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B, EEFZ¥*EEN RIPRIERYABARAXEEEMEANERIEERZ ANMREBEIKR FEESR ZHKLS
THEHE., FXEGRTHEENR RELEREEFNREN  ERBRE XN, . BRBERARANE, YIRA R H
HAEFAVERRET IR ARNTFE.
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The role of extrinsic factors in the regulation of periodic population dynamics in

small mammals

ZHANG Zhi—»Qiang y WANG De-Hua (State Key Laboratory of Integrated Management of Pest Insects and Rodents. Institute of
Zoology, Chinese Academy of Sciences., Beijing, 100080, China). Acta Ecologica Sinica,2004,24(6):1279~1286.

Abstract: This paper reviewed the new progress in the theory and hypothesis of population regulation in small mammals,
focusing on the food hypothesis, predation hypothesis and multi-factorial hypothesis. The food hypothesis includes the role of
food quantity, food quality and plant secondary compound in the regulation of population dynamics. In some species that lived
in extreme environments, food might be a regulatory factor of the periodic population dynamics. However, food may very
likely act as a limiting factor for most small mammals. The predation hypothesis has been considered to be a hopeful hypothesis
for explaining the population cycles of some small mammals, with a particular emphasis on some voles and lemmings in the
Scandinavian region. The predation hypothesis states that the direct and/or indirect effects of specialist predators on
reproductive and physiological activities of northern arvicoline rodents are the cause of the periodic population fluctuation.
There is also some evidence against the predation hypothesis. For the multi-factor hypothesis, some experimental manipulation
demonstrated that the independent and additive effects of food availability and predation could cause the population cycles in
some small mammals, sometimes combining with climate, interspecific competition, space and/or social behaviors. Though the
multi-factor hypothesis has been considered as a most promising approach to study the population cycles of small mammals,
due to logistic difficulties in the field and excessive expenditure, there is still not enough evidence to support this hypothesis.
Additionally, it 1s difficult to identify the dominant factor (s) that could cause the periodic population fluctuations of small

mammals. In spite of these difficulties, the multi-factor hypothesis should be an effective and reasonable way to solve the
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enigma. At last, we made some suggestions on how to advance the research on the population regulation of small mammals in
China.
Key words :small mammals; population regulation; food hypothesis; predation hypothesis; multi-factor hypothesis
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MFRAYELRMBESY¥BREENELNZOME. BAEllon A RE—B X THRIGSH YR EE T &8 3L
K, ZESEHFIE8a AE A XRFR,ZEMNESNFRANRKELU IR R ANAHBEATHIENERBEIL . EXBERT
SAETE:HE 1B 194 20 FR Elton BARNRIIBENBETHRARANAKZ 20 L 50 ER M1k, FERFAHITRE
ROEH .UM EAMRNERBEARAMERST I ERRBT LR BBFHEENMOBIE;F 2 Br B M 20 4 50 %)
EOFENREK XTEEAHBOMRAMNETEFENNAZR TEENERL BR T -RAIBBRAREEBETHARHANEEBRE,
g0 Christian &) P9 43 3 185 22 3 . Chitty B % 8 W ¥ R L& Wynne-Edwards BT 8-S ¥ E, F 2% E R BN MEM A
B AR ESWAEARETRESISNENIHS B SHBN 20 00 ERTH . HTFTHERMNF FEHNKBNA,
uﬁﬁﬁﬁﬂﬂﬁlﬁ%ﬂﬂg*ﬂ_ﬁ@ﬁ’d‘ﬂ"ﬁ?Lfﬂ%ﬁﬁﬁﬁﬁfﬂ&iﬁijﬁmﬁﬁ?ﬁﬁ/\T“’T‘é%ﬁﬂ?ﬂifﬁ%,UElEﬁ.?@
(voles) . 1 B 2 (lemmings ) B ) 71 36 W % (Lepus americanus) R 3R 3 FHTATR B 2 00 F0 A B 0 R0 BE I8 35 230 3647 T 8637, %
FEAMRBARZRMNGE TN BRHERL, IR RS EMOTFRE B HEAB A4 T4 A2 Tk F
MBS, LR FBERNY S FoRN,

