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Yamaura, Y. : Mitigating Effects of Broadleaved Forest Fragmentation on Birds: Proposal of Plantation Matrix
Management. J. Jpn. For. Soc. 89: 416~430, 2007 I reviewed the effects on forest birds of replacing broadleaved
forests at the patch and landscape levels, with emphasis on replacement by plantations. I proposed methods mitigating such
effects. Reduction in patch area of broadleaved forests, loss and fragmentation of broadleaved forests caused by plantations
reduce bird species richness and densities. The effects of loss and fragmentation of broadleaved forests operate strongly in
landscapes where most broadleaved forests have been lost. Plantations have been treated as homogenous non-habitats
(matrix), and ignored in biodiversity conservation. However, because structurally and compositionally complex plantations
function as habitats for many forest birds, such negative effects would be mitigated by increasing the complexity of the
structure and composition of surrounding plantations through extended rotation, strong thinning, and planting trees further
apart, retention of green trees, deciduous trees, and coarse woody debris in clearcuts. Future challenges facing the
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development of forest management to conserve biodiversity are discussed.
Key words: habitat loss, landscape ecology, patch area, stand composition, stand structure
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Loss of broadleaved forests with different degree of
fragmentation of broadleaved forests.

{3 ) KIUIIRAT IR T AR, R E XIUE AT~ M) v 7 2%
R FHIANDRENIEBEB RO R Z R T, A HTANDRE]
X, IREEROSELOME A R, RBUEEY T, NRL s
5 THEORFPIZILHSY T ¥ FAr—7TRELRE G LD S
T E I~ N v 2 ZEENS (Turner et al., 2001), Fahrig
(2003) #ZEITH\ Tz,

The arrows pointing the lower directions show the loss of broad-
leaved forests. The arrow pointing the right side shows the
strength of fragmentation of broadleaved forests. Grey (white)
area represents broadleaved forests (plantation matrix). In land-
scape ecology, a land cover type, which surrounds focal land cover
type and dominates landscape, is called matrix (Turner et al.,
2001). Based on Fahrig (2003).
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OB BIEIE G WEERFR 235515 (Tubelis ef
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BRI DS EE IR L 2 IR D IR LI we Pl s
% (Fahrig, 2001; Cooper et al., 2002) , M ETEEHO®
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A PSS IR EB AR OIS Z BRI TS
(Henle et al., 2004; LI/ « WEE, 2007), MRS L O
TEAL B AR 72 IR BRI L B OB L W2 & 2 e b
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WARAE: ORI ET 467259,
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¥ RA — 7 THIBAE ARSI L T L & o 72 llfEHs
WREIC % 57259, F72, INTEMAROTERE - itk o mlfE
&, BB ATEASHER S N TV 2, BUED)LTER
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M (T B LIFENS) OHISAEAEEOMEFRC D H
Wk3 5725 9 (Hanski and Ovaskainen, 2002; Schrott et al.,
2005) o Ji BERIMASIREEIZIH R L 72T ¥ B A — 7 CILBER
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ORI, RFEBHAITREICHE LT Y FAFr—7T
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IIL. T, JAEBHOEROEEORMFLELE LT, &
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and Franklin, 2002), 2D X ) IR THEE IR TWED
B, MUy 7 AOBERIZ XL AEMEHEORETH D
(Franklin, 1993; Fischer et al., 2006)

RO ERDIEITL TS T Y FAF—=TIBIF5HZ
N COEMELEIEOREE, BEEYSEB X O & ik
BRI D&, ABMOHRE 726 LTV 5 RIS
ANT#Hp o< ) v 7 A% HEEIFEBEET ST
LWk o TITbNTE& 72 (Wiens, 1997), 2 0, LR
R, MYy 7 AZWIHET, BOMOIKR EH
DOHHEDME/IMIIEH LT &7 (Haila, 2002), LA L, R
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HBEOWAFTE LTHIETA X912, M) v 7 AL
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< b w7 ZOE Matrix quality

