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1 R

AR SEE 3, B B AR B A S R 4t
SR REBOR, ISR TSGR KK
TSR A A TR BCR L W) R AL
Ky DIRRAINESE— RIPER, R ANKBLL A
M Ak T BT R A I EdL e T, BRI EsEY
TG AR R A A S, AR X —fadl, R A
Wentam . e ZENKRE, RPEVMZEED
A NEIGR, 1A RAED 2 FEE R R AL B 7T —
HDORHGE GRAP AW AR TR . BN E 2 R,
RRAR IR R, EEOE TS RGN RE
EHZHER, BED TRELNARE, THTE RIS
PR SIEZh 4N G, 24— R AL 7 AR,
i SRR TR AERERME, K
A KB Z R A TR B — A
TN VIR IE NS AL K RE MO T A Bl 2
AR AL Z R, T SGa8 A% R AR L ZERR e
BB T L RGR E R R LA A
SYERr. HAREFAE N FEE A NS, 07
I, EVZREIEIRE R I R DR 2R, RA
YIMAEAE, BEVIRARREAER, EERGEAAE
TR K. R, GRy A 2 B AR A F bR AE
T YRR EA BRI IR S GRS A A (K RE ), T
XA AE B RE . AT,
FAVE R AR Y SR BTy V3 & AR AR
WEFT R, TR R AL B2 0 SR, B AE R
IR AR IR I 2 BITES AR, HERYFhin
Ar 3 2 AL M [ 3 358 AR A A - A A7 LR, ) 9
PRt e R S IEALTE 0, LISl E w1k 4
T ORI SR SR AR AR, DRI A 22 0 T8
PR TEEA I3 Sy A ST A LA ATL H A S bR
IR EEAACIRE 1, DAL AR SR IR AR A I AL T
152 J5 T

2 BIREX

P o RO AT 0 7 e RE A T A7 88 10 30 A R
111 #8 7 ANORI DA AR AT 0 2 Ry AL AE 2T 7L
ftzL. DRI A AR R AL P S BIR A
LB AAN IR 7, IR LS A AR B A S )

PRAFORIE BRIBCR 1 1) 5 St FoA S R 4R 3 AE
Rt JT5xf R BB FRHE Py s NI A T AR A,
RILK BERG ST O T30 5 AE ML A 52, 7E
WL BB EAR T AR, I T — RAE R %
W 5 S5 M O A HURRAE . BRI, T 7 A R A K e A
ZRUIEFREEAE N — /M AL 2.3 5.7 (evolutionarily  signif-
icant unit, ESU)F{THH 37 3, 70 X6 K RESf /N gE 4T
S BLE i b B O RE A Y AR PRI S 78 40 5 R
SN K BE M 1 A 1 38 97 AR AE R EE 5 Nl ) A7 L A
fiE, LB P2 M ANE . B EREARER. 1—
T K T o R DR 21 2 ) Y R E A VA PR R g o,
RIAE A TLIFEAKILAHE R 2 T5000~400004F 7 5 %
ALK HARMEE R A3 5, ARSI 50004 LR 51T
IR AR (B AN AE BRI AC IR, R IIILTL IR S Hof
TR BAEE A ARG RS, 7ok, W FUE SR KTV R A
A LR 5 KPR E B R B AR 1X L
45 3B SRRV IR 2 — A8 46 2. 3 #. T (evolution-
ary significant units, ESU), R4 IAE ali— AN J04E A v
G (incipient species)EAT 1. BT, — Wil S
HIEFAT 5 IS g I B A6 S T8 Al T B BB 9T K
B, R R K R B A B A R B R
MEERRZ —, FFEE R RIS SR K AR
Tk B ' 1) PR R 47 55 (SNPs) A7 T 3[Rl DA D 4 Al
DEAF 11 b, T g~ B D[R A6 AN 5 3K i 4
HIAT NAEAE SR B4, BT F0I0 o LTI e 7 B A oy
DRI 56 e A= e KRR P A8 A LA 2 A5 738 A 1) P A e ik
W e K. R, K e Yo A 7 1 8 i3k Ao 43 A7 Yol
BT BT DS = T (T R P, 1 FRAT TR 6% 1 A 2B
EL YR RPN B YA [/ C AN (T 1 =8 = €]
AT E PR PR 4 B T

3 WA

feag b, Wt A AR EARRRE, Db &
5 FHRICRIRIT PR 2 B . AT e R AR 35 5B v
ot T 0 AR A TN P Ao ) 2 3 A
ZAEME R B BRI, 5Tk
i A A 2 8 A 4k B8 (Evolutionary
Graph Theory)" ", {EIE4F 3k, J F 41 2 A1 4045 L2210
R FE, T T A T S A LR 431 B
BT TR, REIW. Y. AR

499



B DR AL B —— ORI M R 7 S

. BESEA. R, ARUHSE B, IR
R YT TR PN LI b LR L A D5 A LS
ERIHUE . 8 2R P R0 %R SR R VR AL, A
PIRN RS BURE S S0 S R PR 2L 2% v T LA
VEANVRAE PRI 80AE 2 REIE, S & R P A B R
S5 A S M PO R PRV, 4 s 0 1 568 P 1 e
JEEREE A AL AL AN, T L E AR
VAL B0, R RSN AS A AN, R R R U B 5 4
IR PR R 2 DR 4 2 05 3 TT AR A2 1
EREEIER . R, E RS S e R P )
VAL S ) SRR LA S A
] DL R — SRR R R B I R4 TR, fnEi A
Sy RN EL H SRR 4 SR, BRI R IR
R AL TR 15 5 5 5 DL RO e R A SR TS
AxFRR BT EEER, B5 T AR E R
WAER, A S SR TS TR AT S 340 T
ST R 2 0 ZEL AR I 2 Sk 4 s A o SR FA 4 A
PG ERIRLEIRE R AR H 3 U T2 77 1], 38 248
IR 508 A L i R 91740 S5 S 43 i EL SR AR, 7
D R 7 A 5 A 0, 5 TG A B A .

