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Ecological niche modeling and its applications in biodiversity conservation
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Abstract: Based on the environmental variables that associated with species’ occurrence records, eco-
logical niche modeling (ENM) seeks to characterize environmental conditions suitable for a particular
species and then identify where suitable environmental habitats are distributed in the space. Recently,
ENM has been used increasingly in biological invasion, conservation biology, biological responses to
climate change, disease spatial transmission, and variety aspects of ecology and evolutionary biology
research. However, the theoretical background of these applications is generally poorly understood,
leading to artifactual conclusions in some studies (e.g. niche differentiation during species’ invasion). In
this paper we discuss the relationship between niche and geographic distribution and introduce the
theoretical basis of ENM, along with relationships between the niche and ENM. Abiotic/biotic,
historical and dispersal factors are three key elements that determine species’ geographic distributions at
different scales. By using environmental variables derived from distributional records, ENM is based on
observations that already include effects of biotic interactions, therefore ENM is used to characterize
somewhere between the realized niche and potential niche, not the fundamental niche. Grinnellian and
Eltonian niches are both manifested in ENM calibration, depending on the types of variables used to fit

ek 1 3: 2012-04-23; #5252 [ 41: 2012-07-11
BEIH 10 R 45 (2012M510744) 1 E SERERIFL 2 A A4 17 97 42(31210005)
" JEIEH Author for correspondence. E-mail: gengpingzhu@hotmail.com; ybgao@nankai.edu.cn



513

RBKCFAE: AR A AR (0 B A SR B S LR A 2 R DR rh i 1 91

model, the natural spatial scale at which they can be measured, and the dispersal of individuals
throughout the environment. Applications of ENM in understanding ecological requirements of species,
discovery of new species or populations, nature reserve design, predicting potential invasion, modeling
biological responses to climate change, niche conservatism, and species delimitation are discussed in

this paper.

Key words: ecological niche modeling, niche conservatism, spatial scale, Grinnellian niche, Eltonian niche,

fundamental niche, potential niche, realized niche

AR 2T ABE AL FH R L0 1R 3 A H s A AR
KIUEA &, R4 — € RIEIs FORM A,
W i) AR A T SR, R as B 45 R B0 (project) &
AN () PR B TR R =[] L0 4 Al 1) S B 43 A (actual
distribution) F13# 7. 43 1fi (potential distribution). &4l
TE—AZ LR FAR R R AR — A, XA
KIE ZANIER RS, Ak n] LUK — AP Rh
P 43 A s ORI A B S A ok, T €
P SRR MR IX AN AP AT K, AR E R S8
A AN TRV T) A0 2 ) (R Mo R 2 fr) v, DA Z ) Bl A
U SNER Y (Ol N d e 3 s o T P S T e S v
UiEA 3, HA PR B A A — 3
YR AR . AP RN A . AT A
BRI

AR, RSN BAAE Y 2 R 24
QUIRAT BT R A, A Bk 2 N e AR AR
W DR AEE . R ERAEARAR AT R 3 A ()5
i) S A% G 2 [ AR R A o b HE:, 7EREAY IS H
AR T — SRR G S BRI 2518, WANRDIFT
" A A7 1T 25 (Broennimann et al., 2007; Medley,
2010), Lot RSB T i XLt
AN M2 Kb BN 22 B g T AR R 1 H AR
FEOR, ) AR 2 A TR & T AR S A A Y 1) s B, BN
A IR B AP A B A AN 325 1V 3 1 17 (Aratijo & Peter-
son, 2012; Peterson & Soberdn, 2012). 4 T il EE#E 5
FA 48 R AR AT DA b Y AR SRR, FRATIAR B T
LMW ATR R R, GG ESMMENE T
SN LA R, WFI R AR S 75 K 0T
KA R RERR R AR DL H AR X L £
BT PRI ANAZ B PET  AR AR X R 3 A1
19552 [N Uie2 </ i4a S VAT NS R WA 1 e SR VA7 e A 1
W) Rh It e 5507 AR T A A 2 R R R )
A .

