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Dynamics and functions of cavity trees and snaf@@sts in Hokkaido, Japan

Kensuke Onodera

Wise use of multiple ecosystem functions is cliticahe sustainable development of human sodata result
of the continued increase in demand for timber ytioh, declines in forest biodiversity have beca®agous
problems worldwide. Cavity trees and snags proesteential habitat for many species, and are coedide
important elements in forest biodiversity conséovatThe objectives of this study were to develapitg and
snag management plans, integrating biodiversitgerwation with timber production in managed forests

Various species, from small-bodied rodents to Hamgied raptors, use cavities as their essential
habitat (e.g. breeding and foraging sites). Becthessize of a functional cavity varies for thefeglént cavity
users, | classified cavities by their entrance hwvidhd internal dimensions, and estimated the eauer
probabilities of cavities of each size. Internahelisions were measured using a charge-couplededericera
attached to a 5-m pole. The results showed thatcaeties were too small for occupation by cauigrs. The
occurrence probability of a cavity having a 5-crirarce width and internal dimensions of both >10ateral
depth and >5 cm downward or upward depth was dayteb% in the case &hgus crenata trees having 60 cm
diameter at breast height (DBH). This study indisaihat the classification of cavities by theiesizontributes to
reliable estimates of cavity availability.

Recruitment and fall down drive the dynamics @fgsin forests. Information on snag longevity is
necessary to manage snag availability. Severakstheve reported that snag longevity increasdtimgteasing
DBH of snag in conifer-dominated forests, but thgHDeffect on hardwood snags is inadequately uradrst
investigated whether and how the DBH effect variesree species, and estimated snag longevitite ahain
species in mixed forests. This study showed thaH OBsitively affected snag longevity only fébies
sachalinenss andPhellodendron amurense among the six main species in this study. Managfespecies-rich

mixed forests should consider the variability inHDBffects and their longevity in tree species.



Saproxylic beetles are part of a diverse grougpeties that contributes to overall forest bioditer
The beetles depend on deadwood substrate for pdlroof their life cycle. Shortage of deadwood hélve a
significant effect on many species and may lea decline in forest biodiversity. A snag is a ‘ealtistructure
that may provide stratified habitats for saproxpletles, and so | studied the vertical distriloubgbsaproxylic
beetles within snag trunks to examine methodsetaining snags in plantation forests. The reshttsved that
the species richness was not significantly diffelsrtween three vertical positions of snag trunit,thbat the
species composition of beetle assemblages witkirsdéimple logs was different among the verticaltiposi
Many snags should be retained, tall enough to gmsgmecies richness and composition, to consepvexsdic
beetle assemblages within plantation forests.

On the basis of the results of this study, | psegibetention thinning” as a method for integrangg
retention plans with plantation forest managent@attation managers can ensure an abundance sfdunagy
thinning operations, which are often conducted rebvienes before final harvest. The required abooelaf
snags to be retained during plantation manageraenbe estimated by snag longevity models. The adiono
cost of snag creation can be minimized by girdingppping trees with defects such as wood decayutiiple
trunks. | also propose a “retention patch” as a faacavity tree management in naturally regeedrfarests. By
combining the cavity occurrence models with a fogegewth model, forest managers can calculate ithe a
needed for a retention patch that will provide ficient number of cavities. Combining snag longewodels
with forest growth and tree mortality models alkones snag and cavity abundance — as well as tigiblel— to

be managed simultaneously.
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Table 1

their status in the red data books.

List of cavity users with records of minimum cavity size they used and

Minimum
entrance width

Status in red lists

o of recorded ~ Mmin. )
Scientific name Japanese name cavity Env? Hok.” References
Mammals
Sciuridae
Sciurus vulgaris YA 4 )11 (1994
Tamias sibiricus TV YA DD
Pteromys volans T EELH 2.5 ¥ H (2003
Muridae
Apodenmus argenteus EARAI 3 /N il 1 (1989, BT (1989
Procyonidae
Procyon lotor TIA T =%
Mustelidae
Martes melanpus =T % 15 Faf346 (1989
Martes zibellina rary NT
Vespertiionidae
Eptesicus nilssonii XL TaEY
Nyctalus aviator YvayEl 4 vuU R #JI(1994
Barbastella leucomelas FFTayEy R
Plecotus auritus =¥ avE)
Vespertilio superans v ayxl R
Vespertilio murinus | =iy =) DD
Myotis frater H 7Y ayE) R
Myotis gracilis JAVRA S ay £ VU R
Myotis ikonnikovi EARA R Ay €Y Vu
Myotis nattereri FoR LV ayEly VU R
Myotis daubentonii JAYR — X hayEy R
Murina leucogaster VANA=aS)) 4 R #I)I (1999
Murina ussuriensis a7 rayEl R
Hypsugo alaschanicus FATTT7avEy DD
Birds
Anatidae
Aix galericulata AN, 10 DD R /bR~ 7EET (2008)
Mergus albellus =TAY Vu
Mergus merganser HITA Y
Alcidae
Brachyranphus perdix T HETIIARR DD R
Strigidae
Bubo bubo TYIIRY CR Cr
Ketupa blakistoni Ay 30 CR Cr /)t £ P (1989)
Asio otus T XY R
Otus sunia TN 6 /Nt - B 11 (1989
Otus lempiji A AT IRy 8 £ H (2002
Aegolius funereus X AT ay 5 CR R /hi-fid A (1989
Ninox scutulata T ANy 12 e (1976
Strix uralensis =7 ray 20 /)Nt - B 17(1989
Apodidae
Hirundapus caudacutus INYFT 8 A 18 K11 J1132 (1999
Alcedinidae
Halcyon coromanda T Ay R




(continued)

Minimum
entrance width

Status in red lists

o of recorded  Min. b
Scientific name Japanese name cavity Enya  Hok References
Coracidae
Eurystomus orientalis TR 9 EN W (1976
Picidae
Jynx torquilla TYRA 2.8 Hi% (1976
Picus canus Y~r7
Dryocopus martius =T 7 VU VU  AGiEE RSB @ AR (1990
Dendrocopos maj or THTZ 3.8 A5 (1997
Dendrocopos leucotos FHATHTZ
Dendrocopos minor ayrHnrS 2.9 R L5 (1997
Dendrocopos kizuki a7 3.2 %71 (1989
Picoides tridactylus NN A CR Cr
Muscicapidae
Ficedula narcissina Iz 3 /N« B 17 (1989
Cyanoptila cyanomelana 2]
Paridae
Poecile montanus ah 3 AR5 (199D
Periparus ater (= 2.5 W (1976
Parus palustris NUTIHT 4 ¥4 (2003
Parus varius Y~ 2.8 e (1976
Parus minor VA hT 2.8 ZINHL - i 1(1989) , #1i% (1976
Sittidae
Sitta europaea IV avhT 3 /Nt~ i 11 (1989
Certhidae
Certhia familiaris F8Y
Ploceidae
Passer rutilans =a A ARXR 3 /Nt - A 11(1989 , M (1976
Passer montanus AR A 3 /it B (1989 , i (1976
Sturnidae
Agropsar philippensis I LIRY 4 /Nt - A F1(1989) , H H (2003
Spodiopsar cineraceus LIRY 5 e (1976

a The Ministry of Environmen2015, CR: #a&fatHIH, EN: #Ei/atRIBRE, VU Mo RICE, NT: HEiEp/aiR, DD: A2

b Hokkaido Governmef2001), Cr: #{ajikfGiéfE, Vu: fujkfa ok, R: &/ &

* Non-native species
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WD, T, AFEE, BHEFRAANARDIARHER LW TEBBZ BN L, HTz, Sflh
REFIHT 2O T THRHAT SRR RO AEREZH DT 5 2 LT, JLmEDOFMIZIT D1

TAASAIAENARDE B IEARET D L2 AL LT,

1-2 PERDIIFE
1-2-1 BHREAROFEA e

BREDSIERL S AL T2OITIE, BRG] & UM ORREIZ X D NEZER DT & W o T RIICARRESE
PEDENT 1Y 2 %MD NN DD, DT, FAANITIST DBRRAOE I mIAEET, 1
ha 71 v FEFRE L THOERAZ IR TE 7202 & 12 L < 72\ (Lindenmayert al. 1991; Bennetiet al.
1999 , [EREEE TR AT DRAAIE, 7 — RIS REE o8 Th o7, LinL, K
BT — 2 2R T Y ARG A 7 VENR T il L7 2 & T, Moy O R e
JEE, B SASHRE, RHEORIEE, RHEOALE, M, MmEEEEe i e T0D 2 EAHALMNICE
7z (Lindenmayeet al. 1991; Fanetal. 20033, FIZIEA—A N7 U 7RG CIL, Fh M6 R
FRNGHTIC & 2 il O E EBRIEAZMEBNCH D Z EAVRENTWS (Lindenmayeet al. 1991,

MOROBRRELDIE D& ZBUET DEREZ ST D72DITiE, Mo L~V TOZEEZ
TG DTl < BIAREIR L~V TOBRRIEARER DT b LB TH D, £ 1T, BIAMEKL~L
TORBRRPEAERERIZOVWT, RV AT ¢ v 7 HIFET VRORIEARET /L (Classification and regression tree
mode) % AV \=orstEsD Bi7- (Fanet al. 2003b; Holloway et al. 2007; Foxetal. 2008, ZiL5H D
IFEIC LT, BIRDELERE EOLEH BRI EMERIC B 2 HER N T, 128 A EOHTE
“C DBH 73 40 cmZ i % 72\ & BRI AERERDY BOV6ITIE L2 2 L 22 ERH BNIC ST E T (Fanet
al. 2003b; Hollowayet al. 2007,

PR L Z RS- DRI 3 < DR L7223, BRAOY A XIZBIH LRI, 13L& A ERShT
RN, BRI LA LA RED Rk~ C, R TREZR AR DY A X345 TR/ % (Carlsoret al.

1998, HilziE, FFEIME LI-BHEO A AR NigkE X, =Y &' 4 T25cm #HEH 2003,
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4 RV (Aix galericulata) T 10 cm (VK - 8T 20059 ThH 5 (Table 2, F£7=, POES Lo
TRRIRDTARIE, BHHRINT G B0 5 HER B TH S (Gibbonsetal. 2002, PIERODBATE 23720
VBRI, FEE TSRO DR &< 725 (Wiebe & Swift 2001; Wesolowski 2002, #HIHD
JEEROMERELAN & B VD7 MEH I b S STV % (Karlsson & Nilsson 1977 % D72 8PNl
YA RaBE LWL, BHAORHTREROHEEMIIZEFR LV &m<R>TLE S, L, ENcdH
D BRRAOPEH OB NEE T 5 Z & BMIEOPF I/ > TE Tz, ZIVE CRIRFRARERAHEE LTz
D% < 1%, Hi bbb O BIEODZFE Y IBHAORAEZHE L CRY, FEIEE TRt 220

BHRZ N CTE RN £ 2 LML TE T,

1-2-2 STRAUROFA: L BIRRESE
SERRTURDBIRE R T LB R A 5 1 IR DRRSER & SRR 15 LB
%, BIAROHFEC X > TRAT BIRARTE, FASTAROMIOBINC &> TRAT DA L

HETAERB LOVHRFRD @D, SEATIUROERENIIED EEM IR E /> 72 (Cline 1980,

D) bR DIEA

ERERITHR A oA LT N 52 DRIRORMIEL WO BIRITY, £< OAREFEOBIKAED TE T

(Franklinetal. 1987, ARAMENAEIIBIADERT, B, FPEL LGRS D, BIARORBEIZ L - TH
WNDICRIREE 72 E DERETOBIARMEIRH DB A BIR I T D, £z, HMOZERIRBHAIZER SN T
NSRBI IBIARORSEZ Lo TR E N,  TEIZH > TEFEFADHIR S TR N S 72
BRI SN D, BIARORBEZ BT D HHESARMEIREE 7 L O R UIZB N T D —o% 72 L
T&7- (Glover & Hool 1979; Hara 1985 Hamilton 1986; Monserud & Sterba 1999Temesgen & Mitchell
2009, JEHEEOEE 6 BFUZ OV T, SHROE=4 ) v 7T —2 & A5 Z & TSt & AsE
ROBRPFERANTR ST D (Umeki 2002, F72, FRARD 3 LRAREAMZE &\ o 7o AL

