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Abstract

The biodiversity of coppice forests that used to be managed with short rotation periods is believed to be very high,
but has seldom been studied. We compared the species diversity of ground beetles (Carabidae) in a coppice forest of
deciduous oaks managed by clear-cutting at 10-year intervals, an unmanaged old-growth oak forest (former coppice
forest abandoned for over 30 years) and an old-growth pine forest (abandoned for over 40 years) in Inagawa,
Hyogo Prefecture, Japan, from 2007-2010. In total, 1427 individuals of 26 species were collected by pitfall trapping at
six plots in each of the three forest types. Abundance (individuals per plot), species richness (number of sampled
species per plot and rarefaction curves), and species diversity (Simpson index) of ground beetles were higher in the
managed coppice forest than in the abandoned coppice and pine forests. Analysis using a generalized linear model
indicated that abundance and species richness were both affected by forest type and year. Ordination by detrended
correspondence analysis indicated that the composition of species was different between the managed coppice
forest and the other two habitats, but there was no clear difference between the abandoned coppice forest and
abandoned pine forests. In the managed coppice forest, beetle abundance and species richness were high in younger
forests, became highest at around 3 years after cutting, and then decreased as the forest aged. This trend reflected
increases and decreases of the species found mostly in the managed coppice forest but that were seldom found in the
abandoned forests. Most of the species that were abundant only in the managed coppice forest are supposedly edge-
preferring species (or edge specialists). The species commonly found in all forest types did not show any forest-
age related trends in abundance and species richness in the managed coppice forest, and are supposed to be either
habitat generalists or forest generalists. No specialist species unique to the old-growth forest was found.
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rarefaction HIHRIZ & 2 FENTRS B3R E BT R OB E TR EBET A~ VK% LA 2 & 2R L72A, JiKiE
M ERE T < I MOEIIARYIFECTH - 72, Simpson DZEEE IR IS BAEF T MR RS T, RO THRE T
A<M, EFRARONETH > 72, RS L O 2 NS ERE L —BALBIEE T VIS X 2T, s A
TEAERIZE D ITEABE BN L THERMREZH O LB SN BREXIGHITIC X 5 F0A 1 5 o FEREAT
T, BOE R BE 7 7~ RO TR S OME DT SN HPHIIKRE K ER VTS 4 T OHRMKOE A KT
Hol2h, BEHFREMORAEH S IPRPHMNTHESITONL I EHE L, HEHEDERCIRBIN. By A7
MCTHBMOMREZ KT 5L, YayF a2 e 7 bRV THITILVIFRHFERIKCOZLHPRES N, FH4
JEIYXNTEIZ LY, ANYSFHITILY, FF 70t FFHay, "VFANFFIILY, TRITFITILY,
N7 MRY T I AR (AEKRUT) THEIEHFRMROATERESI N, 7HFF 70 F T+ HaY, <4<
AHTY, EXATILY, JERVITILY, 78RV AINFTI L VIIKREOPERFRATRE SR, hoHk
A4 T TR Dol IREBFHRAOARTHRESNMIE R L, WET I Y HROATRES NI A R 7
ETIAVIFELIMEORTH 7. U HFFIY LTy TIAIIIHBEI ML IE 7 H~ VR CTEE 6 Mk ERE
SN, FHHFEATEREIEON Lo YUY LA Y, suFHFH LAY, TATAFTFTILY, =
AT RAFHATILY, FAF70YXYLIFIFITIAY, 7YYL IFIFITILY, LAYYLIFIFTILY, JEFT
TEI LY, AVTAIIAVIEI VA TOHRMETTHENS CHRES N BEFRKO A 3 4 SR oA
B L ORI T HHERE L2 EHR YR IC LD SKMFRICY IO BE L D ICHET, SEARMBTHWEE
AL, SAEADREIEEL WA Lz, ZOMEICHE D 2 id 30 [EHH R ICRE B 28 ] o A2 3 RO % Hn]
SR M TIEOLBGICHEBEIN, —HETOHRKY £ 71l L TE W IZH R OMEN I U ClEE, Mkke b
HELEALE RS b o7z, ERFH R XA D 5V IEHEEARY ¥ ) A MCHSL, 351470
FHRICIE L CEWHIZAERSTI V2 A ) A MDHFEMED 2 AT ) A TRV LEZ SN BkO AR ¥
VANERBEDMIIERIN LD 7.

DLW & Lo ST b (Inoue, 2003 ; 74
5, 2000, SL—A Ty FICX ) REMEERAL
7oRiES (1999) RAMHRBHBEELEOREEZIT R -2 K

-1

i

ANDFRH I Ao TWARWEININ LT, ENDRE
PRIZ D 2 F kK, WD X DI ADTHHHEIZA -
TR ERIZELE VDR TEBY, ZohTd EC
BRI U 1S & 2 AR M THERE S TR -3 Ak
ZHEIIARE S IFIENTW A, 1960 4£482 5 1970 LD
HERF R, HROFERTOZDIIZDL)
REMOD M FEA) AL, Rl S hizdk Ok
AR ASHEK U728, BILMCHE A o W oR &k
EMEEEOK T BRI TS (ORI, 2001; A
2005 5 4EH, 2004).

HINAROEEAEY LI KT T EEITDO W TON
2E1k, KEL AT TEREZEI NEINT2OD5 1
TG EN D, BREND v B LA O BB A
DMLY D 72 2 BB A L720IZE T, AR
JE DX D T R2TE B TR & e & OMIR O Fl A BLATHRIR
WCAEBTT2EARHOL L2 B0 L 2 e shTtn
% (I 5, 2000 ; HIAE S, 2003 (LA 5, 2005 ; &H
5, 2008). LA L, HiRPEMMERIUIH LT, &
5 (2005) EAAA (2005, 2008a, 2009) AT JE A Az Al
IRy ZE RS BLAMT b 72 AR It A M H d o
HEREPET LI E2MELTCS. —F, HkX
B EMHPHL ARG 2 2 BT DWW T, IR T
WFE B ICRIR & 47 ) AR C TR O 0% W 2
L (RS, 2010 Tto er al, 2012), F 3 7HTIZEk
(L ARFSAVIN Y QN SU iy T R ARV N SR ST | e tA N

FH (2003) &, REOAMEIC L > THZHEICEERD
WEBEZTLIMEZ T R VHESFET A LERELT
W5, —7J7 Yoshimura (2009) (2& %7V EHOHFATIX
BARDAT D7 MR O35 bk & JCE S I mbR G & 7 o 72
WTIIFEFAAHR R 505, SHEL XV TIRIE-ED L
ENBVE VS INSOLITIFZES S, HILAE
DEW LR 2B EMEIC X > T—RTId R
{, TRTCOEYOHE KL ED LI TldhnwE®E
AoN5.

