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Abstract: The principle of maximum entropy (MaxEnt) was originally studied in information theory and sta-
tistical mechanics, and was widely employed in a variety of contexts. MaxEnt provides a statistical inference
of unknown distributions on the basis of partial knowledge without taking into any unknown information. Re-
cently there has been growing interest in the use of MaxEnt in ecology. In this review, to provide an intuitive
understanding of this principle, we firstly employ an example of dice throwing to demonstrate the underlying
basis of MaxEnt, and list the steps one should take when applying this principle. Then we focus on its applica-
tions in some fields of ecology and biodiversity, including the predicting of species relative abundances using
community aggregated traits (CATs), the MaxEnt niche model of biogeography based on environmental factors,
the studying of macroecology patterns such as species abundance distribution (SAD) and species—area relation-
ship (SAR), inferences of species interactions using species abundance matrix or merely occurrence (pres-
ence/absence) data, and the predicting of food web degree distributions. We also highlight the main debates
about these applications and some recent tests of these models' strengths and limitations. We conclude with the
discussion of some matters of attention ecologists should keep in mind when using MaxEnt.

Key words: MaxEnt, Bayesian statistics, plant traits, species geographic distribution, macroecology, species
interactions, degree distributions, neutral theory
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SR AR 2 WU AT A )2 I N (Phillips et al.,
2006; Banavar et al., 2010), &40t )% (statistical
mechanics)fIF 7T 1 FE 2 P 2% o P ] g 0 S R B B
TR AN (BIRE) — (RS ez
R, 1991), Jak SR T A5 5 (A RGR)
PAAE (9K ORIy g, 19925 5K57 3, 2003).

Jaynes iz F- 4 H B K SR #E, & 2L T Shannon
(1948) {5 BRI & o FLAZ L JEASUR 76 HE KT A S AL
OIS R RO AR B, TR ARENE BAN =N
Fitdll, A EIA AN o Shannon (115 S 2 X5 S
— R, fE R na FER D>, N E
B, RS O BRI
R 03 A1 o 0, 25 AR SN 8 e D 1) o3 A1, DT Ak 3]
“HRA I W

RO S P EARAEVF 2 AR A T2 N, H
g JLEA IR AT FFAM 3 . H Topic=
(("Maximum Entropy" OR MaxEnt OR "Statistical
Mechanics") AND (Ecology OR Biodiversity))7EISI
Web of ScienceZi s HIATAI R, WK R E2005
>k (http://www.isiknowledge.com, 5% H: 2011
ESH19H), HARKER S SIS mEN R, |
BT L, Sk KRS I PRAE AR 2 5 i 1 Hk
K IT, FEAAIAEMAJT I —J7 e 5 T 5
PG R = VAN 7/ e o (I R Sl (VA
(Phillips et al., 2006; Phillips & Dudik, 2008)73 %] T
JZ BN 53— D5, B R DR B AR A A A
AHOC U R BV AR A8 2 5 AR ) 2 FE PR 5
WHIHE T ) VZ 3 (Shipley et al., 2006; Pueyo et
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al., 2007; Dewar & Porte, 2008; Harte et al., 2008;
Volkov et al., 2009; Haegeman & Etienne, 2010),

AL PATT S0 e R R A T B2, SRS
X I AR AE A AR A R R P R L 5 e AT S
g, LA DR P IRIAT I 9%

1 mKIERERE

A0 S P T LA B A 2 ) b B A A K
J5 ¥ (He, 2010; Shipley, 2010b). $f— Kt 1 7E [/ —
S 2 BB CRBIRIRECOLAN), AT EEN
B GE R A u(Bu = 5.5), TIREX A
TR BISFEEA HE2 05 S, BT TAR A i 2 it
TN IR S22 D,

