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Recovery of plant community dominated by Miscanthus sinensis after deer exclosure in

Ashiu Research Forest
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Heavy grazing by Japanese sika deer (Cervus nippon) has caused alteration of grasslands in various places over Japan in
recent years. Grassland community dominated by Miscanthus sinensis near Choji Valley Station, Ashiu Research Forest has
disappeared since 2007 due to grazing by sika deer. To examine recovery process of grassland community by exclosure, we
studied changes in diversity and biomass one to three years after fencing by vegetation census and harvest. Since one year
after fencing, diversities of species and functional groups classified by functional traits were higher inside the exclosure
than the outside, and species compositions were different clearly between inside and outside. Seventy seven species,
including species that were reported to have disappeared since 2003 around the research site, were found inside the
exclosure. Two years after fencing, vegetation height, cover, and biomass increased to the level of M. sinensis grasslands in
Japan. The quick recovery of the grassland in terms of diversity and biomass may be due to early fencing just after the
disappearance of M. sinensis grassland. Inside the exclosure, tall plants such as M. sinensis, Lysimachia clethroides, shrub
and small trees species dominated resulting in the exclusion of some short branching forbs, and inhibition of tree
recruitment. These results suggest that M. sinensis grassland will continue to dominate and that plant diversity will
decrease. Plant community outside the exclosure shifted toward a simpler community dominated by an unpalatable species,
Juncus effusus var. decipiens and a branching annual forb, Centipeda minima.
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¥ A FORAREIEINC X 2 W T O U 23k T4 H
THEE 5> TWh, HRIZBWTH =K ¥V F Cervus
nippon (LLF ¥ 41) 12X BHEWIEE DL AR DOZE
LSS D FEMRAERER CTHE S Tw b (Takatsuki,
2009) . HEEOEACIZEIWAMH, REAHZz oo
WHEAND B L HH - M8, 2002), WENGER, 138
BRECRIT I SRR R4 B % 33 (HH -
/45 2002; Bardgett and Wardle, 2003), & 5 1Z3E4E
&, FHIZBWTS VA OMENT X HHAETLRDAE LT
WAL NI TE (MARARRHERS,
2011) . HIFFEOEACIZHE W H AR O FHTE R X84 L
(g, 2003), AR OAEFEE L TEEEN ST
TWAHZ NS UMIG,2007), PAICXDILELA-E
HAEAE DEIEHEE 2> TL A TH A 9o

PIREME DRLIE N, o 71 OIREDHWRERE 125 R 5 8
WS 2ICL, WMYEEEZNES L7090, FR7%FE
T# % (Rooney and Waller, 2003) s HARTIZHMAIZB W
THBEMZ w2 EsiTbh T& 2 (8l 213,
Nomiya et al., 2003; Kumar, et al., 2006), HHi & AT
MR T B EARED UGS II R 2 b e Z 2 6N 5
CE - &0, 2008) o 54t T DBl BEAT % & B R & T
BY (13, 1989; Takatsuki and Ito, 2009), HEWHELED
[BIE BRI S 22 Tld v,

FUER R 2 AR ZEAR TUE, 2000 4EARHET A S ¥ h 1S
XL HMTRAEADTRS SN S L9127 (Kato
and Okuyama, 2004) . RIGHMEE/NERRI TIE A A F
Miscanthus sinensis D355 3 2 FAREE HY 2006 £k
THOL L TWw7z2s (1A, 1B), 2007 4E 12 3B L,
2008 FEICAAF OB RSN L otz (M1C0), H
AWFFERRIE 2008 4F 7 A B REME %2 3% L (K 1D), #
O IEREFAED 20094 6 H (KM1E) 25 2011 4F 6
R CHARE L1772 > 720 RUIZEOHIIE, BilEMto
XS & 5 A A F 2 o [IALIRDL & Wi O 2 Fkik B L O
BHFROE 2 SHEMNITTH I L TH S, 2007 4 LLAT
DR ZRTERD 2 VW20, Mo X 2 5 & b
i U LRI % M L 720