4 BIRNE
4.1 PR S Eh A

Tl Dy S ah 25 R AL AR 2 AR 8 4% 22 B TT )
FEP L fEEE KB IR, R, Tk
BAE. BARIEFE Ak, MR Tk E )
SRR A AR AL S A AR . RARARIE SR A A
B AFIEIRAE 2R RS &R, T2 ek € I8 % 2 Rk
W, DRk, SRR D S Bl AT FUAT BT B R
P s AR ASE AR N RIE 2 A0 e 281 24 T 4)
T, 2 MG RR R SRS R e LA 20 B2
=0 G

fegi b, FRREDT sL BN KT IE T BT A A B
b virl, SRS AR AR T, TR S
W o A AR A 0 7 SR, ER AL SR R A
PR ELSCR PRI, AR I A 52 A BRI E — N i
P35 AR IR A 3 A 2, AR, ol U R R AT
PHEAE 2 SR BN Bs, 2 T2 i
AR P I DR RIS DR R (R38N T AE A PR 4
BN FRAMENC. BRI, A Bonr ik R A% A5 U2 A
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DIRYE S vg e st NI IS i bOR T T IS PAY N SR
AL AR S R 43 A R 7 S A O g e 3hAs. HA,
JS2 FH A D s sl A5 RIF 5 60 1 A 2 B 2 A e A B
HEFHI(STR, R T EDNA)FI AL H R 2 A1
(SNPs). STREHE LA F201H 20804 ME 1, 2 5 Kudls
BEAMHK. HFI20094F, 7EISI Web of Knowledge
WSk, R A STREE (1 50 & K 4 2. 3%
TR FHSNPHISCEFEY, BE, BRI FRAR DR
WA, SNPHHE B IE S AREE I, B O RE )
SHENAHE S E B AL SRR, LiRiDurbin' 4 H
TN RE DRI 2% 5 A8 B R BN B S R R A A
Y (pairwise sequentially Markovian coalescent model,
PSMC)K S BRI J SR B 4. PSMCI¥I 75— MO
TIIN2.0~3.0773 £F B FORRE D 52, B TCVEA Rt 2
TIAE AP I R EE S s, D, SchiffelsFDurbin®®
ST EE T 2 AN SR H e ) 2 35Ty SRR
A (multiple sequentially Markovian coalescent analy-
sis, MSMC) FH R SEII2 75 42 DL A 3 S AR 77 S ) e

FCHLEYIRRTT S, 0 AR D s S )
k32 B H AR DR IR 2L g b iz sh AU AR, G
FOR B MU LUK S5 TRk ) S B A B TR AE X &
() b 250 3 A 5 R LR A 6540 72 2 T R 0 1 g i 227
R, KM bS8 A Al X K1 R B BUN R H,
XL [X PR A DT 52 58 DY 20 UK S A 1] DK I3 353 5
Fry s th g A Y e R K 20 L X AT R
hFE, HTE R R AE BT 22 (Neogene ) R B JEC A1 26
VO 28 D 30 1 AR AL VD SRR AR S5 4 . AR
s ORI AR 2 . DK RI TR OK AR (e 5
K IEAESEE 2 T I A TR, AR KRR T
FH ORI, KAEMAEFL800% 1 4F i K Ak i F2 o
S 2 2 2 AR SR A A A, TR =
AN K RE A 38 1 Tl R UL bl B ORI BE M RS, 4
o [ B TN SR, W ST LR RE R AR
F SIS A 5 o SR BEEh E UIAR G, 440 TR,
SURTEVS, VKNSR B 5K, KRB AR ) US4
FEBEI. Fitn, Naynayxunglaik1(0.78~0.50 5 73
4E). Penultimate?KiH(0.30~0.13 1 J34E) B K ~2.0 J3 4F
AT B AR R UK AT L K )1 (n s ok I I, £91.5~2.0 73
GRE SURIN VDN X i Tada SR s un: i) 2 IR LW L
FEALT it B3 2k, i ELYII) I Y ek ) S A ) B 5
A0 T PRI, AR R T UK TR 48, R RS AR
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U SRR K. 5, 75 A E T HA(3.0~4.0 15 4F) B,
SRR WIS R B, NRRERA Y
TRARAE T S0, (et T IR R A B, Bk A W, o
SARMIBE )T T S KRER R T st sh . H4h,
I — R S RHL B AT, BT AN 30004F DL
KK REAHAT 2 b B 320 ) N 295 Bl S B e B il —
RIS A0 BT SRR AR AL ) R BN . RS 2R 1)
W R BN, &2 M KAFE6. T H Ji AR IR T
JR, FHAE1L.69E JiAERT T R 1 Ak 5 ML S R i =
TR PR S A, T I IE AL T 7 K e R P 3R TR (2
L6 E JIHERT), LI 5N N 5 5 146 T+ T fg
Sl T &Mk 8 1 A UL R S AL T k. T
B R R BRI L 1R 8 0.15+0. 10 5 J3 5/, 1XKI
I 55815058 — R UK (Penultimate Glaciation) ¥k Ff
(AW (0.13~0.3 F JI4ERT), RIALEIZIKIINT & B Hi
THEETE LY B B R e B s B,
T I 2 A S DU AR R DT 5, RN R
T 4 22 M Poae ¥ 22 I3 3k P PP RED Sk AR O 2
P, A = Rh 4 22 0% B AL S — B TR AR
MR, X S5HETERS 2P R s R —8,
BT FE N R 4 22 5 T 4 23 A 5 R IR UK 1 46 3R
ZHh X (1 NG S LRI A A, AR N 2815 3)
SEGL BB AR, RS B
T FUT KR RED S sh & RO 7 R B, TR AT H 1k
AR 2 P I 2 R BB IR (4 0 R AEAEZD0.5 H T AF
A6 3 4F AT 48 A R A AE 2301 B 5 AR RTD;
ZIN0.5E JIHERT B2 JTAERT, AR VLKA B0 K
ANFEXS T — B T 9 LR, HAE0. 1 H I AT
HVLIR A WA RN 22 Rk Bl K. RN
BRI REE A MRS 0A T2 3 4E 1T, HARIT50004F LK
VL JRAS [R) Pt 1) T BRI . X e miF 9 45 SRR 0, 5 it
FIVK N 3 AT Re s i ARTTAK IR B ES 2) T e 1
FH, 10 AR YRS UK A1 5 T T AR A R RedfEsh T A
TLIRER 5 AT 215000~400004F B gk A KT, i
i, WEFEN N — B2, 275 R0 H O REA A A7 R EX
T T TR AR A R I ZADNAPY . i 1384
LA RERIAS PR RIS AN AR RE RN 1) 2R R A S5 PR 40
VAT LB AT, R BZ A AT K RER (1 28 KL A DNA,
AT HABRESST =, SO KR EHE L RN
ST, R JE T S EUAF R RER AN A 59 — RO BEA 1S R
©HT R K RE S R K 20 F22.7~14.4 J5 117 1 58 3

