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Abstract

In last two decades, population density of sika deer (Cervus nippon) has been
increasing in many forests all over Japan, and the alteration of vegetation caused by the
increasing browsing pressure has become a serious problem. Large mammal herbivores affect
the abundance and activity of soil organisms through altering the quantity and quality of organic
matter input from aboveground system and consequently affect nitrogen (N) mineralization rate
which often regulates primary productivity. However, how the effects of mammal herbivore in
forest, such as deer, on soil ecosystems change with their population density or browsing
intensity is unknown.

Many studies have shown that N mineralization is closely linked with the dynamics of
soil micro-foodweb (mainly consisting of microorganisms and microfauna with short turnover
rate). And they also pointed out that labile soluble organic matter release from root (root
exudation) enhances N mineralization by stimulating micro-foodweb in rhizosphere soil.
Although the alteration of root exudation is considered as one of the important pathways
through which mammal herbivores affect the structure and functioning of soil ecosystem in
grassland, the effects of herbivory intensity and herbivory of browsing mammals in forest floor
on soil ecosystems through changing root exudation is largely undetermined.

The objective of this study is to reveal the effects of density change of sika deer on
structure and functioning of soil ecosystem in forests. The short-term effects of herbivory on N
mineralization which were considered to be caused by the change in root exudation shortly after

defoliation were especially focused on.

Chapter 2  Soil investigation in the experimental deer introducing site

Soil micro-foodweb structure and N mineralization rate in soil were determined in the



experimental deer introducing site of Forestry and Forest Products Research Institute (FFPRI) to
reveal the relationships between sika deer density and the effects of deer on the structure and
function of soil ecosystem. Although aboveground litter input from understory dwarf bamboo
(Sasa nipponica) vegetation was considered to decrease by deer introduction in both of the
low-density enclosure (4 deer km™) and high-density enclosure (16 deer km™), bacterial and
fungal biomass and fungal feeding nematodes abundance decreased due to deer only in the
low-density site. In both sites, N mineralization was not affected by introduction of deer. The
potential negative effects of the decrease of aboveground litter fall of dwarf bamboo may be
cancelled out by dung and urine deposition or the modification of quality and quantity of plant

litter input from tree layer or belowground part of bamboo.

Chapter 3 Sasa nipponica defoliation experiment

Defoliation experiment with forest floor vegetation of S. nipponica was conducted to
investigate the effects of browsing intensity on S. nipponica vegetation (3-1) and short-term
effects of browsing intensity on the structure and function of soil ecosystem (3-2, 3-3).
Defoliation was performed to realistically simulate sika deer browsing in each season.

The year-round simulated browsing had large impacts on aboveground biomass of S.
nipponica differing with the intensity of biomass removal, although simulated browsing did not
caused the increase of branching of S. nipponica which often observed in high-density deer
habitats (3-1). It was suggested that low intensity of browsing increases aboveground biomass.
The decreasing rate of leaf mass with increasing intensity of simulated browsing was slower
than that of culm mass. When browsing pressure is low, S. nipponica in forest floor may
maintain primary production and ecosystem functions by reducing the size of aboveground part
and maintaining leaf mass.

In summer, the simulated browsing of S. nipponica had significant and complicated



short-term effects on soil micro-foodweb structure and N mineralization (3-2). The biomass of
protozoa, the abundance of bacterivorous nematode of family Plectidae and N mineralization
rate showed unimodal responses to defoliation intensity. These results suggest that root
exudation had also responded in unimodal pattern shortly after the last defoliation event. As N
concentration of new leaves of S. nipponica did not show a corresponding trend with N
mineralization, the evidence suggesting that weak browsing has supportive effects on browsed
plant regrowth through enhancing nutrient supply from soil was not obtained.

In winter and spring, the simulated browsing of S. nipponica had no significant
short-term effects on N mineralization in soil (3-3). These results may be due to the lack of large

response of root exudation to simulated browsing in those seasons.