DREFERIZ 5. 2 A O T BAIZEA T T\ V% (Yoshidaet al. 2006 Yoshidaet al. 2011, 4% &
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DTS IS AN DO E BN FTRE T D,

UL, FBELTEBIARIEIN T LS SAURIZ /2 501 TlidZevy, TREUC K D EIRDNRE CHRIARD L
FELT=H5Er, EORFEAITNRENAIT A2 B 720, BIROKBEA T /UL LTEFEDIZ L A 15, st
HBORIEE TITBE L TV, ABEADPNIANARIC AR DHERIIAIITH D Z LM%, —J5, bk
NADEIRSEZ BT L LIZZE0 % < 1F, BURIC &> THBE LTiARZ T — 2 180 TOtr LT
72vN (Keen 1955 Garbertal. 2009, AENIAR &SN ARZNENOBREE T VA AEGT DITITHFER

DISTRENUARIZ 72 DR 20 & N3 B B 8 5 DMIFgEEsi 3 72y (Vanderwekt al. 20063,

() SEAEIAROEIRIER

SRR DBIRHERI TR < e BRI 22T D, % < ORIEEBI TN ARDOISEEA R E WX
EBEURZFEDMERNZ EAVRSILTNS  (Keen 1929 Dahms 1949 Lyon 1977; Garbert al. 2005; Parishet
a. 2010, #lziE, AT FDOTVT 4 v aaar B TMCBITAT AU Y H (Tauga heterophylla)
TIE, SEAFRURDHERIINE CEEOSIANADMEIR S D LI S D480 13 DBH 7% 20~30 cm”
T AT 1447257273 40~50 cm” T A TIL 1947257 (Parishetal. 2010, #fffIZ > T HENREIT
H720 (Aakaragtal. 2008, #lxiX7—4~ (Pinustaeda) D534 A 47~ (Pinuspalugtris) -
Y EIRERAMEL Y (Conner & Saenz 2005 FESEEIA &8 &V, FHHRIZ & THFES % & IVE THESE
L7238 & 0 BIRER)3 @ > 72 (Conner & Saenz 2005 7=, HE7p EOSTHIZAT, M@ & &
W T JE PO BREERA AR DFEMITBE L TND Z & bR STV D (Mielke 1950; Keen
1955; Lee 1998; Garbertal. 2009, L2>L, ZiuHOERTHIBRIC K- TIEED RO G2
EbdHY, Z<OHIRTH TUTEDERENRFETHL0ME I Dy, UL R bV, ZIRIIAA
HITRB LAV, FHIBELC X - THEAREANZ LT 5 2 Ly TENS (Parishetal. 2010, 20
T iE, ZARZMITENEAS T DI I D NANAROE IV TRICEE TH D, Lot
NAEARDZF BT D WFFEIALARSRLABR DAL T THAT L T Y (Stoklandetal. 2012, AMFSED %

R ET % HARDIRAH CIIAITEERITELS 2 & b 5,
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1-2-3 BRI & SERIURD ARV R 2R RE

B 22 B O TR/ A BHN T T2 DRHAASCNIA ALY, 2 < OBFJEE DRALEGIE DT TE 7, #
TR 2 EMOAEREITIAE D, BRAOTZRECHI FIRERICBI T 278 (Dalke 1948; Gysel 1961
IR A2 BEROITEI O SHE I OW TS RSB U b TE 72 (von Haartman 1957 #5f
TAARNERE AR OBEREO E BRI OV TIE, BN COBIED NS Clo 5 RS0 R B A % f
RE LTINS OB BT E T, LaL, BRRSIAIURZ R 2/ 0Z% 138 TRl

ENNEETH D T DIIFERBINEE L ITF 2720,

(1) BREA &SIRUARZ RIS 2 S

B S 2\ IR DR SO AR RIFTREZ A LN L, AEHEROAM AR
AES 2 T2 OITEMEEBRAM T CE o, BRI OB ED T DI AR ORRE, BRAA A DHZENMTHIL
7= (Brush 1983 Watersetal. 1990, 7=, BREASCISAGIUARDE DSR2 2 it CREECCIE A SE
L9 2 A%E B Tt 7= (Scott 1979 Zarnowitz & Manuwal 1985.8mus 2003 Spiering & Knight 2005,
LIS, €ofEzl~5,

BRROFE FE OISk D RRF RO RIRIE,  BREOF ATae S MEAFEOHIRERZ 7> T
DINE D ITHRIp - T, BRE NARICEAZE L CRIFTRERZ K T S¥254, ~ / K44 E
2% R% (Myiarchusdinerascens) DEGHAT 5N L, BREOD 720 Wy TR 2 iRE D &5
FEATEUIHIN L 72 (Brush 19838, L L72235, BHEDMEEIZH 2h5 Cld—omR 4 PAZE L T
HART ALY R (Qurnuswilgaris) 7 & D/ N RO BSEA~T FU 2B 380> 72 (Waterset al. 1990,
TA ROKRE BRI LFIATE/enT 7 1 (Srix urdlends) OEEITIE, BRAZLOZ\ Mk )7
SO DNCBIHAT OFLED ED T (LOmus 2003, K ZeBHRNE, Jo4 BEEAMEN Bz -Hil
(Z & TEEIMET Log WO I DOBRER FFEOEATEOHIIRER 2 72 > TWD ATREMED B 2.

SEARRURIZ OV TS, AEEEEDN 70 5 MGy TRSADTEE OB A Fie S5 &, SEARIUR DS

FEDNEME ERHIEZ R4 2 BIEEORE D 5 WOIMMERBEILE )~ 72 (Scott 1979; Zarnowitz &
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Manuwal 1985, 72721, EHAICKIT 2RISR OB EE/R TR T, MmEEeE 24cmld
FOSIAEROEEED ENE E, BRIAZFIHT 2 BSOS & Bk S %0 > 7= (Zamowitz &
Manuwal 1985, —77, MisiEaEAs 25 cmbd FOSIASIURDEEFE D 5 < C ORI ZF 92 EEOER

B3z 7e- 7= (Spiering & Knight 2005,

(2) HhFEM ZAIH3 2 F R

TATYA I NDTXTHLWNTHERFANARAF L TOD R, BEDSIERIZE <, S0
BIEIA R, MR, W, R (RN Lfkx Th2 (Haack & Slansky 1987 Speight 1989 = H
2015, AJE =2 bEx T % U LAY (Cerambycidae D K 5 128 RBHRIIAESEA DO DA TH
{EL, BCRIC 2 EMTPDINET TS, 71 L2 (Scolytidag ™ & 5 128 BB & kR b
(T EMOPTAEET DR VD (BRH - BI# 2000, £7-, ¥/ a4y (Cida® OXSIHMITE
#UI-EHAEROE LML EEND (Lawrence 1978 Risthf 24k % 72 CRIFIT 286513, 7
MARESR Tl D/ figaiafe CHE /2 AE|Z 1> T % (Zhong & Schowalter 1989

A AEPER ERAR S LIAMDEIN L7 2 & TRBEMDNED LT272DIZ, MsEs 2RI+ 2 B ho
WO END K 917872 (Speight 1988, = —r /ST, AFEMZRIHIT 2D 9 5 27%
O threatenedd 2\ id near threatened” 733 ST % (Nieto & Alexander 2010, AtfEHEIZH5\
THTAXARY 2,37 IF% U (Nyeydalis mgjor) °Y 742~ L3 (Eurythyrea eoa) 72 £ < D
HHRA Ly RF—& 7y 7 |Z5i S Tng  (dhifiE 2000,

REZER 2 AT 2 H MO BRERE A IREIC o Thkx T, ASER OIRRBIC & o THEER ORI O
KIS Do FEFEA ORITE, ARFEAIT U722 HETE, ARSEM O, RESEA DEEEHH fuoDFEHH
FRICEEES 2% 2 L3 TS (1L E 1982; Irmler et al. 1996; Jonselkt al. 1998, Kappes & Topp 2004
Lindbladhet al. 2007; Brunet & Isacsson 2009 £7-, #f& SAVARSEM &0 HE 25210 TODRZEM O
s, AR L TWDFROEENZ N2 LA STV % (Ranius & Jansson 2000Kappes & Topp

2004, 2T, HFEM RN D B ROARRZ BRE L Thx IRIRIBOREARZ RIS 5 2 & T, KLY
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SRR RBMEETEH LEX LN TS (Jonseleta. 1999,

TEEANEEY T DA, BROEWEITHIEM Zf2hTE 5 2 &b, ABOEE LR
PHEREAFF o T EE IR LB DN TND, —AROIVANADHT TS, ZORMRONLEIZ & -
TEERLHI R, Ko&EREL < OERITRA AL, SHRRERRENAINSND, MFEREZF
T2 BT THEIARL Y bATMIURZAFA TR 2513072 < 720y (Jonsell & Weslien 2003
AL T2 ORI Th, MoE & MR EFMNOTEE AR L > T, FFEM 27
2 HROBENRR 25 Z LAVREN TS (Yoshikawa 1987 Wermelingeret al. 2007 ; Vodkaet al.
2009; Gossnekt al. 20133, ik SIIZSIRNUARIIRESEM 2RI T~ 2 A O BmER 2 B2 b L,
DR EMEIEOMEFHCHIRT 2 LB A bND, UL, B & MIRO RO TtgEs %
FIFT 22605040 2 ke L= 61372 < (Foit 2010; Weissetal. 2016, @I 89 2% iz
B D IR HAL T D,

e 2RI 2 F B OERRIIRAY Th D 2 Lhs, ZTOEREHEIZRN IV 7Y o 7 HED
BHRICHIEEPNE TH D, WM AFIRT 2 H ORI Z I 2 515, ATEM I e A%
B L TRk DRl h 24T 5 515, MBI L T DRch 24 2 515, Mses a8k L
THHRD D WNIRLRZ S 207150 32120 S s (Kaila 1993; Wikarset al. 2005; Saint-Germain
et al. 2007, EIHRE MO D IAAFMHICRE TE 5 R 2 VA H 50 TE v b
LN, AHROR LIZH RS> TIEL TLE D, £D70®), BRESFEMEATHIT 2B CIXEEA W
HThH D, EETZNETONFEDZL IFEFHTL - T v 72 VTN D203, FlifE SHU7zH B3k
MR ORIE M % FHEFIZFIA LT D ONTEN T (Wikarset al. 2009,

KB DIME LT DRI AT 2 H51EE, EOMEFRIH LT 5 H iz fhg Ve  figE T
Do FHIHRERZHIMVE T 2RI BEEMNSE,  LL, FEOMEiCE B TR D5
2L, PUEE TR ND Z &, VDI Z LA BRI 2 < ZOHIEE R LT3
I, BT L A H R A RRET D EE LT, RSB A < I LTI ZRAL L T

WDHHD DT EIES 2515 b 5D, BREEMNTEMT 52 LT, Mz EfMAL T
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LR ZME R HETE 29 2, IMEETRHOBERRVDT, T <ICIEMRT —F Z I T E
LR DD, LinL, FIROFEEDEE LW OSHMEOTEIZIIMN TR LT, FIETRELRFED