1 MO HEESMN

VIR 3 A WA B OB, AN
10 sk F i A ek (1 45 S (Brown, 1995). 715
— S, [ R R AR A A AN R AT R R
IETRIEAN A ), B EIX B4R B o0 A HA
HEE X EAFPIEREET, ik oA
& PR A TR B 2 AN [R] 1) (Gaston,  2003) .
Soberon F1Peterson(2005):1 52 M 40 B 43 Aii () IR 25 1
g LU 425 (D)AEAYIK 2 (abiotic or scenopoetic
factor), ALFESME . LIRS AT EERE ) Fp A BEERPE 1)
BR R 75 ()% Fh Al AH B AE FH (biotic or bionomic
factor), A LU )7 A 1) () b a) 1) LA A AR
), WA PUR AR (e 4. I aE); (3)i%MhIX
KL TR PR B Ve 2 P, X TR AR 5
(R fie ) AT D ER X SR ARV (4) P sl A oxs i
INEEIRE N RE T, EIEFT IS N, YRR AR
FRRFVE DLE N IR BT RS ) o BRSO, RN
Al ik ST 7/ B G o N A< N € I = Ao i3
A AH %5 71N (Etterson & Shaw, 2001; Peterson, 2011).
3T LA 3R (KKl 73 AN 2 4 % () (Soberén, 2007), ‘&4l
FEAN [R] 20 18] JUBE R AAS [F] L A 7 T e 1)
/34 (Hortal et al., 2010). SoberdnAlPeterson(2005)
187 FI BAM ] oK WL i JEE 75 117 34 R 2 6 P A 23 A (1)
e (1), #eaed ) iz 82 FK H (Rodder & L6t-
ters, 2009; Soberon, 2010; Sillero, 2011).

—RORUE, JEAEDI PR R (R AR R)
BELE R RUE 2% [B) S M ) A ) 23 A, 328 PR 3 AR KR
JE b 1 Wy ) o3 A T R RORS Ry, 0 A A B A
2 IR SABR AE S5R0 FE e N R RE ST . AR
AR R 2, HAE I R A 22 51 (&12; Pear-
son & Dawson, 2003). A=A 1F) 50 DR -7 5 Pk o0 A
(P A A A%, FEARR N A R RE FER T
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E1l S m4hitIE 5% 89 E &= (&1 8 Soberon & Peter-
son, 2005; Soberdn, 2010). AIRRRIMFS B R AL
ME R ERESA), BIRRTH#IEE(ER Pz E
FlBXE, MIRRFYMIFEDEEANRE, GoA=E
HEEXERER), KRYMIEIBEX, G AZMIHE
EamX; = FTIEMEE(source population), K=
& =T #hEE(sink population).

Fig. 1 Diagram showing a simplified framework for under-
standing species distribution (adopted from Sober6n & Peter-
son, 2005; Soberén, 2010). Overlap of the three circles (Go)
represents areas of actual distribution, within which
environment are favorable (circle A), accessible (circle M), and
biologically suitable (circle B) to the species. Area A represents
geographic extent of the fundamental ecological niche, and G,
represents areas of potential distribution. The open circles rep-
resent source populations, whereas the closed circles represent
sink populations.

YRR oA, AR BRI S B RBETR, 40 a] () A1
HAE M 9940, 245 AW & (Mackey & Linden-
mayer, 2001; Pearson & Dawson, 2003; Guisan &
Thuiller, 2005; Hortal et al., 2010). iX 5 &4 1{EAA
(1) 2 TR RURE TR 0 90 b 22 B P A T ) 58 il o — 3301
(Whittaker et al., 2001; Willis & Whittaker, 2002),
Hortal%5(2010):# Sober6n(2007, 2010) &t T
R B 13 A A b BRIK 2% (biogeographic factors) il
YFh I A7-AE 5h 75 8 % (occupancy dynamics) 2. |l
BRI A A b FE 53 A DRI b R B DA 3R A,
SRR I A% (R RBE R SE e v oA, J5 #4649
PR RE SN A« L EE B I B A X R () TR R 3R,
BT 32 AR AN RO T 5% ma A i 2 A1 (K12)

IEF B 2E I O S, RS R AR
SR RIEARIIMS . AN PR XMWANEZ, Ik
HACE M) /& Joseph Grinnell, Charles Sutherland