T AR R EESLHET, IIX, BHIEOY)
o, sy Ay, AEEEEEICFE Ll ERR
IEWoMEE, MTEH, MAEELEEEAR (14 -
Bk, 1961, 1963, 1965, 1969 : £i4¥, 1996 : ¥ H 2000 :
Toft and Bilde, 2002), BRBiDZALITHIEKIZFIGT 5 S
L, By b7 =V Ty FIZL B ERN LRI E
ThoHIl, MORMEIWEL THHEIEATNE L
e EOEEREEORVERSERD D LEZONT
W5 (A%, 1996 : 3§ 2006).

HAR PR HMHEEAA 2 R PR IC 5 2 B
WEIZHT A% & LT, Heliold er al. (2001) (&b
DPITLEDLENHERIZBVT, REFfTRbLRLTVES
BHRTRAV LR PROMBI L E 2 HEL,
Niemeld ef al. (1993) FLRICBIFBIY L Py en%
WHEATAH S A CRHRRBEORELIT RV, FORM
BUIRIRSE 1 ~ 2 F o /MR, RIREBEWD 2T EO I
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BIERPBRB L 2HFER TN 2R LTS, #H
BeARE LCHH S hTw 3 Bk, S5 o8 i3
X o TH ORI OMRDSHEFF SN D D TH Y24 VR Il
OMEANLZ N EDWES NG, T2, Ko BE VI
AR AREEDZALA KR E Wind, Kix RBEREIREO
MR Z L B O R 2 W A 27 IRITREL, B
A RBRERERT 2O EZTHEICT 2720, +H
AVFH RO Rt B HERT A2 L b PHENS
(FAAR, 2008b, 2010). L 2L, Hilikko & B3 A5+
F AR RBEICSG Z 2EBCELTE, oA

5 (2005), A (2005, 2008a, 2009, 2010) 2 X 5 ik
ROMBERAOEBIHT 22E05H 2 b oo, K
SFHH 2L ERMEED b & TREZ TV, BRER
LW OEBER BT 2 BEEMEE 2 W 5 20T L7 if2%e
BlEZhE Thv.

IR IR OB IIKIE, 7 X ¥ &R E T 5iH
ROFERE LTHSNTBY, # 500 4112 5 FHixk O fit
AR HME L7 B manc X 2 FERESE s T b
TWab., Z070, WEORL MG HBHELET 513D,
BHAEIEL TOLREAR S L TV 5. RIFFETIE,
CORNMEFAEMIGEE LT, RO3IHEHL MY
I LEHMIAT 572 (1) BRIC K 2EE TN T
VBB L B LTV A EM & OB TE W A
TR HOBEMEOECEH ST S 5 (2)F KIS
X BB DE I L Z D% DOMER DRI D FRH D2

L34 2 DR RO IS 2 2 B2 W 521
$5 5 (3) 44 R MK O & B0 #EEE 2 B 5
MITT 5.

HHB L UHE

1. A

AL 2007 42 5 2010 4E 0 4 J] ~ 12 J IR L 4%
ZNAT (34°55'5.15"N, 135°21'52.37'E) ® B TIT % -
7o BEENE, B X Z 200 ~300m THBH. AFAHTIE,
BIETH BRI X 2 EHMESIT b TV HMA (B
B AR DI, BAETIXFEIEE LRE S Tn
B (REFRA) BLOBESNLTVWET <Y
(Pinus densiflora Sieb. Et Zucc.) # (BE 7 5 <> #)
PHAET B AR TIE, B AR (MC), Il #ijk
# (AC), WIET 7~ UH (AP) 126 #3250 m
Vb o ks % 22 TR R 2 Rk E L7z (Fig. 1), iR
Mot oW, FAOHISIILLT O@EY) Th s (MRnidHE
PNZHEWEHT R 1 EM % 1R L THBRAETET) ¢

(1) BBH R

B RAMITERY 10 SETHREPMTRbNR TV S (F
HEOLST BIK, AE). B4 5 3 20fmIC 2007 4
WEiC 14EE, 34E4E, 7THEAD 3IOOMBIZZERZENR
2o S ERRE L2 (MP1 ~ 6 Fig. 1).
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Fig. 1 Sketch map of the study area, showing sampling plots in the managed coppice (MCI-6), abandoned coppice

(AC1-6), and abandoned pine (AP1-6) forests.
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L7285 T, 2007 4E2 & 2010 4F F TOFAWI R H 12,
INHDIODMIE T ~ 444, 3~64E4E, 7~10
FACHLE T 22 L% b, RIEHED 10 AITo 7%
A T ORAET A (S |, 2010) TiE, BARDME
WA AT O P, 14E4£7T034 nd /ha, 34EAT37
m /ha, 74E4T 120 mi /ha Th -7z HERCBHE I N &
WImfE A5t T, kM E %527 XX (Quercus acutissima
Carruthes) 2572% &k d KEREEE D, RT3
+ 7 (Quercus serrata Thumb et Murray) 2% 22%% (5 ®
7z, VAEAEMICZIE 7 X ¥ L aF I PAOBRIZY T A
FTHFOARPWIL 725 (IRKEH 3 m), 3FEEKS
CEXVT, YoMy, 55 FESRBLTRKT
17 HOBARIHERENT: (KAKEHHLSm). LrL, 7
SRR T 2005 SE IR DB AT TB Y (4
PEIG, FAE), 7 x¥F&at g (KREH 1L m) DAk
BWAR2H (Y7259 FLaTHF2F7) pHMBILT
WA Tho 7z MIRAEARIE, 14E4E, 344, 74F
oS T, T2 1031, 116 15, 88 Fli o4 diki
WhHER S Nz

(2) mMiEH Rk

TG # AR O TR E, B R SRR 54
%< &b 0EFH SERMBITDORL TR e S h
% (frH5, 2010). 2007 4E1C 3 T o FAH R (ACL-
3) Z&iE L, 2008 412 & 512 3 MpT o T (AC4-6)
ZaiEkE L7z (Fig. 1). S (2010) OFA T
ARFERTITHLIHER ST RKERS 21 m), Kk
WA FTOF-HMEIL, 349 (£ 80,n=4) nf /ha TH - 7=.
BRI S T IR AT T, 3 F94751% & b K
XFREAEELHOTBY, ROTIZ IXFN16%% 572
MR, 4K T 63 FOMES RHI 2SHER S 7.