KTFMRHIASYPHBHRTELHOMR AR REXEFYA I HT RS Ko R 20 #42 90 SER LIRTRY,
He R HBEVTELNZELR; B E AR BNE LR ERLTY, 202 0 ERUGE B TFTHRITENFHEA . FE
FEMNARAELG TEBRENRM. Batzli®E 1992 FX/ MM ANYH BN APHEIREHTTRE BN . ELH
22 M BA YR BETHBEASESI YR ARE RS AR T ER 40a P H T 1000 B 80 X8 BT o # B E 3 RE;
Krebs" S /NI AL MM B A NE R BN E A REET 84 W RRMPFR I EER S TEI WolffU MW b A 1, 18
BT WAL 3 Y R B R Y S SRR L U O AR T 0 R A B E E A s Boonstra SUH L HRE S WA E W AR H) L FiT T A B
7L 3h ¥y 7 BF B R BB 0 M) BB s Hanski U B85 T 1991 4F DI B A T3R5 74K K F (Fennoscandia) # X ) & B L1 B .

EBRFF . BEMRAEEFRENHBEOBRBRENEERW. OB BEE . SBRMAAESFNFLES A TETHRN
Hi F.BERSNMBARSEEETXRENRY B IK (Food hypothesis ), ## £ {8 i) (Predation hypothesis) f1 € & H F B i# (Multi-
factorial hypothesis) I T EMA R FEN FERE.

1 RYREIAR

RYRBEEENE FEFE: YK R (food quantity), & ¥ B (food quality) M ¥ K 4 4k & 9 (plant secondary
compounds) ,

RYRBBREAN. B TH AN EESI B BEEETA . FME RSN RS . TS E S N S B0MBE
BTREMR". EREFEBX,.F R HEEMIET B (Clehrionomys rufosanus) i 3a KK HE — K, BN Y 520 (Pinus
koraiensis) i) 3a F R AR, HF LR RAD, X 70 5 B B (Microtus townsendiid ) FR R MY, BRIk T R, Fh B
AEE MM, BEEHE ENAEELENSREMEYHMER AR, EENAREEN, TERBERNATE
V), B RWB A 7= AR AT RN,

RYRBERHEAN . RERYBREBREE BUNRRTER TR A B LI AR, B R B N R 5
T. X— & it L Pitelka B9 & 3% B & & % 1§ (nutrient recovery hypothesis) X R, BB IF # ¥5 B T & 3 # ik B (Lemmus
trimucronatus ) ¥ B W) J8 B HE L0, ﬁ‘ﬁﬂ@J?ﬂﬁ%ﬁ%E%ﬂﬁE*ﬁﬁ%E@g@%’%ﬁui?ﬁ%ﬁﬁﬁ%%ﬁiﬁ%@ﬁﬁﬁﬁi%#
HEBRANYEFESXEENHER. HHEER Microtus ochrogaster) W HAEMEBMAZTER AN EERR(RERF) . A5 KA
B E A AR ER, AR B R Y B 2 BB A AR K, Batzli SEU UK R AN B TR THAREER, K25
7 BT EAT S R A A AR R L R B, Batzli F Lesieutre ™ 78 AU 4R & I P 49 40 47 28 0, 76 JL R R 7] 4 4 B, 4 26 380 1y , 38 o
= BB B 8% BT ) R B TR A b T 0 AR B B (Microtus oeconomus) FI8RH B (Microtus miurus )T ERE, BR,AJHAHASY
MR BRERIAGLE W AFREE N REWEE, BLLSE MK BAEMBEREFWRERHENBR B WK XY F
1 NEEERENE T S REELD,