Elton#1George Evelyn Hutchinson=\, J& A\ ¥thAi]
FITER 1A 52 SO IR A 2% (R A 254 (spatial  niche)”.
“Th g4 &4 (functional niche)” fil“ £ 4B AR E &
{i7. (n-dimentional hypervolume niche)” . Grinnell
(1917) 1)K 1R “The response of species to a given
set of variables”, ] LA\ by @ 4EpH A A A7 1) AR
Wy ZE T, o R g W R IR A i A A s T
Elton(1927) ¥4 iA& 4 “The impact of species in the
environment”, RJ LA A& W) R AE BRI AL RE A
M7, iR RO0 RS A ] 1K) 8 97 95 & Hutchin-
son(1957) 71 Grinnell 4= & {7 FEfithi I, &t AR 47 72
fig N EAER) R, AR AS 2 B] R R AT AAS B 4
g, B R MK I Hutchinson 2B 2547 i &, RI“A
hyper-volume in the multidimensional space of eco-
logical variables, within which a species can maintain
a viable population”, X Bt 5| H T A4l A A&7
(fundamental niche) & . i1 & 2, JEAhAEAAL
HU A2 YE R P b A= A T 6 250 T AT AR AR A A 1R
A T EILR AR), (B85 T P ppRhie
WA ESA, SR T AR AR K, R
AW e AR AN R A R AR BAE L, —
AN 1 i A 27 0 AN R 56 4 2R T B IR AT
R S I X 3, PR Hutchinson i FH B 5 A 24
(realized niche) >k 2 JE A Az 257 71 1% L6 Hb B [X 33,
(] 5 It (Hutchinson, 1957).
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J SCHE A AT ) A A A R A AR AN TR (1)
R — P oy B HLEE M U7 v (mechanistic ap-
proach), 5 — Pk a4z 09 AH O 1 7 ¥ (correlative
approach), i JE TR0 RS i 52 M 16 AR BE S 5
AW PIRI PRIV 3 AT, I & T TR o3 A s %
I AR PR35 2 BOR HE S W Rl (1) 73 A7 (Pearson, 2007) . 71
SERRRAE T, B BRI A S
S KRS, AR h 2P A8 2
FORARHNN o 17 BEAE 2 3R T 53 A 508 e 1) e
DK HBRAE R HAR P R e, 851k Ak
AR N AZ 1 4 (McCormack et al., 2010). % %
Bl o A TSR UL, BT VAR AL T — ol i B
Sy REAE . ASCUEAMULE, P B0 B
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Fig. 2 Relative importance of factors affecting species distributions across spatial scales (adopted from Pearson & Dawson, 2003;

Soberén 2007, 2010; Hortal et al., 2010)

MR A ST . SR, AR RS 2
AEZS AR (R FRAS LAY, Ko % P A A M A 1) FE A
W25 5% R AT BT AL R G B, RS A ) %
AR TR EEE, AN U TS S TR ) 4
& (Araljo & Peterson, 2012; Peterson & Soberon,
2012).

AR 25T ABE LR P 43 A AH G TG 1Y) Hh 35 4 i) A
AR R AR, EHRE TP oA 1 B A RS
R @ Rt A A7 1 AR 0] 3P, AF
AT A IR FH Db 43 A iOAH G I 1) PR 5 2 HOdk AT
ISR AR, K SLBE 28 o) b 2 2 () T i
Wb A 0 1 S B 43 A Hh R AE 43 A Hh (Aradjo &
Peterson, 2012). 7EsERris A, AR 3t
(RT3 At s ORI HARA RN 23 A1, 2 HABY)
SR (W2 A Sa . BUEAE), P DU
RIPTAAA R 2 IS A7, FEA XY P LA A
PEAEFR B ) 58 4R Jil (Soberdn & Peterson, 2005).
TEh, AR P B B PR o A L R A
Ty A R A= BE IS AN [F] ) (Warren, 2012) . J5 P4
T 43 A1 A T 900 b () 29 A b R HE S0 R )
18] 5341 (Warren, 2012), 1 25 A7 AR 2 Fe T )05
A s ORI I BE S HORHEE IR A ST K, A
S LRSS 2 b B A R SR A I P o (1) b B 23 A, 3K

bk i)
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Fig. 3 Ecological niche modeling (ENM) building up the
fridge of geographical space and ecological space (adopted
from Pearson, 2007)

A5 T YR An RS S8, RS HAER
KHERE bR T B 4eL (0 A 25 67 1 43 1 b 3 53 A1
(Soberdn, 2007). Z: [ [E 7 222% ¢ 13U H] “ecological
niche modeling” >k i i& 1X — Jj ¥% (Sillero, 2011;
Saupe et al., 2012; Warren, 2012), F&AI 12 SFEE A
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i F AR A AR X — ARE R AR P o A AL
YA | AR BT P AR IR A 5
2.2 1REERYETR