-2, = )y 7 2A0ZEDMEIZE B8y FOLE
BLUy FHOGHEORN

Increasing the occupancy rate of patches and dispersal

rate between patches by increasing matrix quality.
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HHEZRT, S M)y 7 ADEBENRLE, <) v 7 ATOHR
BREOBMRPLIHEEOWMAIT LY (Bélisle, 2005), fHikDIRE
BB, T 28BNy FHRHWEEIC R Y, LEE
FUTONy FHLEHENS X H127% % (Dunning et al., 1992;
Taylor et al., 1993), < bV v 7 2O OBENNE 5 H sk L /<> F
oo % & 7253 (Zollner and Lima, 2005), 7% F [
D EEEOWMC LY, 73y F ORER 2 HHITMD /Sy F2005
DOEARDOFEFIC L D Fiba, Hs AR AR o Rtk ki L35
(Fahrig, 2001; Cooper et al., 2002), 7%» F A%, EHAE%Z /2
LTV B HEOMERENRVDITHEAFEN TV a2,
Addicott et al. (1987), Dunning et al. (1992), Taylor et al. (1993),
Harrison and Taylor (1997) %Z#(2Hi<.

‘White and black patches are occupied and unoccupied, respective-
ly. Dotted lines and thickness of arrows represent the foraging area
of individuals and dispersal rate between patches, respectively.
Because an increase in matrix quality leads to an increase in forag-
ing efficiency and a decrease in predation rates within the matrix
(Bélisle, 2005), patches smaller than the minimum habitat areas
are occupied through the increase in foraging area and proximate
multiple patch use (Dunning et al., 1992; Taylor et al., 1993). An
increase in matrix quality also leads to a dispersal distances and
dispersal rates between patches (Zollner and Lima, 2005). An
increase in the dispersal rates between patches leads to an increase
in population persistence because the stochastic extinction of
patches is complemented by recolonization (Fahrig, 2001; Cooper
et al., 2002). For example, in the low-quality matrix, although patch
A meets the minimum habitat area, it is unoccupied because recol-
onization does not occur (after Addicott et al., 1987; Dunning et al.,
1992; Taylor et al., 1993; Harrison and Taylor, 1997).

M)y 7 AOENE L iU, BB Sy FROFT
ERDVEG o THREOEBM Ny F 2T 52 L8
TE, S5 M)y 7 ATHIREDMTR 572012, M
AR Sy FTHEMEOAE LA EEIC % % (Dunning,
1992; Taylor et al., 1993),

MYy 7 ADENEL IR, SR OREH I HE
W DHEEIMET T 57201278y F O 45 e X
N, AR Sy FOMESHbNR T 2, BEHEORE
ftEAsIn 45 (Fahrig, 2001; Cooper et al., 2002), A2 HAS
WHERIZESY M) v 7 ZOER EE, < b)) v 7 AT
AP EET S EDTE D L)1k TRKRES 4 X
RKEL Y, < M) v 7 AERT AMEED T 72 5 42 B
Ny FOMBEEMR D X DI B2, RO R
XX 5121 9% (Pulliam and Danielson, 1991; Howe et
al., 1991),

- THIBEE ORI ORM) A REE O B T A S B %G
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MiZiThb 720, LHEOREIET LT v PR
r—7TiR~ M)y 7 AZEEEOECETTEEET S
(Franklin, 1993), L7243 T, L% Ofiziissiisr L7z
7 ¥ RA — T THELRDECEETN D AAAAET 5 EIRIC
WRIE L7 2 R4 T 5 720120%, AEEoB v M) v
N F DREHMATS %GR % MHT % 0EHH % (Fischer
et al., 2006)

MYy 2 ARERT HEREEOESVENE, —k4E
MRS, % OAEYHIFIRN 2 EIEHZ v (Brown,
1995; Hansen and Rotella, 1999), L7:43>TC, ¥ k1) v >
ANDEIRIZ X o> Thbh724 L OBHIZ, WKRNESIC
< b)Y 7 ARCMFESELIENRNTELND LN,

L OHBEOTFMICL B E, S ) v I ZADED
) E AR B OMERR - ML MARE D L < 3EnLL I
RTE D Fr ek 2 Wi £ 2 % (Fahrig, 2001; Cooper et al.,
2002),

cAERHOMEE: c ML o ERMEBE M) vy
A PRARARE O e E R A AR 0 43 B & A e\ 2B
4% (Pulliam et al., 1992; Baum et al., 2004).,

c MYy 7 ARG NAITHED IS I HR R HA e
AT ATHAHIOI, Y M)y 7 AOE %R L3¢5 L
WEARROAEFHOMBEL Y 479 v (Lindenmayer
and Franklin, 2002),