EDTELGYA S YE 3 Ve, BN A 5 . BHES I 4k . 10 ) 2% 0] 8% e 0200 ERYEZ o B Y KA LS Y ] BB X
BFUEARETERY . E— 8 H R A MK MR HORGEN .  THY N BBEREENR RN U R HERQRELSY
HP=E RSB E M EE BT SRR R MAEAE L), Seldd IR MBRERSHESWE QBN Y E-EY 2
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B I, B BT BB 7E R BE A0 7 R 5 A0 3 08 3 B A K MR B (Lemmus lemmus) IFEE MEM ., 52 MK Klemola 250 % 3 B H R
(Microtus agrestis) MPBERNEAMM K SFEBOSHBREMFERX DX X OGN, ZER P EO BN &K FH®
Y, XERERE). YHREMBESIIAINRAIEERE 23ERRENRYH ABRBEN T IFHBX SR ARARY
FRB X BRI A AR T Agrell T HBEANARALBATYREBEEMNARA AN . ERXLLFHER, ]
RBSHRBIHBERRTRAMLERMFT A X, Sinclair FIEMEHHAREZRA HETFEMROBEBEL HYKELE
PHESBRNELEL . AEE5HRPMNENRABRBEXLERKKE, FEAR HYREBNNTHIERSEXEHYEFRE
BHMREAE,

B MG R 25 B W i ] A e X AR B R B 89 /E L Turchin M Batzli®' DL 35 E B B1 87 i Point Barrow 3 [X B¢ B2 41, R
HEFMNERABFERTELABEENNER-EYHEEAXENEBRLNEFFEE BRI EMBPEFLRY TR TR
BEXMESSHERAEITREARZT . MTAARYDENNEZH/ T FERBETREILIAMEGE . AN EHNYKRRE. 58
HRBREBWaIY R+ 72 B350 3955 54 K (linear initial regrowth) B BIBEEIF NI AR . CRBR T 2R HE |
RENES. MREFFLMNE. N FREFLTXBFENBRE, ENEFHNHERPATEESRYIEENDIEHNEE
YE PR i F . SR, Turchin M Batzli®' Ak . B M EMBHISPHACLA IR FARAN . — M OFEEY HiER eI L
R E N =EIER (tritrophic) BT L 387K % 7R G0 P9 19 42 B 30 B 0 75 00 208 00 05 B 361 200 2 oy A0 00 B0 36 5 AR R o A 410 %o W 4 ) R e
B (Lemmus sibiricus) MEPZ AW HEERAARERAHT THEHIU . BZ2EREENRPHAXZSESERTTMHIT.ER2 %D
HAM(da B 7)) 5 EFRBER () BRI RI\B(1~39 B/bm?) IR . S Y ERIREBMHE TR EESIEE. R, B AR
BMRABHCBEGRETENSE, MMERENLFEYEDNHABEL BN EENFEXINEL.

HEf B RN P BB XF NERAILLEEE NS T3P . RYTRSR I EENR S E . 0 E, Bk
BEMNFERE. RYREFESHAIHST AR ERXERBSH . AREERATERS,

2 WREIKR

HRBEANERAIBRET AXEHNREENRY B FEHILRHEREMNK B — FEMERRET R R REHER
B ARERTHFEEERMEREYH RN, EAEERBZAER ELRETBIE NN FROBBREEEKPNE . &
HFRANRESISTBREN AR EANSERARSHEBENRE. — BRIV . ERNBHESWHESEREL,

HRBREMNEARZG THFTAIRE ME—-KAAMEAAFNIRIFENRY . AEAXTCARNENRR RECR
BARBELZENER. ERERTENEY.CHEZHARB R EBEFILH (boreal) 71 4t 1 #b X /> BY w7 25 a9 10 4% B
gt Volterra fl Lotka REM MR E-HYEBEH T HIALNOTR  MEEKILTE . FELEHUAIBESENEERRE
SIERMERM AR REREEETHEE MGG R BN W SER ML E R AN, — % BB ARR
REEESH¥LENER I —FHEBEAEN/DERELXHRES FRXRHHERMSHSSLEAE 20 42 70 180 £ B A TF
AR R EHRAESERZNBFZRB FANHRECHR TR —fh 8, BT Bk oF 2870 8 b 3F T 45 LU R g
FRPIB . Andersson I Erlinge' 3B ZETHHRNHKX 4.4 0 B BRI R E (resident specialist) . JF B RIS B & &
(nomadic specialist) FIIZ (L B & (generalist)3 PR, XFY I FEREBHATHRIENFKEA. UG . B FEETREX
W FETE, AMTZBARBL R ERAE HEM NS 15 A 8 36
2.1 WEAWHEYN

