton, 1997 ), TR
HER A s B 237 JLAI R 1.53 x 1078, BIFEFRA153
BT 08 i B R 248 W T A1 R AR — AR X 1 578
DAL R A R HE T, YT L AR DNA ZREME K
Yy NTAEMILE (96% &5 X [E] R 59 000—
157 000 4F-2Z 0] ), JEAEAS R AR IE TR, s
RIS R LS 228 K61 T8+ A\ TAERT &
Jiad— R R BRI G BT B, s 2R
PERRMR R, BUR R thiz/ NP BRI i Sl ok, 7E
B RE R B TR LG | R IEAS . BSR4
FE B T 2 H A0 22 R ANl 0 43 A A% SR o W A 3tb
ook, HIIEESM TOBA KIWKRA-ETH =T HHE
AERTA 1 — RO PR K o X R AE 5 DO 22 )5 W o
UE—E AR Z I HER b e K — U KR & 5k,
B B4 A R ] RE D e 5 2 s ST 9 A K3 0 X
( Rampino & Self, 1992), WLAJREE 1S3 7 HHIE
FIERIE/D o DARTAOBE 2Tt A UE SR 22 B TOBA K1l
(43 5 BRI AR I NS E A v Jr 28 J0 1 — YRR R
WD MR ROV ( Ambrose, 1998 ), LA A
SR A — IR FE LT FEM (Fleischer et
al, 2001 ) ABRTREAH G, FRATTAHM 78 25 5 W] i S 4%
JCEREE S LA K H ] B S8 4 b DX R A B 52 B8 43 AT
XA BRAR A S O AU, ( Luo et al, 2004 )o

4 RIMEXHRIFEDFEX

JUEXE AN & A I S A i, (H2 R
FE S 2 TR Z 26 Y a5 2 1R 7E N B R
PRI b VP2 A S IR L SURI S 2038
A LR SR S DR AP A 6z, TSR B 2 Pl g7
PEEFE TR ATEAT FR A 2 (8] L4 R A R — A El
i TAiAh AN A HFR ( Maguire & Lacy, 19905
Foose, 1987 ). MIX ik idi, HfF b 7E 1L A P
7 YT SRR ST — R WL B4 ol S SRS
ERR, WREEKREEM,

WfE"# 5K Stephen O’Brien 5 % 44 1 3L A= 2%
Z Ernst Mayr T 1991 4E3L A3 1 OC T AW E A
SXIAJEN] (O’Brien & Mayr, 1991). 7EXfE k£ T
EHE (RE) FTRIRSCRER, WAgoE SO “—E
i P FRL A 20 A1 4 -5 TR ) HEAB I e fE 265 |
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BESWMEEMAE . 8T R4 S H A
FERPAR LG, BAA R E R A s B, — &
FIEA2Br FAEYF AR E, DR i A
SRIT S, AN SR AT, SR 2 JR) AT S R A g
H, EARRG R R 5400 R 4458, R
T4 b 73 P ST o8 2 AN T 325 7 R 1) A
BIEE, HEERRIHER, BB IE W M RRAE 2
Wz, 5IHAMEERN st B g K, IRk
IRICTE 1886 4F 1Y CHIFh IR ) rik, f—IE
P ATt 2 O AR TR . R FRATTTC A Tl
SR — AR AR LA SRR A AT BB, EEFRAT]
A FE 5T W B R XA AT O, DR A ik AR A
FEIR A AL o B P oG R A A R BE 1 38t £ 3 IV
TEMI RN

FATHEE R FF R ZEIAF S WA R iy
&, A R H—SE5E A B R A A E— 2
FIREE 2548 o 76 1 11 el 77 2 ) 1 S5 B R4 3 1) 5
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