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Effects of habitat fragmentation on survival of animal populations
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Abstract; As one of major factors attributed to the loss of biodiversity, habitat fragmentation has become
one of central issues in conservation biology and ecology. Although theories of island biogeography,
metapopulation and landscape ecology have been developed to mainly explain effects of habitat
fragmentation. it is still immature to get generally comprehensive insight on it. More recently, habitat
fragmentation has mainly been used to strictly refer to the change in spatial configuration of fragmented
patches. Simulation models and some statistical studies suggested that there might be a threshold in
proportion of suitable habitat in landscape below which populations decrease very quickly. Distinguishing
relative effects of habitat fragmentation and habitat loss on population extinction threshold has important
implication for conservation, but empirical evidences are still of scarce in testing the effect of fragmentation
on the population extinction threshold. Because edge effect. area effect and isolation effect can influence
ecological relationships such as prey-predation relationship. parasite-host relationship and competition

relationship amang species in ecosystem. the effect of habitat fragmentation on population survival varies
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among species. habitats and regions. It is too early for predicting fate of populations in fragmented
landscape. Future efforts will focus on relative effects of habitat loss and spatial configuration of
fragmented patches on population survival, percentage of suitable habitat and population extinction
threshold, metapopulation dynamics and ecological process of ecosystem under habitat fragmentation.
With development of 3S technologies (global positioning system, geological information system and remote
sensing },» more data on habitat fragmentation will be available for spatially explicit models dealing with
habitat fragmentation. However, working models are urgently needed and validation of models will
become one of big challenges for understanding the effects of habitat fragmentation.

Key words :habitat fragmentation; habitat loss; biodiversity: extinction threshold; survival
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AERERNESREYEAEREMNTERRY Y, SHEREREEARESMARTT . KiE
EOFHMERER SR EEEHAERIMBGFEERBAAERRER (SIS AR, EBpEdkTs
HEXREFERL ERTRHE.SUPHAREROCHE ", FEFTHE FHEHERERMERELE. X
BRAKSMEHSN. £REBRLERTFEDHMENEXKNEERE., A7 ERERTEKEEY
64 RIS SIBErh, A TANELMBPEHIIE 19MA 20 FhaEX. 55 5 30% M 38% . P4
RHBERATMZANEXBEHEOF AN ER . EEIIPNL RN L 48K 49% . A PR
% 64%.,

AMERFEANFREEERPOER MAEIBRESEARSHBROEL, AT . EXRE % B RE
L. MO R IR URESAREANESTIENR RS WA TBAEDS, EESENENSF, f
BAN T ARSI MAER, IRAAEFAEBEIER BEEEZ M KRN ERES BET LR &
ERERT MMARBERREXEZR AT KA EE . N &R EE 4.

TERANERFT A TEEMNARRERABIAEASENER.FRFTFHIIERZE W B BN
(isolation effects) MM  IE B M F DM RBEH . RN PRE R4 PR E B RS>, #
BE A RRASAE /I, & i B HL B K 0T o B A B ol B 22 588 K, 3 9 B FD 1 4% S 3 o A o) RE PR et e
KBEERFETE EWBMBHNESRALED. EBEERELSBRRODENEEDHE(NEE BF
3% B ) F A W0 3 4 0 B B A 4L . A T B B 0 4 380 OV (edge effects )t 512180 e s sp W70 T 36 B A BE 8 i
HERAKBRAIEDHAR, FHEEERREEL BRATIEEEESARBMERAHEM, &MEHRM
HMEERAHZEN . ERASCHTRREBNDHIERE NMAXA BELEHLURASEATE,. FH
BERERADY, AREBEELTRSBEREYERANBEENREAY SHENEPEREAEE
BEX,

AREBEEER LAY ERFERPHRNASEZ B £ EREHE TR X T“SLOSS”
(Single Large Or Several Small) (80X FHRHREF R R . 2E— T KEFREF . LRLARZNET XEH
REJILNMRFPRFOMER"SERFIE 54 BRI T U %, 1980 4E LI, E R LI RO E S
RERERAEN“ZEN" FERRAERBBEYHBE2RE. RRAABRHGI BETSBHNE
MHAAFRT " ER"LR.DRARSSAYHAEFR“FEELH EREMERHER. 1980 FUE . HREMNE
AEMETTERERANIEEDAED R ETAL R ENNESERN R By E
FUN ETERARFTERBEESE RUAESENDISEYMBENES G HNERE. A 20 it 00 F4K,
EHERAARFETHAEZHIRREMHFEDY, B AHEH (metapopulationd) A PEZBRAARESR. BURE
SEFHEABEEDENRESEYEHE S FEH—-T1FERSX 23 [l 4 %5 % (spatial ecology).

Bl . A B ERARNESLERETEDDS . B RAYHNIE A GRS BTN 75%.
R AXMEHEIDYNALS LSRN —R L b, b8 A4 51 B 5 5 704 58 3 Bk 1 28 (6] &% 3 ot g e |
W M K AR a2 R R R A R R A K RS, RERESSTIUR
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EEREMNESTBRAVRBESSB, CHERAHARANBRRCT EHNATRIREMESHER
B M ERRPHEAENY BRI AERARPRNEFRTRTREPREOEABERT%.