FEOARERBIZEAIIESN TS (Saint-Germairat al. 2007,

1-2-4 FMWEPZIT DBARA & AR OB

WEIZIBNTIL, BN TARD 72 HFRIX FREEHN Ko TEHELE U TV R T B BRIAA
RONVAENARIIREAR E L THREDRIGR E SIUTWe, SHEERB A TAHRORMSESINARIL, ORIk
E DRI L > TAMINER Z R T 2BLE OREE SN CE TR (A D 2019, #o
JEFIZ X 0 A2 U B BRI AR Z FAE SE2RV IR Ch o7, WAL, Dok o
51923 DX I, BRIAASLEFAEZAET S & BRI L 2 FRRBROMRPEIG TE D Z L A L
TEREG H o7, FOk UITEH UL, BARTHIR S Ao B B FECIIMRRASCIZAR LA
WEY BT s Z &3 <, BREASAIAIUROE BB DHFE345 L Tz, Bbkiiagsro
BFECHUBHANEY s X 912725 7-DiX 199012/ > T b Th D (B 1992, %
D=8, ARDFMRITIT 2 BRIAARRCAAAROEREIZ BT 2 WFFEERIIIER 12072 < (AL
2006; Nagaike 2009 Kikuchi et al. 2013, #HEEBT A TARAYA < IERL ST D BRARHBIZ 3517 2 BAAR
AZRE B OV CREI LT BRI =TS D & 2 AR, LTV i, BARIZEBW TS, BRIEICELET
DAFEE U CIIBA ORI FEREOHE (FE5 1989; /N - £l A1 1989; 11 1994 ; #i(FH 2001 ; $#aAk 5
2008 <CHHFEFFAFEOFERIESR (MM - 7T 2001 ; Kotaka & Matsuoka 2002 72 EEARE - OFSE
1355 & > 7o, QOFAAL -0 B I, BRFEDIZRE DL (187 2002 #4 H 2003; Nakama & Yanagawa 20D9
% TR AR IR RO T2 OSIANAR D EEM 2 W - 7- A fitEes (B 1998 L b=
— (Rl - = 1999; /& 2013 MR END K D IT7roTz, £z, BRIFRIFEDMR A & BIAMRAITB
THIURTT L (B - B5H 2004 7S 20044FIZBE S D78 &, BRANICRUT D RRAAS A A
OEPIIIRAITER SHLTE TN D,

RO VA CRP AR E PR TER L TV DRICK TS, 1Lk dire EREFEDHLIIFUA & 72 2 AR
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IFEFL O Tl AW o7 (Keen 1929 Dahms 1948, L2~L, 1970912702 L BRTEA L
SEASFURITEZE CEBE R AR LGRS A L 91272V (McClelland e al. 1975; Sanderson
1979, 1980FFRUTIITAENAE BRI 5 v VAR Y T MBS 41D K 5127257z (Daviset al. 1983,
R R IE RIS (Habitat Suitability IndexiZ 565\ 7= A= B iRl 12 (Habitat Evaluation Procedure

(Schamberger & Krohn 19824llen 1983; Sousa & Farmer 1983034 (Z{EH SN TL 5 &, AR
SEREAUR ORI FTRERAZ DWW CORFZELEIIN L T o7= (Balen 1982 Saunders 1982Carey 1983
McComb 1986; Soulliere 1988,

A= BHAE PN I 1T D BRFEASCAZAG IR D B EMECRRR DT RGEFE 2 & 2 it L7 A 7 v 76—
JERE L T~ 72 (DeGraaf & Shigo 1985 Tubbset al. 1987, ZN 64 A K7 v 7 T, HkhizEs
L QD R CREIOBHAZ R R A B AT 272000, (kila L v B (BlxiE 110
FULL) 127228, BEREEORNIBIAARZE ~—F 0 7 L TRT Z L AHER L Q1 D, £, kb
AURITIRHANTITEUR LT L E 5 O TR o OIURZHERFCE 5 X 5 ISR 5l 43T
BT DL EREFREL NS, L, FA K77 ORI, BRRARNAENARORFRIC L 5K
MAEPERDBINIRTE A LTI 5T, AMAERE L BHAA KON AROEEOMNL 2 B e L7z

WNRIZZ2 2T D EITEWER

1-3 RO

AADEMNZL, FAEOK) 4EN b I LSEHER N TR E 22 TR0 & < KIRMMNREL T
R CHMRFHEE R > T D, TR OB LT A TIIA LI, KRR E HIEERAMAE
PERSRES R S0 & & BT, BRI AHEREIZ DU T B RIRRD 2272 5N TART HIERETE
PHHES TS (Seiwaetal. 2012, A TARDEAG IS PCRIMERNC S Y, AN TAROE HEED E
VIS 31T D AEMSARIE OIR BTN OB T EH & 72> T D, N THROEFHAN 2 H R ST &
72 HARDOFMEAM IR OFHREE IO TR E R BB ATRETH A 9,

% ZTABIZETIE, AN TR E RIMENEN ORI Z BRIRIZTE ] L TSR ARMBERE D LS i
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ZERT D721, BRAATR JOSASUROBIECHREDfFIH 2t 5 LT, T bOEE iz
TERDFIMMIEL IS LUREER AN TAMESEE AN AT 2 Z L2 AFEE LT, Fig. LIDR$ LD

IR T Tz, OB Z LU IORT,

BHEARDIEAEMEROHEE (5 2 3)

BHEOBAFRAE T 57201203, TOEEZ I SN LM D BREOE 2 HEE T 5 it
PILETD %, BRI OREEIZIW TR, BRIFIIEILT Y 5 2 72 EO/NUDIT S il b~
7 v UFER E OIS EFEE TEII DI 5 DT, EAENFI e iRz /3 L THEET 5
VBN DD, T ZTANITEL, EFTARDORKE S THRIAZ 20788 U CTRAERSREHEE L7z, RIZ,
TRAPSERODYA X THRIN & 3 793H L CRAMERZHEE L7z, TORR, BRI EME=RITIY A X0

RERZEND Y, B Z OIS L7220 LRI TREEDHEEEN R E <725 Z L3 ho T,

SR OEIREROHEE (5 3 5)

AR DFF R FAEL TNSEIRT 2 ETOHM) 2Mbaidiud, Sk ARORFRZ &S
D EITTER, MANADEMICED 2 ERNIIH R~ H Y, TNENOREIIBHER TR D &5
A%, LinL, SARAROEIRENIIEI I OFEEBIR CIM SN TE 772D, JREERBIONAL
MAROENRRIIAAZREDL N, £ T TARITES, FHIASEROENIIER LENARSAAIZIS T 5 324k
AURDFFZ OV TR LTz, ZORER, 12& A & ORI T 10FELUNIT L, EORTERDMER T2
ZENgole, iz, MEERPRE 7225 LNFIARDIFMA R < 72 DT & mEAC L - T

ZAL LRI 8 D 2 L DN37n -T2,

NTAIZERIR SIS ORI AR B3 5 RO E A (5F 4 )
TEEAEIE T O3 AUAIY,  BE CZERRISVEMEMEY BRI & 2 A TAACZ @ DA B Atk

L, ZARH SR A R L T E DRt s D, € ZTABIEE, ~ R~ (Abiessachalinenss)
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Fig. 1

Flow diagram of this study
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NIHAD b F= ISR Z M L, BEERINLE DI DB BFAE L TS 2 maHiig L
2o ZORER, W EPDORSIZ L > THEFEROZIHGEB S o 7oy, FERIIRR s 2 L2
Gole, ZOZ LD, NTHORMKRHISIEEUARZ A, T2 2 & T BRI, Sk

PERERERED R EEFIR W TE D LB BT,

WEEL — ISR & SR ofE— (5 5 %)

AARE & A ZRRMER DN A2 AARDFM TEEL L T 72dIZiE, ZHETITHESNTE
TE NIAR B ORI D BB BREA « SRR E BN A 20 E R DD, £ 2T, AbF
FEDFERI TN THHFA  SIAUARZ ZZERNTARME T D T2 OISR S T OBGE L BB Z 1R T,
S DISSHEIARDE B ESE A RO N TMHMSEARITHANATe Z & TRHBERCSIATIUAR DS R AR

ORI AIRR L, ZOWHTIEI W TELET D,
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H2E BHRAARDIAEMHEROHEE

2-1 IILwic

BEROPEN IR S AV 2E M T DAL, BB & > TRIANI b 2575 v =V 2 —
(2725, 20T, %< DN BIRZEGS0R 6 & LTRH L TWD, Flzid, BETIEFY
Y XFDORIR LT LY 27 717 (Parusmajor) X°7 7 v UHE, L ClE= Y £ 4 (Pteromysvolans)
PO = 7 VHEDSBRRZFIS 2, fRfatifEs ~~7 7 m Y (Keupablakison) o> 7 17/
(Marteszibdllina) &BREZFIH LTI Y, BHREITEMICIST 2 BB 04885 L LT HEE e
Rl-L TV,

FERIF ORI ATRE B AR FRFE OB X OFIRER (72 % (von Haartman 1957Brush 1983
Léhmus 2008, # D7z ORHEFIHIFIRERIE, 7« v v — (Martespennanti) (Allen 1983, 7 A U7
4 RV (Aixsponsa) (Sousa & Farmer 1983 77 /~1 14 1 U X (Stiuruscarolinensis) (Larsonet al.
2003, =2 vE Y DO—FE (Fuf:72 L ; northern long-eared bat(Myotis septentrionalis) (Larsonet al. 2003
72 EL L OMOARMOEZRIHRIRL 2D LBEZBNTE R, LinL, BRAOKIHAIRERIZETT 5
THHRETGD Z & BIRRES TR T2, RERITRAROE: EBMIEDFRIR & 72> Tz,

Z 2T, BRAOFIHTRERE ARG R SHEE T 272012, BRADSARAEZ RIS D700k 2 22834k
TITHCTE 7= (Lindenmayert al. 1993; Bennetket al. 1994; Fanet al. 20033, Z 15 DHFFEIZ L~ T,
RIRDELLOHIN & BRI < 720 Z &0, BRI J o TRAEMERNRR D Z L EN
O SN TE T, ARG TR DIV T — 22D T, BIAER L~V CRARZE AR 2 HE
ELFERT 5D 2 & THOORBREFIH TR R A HEE TE 5 DT, BIAREIR L~V OET /IR
BB AMDNEET 2 D MGy ORHIAF I AIRE B2 Ui 4% 5 . THAMTH 2,

BRI ATRE R OHEE ZREHE K <AT 2 7291, BREAOYA Z5MmFrEE A SN2 2 & I3nE
RAIRTHD, BHADYA XNF, 52 X OLRAPRFEE O RS, AT L A EZERIC

RO TNDIEEDREVERAE THex T, BREFIIREC TV CRII D8RO YA X358 70 %,
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ZITRE T E D8RI VLD SO S & L TIANRE ThH—T, v VHEOEHIEIS L
2%, BRI X - T, BHAORSIXBGERINICED L 2 L $H %5 (Wiebe & Swift 2001;
Wesolowski 2002, Z D7, BRZ YA AL > THEL T, ARBHEHEOSREIFIH TE 20
A 2 BRA L7221 U, 2 OFEIC & > TORBRIAFIH TRE R OHEE I 2 8 G 42 Z L1272 %

(Lindenmayeet al. 2000 , k4 ZetHFFI RO AL BHIEHI 3\ TR E OV VAE B RIE 248~ 75
TeOITiE, BRADRYTE PRSI EDY A X BB L TEIRZ B LI ) 2T, TNZhosmft
ZHGINTTDRENRD D,

RORIA, IR OO & HATBIARPHBOIEALEEST LT A AR E <720 T, Bl ZIE, Foxetal.