YL OTR - MEBRELHFT 29 2T, o
RETEEICEH T 5 DI3A%TH 5 (Diaz et al., 2001;
Cornelissen et al., 2003), —#MICREFFLIEIC & 5 R
HIIZERID—EREZ, BLOFWEE L D Il
7, BURIRHAEROM L ) oA, FEileayy
MO Z BN & (Diaz et al., 2007), ¥ 5
M =2 FL 2 O I8 & BRI LI\ EBIfR S 5 & & %h
o TETWS (Eviu et al., 2009), X 5 IZHEREILE I
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2. 1. AEH#

WK 7 14—V RSB v & — Rk
O FIREE/NERTB#L (35°20'N, 135°45°E) I2TAT»
720 BEEIZ 640 m Th 5o FATH L DK 100 m #fE 7z
BB EE/NE TOEFEY R 11.5C, EFEHREKRE
1% 2821 mm, FERAEBFFEIZ2~3mTHDL (LS,
1989), JEPHIZ A F Cryptomeria japonica ° 7 F Fagus
crenata & £ & T B SHARZEHRICHEN TV 5,
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AHIZBVTH 20 m X 40 m OFAX % 2 1 B
LCREL, HHICF ATy ry MRIOEM (bl
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ALK & U7z (X 2)o M R o fill iy 4 o> Fii A Bk %2
HAARITIE, M & ML CHRE 2 23 A S e b o 72 (8
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TWOBZEEIIRE o7 FEED #5),

MM EMPAXICKEEX Gm x 5m) & 323D
HELZ (M2 BERITEEXD LD 3ODTEIX (1
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72, MHYIH X (0.5 m X 1m) %KKFBXITHN
XT329D, MK T1oF0%kF, AHEYFHEL
1To 72

AL, TR EROREE (%), #EEEB X
OB L 7= &S OB (%) Zi~<7z. BEEIZH MR
TRD, 1%BRWBDOD DI 1% & LTicsk L7z MM
LHEMMOFEHEEZZRE L, A 200946 A 15 H,
8H12H, 10 H20H, 201048 H 15 H, 10 H 4 H,
2011 4E 6 H 12 HIZAT» 720

ALY HL Y F3A 1% 2010 42 10 H 4 HIZAT - 720 A D ELD
KMNIZEZ TV BT XTOEFMEY 2 HPE T ) ID,
FEZEITER L, 70C T 72 BRIz EE, T i dllw L7z,

WMy o%20%, A5 (1981, 1982a, b, 19992, b), A
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1 FANZERRIE RIS NETT O IZ B 2 HAE O L, (A, B) 20064 11 H 1 HIZBIF 2 FBRAT O A A FHE (et
PeHIN), (C, D) Y HORAEICK > TRESNRA (B % 5% L 722008 4E 7 H 10 H) (F&4k © = AwFgedk), (E)
2009 4 6 H 15 HIZ BT 2 MNILOBARET, (F) 2009 4F 10 A 20 HICB T 2 MNO 2 A3 8%, (G) 2010457 H 18 HIZBIUF
% (A) EFLED S HLMNO A A FREE, (H) 2010 42 7 4 18 HIZ BT 2 SO FAR %,
Fig. 1. Changes in grassland community at the study site in Chyoji valley, Ashiu Research Forest. (A, B) Grassland dominated by
Miscanthus sinensis on 1, November, 2006 (photographs taken by Mr. Manabu Kajita), (C, D) altered plant community by grazing of sika
deer on 10, July, 2008, the day when the exclosure was established (photographs taken by a staff of Ashiu Research Forest), (E) plant
community outside and inside the exclosure on 15, June, 2009, (F) grassland dominated M. sinensis on 20, October, 2009 inside the
exclosure, (G) grassland dominated M. sinensis inside the exclosure on 18, July, 2010 (photograph was taken at the same location as (A)),
(H) plant community outside the exclosure on 18, July, 2010.
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Fig. 2. Layout of control and exclosure plot. Vegetation censuses
were conducted at 9 quadrates in each treatment (inside and
outside the exclosure). Harvest of above ground vegetation was
conducted in 9 and 3 plots at inside and outside, respectively.