B CHAZERE 1994 FAEMUBSFRBLARBEHNTHE X R XEALERS, R
HEMEFREFEMBERANSIVRBEERKOR. TEEF T XYL SRR EN,
UL R BB fL A s R R A S R AP A ERED KEN REEBOBEBRLTEEME 1978 1Y
R ERBERATERATRIBEMAZEARME. 2B ITECR ALY EREE HLEER L IEN R X
B HEEDNSEDSREEALEEETES. 193 FUG . 2FREAR . HURAERZMATEHX 4
TLEFCARETF RN 200 RBR 70%. RRMNBHASEBECEFEBENSHER N JEEN
KBRARAEBERMTILHAE. XRARPARAER IEZHEHALYEFELETETENLURMEA
K.HMZMEAEBFCRRAYEKRRE M THESYHESTRMT BIE2. . S TFEHYHEFE
REERM. AN JERNESREZHEREARGEINERT ERESRZRENBRL. HERELTH
HEEZR . BEHAAEBERAREBT KR AXREBNLARABYE A THERVTELERBEE . X LD
REBEEERENEDERERPHESHE, TREBERANIRNAFRENEDERE . BBEN
BUREDERERPHXRURRSZFNBERBRREEEE L. AN BAMNTRENSEEDH
HE RRMBAPMERRBESESEHNNEE,

1 MRAHERNTEEREA
1.1 S5EYHEEML

55 05 A= Yy Wb T8 2 B6 B MacAthur §1 Wilson F 1963 f1 1967 FH B HIE AR . — B2 FH
it HEEHROTIAEEREREERYNHRERARERERANR/NTNN SEYHRERYET
ABREMPHERKEBRFHNER; _BYH-BHEARS=CA,SHERYMB . ARFSER.CHZ AR
PO MR- KRN ERETENEBEON MmN, AREX HELIX - BB X RS
LAY 20 T i, B 0 B BE (area effects)  FER A SIS 4 Wi B E MO A R R ETHRN . AR S
{2« (1) 465 B Bt b oy 508 7 oF (0 “ S Vel ¢ AR B 05 0 05T (20 BE R N 1B B R B 6 RE SR R A A BLAR R R 3
EEMSE, 0882 70~30 ERKXMEEYHALHERABNTHRELER. BHEYHHMETEHNRER
RS HERXENER, B BN, & T 98 K8 58 K/ H K R4 D o BB KB R i R G
#7K5, Diamond™ 'S RE/HEYHBE FTEER"RYH-ARXR  RETHRFR XY SRS
HERBPREITEE, AM3IE T EH“SLOSS”EREE ), 1980 FRi e MEESERW T EFER
REpa K pG R RE N I, X — AN T TR
1.2 BRAMBEYF

SEMBMSH Levins F 1969 £ B, HH)iF 20a B A BETERNT EXE HEHR A
HEREHAENES . BN RRRERRA O T AAEERBET . (DERRAEMN ERSREEEK
B A RS EAO R B AR, B X F (matrix) X 55U e MR (O£ RS RI T/ F AR
B (9 (panmictic) M A MBRAHRNEHRAHNEINE: ORBRABETSBMINDEGIB
BRBER T AEZHERS . TBEXNCFENREABDIELEHES, RSB S LR AFHHTE
ER . BERHEHREARESSREX LGP ARG R, BE(ENFRMBEEES A E®. 1]
AAGFRAREESHE ELEEERAMBROABESE, AERRAFENME R KA &KW TR . 20
BRAREMECLOUATMERERBEECALU SN ARERERESSIRBELRATEL. 2 RAER
Wdp/dt=cpOQ—p)—ep BF p WBRFEHFHE R c.e THABEMBXRESH., £ BBD N R
b R TS5 E M B A (structure metapopulation models )27, 5 ¥ # B 5 F B B & (two-
species metapopulation models){?’], 1 25 [6] § /& # B B &) (spatially explicit metapopulation models)"?~
HREMEEDYS ¥ & E 8K (neutral landscape models )i S HEM 2 U E B/ EERHM
# (minimum viable metapopulatiom) " Mg HERUT RAHHEARMNHA R, FRAMBRELANE
PEEVERRAADPHRBOARADIBBCERLORAHH. LSRR EHE, 8K E (Rana
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lessoniae )"V 7K & (Daphnia spp. )7 K RS (Melitaea cinria) " A EREMBEYFNHT AR
WRPLE, BRMBAEYF RS SR THERS AN RBNET ., TS RAEMA L ERER S X
BRn B A MM S — B, RAMBEYEEESER MR E¥ERE— DMK T . & 0EY 5 A
HOBEARRHZ 0", REMBAYERES I ILTERIS N A T L FRF B 7 mhy m o g,

1.3 BRETZ

B HHBENRRNREY ¥R RR Y ES RRE B BIHR- K (patch-matrix) “JLEERERZ
b MiRRESFENERE AT EERD LR 7RG RE X A BT 5 45 M ok B 97 8 B 2k 38 oh gy R 8¥ o
ERXaBZRTERMOTSRRRE. RAES¥EMRHEEEERAN - HESEFLEARN R ALK RS
BONRERMEN—TTEH . B UES YN E R ERCEER . AR . EAHAUEREZNZRERKY
2, BRMAZFEIEGRUT 4 A 4B  (DEAATEETR LM EREN TS ERESET
AR EEHERBERMESENER XM . (OB IZEENNEIZMH ENFEN
ER.EXEAAVAREGFEEER CQRURHLEHEET A NAERE N RRENEEERMR
WHEREEFA(DOBRRTREAFLEANVEMABNSHNBRBARERZER. ENHARRESF
KERFREZITH AN EERERANHHE R, RN S ERERRE. . SEBR AN HER
UREBEMER FABOCXER”(FRATAREZHEZEFOHFA LT REENRITE YR T E D
HAHEPFEHNEHTEELAE. BEARPEFHPLHFEEMNE. EXARBERAHERNEY TR
HETEM, B RSN EANAERLSN,

REEACHTSNHE . SHERAESEENC, EHTERIR PSR Se, AR
£ M RZEHEA P S F 8K (spatially explicit model ). {1 . 77 4% 55 4H 8 & 3h HL B &Y (grid-based or
celluar automata model) § -k 3T % 8 &Y (individual-based mode)*?), BB EE I HB DY TR ER
B EIAECN . R W XA FTESE) RARERHELNHPHBENENE R, 3S(ER. 235
FTHNRAAE HHEFEERFIBAVNAR. FEXTSRIMNEENLEEARARKYE M AEEFEZXAHRARE
RN PRGENEMNBHETRA P IT R, Heilman N S ERFM THF LA BHL
BERSEMMERBHRBBEARE . VAESERR - FTREABERLRER, B 7RF A0 8HEEM
SN TE., BARECRABAGCISEANRE TEEARRIP R KRENERBERARA ., X7 @8
FAAXKKIE.