(2008 13, E|SHIBREAROHAEZFHIIL, BIAROMSERDKRE N EBRIADERD R ME
MZHHZ LR LTND, RERBHAIVNS KRB ZLITENTHA D, ZDI20, BHAEZYA X
THET D2 TRNEFOH HEH L UTHR O MERH D, T 5 LTBRRDOY A A2 ZRE L 72
DOk IRTROBHAO R LR A o5 2 L1E, BAVELT =X OBREROWOI BT AT 4 v
[BFET VCIEREETH D, 2T, AT, NEFOH HELOREIE D 5 HR % /54572
DIZR AT 4 v Z[EFET VELE L CHE SNIEF e P27 ¢ v Z7[ElFET /L (Hosmer &

Lemeshow 2000 #iEH 75 Z & T, YA XD DRHAORAMER AT T 5 Z & 2ilkA i,

2-2 FHik
2-2-1 i

ALHRERIFEEBICALE S 5 8 DOJAHRIM CTHIA AT -7 (Table 2, FHAHOM Y 1L, JLHEED B
PIECHIF 2% ST NAIHHEELO D7 WK T, HFSK) 92 hat MEEMICIRE « HEE STV D,
RS, RS R OWEEF O LR R e D i\ IS AT B AN EHRELO D72 RIRBR T, Febbilfi
SEITHEI TV TR, KIBIZINA 384F) DA & U CHERFEBLS N CE i th 5, LIk
D 3OOFAEHTIE, WETIRE R EONBHHRELN E T < Do T LITE R RV, D &b

PR FLOJERRI BT 21358 > TRV, D 5 SOFEIE, 7> THERIC L A1EELOH -7
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Table 2

probabilities of cavities in southwestern Hokkaido, Japan

Description of the study sites used for estimating the occurrence

Site

DBH (cm)

No.of  Patchsize Plotsize No.of  Elevation Lattude  Longitude
Mean Max. trees/ha (ha) (m) plots (m)
Utasai 34.6 130 226 92 150 x 150 2 60-90 42°39'N  140°19'E
Soibetsu 24 74 660 50 25 x 25 8 65-90 42°41'N 140°15'E
Yakumo 25.8 48 672 9 25 x 25 2 110-120 42°18'N  140°14'E
Yurappu 39.5 85 368 65 25 x 25 3 450-540 42°15N  139°59'E
Onuma 34.8 108 322 45 25 x 25 8 130-170 41°58'N  140°38'E
Assabu 19.1 49 888 3 25 x 25 2 120-130 41°55'N  140°14'E
Kamiiso 25.6 61 570 30 25 x 25 2 110-150 41°51'N  140°35'E
Esan 30.9 124 345 9 25 x 25 13 200-250 41°46'N  141°01'E

DBH: diameter at breast height
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RIREDZIMTD D, 12721, W), E5%, BT 19455ELIREIC NAREELIT 27 > 72, JEILNE

ZOHFTHHYEEDE S, 197N REITIRE STV D, TNIlE, Rk 8 T 50 ha
DANEAANHT D BIRBREE IR AR CHRE Shvle, BRI, PR 7 41589 30 haiddb=Fiiod Al & U CE
STz, ENENOFMORTE D OKGBINFTOT—4 (1978~2008 T, FREKEDFLIEIL,

1,041~1,461 mm PSR OTAEIT, 7.3~9.0°CTHL (Y7 2009, sREHITIE, Al &
b 12 A5 4 HOMIFES L ON D, #5HFE, 77 (F oenata), =4 Z¥ (Acer pictum),
I XF7 (Quercuscrispula, +/ =24 : Q. Mongolica var.grosseserrata) C, Otz 7 13 (Beula
platyphyilavar.japonica), %/ %> 73 (Betulaermanii), ~~L=1 (Ulmusdavidiana var.japonica), =~
 (Magnoliakobus), />4 (Phdlodendronanurense), + /% (Tiliajaponica), 777~ K (Sorbus
commixta), ¥F4E (Fraxinusmendshurica) 72 EA3 55, FIARKNOMRIIRAK T2 mIZET 5

W (Sasaspp) WMELSH LTS,

2-2-2 APWEIZ X 55548
20044725 20064E127MF T, BFIT 150 m x 150 D IEIX % 2 15, 10D 7 D0 KLERIHFRT 25 m x
25 MmOz GRF 38 e LTz (Table 2, A7 ClimiEfe (DBH) 10 cmid EDASIA LT
FEUARIZOWT, ZOfTE, DBH 36 JOBHROAEE, BHFROM E26om S 2508k Lz, BRIEIZAR
RO B N33 2.5 el Ed 2 X & EF L e, Z O Cl, SRR OBIEIA TR > 1273,
XY X OEAHED X 9 12 HNTIYTE D e < FEFET A=A D72 ORI BT D%
IR LT, BRAOHEZRIE, FEEGIMICH B D PURSE Tl T o7, FAIRI RSS2 L - Tt
WA BETE ) oo DT, M b D 2 mEl FICH BBHROAE ik Lz, BRERIZA OIS 5 cm

(72720 A small 5 emPL EOSE largel 243 E LT,

2-2-3 PNERYA R Xk 55558

20094, HF B I UVRA] (Table 2 (23T, BREDOAONM EL YD 7 mELFIZH DRERIA 2694
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ZAERISEE L, FEHRAD DBH, BHADAROR bR OE, BRRANORmS Z5 L7z, &
B, MR A Z (kali 2002; #40] 2010 (ZFHHIERR A 1B L7ZBHAPERE I A 7 2 (Photo 1
Z O TRBRREAPNER 28122 LINE YA X2 E L, BRIABIER A Z13U A YL AD CCD WA T % 6
DOFNAA A — K (LED) & & HIZER22ecmDT VI F a—7ITHHT b DT, 5mE TIEET
EDR—/UTIY AT T L72, CCD W A T TR A HIBMRIIIER TF 4 A7 LA ITERR S D,
BREPRE O OTRS (Fig. 2D 1%, CCD A A Z ZUUA L 727 VX F 2 — 71T T HRE TR L 72

(Photo 1%, HREPHED FHOERS (Fig. 20 ZFHAT D72 DIZH AT 73T, T F=2—
T ORIMATT IV R L EY, RO HTFT72) = ThD (Photo 3, 7V Fa—7 Ml
IV RATA Fafbil LTHEY RN o790 kA Foud U —/LTHEEL, BV 2SRRFEERIZ <
FTEYH LI ROESEZFHHILZ, BHAO EHOWES (Fig. 20 1225V T, 5em kv uribs
(ZHDRGIMIERDEDIRNE T CCD A AT ZRE L, BRROFHAHE CTOEED 5 cmll L&
DINE D NG DHE LTz, £z, BHRORHEES LED & A T OAHS (K3 mElk) 12
&> THHEH HRERENRE T D AaLdk L7,

BREPEROFHIEIZ SN T, #ili% 32047 2 — (shallow: HIFOEHEE A3 10 cmEL B L <
I E FHOEED S ecmEL T 5 moderate {15 DEEE A3 10 ecmh B2 FH DRI A3 5~70 cmb
L<IEEHOBE 5 embl E ; deep: T OEE A 10 cmPl B2 D FHDEE A 70emll B L< I
EHOERSDHERRE) (T LT, TOMEE, BRAEBMEREIMER LI2BRRDZ% < TR H D
EMNE5~70ecmTH o722 &1ZHAS 7= (Johnssoet al. 1993; Remmet al. 20006 , 5 DGR X DFEYE (10
cm ([ZOWTIE, 4T (Periparusater) &= 77 pMEH LIZBFEDOIRS OFckk (12 cm; /)N -

FEF (1989 ZEtH SN -BSHOMDIES A2 1.5eme LTEE) L0 R0oR0m < RE LT

2-2-4 T2
AN FECHOFE LT BHRO R AEMERI DWW TEIA Y X=T L DIEFa AT 4w 7 [BlF (Hosmer &

Lemeshow 2000 % VTl L7z, —ADBIARITEEOBRRAHER SIZEEE, b RS 724
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Photo 1 A cavity measurement system. A cavity
viewer using a wireless CCD camera was originally
developed by Matsuoka (2002; 2010).

A: the aluminum tube in which a CCD camera was
installed and a fishing sinker tied to a fishing line (a
fishing line runs through line-guides attached to the
pole and tube), B: CCD camera and LEDs on the tip

of the tube, C: The 5-m pole and a fishing reel.
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Fig.2 lllustration of the cavity measurements. a: entrance width (at the

narrowest point), b: lateral dimension, c: downward depth, d: upward dimension
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DA R ETHAIAN =, WEFFD B BIETS AR S = & DHBED A v REF ML, bDH
T3V =L OAT 3V =@ T DR a2 HET 5, KEDOAT 3 =38 o 785513 K-1 EOHER]
BETOI, TNENOHEIE, FROHT T — L OREHERI /2 5, FAOHT TV —(=1,2,...K-D
U FICET SR PIY <ilX, %, 0K, ) = P(X) 295 &, RERD1 T TORBHERD
ND, BBOHT Y —ORREHERITHIC 101075, WAy RETUL, LN~ TOh
T AV —IZR R A LA IE L TVD, DFED, BT VORI T X TOLT IV —TRH T
(272%, ZOREFATTTA NCRRESID, HEE, BEMERORY Y hT, UFOLS ok

N2,

m( R ()

1_R(X)j:ai +ﬂ1X1+ﬂ1X2 +DI[W]XJ

il o ROPENS T2 S TURD T AITIE, SR UAT 4 v 7 ERETAE N, %
HE AT 4 v 7 [BIFET UINEAFOR0 3 DL EOZEE AR S A bND, K EOZEEIT K
LG iBADAT ) — (=12,...KD IZET HHERE P(Y =[x, 0R) = R (X) & L,
ETUILLFDO L H 12725,

R()
Pc (X)

(X'ﬁi)zln( J::Bm + By Xy + By X, +DIUZB“XJ.

KEHOHT TV —ZN=RF A > DOHT 2 —& LTHRDN, K1 BAOHEEMTPID, ~—AT
A DHT ) —DFEBIE0 LIRESIND, HEESNDMRITUTOL 1725,
p () = XPKA)
D expK )

=1k

Small 33 XU large DERADIAMEROHEEIZIBNT (2O, A ADHT 3V —45 2 |2 B
L DOAT T —ZE L TK=3), #tlZH L LT DBH OA% HW o, 4 SOffE S Vv—7" (7,
RRFT, A HY, ZOM) ENAERAKICOWTE, BHEICET VR Lot et T o, IBA

ORIFE S BHRIZAUC R L TR DRMEE R - T D LB X DI, T T NED D IeinoTzizbsy
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Mo BERak L=, ©7 /L OiiEa I separate binary regression approéddosmer & Lemeshow 20002 &
ST L7z, 27 7a—F%, “HESMOR VAT 4 v 7T VOMEEEZHET S Hosmer—
LemeshowiiiEz (K-1) [EI%EME L C, HAEANTT X TORHMA HHAHNHIETT D H1ETH D, A
ZECIE, 2EGOT A N BHEZR L vs. smallORR®H , #RRAZ L vs. largeDiEfid ) TRl L
7
BHAOPERY A KIZBET 200123\ Th, 3 DI A S /48 (K=3; shallowy moderate deep

DFAEMEREHEET D720, B4 Y RETNVONEFR VAT 1 v 7 BIfEITo7-, SEEE L
TDBH, AMiE, AROHLENLOES, B (77, =Y 2%, LOMBTEIOWTS I —Z5K
ZHEE) MW, T VBRI AL D FRRITIN A TRIRE & O ZE DAL HAE 2 v, AIC
DR NDET N REET VL LT, £, BT /VOMEEHEL separate binary regressions approadii
TE L7z, Mt R version 3.3.2(R Core Team 201635 LUV 77— 'MASS' (Venables & Ripley

2002 &M WTITo72,

2-3 FER
2-3-1 Syfnfett

8 T OFAM T EFH 766D ZFE W LTz, KEZOBRRIZALIES 5 ecmAifi> small O
THY, FHC ZRARDIELYES, 5%, A1, \ED 4 FaHITIE 7.5cmEL EOBRRAZ R TE 727>
7= (Fig. 33, —J7, MOWDONIARDFEJELED 30 cmbl E72~7-m L, Ky, o 3 A :
i+ % A AE Sem il B large DBHFRO A REIE 29.318/ ha HF IZB1T 5 large DIHFAD LB FE L
39.3f/ ha T -7z (Fig. 3b,8.