form (—F4 (BERELZ &), Z484), AEFR growth
form (2¥v &, #&, 45k &4, 25, B (K
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DHRELETN, MEMREETLVET IV E]IEKL,
THERHZ &L 7 IVET VO AIC Db /NE o7
G, MORRIVEI Lo TRRBLEZZONL720, L
LS DODETIVITMA, N THRAEZAL D % M THRE
AL DB LT HET N, W TRAEZILD D ) st
TRAEZAN 2 VWETLETNVEZIEKL, kD AICO
INEVET N EFRINL 72, Dk, TXTOMMTIZR2.11.1
(R Development Core Team, 2010) % fH 7z,
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B 1EROPE, 201048, 10 HBXU20114E£6 HD
ORI 2 - SEHROHEL LT, ML
T HMORR & FRAEEAL % AT L 72,

L MO L LT, £LEXOHE, Shannon-
Wiener O£ #RETRM H’, HEERB] 2D FoXT
K7z,
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J'=H/InS
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(Fukami et al., 2005), AiG8 A, AFRE X OHENER
WD E Ward 32 VT 9 25 =i 241\, 75
A =70 OB X OCEWEN e Z L HIcHED X
D2 5 A% —%EREREE L7z (1. KHRREREIC
BT AHOBEOAFHEE FERD, HiEHOBE
H, J #ko7z,

TR, PRREREEL SRREEIREL WSEEEIREUIH T S A
DRME L CREZALZRET T 5720, LMM & fv 7z,
Mo EBICINSOTEIEHZFEMEE L,
HEX%ES FARE Lo 2hE 7 VEFLVE LT,
RHENERHEEERVET N, MOFEOAEGELET I,
FORGELETIN, BENREZERVETVERKL
726 ZNVETIND AIC I D/NE Do 72848, Moz
RO I > TER D LEZ BN 20, L5 DDE
FOAZIA, 1AEBMN, 1AEBML, 2-3 %N, 2-
SEBMAD 4B D S B, 2 ODMBHF—& LT3
DDV —=TIHT 56 DA DLEDETIV
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ME—ELT2O007NV—=FI25F5ET Ve biEL
B3 AIC D/NSWVETIL% BV 72,

TR B & OFERERE DMK ISHT 5 2 MR B L O%E
AELAL % 3§ % 729, Hellinger 2842 U 72 &A% o> 4k i
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2001) o
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RS A AR, PBEANC

X o THEEDBEI (positive) b L < 1&iKA (negative) L 7-Fi%L, 3 X VK EERERE O FI9WEIE
Table 1. Functional group according to life history form, life form and growth form, the number of species in each group, the number of
species that increased (positive) or decreased (negative) in the cover by fencing, and mean cover of each functional group.

Number of Mean cover (%)
. Lif Number of species species responded . .
Functional histoery Life form Growth form b i to exclospure Inside Outside
group form Inside Outside .. .

only  only Shared Total Positive Negative ly 23y ly 23y

1 Annual Forb Branching 1 2 5 8 1 2 302 79 14.8 32.7
Annual Forb Erect 0 1 1 2 1 0 1.6 04 0.4 0

3 Annual Graminoid, Stoloniferous, 5 1 8 2 0 124 2.1 0 08

legume tussock,
branching,
liana
4 Perennial Forb Branching, 2 2 8 12 4 1 43.1 28.8 73 5.8
rosette, liana