2 BRAMBIMMBGTENEIEENR
2.1 BEEEEXIsh MR ZRENE R

R RSB RR S ENEERR., FEHRIEL . AFTMEHERFBPHR/IGER
FREAERKR, FEBRNESP ATHEEENERBERAER>HBEAEENER, EHHE TR
A B SRR EMEHENABERNHEEY  EE IR e . FeRE
HRANBRERAKE S ARG EREN RO EETRHZB TR GEERXRMN, R IEEH
BT SHELTERAOTRASIREENTR . RERBREITSNARERTERELXERMESH
£ EEREEAEMARTEA BB A RERZLTRERODHRD, EXEKABIRPMAE
MR R TR E ARG RKES, BB/ DML EERENE N, E G R, AR T RER
B4 593 3% #58 (inbreeding depression) & K& B AL B DY,

2.2 %#XWRE .

2.2.1 BERALI s X BE A% R A KW {E (extinction threshold) R4S E D F FHBE A B W rp &35 A
ENBAESEHRS B RMEXRESBRERNI A BEERRE AR NSO RPXAR
HET-RZENONMBDABRTEEIEREEHR BT ESRE=] stWB/PDERER, KE
P s K R{E R BER R M R R A EAG Y E MR ERAD SEMRS KAEHEYE
M EERAEREMBENERERNRN R EREERT ERER RS NRRE . RESE
— NS RXBECELRE B - RS R AR (AR SR EX LR TRRERMR
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B XA AR, YN EERELENHEEL

222 REWHEEBPYFEKXFENXREL FahrigFHMEITIRUHEEHEE . IBE &
BB ERF R E KA TN . AN EREEHEA KRRV EBE ERERAESER,
HRUEBPUEEEREBRPISE HRX I EEETRAVNBEERAAAMNER . Wih M King™
MARHABEAUAPHERAUERAHES 4 MER AR ER W R KR EN R ERGEN
B S EMFEAFEEEEE, /B Brooker fl Brooker! ™ £ i 7 I A 1 7 P4 20 2% b % #2410 8 0 b 85
INBERS (Malurus pulcherrimus) B . R ELBEB K/p ot /NS BHAE N X MR EFRFFISHEDR
Biml TR, RS IR TR, A . BRI REREREN R NSBNEEEN
HE . Fahrig®'5 With #1 King® i R K BB A h Fa X R MR B 5 R
BP XEREAEAENER., Fahrig? R8P RESIM BRI IR ERE - SO ERRNE
TE B, BEARMBEN DREMARRHEALZMFET RTERRF, Btk Fahrig BRI G H B g A&
FhBFiE A —EXHE

223 RA4ABERERBRRXTIMERE TR R4 K EALWAHSEX B9 R4 55 a
CHROEEGEERNEREAXCBRROSHEEXES ., R GTERERER O EKEEEE
REBHEBRBMBRESF . CERBERAOBR A TRHREEARZRBARBHOE, FABE FHERERSE
HERNHBEOERAF T REEEIRHERBASHEEEER. SRR A S EE R
KB ERSF P FRERT M RABTEEMAY. BUNERERESDHLEXHEEERER, B4
ST EP M EERBRER - T AN AR FEEEREAN TERELNERBR /D FLEDT
WY ESBREREERELMKTAEE VY, XFERENYRGXEENEREE.ELHE N
B UEERTREEN S, MiFHE - P BR.

2.3 BEARPHEEERLASHRLHE

2.3.1 WEEEPYHETERG L R BB NS T IR A B b Y b i R B KD
T B 55 IR 04 4 18 i o 09 b 47 2 48 £ 4 5 L B 55 BB HL BRUARE B B (random sample hypothesis : /s 42 355 B 5K 4R
BRRENEETFAERN —BF O ERRPHANBERASHRAX . DR SERAFLEEMRXX
RO BT — B MR T — RN AR RRN A AR R TR MR R X
AVEHEX— R 2T BRI/ MR R A 35 A B8 e 2k W, TR BE T R B B PR A Rt iR BT T
| AR,

FARENEMECHUREN CEERELIRT RAFFE - T EEEHEARE. /D TX
A BB B R BN B O S R M B FRRC®), Andrén'™ i@ 40 47 RE &) L% B BOR B B SRARBES L R AR
B BEEE RGN 35 S XA AMRE. A N RATREESEEBERK 10%~30%Z A,
Fahrig'® S 1f AT 08 . 53 8030 500 MR R 8 AR A 8 A0~ 1009 AR @EFLEE
(ABERRDZLSAHORM LA 500 KER B EIEH . L%EANS BT RREFN 20008 . K
A MRS ERRENES X — B EU EREE MRS CREM . Flather A Bevers!* 1§ Fi &
e 5 [ — 4 ¢ M€ 7 (discrete reaction-diffusion mode ) #EATRIBFFE AN X TR FE 3006 ~50%. — 3 g R
e T XM, M SRS LR BT 20600 T B, BE 504 3k & (Strix occidentalis
caurina ) RO BEME 8 F 4 KU bRkE (Rana sylvatica) FIBE 55 W8 (Ambystoma maculatum ) B8 T R Ak P
KUEZGHEZENT 30%%&@&%*%5’5-ﬁﬁﬂﬁ.ﬂ(ﬁfﬁfwn‘bhtha!mus v. viridescens) E AWM H B
T S0%LL T BT IR,