(3) ME7 H~ U#k

7 H <Y ORI, DR &b 1974 41
WAL T2 2 LR SN TS (FES | 2010).
2007 4E12 6 fE T O P At il & 5 L7z (AP1-6;Fig. 1).
RS (2010) OFMATIIBAIZEAT I8 FEL R S
N ORARB R 15m), B S iR & 5t o FH g, 36.0(
6.0, n=6) mi /ha Td - 7=. AL & W AR A
W.C, V) a7 (Clethra barbinervis Sieb. et Zucc.) 7%
B EmMBRELFEZLHDTEY, WATY I T (lex
pedunculosa Miq.) 2317%% 5O Tz, 7THIVIiE~
YRR OB TEERD 16%% 5D BT E Lo 7z,
MR A, 2R T 68 FEOMEE AW 25 HERR S 7.

2. L
FHAVHFROFEZE, Ev b T7+—L Ty
TR L7z, 350 ml OfCE G (04856 mm X 5 &
120 mm) OO%EEY Y T VIKE, KISE T mm BEE
OXFERZHIZD0%, NEHBRAE —HSED L

FICHD TN T v 7 e L7 MY ORECHADI AL D
ZRi 7280, 120 mm MU DT 5 AF v 7 O A E %
THEBLZbDERAE L. ORI LIRS, M
AN oz, bTy TIIEREREIC 1m BT 2 x
548 (BH10 f8) EiEL, SHOPMICEREL T2 Hi%
I L 72, 3R S 72 2 BT 2 A S L
FiE CORBEIT- 7. BRI AW AFAI7E T B o
ARBIRE SN TS, et 4 RS0 Bl
R SN B XA DR S BRAL L 7.

3. fEbT:

IRy A 7 (BB AR, TBGE AR, BOE T 7= )
TLICERE SN A T A DRI oMY, ik L
REIE & Hog U 72, B2 BE1E 1213 Simpson D 26 BEJE 58 G
Bow) w7z WICEEE B O EICHEKR S 4 7
DY EG L TR DEPERET 5720, —ILR
BETIV (GLM) ([CX B 2frk o7 72720, fA
R LRI TS 4 TOHEWIC L BEDIED, FERE
BIHHNEDLEEZONTZDOT, HMT A4 7 LK (2007
4, 2008 4E, 2009 4, 2010 4F) ZFBIZEE (b4
FER) IREL, WAL Z IS E RIS L
TN EAT 5 72, IWEEBOBAIIRT v v 540l hE
HEPE L. 51T, 3ODFHMS A T OFRAEH A
6 AT 2 Tdh 5 2008 4, 2009 4F, 2010 4EIZBR - T
BD GLM DT &2 17\, Tk s 4 7 LSRR DO HAEH
DI b AT

F 7z, AFRT EAERH M, BERW, 7oA~
WEATRESN AT A VRIFRZNRZN 6 #5450
(2007 4EIF 3 M) FoET—VL, ¥y ThIA X%
10 fEAR 37D 8N S & 72 AR F X — A @ rarefaction Hiif#
i E, MBEHKY 4 THITRIEL 2.

K H O THREE S 72 A VR L o B I o) He g
B L OF 2 VR AR A EHRI T O IR AT % 42U
MICBREX ST (DCA) % #H L T4 - 72. DCA
12X o THELNREH M OMEEMN T T, RESIN
FH A FHH O AT B 13 LR WAL
EICHEMNT SR, 324 R dto & FE o FEEA 1 o
FERIE, BB 2T & F D 0 < IATE
HFFons. b, FOEBEMTTE 1 EEOATRE
ENTFEZE N2

B R OMERZEE D 2 VR R of L & EA
OB S — v 2 BRT 2720, I3 2 54k
DA BRERMAREL L AR RERME K EZ 7a Yy P L, 1
w (R, 2B L3 ROLEAMANOEFIC &
HZUTIEDETY, HETHD, RERBIRADORLE
Z R E UCTERIE L2,

Rarefaction ®F[#1213, Rarefaction Calculator (Brzustowski)
#ffi L7z, DCA Of##T121% PC-ORD ver. 5 (McCune, B.
and M.J. Mefford, 2002) %fEH L7z ZDOMOMEHITIE
JMP ver. 7 (SAS Institute Japan) ZfHL7.
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1. FREEHE

AR A AR T 4 AR 26 B 1427 fEfR o 4 2 2 B
HAFRIE SN2 DL DRSS RE SN0 4+
FruvyXes sy aTILT398 MK 2FHICE R
HEENMIZI Ty Sy TIAYT26 Mk 3%
HIZZ S RESNE~Y Y 424 3T 115 kT
o7 (Table 1).

B A 7T 4EMTRE SRR L AR
&, GF B AT 24 FE 654 K, OB F AR T 15 A
438 A, BB 7 A~ Y AT 15 M 355 R T H o 72
(Table 1). A& D 72 0 FI9MMAENE, 2007 4F 130
BEHFREATRDZ L, ROTEHF MK, KE7 7~
IMDNATH > 7225, Mo 34EI1E FHH A > BUEH
B > BEET A~ I OIETH 72 WML HY
SRR AR BT AR AT Ak & B 7 <y
M kol o 7o, HOE R L BUE T A~ SR o T
13 2007 AR #RARAST A < Y B2 Bl o 7298,
2008 4E LRI IE 7 A = RSB FF ik bk & L\l - 7z,
Simpson O ARERREUI AR BHF R > BUET »~
IR > BEFHRA ONETH - 72 (Table 2).