5 Perennial Woody vine Liana 3 1 2 6 1 1 46 3.2 02 1.0

6 Perennial ~ Graminoid Tussock 4 2 8 14 3 107.8 80.6 220 39.7

7 Perennial Forb, shrub, Stoloniferous 4 1 2 7 4 0 248 12.6 49 1.6

legume,
graminoid,
fern

8 Perennial Forb Erect 9 2 6 17 2 1 42.7 51.1 94 5.1

9 Perennial Fern, legume Erect 2 1 2 5 1 0 6.1 4.7 1.3 1.0
10 Perennial Shrub Erect 3 1 2 6 1 0 32 31 0.1 0.8
11 Perennial Tree Erect 3 6 4 13 0 2 11.3 144 1.8 26

Total 36 21 41 98 20 11

WD HE (7 — 24 Y EHR) OEE tREx
HWTHR, FLBHOBE (7T—2 %4 VEH) o
RAEZAL % paired t REZ W THR, AEEICID
REENR R D720, AEAMOBEEZEZEL T, Mk
BIEBZD L2 3EBITFBED 5% Lol
KRR L 720

MASN OB & D 7% ¢ g & v T 7z,

3. #&R

3. 1. fEW=

6 HE 8 HIZOoWTIIF MR 1 4 5%MN, 14F%
HtAL, 2 - SAERBMEN, 2 - 3AEBMAL DR DOV
SRHEWICEL L ETHTIVETFTIVA, 10 HiIZowT
M NS CREBEER AT 72 D) AEIL O BRI IR D REAEZ LA
HDHETDLETIHARINE N2 (K 2) . N ORIBEE,
MR 1 aEHD 6 Ao —H LT, iHIHKE» -
72 (K 1E, 1F, 1G, 1H, 3A). MN® 8 H &£ 10 H»
i 1 AEBRD S ED o 72D L, Mt okigR1
WINOFHMERE DS ORER & & ML Tw
72o 24EF2 10 A ORERESRIIMIN 93 = 8 % (¥ + FLile
fR#), M7 49 = 28 % TH - 72,

3. 2. ¥EE
6 HOBEBIZOWTIZZVETFT LA, §HE 10 HD

BRSO W TP BN AL TR 72 ) A O A FRAEZEAL
BdHbETHEFTUNPBIREN: (F2), MEKE 14
#BoO6 A6 —HLT, MANOEESIZMIIHERE
ho7z (K 3B). MNOBEERIZ VT LOFH Mtk E
LAERICHAN2 - 34ERIIE Ao 20xh L, Hitsto B
HEIE 6 HZREBAESAR SN Doz 24 10
H OB I T 182 = 56 cm (CFE3 = MR 7)),
ML 39 £ 11 em TH - 72,

3. 3. BHIURBEED SN

AR T 9 MDA & 1, MM BIEEEUIMN T 77 T,
M Ce2H7Z 572 (1, 3)o MNOARR S N2FEIE
61T, MtOARRON-FIZ 21 TH -7 RiGH
WAL OB BT 1986 412 H 541 2003 FFI2H S
NhholzAAF, IEFX Artemisia princeps, 7 TN
F ¥ ¥+ 3 ¥ Rabdosia trichocarpa, 4 % F') Reynoutria
japonica, * 51 N T ) % Lysimachia clethroides (Kato
and Okuyama, 2004) 2SHE¢E 1 EE2OMNTH SR
7o (7272L3EXFEA4 7 FUIWNES (2009 12&-T
2003 ~ 2004 4F I H AR THER S LTV S) . 5
Jff > RDB (U # HF £ 1] BR e S B A W 3R, 2002) 483
FEDINT A F I Rubus illecebrosus H3MN TR 5 L7z,

FIER OB A MANNTHIRT % &, 1 FEMIE D82
SEHBMARCHNE R LD ETLHETVPERINT
(F4)o MEIIMBLE 1 FZ IS L D L2005
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2 (a) W (7—29 A V&) BLO (b) HESICBTAHBRATTIVOME,