{8 Maonkkénen # Reunanen!™ 3 it B 5 2 it Andren'® BT F RO BIB /5 A 8 LER B R 8 HF A X5
Andrén ™ @45t SHA K EZ XY A EN AN EMHFER K FTSXN@EILXNEFSZIARL R,
[Fl6F .Monkkonen fl Reunanent™ A N 7ZE BB E M P . L S HFE A FRAEWE R #HE, B RENERRE
EEMRRENE R R AR ER, N E L LT EEREE B AEBM., Andren iR A X
AMRETREARAORRER BHEPHERZEHEL, —PRERRPHS6GADERTIORTE



11 & REEZE  EBEEw s B IS BB 0 2429

AR A BRI K P RPER A A EE R T B R K T R A A RSB (D X AN %
i 3 1 22 15 e B TR

2.3.2 BHAEBEPHROSHA AR - ERHRAERNAERERNEFAEER . BLHEFRER HEHE
PN EENFIANREARRER Y XREREERIAGH ERSH RWERERD Haii
% . FAMBEIAR . Bt R REX SR R R i A — S5 — R R T R A
P &8 B B B R ) B (area-sensitive species) AR K BHEIH BEHNE . AEFARATFHBBELLE
HE. M B . FARENPIHARNBISEELAARAZER FEYHEZHE LA ®H MK LA
EH R ENENE, R T AH AR R BB E B PLE TR 2 E 7 8 (nested subset)
SACTUEFR PRI BERNYRESRA TR ERISHYHESN TR WS TI BEE
HEHAPTHRORTR . FBE . EEBERRTE L ERAF % K (selective extinction) , Bl ¥ A # 7E /)
PR R R,

Donovan 1 Flather!™ 2 3, it £ & MW & (Helmitheros vermivorus) M4t % (Seiurus aurocapillus)?
(ABREEM EWRETHAAAREELZEVN T LUK L MEXEFALRRIEEEME HLRNL S
(Cardinalis cardinalis) 1 & B} /N8 & (Passerina cyanea ) (FFN % K EMRB B TILAE BB ) AR i
PHEERWPEFEER . Laurance " R REMAF TR B M Hns R MEE/AEILRME . FAR
EFZANLEEHRATAAEMTREABEL MPBELBR TR TERTNDOFIERBEEZE I F.
Crooks™ EMF| BB L ST 20 MRHEREM 10 MBI E SR S P20 4 B iy
B EREHITHRS AN S REERAER 6 R AW - M(Taxidea taxus) , KB BMM (Musteln
frenata) BE A R WR(Spilogale gracilis) . i WM (Felis concolor) (ELN (Felis rufus) W (Canis latrans) 1E
BHREHTEPDMBELREREN NN BN EERHEKTEH 3 M. R (Felis catus) . K (Urocyon
cinereoargenteus) , %58 (Didelphis virginiana ) ) C B BB NP HEMME:; B E 2 M ZHERILE
Wal ) b ; 32 BB (Procyon loter) RS R W (Mephitis mephitis) IR ML EMELBR/N., SEBRIE ZHLFF
(generalisO W E R ML HEHMENE RSN LA . A ESHEREBRLNFARES R UNFEEES
R K/PDBIEMEX REEREBEFEEREAEZNYMA —EXEREEE RN YR ERFLHTNRE
MR A -SRhANYREETENEERTRMEGRFABRERAZ LT X RS,

2.4 HE¥EN
AN RS BERAEZEEY R RNAR BEAEE >ONEYABMB T NTSEHAZN
ppteszs] RN RN RN EEREXER FRENHEMALNNESE. MEF S HBERAOFHR

X, A R MR ER S R EFAERUEREAYR . ERERE AN RIPFE AT U
RETEENABRETHRYRE AREREA LN ERMOGY, WER. E9 1%, F xR B,
SR - SEFATERRNERY  EHFAAZKR TR . NELNAERTEADFHKN 100m, 3
FEEYL.XH SRS TEREENTR. B REMANBYFHAR . IR & AT, RERBN @ X B
MNP EEEREETE EEEH . Stevens HFUHRE DR ALDHZRENARKABHBEEM.
WA HBEN T GEHHOREEHAETE NREXTRIM RGO KRG EEHEFFTRE
PLERGHERE . FSEHEBNEXWEREBFEMEXS,

2.5 R mEXENER

251 #R-%EY dBTAHERE. BRAOGHT/DRBEEHR- B XRAEREANZEL, SR H
FREVEFSFELHNZE MM BYEBKAOILENN. DR BEETZARN. AN FLEEY
HHRE L FBEETZBREE W, 20 9% (Rana lessonae) /D MR E XBIMEBHFRFE B XM
3% B 10 i1 (Esox lucius )RR EEOD MMM, TN e P I M 1O Karetva" W R B FRRAE TR THR
g1 (Coccinella septempunctata) B BINEAE RN EES R . B E D (Uroleucon nigrotuberculatum)
(BRYDRRRR. HEAENR AFERECRR T RENELOAR. MEXRTHR, FHLENE
& (nest predation) 32 Kl 25 bk B 36 M6 FH 8 O RE X, ZERE B R WP RO G0 3R b FHU~070 R i, 76 88 K A 3
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WER SHESREGABERPEUE L EHMEERE" . SEAXAERNARRE . EXEFTHTE. R
JEER AT A HE T, B U0 AL B PE R 2 S (Corvus mucrorhynchos ) . 7% RE ( Procyon fotor) EM (Mephitis
mephitis) ML B (Sciurotamias davidianus) SHEZEEN LA MAZAEAXPHEX AR E R
MUY (Tamiasciurus hudsonicus) CTHEEHMOAEESEN LA mER.