AL A A Y AL AT DA 34 HiT B 4% 1 (Peterson
et al., 2011): (L)W (A= 25 75 SR RN 5 Ak 111l 1)
R BB sLnr AR, B oA kb T —
AT RS, BVAE BT 3& & A o A i 7 3
H 7R o3 A )PAPIRIE R e ) 2 TR .
AR R R R GE ), BN T HRh A A
HAEH . WIFh AL (F)IT % 8 ) LA S b P ) BHL R A
F o AEDRSEZ b, P ia) 48 FH R0 BERS 4 FH A I bl A o
23RS RSO0 ()T R AE AL RS ). 1K
ANTTHE R BN RHENY, AESALR P IEFRAE — B sk
HHA IR ) AESARALN  HA SRS
PERATHE T, I (R R B 22 ) — Hb P 4 ]
WA BRA G, TF, S EMARSRES
£1BE E A7 3T 7 B3R (Broennimann et al., 2007;
Medley, 2010), $RTfT, 4K HHCA & BRI PR 5 AR 5
Ja, MR () B B R ) (transferability) T B 5 8 5
(Peterson & Nakazawa, 2008; Zhu et al., 20123, b).

TEAEAA A R b, P (Pl o3 A riA 5
B2 S YR AR BAE R, DR B AU
FEIL SR ST B AE A AL, FEA R IR AR SAT
(F1). TR A S A HAA BRI B AEY)
X DRI A B T IS AR A A 2 KRR RS Bk
TR AT, A RENS TG b U W AR AT DR S )
L, SCHR A BT HGE 1 A2 A4 3E A% (Broennimann et al.,
2007; Medley, 2010), H A& KAl A= AL 7 A )
DX PR B e, BRI S AR AL AN ], ASRE Ul 1k
R BB ARSI B . 7R bR,
AN [R] b BE AR PR B S AR A A AR AN [F] 1R A 2 7 ) 4
FE R SUnT g & AN TR I (Rodder & Létters, 2009; Zhu
et al., 2012a, b), ‘E AT REAEHLE e —2U, MifE
W B b AN B, IR s 1Y s TA) i) )
et

3 EBMEESESM

3.1 Grinnell£ 7RI FAEIton 4 75 4L
EFriEAES, Grinnell 4 2547 F1Elton 24E 2547
) L S WA A A AR v, 2 e AR A S AR Y A
BT DA G, BT AT AR = T )k
Pev PR RS 12 (1) 70 2 LU S R oA 5 ()3T 7

fit J1 =~ J71Hi(Soberdn, 2007, 2010).

TEIREAR S R IE ¢ b, i Rk AR &
BUNSAEAR S, B DL 0 19Fh AR <A AL
(Hijmans et al., 2005), H-2 A Efol i) A 25 47 B 4
Grinnell 22547 ; 41 R AR S ZHOGR N T w4
HER RS2, B 4 18 4 45 2 (NDVI)
oF BERA AR AL GV A, I BB I A= S A A A
T Elton EZ5A7 11 4> (McCormack et al., 2010). 7t
S HRERINIEFE b, Elton 4 AL m) H IR N RUEE
L E A ST AR B, Grinnell A= A7 45 m) H BRAE 3K
JUJEE ()5 A% A% B (Soberdn, 2007). #Fh [ 5 (TR
fie ) .52 2K 1 S (Pulliam, 2000; Pearson
& Dawson, 2003; Svenning & Skov, 2004). PLig I
W, AR R AR R AT, 2 B P 2% [H)
AL T W Bl )3T e ) Y5 Hl 2 N ¥ (Svenning &
Skov, 2004), IXEEIAEEAR W] DL AR AP R ZE ]
USEZE 1K 2% (Soberdn, 2007). 4R, H1 T3 Fb
¥ (source-sink population) [1] 5% M (Pulliam, 2000),
— LR I e R, o IR AN AR
FEIR XI5 L).