TR 2 IS A2 E Lz GLM IZ & A o/ 8, &
W& A4 7 (df=2, yx2=112513, p<0.0001) & 4%k (df=3,

£2=38429, p<0.0001) 1% & b \ZMEAREI R LCHE AR
BREEFOZENBD LN, HBERELERE L
GLMIZ X BT T, My 4 7 (df=2, x2=42897,
p<00001) 4B, (df=3, x2=9765, p=0021) X & b2
FEBAIH L CHERRREZFHO 2 LB iz 2007
xRV 3EFOT— 12X B GLM T b ARE It
T oMY 4 T (df=2, 1?=66.886, p<0.0001 ) & 4F %K
(df=2, x2=27.745, p<0.0001) DOFHFIIHFETH Y, T
WX B /My 4 7 (df=2, x2=32616, p<0.0001) & 4F
W (df=2, £2=7242, p=0268) DIEH HHETH 7275,
B A T EEROZTHAERIEARBIC LTS (df=4,
2 2=bATT, p=0242) FEELIZH L T (df=4, x?=1.3223,
p=0858) RO LNTh o7z,

KR E A4 7 D rarefaction HIHR %2 £ RPN LT 5
&, ETOETERG A OFEAMY % B Enl )
W Fr AR LTid, 2007 i 10 K, o 4Fizid
20 AR LL ¥ > TV 4 X T BUEHX A E LR S
9, E T A =Y MR L CiE 2007 4E & 2010 4E 11X 30
A, 2008 4F 1% 20 A4, 2009 4F 13 40 AR LL Lo 4~
TN A X T IBUEEXBDELR S b ol BIEH K
R EE 7 =Y RO T IE 2009 4R 13 R HE O
R OFEECE S 22 Ello 7288, MOFEIZE WA
BEC, & <I22008 4E1XM & 4 T DM TITE A L
Mo 72 (Fig. 2).

Table 1 Total number of individuals of each carabid species collected in the managed coppice wood, abandoned
coppice wood and abandoned pine wood, respectively, during 2007 — 2010. Abbreviation of the species name (given
only for te species represented by more than one individual) corresponds to those in Fig4.

Species Abbreviation Managed coppice  Abandoned coppice Abandoned pine Total
Yar AP LT Carabus yaconinus Bates CARYAC 101 0 0 101
<YYo AV LY Carabus maiyasanus Bates CARMAI 29 11 75 115
TXEIaF AV Carabus porrecticollis (Bates) CARPOR 8 1 1 10
Ja ;A Carabus procerulus Chaudoir CARPRO 15 4 8 27
FAraFHAY 5y Carabus kumagaii Komiya et Kimura 1 0 0 1
~A~AH7Y Carabus blaptoides Kollar CARBLA 15 0 2 17
T HHAAATILY Myas cuprescens Motschulsky MYACUP 17 8 5 30
AATILY Lesticus magnus (Motsculsky) LESMAG 6 1 11 18
RYF/SNFHAILY Stomis japonicus Straneo 1 0 0 1
AYNEF HAILY Pterostichus yoritomus Bates PTEYOR 8 1 0 9
AW T FHAILY  Pterostichus microcepahalus (Motschulsky) PTEMIC 2 0 0 2
=oAL AFHAILY Prerostichus polygenus Bates PTEPOL 26 27 22 75
FA YT HAILY Synuchus nitidus (Motschulsky) SYNNIT 188 152 58 398
I YeZHAILY Synuchus cycloderus (Bates) SYNCYC 56 150 90 296
XYY eTHAINLY Synuchus dulcigradus (Bates) SYNDUL 34 46 17 97
VNI YeTHAILY Synuchus arcuaticollis (Motschulsky) SYNARC 0 4 2 6
EATILY Anisodactylus tricuspidatus Morawitz ANITRI 27 1 0 28
JEFHAEI LY Oxycentrus argutoroides (Bates) OXYARG 12 8 2 22
FAAIEY Y ITET LY Trichotichnus nipponicus Habu TRINIP 4 0 0 4
AT AAILY Haplochlaenius costiger (Chaudoir) HAPCOS 29 20 40 89
TRNITAIILY Chlaenius virgulifer Chaudoir 1 0 0 1
TIRYTAIILY Chlaenius naviger Morawitz CHLNAV 52 0 0 52
NMFTRUIIAY dephnidius adeloides (MacLeay) 1 0 0 1
JERYAILY Galerita orientalis (Bates) GALORI 7 0 1 8
THRY AV INFAILY  Planetes pucticeps Andrewes PLAPUN 14 4 0 18
A ARV IEAILY Brachinus scotomedes Redtenbacher 0 0 1 1
Total 654 438 335 1427
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2. FHREROILE

By A THCH OBk E KT 5L, Ya vk
HAIET FRY T AT IAVIIEHFHRMTOAL L
OEBEPRESN, TFA27EVYTEZ L VIT 41
K, aXTIFHTILVIE2MME FFHr7aF A FH
Ly, RVENFHATILY, FIITEHTILY, b
F7hER)ITIATEENENLEEKOATD 5 )
HRMOATRESN. SIS L, WEH KD A
THRESNIMIZ R L, MBET I YHROATRES R
ARV I ETILY I L EORTH S 7.
SRVAEZIXE T I TILVIIMETFRENERET H <
Y MCTERL 6 R IRE Sz hs, FEF M TIE4L
wohholz, =X FVay, 7RSI
VLY, yaFHFAFLY, THATFFATILY, =
AT RAFAITILY, FF7uvyXessyIIny
7UYXYEIIITILY, LAYYLTITIAY, ¥
VI HITEIZ LY, AVTHITILVIE3 T A TOHRM
ETTHIESN (Table 1).