DT BEEMPN ; O: AL ; 10 MHEEE 1 4E7% ; 2-3: MikiE 2 - 3 5%, MO A M (excolsure), 4 (year), Ht&FEDIHAM (exclosure X
year) ZEL7VETIVE, TNHBEMNEO—HOAEELETFTVIINZ, WNOARELLEIDHLLTHETIV] (1, 123) , 01,
023], BLUHMNOARRIELZLALDH S LT 5HETIVILL 123, (01,023) 1 D)5 AICD/NEDo2ETIVERT Id AICEAVINE
WEFNVEBRIRL, TV 5 ATIIRL TV ARV,

Table 2. Summary of linear mixed effect model (LMM) for (a) vegetation cover (arcsine transformed) and (b) height.

U T: inside the exclosure; O: outside the exclosure; 1: 1 year after fencing; 2-3: 2-3 years after fencing. Full model with exclosure, year and
the interaction between exclosure and year (exclosure X year) as fixed effects was compared to reduced models, the model assuming
yearly change only outside the exclosure [(I1, 12-3), O1, 02-3], and the model assuming yearly change only inside the exclosure [I1, 12-3,
(01, 02-3)]. For the latter two models, only the model with smaller AIC value is shown. The model with lowest AIC value was selected.
Random effects are not shown.

Fixed effect of candidate model !’ Df AIC
(a) Cover
(i) June
Exclosure + year + exclosure X year 6 -2.0
I1, 12-3, (01, 02-3) 5 5.6
Exclosure 4 16.8
Exclosure + year 5 18.2
Year 4 47.2
(i) August
Exclosure + year + exclosure X year 6 -30.8
(I1, 12-3), 01, 02-3 5 -29.6
Exclosure + year 5 -16.3
Exclosure 4 -15.7
Year 4 30.4
(iii) October
(I1, 12-3), 01, 02-3 5 2.5
Exclosure + year + exclosure X year 6 4.2
Exclosure + year 5 7.6
Exclosure 4 7.9
Year 4 36.2
(b) Height
(i) June
Exclosure + year + exclosure X year 6 293.9
I1, 12-3, (01, 02-3) 5 294.8
Exclosure + year 5 296.3
Exclosure 4 308.7
Year 4 324.1
(i) August
I1, 12-3, (01, 02-3) 5 335.0
Exclosure + year + exclosure X year 6 336.4
Exclosure + year 5 346.1
Exclosure 4 354.4
Year 4 367.2
(iii) October
I1, 12-3, (01, 02-3) 5 362.3
Exclosure + year + exclosure X year 6 363.2
Exclosure + year 5 370.8
Exclosure 4 379.8
Year 4 392.7
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Fig. 3. Yearly changes in (A) vegetation cover and (B) height inside and outside the exclosure. 1 y: 1 year after fencing, 2 y: 2 years after, 3

y: 3 years after. Different letters indicate difference between years and treatments for each season based on linear mixed models (Table 2).

Error bar indicate standard deviation.

e, 2-3EBRICIEIENALN L o7 (K4A, 1
EHRMAE : 17.8 = 29 F- m? (P = EEHRA), 145E#
HEN @ 26.2 £ 3.9, 2 34EBAMAL 1 24.7+38, 2+ 34
HEPY 26,0 = 3.3)0 35 JIZDOWTIE, 14ERICHEN
LN TEDS L, IS E 2 SERMNB L2 3
BN H R 5 L T2 ETFVARIRS N (&
4o WEETIZTHERE N2 3EBICMASE DI
BKTFL, JFICAcRE ST LA (K40) . ZHEEESR
MH 12owTid, FE—EOMNEMNTREZY, HN
e BITRRAEZAL D ), 1EBMILE 2 - 3EBMN
LIRENRLEVETEETFTNRIRSNS (£, 8
BEFRELH W ZIAE L AL L D DL, T4AERIC
R 2 - SAERIIMAIE BITKT L7 (4B, 14
HEAE:2.3 £ 0.2 CF¥ £ FEHER ), 1 AERMN2.7+0.2,
2 - 34RO 1 1.9 = 0.3, 2 - 34ERMEN 1 24+0.2),
HEPIAL & DT RTOREREREDSHL S /228, Mt o A
RONMD ) BENVROLEALIEEAR (FRAERES)
MROME DL MDA RS NHD 9 b AR (F
RERE 1) OFEAN6HERLE D7 (£ 1),
BEEHE O BE 120w, MRV CERD Y, Mt
DA THRAEEALD DB LT HEFUIRIENS (£ 4),
BERERE D Z RIS H 13, A —4E DM & Mty C R 7%
0, HPISLE DICEREZRIEE D D, 1ERMILE 23