32 IRAEDSM. BEEDSMAMEMESNM

Hutchinson(1957) 1 FH B 512 A5 25 A7 K 4 ik Fe i
AR A0 A TR S R) (1 e e, 3 FRL R R o DR 3R o R
WA A HAE ] o TR R, SRR AR S AR T
SEARASAE, IR TR R R AH ELAE R RN R )3T
R hE ) — e B L Rgm 1 BE Al AR 25 A7 £ 2 4% 1)
() B (L), PRIkt — S8 A g R A AR A d X
L (Holt, 2003); 53— J7ifi, - FIEAORE R S,
— LR 2B T AL BN IE B AR X8, WA
(1) 5528, 3K I8 IS AR A A K T Al 28 25 A7 () 15 40
(Pulliam, 2000). Kl 7rAa i AR A5 A7 A Y 1] 55 23
R TR 20 A (1)

FEHE Py s 3, ] 3R A= A s 1) 2 A FR
ff) . Jackson F1 Overpeck(2000) 18 ] ¥ 7F 4 2 A
(potential niche) i HiiAHefit A A7 AE A PR AE A2 1A)
R S, RIS A AR A AR SR AR A TR AT A
(Colwell & Rangel, 2009). V&7 EAAARIL T &
J3 5 B 9 P i A A7 A A 2 T () R R A,
WA ] R AH BAR Ay p A A g ) BRI T A
R b P A ) PR S e, T DA S AR A 2 v AR
AL 553 (Sillero, 2011).

TESEBRRAE R, A A AR RS P A0 (1) S TR S A
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AL, MAEIEMASA . SR, TSR A
JT K F “ A A7AE " %4 (absence  records) AN, sl
PRI 2 A 2 I A A 22 5] () (Soberdn, 2007; Sillero,
2011) . ltur, A ) A= AL ABE A [ I A7 A e
(presence records) FAS A7 7E £ Hs S EA0L, A 1A% H]
18 ¥ AN 17 £E (pseudo-absence) 3K & A 1 i (1) AS 15 4
B, PRI R AR . FAh, HLEEE
AR AT AR W (1 S o AR 2 2 ) o R it A A
P, BIVEAE AR5 00, FF A & FE Al 28 25 47 (Sillero,
2011).

4 ETAMRBEEMSHERIFPRIEZA

4.1 PIMESTERBDH

HhER E AR E DER, FE AR B SE0 Ty
R WA PR B AR TR FF SRR ARANEILSE,
== )5 /= BB B E5 o T SO G 5 R S VB
W H OB o 18] AT L) A 35— R AT Rl
JABR TR — X o0 A, RAERAER] ., AEAALBIA I
TR BRI AT R R 0 o3 A1 s S FE P DR T ) A
SR, TSR AR AR A T 2 e it T —
A IR TR . Rl e T — e fR 2RI (P,
Bhn 5 SRR I B (IUCN) 21 (4,44 5% L (- Fh
HNH B E L, gk, X TRz N
FH 2 BRI RIS (Hirzel et al., 2002; Irfan-Ullah
et al., 2007; Luoto et al., 2006; Dorji et al., 2011), Jf
HE24h 2] 1Y (Owens et al., 2011; Rob-
inson et al., 2011).
42 RIARFFPFOIFNEE

—ELK, HhER EWR s E &I
P& B W 2% 5K . WU FR W Linnean A4S A2 (Linnean
Shortfall), F& A% HuER E4F 2 FEPE 5L H 548
A4S JG 4 Pk ol Wallacean A 2 (Wallacean  Short-
fall), $i5 AATTRFIX L84 it (1) 53 A1 0 [ 5 48 A 2
(Whittaker et al., 2005) . A= A& A58 AT LTS B AATT )
b A e ol B 14D I B 40 A1 M (Bourg et all., 2005; Menon
et al., 2010), MM H BRI HESH, K
yxfhWallacean N2 oS3 4k, HI - T-H0 0 8] R AH B4 H
CL SR (R #e e A B, AE4U4S 31 1) B s A
Gy A BT BEFEA PR B B, ST R RERE S A
— AN KGN W) BT Y BE (Raxworthy et al., 2003,
2007), F& Tt v AR AT B A A B/ Ry B
SEIRh I & BLFIC IR (Peterson & Navarro-Sigiienza,