S5 AR RER AL SE A 2 28 HORAE, 0 SR
7878 LT LA R RE A B B ) R AL AU A S AR AR I AEAR
(9.4~5.5 74T, KM A T DNAMIBE AL IR T 2
TR REAG I AR P 11 2R R 7t mT R 2 M 0 L v
RT3 S B — ey

4.2 KIYIEARE B O iy R 5 AR 4K B K i AL
TE BB 1 L)

YRR 4 — BN AR AL ) — AN E
T2, RPN ICIEIE IR B AR AL I 25 S BLFE T )
S MG B B NISTE B IE A 0, TR B AL
P AR A G EVE IR, RS R TR A R R R
G AR 2 DR R KK AR Ok, HEZ 8ib 1)5
SR F M — BAEES AW L, XU
3L [FIRE ARG P AR A S

I B M VE Ak (adaptive  evolution) At F§ AEWITE H SR
PR BRE) T B E N A SR R, R AR
W E BN AR, & M VERFIE A AR 08 B R e PR 2%
PEMZER, BT AV S, RPFEIE )
IR G MR, PR ORGP Vo AL AR 4 2 4 s A )3
MEEN . Flin, X E oKk AR AN BE Sk
ST R B SR B, K REJ R /)N BE A 1) 65 R 32 1k
FER(TASIRDFR O R AR AL, BEn K. /NRER#
Ol R BN SRR D) B T HEAEI, AR R AR K
AETE AR N AR il s DU, RN
BERAARAESEMMENHEEE X, RENEE
W N A SR A R AN, K
R 7N RE M T 77 IR 52 AR R R (TAS2 Rs) 3R I HE X B AT
U s A R R R OE N, R B R OK RE
TAS2RA2JF % LRGN 2 1E 1 FEAE AL i, B 7RI B
AU A AT e K BEAE P & T R R AT R
(IS SO 1 O L TR B (RNASE 1) 5 5 H
FAR R, ZEEETERE R A2 D, 17 At
REEEH A 1748 UL RAETE R Rl b A7 12
IRNASE 1 %2 ¥4 UL B G A 52 5 0 6 138 N AR 22, 2 T
WAL HT R B #% WIRNASEIBE ARG T KA T
Pk, T IE B R R R PR BT PR T 1%
I EpH. B 78— 25 R DL IR 55 3947 S L R Fho ik
PE )RR () 55 A8 2 5 B B E pHAE PR 1) O 48E, JF
X — A AR W R b 2 /D &2 T 39Kk, BIAETE
INPERR R R AR T 20K, AEARINE R R R A T 1K, TR A
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FTENENFLRNASE T A FE A R A T FAT AL, 5
ESPUIEIN, Neg L SN O SR eI LAl A
FH 6 (15 15 25 3 ) 29 75 5300 75 4F i M i Hb 88 3R i v 55
KAIRES, RS, RS HHEA T — RIN)E
IV SR (IR B MR PR S R R SRR AT T
BT R O R G T I R A S IR IR 1T S A
BEE), UEMN KA. 7R, SRR, L.
fisf DA S KB 40 13 W 32 A i DR U R DR Ak, I s fit
KO R IX PUR R IR EIRE 71, (HEVOREA T 58 M R
HRAZ AR, XA AR S AR E SN, K4S E
TA P BN Bl 0 5 R Prestin &K (A
IR G E W RIN,  FAT [ 75 58 A 0 e i R g K 5
Bl —kd, T [F) SCRAR LR A7 5B R BRI AL B 50 S
FIHEMR— 2, AP R R e R4
HIPIFLE Prestin e K] 0% A 34kt % 534k,
I R BT 8 K Cadherin2 3 F Bt A& Protocadher-
inl SFHER . MEAE 5 1% 3 1) Otoferlin& PRI 7] 75 ¢ fif
F1 s 5 19 K o A7 7 535 e R g A D)

&N HE AU AR IR b, B R AR
FREFERA b REEME A — ML g, H
Wi SRR R A N BB S50, FERA A
HEMR AN, X 0] 1T R AEM A AR R 4 Hh ik
MR ), S EOLE SRR, E R HE
T o AR A RN g B R AH 2 AR A T VAT A
RI, KEEMNHITE NAFEREEIH LA g R LA %ER
SE TN, HH KR I E A R A
ST RIEALEE . SRR R B-70NE B A
1,4-B-ARIEHERGHOA S gmin R R 46, 7ESh Nt
JR S PR B G N b, 7 BE DR 2 R 45 B AR
. B0, AT @ Y vl 5 B SN B R S
55, RINE DI B AR B IR G 18 B 5 Ji A o A 5
PR A 7 A T A M D7 TR 3 v TR ) 3 2,
FEHERE BB T 34, 7Edn £ 5@ s -F 2 Al
B IRIFERI I, e R ik A Y 4 o B T I B A
g IR R E A, R AR L ) R
5 R AN HE ISR B R o A2 v i S L3 W B T A P D i
7 v JiR PR B TS A H SR — P AR 2, I HL =
FLENY) B B A A AR 5 0 % g 107 R MR A AN a2 1
e U0 X —HE g B RAR A TR R T R LD
WA 5 IR 2H R g 3 77 i DR 4 Bl 1) 9 1 4D 38 N PR AL
SIS BRI ST ER A T B R A Y,
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4.3 JE AP A

HEN Kt (Anthropocene) PASK, N ZERCA 523
R [ B L) B, R HBER RGUE R T % Fhsg e, o
S EU VR PR L R 0 MO BR A S R AR, R dEdE
NFEH R R, R A2 R DR EAS
RG RS T fe SOA AL 2 SR 5 i) B SRR
U, NGB AR 2 BRI U S A
PR KRR, FHoih T A Z R R R B
B AR L fa s, Foha B kR 5t . Xh3)
PSR R B EYINR . S
3 S ARSI G i R AR AE Y 2 R R
BRI KD, SR, AEWIF A R B 7 T s R 2
TE B AR, T S AR e 8 B A5 N S AR
IIEE ). Blan, FERHT— DU 43RS K624
Ry H i sh A AT 1 e e R B, LB
(P30 (R 35 Bh LS I 21,3645, 2% BH ik 4 N 2805
TR, A BRI L 3h 4 1F 8K R 22 i A R 4T 8
%[39].