Chapter 4 Labile C amendment experiment

Forest soil amended with glucose was incubated in laboratory to investigate whether
the supply of labile C source, such as root exudates, can enhance N mineralization in C-rich
forest soil. In the amended soil, much of the amended glucose was estimated to be consumed in
2 days, and inorganic N was decreased for 4 days after amendment but then kept on increasing
more rapidly than unamended soil. Nematodes increased exponentially for 7 days after
amendment and retain higher abundance than control soil throughout the experimental period.
These results suggest that labile C supply can cause rapid growth of microorganisms resulting in
N immobilization for several days, but also stimulate the release of the immobilized N by

microbivores afterward and as a result, enhance N mineralization even in C-rich forest soil.

Chapter 5 General discussion
A prediction of the change of understory vegetation of S. nipponica was conducted

on the basis of the results of chapter 3 by estimating the intensity of deer browsing from deer



density (5-1). The predicted values largely consisted with the observed values in the deer
introduced plots. This prediction can be improved by determining the response of S. nipponica
or other dwarf bamboo species to long-term browsing in further study.

The amount of root exudation of S. nipponica and the increase of it after defoliation
in summer were estimated (5-2). Because being much lower than the amount of C amended as
glucose in chapter 4, the estimated increase of C supply as exudates was considered to have no
effects on soil micro-foodweb. Because this result contradicted those of 3-2 and there may be
some problems in estimation, direct measurement of root exudation is needed to reveal whether
the effects of defoliation in summer were caused by the change in root exudation.

How the alteration of N mineralization rate by summer browsing suggested in 3-2
can affect N cycling in a real forest inhabited by deer was discussed (5-3). Whether deer
browsing enhance or deter N mineralization in soil was considered to closely link with the
browsing behavior of deer. Whether the changes in N mineralization rate by summer browsing
affect the regrowth of S. nipponica remained unclear. Therefore the impacts of the modification
of N mineralization rate by browsing may depend on the activity of N uptake of other plants or

the likeliness of N leaching from soil.
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TEFA MO, HAERR T, RALE RER OB ACE I K 2RO,
H AR AE IS B A R IE L CUv % (e.g. Husheer et al., 2003; Rooney and Waller, 2003;
Schiitz et al., 2003) . KM RET, WEENSKE <, [TEIHH G LRI LT, LiIXLE
BEWVBEREINEZ & o7, ARRBRIZOI o> THix e s, MEREKIFIL, £
HEORE SRR K SFFZEHIRYEHIF $ K &V (Persson, 2000; Rooney and Waller,
2003). £oT, BASNT, FEEBE LR ERIRN ARSI KITTR
BAEE L, WU R EHETIEERRT D 2 AN TH D (Weisberg and Bugmann, 2003) .
PRl ClE, 1 EEICARESE R, HTEHICEEEFRARET L. ZNETIOD
DOV T VAT KX, HRNIREESIND Z NS oToi, HIFEY 7 v AT AOsFEH
BEThH D AEMIL, # B 6 OMRITIAF L TR Y, — T THL LY 7 v 2T A0 Mk
T D —IWAEREIZIE, HTED D OEEE S OGN MLER IR TH L. Thbb,
Hu B & MR O WY T v AT AT, M A & LT EAREFRRICH D v 2k
NTE D, T, oM E—H Ty 7 v 27 AMOMEERICKE Z2BLOR TS
ND XY, BT Dk R ERBROHMRIZIVNT, W& O AEIEN 2 EE
THMEMERRHEND L 91> TETWS (Wardle et al., 2004) . FEiZ, EF5 10 4F
T E DRI, it EERICRIT DB T Y 7 L AT AITE 2 DI OV TS L O
JE/R STV D (Bardgett and Wardle, 2003) .
BB, BRI EoiREhAE U C, HEAMUHE SN A O L BEE(L
S, IOICTHEOYBREZHELT 5 2 & T, TEAREROME & HRRICER & ToifZE
A — VORI R Z KIEF L TW5D (K 1-1; Hobbs, 1996; Bardgett et al., 1998a;