1 B2 8 O SHIOBRRD AL, M E->TERRY, R THLEIE, BB W, \E
TlE, 1FE A EOBRMIAR GITZAM L, @S 8 mLLEIZoHE L TS BHIROBI 2SI N Lz

(Fig. 4a., RL, KiH, FEEECIE, 36 %03 8 mLlEDE SI2Ai LT3, 16 mel BlZidsy i

EHERCE o7, —F, I TIL, 8mllEOE ST/ L Wi 53 %L, 16 milE
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Fig. 4 Density of cavities at different heights above ground.
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DS haA L= (Fig. 40,

2-3-2 ARME T LT RRIA DA AR

Bt 2,581IADAENAL LONAEUAILONT, BHRAOATEZ Gk LIz (€D 55 80 RDEAITY
FrinbERELT2) (Table 3, NEF = AT ¢ 7 BIFOATIZIT DAy ZOMEET T, I AT
7, TYA XY, SR TIIAZIT (Score testd pfiElE, <4 0.088 0.126 0493 0.078,
ZOMMOBIHE CIMREITARI T/~ 7= (Score testd p i 0.006, TS /L—TI1ZONWT,
Hosmer—LemeshowWf iE1Z & 5 B /L DR E RAEAIL RN S/ -7-25, Nagelkerke RO
0.39LL F72~7= (Table 4, MiAkUAKIE, smallOBHRADET VO AR Hosmer-LemesholigiE T b
Nagelkerke R T i b KA~ 72,

BRFEOFEARERIT DBH ORI E M2 EF- L7 (Fig. 5a—¢, £7z, ML - THERITRZR -T2,
Small & large DRSO B AR 05105 L7-DBH 1%, =Y A4 #¥T40cm 77 T60cm =
AT CT82cm LDMORIFET 70 cm7=~7=, LargeDBHADIAMERIHEL, #Z1X DBH40 cmd
ENIRTI, =Y A 2 &R =T TORIFET 0,087 > 72 (Fig. 5a—d, AT ARORBHREFE A
%, DBH AMEL T OB AR @ MEICH Y, DBHA8 cm™C small & large DRI D 2FE% 4

e 0512 L= (Fig. 56,

2-3-3 WA X Tt LT BRI S AR
FHREIZE 7 A Z12 5 v 218{E shallow 351> moderate 161D deepdtéfifl & itdk L7=, #iBHZ
L B IMER S e h - 7= (variance inflation factark 5.7704 F), 4 >0#iBHZ% (DBH,
AAME, BHRAARORS, =V A ZYDFI—4L) PNEENDET ADREETT MRS
(Table 5., Al A EIIE#ETE T /L CHENTE~7= (Score testp=0.243 , €7 /10> Hosmer
—Lemeshowt#/E1% moderate & deepdHHAZZH T 0.4 & 092 T, Nagelkerke RiZ 0.32872 -7,

BRFEAD DBH 23/N& <, BRADABIEANSVWEE, moderateh %\ N3 deepdd T d 2 B AR
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Table 3 Species groups and their status used for estimating the occurrence

probabilities of small and large cavities (entrance width category)

No. of trees with small

DBH (cm) or large cavities

No. of trees Mean

Species group (SE) Median  Max. Smalt |_argeb

sampled
Fagus crenata 583 36 (0.8) 31 125 92 46
Quercus crispula 210 41 (1.6) 35 130 17 15
Acer pictum 361 21 (0.6) 17 79 32 25
Other species 1,170 27 (0.5) 22 115 148 66
Snags 177 21 (1.0) 16 108 26 22

DBH: diameter at breast height
®Trees with cavities with an entrance width of Z%m
® Trees with cavities with an entrance widhcm
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Table 4 Estimated coefficients from the proportional odds model or multinomial
logistic regression model describing the occurrence probabilities of small and large

cavities (entrance width category)

Hosmer—Lemeshow

Parameter Coeff. (SE) Wald p value
goodness-of-fit te8t

Fagus crenata (Nagelkerke Ig?:o.258)

Intercept
Large -5.131 (0.335) 233.960 <0.001 0.58
Small -3.556 (0.275) 167.577 <0.001 0.26
DBH 0.060 (0.006) 107.542 <0.001

Quercus crispula (Nagelkerke I?Q:O.273)

Intercept
Large -5.341 (0.622) 73.725 <0.001 0.56
Small -4.264 (0.543) 61.684 <0.001 0.60
DBH 0.052 (0.009) 34.895 <0.001

Acer pictum (Nagekerke I??:O.390)

Intercept
Large -6.011 (0.511) 138.379 <0.001 0.83
Small -4.619 (0.412) 125.777 <0.001 0.18
DBH 0.116 (0.013) 77.165 <0.001

Other species (Nagelkerké R0.110)

Intercept
Large -4.550 (0.289) 247.476 <0.001 0.33
Small -2.619 (0.179) 213.676 <0.001 0.51
DBH
Large 0.056 (0.006) 79.640 <0.001
Small 0.027 (0.005) 27.449 <0.001

Snags (Nagelkerke’R:0.078)

Intercept
Large -2.876 (0.375) 58.700 <0.001 0.52
Small -1.853 (0.320) 33.486 < 0.001 0.12
DBH 0.040 (0.012) 11.714 0.001

% The Hosmer—lemeshow goodness-of-fit test was used inplagage binary regressions approach
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Fig. 5

Cumulative occurrence probabilities of small and large cavities by

diameter at breast height, based on the proportional odds model or the

multinomial logistic regression model. Estimated coefficients are given in Table 3
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Table5  AIC and delta AIC values of the candidate models in ordinal logistic
regression analaysis for internal dimensions of tree cavities in forests in

Hokkaido, Japan

Model AlC AAIC
DBH+W +H+Ap 266.44

DBH+ W +H 267.41 0.97
DBH+W + Ap + Fc 268.40 1.96
DBH + W 274.51 8.07
DBH+H 297.27 30.83
DBH 299.00 32.56

DBH: diameter at breast height, W: entrance witttheight of
cavity entrance above ground, Ap: dummy variabiefaer
pictum, Fc: dummy variable fdfagus crenata

37



KL, 2RI DBH & ADEAEENNT DIz >N CTEil 7e>7- (Table6 Fig. 6, — 5T, BHRAA
O MR G B RFEMERI T - T2, BRI OV T, =V o Z-Pi2dh 28K moderateh 5\
% deepTh HMEEN =<, DBH36cm AMMES5cm ANES 3.8 mDGA, =/ 4 ¥¥T0.25 il

DORFET 01372272,

24 EH

AWFFETIE, ADE & P4 X555/ 401 T small-shallow)> & large—deepE To 6 -IT
BRRZ A LTc, ENENDOYA ADAT TV —ORfRIE, Az Z2RRA R B R A BS54 1t
T5—hHT, —HOMIIIEHTERVERRE 725, #1Z1%, small-shallowt large—shallowD
i3, MOERE O X 5 78 B AR S & LTI A A 2 342 U (Nycophilusgeoffroyi)

(Lumsderetal. 2002 72 L0/ Vo> = 7€ VIHSFI T 2 aTREMD & %75, R ATREZRAEI b 7200
7259, Smal-moderatedffEliE Al 7 5i7e £ 0 BA4H (Johnssoet al. 1993; Remmetal. 2006 °= Y&
E2H 0 EOHFHFAICHIFAE NS (Nakama & Yanagawa 20D9 Large—-moderatéfRilix= / /KX~

(Ots sunia) 72 ED7 7 v HRCAY U2 LRI E S (i - D 1989; /)Mk « ZRIT 2009,
Small-deep<® large—deeg il 2 < D FFADES Y & U CIIAEEDS, WFIAOREESIT, Y A
7=V 3 A (Hirundapus caudacutus) DB, 52 57p EO—HD DRSS L7225 (DeGraaf &
Shigo 1985 /11 - )11 1994,

Small & large DRHAD RRFAEMRIY, I AT Z%ZERIHEDBH 20 cm T8~25 %CTh -7, F7-
DBH 40 cm i, 9 X COMfET 10~51 %= ~>7= (Fig. D, ZDFEROAIEASITIE, DBH 40 cmd
BIAMEARAS 100AHIUE, small ORI & DBIARIE 10~51 K5 % LHEE S D, FEIZATRIOHRA
HIZ 31T 2 A 2.5~5 cmoD small DBHREEEL LS, BIARDE D 226 Ahadf#ky C 821F ha Té -
7= (Fig. 3, Wesolowski (2007 & HIARDNEAELA K E WK TIE, ARDE 1.8 cmll ook
L, BRIAZFIET 2 BEOBEREITS L TOHERICEW LG LT05, £z, SRIOMRIFEARD}

YEREDS 20 cEREE OB T /N SUVBRRIHRHETRETH 5 Z L AR L TVD, AT “IRARIC
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Table 6 Estimated coefficients of the best model in the ordinal logistic

regression describing the probabilities that cavities were classified as moderate

or deep (internal dimension categories) in Utasai and Soebetsu forests

Variable Coeff. (SE) Wald p value
Intercept
Deep -4.287 (0.641) 44.688 <0.001
Moderate -2.479 (0.549) 20.397 <0.001
DBH 0.035 (0.008) 17.884 < 0.001
Entrance width 0.251 (0.051) 24.017 <0.001
Height of cavity entrance ) oy 5 15) 10.047 0.002
above ground
Acer pictum 0.783 (0.453) 2.986 0.084
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Fig. 6 Cumulative probabilities that cavities were classified as moderate or
deep by diameter at breast height, entrance width, and height of entrance above
ground, based on the proportional odds model. Estimated coefficients are given
in Table 5. Two (of three) continuous variables other than that used for the x-axis
of each graph were held at their mean values and the dummy variable for Acer
pictum was held at zero. Mean of DBH, entrance width, and height of entrance

above ground was 36 cm, 5 cm, and 3.8 m, respectively.
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BT % small OFBHFE L 89/ ha THY DR & [F% CTh 7= (Fig. 3, HiA 10042472 Y O
AECCHIES % LT TIIBIRTH ST UM TIL LARTH o722 L b, ZRMOBIARDOAS
MIEFAZZ\NTOIZ (Table 2, BRFA &M STVTZAEDH S LRIFEIT -T2t BEZ biILD, 1221,
Z DFREROIFRICITEE DL E TH D, IRMROBIARONYERITRT LV /NSWOT, B &Il
SHITZROWERDS shallow T DFERIT RO ST D GV, SRR ERRIAD K 51272 2 D3 FZER I
DPRNEL B S EENTOD RN B 2,

Large DBHIRODF AR, YAbUARZ RS & DBH 20 cm Ti% 2~3% L7v2<, DBH40cmT% 4
~200Th-7- (Fig. 5, ZDZ Lid, KREUOBHFEFEIZBIT 2 AT EDRR & —E L TkY,
AKTT AV B A B Y HFIHCE 2BRE "R TIEA~2 2 —/LdbT2 b 0.650H LA, Rk T
t 100ARDEIARD IR 3.4~4.71f L7)2)>7= (Soulliere 1988 Nielsenet al. 2007, A#FSET
b, AT B UM L7ZRtsko & 5 AAME 10 ecmld EOBRRIZ R T —2 b otz £z, #K
FTHEIAR 1004572 ) OBRIEIE, ADE 10 cmE EOBRRET 1.918, 7.5 cmil T 3.918 LA
~7= (Fig. 3, Small & largeDIERFADFEAZROE N, ABHEFICIWNTH A X CTHRAZ KR LT
B2 Z L OBEBEEATRL TN D,

FATHIFE TG ST & ToBRFEFI ATRE RO AGHli=R  (BIE2 SAVTARND 5 HRERERYTI3727 -
T-RRROEE) 1% 45~82 %k £kx ThH -7 (Gysel 1961 Weier 1966 Jensergt al. 2002, =~ DEE)IE,
x5 &9 2 BRRRI D E ORI L 7= AR 23517 5 DBH SCRIEDIEN N L > TAEL TS &b
N, FAIENOFEHNZI51T DIMKGHIHEE 2 D F FMOHUEI S TTD D Z L ITUARRETH 2,
7 7 a UHD X 9 7 large—moderat® SRR A FI T 2 fH 4 2 —5 v MZ L7545, small large—shallow
large—dee> BRIHDMEEEDHE VBRI ZALE DT HiLDH, DBH O/NSUMEIRIZ & DBHAFRD A IS0
BEEZH Y (Fig. 5, ABRO/NSUWERRIZPER L ATREMED @O T (Fig. 6D, P4 DBH AVhE
UWETRR OO E EBRIARI rTRE R SEIGH SN DHMICH 5725 9, F£72, BRADOEEEMIIAD D
mS & BERNDH D, AAMEVLEIZH DERAOFMEIL, ~ERECIDMREZTTNEE

ZbND, “YMIFTBHHAOAEIMENMEAMIZH DT (Fig. 4, BRIEFAREOMREL TLIE 2 125
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B, FEREO R OBRRIZAD W ATREMES S 2 B LD,