(1) XA S A A PR i . N 29 30 5 B A
HO AR B R A A I AR 2 R R BN A
KA ) e FE LR, S HLAS 5] 04 42 et Al A A 5
3 AR R AEAE 22 5. Fritz25 N0 T 5020 R84
W FLEN DI F R S K AL R R, B R ILTE A Hb
DX A TR AR Rl FL 30 ) B B v PR R A IR, T A
i AAMBIX, s B R AL B P B ) R e
BT ARG Bl B R Ya B i o e G4, —ik
BRG] WA PIPLE 2 NRIE B KA IX 1
T 5 o KGR, B ob, 3G 78 36 B S R S i i
(Al B A S i R K A8 REIR R 77, B Al (1 K 48 7E B
[ L o

TE I AR S A P B SR N, B4 e i 3
PEITHE (adaptive movement) K - HHT I S, 2=
AR [FR, S8 T RIS 5 — e g At
BOME . Bilhn, Fahrig® 3 T 1184 78 2491 i ¢
T AT R B, Xt AT S b AR A A e 97 S 2 (Y il
76% % IE I R 3K JF 7~ BATT, 7N B Hh g A2 25 R
B F AT (RIS T AR KA A S, 52 b 24
AR B2 R PG B B 52 0 2 SR T
AT g ST PR, R I R AR Rt A A
L b 0 24 2T S 0 R B A 1 — A S e 1 ),
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F—J71H, L ARITAE R B T B B A R4 ARG
AR P e S PRI RE DL D, BRI, AN [EIATLS,
WA Mk (Procolobus  gordonorum) W R B T A= W 28 ik
AR, W EAEAR S N RIE S 00 K AR AR 1)
CLPENERI R B R 2 R S v, (A, DhRE St i
XL TE R IR e S E AR AN SZ TR B 4L
W EMZ R AR L. ERZ AR TN A
RIS, PR Z TR, SHEMILH
I HA A 2, (R TR LR A A DA E
Rl iz e hh ke .

(2) X ik B FH e 2. AR ) B U5 R N S DL AR AT
B B, SRTT T I B R A S EUR 2 AR ) BRI
SRR, EBRGUREER, HMARHER 2%
Y2 FEVEDRD . MR IR MK A8, A o iR
V£ 5 B &5 AEIN R (Loxodonta  africanna)~ H R4
(Ceratotherium simum)~ JLHRE(Ursus maritimus)4)
Fharsk 7B gy, FEUX LR R E SR T
B, JREBMEE K4, CLolid sk iz o0, & WA
T — RYNE IR OX L

o A A B P I B R FH 34 2 i BSUR R A 22 1
PRI IR . R AR AR 3 L S T8 A AR A () e 8 1 S R
ABIFE A8 1k, ST SRR A 27 0 i, 5
W8 OO 2 s K T E R, I H S ARt
PETR A Re e R HAASE T R4 2. A s ER i
W, FETZR T a6 R T4 e S /AT A
B L OISR T AR B RE 07 AL R MR K
N RREGIRAS « AT RNBURAS T T AT A G B B
2B EOHE SR 77, ATTE ) LA AR P B A 18t
ey 52, IR R, WAL S s AT N, B
EMEE. HEMESRGEEZANEN ERBUT N, £
AN A= 7 SRR 55 22 RO AR A LR . 495155 (1)
1 2RAT N S HAH IS AR R ) A8 Ak (PT 28 M 1) B A
(A7) AT BT R = A e AR AR AR B (RGeS
TR AT A T SRARRRBLSE, M2t
FERTEEH 12 A SR AR N KV 22 AR 2 1 ),

(3) XIPIREEIS L R, — MR, V54— &
TR RN E SR REF RN, —E5 A,
AL HE HAR AR AP 26 AR IR L, e & BOGT5 4, &
TV — P AR VE A A RIFEE R, H A Bk
EEY AN I E A S TIHUR A 2,
SUBEIRRAT N, B EAT N ZRAT A #2217

UL AS 5 2 2 B AR, A AR R R A
FRLE AR BT Ay b % B 4 i B 25 TR e A
[ A% BRI 2T Y, AT 3535 YR A
Nie BN Z AR RS — D B R, Fan, Jeis g
Al RES PR 2 BT MEY) A E K R] 2 22 TR
T, BEINT WR  ARS, AE— e AR B T B
EREY AR R, JeiE YT RE S EUE a4 ik
R [l s iy AN SR g, 3 Bl F B (B3 3l i e
TR T, Bk EOE SN A et T 55 e v
REIE L TP sh W it 7 28 VT 6 s 18] B 28 3= A= L
TRYEH, s ei3e s i nd B PR AR 3 1 18] i A
RoE .

AN AR R R A i A5 5 G PR A S 451
S [E M Rk (Biston betularia)¥) TV Ak, 7E191H42
PLURTIE 3R B 48 )RR AR /2 K L) (pale  typica), fRTZK €0
IR b, A D HA o S 28 e Tk A
K, JEMHEE 15 Y R A0 T A TR TR T, 45 2K
TR RO AR 1525 5y 1 5 28 R LA T 5 B HL 26 R e
TE18504F 2 J& 1 S04E P9 N95% LA T BEAREIA £5%; T
18504 S AV HTRE & R R I T B € (1) 48 U (carbonaria
typica), HHERISAAE 5504 A U H1 1% _ETH3195%
Db, 00 M KA [ AR5 O BRI, Van't
Hof%5 NP2 e e i, 9 4 RO Tl b S84 -
& BUK R B IPCER I e e 1 4 N 38 B Jo JE R R 2
—ANNE T, FEHERT X — R R N R
AELEIBI9FERT fa, MR 5P SLic B — 8. X —#f
TGN Ha 7 1 AR A e P 5 T % PR R T A L
i, ASERIE S PR T 4 e (R R I R ) AR Ao T i B4
BRI s R AT R AR R AR A ) E