L, TREZZUFAFH L VIIERFT AT S E
i (80.0%) 2SR SN, WUEF R L BE T A~ vk
THRESNZDIEE LEARDOATH D, BRI TREM A
BAEHH R R > TE o7 LT, <4
A AT VIXEIH AT 15 K (882%) 12 L
TATYMRT2ME, XTI L VIZERFRMAT27
i (96.4%) W2k L CRUESH AT 1, 7Ry
T A VITE R T 7R (875%) (TR LE 7
A VMTLIEK, 77K AINATI L VIIEMG
BT 148K (77.8%) Wk LI 7 4 < v k< 1 ik
PELN TS (Table 1). i 5 ik O EH ek

Table 2 Number of individuals per plot

+ SD, number of species per plot

DATRES AL & D12, AT A
BRI T HHTH Y, DUTOMH ClE [ K
MBI 2/ ] & LTXBIL TR,

DCAIZ X BB ITIZAFER T EIAT- 20T, Hio
FOoRMRR NEIRAERICE Y —E LAV, EE, it
MOBEEAHT ORFERIIFRT LR 572785, HFEER
PRARIEEE TSI - CTHEF VIS, BOE bk & s 7
BV HIEERF D IRBERT SN S & v B L 2o
MBRON. H28IH > T HEH M & BUE 7 7 <
AR D B HEPR L AE B AR IR TR E S IED,
F/MHEICE R - 72 (Fig 3). DL SHBTH
X, B RS OE F AR X OGE T A~ vk ik
ABT 54 A VR oMK DS LR IABIC R 7 5
Zk, WEFRMAERET A R TIE A VR
OFFARA T AT L ICEHTH D00, WHEHKS
A ZEIIZAR 2B WD e W EAVRIEE LS.

DCA 2 & % 4 & ¥ B} UK Al o AR AT T Dl R,
BMFH M TELREIN YAV F LY, A<
ATV, CATILY, FFA2EYXYTEILY, T
*FroruF ALY, TIYRITAEITIALY, ZJUKR
VIILY, FHIRVAINATIAYOSHITHE 1 H)
Wi -> THEFD MBI ONDL 2 2% L, EHPR
MWUATOLEHDPRIES N Y Y Yoy, yaF
HASLY, TANAFTFTIANY, =y Ay AFH
TILY, FFsuYXYRIFITILY, zaAvyYLT
FITILY, EAVYXYLIFITILY, JEFHITEY
LAY, AVTFTILYOIMIIAEF IMERT SN
7> (Fig. 4).

+ SD, total number of species, and

Simpson index of diversity for carabid beetles collected in managed coppice wood, abandoned coppice wood and

abandoned pine wood in each yeard.

Managed coppice

2007 2008 2009 2010
Number of individuals per plot 29.0+£25.01 41.3+15.49 27.24£13.76 26.5+9.61
Number of speciess per plot 8.8+3.49 10.7£2.25 8.3+4.23 6.2+2.32
Total number of species 20 19 20 16
Index of diversity 6.669 6.437 6.161 8.721
Abandoned coppice

2007 2008 2009 2010
Number of individuals per plot 32.3+42.16 25.5432.61 22.8436.28 17+8.8
Number of species per plot 5.7+1.15 4.5+2.88 3.3+£2.66 3.5+£1.22
Total number of species 9 12 10 9
Index of diversity 2.019 2.654 3.063 6.100
Abandoned pine

2007 2008 2009 2010
Number of individuals per plot 11.3+7.58 21.8£21.09 15.0£15.00 16.8 +8.80
Number ofspecies per p]ot 4.3%1.51 5.7£1.51 5.2+£5.17 3.8+£1.17
Total number of species 10 12 11 11
Index of diversity 4.458 4.360 6.587 6.429
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Fig. 2 Individual-based rarefaction curves for ground beetles collected in the managed coppice, abandoned coppice,
and abandoned pine forests in 2007-2010.
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Fig. 3 DCA ordination of sampling plots in the managed coppice (solid circle), abandoned coppice (open
quadrangle), and abandoned pine (open triangle) forests in 2007-2009.
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Fig. 4 DCA ordination of carabid species exclusively or almost exclusively found in the managed coppice (solid circle)
and the other habitats (open triangle) in 2007-2009. Abbreviations of species names correspond to those in Table 1.
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Fig. 5 Number of individuals per sampling plot
(above) and number of species per sampling
plot (below) plotted against age of the managed
coppice forest. A curve fitted by cubic polynomial

regression is also shown.
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Fig. 6 Number of individuals per sampling plot (above)
and number of species per sampling plot (below) for
carabid species exclusively or almost exclusively found
in the managed coppice forest plotted against the
number of years since the last cutting. A curve fitted

by cubic polynomial

— 134 —

regression is also shown.



PR & A& 4 2 2 B O R 2 B

3. AR E X OB O ECHE D 21k

G (o) (SR L CHAAS LN B 72 0 RS X O R
Tay hLEZA, EHITERIEE (144 347%<,
ZOBBTNIHIML T 3EEMBETEWEEZRL, 54
AL R A L7z (Fig 5). MfkEk, ke b
W1 (B2 o), 2KkBLO3K (1~104
HEOHIFTIE RIMolif) oZHX MG TER
Thotz (p<005). I T, PEREIBAL LS 3R
MRS Tikd 7 E, R () BIOEK () @
IR, JuEtRlk, ERBIILT oMY Tho7z

1,=0.2891x7—5.152x+22.985x+9.447 (=0.371, p=0.023)
1,=0.0428'—0.8752x*+4.4744x+4.176 (°=0.516, p=0.002)

FXXY, BHERORKMEE 5 2 5 HiEIE 30 B4,
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Fig. 7 Number of individuals per sampling plot
(above) and number of species per sampling plot
(below) for the species commonly found in all
forest types plotted against the number of years
since the last cutting of the managed coppice forest.