2220, MY v s AERIILTLIEE LuEIEE D
OS8R VRN H D 2 L ICEET ALENRD L, 2k
ZUE, AMICE o THE SR TIE, B4 i
PEOFHWERM L ) HBIFSNTLE)EBAN T v
TEMIEN L BEHIEET 5 LA A (Schlaepfer et al.,
2002) FHE N2 Y v 7 ADEBIIZEDICE > TH
PEVIZD b s TRIFSNIGA, BHESN/< b
Vo 2 ANT Y FAF—TNT—EEHHFIETL L, Mg
TEARRIE I LR S THER 9 % & Pl S 115 (Donovan
and Thompson, 2001), F 7z, &4« L <IZZEMICHCD
M A2 WEDTFAET 2HE121E, < MY v 7 A2 08I
LTI ¥ FR T — 7 Ouifitk 2 il & 5 2 &3 a e
OFHEMEEKTESE S LT s 5 (Kallimanis et al.,
2005), L7=A35> T, ¥ M) v 7 AFEEEED D WSk
PEORETFIEICTA2D121E, < MY v 7 AEHPHEE 7%
WIS T Y FAT =T D54 TEW ORI T 2LEN D
% (Lindenmayer and Franklin, 2002), Z® X 9 iR 5
YRR =T x5 Gl LizAEME ORI, £7254
B MG A B Sy FHEOJK, ERH/ Y F
O HEE D FHE & v o 72AEBHE I X - TT ) BEXD
57259,

V. REEMOAIMANDEBROZEDEM
AIMT Y v 7 AEE

HAOHFEMREBUII< M) v 7 2B ZISHT U, AL
MOBFIZ L > TOHE DI LIZ L) BEEHEOREEZT
VIENTEDHLEEZLND, TITAETIE, IRHEBK
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ENTHO BFREDOENTOWTE ML, AT
ARHE LTRELICCWEFZHOLNICT S, 2059
AEREL, IRZERHRO N THRANOIEIRIZHESS T (Laurance,
1991; Yamaura et al., in press), ATL#~ b1 v 7 ZDEH
THICHEHITRNEMAZE#Z Z 515 (Lambeck, 1997;
McCarthy et al., 2006), K12, #4L <OV OB A5 ZER
P& NTARD BHRRE I TS 2 el |, L3R &
NIHOBHIZE > TORITHEZ RT3 HK 25§
%o BRI TITTHEE W M ROMED 2T
HICE DD, 2L T, FHRERTRFEH SN TS
AVEEL L OCHKERY ZIY LiFs, Thsicsko
&, ANTH= M) v 7 AOFUFEEZRBICIRET S, &
B, HEIOEIL, RIS EARLERN I E % &R R
WL CEMfi§_&TdHAH (Van Horne, 1983), L2 L, B
HOERE & BRI EE % A L 72 85% DI FE A% BE & B
FERDIE D IE OB 2 #E L CTwbH 2 &5 5 (Bock and
Jones, 2004), ARETIX, BEOBENFHWIGANIEHEIC
Lo THFRWERET 5, 72720, NIHTIZEROA
R NSy TOE LR T W RN H 5 2 & I35
DTEBLIREESLI,

1. REBMREAIMOSEBEEDEL

INFERIR E AT CRERELZ KT 2 &, ATHITA
WHA LD D BEHOMEIIME W &3 5538 (Ohno and
Ishida, 1997; Lindenmayer et al., 2002a; Yamaura et al.,
2007) %&b 5w & A1F%E (Estades and Temple, 1999)
WdHb, ZORKE LTI, NTHRORIERE QL - b
I, 2001) ek, BHEEMR (Fk) 298742 & AT
MO BHORHP R b NN, —), BEH
ORI IR E AT TIIR AL EAF—HL T
WMEINTVDE, ANLHRTHEEIMRCEREE LT, 775
Hze EOBHRASEEY, VY 3R EOBBIERYE, Th
NS Turdus chrysolaus 7% & DRERY, v ¥ FHL LD 7
FSAF v F ¥y =BT L, NTHTEED VR
& L&, v &7 Carduelis spinus 72 E O T HEEHE R KR L D
TR ¥ ¥ XA Anthus hodgsoni 7 & DB IR 28T
515 (Newton, 1994 ; I, 1976 ; /MK « B, 1985 ;
Lindenmayer et al., 2002a ; Yamaura et al., in press), L7z
Do T, BHWEHEE, BEREE, 794 F vy Fr—7
ElCE o TATHIIA#E L AEBIT, NS OB IZLSE
WO N THRAORIEICHEIGZ L E 2 5h b,