(4) XTI IR N SHAPREN, aES . SARS.
A AR R AR, AU A NS R, I 7 2 g A A5
FHRIRAEMZRENE, PO B4 Qe B HE ) B A e
TR RESCE A AL R A pu AR i Y 2
WHFEERW, 15 L 2 BEPEAE 2 o MR TR T
FAT R R R AR, JF B4 dUR g2 B
TR P D I () s 2 s g 2 —. PRk, — D5 I, e ]
DATRCH S0 1 M 18 A5 LR 55— D7 T, 1 2 At
1 22 FEIE B BE NS S AR S0 0 i EAEEAURENA. Gozlan
i NCYURIBIR S B, A8 B G I R 0 2K N iR
i (Pseudorasbora parva)i#t NERYN 23 4 (Leucas-
pius delineatus)F17K38, 23 F B KB A 2 4 15

503



B DR AL B —— ORI M R 7 S

AN SR T B i 2R 4a, A Brih o 5 BT 20
FRRST I PPk I g B L

PR, Pt R IR B B A 1 3 L HERR AL 2 A
PEEAL B2 B ARIE R R ), X Rl R Sy 2Rk g A
b 7= A R P P 0088 e LA 875 TSRl A Aok A SR 1)
FEUE PR, BN, Bl gt 2 B, W RS AT 1 WSARS
Beldihr, DR FHERORTE . JBIR RSN
I 80F, A2 H AT O A R iR 2 1), (B E &
HR/D PR o filr, B2 AN TR S Tk AN IUA
) — Bl e R E AT 7 R H e, i bR R
Hotr kI 7 RE T BFHEREF(type 1 interferon
genes) M H AR R HE R R, 1X 5 FHAh ALK 7L 30
VA AR RANIE], 2 W 5 4. 2 2R G A7 AE BRI
(AT REPESS. S — WL T RE L I 5995 25 T RV AL P
SEIR, 8K B A 1 3 AR 1 3 (spillover
host)if, AEfE3RAFEAFILH.

(5) XA AR e . SAEARL DBk A 2
FEPEIE A 302 50, R ol A 1 B8 R o T 1 A2 1k
B T RSO S I T, S LS A R
YAV R A AR A . MR R R, HEEIE T
(KR [N, A SR T 2 R s i R
JSE GRS A AR AR R AR AR A I R, )
Tl 7 A M A A PR SRS T Ay P T BB
(plastic adaptation)F1f3i8 {4 (micro-evolution). AJ %34
T R — PR PR IR e LB R R (PSR 7
SRIGFRIREN T, VR R (IR E . TEah W he. E
T SR ) IS ) S A A A AR A T R A R, A
PG o (AT 3 SRR BOE . B, Chen® A1
BT 2 A 43 M (meta-analysis) BT A 2 TR 0 5088 &
L, Pt o3 An 0 B ) PR AR A 5 SR AR IR AT 5K, BEAED)
Tl 43 A Y0 R 4 1 O ) i ARt XIE A5 K 2911 m, [
e L X GE RS K £016.9 k. s AL 2 PR 7E B 28
IERAERN, I8 I ik DR SR AR B DR 2R 0 2 1) 3 SRR
W LSRR A IS R, AR it A IE B (genetic
adaptation) ™). 11, KarellZ N B 58 R I, B T-1E30
SRR BRI BT R BOR T8 SR WD, 55
AP B (B AR ) [ K AR S (Strix - aluco) fEAEAF
SEA RIS A b KA T AR, AR KRS TE
B EEIE BT, Bid £ RI30% BT #12950%. 1%
BIF 9T AR A AL RS RE M R R AL, BRI
Tl e 0% 30 0 e R B A R A

504

4.4 FEALET

B AL 22 A S A T A A5 7 i IR AR i R 28 (1 A
S, B AEEMAEE AR R AR ik 2R R
VIR ORFEA AR R B AR ECRREE, T A 5 R AR
A, FE T A5 A B B ) S A s ke 1 tH R,
T AL AT SN . a0 SR R AT 22 R I, R
LA A BRI A BT IR EE T AR, SBUE R
BB ()36 7 5 22 T T W K 1 K e O, 5L 5
e DA R P e 3 S5 T AX ) AR AT MDA OR 35 a8 4% 22
PE; € A% — 07 T P A R & R =X, A5 53— J7 THIFE
I R AT e B R ZAEVE T AR TR B B
BV 2 R 07, i ey b Jy B Rl gesE T4
Tt e FANRE I AL 7 1r), TTRRRE R /Ny 84 2 FE 45
Wk 52 T WA B EL AR F s A i 1T,

AP R PR LI £ R e, HonT DA
PIRRAN IR 7 SORIE BR85S wil A7 76 1A%
AR S M A T R AR I AR VR AN ] (384 A
EERIEEAER T, W RES BN [F] B3 A0 3) ) 2 A
IR LG R, S RAME, FET AR EHE
A S 13 B A] R S SO PR AL L [BE TE 2 RO SE
A7 IR DL S A% 4 5 22 IR R PR SR R TR PR b, AT A 25
FEAR S R PR AE T I SR AR A BRI B S R eT
A 7 A8 S, o HLPRUHOE B 8 AR BE A, 2 AT AR
WAL ZREPEIA) 3. BN, FranksZ NP T 2%
FETREEE)EIMZE(Brassica rapa) PR3 [F 4H %
BET, H5ENHEZENAET R RH R 2 M
FEEAT EEB A, RO 5005 PSSR P 2
ANFEDR bk AR S A B R R AL 2, I BRI
ALRAER MR AR R ZE 5, RIIEL R R
T BUK AN TR 22 9 Y P4 bR (B 45 T AR I [ ) i A P
M A JE A X B AR, T A E T A
SRFNEE; JAh, XU Fe it o WUER B R B AR R
DUE 5 AR PR EAT LU 7, WA Bh T4 B8
HEBE 5L R )2 s A B ) 2 Al

5 RE¥

i, — i HEREMLZHEE LS RGIRG
JF )R 5 BUR T 6 (the  intergovernmental science-
policy platform on biodiversity and ecosystem services,



P EBNE: ARl 2019 4F 49 % A 4 00

IPBES) R AR AW 2 FEPERF o4l &0, AR 3 IE
S ECHER S A A B DL N R D IR E
F T 20504, FR T 55 A N IE B BRI
ZAb, SRS ORI A ) 2 B P R SR TR ) KK
Jilr, TR T21004F, FEPHFELL b1 5 SRR AL 3
¥R TR, XA N a2
FEMEE . NRMET. RELEMAEERE,
RN NS AEAF () B . R, e b B
AR A7 BT T N D 0 A R A LR AP B A i — T
T R A E G, A s A R YR
B BWWami Az, (HE WK 2 B E YR