ANTAROHFCIIBHAORAEMR P T b DS T= DI A XY, IRWTTT T, I XTI BIK
otz (Fig. 9. F7o, PHHBOKE ZH3 moderateh 5\ T deep Th HiERIE, =/ A XV Thieb@Ed»
STz, AMEEDIEIES RIS THZERA LIBIRO DI ORAEMERIE, —Wo O Ik
BLHM, IAXFT T TN A ZYDIATEL ol (IS 1990, BRI CHEFOME
T Lo TR EALD LWV O BHRICOERNE, DMIEFIDRAER EBRROR AR LTI AT &=
VA B DNERLIZ BV E TR, DA IR e 2 B & LT RIS ZEL do\ CINRE R
D SEORELRMETH D, = A ZYITHEM 72 EITHH SN DA HZRBIART, ZiErEes
EVBIFECdh D, =Y A XX DUMIBFT~DEEEMEZDONT, T =2 DIELED HXETHA 9,

JREE~OEHUE L BRROF AR BN H D125 0, EFEIL, REECL 588 Lol
FEIINDIRAT D, WEE~OEHIEORIFRIC L 23y (Nykéneret al. 1997; B5H 2000 HHFADFE
AN TR DER D725 5, MBEOENTL, FHIMORGHIZRAT L HED DD T,
MAPROFMB L~V TORBHRAO R b BT 5725 5, ABIZEIZ3T DKV Nagelkerke RIZ, AL
VLIS D BRI DBRIAFE IR B L T D T E 2R LTV D,

FRITEORRROENSHEEREK L EZ HND, [FlOBIATHEREIZ L > T DBH 132722,
D (2000 (X7 2/ %0 DBH (T3 DBHRFEAERDIESIL, A~ L v baldRROm S
WIFAR & LTREWEHER L7z, ABRE TR ERIT=Y A 2 v L0 S AT T 0J505& (Umeki
2001, DBH (ZkI4 A BHFAFASRDMUOBFEL D =/ f XY TRV LiE, =V A X VYOREROK
EDFBELTHDHE LR, BIAORMEET L EBHRRATT VGG LIS & RS A DO BIR
UM T H 2 & T, BRERAD 7 e A~OBRN L W IEE S5 5 (AL 2008,

NAENARD small DBRFEODIEAFROET )V OMEE I FAENARDET /L & Hilk L TR - 72 (Table 4,
ZORERD—OOJFRE L TR Y FEDOEINE Z b, AFFROTEHTIE, #BhNE B S5
=147 (Dendrocoposkizki) &7 #4777 (D.mejor) ML BEESN, 4T 57 (D.leucotos),

~/#Z (Picuscanus), 7~/ (Dryocopusmertius), =47 (Poedilemontanus) DHEREV D722
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EVBEDE Y AT =2 THLNIR->TWD {@HS 2008, 7H7 7 LaZ I3 EROIZDIC
PHAZAR DR, NI LY A LT SIAURZ AR HAC 8% (FTH « 2644 1988; [P & 1997; Unno
2004, 74713 DBH 21 cmll FOBIARIZ bERAZ S (LUAG 1997 DT, ERO/NSWIIALL
ANIZHF Y DR A TS 5, £ DR L > TERFAFE AT T2 DBH OFZEN VNS < 72 D),
ETFTLVOBEGEBETLIZEEZOND,

BREDPER YA X% 32 a7 /L OZ&H L LT DBH & AR O EAH D@ E 038R Sz
(Table 6, DBH & PNESHA ZDIED BRI IBRFEIZ AU L BRI RE 27~ L T D & libhu 2,
Saunders(1979 1%, BHADEERAMEFE T 3.2~4.3 cm$OIEL 2o 7o Z L 2 L=, BREAD O
S ENEORE SOADEWRIET, MRE TEO LN W OEIAZN T & LUHBOEIG 320
ZENBHRLTWDTEA D, DHEAGHSIEOFIPHCHEEAT L TR & deepdBRNFERL S 72V DT,
RIERD TERE ERE RBRADERL ST OMERIE < 2D EBZBND, Lo, AR DR

PROFRA T, BRAPOBIELTFHEDIRAD HHL E D 2~7 m OB OB L AL TE T vRuy,
B DAL K> THRAOIOERA TD LR 2 FTREMD B D, B2 VTR TR, BRI
DEURRLHKEL D FIC L > TEFEZZIT 575, BEROEVIETIE, A SO ST 8-> TEER
NEDFEES D, BIEROEMLE TIE, BREAPEO YA X & BB O & OIZITER 2 BRM &

DH L7y,

2-5 FIEE~DOBEH

BRI REORE AL E T 5 720I1E, I EHLOTROBHREFIF rIRE & 2 WU THEE Ui RRT
fliZ58E T 5 2 ENEECTH D, DBH 60 cmdD 7 FIZ largeDfHRAN & H g% 18 %CTH 5 (Fig. 5,
Z O large DIHFAD LAY moderateTHh HHERIT 21 % deep TH HHERIT 6 %L 272V (Fig. 6 5
AR DIz 5em @& % 38me L7a) . WERZH7RIKS 0358 > THBRED L&AV TO TR
IKDRANT 2 SAEOHE MRS B 5 & B D, ARDMEMLEIZ S > THREZR ED U 27 DrE\os

b EEZLND, RPN ZHEF M D T2 OITIHFISOALBD EARZ IR L hidrs

43



5720y, ALRE OS5I 351 T 2 DBH 60 cmyd 7 - 0ftilinl IHEE 2304 Td - 7= (Kitamuraet al. 2007,
BeBR72 BN Ko TRBRIAARDEE S 7o, BRIEFFfED A= B 2 [F1HE S8 2 0012 1004E AL OFHEIA .
TTh D,

BRAARORIEDSREE 51, SRR TN RI% T 5 Z &R AZTHA 5, Large—moderate
& 5\ large—deeD A A3 HHESRIE, DBH 25 cm BRAANOIEEZ 5cm mE4238me L
15, 7RI AT T TH0.2 %L R, SIFEURTIE L2 BT D, T A X v THHERIT0.7 %
ThHDHN, = A ZXIEI AT T2 EITHAATHESE (Umeki 2000, %> 81X DBH O/h&
WSIRSUARIZ B BRI ZHE D DT, W2 WS CHOBRAO A IIFFCE 5 (LD 19979, ¥
7 XD o TSI IR & 2RI R R B 5 21295 (Kohata & Matsuoka 2002Martin et al.
2004; Aitken & Martin 2007, BRIAPNEIOZERASRL S 40D DITHEZRRHIE, (DA BRI 2

K0b, VY HHEOEREEOS MEHFTH S 9,
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BI3E ANADEIRHERDOHEE —RE RN AZEFMIRVDH—

3-1 ILwic
AR, 2 < DEMTEIRSYy & W o Te B E RS AR LTS (Daviset al. 1983,
R 2R3 24O T, FIRK D IR Z I A TR 511372 < 720y (Jonsell &
Weslien 2008, > S5/ EDOSIANAZBERE 8IS & U TR 21803, % < OISR UAR
IR IUTIRIRREZAERF T & 720y (Bltleretal. 2004, "ARNUARDENEA AR L CHEE A BB 5 Z & 13

SR RO TZOICEHE T D,

SF
H
o

TERCRRMAERE R DREIEBRI RO TH AT EE 2B 245> T % (Bradford et &.
2009; Holubetal. 2000, NEARMUARDN3FT 2T, BIAR KV IEHEE O TRETERGIFA R (5
DS 2008, Fiz, NIAEIKDMRZETH 2 & T, B E OIS EI T - < Y
S5 (Lambertet al. 1980; Yatskovet al. 2003, NEAFFUAITIASANT TR U THIRICTK & Z2klisErs
DT 7 G5, RE RS OT 7V 13HEFOEHIR &£ 725137 (Takahashét al. 2000, 13
OFHE R (Grahametal. 1999, [LIKFIZ K HHEELAH] (Metzetal. 2010 (8% 525,
SERSIURDFEA D BEIR F TOMIM Td 5 ARSI MIL, SEAGIAROBIRE & iRz BUE

LOHILBT, SAADNE D I EE#OEIZ S RE Bb-TWD, SR ZFIHT 5410
OFEMARUT, SARURORITE, B, AR, KRS DIREE, MO &\ o 7o TR Ok
RElC %5217 5 (Jonselet al. 1998; Gibbetal. 2006; Saint-Germairet al. 2007 ; Drapeatet al. 2009;
Ulyshen & Hanula 2009 & 9 HEFGEEIIIFHR] & HITA LT 2 IE T, SAUROFEMDF O &
DT DRMISANADMEMR LT L E 5, SEARIURDSEMIE, AERERICHUFT L SR DAL
ZHUET D EERHERN T, MIERZFINT 2EMOLHEECKRE FEL TS (Vanderwel et al.
2006a; Vanderwekt al. 20061,

F5ERt 2RI 2 A ORI, FEFER DI OMEST & & HITEB T % (Vanderwekt al. 20060

JEATHEST OMBFRI @ E 5 O E A LOBFRIC Xy Shd, 5 1ERINT, BIRORMIEER THD, 5
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2 BN D5 4 BISE T, BIRUIIR2 ICHIEE BEBLL, MO E TILD > TS, AR
FHEBMETIE, MITML SRS, NI AT TS, EFFIID7R0R, BRSO
AR CIIAEEEM 2 FI 92 ORI IES 1 B & 5 2 B Cie b % 0>- 72 (Ulyshen & Hanula 2010
JEZERIDSIRENA TIZERZR > TN, AFEM 2RI 2 I B PO BRS Cle b 0o 72

(Hammonckt al. 2004; Saint-Germairet al. 2007, Fi5EA ZFIH 95 AEMOLERM A kT 5 7201213
B REABFEDNRNAZ G2 Z LANHETH D,

SRR DFF BT DHEEHNE, FrTAKRRL A DT BT OFIEERR TE D o7 (X
Keen 1929 Storaunet & Rolstad 2004 —7, JAZERIOIAENAROIIFR AL 72 <, SikfiuRDFE
B D BN DWW T OB S 14372 S TO7R0 (Lee 1998; Vanderwelet al. 2006a; Russell &
Weiskittel 2012, BIAIE, £ < OFEEBA TIATNUARDHIRERD RS WIE EEIRFMRN Z LAVR
SN TS50 (Keen 1929 Dahms 1949 Lyon 1977; Garberet al. 2005; Parishet al. 2010, JAZERIHT
(3 DBH ORAUIEIZ L > TR D AIREMD B 2, BT X, TANR—=ZMNOT AV I~ FF )
B L7 ClE DBH AR E W EFEMBRND WO HANTERD DV, ZOEdE LTHr L7z
FEIUARD DBH 2V & o7e ZENREZ BTV (Lee 1998, LanL, HFH DA% Y AMDIA
TERIARTIE, DBH OFM~DRIT, DBH O/NS WSS IR S4172743, DBH DR E VWA
TR TIIER S s> 7- (Vanderwelet al. 20063, £7-, Russell & Weiskittel (2012 73 6 2>
WCIARDFFET N AR 2 (T LT & 25, DBH OAIT L LE X (Abies balsamea),
T AU AT % (Acer rubrum), L—_2 A R 7 (Picearubens) TIFFRDH BT, T AU BT
ZJ 28N (Beulapapyrifera), =4~ -\ (Thuyjaoccidentalis), %" 7 (TsugaCanadenss) Tl358
O OIS, LL, BT /VOEUZREW THEZ 280N TR 547, DBH ORI SEEIC X
> TR D ONIIETIT 72D > T,

NAENARDRE S0, PRI D AR Z 8 D EROIRE CHEMReEMEL 725, DBH ORE W
FHEBONAIUAL, RUFAEBMZARETE S 52, REQRMIEMT 7Y 2l TE 2 2 LD,

NS T 5 2 LRI AR THERE ST S (Watt & Caceres 1999 [RIEEODBEE HAEL 1S
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TR DIRAMI IS 2 IRBER ORI i T 2 O EMGET 5 2 SIXEE TH 5, I,
AMEFT~OEHUES, $HEERT L 0 IRIER O] TIEVAYRE VY (Harmon 1982, HXHTMEDIE VI,
M ORPRICEEND ) 7 =007 = ) — VRO OE IS L T LB 2 B T% (Scheffer
& Cowling 1966; Witzell & Martin 2008, & ~OHGUE I AN AR OFFR ORI OE TR L,
F72, DBH OHRDENLE DD B2 615, £ I TARETIE, DBH ORFIIMEER TR 5