ATHEENERRNL.ZSNEFL. ~BRIAN B ENEERBBRIE YR BT R D (8 LR B RS E 0,
Framstad %"/ 0 (6] FF ) 4 1 S5 (LB B, Xt BRI RAEAT A4 3R T IE B I A B AN E R E R TR S a2 H
A K. Sonerud®RE, EHBE REMBLAEHRENUESI YRS BER X SHAESEERNNERE—Z) HH5
RPEHBRKEBREIW I HEELEHRMOBERBERKR R ISHESREKENNELA - . B L THBEERS
FHEHBXNREEN SR CEMRABRNERBRAMECITEFTRMENSL. EAEEERP RGO EYHEL,
Boonstra %M AN 58 R % 5L R A W1 B8 & 4 . Mihok 255 I7E 4k T5 JB 46 E2 90 , FH T 4% el 18 0045 0 IO 10 P LS L SRR b R A 3
KM P.B5YNNESEHBRTRE, WAL M Mustela nvalis) I B A ERBEYREW KB EY. Norrdahl f
Korpimaki“" ZEFHF X R B A B E A A HEERAREXER WA T M T EEE AEB MIRBEMR B HEN R EX
B {Eﬁﬁ}f‘jﬁjb%ﬂ,&ttlerm]ﬁﬂﬁﬁ%(mustelid)ﬁﬁ#xﬁgﬁiﬁﬂ;ﬁﬁﬁEﬂ(Dicrostonyx groenlandicus)3a B K E B # .
Marcstr AW G EXBRHALRMSEONMABLTFREE ELCEMXSY) . BE R H R EHEEW,
ERBIIEAH R — AP H BN RE B LT 22, AWEREFTRTHE ARG ORMENLRYFER, B
THRERSESDWERBENNIR IR ZREIRATEDN THENER ., £ T2 7% H% (Chukehi Sea) i) — 4~ Bl -2
= HE R & (Wrangel Island) (~5200km?) I+ , SR 5 A B g 8], (Dicrostonyx torquatus) MPAARI TR R LK 4~5a A . EE B+
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H3a WAKKER . A . XN HRFEFURFLHTEFGFAEMS . AT . HENMPHSE B NEEXTED, £ B E
AR 0YHIRE . BHEN 8%, U . ZHRWMA . FEHECHBAEEERFARSTEKB LB K4,