SRR IR, IR BIRPRE D S 3E MR AL B 7E A4
FORARA . T34k, 25 R B R SRR AT REXS WA
WS S W BRI AR, T BRATTNS A 4 A i [
P IR 5 5 RS AFIR I SRR R 2 Ho b, XL
K 52 MEURE S VP Ak R R SR 1) T A i 35 K% AT e 38 ) 1Y)
JEE. R, FRAT TR S ot WA G P A R R D S R
JRA T PR ARRAE, ARy Tl A X A 5 A A i S A& N
ML EIBIEFE, LA RE 6 TR N B A 490 o i I 24 555 22 4K
IR AL AL, AR T 30 B A8 A 35 U 0 o oK
KRIGTEAL G A PA kS R 55, X LR TORAT B T 4%
THEATH € B A S R BEBOR A 2k AT

HIRIT T30 F ZAL T 5 A

%R

fa] BB A 2 REPEDE BEPEATA R

Dobzhansky T. Nothing in biology makes sense except in the light of evolution. Am Biol Teacher, 1973, 35: 125-129
Wei F W, Nie Y G, Miao H X, et al. Advancements of the researches on biodiversity loss mechanisms (in Chinese). Chin Sci Bull (Chin Ver),

Wei F W. Evolutionary conservation biology of giant pandas (in Chinese). Sci Sin Vitae, 2018, 48: 1048—1053 [£14ii 3¢, KAEMTEAL R A2

Zhao S, Zheng P, Dong S, et al. Whole-genome sequencing of giant pandas provides insights into demographic history and local adaptation. Nat

Zhou X, Guang X, Sun D, et al. Population genomics of finless porpoises reveal an incipient cetacean species adapted to freshwater. Nat

Bay R A, Harrigan R J, Underwood V L, et al. Genomic signals of selection predict climate-driven population declines in a migratory bird.

Pavlogiannis A, Tkadlec J, Chatterjee K, et al. Construction of arbitrarily strong amplifiers of natural selection using evolutionary graph theory.

Zhou X, Sun F, Xu S, et al. Baiji genomes reveal low genetic variability and new insights into secondary aquatic adaptations. Nat Commun, 2013,

Zhou X, Wang B, Pan Q, et al. Whole-genome sequencing of the snub-nosed monkey provides insights into folivory and evolutionary history. Nat

Zhu L, Wu Q, Dai J, et al. Evidence of cellulose metabolism by the giant panda gut microbiome. Proc Natl Acad Sci USA, 2011, 108: 17714—

Zhang Z, Xu D, Wang L, et al. Convergent evolution of rumen microbiomes in high-altitude mammals. Curr Biol, 2016, 26: 18731879
Shao C, Bao B, Xie Z, et al. The genome and transcriptome of Japanese flounder provide insights into flatfish asymmetry. Nat Genet, 2017, 49:

2
2014, 59: 430-437 [BRAHSL, kW, BiiEE, &5 AV ZHEVERCRILRIRT FUERE. RE2IBIKR, 2014, 59: 430-437]
3
WA PEFRHE: AR, 2018, 48: 1048-1053]
4 Ferriere R, Dieckmann U, Couver D. Evolutionary Conservation Biology. New York: Cambridge University Press, 2004
Genet, 2013, 45: 67-71
6
Commun, 2018, 9: 1276
7
Science, 2018, 359: 83-86
8 Kimura M. Evolutionary rate at the molecular level. Nature, 1968, 217: 624-626
9 Levine J M, HilleRisLambers J. The importance of niches for the maintenance of species diversity. Nature, 2009, 461: 254-257
10
Commun Biol, 2018, 1: 71
11
4: 2708
12
Genet, 2014, 46: 1303-1310
13 Li H, Durbin R. Inference of human population history from individual whole-genome sequences. Nature, 2011, 475: 493496
14
17719
15 WeiF, Wu Q, Hu Y, et al. Conservation metagenomics: a new branch of conservation biology. Sci China Life Sci, 2019, 62: 168—-178
16
17
119-124
18

Girod C, Vitalis R, Leblois R, et al. Inferring population decline and expansion from microsatellite data: A simulation-based evaluation of the
Msvar method. Genetics, 2011, 188: 165-179

505


https://doi.org/10.2307/4444260
https://doi.org/10.1360/972013-557
https://doi.org/10.1360/N052018-00115
https://doi.org/10.1038/ng.2494
https://doi.org/10.1038/ng.2494
https://doi.org/10.1038/s41467-018-03722-x
https://doi.org/10.1038/s41467-018-03722-x
https://doi.org/10.1126/science.aan4380
https://doi.org/10.1038/217624a0
https://doi.org/10.1038/nature08251
https://doi.org/10.1038/s42003-018-0078-7
https://doi.org/10.1038/ncomms3708
https://doi.org/10.1038/ng.3137
https://doi.org/10.1038/ng.3137
https://doi.org/10.1038/nature10231
https://doi.org/10.1073/pnas.1017956108
https://doi.org/10.1007/s11427-018-9423-3
https://doi.org/10.1016/j.cub.2016.05.012
https://doi.org/10.1038/ng.3732
https://doi.org/10.1534/genetics.110.121764

B DR AL B —— ORI M R 7 S

20
21

22

23

24

25

26

27

28

29

30

31
32

33

34

35

36

37

38

39
40

41

4

43

44

45

46
47

506

Elmer K R, Reggio C, Wirth T, et al. Pleistocene desiccation in East Africa bottlenecked but did not extirpate the adaptive radiation of Lake
Victoria haplochromine cichlid fishes. Proc Natl Acad Sci USA, 2009, 106: 13404—13409

Fahrig L. Ecological responses to habitat fragmentation Per Se. Annu Rev Ecol Evol Syst, 2017, 48: 1-23

Franks S J, Kane N C, O’Hara N B, et al. Rapid genome-wide evolution in Brassica rapa populations following drought revealed by sequencing
of ancestral and descendant gene pools. Mol Ecol, 2016, 25: 3622-3631

Lindbladh M, Oswald W W, Foster D R, et al. A late-glacial transition from Picea glauca to Picea mariana in southern New England. Quat res,
2007, 67: 502-508

Cruzan M B, Templeton A R. Paleoecology and coalescence: Phylogeographic analysis of hypotheses from the fossil record. Trends Ecol Evol,
2000, 15: 491-496