2. MPLANIVDERSPBEHEICRITTHE

JRIEBIARTIE, HEREDTEIME AR 13 E IR LT 5
72002, BEOMEIE N (HIF, 1988 ; Nk, 2005), F
7z, BRVEITT 5 EMDREIBHEIC R DD, B
HoMB L %EIXEN$ % (Brokaw and Lent, 1999), &#
WZRE, R e R, BHERERE, BOEIRRE, 791
FrvFr—7 L% OMBEOHENIENT % (Helle and
Monkkénen, 1990), —77, A AS LAY HM 72 B8 o 1) 1]
B2 Bt o0 (BRI 2, B HIERRS T
EEDSSH L 7o RS R i S AL e bk 2 B 3 o ) < % 5
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A F 3 7 Bonasa umbellus ° 7 * ) H ¥ < ¥ F Scolopax
minor &\ o 7ML FAET S (Brawn et al., 2001; Thomp-
son and DeGraaf, 2001), #45 OBIFEALK b A4 102
L, BfEofMuI SEoMEr#msEs (HY, 2004),
RS, MR ETHIMG M THROMEIEBL TS L,
FEALR I BHFER ISR & B8 % 135 (Bersier and
Meyer, 1994; Fleishman et al., 2003) .

ANTHRTY, FEEIBEME R NS T EBEHOMEIIE »
(Lindenmayer and Hobbs, 2004) . #/5%; (Bibby et al., 1989;
Patterson et al., 1995) X T J@#iliA: (Diaz et al., 1998; Brotons
and Herrando, 2001), . 541K (Land et al., 1989), KA
$e4e (Curry, 1990 25 A THO BEOMEE 2N 5,
RERHL & LR TIE RO & HEIZ/N S »whs (Bibby
et al., 1989; Patterson et al., 1995), + 7+ Y ukliz L DER
PN LR PR & A bk & #8095 (K, 1976; Bibby et
al.,1989), F7z, RIHARIZ—HA I B LIRE O EEH &
7% (Lindenmayer and Hobbs, 2004), HHFEAH K 3 BIEAE
BITREL, BAETLREMIZ VI LSO EW
(HJt « A, 1987; Ohno and Ishida, 1997), L724%> T,
MRAHEE B & OB AT 22 N TARIZ S H oM D H
WekWz b, B, MOEHPKEL, TEMNUARREREL
BRI LWL, NTHRTOBHNE RS R BIERE, 77
4 F ¥ v Fr—OFEEIIHEINT 5 (Yamaura et al., 2006) .

B, NIHKTEZW 00, Lk Tld iR Bmis
W MAT T B HRICTE R L2ge R, 18 & k% o B
HEOBEZ B L7202 bhCn b, kERDEE %L
oo 7281, RIRROHHIEIRIK X 0 S H &
W ) ks (Webb et al., 1977; Annand and Thompson, 1997)
IR DS A5 & &) # R (Lance and Phinney,
2001) Z#iEF LTV 5, BRI THE S WEREE LT,
PR HN ST 3E L2 AD S K OFOBRE - HHFTE L
THIEL TWb Z E2IF 5N Twb (Thompson et al.,
1992; Annand and Thompson, 1997), 7z, 1k & Rtk
O BFEBREOBREL B L2781, AR AR K
73 2 BFOREIRIROBED ST 5 5%, FFiZ 2~3
FEHTOHEOHIMAKE L, ZOBREEI 4~10 FRHF
e HIEEHEL TS (Webb ef al., 1977; Robinson
and Robinson, 1999; Hayes et al., 2003) .,