IAEAR VNN, 2, ..., 6ERII B B h
n, na, ..., ne, AMNIIMEE Kp,= ny/N, WFRAVEN
(R 45 A [ n = (ny, ny, ..., ne)B i Ep = (p,
D2y wees Do)y IS LIXARGE 25 X N A 1R 2 Fhe] RE T
<SRG . I IELN = 3, 3 VRIS IR 4 5 B
A6 A2, W = (0, 1,0, 0, 0, 2), {HIXnxt
FE3FR] BEFR ST 2 2 AR — L ) =K
B L. T ) HEA AL A R T SN, ) e
Xof I (1 s B 7 R A
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n!nyl-ng

FRATTIN Ay S B 5 X e e K I &5 S A2 S B
MEL 3 R 25 S (K230, 2003), i L EAF [ B nds n)
REHH I, R W iZ e R o FRATT IR AN 24 2
FEE A, P A AR £, I H Stirling 24 XEGE
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Fig. 1

ISI Web of Science search reports (accessed on 19 May 2011). The searched words are: Topic=(("Maximum Entropy" OR

MaxEnt OR "Statistical Mechanics") AND (Ecology OR Biodiversity)). The left one shows items published in each year; the right

one shows citations of these papers in each year.
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A, 7530
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S(p"""p")sz_zpi Inp, 2
WA, Wi KN T St oK, 1 iX A SHE 2
Shannon [FI{5 B, T2 AT Ay B A 2011 43 A1 B,
A3 (2)NSHU T fs KA, FTi 2 B) UL R 4 AT
2ap=n
), xi = i, KA TS 7RISR
s B, e sl — AN 2 & i B I
I e 2 - BN, 28 AT LR NI B
P A e Xt — Pl @, T LU
Lagrange3f¢ 772 K 3K fi#, 51 A Lagrange3f¢ 120 M4y,
HEA v JUE AL Ay SRATE A T T (4) WA e KB p:
§=—Zpilnpi+/10(1—Zpi)+/11(/1—zxipi) (4)

£ 0¢ /op, =0 AT LLK H:
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fri, Z=) e =¢™ (6)
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FE A5 A (R (3) 2RI AT 3K AR A, o FEFRATT
B 7, Bl = 5.5 AT RASR A, = 5.932, 4, =
—1.087, BTt &1 th IO MER K2 PR . 1X
BATHY PR — 3, AT — R 81 AR B
B, TATTA PR AN TR H PR m REPEARAE,
2 IR 25 RSP I %2 (142+. .. +6)/6=3.5;
IS LS. S P E , FRATT B e AR B 2
KRB B B T/ s BRI I B D, R AE
B A ATAR 530 (45 B A L FRATT L e R 7 1
ANHEAS X AE, AR EATTER T2 XA ME 2R
ZANR AT e IR, Il A RN DR B A PR
(1) LS S HEWT A FIE R 2 A A0 AR s |,
BATE R = 3.5, Snlfa R AR S 5 13 2 &
AN T HE B PRI R 2 A2 AH R 1)

5 KRG J B SIS ol DL o 7 44 7 7 5 (Shi-
pley, 2010b). 7ESE BRI FH T, AT 151 ApIR S5 73 A

po(Jaynes, 2003; Pueyo et al., 2007), (1)z0A8 4 :
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n n n,
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Fig. 2 The result of dice throwing predicted by MaxEnt with
mean of 5.5

S(plpy)=-3 pInLr (®)
i p

FATHT ) 7 SR AT R A oA, Wk
FEN A BT I MR SR HE—FF, T poi il AH 4,
P LAt b (2) s e K

IAE, FRAT TR 5 RN D B ) I 20 BB A — 1] o
UGN 15 S BRI T ), B SRAT A RE
NERII AT 2 e B 17 I 25 AN 4 AR AT 42
I AR R AT 4 7 01X LG ) RS A T T
Fig HECTS T 1) 25 R AT SR A

(L)A€ P K ) R R S 36 20 AT, 5650 70 AT N i
515 B/ R 73 A (Pueyo et al., 2007).

(2) R A i o 1) R 45 RV S 29 SRR AF((3)
).