Guichoux E, Lagache L, Wagner S, et al. Current trends in microsatellite genotyping. Mol Ecol Res, 2011, 11: 591-611

Schiffels S, Durbin R. Inferring human population size and separation history from multiple genome sequences. Nat Genet, 2014, 46: 919-925
Hewitt G. The genetic legacy of the Quaternary ice ages. Nature, 2000, 405: 907-913

Hewitt G M. Genetic consequences of climatic oscillations in the Quaternary. Philos Trans R Soc London Ser B-Biol Sci, 2004, 359: 183-195
Konnert M, Bergmann F. The geographical distribution of genetic variation of silver fir (4bies alba, Pinaceae) in relation to its migration history.
P1 Syst Evol, 1995, 196: 19-30

Liu Z, Ren B, Wu R, et al. The effect of landscape features on population genetic structure in Yunnan snub-nosed monkeys (Rhinopithecus bieti)
implies an anthropogenic genetic discontinuity. Mol Ecol, 2009, 18: 3831-3846

Ko A M, Zhang Y, Yang M A, et al. Mitochondrial genome of a 22,000-year-old giant panda from southern China reveals a new panda lineage.
Curr Biol, 2018, 28: R693-R694

Li Y, Liu Z, Shi P, et al. The hearing gene Prestin unites echolocating bats and whales. Curr Biol, 2010, 20: R55-R56

Zhao H, Yang J R, Xu H, et al. Pseudogenization of the umami taste receptor gene 7as/r/ in the giant panda coincided with its dietary switch to
bamboo. Mol Biol Evol, 2010, 27: 2669-2673

HuY, Wu Q, Ma S, et al. Comparative genomics reveals convergent evolution between the bamboo-eating giant and red pandas. Proc Natl Acad
Sci USA, 2017, 114: 1081-1086

Shan L, Wu Q, Wang L, et al. Lineage-specific evolution of bitter taste receptor genes in the giant and red pandas implies dietary adaptation.
Integrat Zool, 2018, 13: 152-159

Zhu K, Zhou X, Xu S, et al. The loss of taste genes in cetaceans. BMC Evol Biol, 2014, 14: 218

Liu Y, Cotton J A, Shen B, et al. Convergent sequence evolution between echolocating bats and dolphins. Curr Biol, 2010, 20: R53-R54
Shen Y Y, Liang L, Li G S, et al. Parallel evolution of auditory genes for echolocation in bats and toothed whales. PLoS Genet, 2012, 8:
€1002788

Wei F W. A new perspective on animal adaptive evolution: Animal gut microbiome. Sci Sin Vitae, 2016, 46: 1-3 [543, sh4id N S 70
HIHA: s, b ERE: Bk, 2016, 46: 1-3]

Gaynor K M, Hojnowski C E, Carter N H, et al. The influence of human disturbance on wildlife nocturnality. Science, 2018, 360: 1232—-1235
Fritz S A, Bininda-Emonds O R P, Purvis A. Geographical variation in predictors of mammalian extinction risk: Big is bad, but only in the
tropics. Ecol Lett, 2009, 12: 538-549

Krauss J, Bommarco R, Guardiola M, et al. Habitat fragmentation causes immediate and time-delayed biodiversity loss at different trophic levels.
Ecol Lett, 2010, 13: 597-605

Sih A, Ferrari M C O, Harris D J. Evolution and behavioural responses to human-induced rapid environmental change. Evolary Appl, 2011, 4:
367-387

Barelli C, Albanese D, Donati C, et al. Habitat fragmentation is associated to gut microbiota diversity of an endangered primate: implications for
conservation. Sci Rep, 2015, 5: 14862

Allendorf F W, England P R, Luikart G, et al. Genetic effects of harvest on wild animal populations. Trends Ecol Evol, 2008, 23: 327-337
Jorgensen C, Enberg K, Dunlop E S, et al. Ecology: Managing evolving fish stocks. Science, 2007, 318: 1247-1248

Diaz Pauli B, Sih A. Behavioural responses to human-induced change: Why fishing should not be ignored. Evol Appl, 2017, 10: 231-240
Andres S, Ribeyre F, Tourencq J N, et al. Interspecific comparison of cadmium and zinc contamination in the organs of four fish species along a

polymetallic pollution gradient (Lot River, France). Sci Total Environ, 2000, 248: 11-25


https://doi.org/10.1073/pnas.0902299106
https://doi.org/10.1146/annurev-ecolsys-110316-022612
https://doi.org/10.1111/mec.13615
https://doi.org/10.1016/j.yqres.2007.01.010
https://doi.org/10.1016/S0169-5347(00)01998-4
https://doi.org/10.1111/j.1755-0998.2011.03014.x
https://doi.org/10.1038/ng.3015
https://doi.org/10.1038/35016000
https://doi.org/10.1098/rstb.2003.1388
https://doi.org/10.1007/BF00985333
https://doi.org/10.1111/j.1365-294X.2009.04330.x
https://doi.org/10.1016/j.cub.2018.05.008
https://doi.org/10.1016/j.cub.2009.11.042
https://doi.org/10.1093/molbev/msq153
https://doi.org/10.1073/pnas.1613870114
https://doi.org/10.1073/pnas.1613870114
https://doi.org/10.1111/1749-4877.12291
https://doi.org/10.1186/s12862-014-0218-8
https://doi.org/10.1016/j.cub.2009.11.058
https://doi.org/10.1371/journal.pgen.1002788
https://doi.org/10.1360/N052016-00247
https://doi.org/10.1126/science.aar7121
https://doi.org/10.1111/j.1461-0248.2009.01307.x
https://doi.org/10.1111/j.1461-0248.2010.01457.x
https://doi.org/10.1111/j.1752-4571.2010.00166.x
https://doi.org/10.1038/srep14862
https://doi.org/10.1016/j.tree.2008.02.008
https://doi.org/10.1126/science.1148089
https://doi.org/10.1111/eva.12456
https://doi.org/10.1016/S0048-9697(99)00477-5

REBE: ARl 2019 F 49 % 4

48

49
50

51
52

53
54
55

56
57
58

59

60
61

62

63
64
65
66

67
68
69
70

McComb B C, Curtis L, Chambers C L, et al. Acute toxic hazard evaluations of glyphosate herbicide on terrestrial vertebrates of the oregon coast
range. Environ Sci Pollut Res, 2008, 15: 266272