2009), HEiM7REMLinnean AN 2 o 1X 77 T (19 3 FHA 15
R o
43 BARIPXEEEFNZIT

16 HAR RS DAL REFN VB TT ISy, 0 I FH A2 25407 A5
RUSH PRl S BR o3 A e I BEA TR, AT A 5 AR PR
X 7853 KA BE, WD ADLEIF . A TREIR
N ELSZHIIRN AT, AERERL R TR SRR
TRAY () WG, w5 7840 7% FE 52 Wi ) b 43 A1 1) B i) X1
R, AR s HROE R 2 1 IR (Aradjo & Peter-
son, 2012) . A= A AR () Hh 5 St — SR ]
REPE RN I, A5 5 SR IE I, 38 N 2% FE 47l ]
(1) A H AR F A4 Bl i 3T 7% Re ) 45 A 2 (Pearson,
2007).
44 PIFNR XK HY TR

EMINIR R Z R RN EE R R 2 —,
A SRR O] H T AR A o A IS, X
— AR N A I o T I TR R
I A B KA ALY, SR JE T AR R e =
M PRI AE A3 A (B13), i Fr it By Ju A s s e fit
F o DRI, BERUR R Pk F (Pl 3 Al R IR RE S
S AZ DT () o AT, P adk PR AR Al DA SN %
YR 3 A BA BRI B IVE R, XA e i
RIR AT RS 1 (Aradjo & Peterson, 2012), M HERf
FEFUDIFPAEANAR HO IR 3 A T o 33X — B FH () 3 A
il AR SO RS, AR 38 N TRIAL
FERS RPN A FAT A 2R . W IR SRR/ S b )
I3 A B LU IR, B4t n] DUSE T~ AR N AR H
(1) 3 A K KA Y, AT A 43 A 0 B R AR
(Zhu et al., 2007).
45 SIETUFENDHHIZMN

AL AR AT B R SR AU 55 R W)l ) v
TEAT . FEA LIRS 5T O R o3 A 5tk A
TR S B A, K FLHU Rk i A e
AT, R A KR ML e . H oy,
T A B BURT ] A2 A 23 52 22 (IPCC) I VA% 4R
T, INEER S B IR Y A5 [ RIS AH 2k
BERUH T AR A R I SR SHL, O AR R
TE AT B AL T LAt (Hijmans et al., 2005). 7£
XN, s TS PR Z R P 3 A i B AR
H, 7207 R Y el A BAR FH A b )3T
T4 BE 11 (Peterson et al., 2002). X 1 A3 8 JLhit
P RSO OR S, RA I T, B2
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AR B 4 AT Wl 1R 23 A1 A A {1 (Petitpierre
et al., 2012). {ERSULIEHIT, 2RRARAR WL
SR (1) S KA 4% 2 09T (e.g. Thuiller et
al. 2005), Xk [F3X 77 [ IR 2 .
46 IEGMESAAIRTE

AR ZSAL AR SR TR ) 8 - N R AR
U AUEASAT P TP 53 A1 R 5 DL A AR ) 2 Ak 25
D7 R A R . AR R R A
UKW, TSR TR NS . 5RO
W 1) & Peterson%(1999) & # #r Science L 1) 3%, #%
F2013 1 H1H =R =R 5 E &l 17680
K. Peterson?i(1999) K H GARPHE L} 43 A7 T 55 7
B HE TR 5 Ha gk (Isthmus of  Tehuantepec) 3 il
(R AT (LB LR L B RN HEAT T B4,
TR Sl R A ) G e b 2 ) RS AR e M AT ELASEALL,
ankT-Atthis heloisa(Lesson & Delattre, 1839)4>
A B AL 8 (AR TS R AR L OB L R R A, el-
lioti(Ridgway, 1878)(1) 4 1hi; [FIFE, KL TA. elliotift]
I3 A i SR AR 2 AB, BE A8 AR 4 s AL ELA. - heloisal ) Fif
FE Ak o (FUE, B o ml I LR 3 PR A 2 o
H A7 F AT A o] I g5 R0 ARSI,
RO AR ALy s, S ) DR 1Y), AR A
RS IES R T R RIEARA — ik (Wiens &
Graham, 2005; Peterson, 2011). 15 FAT 13 161 M3k
A E RIS UE R 8] A AL DR S 1, T84 B e B
IR EIT 0 R, AT S bk, B 2 m—
&, B R RGEKBR LTSS, BT IR
WAESM R S5 E A= .
47 EBHUHUEHTHRE

PIRh ) A B A (AR D iR TR,
BAZ O R DR e SCIRANTR] . JTAEk, AL
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