EBMA L ZED Ve T BT VPRIRE Nz, Bk
HOBSEEJIZOoWTIE, 1EZOMPN &M CTEN R
{, INBE 2. JFEBMANB L2 - 3EBMIIAE N
8% DETHETVINERS N MNP EL D B
BEREBE OB E S, b LRWEENE N o720, ik
HOLHERBH SMANPMALD bE»r-72 (K
4D, 4E, 4F), F 72 1IN 2 - 3ER MM &
DICHRE ORI H MET L7 (K4E),

3. 4. EBHIUREEEE DMK

MNTIZAAFOHEE RS E L LFEHK 367
23.0% (P¥y = B A, 234 1% 1417245 %),
WRWTHA NT 2, Va2 XA Carex ischnostachya,
N3 #1773 Hedyotis lindleyana var. hirsuta, X 71 7R
YARAIV Viola
A1 % 2N X Oxalis corniculata, ¥ =7V ¥
Weigela hortensis, N7 % X Houttuynia cordata,
v F2°1) Potentilla freyniana DWENEh 72 (F3),
WHLTIE N 3> VY Centipeda minima D L & A 74
Juncus effusus var. decipiens DY EN D> 726

FEALE D ER T AT DOAER, H—ERGB I OHE_F
J 513 T IX T OFE L D3\ 39.9% & 9.5% % Eh
FNBH L 720 N EMIMEIEIC Db & 38— Tk

Agrostis clavata subsp. matsumurae,
verecunda,
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#4 (a) HOZHEB LD (b) HEROSERIEICB T 2HIBREGE TV ORE,

DT BEEMPY, O: Mok, 1: HERRIE 1 4Ef%, 2-3: MERkiE 2 - 3 4Ef. MO A M (excolsure), 4 (year), #f&FEDRHEAMEM (exclosure X
year) ZEL 7 IVETFTIVE, TNLEEMEO—HOAEELETVITIMZ, 408 (11, 01, 123, 023) ®HH22oH L3>
OO — L T2 1L BY DEFAMHTTIVETFTIVED S AIC /NS o BTV ERT, BlZIE, 01, (023,11, 12-3) it
Ol DRYREDMD SO R E R L L) ETNEEKT, D AICHAIVNEIVETVE RN L/ze 7V FATIIRL TRV,
Table 4. Summary of linear mixed effect model (LMM) for (a) species diversity and (b) functional group diversity.

1) T: inside the exclosure, O: outside the exclosure, 1: 1 year after fencing, 2-3: 2-3 years after fencing. Full model with exclosure, year and
the interaction between exclosure and year (exclosure X year) was compared to reduced models and 11 different models assuming either 2
or 3 out of 4 treatments (I1, O1, 12-3, 02-3) having the same effects on diversity. For the latter 11 models, only models with smaller AIC
value than the full model are shown. For example, O1, (02-3, 11, 12-3) is the model assuming that the effect of treatment O1 on diversity is
different from other three treatments. The model with lowest AIC value was selected. Random effects are not shown.