ZHAMHIETHET, AU TEII VORI KRD
P, TEREL, =R T ol ) Td - 72 (Fig. 6) :

,=0.2296x°—3.9026x>+17.241x—5.2735 (*=0.530, p=0.002)
¥=0.0431x°—0.7779x°+3.5829x+0.4102 (»=0.573, p=0.001)

KD, B GOMIEEBN % F O AR EL O K
% 5 2 061 3.0 428, TR ORKIEZ 5 2 5 Mk
& 314EAET, EUHRROZ HA I EBHIVNE L B B
MU, EfENGE LEE -, L —
Ji, ZOMORTIIM AT &AL, Fite b
T HEMED - 7225, BELEVIBUIE SN h o 72
(p>0.05 ; Fig. 7).

z =

1. BEEL, ZRRECIREUR ORI EL

GLM 2 & 2 f# T ofs R, MAARE L MBI IEHMHk s A
TEAERDPEHITHBLTWVWSE I ARSI N AR
$id 2008 4E, 2009 4F 2010 4E (T FHFRM TR DS L,
2007 AT L EFH KR TR D S Do 72D, T~ Vil
W AER D D ah oz, 72771, 2007 4 0 JiE 5 b
HTIE 3HEDREL2MTo TR VDT, FAEDRE
RN OTIA T B 72 0 AR ENIA LM E L TIEEHAT
&, BT E B AR CROEF R L s T S~y
ML BWEZER L, rarefaction HFR ORI A S 4P
PR 2 5 4 T OREMZ B & 202 ka5 2 &3
IRE NI BRREERR D AR PRSI b Ao 72,
PLEZ A Hm g, EERNoBEMEED D 5 H
FEMITBOEARIZ IR T, FEE <, SRERRD S L,
TEARELD LB 2 L HIBT T & 5.

TR S D AR KA B AR 4 O O AFEBNRE DARAI T dH
D, AFEREEE D 72O TEIE, HERMEOEL, B
BOER), SMEER, Ktk ErEzoh, RKRETH
SN2 T =5 2T T LMW ch 2. BHH
PRSI O M ARTE D SFIR (v L E R
R D2 ~4FEERHENRS LR S5 ~6 L0
BT, IR F THEL ORAEZLDIKRE VDT, Tk
) 7R B ORA BRI MR BT B D AR B
TERRDO—DTHLIREMEAEZEZ SN L. 722009
EREIICE VBET H <~ IR TE L ORI AL
S Z RO ELE A D,. ZoHEICTR
3, EARIA AR BRBE O AR IRE B AN S VWS, ENTH
I 4 VR RO MARBU IS ERET R DY, 3547
DO E D 2008 4E 1LY Z < 2010 4R 121D B o 72,

B A T D B3I R R W AR E A
WML7-Z L3 5BEoREEL b s, MRS D %
FICIERBECERT 2MESRIES NV LD EZD
N, KFEOKRETOMIBTER DR 74 & a0
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Hol=Z s (Table 2), BRBEEHM % 17 9 B HAR B
DF=FIZXBE=F) V7 OfEBMELIEHTE 5.

HESIZEE D A A VR OERIZOWTIE, I —
Ty 80 6T A A OFFEBAR R T BEIL TR, A — R
FS)TDOI—H ) M ETHEMPERINTEDY,
BHRKEREROBRBAEOENHERICBTEH LY
PR HOFEHAZL W & T HMERLRER B F & v
I AL\ (Niemeld, 1993 ; Michaels and McQuilan,
1995 ; Butterfield, 1997 ; Heli6ld et al, 2001 ; Koivula et
al., 2002 ; Paquin, 2008). AHFZEIZB 1) 5 EHEH bR
WS 10FEEFT TOHECHTH Y, HEF Rk & i
BT~ HRiEZhein 30 LD EE 40 SFED EOE
WHOWTH 50T, EHFIRAT, HE, ZSHREREK
DR o722 BRI OLATIIEE — BT SRR LW
A5, TV LAVRHROLHMEICEEL G2 A ERE L
T, WEFOFRBOBE LW 2% O MM S DB
Tt 5 2 SR O Z RSB T % & v i
H52H 5 (Brose, 2003). ARFAHOEIF bk TIE 1
FAERIIIEARRLEAREIER L T e do/zd, 24
AR BAEAE TR L 2R RO OR,  ROARSEAE K
LB L) RIRREE ZoTWAZ L. $72, HHFEK
WNTH 7HEAETIE, FARBELEARIZERET, WA
B THoT2Z eh s, T34 VRPROML RIS
Z 5K E LT Brose (2003) 2384 L7z, MR OW
PRI 7 W3 DO BRE 7 S CHIZ DT T 5 & v ) 5
EXFTAMRPBEONIEEZOND.

AWFSETIE A & R O MR BT B R B b
L, 3FAFIHETRDE L, ZOBBALE LirL
WO CTOWTEB % /o &, MRz eE 5 R0 ZE 1
L —EDMEMIIR SN R, 728 21X, Ings and
Hartley (1999) ZA 2y b5 ¥ K< L) v Ok
TITILAVHEHENEL, APERLTHRIETSL LS
FREEIZACT L7z 2MEAREUI M L 72 & s L T2 DI
%L, Koivula et al. (2002) (&R B &% 5 4FEDFIH]
ORI BNTHEEBAL S b2 a2l L, HH W
W TREAEEDS C, RPERL THRNDEELS 25 L
RBDWP L7z LTw5b,

A (2008b, 2010) &, #FRAD X9 %A THER:
ENBZBEUKOTI A TEHOEBR Y — &, BHEIC
BALTEVKE TS K RO E & B 12> TIT <
TRERE, WRAAETS VAT AN (MY = &
FYVAMNEEREGIIY =AY AN 25T THFAL,
SHIT, L) HRHEEEE O SWERIESE T TldA
BLAZVEHKREZ ZOOHEMEARTY Y1) 2 ME, K
EHRIZBWTA L3 oER SN L PR Bvbkis
TY =7 2 HOBFMH RMRIF R R, e
AR, FHOZEP AW ZomofE (FiEf) o
FAIARHIETHEIrO b N2 T, FRMCHERE X
MDD T I L VHOER S Y — 2 I3HA (2008D,
2010) OFML 728 WIS Y — 7 R Fpo—f & HIAT

T 5 -HOEREMET O & 2T RIS
iz LaL, RWFFEICB 25 BRI 2
AR (2008, 2010) DF 9 & I ICHFEHEARETH % A1
PIME O G HDD B .