(3) 7Tl A2 249 AR G5 AT 1R[] IS 5 KA AR XS 46 ((8)
), SRAFEOGE LR 531

2 BEXREREREBEESFPHNA

K BT T PR PR A Tk 0 380 13 2 A P A [ R S
B i) L, e KR Dt Lt RE A8 ] A Y P B A 2 2
e 5RIL(2003)EHL 3 (AR iR, AR
FHAT — D AROBID) D, BIASTF R e A S 1
T 2 KLU, i dpe AN i B AT 98 R ST 4Lk )
AR B T H o AR P AR B WA
WFFERGE MBI, L Un eI 4 A5 b 1
BT 2 5 ) LRI DLy R4 bR 2K 7
AR BT RISy, BTSSR AR
iR R R B R R R R A I K



298 4 ¥ % ¥ ¥ Biodiversity Science

19 %5

/N43Afi(size distribution) i) @, FTHIFST I & AN [F] K2
CEYE)FIAMATEREA R IO EL TR, S A 0 B AT
(degree distribution) il &, fF 5T & — AN ) E
FEBE EAS YA S RN RO A AT, At S
ML RG] o AR, AT % A A% (macroecology) H ]
VI 20 46 Jry JLSE A A& 20 A ) j, e dn A— TR R 3R
(SAR). WIFh % /3 A (SAD)S54E . F8Z IS8/
K AR A& A2 24 2 WF 50 1 A% 0 0] @ (Preston, 1948,
Hubbell, 2001; Dunne ef al., 2002; Brown et al., 2004).

T T BRATT AL T A oK B KRG i BE A 0 49 A oA
e 795 3N 052 N2 w11 7/ & Bl 1 s AN S W
AR HERT IR RA BAEH . AR I 1 2
3 A S5 B PR I FH 7 B A 4
2.1 BITEYIEK TN FREE X % E

T T ) R T 2R L AR, T )
AN DO N AN R R, 25 A 1T R0 B )
(14K, Shipley 5 (2006) 75 2% Fl F ik HUAL Tk A
BEA R B — RV R S A e, 1280
HARWEIT T 30F DI 25 B AR R 8
PRIR 5 S YRR 2 B2 2 T ) OC &R, BRI K |
AR IEAE A LR G A, 18 FH 8 K055 ) BT
EAFPLEAS RV BT v ARG 2 FEEAT T, 4555
SCMBARAT IR S I A (RS = 94%). A 1IAH H
ORI TR RET T R A E A 00, S8t 7 H 2D
R R RO AR 400 T 25 A6 RO AT IR, %) A% 48 1) PR B ik
€ (environmental filtering) #f & SL WL T %€ &= i ik
(Shipley et al., 2006; Shipley, 2010a). %7745 KK
W, B T HEE AR KD ae Rz 45, #ypar Lo
FAEREM I, PoRh e Dhae AR 10 2= 5 5 IR i ik
WS Se R UE TR A5 o 1X L RR ) (1) 5540 5
Pk PR 584 ANTF): 7 Shipley(2010a, b) IR,
VI AR b 22 S 8 QL b R ER
HI & BR8] AR 22 57 1) (Hubbell, 2001)0 1R
2 A% 5 R A AL R 138 Bl B R 22 i ST A R A
X2 JE S DIREPR . MAEEZ IR, HRHA 2
AR Ry, T 2 i 2 1) 22 S 1R v 1 P A BRAR
M 2 B A, X — E e Rl T AR
A FRR A JIEHE, 10 Shipley a5 A PIX I 1A g A%
TIXFP R (McGill, 2006). F5Z F, Shipleyft J& 4L
BT SR H, RPEBE RT DA d5 KR S PR R AR 4
[ 5556 43 47 (Shipley, 2010b).

I TAE— & R R AR E AT K

7 (Marks & Muller-Landau, 2007; Roxburgh &
Mokany, 2007; Haegeman & Loreau, 2008, 2009), 1
JSCK B KA i BRAE AR AR S P AR 2 )2 RV Ak R
KPR CEPT R Ae, TATEAE G P ike.
2.2 RIS MR E SRR

WL RS L ) 2 ) A A AR )
B RGVED T IAL O P o 25 (8] 53 1) 42
B RIS TG — P AR IR 73 A X 5
e An e, PG O e B RS BT i ) i )
B AT LA By o R T 2 UGN TE R
LR — 28 D, i AR A XA, X
N REATHE B RORE b AT 2 BRI o B s rh 3k
AT e 58 22 1) Je — R s B .