3. &£YRERE, HXEERY

HARIE LR IS HER S 2 BRI, Bl %
oM EFE (biological legacy: Franklin et al., 2000)
i, HELBOMGONEEY R, FEELGZOMS DAY
ZRMEOMEFEICK & < B9 %4 (Hansen et al., 1991;
Turner et al., 2003), ZNh 5, KEFROEYW~OEDFES
W2 %720, RERBRHC A L ARR L BN % 5% 3R AR
D—IERE (variable retention harvest: Franklin et al., 1997)
MESE S Nz, FARIBHNEIRE 2 EORARTEE - RE
9 5 FOEE % WA S 5 )Y (Thompson and Capen,
1988), TRERIR DT T3 F N & OFf & BRI W 5
FHEFET A 2 EDSTE LIS, BRI LD D
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B3 o f Bk £ v (Tittler et al., 2001; Harrison et al.,
2005), Schieck et al. (2000) &, PRERARIZE & D722
AMEOBEZHMNEELIEEZR LTS, B, T
FEDRIRIREE 238U 5 X v v T L IEN M B 17
9% (Chambers et al., 1999; Hunter et al., 2001),

F72, BNEHORERIRL 25138, VHMNARRPHE
K DR KEHY (coarse woody debris) 259K 4 L
(Angelstam et al., 2004), 1= H 8 72 EHIKA W KA
L7:% K OAWIWA T % (B - &, 1999), 2 X -
THRA Y OBEUFE (AR, B, HIRA R 2347
HETHERMY £ 7) PNREDLZEND, SRERMAARE
Wy & RERF ISR I HERE T 2 LA H 5 (McComb and
Lindenmayer, 1999), F 7z, K& M ARERMITKE 24
A ZOEPIEHE 2Rt L, RSN TR NS 72
WICEE LKW TH S (DeGraaf and Shigo, 1985), 4B,
RO KA I ER OO RELMNI L2 L
2378 8 LT\ 4 (Titterington et al., 1979; Rodewald and
Yahner, 2000), #T4F, FLARA BN 0 & (A 5 B 5 D A
TR, BHEHESROMBRLHED NS¢, L&t
RENTWS (Lohr et al., 2002; Mac Nally and Horrocks,
2007) 6

4. AIMT MUy I ZOEBFEDRE

BEAERRZE A &, ALARIIEHEE RS, WEHREE, 77
AFv v Fr—IlLoTARBMAERMTHLZ LAIREN
7oo L7238 T, JRZERIHRO N THA~OME S 2 1209 A
TR Sy TR O/, TRBEBAR DN - HErbicZ
SOMBIHELZITRTVWEEIONS, THLDEE
&, BHAE RS, B ERERE, 794 F vy Fr—I1lEo
TONTHOE AN EERZ I EICLVBEAITE LA
) o BARIYIZIE, TAEAMNE/N L 72)ABEBAR Sy F O RIS
o NTHRZAIBTIUE, LTRSSy T OHi/N
DEBERMNTLHILNTELESH) Oy FLRLVTO
ANLW~ Y v 7 24 ¥ : Dunning et al., 1992; Yamaura et
al., 2005), JAZEMAR DL « Wb EIT L 72T~ FA
r—TICHEOE AN THRE I UL, RO -
SO EE RN T A LR TELEAH (T FR
r—=7VLXNVTOANLK~ MY v 7 25 Wiegand et
al., 2005; Betts et al., 2006), & 512, T o NS
IREEBAREE TIL 28D 21T 2 epTEhE, W
BHOMIERRIE TN, ILFEBA & N TSI Z ) 4 12
Tola RIS, BEOMBSLEELHINEES 2 &
T&5%72% 9 (Pulliam et al., 1992; Baum et al., 2004),,

BHAE B E, B RERE, 794 F vy v Fr—Il&oT
DANTHROE ZIM EXE L0121, ANTHOMGE 2K
&L, ANTHHNO BRI AL S/ 2 B S ¢ 5
VERH L, T, FREHEAZSESEUE, TREMET
A BHRS DRI > TOANTHOEZM E3ES Z
ENTELESLY, Lo T, NIWKoMGHEE X o
IR 2 AL 2 2 L2 X D, B HEE SR
B, 7IAFY v Fr—EBOLELORBHEICL S THD
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FOWATHZAMMT LI LN TESL7ZAH) (G LANLT
DOANITR= DY v 7 ZEH), 2o, RARMIGSEC®RE
DRk, IR Z 220 72K, TR SRR B O HERE,
BEBEICE D ERT LI ENTE L7259 (Moore and
Allen, 1999; Hartley, 2002),