Fixed effect of candidate model V Df AIC
(a) Species diversity
(i) Richness

01, (02-3,11, 12-3) 4 194.2
11, 12-3), 01, 02-3 5 195.2
Exclosure + year + exclosure X year 6 197.1
Exclosure + year 5 206.6
Exclosure 4 211.3
Year 4 215.6
(ii) Shannon-Wiener's H'
11, (12-3,01), 02-3 5 0.4
Exclosure + year + exclosure X year 6 14
Exclosure + year 5 1.8
Year 4 17.0
Exclosure 4 19.9
(iii) Evenness J
(11, 01), 12-3, 02-3 5 98.9
Exclosure + year + exclosure X year 6 97.2
Exclosure + year 5 -84.9
Year 4 -73.9
Exclosure 4 -55.3
(b) Functional group diversity
(i) Richness
11, 12-3), 01, 02-3 5 97.1
Exclosure + year + exclosure X year 6 98.9
Exclosure + year 5 106.8
Exclosure 4 109.5
Year 4 116.7
(ii) Shannon-Wiener's H'
11, (12-3,01), 02-3 5 -17.7
Exclosure + year + exclosure X year 6 -16.2
Exclosure + year 5 -15.7
Year 4 8.2
Exclosure 4 4.1
(iii) Evenness J
(11, 01), 12-3, 02-3 5 -79.6
Exclosure + year + exclosure X year 6 -77.6
Exclosure + year 5 -70.3
Year 4 -69.0
Exclosure 4 -55.7
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4 MN (D) BIXOHHE (0) 2B AHRE 14EE Qy) BX02-34E8 23y) oLt omEv, (A) F%, (B) Shannon-
Wiener OZ MR H', (C) ¥WEERE), (D) #HiEHo&E S, (E) e o Shannon-Wiener DL R H, (F) e
TEDOERARE o a, b, ¢, ARG ET NV (4 [ZEIMANB L OEMOBECEIRT, L7 —N—3EEREEZRT,

Fig. 4. Difference in diversity between inside (I) and outside (O) the exclosure 1 year (1 y) and 2 to 3 years (2-3 y) after fencing. (A)

Species richness, (B) Shannon-Wiener's diversity index H’, (C) evenness J, (D) richness in functional groups, (E) Shannon-Wiener's

diversity index H’ for functional groups, (F) evenness J for functional groups. Different letters indicate difference between years and

treatments based on linear mixed models (Table 4). Error bar indicate standard deviation.

B X > TG N7z, E—FWAoEAAF, +
H T A, Va2 AR O L IEOMHBDH D
FEr b LIRS Z S olEE AOMBERED - 7272
O, MAEAAER, FH T 7F, V22T O
P, MME F R Vo b LA Y oD
W TR SN (RI5A). 2+ 34EHKIE14E
%L 0 HE—FHSHE RN TIE 1 DR EX % B
THIML, MATIZRA L, NS OREHLER 0 &\ A3k
RKL7

PR O ER GO OFE R, H—FWSB L UE
TERGIHFEXE OEREREALK O E VD 42.0% &
20.0% % T NENFHP L 720 1VERITMP DR 5
RE—FEWGBEBEHEIDD Y, 2 - 3ERITHN
EMIMEEE TR & o T, ARRERERDR 0w
HER L7z (K 5B)o 85— F a0l 0B A — 45 AR 5 3
B (BRRERE 1) O IBEEE & SR oM BIAS, 1EA7
RIZAEA L TERAR (BERERE 8) LB WIEDOMBN D - 72
s, MM ST — A AR R BE R O AR 4 B A
<, MR ST TR 2 AR AR A B R O AH G I B BE A i
Z & TR bz,