20064F, S. J. Phillips 5 [ S 1418, FTAS
FrERR, FRAR. k. BREIRER T, M
K SR ERAE N Gt e T H, R T Wb B R
S )4 A i AE S A AL (Phillips et al., 2006; Phi-
llips & Dudik, 2008), JfH%w5 T 1] LL 4 2% 3R HLK
B AF(http://www.cs.princeton.edu/~schapire/maxent/) »
SH A Y 3 N7 22 A1 00 e KR i B ) I P S T AL s
2] J7 V5 (Phillips e al., 2006), HLEIE R, HE
BT A NS A T e vt L2E I iR (Elith et al,
2011), A28 27 5AT e SV A A PR AR . 1%
B4 2 J JE R JUAR TR AR 3 T T2 16 Y
M, e AREESEZANR2H, HNCHRZH
BRI IS # ) b 5l 28 NAR b DA S — LS AE )
UV AE 0 A X R HROE (R AR 4R, 2007, AR,
2008; Z=HIHZE, 2008; Li et al., 2009).
2.3 REBFIREHIHERT

Hubbell A 14 18 (¥ AR B2 Y Bl 2 i) £E 4=
BIhRE FBAT 2 5 (Hubbell, 2001) . R Z A5 #R
RS A] 22 7 (R A AE 2 A A AT AR (Leigh, 2007),
R AP P BEAR HOAR REARRE A A 2 P AR 22 T g, 70
TEAR 2 WP 43 21 T30, XA A S0 B SO
B AR AT BT . Pueyo®(2007) M 5E 441 I 1 £
FE A, R AR A CHEE, A IER =
X UL EAS—FE I (ecologically idiosyncratic), 1&
5 R D B W b 22 2 0 A, B rp 1 B AR A
R KEATREERIE R —.

FRELRTTHPBC T 6 1, EPA 2 L Ao
BT REAS TN Y TS 2 K, Tk Y
HAZZ FERREOS SRR L] . 7EPueyo
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S TAE AR (A X @R, B fEEE
B/ NS I o A N JLAT 2 K po(n) = wn ™' (Pueyo et
al., 2007).

LA WA N (Bowler & Kelly, 2010; Frank,
2011), Pueyo&5(2007)%f XA 73 AT I RE AT Bk, {H
VERSEI A IR R IR . A 7550 An,
R IEIAN A 29 R A, AT LAAS BAS R i ) 2
B Aukg o L ande lUH — A 45 AR R B
T35 2 BE R AT AAT, 132 2 B 73 Ak
25 B[R B 800y A (Fisher et al., 1943); {E A
AR BRI 22 B R AT V- 38 H (S B AR
VEXT B e, AR AR R sk A, eI S5 44 H
TEE IER A ROVEN LR, wif3 3 17— Aa
W) Bh 2 BE 3 A A% Js —— % B IE 25 43 A7 (Preston,
1948, 1962). X & R JER T B R 13k 2
b T oy AR R, BT R G A 5L
PR AT WAL AR RGP BRI, Pt Si0
¥ Jr 5 QAN 2 393 A FHAT 5 (Pueyo et al., 2007).

IXIGUIT 7 E5 1 1152 21 4 Shipley %5 (2006) fHF 5T
IEL SRR (K B AN PueyoZ5(2007)4E 5 1) 2 %
VRN 2 BE Ay Ak R, 45 SR AN R 22 FE R4 B
G HCE, AN REAS H BAREEAS PR AR 2 B
1 Shipley %5 (2006) /& FH A P 7E Dy e AR i 2= 7ok
P HARBEDN PP AN 2 2