VI. BRODZEMIRBTORRSHREORE

ARRFAHER - REL-NEZHE 2, RESHKO AL
AN DOERHLATEST L 72 0RO FA BT 0 RIS HRIE O
BIZDOWTEET L,

HERDZAF -« v /2 NTH, # 5~y NTAERH &
LCHRELICS WHIBEE LT, BHAEREZEE 754 F 1y
Fx =W EINTwBE UK - B4, 1985 Ohno and
Ishida, 1997; Yamaura ef al., in press). & 512, HADZ L
DOANTHIE, KL T HHEB T TEST, T
RHAEDSFEIE L % WP L 72 LM 22 MR35 T b B (BRETIT,
2006), L722%> T, ALMIE, BHAEHEEE 754 F v
F X =M T, FREMAETHE - JREEZ7) M, B
BB T RIS A ERNINAIC & o TARB RN Z L
ZAbNb, NIHEOEOHIETIE, ATHICX 25T
MoXy FHFEOWA, ILEBHROWE - Sz s D
OB EEZ RIS TVDEESL), TRODEE
i, AN TAHROMGHEE & BFERR OBHLIZ X > THRAS
LT ENTELEEZS5NA (Ohno and Ishida, 1997; H
3 - #iK, 1987; Yamaura et al., 2006),

FAE, HARO NTHIZRIRD T b7 { % )RR IR
ELWAPLTWD BREFT, 2006), &0 X 9 7 gl 7 %
HORBIERNUEO WA % & 7253 (Hunter et al.,
2001; 3 1, 2005), 4¥i2, EROEMEO PRI, ARk
X0 AR DS AR % 3R I3 A A% (Tittler et al.,
2001; Harrison et al., 2005), /NHEFEORERM L 0 b K
DR % EUF T B FSFET S (Costello et al., 2000;
Moorman and Guynn, 2001), Z® X 9 Zfiix, B L TR
JEHEE DS HA 2 A THROEI G2 R Wb T, KRitho
2%y SR DM/, RRHLOW K « W LI X o TR
OF/REPEKTLTWS & FH SRS (DeGraaf and
Yamasaki, 2003), F 72, EBOBYEBRE CTEMH LT %<
DOREDS, BRI EROMYEE LB EZFIHL T3
CELEEWS NI o T &7 (Marshall et al., 2003;
Bulluck and Buehler, 2006), L 722%-> T, KR D 7w
IR TIIEROHM L 0% < O L T 5 ] HEE
733 % (Hunter et al., 2001; DeGraaf and Yamasaki, 2003) .

PR Z AT > THRIRIC L ) BEIMK T T 2 ER %M
DIFEAET 5 & 912 (Bourque and Villard, 2001; Jobes et al.,
2004), BRWIFEO R % B & L7250 O KR O Hix
AR D RT3 2 Lich b, 2,
INAG — VTSR R MR T A2 L3 LW L 2R
3 (Simberloff, 2001), —75, BB Z IR 572012
KEEOBEIEZAI L2 LT, EBROBUIEH DA
BRI « WL L2 WER D 1E, ERHRNED
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—~DF Y FNAT =T TR TLIENTELLESL)
(Thompson and DeGraaf, 2001), FZE, Ak RBUITHEEL &
BREEEIBNLR S AT AT, 5V FATr—7HICIZER
BBENS B HEE 0 LR Y 4 7 HHEE L (Angelstam and
Kuuluvainen 2004; Kimmins, 2004), #4: B33 % #EEETH
% AL L7 7255 (Wiens, 1994; Haila, 1999), fEDZ% 1%
B SN TV D EE 2 515 (Simberloff, 2001), L7
Mo T, BREEORL DL A HH % H A IR
B WAL L 2w & ) ICRIFINICHERE T 2 2 2 CT&
i, BHRRBCTREESREEZRET LI LN TES1EAY
(Akcakaya et al., 2004; Wintle et al., 2005)