MAERBERASBENBEREARSREERIAE. EESCHRR ST EANELSHaENR
.M PRERTFEOR. AN AHI RN AMNSRYEEA NN . REMR
P H 4R i Bl T R R,
2.5.2 H4E EMBERAEIRTRAPFIANBEENSRR FRENTFEXRREWE,. — LY
BEEFERARTY LR, R FETEEEEETETRP L. 5L F W Molothrus arer) B L E R
£ &I H R F 4 (brood parasitism)H . RECHIUEELZH EEAESZFWNTREAERLAT R FL
¢ g 0 254 R FH R {H Hahn # Hatfield'* /LA & Tewksbury /7 AR WL+ BFERH IR W
HXERVERBEARDNEZERBEEINEE MARHEKEERE. Tscharntke ¥ ERBPHE
B AR R HEFEDAEERBERAEPTEB T AMKEERBHF R, HFLEHHLER
HEB B s EREREDNNETE T . Brooker M Brooker'*? & BLIE M K F) TF 75 &5 4% ol 4% 0%
fLRAh ERNSEMRFLERSHGRA/NBEHX LR, RE R A (Chrysococcyxr basalis) IREF
BEREBMATR BARBAICEARENSRFEFLEBREEENNES AN ERBERBPAIERE —
ARE. AN TREMRRASSEFHEMTE.
2.5.3 %% HRUEBHNER. FEHUIEDREMARREIR. —LEAFHEITEARFOLE
LRGP AL ZARE AALEYHE TEREAFIMER LA, EEEH AR RRENR
B, 4T # B (Sciurus vulgavis Y H KBS B (Sciurus carolinensis YR BALIAAE,  HFRKONBMK TS,
HEE ORI BETIKRERAEBRAER . FHRARREE TR, BT SHFERERERD,
M (Alouatta Seniculus) I F M BEX PR /D T HEE A3 FHRITE (Xiphorhynchus pardalotus) i -F X
HMSSEMBEARANEYRER, SAREERNEL AR TERSEIMSEFNERRAN
ﬁtﬂ[ﬂu
3 BRE5ES
3.1 A BE R e AL B 5T B (D i ) Bk AR

EdEN 1P, EHEFSXTERERESEWATFR S, A EHINE. . LEHRABER
SEHBHAR, RENN, W TFRELSENEEBRRNRTESESRARNZEARERENLANANZE
A AR RENEISRLTRRYT N — R % REASFF ORI XENHEER
£ YR B ST B e N AT B RAMBOFIRARIFFEY. hEREL RPN HED
BHE—FER —SRBHNMENRBEERKRE. ATH —FRIE, R REA AR A RERE RN
— I A RARENIES .
3.2 Wi EEREEL

R B ¥ B 15 BF 95— 2 0 & 5B @ 6 BT SR F 9 35 18] 43 3% R (resolution ) SR (] [B] B . [A] i 3 46 % — B
RMeESEH LN ARBANE LAREEES . ARG RENANASE, — L3 AT ILEXR
AT, M— PR RBABTILAE AR - R EEI RO EF AR -3
WA ERRBR 8B4, A F—RRTESR RN EE  FREEMERBERHYHT HELILR,
MEHABEHGRBEARE, HRBHEERELS - HERWEHEGRE, BRI RE 4R SN
B, ER/AREFRERCERNMAHEYTEAEERMTANMER MERKWRENAGEH. £ L,
EARINHESRESERN S/ ESERAURRENTRE AREXE RSB AEHTRREKE
Bleel, pe KBEEBRE P ETERLA ARREAMREHSBRWHAR, Hilk, #5
AFERsh e, R FAHN R BT KERE EEFHER,
3.3 "



11 3 REFE EHBERAN YT HAEAIER 2431

FHAEE ARAR BIAENERMRESERANFOHEFEEERMA TS, B EE
REAAAFARAR FRBEBFABRELRAFAEEEHRBET N LAR; MEBHTWAETEER
BHBRE. 0 AERRPHEEERLH. PR NRRELRE T Y M BT 55 R RS o M A S
HENTRHRESHSH F AN ARNAYRBEDS. BEAXERRBERANRE, @B
BEAH PR FEENEEBHE L. FRINEZRENFRERCY-ORBERERR X AL
WZEEBRNORAXOBMNER T REEDHRPPIRNUR AR E, ERUHEIEER
BRMKEERNSE;QOERERVUFYHNEEEREAIZ L6 BRI ABEEE T HE R R
FHEP2LOUMNERREY  ORBAMFHSTLOETRENESIES S,

References.

[ 1] Burkey T V. Extinction rates in archipelagoes. implications for population in fragmented habitats. Conservation
Biology,1995,9.527~541.

[ 2] Wilcove DS, Dubow J, Philips A, et al. Quantifying threats to imperiled species in the Unite States. BioScience.
1998, 48,607 ~615.

[ 3] Laurance W F, Lovejoy T E. Vasconcelos H L, ef af. Ecosystem decay of Amazonian forest fragments; a 22-year
investigation. Conservation Biology. 2002, 16:605~618.