2. WA VR RSO A R

HAENIZBT 5 4 & 2 R U AR O 8 Jh o 83T
PEiZDWT, AR (1996) (ZIE BT, A, I,
B, W oORe ZERETHF AR RAREL
LS NAAEL (A, PP (2L, e
OWEDES VS, £ [HELREER |, [HEEA
B ofikE#% L CTHBY, Ishitani eral (2003) (FFRHE
ENnfiE THRMEARY v ) 2], THEBBY =25
YA M CHHEL, #BHASBIMNAEET B/ TER
ENOWAEEB RS A AR b LR LTz F72,
B (2001), Ass (2011), A (2005, 2008b, 2009,
2012), Fujita et al. (2008), Z& - fiIF (2009) & A4 H A4
SRR OEBHEEFEE MG LT b, LA L, ¥
A YRR R ZE O BHGEIF AT L T 2 Wil b
2\,

ARWFFECE I A R L L2 a v 4 A
Y, RARAATY), BAXAITILY, FHA 7YX T
ET LY, TXRYIOQFHEHLY, TRV TAHITI
LY, JERVITILY, FIRIVAINATILTD
Mk DCA IZ X 2 FNT DR | BERE b o> 45 B e bR 7S
PLEANT SN 1A D I ERMT 6N 2 L%
Nolz.

A4 (1996) IxYarFHaTiE=y FOIEDILEWE
L #4211, Ishitani efal. (2003) &, Af A A EH Y =
ATVAMEGE L TS (2001) b A )15k
RO XD BB S R E TREA R BREEIC AR
THEBRTWD., —F, HILEOHREMK, T, b
THMEZAT R o 72 (2004) Y 343202z
WTORREL, HHTEEHEL TRV, LarL, T
3 A VI AL L 7288 AR TR 4 X 25K/
T5EER LR A LDER (Fujita et al, 2008)
HHIEDS, ERIIIFRICKET L2 THL L%
Aoha. R b LA R b T2 BTl
AT R o772/ S (2008) (&Y 3 v ¥4 % EIELLE
BRI CLRERE L, B LT 2 A8l e e
HWIZBWTH ZOME KWL CHREL TS, 51
Kagawa and Maeto (2009) &, ARFEHAN % il DY
EL, IIAZMETHLWMIMANIZOAR SN, XX
D BRI MRS A 278, BHUE S L A MRS
, FoMitoRBECLER L CRIZHETLZ L
ZWHOLNIT L. SRIOFREM R TEIYI AL VI
BHHRMROATEERES N, REFH KL T A<
WEARES S DOREHRICBNTHRESNEh o7 #
W BT ISR 2SEIR & 72 0 BRdg & L7 IR RE o Rk
HOT, KEIPHEZ T & v ) Kagawa and Maeto
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(2009) O EFEARMICTIHE LRV, F72, KEOM
DL o722 Eh s, FHFHHARDORMNITL) B Ol
ERLIIABEBELOTRELZVNEFHTES.

RARA AT VRERLI S A T OREEHHE L VT
»HBH (A, 2012). Fujita et al. (2008) 1Z~ 4 <A 7

T e HFMMERE LTBY, LIk TREESNS
ZEDVLWHITH H )Y (Yahiro et al, 1990 ; 4z, 2003,
2004 5 2= - f7HE, 2009 ; FAA, 2005), WEIIIREIN
AR A% <, KRB (R, 1992), 1 F3 740
CH%, 1996), EHh (8K - B4y, 2010) SR %
BEcR&SSNL I ELH L. AFZE 5 (2001) Em)
B, B, BARRITEVERR, w7 SRR LRk 4 7
BRBECHRIEINDG L RTW5S, T/, Kb S sl
HECTCORVESHPAICELLTWLZ ELiErD LN
TBH (FAS, 1962 : Martin, 1992 : Sota, 1996 : “FAR,
1999 ; A& 5, 2001 ; Suttiprapan et al, 2006), Afi g
SR T T IOV I AR AT (-

TERFOFHFFLTIIATZS (2001) A5HKRM,
HAAMRISIE AR, B2 72 kbR % AR BBRBE 38, PR
(2004) 1AM L FHCRERL TV A, A BIGPTHIPH A
RS, FRARECHBEREIC D LT 2D L
V. X T F A YO X ) TR AR B 7 AR
EUFA, EKRD X9 RPN EREZITFE R WTH

THEMED B 5%, T DR Z AW 2 IITERAZ L.
TERYTAITIAVIEIHRMAREMEE § 2 WM CH4,
1996; #8474 , 2008b, 2009;Zs- £, 2009) & A BT «
~F 1) A b &35 REM (Ishitani eral, 2003) 2’H 5. A
FEIGEMMOBEIC L ) S OBEK LK TEEL, &
a7 TIRITEAER SN W & (1A, 2005,
2008a, 2009), B L OHHRMEAD S  FARG D5 HE
WIEHRR TR DR wZ e (IRA, 2012) 25t
ENTVEDT, HRMEZE FOMAEDELT 5 RED
TERYTAIILAVOEQIMHELZOTE VN LEE
ZbNA, He (1991) IZAFESMEICL W E BTN
505 INHFEMBOMHICEEIDTHA ). FHHR
HTIX 2FEENS 4FEAECPTTIOL) REREICR S
DT, AHEPERFHRRICEZ NI LIZZDEHIITHERD
EHE LR, SRITA L 7o E F R T R A AE A
ZLL, WET A=Y EREARIE S B 23R D
MAEDPTGEL RVOT, REIRESN L >7-0TH
59,

CLATIAVRITES AVHERNIET 2 TH Y, 2
A (2008b) 13 Z OHAHIIEFEEHEOMAL W L &R
WMLTwa, LaL, RHEIZAES (199%6) 12X 0 [#%
MBEOM | L3 Twad, AREITEFLHEINR M
B L, BHRERE TSRS N6 (Yahiro ef al.,
1990 ; B3 , 1992 . Suttiprapan et al, 2006 : FA4< | 2005)
bIEHRMBESE CRIER I N A B (B, 1992 2= - fi9F,
2009, 2010 ; MU 5, 1996) b H, A (2005, 20082)
FREARDEK DL VBRI BB OB KRR TReFR L T 5

DT, BIFTHERGHT Y4 7EREELIC W, AE0
AT IKRINZ DR FRI A TSRS I, &
Q21 ~3FADHGTE CIRE SN Z &2 HHMIC
TEVE W LIEFR 2 BRI ORiTh 5 2 L E
AbNA.