WA, T ¥ RAT7 =7 LRV TOERBM OSBRI % HiFs
T 572012, AR ZBRT 248527 7 u—F»EH
ZIBHUNTW D (Perera and Buse, 2004), ISR DL ASHELT
L7z HAR TR R E BARBEELIH O H A2 2 L1
LW LI was (Peterken, 1999), #Eyb7: & D)L
172 FARDSERAT L T\ 2 R COFA D & HARBERLIT 1 %
HOMITHIEDNTEEHS Lt (Angelstam et al.,
1997), L2 L, HAOHEMEBITRE ZHEGEZ 505 AL
MRIZIRZER AR & K & MR RERE - BIREHLK S5 72 % 72,
HAOHMRBCTERRT 70 —F 2HEBEEHT L LI
L Ltz (Peterken, 1999), WHnizw X, H
PREEELARHI 2 T2 374U, ABIC X 232EAVN S VIR T
THEWEHERED LS IHERF SN TR 209250
$ 52 &HTE D (Lindenmayer and Franklin, 2002), 55
NAAE, BROFREBIIBIT 5 EWLHEORET
HOMBICENTZ LN TE L7259 (Lindenmayer and
Franklin, 2002), HAOHMZBITRBS ML Z RET 5
72bDT Y FAr =T L RVOFEKRERFHEOHEIIES
TR>ZEWEEZONLD, HELRRETH S,

VI. 5 % O 5 &E

% OEWMEL YO R4A T & MEEIC (Roberge and
Angelstam, 2004), 5FICKE % A7 — )V ToONTHERIC
L MO REOARMEIXITE A EREES N TV
\» (Lindenmayer and Franklin, 2002), L7z%%-> T, AT#
BHIC X 2 WL RO EOFE N ERGET 5 2 L 25
BOBEE LTETRTFONL, DT TIE, EWEHRED
PRAECHE L - M E T2 5E 385 L CpIcHER L
EZONDE5HOPEEMDZIT S,

1. AIMBEELPERICRIFIZEOEKRICE T 5EH

JREBRD N THRA DI A8y F LRV B LT U F
A =T LNV TBEICRITTRER, MLV AT
MOE RS BRI RITTEL, F L LTRNomsE
&> THSMI2 8N T &7 (Lindenmayer and Hobbs,
2000, LA, AWnHb PR 20 0l 0 g 22 B, AT
MOREFIITEL K > TILZEBARD N TAHARAN ORI AH SRS
BAZ T BT R 2R AH 5 (Bestelmeyer ef al.,
2003; L < MEE, 2007), &5, I¥ FAF—7x1aun
VoI INITROFBITHEEL T2, ATHIEIAK



424

MEREORE L TOAELZONTEZIERERNLL, A
TAHEDS BB KT T BT 2 AR IR I R
J L Tw% (Schmiegelow and Monkkonen, 2002), L 72
o T, HARIZBIT B IETEBRDO N TARNOIRIEASFIZ
BT3B L 2 OFMFEEIW S NI h > Tnend
W25, HROHEMZB CEEL MR LZRET 57201213,
ATHOEHDEHT LN, Ny FLNRV, 52 R —
T LRV TEBEIC TR Z HATHL 2T 5 LA
H5b,

2. EYSHEHORLE77O—-FOHKE

AHNE, FHREBICB 2oL LTkA
BEBAR O N THRANOIRHIER L, LB O N THR~D
ANy FLRVBIUT ¥ FAr —7 LV TR
AT THEZEI L2, T LTCEOREORMTEL LT
NTIAHER (NTAROM S & TR OB %42
F L7, Mo ERE D IRBEBMRO N THRANOIRIRICH O
Bz, ToORER NIHREHIZE > TRAT A2 L2°
TE2 ARSI, ANTHERIIRHRREBICEDS
M2 RET 57200 FNHEFHEICRDH D, LaL,
M7 70 —FRERERT TU—F OiEmIC AL NS &
912 (Landres et al., 1988; Lambeck, 1997; Lindenmayer et
al.,, 2002b), NTHEHE W IH -7 70 —F DA
X o THEWEHMZR4ET A2 i3 Ly (Lindenmayer
and Fischer, 2003), #MSEICEMSL MM 2 R4ET 5720
ZIE, BROEWEHEZRET H7200T7 T7a—F %
W5 %725 % (Lindenmayer and Franklin, 2002),