EWVORERRET D & & b, S AROEMmE TR 2E T VEMET 5 Z L2 AL LT,

3-2 FHik
3-2-1 it

JHEE DEHEIRSAACRE S STHDOEM 7 1 v F Tt 2 i L7-, 471 v MR BT VR
SEIET (18 #is) 1ZH1T % 1971~2000 FEDFAAFERIE/KEIE 1,205~2,221 mm SRR
3.3~7.2°CThH5H (KEYT 2002, 7'y MIER 100~670 MICERESNLTRY, FHFE12 D5
AIFFREENR 55, HRO FAROE HfEIT b K~ (Abiessachalinenss), =+ (Piceajezoends)
7 A= (P.glehnii), =1 Z ¥ (Acer pictum), X XF 7 (Quercuscrispula, >/ =2 : Q. Mongolica
var.grosseserrata), 7/ % (Tiliajaponica) 728 Ch D, MIKRIFALS VV2E (Sasaspp) HMESH LT

W5, EOMO TIOR8 ORI Uemura (1994 723305 LT,

322 Ry hr—4
AW THWE-7 8y NI BIROSELFECEZE=F ) 7350l dtRE I TIC L > TRESH
FRET Oy FO—ETH D, VT ey hOIEE A S, (HfE0.25 hath 5735, & -2i3 05 ha
DXl haThs, LEETIY, EAELEL T RCHBEORE VT 1y hEEL, (R
MEMMTBLE Sz 7 m y FOZ AT NSWERTRE L TWD, 7’12y MNTIEL, DBH 235 cmik
FOBIARIZARF T —F 7 LTe ) A CE= M lB HUNIT VI =0 DD X 7T " —%fHT

TWND, FUR—=ZAHTTRBERICOWTIE, #fE, A7 DU NISELC OIREIZINZ T DBH % 2 cmiés
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FICRiEk LD, dHEETIE, BLE 544 2~744) ORFETET Ty hOFREEIT> TV,
ARG EFH LI=7 vy hDHH 3207 my MTIE, FHERIES 8~10472 o7 2 L N—EToh
27,

FEAEDT Ty T, 7ry MRIERIDIFE A TOIL TR, 2 DO 1y M TR
Tz, ST EE O (B OMRHHIC & » O AR DFMBFEL 25 L B2 BTN D
(Garbertal. 2009 = LD, ABFIECIIRIAEEZRIIUE SN T —Z DB AT Uiz, Fiz, i
EO—DOT—Z TSN o772, 1970~201VFEDORIIIUE Sini=T — 4 & ofirxtg &
L7z, BT, AR COMTT AW T — % OPEERIMFIZRBWTE 7 e v b CHEi S -t

DEFEIE3~9[EITH T,

3-2-3 MIEROBIDGHE

PEEAT1- 31O T 1y hTIEE=4 Y 712X > TDBH 12 cmbl EONSEAR 1,44648 (£
B 4104, JABERT 1,0364%) 2SFLfkS4U TV e, 2008~2011FDRICFATA 7' 1 » M &R ELEk S
TAEFEROIRAE (LkEivd DV NHEIR) M8 L7z, 7'm > hTiE DBH 12 el DRSEARDS 2,142
AFUERS VTR, T B0/ NS 7B A3 CTHERT 597 /1% O DBH O % fMGET 5 9 2 T
DNFRAERE LT, DBH 12 cnmoRimiORBERITTN B Lz, ZOHPHE TS, ELOE=4
U > TIRELIRIZHA LTARSER  (OF D FHR SV TCUVRWEEFER) D 5 HAZRHURITE SR L 72 HME
R U BAITRER LR o T, EDT0, DR 53 7 AZRET BTz E =4 U > 7L
IR LTRBER DT — 2 [ IHMHEE OO 2o e, BRBERDORESER ORGEIFE  (ime
since death LLF TSD L509) 1%, BIAMEIARDESE L7420 b AT CELIL A fER L7244 £ CoORGE
L UTe, SBIAREIADAEIE LTARIE, BRI A S S VISR & SR DS el SVl A
OHFOFEL Uiz, 2078, JHEN 2~7 FRIR CERIN T e D7 1y M T 1~354F0
AN D, ETz, MR- TUTO X 9 AN b b5, AHETIE, BIARDMRIED 2

RITOPFIUT K> THFELT=DDy (DF D, FSE L EHRSFIRAIIEAE L7721, RN AIUR
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(272 57273 72) , 3 DUNIREFE L TR & 72 5 T2 DS RBIOFREAE AN D RIMTAEIR L7z D723 X
TERYY, ZOMZET, BEFERPRTIT O =2 U U ZFREICHE S BT SR WHIREIN TH Y, AFH
B L DN ARDFF OHEE DL B L TR MERH 5, ILEIZBWTRIARDEIR 2 £
OEELZ b7 T HEELRBERIHEA TH D Z LRI TWD  (Altmanetal. 2016, FEZR E75 &
ST & 7p o THESE LEBIRDFIRA L & 7oA T 72 < 70 B2 s (Yoshidaetal. 201D, 2
NEDORFERT, TSDDEFND I~35HITVANATH T2 LfESNTLE D, Lo T, Tk
FEFR DHEE~DFZEIT TSD 25N S WHEIPH TR D REVDS, 10 UL RIZIE L RIIT— & 2l izsy

HrsROBLITREL B2 T,

324 T

F—BE L LT, WERDT—Z T _XTERBI—REIRRAET LV (GLMM) Z#EH L7z (Z
oA, V7B vy N uuretal. 2007, SARURODFEMITAS T 7 > MIBT 5851 LT
PR MR RBIRN B 2 2T D LB R BivD, BIENTAR S 415 BRI O HI I FASTHAM COARR
DAL SBUS R BREE I © 2\, JYRRCEIINC I D30 LRI L7 & T2 S IR 7 SR CEIR
THIELEHDHEAD, ZLOEREZRFLLWVEETIET — X DXL DI NKE WO ERD,
NEREUROBIRIZ B0 2 BB R BN AR 3 2 DIFTAR S TldZev, 22T, BHllL TWORWER A 7
ELIRE LTHZ D GLMM 1, SEAFURODEIR &0 5 i B T S D FG 44 D DIZiE L
TWHEEZRDND Ak - M4 2000, 7 /VOREITIT DINEREE, BUEDRIERDIKE (3L
ik, HDVNHEUR) & L7, BEESRIE, B (SP, TSD, ANiAKRE U TEHIS IR D
DBH & L7z, ZOET/MERTIIRFLT7 DO/ N—T1203007 A R, 2: /<Y LT
TR, 3:IRTT, 4 XK, 5 VA FY, 6: /%, T FOMILER), =~V E
T I NIOWTUE, AMIEF O CREBRORFEEZ R LT e CNHEE 1964 AR - AHF
FIHEB 1982 Z &6, T Hn7e 7 — 2B E ML 1ol —2D 7 N—TE L iz, 72, #t

TN Lo TEROFZENZET D DONERT D120, BT /WSRO THITE L £ OMOZER DAZ
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HYEF (TSD & SR DBH & SR LU FZ#hE#L TSDxSR DBHxSPLFiY) &Mz, E7 /UK
F57 X LRITTmy e Uie, BEET VORIV TE, T X TOERDOMAEHEIZD
WTAIC D3 NDET VAR LTz, RSO 7 VEaat T D56, —MANZI3sZaEH
AT ENE AR D EESR BRIRHI WD, L, AWETIZTSD 5\ % DBH 34k
IZHKAE LI R OB E > T D ATREME B B 2, REAFHOATENR A B ERVET LV b RIEET
NOBRIZIIT DI DOET MTEDT,

2B L LT, BIFEZIVEICIAIARD M RITT R AR 5 7 DI iR 7 L — 7l %
IZ GLMM %3 L7z, EESIFIE TSDEB L UDBH T7 v 4 2R id 7 m w b & Ui, AREECIE
HAEFBEI IR o T, Bale T VOB IR —EiE & [7 U HiE Tl T o7,

FT_RTOFFHENTIX R version 3.0.1(R Core Team 2016 & package ‘Ime4’ (Bateset al. 2014 T{7-

7’9
—o

3-3 MR
3-3-1 HFERDELNL

FEEARDBIDFIA TEFE 412 KD AR Z ek LT, YEARIURDEEELS, 7'v v MEOZEED K
%<, 4 ~1204/ haTh -7z, %77y h® DBH 12 cmbd EONIAEIUKRIT ) 29.84) ha T, 1F&
AEDT Ty hT 104 habll EOEE CHh- 7= (Fig. 78, DBH 25 cmbl_EDOSTAUARIEL ) 12.04 ha
T, 1ZEAEDT Ty N T 20K haRiiiDEE Th-7- (Fig. 70, F£7-, DBH 40 cmLAl EDSAh#L
ATV 6.0 haThH 723 HEE< D7 vy P TLARBHERSNR) -T2 9 %, 104 hall T D%

Eo7ay hgEAETH-7- (Fig. 70,

3-3-2 HIRFEOHEE
F=H Y TRl S DBH 12 embPl EOFESEAR 1,446 5 5, FIEARDIMNFIAIZ L - T

FEURE UTRAF L Q0D 2 L 0MR S-SRI 128K, JATERNE 166K CToh~7- (Table 7, 37
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Fig. 7 Number of the permanent plots by different
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Table 7 Number and diameter at breast height (DBH) of trees with DBH >12

cm that had died between measurement occasions in the permanent plots and

number of those still standing when the current status of the dead trees was

checked in the period 2008-2011

Number of dead trees

DBH of dead trees (cm)

Species All Standing Mean (SD) Median Max.
Abiessachalinensis 335 110 35(17.0) 34 74
Picea spp. 72 17 37 (24.7) 30 104
Quercuscrispula 95 19 25 (24.0) 16 156
Phellodendron amurense 110 18 19(7.1) 16 44
Acer pictum 146 15 24 (13.5) 19 78
Tilia japonica 158 17 24 (15.7) 16 74
Other conifers 3 1 25 (5.8) 24 36
Other hardwoods 527 97 21 (10.7) 18 86

Thirteen unidentifiable snags and 8 extremely pslied snags were not included.
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FIRD S B, $EERHCIT N Ry a b 2 <, IKERTCIII XT T, $F, =/ (4%, v/
FNLinolz, 42737 (P panfloravar.pentaphylla) OSZARIURIL IARDAIE STz, SikUAD 5
BRI O AR & LR 122 ARCONWTE, 7y NOF=X Y 77 —2 LIRETHZ LN TE o
Too TOFERFKNTY TRO0T— X DOWHEKTHDHH, 8 RONAENAIZOWTUIBFIIEFITRLL,
FB=4 U UV BRIGHNIAESE LT iR UR g Siie, BRE TERD o T A URIZERE D517 &
Brok Lz,

F—BED T Ko C, ZODRENEHEN G /2 HET VNl E T /MIER S 41, TSD & DBH
DRFIIRHFRIC K > TR D Z EVRENT- (Table 8, — SO AIEHOMIZEEIRENZ TH
AIC [Xb Liginotz, i eT VORI E TSD & DBH O HAEMEHD/ {7 A —4% —% Table 9
a7y

FBREOGITNZL ST, FRvY, INK, IXTFTT, ZOMODIEEHNZOWTIE TSD & DBH
DN EENTET VDR EIE CTh D Z LS (Table 10, LarL, I X5 7Tl DBH O#ff
TE/NT A—2 —DfEHEXEICE R NG ETE Y, DBH ORI Cli/2h -7 (Table 12, 7z,
TV, THIY =Y, ALY, F /) FTHE, KETTMIEENZDIETSD DA T,

TSD OHEINCAY: D FRAFHEROBL O E IR L > TR, = A ¥ Tho L bW TIX
FT7Th o & bRENTETE (Fig. 8, FFEARD 5 HAHNMEIRT D & iF SV D48 G 13,
DBH 78 25 cmD &6, F RV LF¥AZTE64, I AT T ZRMOBR T I~ Th o7,