L 4] Wilcox DS, Mclellan C H and Dobson A P. Habitat fragmentation in the temperate zone. In; Soulée M E ed.
Conservation Biology:The Science of Scarcity and Diversity. Sunderland Massachuretts: Sinaver Associates Inc. ,
1986. 257~ 285.

L5351 ULovejoy T E, Bierregaard R O, Rylands A B, et al. Edge effects and other effects of isolation on Amazon forest
fragments. In: Soulée M E ed. Conservation Biology: The Science af Scarcity and Diversity. Sunderland
Massachuretts; Sinauver Associates Inc. , 1986. 257~ 285,

[ 6] McNeely J A, Miller K R, Reid W V, ez al. Conserving the world’s biological diversity. International Union for
Conservation of Nature and Natural Resources, World Resources Institute, Conservation International, World
Wildlife Fund-US, Wosld Bank, 1930.

[7] Reid W V and Kenton R M. Keeping options alive: the scientific basis for conserving biodiversity. World
Resources Institute, Washington, D C. , 1989.

[ 87 Haila Y. A conceptual genealogy of fragmentation research: from island biogeography to landscape ecology.
Ecological Applications, 2002, 12:321~334.

L 97 Boutin 5 and Hebert D. Landscape ecology and forest management: developing an eilective partnership.
Ecological Application, 2002,12:39%0~397.

[10] Saunders D A, Hobbs R J and Margules C R. Biological consequences of ecosystem fragmentation: a review,
Conservation Biology, 1991, 8§, 18~32.

[11] Couvet D. Deleterious effects of restricted gene flow in fragmented populations, Conservation Biology, 2002, 16
369~ 376.

[12] Malcom ] R, Edge effects in Central Amazon forest fragments. Ecology, 1994, 78:2438~~2445.

[13] Woodroffe R and Ginsberg J R. Edge effects and the extinction of populations inside protected areas. Science,
1998, 28021262128,

[14] Kareiva P. Habitat fragmentation and stability of predator-prey interactions. Nature, 1987, 326.:388~390.

[15] Kareiva P and Wennergren U, Connecting landscape patterns to ecosystem and population processes. Nature,
1995, 373.259~302.

[16] Laurance W F, Laurance S G, Ferreira L V, ef al. Biomass collapse in Amazonian forest fragments. Science,
1997, 278:1117~1118.

[17] McGarigal K and Cushman S A. Comparative evaluation of experimental approaches to the study of habitat

fragmentation effects. Ecological Applications, 2002, 12:335~345.



2432 R ¥ O 23 %

L18]

[19]

[20]

[21]
[22]

[23]

[24]

[25]

(267

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]
[36]

[37]
[38]

[39]

{40]

[41]

[42]

Heilman G E. Strittholt ] R, Slosser N C. et af. Forest fragmentation of the conterminous United States:
assessing forest intactness through road density and spatial characteristics. Bioscience,2002, 52:411~-422.
Fahrig .. Relative effects of habitat loss and fragmentation on population extinction. Journal of Wildlife
Manage. .1987,61.603~610.

Flather C H and Bevers M. Patchy reaction-diffusion and population abundance; the relative importance of habitat
amount and arrangement. The American Naturalist, 2002.159:40~56.

Fahrig L. How much habitat is enough? Bislogical Conservation,2001,100:65~—74,

Schmiegelow F K A and Monkkonen M. Habitat loss and fragmentation in dynamic landscapes; avian perspectives
from the boreal forest. Ecological Applications, 2002, 12:375~3889.

Andren H. Effects of habitat fragmentation on birds and mammals in landscapes with different proportions of
suitable habiiat:a review. Orkos,1994,71;355~364,

With K A and King A W. 1999. Extinction thresholds for species in {fractal landscapes. Conservation Biology,
1959, 13:314~326.

Gibbs ] P. Distribution of woodland amphibians along a forest fragmentation gradient. Landscape Ecology.1998,
13:263~268.

Jonsen 1 and Fahrig L. Response of generalist and specialist insect herbivores to landscape spatial structure.
Landscape Ecology,1997,12:185~197.

Hanski 1 A and Gilpin M E. Metapopulation Biology: Ecology. Genetics. and Evolution. Academic Press, London,
1997.

Harrison S and Bruna E. Habitat fragmentation and large-scale conservation: what do we know for sure?
Ecography,1999,22:225~232.

Li Y M, Li D M. Changes of natural habitats on Zhoushan Island and their effects on species extinction of
mammals, Chinese Journal of Applied Ecology, 1994, §(3):269~275.

Chen L D,Liu X H and Fu B J. Evaluation on giant panda habitar fragmentation in Wolong Nature Reserve. Acta
Ecologica Sinica ,1999,19(3) ;291 ~297.

Jia C X. Status of habitat fragmentation and survival of the blood pheasant in southern Gansu. In; Zheng G M ed.
The study on Chinese Ornithology, Beijing; Chinese Forestry Press, 2000. 43~48.

Deng W H.Gao W,Song X D. Effect of forest patch size and isolation on reproductive success of Great Tit in
fragmented secondary-forests, Chinese Journal of Applied Ecology.2001.12(4).527~531.

Zhao J.Deng W H,Gao W. Effect of forest patch size on reproductive success of magpies in fragmented secondary-
forest, Zoological Research,2002,23(3).:220~225.

Wan D M.Gao W.Wan Q Y,e¢t al. Effects of habitat fragmentation on nesting site selection of red-crowned crane.
Chinese Journal of Applied Ecology,2002,13(5);581~584.

MacAther R H and Wilson E O. An equilibrium theory of insular zoogeography. Evolution, 1963,17:373~387.
MacAther R H and Wilson E O. The Theory of Island Biogeography. Princeton University Press, Princeton, NJ,
1967.