Harte 25 (2008) M IR 75 48 & (state-variable) [¥] 1%
WK, ST A AR IR B K e
PR AR 2, SRHEWT 2 AR 2% Ry, i) d
ZE A F-TROCR S FFA RO R(EAR)S
ZH-REE K R(AER)SE, b, BRIP4 RER
A BRI A IR ELSo S NMAZIN,
PSSR 2R B 71 FH 5 R0 Jir B S A 3K 6% 5 1)
I I 2 FEATR T ALBE, AR ) 22 —FF, X
AR X BOIR A AR B A A 2 AR AR A 21 0] X 2 4%
Jay RSB0 o 3z e R SR AR AR M E T T
Fisher R4 22 FE 53 A 0 B B0 A, -1 AA R &
TEXCH B A bR R rh B At 2, (2 BEE YRS S A
AL LGB R 1%, BORBERIT TR % 4)7°0.14-0.20
Z A R O3 A o IR LG8 BL[A] I A5 21 1 UL A 1
5 SCRE, PRINES RS O 1% & 8 (CTFS &4t
BCI. Cocoli. Sherman%5 KAFHL )% ) (Harte et al.,
2008; http://www.ctfs.si.edu) = E V). T Harte%%
(2008) (K TN H BEATAEAT T 2 5, B LA S

LI 2 Ta) B AR /) 1 22 S 405 o] R RHR 2R
AR G A SR 12

Dewar 1 Porte(2008)iz FH 55z KA AH X 4§ (1) 75 ¥,
TR Il S AT PR TR AR, S T RO B
ZHREVEE 7" DR R IR 2 B A N BUE 38 3542
SR, FRIH RGN AR I B B A B e 247
THAF, AT A ARG I () T 45 AT 2 T HE 1
CFE. A ATTERIN, XA R RO R R R
I AAFAERCAARAE, $& AR 2548 R IR AR AN Y
AR IR T A, ERReIC R T @ H R
ARRGAE LR M IR B L o 2 R B R (1
FBLR SE 45 )5 o
2.4 0FiE)AE BV AYHE BT

Volkov &5 (2009) £ Hi Wy Bt R ) 7 2 A HE T A
PR IR AT RO HAE FH J) (the effective interac-
tion strength): £ — P& T Mg U HE, 55 Rl fE
HUE—ZERi R (stochastic birth-death model), FiFfJ7
VTS B I 45 R B85 AT 5T 45 R W
EL & L BCIR MO Y, 5580 AR R AR LG, Fi i)
FHHAE 2 AR 95 I (LE R N AR N — AN B 2, X
Sk 22 R T AH B AR G v 1 B 08 e 08 AR e th i
WIBCIVF 2 B A B A% Rt 7 —FP gkt . 7B
TR FEH, A4 AN RE - 53 i/ 22 AR R/
(IMEAs, AR A — A2 R, — A
Mk B A AR R 2 BRI — AN 2 B I e =
(n1, nay ..., ns), MTIXAN ) FE A BATHE#E 7151 7
(R PR THIDOS IR e, AN [i] PR S A TRTASAASOR
AN KU TR N A ), TSRS A AN
T —JCHIp(x), M2 TTipn). fE5 HIH—45%
TN TP AL — A A S22 22 B DL KB PR )
TRt 22 J () e RAE — S WA b (R S A 29 R 5%
i, FH B K5 SR SR AHE T 2 AT p(n) o AEIXANHERTS
T, Wi a) 4 0 BAE H 22 — 4>l I (emergent)
14t B (Volkov et al., 2009) .

HAFER M2, 51— Volkov4E(2009) 2 {1
(1) TAE RN Azaele%5(2010) (1) TAE JL-F RIS K. H
RN ie SR R E T 2 NI (Y (R SRE A TIOE /R L
Z JEAAR, 2 A YR LS S (presence/abs-
ence) [N ALK IE T AES RGN G, FIFAER T
Wb 2 TR A EAE 1 4 (Azaele et al., 2010).
25 BYINBIES®