3. 5 MEMOZEDHEANDIIR

MO X 20 OB IEICIEORESDH Y, Zhbidm
AREZ B T RTOBBEROVWTAPIBE L Twis (&
1, 3) : A VT /%, 797 aAF I Rubus parvifolius,
R ¥ ) Clematis apiifolia, ¥ > L/ 21 Setaria
glauca, </ T ¥ 5 ¥ Ranunculus japonicus, 7 N X7
% Hydrocotyle sibthorpioides, AAF, Va2 XAY, Ny
AT, IRAIV, HF¥INI, Microstegium spp., I
Y INKT T Galium trachyspermum, X /N7F 7V, F
TYY Isachne globosa, & * 3% Thelypteris palustris, T
* A4 A XV Viola hondoensis, 7 4 A% Carex breviculmis,
77 ¥ Deutzia crenata, 1 X ¥ 7 Persicaria longisetao — 7,
1 FEOBEIIEORRD D - 72 #EAERL L A A FE
WEARD X HKR, 4 7%, ©RxXT7 T Cyperus brevifolius
var. leiolepis V< A A X J ¥ L. Luzula multiflora, 5k%
W— R NBERARD /) I ) 7 A< Stellaria alsine var.
undulata ° ¥ >V, u¥y MNILELLEREARD Y
VR Scilla scilloides, 2 5B KA Y V7 T4 4
Hydrangea petiolaris, TEIZEEILIER RO H 5 AL
% 7 Pinellia ternata, SARMED T )T 1 LT Acer
rufinerve ° X X A Betula grossa. ZDH) HXKREA T
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FHEPREP SN 6 HOAFRL TV 5, (B) OERIOBOFT IR ZRT (F13H),

Fig. 5. Correlation biplot of principal component analysis (PCA) for (A) species composition and (B) functional group composition. In (A),

only 6 species with highest contribution to the first and second PCA axes are shown. In (B), numbers beside arrows are functional groups

(see Table 1).
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3. 7. WEHNEREE

M Db BRI O 4.4 55 & K & 52 72 (i
M FE ¥ 680 g m2, HEALF 3 155 ¢ m?, P < 0.005,
6A) HERED I BEAZXFHNED L HEIIMANDIT ) A3
WA & D RED o7 (N 37%, MHHHF 0.4%,
P <0004, ®6B)o AAM (FAD L XA 255
B 5 EE DMNAMAL L D E DS > 72 (P<0.07)0
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4, EE
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D% 9 AP TIE 98%, 10 H A Tld 86% 1A L (U
- 5 H, 1969), RBFERETFOR R F R TIIAIESS
bEo BRI ICRRERY, 10HICZ
D 90 ~ 98% & I L 7> (Yazaki et al., 2004) 7280 Tdh 5,
4IPS T S 7z EER B = 680g - m? (& H A4
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Fig. 6. Biomass of plants inside and outside the exclosure in October of two years after fencing. (A) Above ground biomass, (B) proportion
of each species’ biomass to the total biomass averaged between harvest plots. Error bar indicate standard deviation.
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Appendix. Plant species recorded inside and outside the exclosure at a preliminary survey in December, 2008 (5 months after fencing).

Scientific name Japanese name Family Outside Inside
Miscanthus sinensis Susuki Poaceae +
Panicum bisulcatum Nukakibi Poaceae +
Deutzia crenata Utsugi Saxifragaceae +
Patrinia villosa Otokoesi Valerianaceae +
Trifolium repens Sirotsumekusa Leguminosae +
Lonicera japonica Suikazura Caprifoliaceae +
Labiatae sp. Labiatae +
Clematis apiifolia Botanzuru Ranunculaceae +
Galium trachyspermum Yotsubamugura Rubiaceae +
Artemisia princeps Yomogi Compositae +
Poaceae spl. Poaceae +
Juncus effusus var. decipiens Igusa Juncaceae + +
Carex ischnostachya Zyuzusuge Cyperaceae + +
Hypericum sp. Guttiferae + +
Oxalis corniculata Katabami Oxalidaceae + +
Lysimachia japonica Konasubi Primulaceae + +
Viola sp. Violaceae + +
Stellaria alsine var. undulata Nominohusuma Caryophyllaceae + +
Potentilla freyniana Mitsubatsuchiguri Rosaceae + +
Poaceae sp2. Poaceae + +
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