Holker F, Wolter C, Perkin E K, et al. Light pollution as a biodiversity threat. Trends Ecol Evol, 2010, 25: 681-682

Tuxbury S M, Salmon M. Competitive interactions between artificial lighting and natural cues during seafinding by hatchling marine turtles. Biol
Conserv, 2005, 121: 311-316

Clarke C A, Mani G S, Wynne G. Evolution in reverse: clean air and the peppered moth. Biol J Linnean Soc, 1985, 26: 189-199

Van't Hof A E, Campagne P, Rigden D J, et al. The industrial melanism mutation in British peppered moths is a transposable element. Nature,
2016, 534: 102-105

Altizer S, Harvell D, Friedle E. Rapid evolutionary dynamics and disease threats to biodiversity. Trends Ecol Evol, 2003, 18: 589-596
Gozlan R E, St-Hilaire S, Feist S W, et al. Disease threat to European fish. Nature, 2005, 435: 1046

Pavlovich S S, Lovett S P, Koroleva G, et al. The Egyptian rousette genome reveals unexpected features of bat antiviral immunity. Cell, 2018,
173: 1098-1110.¢18

Pinsky M L, Worm B, Fogarty M J, et al. Marine taxa track local climate velocities. Science, 2013, 341: 1239-1242

Urban M C. Accelerating extinction risk from climate change. Science, 2015, 348: 571-573

Scheffers B R, De Meester L, Bridge T C L, et al. The broad footprint of climate change from genes to biomes to people. Science, 2016, 354:
aaf7671

Iknayan K J, Beissinger S R. Collapse of a desert bird community over the past century driven by climate change. Proc Natl Acad Sci USA, 2018,
115: 8597-8602

Bellard C, Bertelsmeier C, Leadley P, et al. Impacts of climate change on the future of biodiversity. Ecol Lett, 2012, 15: 365-377

Phillips S J, Dudik M, Elith J, et al. Sample selection bias and presence-only distribution models: Implications for background and pseudo-
absence data. Ecol Appl, 2009, 19: 181-197

Chen I C, Hill J K, Ohlemiiller R, et al. Rapid range shifts of species associated with high levels of climate warming. Science, 2011, 333: 1024—
1026

Rinawati F, Stein K, Lindner A. Climate change impacts on biodiversity—The setting of a lingering global crisis. Diversity, 2013, 5: 114-123
Karell P, Ahola K, Karstinen T, et al. Climate change drives microevolution in a wild bird. Nat Commun, 2011, 2: 208

Frankham R, Ballou J, Briscoe D. Introduction To Conservation Genetics. 1st ed. Cambridge: Cambridge University Press, 2002

Kekkonen J. Evolutionary and Conservation Biology of the Finnish House Sparrow. Dissertation for Doctoral Degree. Helsinki: University of
Helsinki, 2011. 8-9

Hartl D L, Clark A G. Principles of Population Genetics, 4th ed. Los Angeles: Sinauer Associates, 2007

Maynard Smith J. Evolutionary Genetics. 2nd. Oxford: Oxford University Press, 2000

Barrett R D H, Schluter D. Adaptation from standing genetic variation. Trends Ecol Evol, 2008, 23: 38-44

IPBES. Unedited advance summaries for policymakers of the four regional assessments and the thematic assessment on land degradation and

restoration (https://www.ipbes.net/outcomes), 2018

507


https://doi.org/10.1065/espr2007.07.437
https://doi.org/10.1016/j.tree.2010.09.007
https://doi.org/10.1016/j.biocon.2004.04.022
https://doi.org/10.1016/j.biocon.2004.04.022
https://doi.org/10.1111/j.1095-8312.1985.tb01555.x
https://doi.org/10.1038/nature17951
https://doi.org/10.1016/j.tree.2003.08.013
https://doi.org/10.1038/4351046a
https://doi.org/10.1016/j.cell.2018.03.070
https://doi.org/10.1126/science.1239352
https://doi.org/10.1126/science.aaa4984
https://doi.org/10.1126/science.aaf7671
https://doi.org/10.1073/pnas.1805123115
https://doi.org/10.1111/j.1461-0248.2011.01736.x
https://doi.org/10.1890/07-2153.1
https://doi.org/10.1126/science.1206432
https://doi.org/10.3390/d5010114
https://doi.org/10.1038/ncomms1213
https://doi.org/10.1016/j.tree.2007.09.008
https://www.ipbes.net/outcomes

B DR AL B —— ORI M R 7 S

Conservation evolutionary biology: A new branch of conservation
biology

WEI FuWen, SHAN Lei, HU YiBo & NIE YongGang

CAS Key Laboratory of Animal Ecology and Conservation Biology, Institute of Zoology, Chinese Academy of Sciences, Beijing 100101, China

“Nothing in Biology Makes Sense Except in the Light of Evolution”. Conservation biology was established to address the processes
that endangered biodiversity in the form of species, populations, communities, and ecosystems. Traditionally conservation biologists
were mainly concerned with aspects related to ecology, demography, behavior, and physiology. As human impacts on earth’s biota
intensify and diversify across scales, the focus of the field has expanded to address other aspects from ecology to molecular
mechanisms such as genetic diversity and adaptive evolution. More and more studies are now addressing how biodiversity responds
to evolving threats whose impacts on biodiversity span years to decades and centuries. These studies go beyond the traditional fields
in conservation biology such as conservation ecology and behavior. Integrating evolutionary principles into conservation biology
science and practice can reveal the nature of the problem, which has attracted more and more attention from conservation biologists.
Hereby, we propose a new branch of conservation biology: the conservation evolutionary biology in order to strengthen the
application of evolutionary principles in solving the conservation issues of species. Conservation evolutionary biology integrates the
principles and methods of evolutionary biology into conservation biology research. It aims to explore the past, present and future of
species status from the perspective of evolution. Likewise, it aims to reveal how species adapt to and respond to environmental
changes to ensure long-term persistence, and to clarify the process of species endangerment and evolutionary potential. A major goal
is to provide scientific basis for formulating forward-looking strategies for species conservation. Here, the origin, development,
research contents, research methods and significance of conservation evolutionary biology are briefly introduced to stimulate further
development of the field.

conservation evolutionary biology, population history, evolutionary adaptation, adaptive response, evolutionary
potential
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