JE£ 53 A 72 2% W 28 Bt 50 o ) L BN 3 (Strogatz,
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2001; EARFEIE T, 2006), 78R 45k g b
Py A (0 (Williams, 2010). 7EEprh, i
oy A e F8 FUE IR EE LSRR K B R ORI
(R0 o JRVAE T O3 A A0 52 2% W 285 ()R i AT 14y
HEAHA, HBF 14T 2 (Strogatz, 2001; T
WA, 2006), SR TATFE 34 LR B 48
2 LR ZIE 2D . Williams(2010)i JH B K8 5
) 32 110 ] B ASE 7R R85 56T € 0 X 5 43 A EAT AR U
(TS0, 3X A BE 4 AT IS LB SR AL T — b i %,
BT ELAR B I 1) S5 A B2 AR 2 RS I RR I R, (H:
HLRE oy AT H AT T X e AR R R . Williams
(2010) %5 5 AR Jir B PRI ASE HI A FAT T 1 R4 1 1) 481
TAREZIE, #7 & AT N W b A F, &
AN THT ) RUCEON ROZ R R S ) CREO P 8L, 214
PRI — AR R AE % B P )
(CREOF - 5E A P 2 A1, Williams (2011)
W R 50 T A — Ak 7 i) 14%
& UL A B 3 W55 4y W 4% (bipartite net-
works) TR EE 3T, 7530 T AR B P &R .

3 #itSHkK

HH T 32 5 ) fi s DL R A S s N H o i R A
LRI, VAR KA i BEAE AR A2 v h A3 21 T AR
KiF. HRESREETAFTYE RS, NGt
) B e A 2 T Ok ) e R D A A A A R RE 4R
2 AT, DA R G AR 2 2 40 A Tt (1) v Sk
HraA 2 mthsi 7T Z Mg,

i IX 26 518 3 22 [ 58 Shipley 45(2006) (1) LA
& 7« Roxburgh Fll Mokany(2007) i\ 4 Shipley %%
(2006) 4 5 AN i EL AR N P AE R EAFAE AR,
AATTASE FH R B 3 7K1 R DR AP 38 A A S B W
DR PR 22 BEVHERLR), 1005 1] S X -2
PEIRAE Ay S5 KRG B0 240 TR 4% A1 SR T I A4 T AL XS 22 2,
J& TR L « MarksFIMuller-Landau(2007) 1 45 i
TIXAN W, 5y AMEATT AZ SR IE (cross-validation)
[ 77 7256 Shipley %5 (2006) [t TAEA 7 R4, & ILAE
A S8 IE H g IR AR (1) T e 7 R KA T IR
T AE A B i 38 11 94% . Haegeman il Loreau(2008,
2009) A 4 Shipley % (2006) Aiff 77 H U 1) 45 J ok 95+
AT AR 7 P 5t 4 DA RO A I A R4 1, =k
I ANEE A e KR i BEAE AR A A TP R DY A AT A
% F . HaegemanF1Loreau(2008, 2009)i# i X Lk AE 2%

2 B A P R R R RN ) R B, 48 H S5
5 E A A B 2 o (R R T T B R G v 1 PR,
A2 R0 A T3 B A K (Haegeman &
Loreau, 2008), it CAARUEAE AR 224 il Dhis H Bk
T IR BT A A S 1

Bl X IX LeHE PP, Shipley#l——4F H T [A] W (Shi-
pley et al., 2007; Shipley, 2009a, b). =5z |, B A
RUMR AR BEVE, IR UE IR DT A, EARAAT
W AR S AR e AT T LT LA 1 A,
RIS AR DA B BRI A2 X AN S, ot S A
FHII Pk [ A i, HE 2 B0t 75 22 S T B 1B A T4
F, BTRAXIE —AN H HEE )8, AN BE T 5t e S
o i PR & 1F (McGill & Nekola, 2010; Shipley,
2010b). S SR A RO 5, BRI R AL
AT ER P 7 92 T AR S B s 45 21 (He, 2010), 1
Shipley45(2006) TAF I H & s FHER ST AT V&
SRR R, T AR B BR BT R B 5 R I T
(Shipley, 2010b), i R 10 UE AN N 12 4y ik PP 5
MBI B E o R — AN T e ) 4 e 28 ) o
T BLEE SR AT ) IR B8 T 4G 56 DA R S IE 25040 1 5 4,
X7 ST D& Pk g, LEiShipley(2010c) 4
NIRRT — P B A5 56 (permutation test) J77%, I
%} Shipley%%(2006) F1Pueyos5(2007) ) LAEHEAT T
4% RoxburghfMokany (2010)tH7E A AT THTHH TAE 1
BEfl AR T AR GRS 56 77 v . dlt, Shipley
A 18 2t SR B0 AT TR B 5 T AT 1
K% (Sonnier et al., 2010; Shipley et al., 2011).
Merow 55 (201118 b %o fge AR S 284 0l oy 15 )= R
MRS, RIAEAF Z AT . A RHE
IV T, e AR A 7R 2 AR b T ) 0 7
PP IR A e s VR 19 R AR 22 1, LTI
I 25 AT IR A (null models)-5 A YA 7R
Merow 5 (2011) i85 i, 5 K5 2508 PR 1 s %
TR, A FH T ORI Y [ 58 56 40 AT mT UK B2
7y .