YHERABEREAYHETENIEE T EREFERRETCYE HAeMBEO XK WA RI S ~9) EER £
REFIHTHMNER . —RBRAEF ST XML MY & TR s SRR AN R . /3R 5
BARTHRARLUEWWEMEHFAL RAEERAPUEANBRME. EEXAZABFEEANTLRXBEREFEDNEHER HB®
L, R AR H R, A VHEAEEE DRI KA . Heikkila AN B2 S5 H R IR 5 s ¥ 8 F 4 &
L. HERBMEIIEN. BN 20 HL 80 FAPM . EFZHNE 2N AR-HR REHREFHSHESINFTENBHRAEZ —,
HTRAWER ACRB/RIOURIAECHAEAR FRELEFLETE " MEINTERBREZ VLM CELXBEERE T, MEX
A JE 3 B9 150 I AH 5K BR B BK B (Clethrionomys glareolas) AL E RE(C. rutilus) RECIIHWAMENEAT . XWES L RBHB S
ABHHERMEA. Hanski FAR MWLM BRITURBIH 24X ERLAR. —REIH B EN X EER 09— R
B, X B S8 Hanski 9772 0 LA A AL . Hanski 2N 8 7R MR R T3 X, W O KA RO B E BB R TR HA
HERBMNERNEEMANGR . FHERREEN. AFENRKEENIL AR . AMTRERREZ X ZRBEE P RLENS
AHREMERENEY A Hanski FUXMZMX KBS E-BYRE®T T o @10 R 50 5 4 308 T8 B Rl 48
B . CERFHTIERMBNIDTSH EIERT., SBRZARNBANS AR ENT BERN, CERBTN T35
IR R sh gy M PR B B AL, Bl R A A A i LR X B TR TEAR AR E NS EEEEETN
A ERR, XEGEHERGHERERIERFRENIEN . Hanski 2R TR TR B KT R B 49 88 6 Fse
BRHER AN EBREBRTFHER TR R ES A ERR, e ERETHRE N A#TTH
. Z B EMIFIESE, EEH Korpimaki FHAEFEFZEHRM THERRE. 1EH. 3 FIRNHEE BRAXEE
THERANBEERARIET, MMEHHE, MEBREREETEBNEEH AEMNFET, Steen SV F T L& b 18 33 518 1
M H R (Microtus oeconomus) & RIEVBERWBRARMBART, KBS RHTRHENRR. ISHEBFEH—. Klemola
A USIE 25 22 PR B4 R R0 3 Bl (Mustela erminea) Xt B H B H B — 6 B B (Microtus rossiaemeridionalis) R B HF B LB IF
HoOHBRNSERSAZXRBEEWH . BARSHERE TEMEEANER. TELRATHRLMAMNE. BHAENBHBE AL
BERENEMEH T AHEFNERMET. EXRBEIH REZRAREANEERANBERELBEER BELREAE
25 - PE S A X IR P D B R 97 A1) T A FE R L. A 158 65 T TR 7 15 B2 B WL — 35 1
BRE.-ERBEXE T HRUTUNGEMNHWERABRRUEI T —SHETHEES: — 1M ERNANHER WA WE FAR
WRHMER. AHBEMHBEA MM RENETFNEFERRATEER RSB EEEBOMEL TN M. UL,k
RENHFEREHBA MM KIES.

RTHEE-BYREXFHF P EEIER Stenseth FEIRG IR T EMWRAB M (Lynx lyno) LR TR IA
AEMNIHENAMERBRHERANHE . BREHTENCRNEABRATERN  FRFETFZHECHEmEE,; M2 HENELE
RE EEXEMANE . XRMERER, BRI =200t B 5 SR, Y- M-SR TR 2 a6, B3
R-FE W, Stenseth FU MBI MBE ST MBEHBHELE S, LG R A B 1388 (threshhold autoregressive model ), 23 ¥7
T 1821 FLRE 21 KAMHBEE BE THAEE-BYREMNFHEL . AERBNFEHAS AT SR AL, M gk
SR 0 55 W ) T B8 Iz R 5 55 4 4k ) # K #i BY (phase-dependence) S 3 B Bt RO FE B M2 B .

2.2 FHE HYEEER Y

EARBBNEEER . EHRENEYZH . BUENERLBYHBEANETR, B B E0MEENM0EHIAE
B R NR AT RIS EYHES R HIMNME X (home range) MBAMMF A . REMEH TS0 BafMme
FENWASRE TN E X BB RN, TREERERESERRSHERRY.

Hik S 42 7 %) & 8 8 ¢ 09 & B 8 (predation-sensitive foraging hypothesis) , R B E M AT YET S LR N,
Ay, XM RBA T ARESHARHERE, ARFERNE,. CREEIRH A ERNSFNM RS, eSS a R
s SRBEEFERNRRERNRY . EM, XM TEMEERMEEE TR, XSS ITARE (MR A EB4ARE. A4
EETHREASAEMNBRLER) HKE R B,/ Yukon WX . EERPHRERART . ZWRNLEFEHLELEER,
EARFEN . AERNRYTIBEBEEERR . EAFRNB T O RABRANERERY EEERE NNKREN S SABE.
EEEMAMEREE RBRERARKNRBANER PR ENLET 7.