Whitttaker R T. Island Biogeography :Ecology,Evolution,and Conservation. Oxford University Press,1998.
Diamond ] M. The island dilemma:lessons of modern biogeographic studies for the design of natural reserves.
Biologicul Conservation, 1975,7:129~ 1486,

Wilson E O and Willis E O. Applied biogeography. In: Cody M L and Diamond ] M eds.. Ecology and Evolution
of Communities. The Beckrap Press of Harvard University, 1975. 522~~534.

i Y M,L.i D M. Main principles and approaches of nature reserve design. Chinese Biodiversity,1996.4(1):32~
40,

Levins R. Some demographic and genetic consequences of environmental heterogeneity for biological control.
Bulletin of the Entomological Society of America.1969,15:237~240,

Bowers M and Harris . C. A large-scale metapopulation model of interspecific competition and environmental



1189 REFES ABEwAITs Y FETFEOE 2433

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]
[56]

[57]
[58]
[59]
[60]
[61]
(62]
[63]
[64]
[65]

166

[67]

change. Ecological Modelling, 1984,72.:251~273.

Hanski I, Kuusari M and Nieminen M. Metapopulation structure and migration in the butterfly Melitaea cinxia.
Ecology. 1994,75.747~762.

Heino M and Hanski I. Evolution of migration rate in spatially realistic metapopulation model. American Naturist,
2001,1587:4585~511L.

Hansk: 1. Motlanen A and Gyllenberg M. Minimum viable meitapopulation size. American Naturist, 1996, 147,
527~541.

Hanski I and Ovaskainen O. The metapopulation capacity of a fragmented landscape. Nature, 2000, 404755~
758.

Harrison S. Local extinction in a metapopulation context: An empirical evaluation, In: Gilpin M E and Hanski I,
eds, Metapopulation Dynamics: Empirical and Theoretical Investigations. London; Academic Press, 1991. 73~—~88.
Hanski [, Pakkala T, Kuussaari, M, et al. Metapopulation persistence of an endangered butterfly in a fragmented
landscape, Okios, 1995, 72;21~28.

Hanski I. Metapopulation Dynamics: Theory and Application, In: Zhang D Y, et al. eds. Researches on
Theoretical Ecology. Beijing: High Education Press, 2000. 123~150.

Forman R T T and Godron M. Landscape Ecology. Wiley, New York, 1986.

Ge F, ed. Modern Ecology. Beijing.: Science Press., 2002,

Beissinger S R and Westphal M I. On the use of demographic models of population viability in endangered species
management, Journal of Wildlife Management, 1998,62:821~841.

Schoener T W and Spiller D A. Effects of lizards on spider populations: manipulative reconstruction of
experiment. Science.1987.236:949~052,

Kindvall O and Ahien 1. Geometrical factors and metapopulation dynamics of the bush cricket, metrioptera bicolor
Phitippi{Orthoptera; Tettigoniidae?. Conservation Biology, 1992, 6.:520~529.

Hanski 1. Patch-occupancy dynamics in fragmented landscapes. Trends in Ecology & Evolution, 1994,9,31~135,
Saccheri I, Kuussaari M, Maaria kankare, ¢t a/. Inbreeding and extinction in butterfly metapopulation. Nature,
1998, 392:491—49%4.

Frankham R. Conservation genetics. Annual Review of Genetics, 1995,29.305~327.

Frankham R. Inbreeding and extinction:a threshold effect. Conservation Biology. 1995, 9.792~799,

Gavin T A, Sherman P W, Yensen E. ef af. Population genetic structure of the northern Idaho ground squirrel
(Spermophilus bruneus bruneus). Journal of Mammalogy, 1999, 80:156~168.

Hanski 1. Alho J and Moikanen A, et al. Estimating the parameters of survival and migration of individuals in
metapopulation. Ecology.2000,80:239~251.

Harrison S. Metapopulations and Conservation. In; Edwards P J, Webb N R and May R M, eds. Large-Scale
Ecology and Conservation Biology. Blackwell, Oxford, 1994, 111~128.

L.ande R. Extinction thresholds in demographic models of territorial populations. American Naturalist, 1987,

130:624~—635.
Fahrig L. Effect of habitat fragmentation on the extinction threshold; a synthesis. Ecological Application, 2002,

12:346~353,
Hiil M f and Caswell H. Habitat fragmentation and extinction thresholds of fractal landscapes. Ecology Letters,

1999,2:121~127.
Brooker L and Brooker M. Dispersal and population dynamics of blue-breasted fairy-wren, Malurus pulcherrimus,
in fragmented habitat in the Western Australian wheatbelt, Wildlife Research, 2002, 29:225~233.

Connor E F and McCoy E D. The statistics and biology of the species-area relationship. The American Naturalist,

1579, 113:791~833.

Haila Y. Land birds on northern islands; a sampling metaphor {or insular colonization. QOikos, 1983, 41:334~

351.



2434 £ K % K 23 ¥

[68]

L69]

[70]

[71]

[72]

[73]

[74]

[75]

L76]

[77]

(78]

[79]

[80]

(81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[88]

190]

Jansson G and Angelstam P. Threshold levels of habitat composition for the presence of the long-tailed tit
( Aegithalos caudatus) in a boreal landscape. Landscape Ecology. 1999, 14:283~250.

Fahrig L. When does fragmentation of breeding habitat affect population survival? Ecological Modeling. 1998,
105:273~292.

Lamberson R H, Mckelvey K S, Noon B R, e al. A dynamic analysis of northern spotted owl viability in a
fragmented landscape, Conservation Biology,1992.6:505~512.

Lande R . Demographic models of the northern spotted owl(Strix occidentalts caurina). QOecologia, 1988, 75:601
~607.