XL E 1 T H AR A A E KD, Oikos
R 20104 S A AT HY T 408 AH DG IR % S 35 R 45
W RN I BEAE AR AR S N, A s S KR
Ji 35 R 5K B N B 48 v U7 5 (U Logistic [F] ) 2
[ R R R (He, 2010) S 32 XA B 5 K0
JEFE PP (MceGill & Nekola, 2010) 5 f5 A S 7Y
T 25 B0 vk K 58 7 v 4R 1 (Roxburgh &
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Mokany, 2010), L& Shipley(2010a, b)4s A H A
T 5 RS HLE R

S R S B AR AR A 2 R R N A R T B
22K ) R (Banavar et al., 2010; Bowler & Kelly,
2010). 7EPueyo?s(2007) L 1E 1 3E4t I, Bowlerfll
Kelly(2010)i# it iz FH 55 0 J5t AT 58 P M 22 B 43
i, BN TR Z L SRS, Mg T
—ANIR 5 AR B R B B 1) A A B (Pueyo er
al., 20075 S FISAD IS AHESE, T Hb sk
BT ESAL IS S rh S (R A . TSR,
Wk 2 B AT B R REAR RS M E, —
AN RBEE T TR SR, AR A
ZRHBET K (per capita birth rates and death rates),
FLA P — 26 2 S an AN P Bl ) 22 8 R ol ) 1 A
FNEALE W 58 SADHE Jaj 1 T A AN K

o R S BEAE AR A 2 R (W N e T AR
IR . W VolkovZ5(2009) 1 Azaele5(2010)H2 11E
TR TR MARESREEH S
T &4, Williams(2010) 4 B4 W 1) 55 43 A 2
PET WUER MRS, Wb b B A3 A 1) S5 KRR TR I Ay A=
Yyt B 2% 5 ARG A ) 2 B A T A D T A
(Phillips et al., 2006), f KRB0 7 R A 244 R
FHEWT e TSP g RS % Higr
Tf 5¥ (Frank, 2009, 2011; Bowler & Kelly, 2010;
McGill, 2010).

4 Z5iE

R E TR, B R IR BN AR S R JRIEN T
B ) o AHX LR TR WM 2, IEAFAEAR 2 5
W, VP2 i AEA frdt— o0, FRATX HL 2R
F IR TR B8 5 Ge v P B ) B KM J BE A 54X
A — i FH A7 BR AT IS ke 20 00 b 41 W7 A S Ak 26 4 A
778, FEARAE RIEMASFH . mRRIR
H YN FHAT AR 22 )l 75 B R, B n SE 56 2 A R Ik
Peo ARSI R B S, XD IR B R
MY 42 ¢ HE 2 (Pueyo et al., 2007; Banavar et al.,
2010; Haegeman & Etienne, 2010). A X BT 531
A B TE RN IRS RIE, BAT1A W] g 1A
e BRI IR B . A3 22 500 AR AR G — 4% SR 11
WAT . MGk BRI K, # oSSRk
JEIE) JT o X B R SR )3 (iR 5 N H T
SRR R IR R -
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