AR MNEREBNZNREEMN REN K ENR S AWM LN TAEBREER (T ER-S4-F LB
RLRERFEH BRI HBEMK ERNMERN . EREEFE 2a 2558 MAREIR Y B . (S50 E5IAY
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JE 76 3 1 3 08 301 [6) BT 22 D7 Y 0 97 6 XU B 194 ) R 0 I T S5 B A — R BT D70, RUC IR A XM BB T T R REHENE,
CESHPERMBSHSTAREER. TELURAGFHIRTERAT CR-B4&-F EBREDMTAIFES N BHEF¥
ERERFHER Korpimaki FVH Yienen™ A A WEXNEREESHEALXNEAEPE L. EEIMREEHNEREX
BLEHIRRBEMENHIENHERLENEH NEBRERLON, . JEHREMEF - XKEK . EREEBEH IO EKE
ETHEEFENEFRERMN . Korpimaki S5 S KREKE Qa WAIRE R R EHESEEERNESG KRN RTFHEHE
EEERNEHL . ENFINRFESHREEEIANRXRXAMERGHERES ERYWEZRAEENMR. RE.CHE
BIEHTRENMNBERMNEES. XTHRMVNEEZER.FEIRENEEFNRE. HEESORIT T XL M (Mustela
eversmann) RN M BHABREEEFRARYUFENEA. TREFCCORET LMK RBARMLSITAMERNE MW,

3 RSATRIR

HTRHFRAFTZEHERGERAPIBRE. XRITFEERATHUIAER  REEAETRIEA SR L HA &/ EH 784
SHEEE, A Lidicker ™ B E AR FRNTHEISHEBUR . EEERAFRIZFXTHIAIFER: —RUBSHNEYHEF L H
HEASBREFHRER:F—RUKRY #@GEAHESTAIREHESTHITEESEYREE L AXRBECRSHMREELSH
ERUNXBEFRENBRRKARBTARZT,

EREXRELRETFIINEMG T, @ Hilborn 1982 FRBEBHEMTETR G . FENERANEREITHBR
HEBNEERR IR AREXTRRARYZEMAAMMER LSS, K 1984 FEFF . Desy £ EBMARYH R
BEEM2OHEZRRT . RETHERERYOTRASNESN KRS RIOMBMBORRN . XREREH W NE K
BRYIEEEARNSEERRE FREAREO L REBRESEXN ERES HENMNAREEH BN, HEE 3a
ME—FRIBP . RYUNTARENREFENSELEY W AR S TERENES FE MMM S E MM, E
MAER HHFREMWEARELEEL . BNSYHHHRSEXMBEEE LG ERA RN MIGSRBMN, WG kEkKE
MREANEHMERYANEEECANARH AR RSN FEESERMHNSY RN AR R R OH/ER X
FERENENGEIZTATEEZHNRS . FUBRLEANER. A TEBE HRMEE BB (Microtus pennsylvanicus) 2. 8] TE#E F
HES 7 Desy FCITEMER L Bazli FREET ~HLRBTRYNMBEZ/ . BN L ESHHN . HBETHES
A8 A RHR AR TR EA R ER XN ABHR AN ENANER N EARTRECEASD MANER LN
RPHNXEERBBN. X THREHR ANHEEIRTFHNEYRBELENESFET N BTN HEE, WM S
J B REIEHRAFEEEERRE B H T B m . ERNESYH GOREEFEN BT EFH R XK AR
AAEEBRBAT HEBNRFNTHFER. ABHROTENERE. MNRAEFEREEH 2X2X2 HEITR, UFH
BEEXFXITHMEREZEERN, EEANROEGAFOUEEMN 22X 2 TEXREIT EF/IERLAET. AR TH
B BY . FRESFRBEITRH, URZEERASN R B R Microtus fortis) MBASHHENE S HEESHRFERHEGTT
BT,