Monkkonen M and Reunanen P. On critical thresholds in Landscape connectivity: a management perspective.
Oikos, 1999, 84;302~305.

Andrén H. Habitat fragmentation. the random sample hypothesis and critical thresholds. Oikos,1999,84,306~
308.

Tewksbury J ], Hejl S J and Martin T E. Breeding productivity does not decline with increasing fragmentation in
a western landscape. Ecology.1998.79:2890~2803.

Li Y M, Niemela J, Dianmo L. Nested distribution of amphibians in Zhoushan archipelago, China: can selective
extinction cause nested subsets of species? QOecologia, 1998, 113:557—~564.

Petterson B D and Atmar W. Nested Subsets and structure of insular mammalian faunas and archipelagos.
Biological Journal of the Linnean Society, 1986, 28:65~82,

Hecnar § ], Casper G S, Russell R W, ¢t al. Nested species assemblages of amphibians and reptiles on islands in
the Laurentian Great Lakes. Journal of Biogeography,2002,29.:475~ 489,

Donovan T M and Flather C H. Relationships among north American songbird trends habitat fragmentation and
landscape occupacy. Ecological Applications, 2002,12:364~374.

Laurance W F. Rainforest fragmentation and the structure of small mammal communities in tropical Qeennsland.

Biological Conservation,1994,69:23~ 32.

Crooks K R. Relative sensitivities of mammalian carnivores to habitat fragmentation. Conservation Biology, 2002,

16;488~502.

Andrén H and Angelstam P. Elevated predation rates as an edge effect in habitat islands: experimental evidence.
Ecology, 1988, 69:544~547.

Stevens S M and Husband T P. The influence of edge on small mammals evidence from Brazilian Atlantic forest
fragments. Biological Conservation, 1998, 85;1~8.

WANG Y Q, ZHANG Z B and XU L X. The genetic diversity of central and peripheral populations of ratlike
hamster (Cricetulus triton). Chinese Science Bulletin, 2002.47(3) ;201 ~206.

Sjogren Gulve.P. Distribution and extinction patterns within a northern metapopulation case of the pool frog.
Rana lessonae. Ecology,1994,75:1357—~1367.

Andrén H. Corvid density and nest predation in relation to forest fragmentation; a landscape perspective,
Ecology,1992,73:794~804.

Donovan T M, Thompson T F R, Faaborg J, ef al. Reproductive success of ‘migratory birds in habitat sources
and sinks, Conservation Biology,1995,9:1380~13895.

Robinson § K, Thompson B F R, Donovan T M, et al. Regional forest fragmentation and the nesting success of
migratory birds. Science,1995,267:1987~1980.

Faaborg J. Brittingham M, Donovan T M. et al. Habitat fragmentation in temperate zone. In: Martin T E and
Finch D editors. Ecology and management of neotropical migratory birds:a synthesis and review of critical issues.
Oxford University Press,New York, USA,1995, 357~ 380.

Pasitschaniak-Art M, Clak R G, Messier F. Duck nesting success in a fragmented prairie landscape: is edge effect

important? Biological Conservation, 1998, 85:55~62.

Hahn D C and Hatfield J S. Parasitisin at the landscape scale; cowbirds prefer forests. Conservation Biology.



1134 REEF . ARBEEENGYMEEENER 2435

(91]

[92)

[93]

[94]

[95]

[96]

1995.9; 1415~1424.

Tscharntke T. Dewenter I S5, Kruess A, ef a/. Contribution of small habitar fragments to conservation of insect
communities of grassland-cropland landscape. Ecological Application, 2002,12:354 ~ 363,

Brooker M and Brooker L. Breeding biology. reproductive success and survival of blue-breasted fairy-wrens in
fragmented habitat in the Western Australian wheatbelt. Wildlife Research, 2001, 28:205~214.

Reynolds J C. Details of the geographic replacement of the red squirrel (Sciurus valgavis) by the grey squirrel
{ Sciurus rarelinensis) in eastern England. Jowrnal of Animaf Ecology, 1985, §4:149~162,

Sainsbury A W and Gurnell J. An investigation into the health and welfare of red squirrels, Sciurus vulgavis,
involved in reintroduction studies, Veterinary Record, 1995, 137:367~370.

Debinski D M and Holt R D. A survey and overview of habitat fragmentation experiments. Conservation Biology,

2000,14.342~ 355.
Levin § A. The problem of pattern and scale in ecology. Froelogy. 1892, 73(6):1943~1967.

#E3M

(28]

[30]
[31]

[32]

[33]
(34]
(40]
(48]

[51]
rga]

ELH, ZRE FUBESEABRBAMNTLEERNEXTREXERPUETET. WALESER, 1994, 5(3);
269~2175,

BRAI, N RE.MAK EBMEARFEPX KRB ERERLHE. £5FH,1999,19(3).291~297.

WHE. HenEMRMSFBRARAEFRR. L. BARG PEISEFIIR. LR, PEMK LR, 2000, 43~
48.

JRICHE, R REER. BRAKEMBRERRHERBBEES XL EXRARINOER. W HEESFIR,2001,12
(4): 527~531.

BT Bt . e KB EBNEEI RN ER. I PEHR2002,23(3):220~225.
JTAWN W, FRH 5. BRI ERAESN. WAEE¥H,2002,13(5):581~584.
Y, ZENR. AAKPRRITTIEREM TR £YEHHE.1996,4(1):32~40,

Hanski . MEARBBHE - B ESMA. L. KXBSR EREEFHA. Lol 8% 8 EH, 2000, 123~
150.

X BAEZRFE. bR FEAHRME, 2002,
EAK, A R FORALEE CERAHNRESHME. BFRER.2002,47(3):201~206.