I AT TILTSD A O FDRRTHELL EAMER L T D Z LTI S A7,

k R=, %K, ZOMOEIERSTTIE, DBH OB L > CIAEADESE L QO DHERD SN

L7- (Table 11 Fig. 9, DBH (T & D HENNOME & (355 & Tl b AT, TSD 10507 7HE:13 DBH

40cm CO058F THAINL7- (Fig. 9,

34 B

TSD DORNEROBIAEHEIOIE N, BIARDEFE LT OARM O D BHED D> Tnd &8
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Table 8 AIC and delta AIC values of the best ten candidates and the full

model describing the probability of a snag still be standing in the permanent

plots in mixed forests in Hokkaido, Japan

Model AlC AAIC

Candidates TSD'x SP + DBH x SP 1160.667
TSD x SP + DBH x SP + TSD 1160.668 0.001
TSD x SP + DBH x SP + DBH 1160.668 0.001
TSD x SP + DBH x SP + TSD + DBH 1160.668 0.001
TSD x SP + DBH 1161.269 0.602
TSD x SP + TSD + DBH 1161.269 0.602
TSD x SP + TSD + DBH + SP 1165.597 4.930
TSD x SP 1167.737 7.070
TSD x SP + TSD 1167.737 7.070
TSD x SP + DBH x SP + SP 1169.998 9.331

Fullmodel  TSD x SP + DBH x SP + TSD + DBH + SP 1989. 9.332

time since deatﬁ’;speciesc, diamter at breast height
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Table 9 Estimated parameters of the best model describing the probability

of a snag still be standing in the permanent plots in mixed forests in Hokkaido,

Japan
Confidence interval
Standard error
Variable Estimate 2.50% 97.50% p value
Intercept -0.118 0.232 -0.571 0.337
TSD® x Abies sachalinensis -0.096 0.016 -0.128 -0.064 <0.001
TSD xPicea spp. -0.127 0.042 -0.208 -0.045 0.002
TSD xQuercuscrispula -0.090 0.026 -0.141 -0.039 <0.001
TSDx Phellodendron 0.192 0.046 -0.281 0.102 <0.001
amurense
TSDx Acer pictum -0.419 0.116 -0.646 -0.192 <0.001
TSDx Tilia japonica -0.179 0.038 -0.253 -0.103 <0.001
TSDx Other hardwoods -0.171 0.021 -0.212 -0.130 <0.001
DBHb x Abiessachalinensis 0.020 0.006 0.007 0.032 0.002
DBH x Picea spp. 0.010 0.009 -0.007 0.027 0.239
DBH x Quercuscrispula -0.011 0.014 -0.037 0.016 0.429
DBH x Phell odendron 0.051 0.024 0.003 0.099 0.037
amurense
DBH x Acer pictum 0.051 0.023 0.007 0.095 0.025
DBH x Tilia japonica 0.015 0.014 -0.013 0.042 0.309
DBH x Other hardwoods 0.027 0.01 0.007 0.046 0.008

Confidence intervals were calculated by the Walthwd.

“Time since tree deatfdiameter at breast height
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Table 10 AIC values of candidate models developed for each species

separately, describing the probability of a snag still be standing in the

permanent plots in mixed forests in Hokkaido, Japan

Model
Species TSD + DBH TSD DBH
Abiessachalinensis 362.8 366 404.7
Picea spp. 71.8 70.1 75.1
Quercuscrispula 94.8 95.1 99.8
Phellodendron 778 29.7 965
amurense
Acer pictum 60.9 59.7 96.3
Tilia japonica 89.8 89.1 109.3
Other hardwoods 423.5 426.4 503

Bold numbers indicate minimum AIC values.
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Fig. 8 Probabilities of a snag still be standing estimated from time since tree

death and species. Values of diameter at breast height have been set to 25 cm
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Table 11 Estimated parameters of the best model describing the probability of a

snag still be standing in permanent plots in mixed forests in Hokkaido, Japan

Confidence interval

Standard error

Species Variable  Estimate 25% 97.5% p value
Abiessachalinensis Intercept 0.102 0.452 -0.783 0.987

Tsp? -0.114 0.02 -0.153 -0.075 <0.001

DBH" 0.020  0.009 0.003 0.038 0.025
Picea spp. Intercept  0.057 0.895 -1.696 1.810

TSD -0.112  0.057 -0.223 0 0.049
Quercuscrispula Intercept 0.378 0.684 -0.962 1.718

TSD -0.086 0.035 -0.155  -0.018 0.013

DBH -0.023  0.017 -0.056 0.011 0.193
Phellodendron amurense Intercept -0.934  0.996 -2.886 1.018

TSD -0.178 0.051 -0.278  -0.079 <0.001

DBH 0.076  0.038 0.002 0.150 0.043
Acer pictum Intercept 1.735 1.107 -0.436 3.905

TSD -0.531 0.218 -0.958  -0.103 0.015
Tilia japonica Intercept  0.257 0.524 -0.770 1.283

TSD -0.170  0.044 -0.256  -0.084 <0.001
Other hardwoods Intercept -0.301 0.36 -1.006 0.405

TSD -0.163  0.023 -0.208 -0.118 <0.001

DBH 0.028 0.012 0.004 0.052 0.023

Confidence intervals were calculated by the Walthiwod.

4Time since tree deatﬁdiameter at breast height
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Fig. 10 Probabilities of a snag still be standing estimated from time since
tree death and species. Probability values were modified by dividing them by
the probability that a dead tree will become a snag (when TSD=0 in Fig. 8).

Values of diameter at breast height have been set to 25 cm.
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Photo 2 The cardboard boxes and transparent boxes for rearing logs

sampled.
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Table 12 Number of species that emerged from a 1-m log and the total

number of species from each of three vertical positions within a Todo fir snag

Total No. of
Mean Max SD species
Vertical position
Upper trunk 2.7 6 1.51 30
Lower trunk 2.36 5 1.25 25
Basal stem 3 6 1.25 34
All 2.69 6 1.36 51
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denoted by solid dots
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Table 13 Results of model selection by backward stepwise procedure in the
constrained correspondence analysis of saproxylic beetle assemblages within

Todo fir snags. Variables were sequencially removed and tested by ANOVA.

Models F value p value
H+B+P
-P 0.289 0.770
-B 1.298 0.056
-H 1.587 0.017
H+B
-B 1.313 0.041
-H 2.358 0.005
+P 0.289 0.840

* H: height above ground, B: percentage of bark
remaining, P: Pilodyn penetration
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Table 14 Parameters for the axes in the constrained correspondence

analysis of saproxylic beetle assemblages within Todo fir snags

CCAl CCA2
Eigenvalue 0.066 0.034
% of variance explained 4 2
p value 0.005 0.063

Total inertia was 3.438. P values were based on a permutation te
The number of permutations was set to 1,000.
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Fig. 12 Ordination biplot of the constrained correspondence analysis for

saproxylic beetle assemblages (a) and saproxylic beetle species (b) emerged from
the logs at three vertical positions of snag trunks. The arrows indicate the direction
of the gradient of height above ground (H) and the percentage of bark remaining on
a log (B). Species were abbreviated as follows, An Anastrangalia scotodes, Ci Cis
sp.3, Co Cossoninae sp., En Ennearthron chujoi, Fa Falsomordellistena yoshidai,
Hy Hylis sp., Me Melyridae sp., Or Orthocis nigrosplendidus, Po Polygraphus
proximus, Se Serropalpus filiformis, Xe Xenomimetes destructor, Ze Zeteotomus

maximus
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Table 15 Results of GLMM analysis of the number of individual beetles in a

log

Species Variables Estimate SE p value

Cossoninae sp. Intercept -1.391 0.440 0.002
Height -0.343 0.079 <0.001

Ennearthron chujoi Intercept -11.135 2.558 <0.001
Height 0.561 0.183 0.002
Bark 0.028 0.020 0.159

Falsomordellistena yoshidai Intercept -3.761 0.830 <0.001
Height -0.244 0.056 <0.001
Bark 0.023 0.009 <0.001

Xenomimus destructor Intercept 1.831 0.294 <0.001
Height -0.224 0.010 <0.001
Bark 0.004 0.001 <0.001
Pilodyn 0.050 0.003 <0.001

Zeteotomus maximus Intercept -6.333 1.015 <0.001
Height -0.104 0.056 0.061
Pilodyn 0.157 0.026 <0.001

* Height: height above ground, Bark: percentageask remaining, Pilodyn: Pilodyn penetration
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Fig. 13 Stand management plan for a Todo-fir plantation integrated with a snag

management plan. A table on the lower position indicates a thinning plan (mean

height of upper trees, number and mean DBH of planted trees, stand volume

before and after thinning, and thinning intensity) and indicates the number of

retaining snags during management plan. Modified fromTakiya et al. (2015).
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Appendix 1

fir snags in Todo fir plantation forests in Hokkaido, Japan

(NE:S

Number of beetles that emerged from 99 sampled logs (1-m length) of Todo

Number of individuals

Vertical position

Lower

Upper

Famiy Species Basal stem trunk trunk Total
Aderidae Picemelinus flabellicornis (Pic) 9 0 0 9
Anthribidae Anthribus niveovariegatus (Roelofs) 2 0 0 2
Cantharidae Cantharidae sp. 0 3 2 5
Malthodes sp.1 0 3 0 3
Malthodes sp.2 1 3 4 8
Cerambycidae Acanthocinus orientalis Ohbayashi 1 1 0 2
Anastrangalia scotodes (Bates) 4 1 3 8
Megasemum quadricostulatum Kraatz 1 0 0 1
Molorchus minor fuscus Hayashi 1 1 0 2
Rhaphuma xenisca Bates 1 1 1 3
Sciades (Miaenia) tonsus (Bates) 0 3 1 4
Senhomalus japonicus (Pic) 1 1 2 4
Cerylonidae Philothermus depressus Sharp 42 0 0 42
Philothermus minimus (Sharp) 1 0 0 1
Chrysomelidae Gastrolina depressa Baly 1 0 0 1
Cidae Cissp. 1 0 1 2 3
Cis sp. 2 0 2 1 3
Cis sp. 3 0 8 15 23
Ennearthron chujoi Nakane et Nobuchi 0 4 13 17
Orthocis nigrosplendidus (Nobuchi) 2 4 14 20
Clambidae Clambus sp. 1 0 0 1
Corylophidae Corylophidae sp. 1 2 0 3
Curculionnidae Cossoninae sp. 32 14 3 49
Xenomimetes destructor Wollaston 2946 775 464 4185
Dermestidae Anthrenus japonicus N.Ohbayashi 0 4 7 11
Dryophthoridae  Dryophthorus konishii Morimoto 1 0 0 1
Elateridae Melanotus legatus Candeze 0 1 0 1
Eucnemidae Hylis sp. 0 0 12 12
Latrididae Sephostethus angusticollis (Gyllenhal) 1 0 0 1
Lycidae Lycostomus modestus (Kiesenwetter) 4 0 0 4
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(continued)

Number of individuals

Vertical position

Famiy Species Basal stem Lower trunk Upper trunk  Total
Melandryidae Abderatrisignata Champion 0 3 0 3
Serropalpusfiliformis Marseul 1 3 17 21
Melyridae Melyridae sp. 0 3 3 6
Mordelidae Falsomordéellistena yoshidai (Nomura) 38 32 6 76
Nitidulidae Epuraea sp. 1 0 0 1
Scolytidae Cyrtogenius luteus (Blandford) 0 0 1 1
Polygraphus proximus Blandford 187 171 53 411
Sivanidae Uleiota planatus (Linnaeus) 0 2 1 3
Staphylinidae Anomognathus sp. 0 0 1 1
Atheta sp. 1 0 0 2 2
Atheta sp. 2 2 0 1 3
Euryusa (Ectolabrus) pipitz (Eppelsheim) 2 0 1 3
Holobus sp. 1 0 0 1
Leptusa sp.1 1 0 1 2
Omalinae sp. 0 0 1 1
Sepedophilus sp. 1 0 0 1
Sagonium nakanei Naomi 2 0 0 2
Veraphisjaponicus Sawada 1 0 0 1
Zeteotomus maximus (Bernhauer) 63 28 13 104
Trogossttidae Trogossita japonica Reitter 1 0 0 1
Zopheridae Trachypholisvariegata (Sharp) 1 0 1 2
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