FAATEIXYTEI LD TR LA VHEHRICET
P, EBEROZLWETHS. S5 (1992) 3T
RELTHLOTHEEMTH L0 Ltk

7 ¥RV I3 A VIEHM (Yahiro efal, 1990 ; 2V 5,
2005; 25 - f79F, 2009a) , ZKH (Yahiro efal, 199225,
2008 ; Z& - A3, 2009a), Ik (Ishii et al, 1996 ; 2 -
FIE2010), FHh (85K - B4R, 2010) L bkx EREECT
RSN TWLDT, RABHHADOENETSHS ) &
Z2bhb.

TERYAINATI A VIFA4(1996) & A (2008b)
HFAPEAEE LCnd. L LEES (1992) & 34428 (2004)
W, S (2008) IZKIHTREEL TWAHDOT, AHD
RO WETH 500 b Lk,

BEFHRAT L ~ 2RO ARESNFED L 38R

BREEDSW ST RV, 7ThIT7FITIA VA
7 (1996) 25 [FHuhfs] CRJEPERE & 1313 HEE) &L
TW5.

COXHITHTL 2L, EFMH R 2 A3
JEEARE L D b, BAMIALSTHEAOIL WETIE 2w
EHEM X NZFEAL . LA LERS T E P AR W &
Vo TH, BUEFHRARRLIE 7 7 = Y HIZIE D e wh vk
BLZwZeEdrs, RELHY 24T ) A MTIR RV L
ITHAD. INODOMAMEFREIZBNTHHEEBIIBNT
DY =7 L B SAEERNBZTH Y, MREEIZE
RICEAL T D, BRORADHET 2 LB E L
TIEEBROMBEREOIEZPHFEAEZE LS5, Zb50
FIZIFMARAE (edge-preferring species : Magura, 2002)
HDHWVIEHRBEE A XY v 1) XA+ (edge specialist :
Helié‘)léi etal, 2001) \ZHIHML, Yary+H2aioflok

AR R W IR R B S I 2 F A% V720,
£ﬁéhé%&@%# L BBDTIERNTES D D

kB, ERFHRMATET P TATIATDUSHIHS
MR E RS RE SN o 7205, ORI, WA
ATV B AR DO HEAGIR (source) & 72 B MR HY
DAL nzond Ltk v, FHERMTH TS
PRI & o TR R I ERF AR 2R A 2 ] RE:
5.

—Ji, 3% 4 TOHEMKIEL TV D EDMOREIZAE
B Y AT VA MPHREMREY 22T Y 2 MHFE 0
DTE VI EEZONSL, XYY 434 VIFER
(2004) ASFEARD S MM F TIRWHIPAITIREL TV D0
THERBT Y 225 ) A N TH L0, FICHNREREETS
CERELTVLIDOTHEMEY 225D A MTlERwhE
EZbNb.

WEFHIRMARE T AV REKRTIE, £+ 70vF% e
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FIILY, 7aVYeIFTILYO2MMPESLET S
A% v (Table 1). 20 2 FIZSEATHIZE TIABH T
% (RIS, bR & S (Tshitani ef al. 2003, &)1

5 2008), A4 (1996) EHEMEY 247V A M EEZ
TWb. HoT, T RNICHRESINLETHD L
ERZOND, IVFTIIYYLT I TILYEHMMEY =
FFYAMEEZSLNTWDD (Ishitani ef al. 2003),
AR CIE F bk & 7 7~ AR DER
EInicboo, ERFRMKTIIRES N G720 C
TEARTE DS T R A L 72 R T E R 7200
. SO TIIATEOAEBEEMOW D F T4
L7t R 0 IEH S 2 TIE 2.

Fujita et al. (2008) 134+ TI A v /MMM E L
T\ 575, Ishitani ef al. (2003) EAFE % ARG Y ~
ATV ANEGHEL, BA (2012) 13AFE D)= B
Ve CTREER S N DA EA %L < (A%, 1996 ; Yano et
al, 1989 : Yahiro er al, 1992 : 2 - 3 3£, 2009, 2010),
MERMD & ) BRI REEOECHEREREE TSI N
AR EILEE % { w2 & (Yahiro et al, 1990 ; A4,
1996 5 4+ &, 2005 ; #A 7, 2005, 2008a) % L Hi (2,
TR CTH 2 0HBMICH LCBATIHETIE RV H
EHE L T b, SHoOHFATIE, AEZTXTOHRA
XTRESNTWDEZ 05, MREVESETEBDT g
BHTHLIENIPNZD. THIYREKRTE LI
ZLRESN TV D0, BEALEORWEREZIfte 720
b L,

FTRTCOMEX TRE SN, Z OB IHRE 7 E
BRONGEWZy AT RAFHTILY, AVTFH I3
AYVO2HIZBLT, A (2009) d=v Iy xF7
TIATE [HEKHECEREOR] L ERL, A%
(1996) 1Z A Y7 F T3 A ZMNNEA S FM T TIRIA
WERBITHREINLZ EMELTVE. 20X kK E
FoZ o2z BRICL2FROEEEZZITICSWHET
hrrEZLNL.

3. WHoERL 54 SR RORSE

AR ZAT ) BHFH R TIIA T 2 VR RS
WZ EPIREN, BEIRAKTORRES N LR EH
PR CIFICE CIRE SN I FAEL TV LT EH
5, BRI X AHIEI Y A VRIS MR O,
FOBEMIIE AL L 2 WEBH AR 2 o4 B %
WEEICT A2 LD L N E oz WIITHIERIC O ARE
BLTOWTEAFHIKMRICAER L T anWiliid Ik w
ZEns, HMEARICBUT S 4 A 2B BN B
HICHRTEFTH D L VR ED, WEKITRTo4%
WOFBRZIPONTWS LIV W, FEE KL T,
THIYMERIEIY T ALY, FFTIATD2
FHIC & o ThFd 2 AR BBRBECH 2 WHREMEA VR S, i)
EHRTH > THZOBBENIABIITFETH 5 FEIAEAET
LT ENEZOLND. A (2009) &, WEHRL EEHIX

DHERMOFTENIED &, WEMRIZA SN VA 24
T 3 A ¥ Trigonotoma lewisii Bates & ¥ 1+ A+ 7T
3 A ¥ Pterostichus takaosanus Habu (X & kD A XY ¥
YA MTEZWRLHEN L TS, RFAETIZREMKIZ
COE) RIS NG h o 72h%, AR 355
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