TITE, AITHEHEZMOT7 70 —FI2 &> THi%ET
LRGN #3243 % (Fischer et al., 2006), KA —)
TONTHEROEREOBGEEI S HOBETH 525, A
THEREH VLI LIZE-T, PREIHFLANLT
B OERET LI ENTELESL ), NTHEHT
e 5 2 LT E TR R AL EE R A0, A% %)
GLLIEE -7 70 —F TRETHILENTED
(Hunter, 2002), L2*L, H—f7 70 —F 2 E OIS
LCHF) Z &3 L vy (Franklin, 1993), A LHEIEL X
CH—H7 70 —F CHRETE 2WVHIE, BREIEEM
(Fleishman et al., 2005), ¥ — A b — ¥ #f (Simberloff,
1998), =TI AF7 A x Y =7 (Byersetal,2006), HiE
# (McGill et al., 2006), x> 7 14 )% — (Hunter, 2005)
EWVos 2l 7 7 —F OHRICMET ST 70 —F Thae
THIENTEXSL7ZA9 (Schulte et al., 2006),

FRICHERERE T 70 — 1%, IS B X Mo 5 FRE~ D
T R A AR D B i B AEEHR ST b (Lavorel
etal,1997), PEREREIL, JEML U7z RE2200EE (ZETES)
A UAS L ABREERII S LT O UG % 8 iRk
ELTEHESNS (Keddy, 1992), 7-& 21E, HHHILT
JREERIRR DM ST U Cless = BERERE 2 AFE T & U, Ml
O MR T A ZERBIFR O I A0 U CHEHS 2 1 2 AR RE 22 10 ik
WZHEDOWTTFHTE D0 Lk (McGill et al., 2006)
T2, BREHEZHET A Z A TENE, RS TEE
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FTREWNROKEBRL L LNTE S (Mclntyre and
Hobbs, 1999), 7z & 213 Thompson and Capen (1988) i,
S HH 24 T 2 MR O BRI D IR 5 4 7V — 7 (kK
HoORAFAE, ACAEAFRE, MOAPREE, MOARACHAR) 1240
TWwb, BEHNOD LM, FH—FRETENOMEDBRE
WS BB Z IR 2 IEM L T 2 LA TEDLEER
515 (Vos et al., 2001), FEREREOHIZ, #9522
WafEMEHEY, I AMIBETRETLLEND S
(Noss, 1990; Simberloff, 1998; Grime, 2001), FEREREDEAS
%< T B L IREERE DO KEIE DS LAY 2 A5I6 ] e 70 22 B 1 70 A
PHAVNE R DEHIIa A NSNS %, WERERE OB 7%
W EIRIEMOREIZ%E D 20T fMPIE R E (R
FHlla 2 M3 5, T2, FROARFEEEE L
72T D BRI 2 BAARE B R A D2 bIZf e 52 L
233 % (Hunter et al., 1988; Taper et al., 1995), L7235
T, NG LT LM LHPACREER Z AL, &
MEBIGHTE 23 EHAL T ET, HIZHE L 72K
DL ET LLENDH 57229 (Mannan ef al.,
1984)

3. AIMEEFSBHEICRIFTEHED A HZXLDMEH

Ny FLRVBLIYT ¥ FATF—=7 LX)V E v
AN EROBHEEEZ BmO L2012, Ny FLAXVB LY
T YRR =7 L RVOERP BT TREDO X =
ALEHLDICT HUENDHSH (Wiens, 1995), ZD720
20, MR E 2D ITEATEY L T Y FAr—F 3
O Y —DMEDVHERIZEEZ BN (Bélisle, 2005), It
T RE 2 REZ2 B HEIPH DR (— DB ) BRREREASI 5
M NUE, EHNOREOHEZ MR L LA S =X 4
EIRAMIEDMEME Z LB 725 9 (Lawton, 1996), A7 — b
WRKEL B EATENCE T AW IS 2 5 &\ ) [
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