MERSCRABEN O>CQCHEZREH AEFMERAG T - NETRYTHASK BEASEGT N REX /A EY
H R R R BRI SR ML R AR, SRR M0 R R AR YR B M IR R R I R A R B BB L T 0 A B A
REBNFARS UREEEK T AGHEETNERENEATHREE . FHEBAME RN TR, XY Desy 515
GRAFLEHEANRYSHANHAMSREENNEROMIERBRELTFR—HBE. Krebs™ M EMRNPTREREY,
ERME R TR M E M Ny E R FEESFET 2 M 315, TR & 2 A0 9 0 4 5088 B 1%
TI11f%. BRMBEMETHYAERK AEWRNHREEFREN. SR - EAAERNBRMEE IHH =B
FUXEERFETEMNREAM. X5 Keith W RHES L, ISP E RN T EEHESHENAHBESINEERTF,

(@ Bian J H. Effects of predation stress on reproduction and maternal predation stress on their offspring phenotype characteristic in root voles.
Northwest Plateau Institute of Biology Chinese Academy of Sciences. Doctor Degree Dissertation. 2001. 179

@ Liu Z. Studies on the new multifactorial hypothesis of population system regulation in small mammals; the effect patterns of food
availability, predation and interspecific competition on population dynamics and spatial behaviour for reed voles, Microtus Jortis. Zhejiang
University. Master Degree Dissertation. 2002. 106

® Yang Studies on population system regulation in microtine redents: patterns and mechanisms of effects of interaction factars on

population dynami nd spacing behaviour in reed voles, Microtus fortis. Chinese Academy of Sciences. Doctor Degree Dissertation. 2002,
137
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{B Krebs [ EB R £ 1% Keith BRI HIIN 2 BFREA . GEANBYERBNZEEERENBRBU B THENE
T .

Ho W H—AHARFHEAERL . BATARNEETRESRBAPNNARS HEFER. AANER JUREMLHE KK
RS THRBMBENBE., EE.SATHNCELT R —BFEENNR, Krebs! AR, X B BRFIK B, = B KL 280
BEAEYBLENEE, ANTESNIRM XM BUAETRIE,

B ERIMBESEMNE, EYBERTERERIEEERERNDE/ NS M BEPEIBRTHETEEM N FX
BB ASYNS  EUERABFHET. BERETURBRFEFNR ISR ELEMBENARPLEESIAR . CHERR
REIERNESRTHS¥ENEE BANERES®. X THARFRR.RELEREENBREYN ERBEE X, B
BERHRENE B IR EHERAPERS N RRE—-TEETARORES,

4 RHE

1R 3% Krebs!'" & Batzli® iR, W FSBHIBR,UT 5 FERM XTI RENR:

(DFEEFEAEHARER, AN FAREFHENEESNELA —BRL, #—PHITENEL - TREBRENXE
M— A KEEREYHAMYHREARBSMMBLIR . XRIECRENBR. TRANNEITERNE EEERNZERE
PSS BB REAGUMERE SRV FANBASZIEAFURIEXEERANRE, FERALBRBENSHRIL, U
W KK SBE.

(2) % F BB BL (fence effect) , I HXBER K/DMEFEREUBRELMBENARALR ASEZXERERRFEAHBENH
HEAPREERUKIZFTARNNE? MNEMASPHIBNESIRTREEBSVARERRT A

(HDAREEHBEENFRESEARNABRRZ WA BBESHEE WK

(OSBRI SRR, KA E?

(5) %t 4070 F 4Rl BBl A - £ (fence-rows ) B B9 B R AN BF B AP BRI &, 7T AR R 4 W % P 1E 4l E (corridors ) IR I
£S5/ B (metapopulation) G HI BRI R G 0 LABR 5T .
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