Bardgett and Wardle, 2003) . 5712, UIX UIEHAERS —RAEEZBET S ERER E 72D,



THEOEERESR (N) &I 2 HAEROMBZNIRIL, REE2Z T MR O
FRES, TO%ROMMEROEBEBRICHEELRIFLS 5. Lol, HEENS HEARESR
IZRINETHEERRTHREDOL L, BHICB TS 7 LA P—RIERE (v, eV
L) OFBICETLLOTHY, HKCBIT L7 7 UV —RIEREK O h7E) O
BRI I, £, BERIOBEHAZE 2 5 LTI, HEROAEBEES
RRME L, THE~OREL OMGRERMRT D2 UNEND L0, FEFHSHALNCENT
AY/IAN

TR TOEEY O SR, B OB, BAEHOBE NLIERAIK TH 503,
TAEMTERIL LB D% L 2 H LONA F~ AREICHA L, W L 1isn K5
BiABMRICH D (Kaye and Hart, 1997) . JRAEW)CRE 7 & /N L) 18, 4D
EREACHAEL, SRS UCHRIET 5 2 LT, AR TICREE SNBSS
R FTREZR IR BB ISR T D& N R E WD EDRH S MZ S TWD  (Clarholm, 1985;
Ingham et al., 1985). F£7=, 1O EE~OGHMHIEORK & LTiX, V¥ —off
fa & F DT 0t ZZHONTE L DN SN TE IR, ITFEIZR - T, JSLEKRE
WD —TRN Gy 3 RIEDOE Y & U TR S LEICHIHG SN T D Z E AL Bk s
N5 X 927> TE 7= (Lynch and Whipps 1990). Z DARM b LS S5 545 il A H
¥ (rhizodeposition) IMAEMIZIEF IFIH LT WRFE (CO) JHTH LD, TOfHE
I, IRETES THAY ORREEEEZ RE <G, S O/ HEEIC X DWMEY
BEEETHZ LT, B0 N B ERICKE SEBL TW 2D ATEEMED & % (Paterson,
2003). FHITIE, EREBROEIIRN O OG5 MIEAEY OMEZ S 5 Z &5
n, FARBICLD HHO N SEEBREGREDEERREO—2>TH I LEX LT
% (Bardgett et al., 1998a; Bardgett and Wardle, 2003). X~ C, BEAENC L5 N ML
RE~DMIHEZN R A BfFES 5 72D121%, 13 micro-foodweb (=12 HHEMAEY), /)N 1
o7 s, RBEEROHOEYNE; Lavelle, 1997) OEhRE & N M LHEHE & O BIFR
RS HMENDD.
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IR AARBZEHICBNT, FZRMEOT 7 0P —RERETH D=4 (Cervus
nippon Temminck) DOEEELBEZ > TE Y, HAEIED EFHIC X DHEAEGE NS
LT3 (BA M, 2006). =& PhoEmEeld, TR OME & ke
bREREELHZ TOD AR S D0, IS0,

ZIZTARMLTIE, 77U —HEERCH L =R AN, HIRO AR OH
e N EHSRE L ICRITTREZHLNCT I E2HNE L., AkickiT 5=
Ry VA OEBICET DA EHBL1-0I1, FICAERBESCHRAMEORBICER L
T, ERAEITHO L L L. £z, 77 U —RIERE TN EA TV, A

(2 K DRSO G fRIEA ARG 02 &, 13 micro-foodweb DL, N R
RE~DRBIZHOWT, FHMeER, MitaiTo 2 & & L.

ARETIE, £9 1P o N EHGERIZI1T 5 microfood-web O FEEME, THEBREE
DIFIE L L COMBBEOH AMEIC OV TR T 5. IRICERBRIC X 2 HHRAERER~O
HEBZOW TN OIS 2R LT BT, =AU BN EEARERS N BERICKIT
Lo DBIZOWTi LD, WIS, THDOEITFROMEZ I L, RSO
%

=

B

1-2 +38 micro-foodweb & %=L D BfR

1-2-1 TEEAEYOMEERE & N LA HE

Pl A= Bk TIE, i EERIC —WRAEFEMDIZ L A E0, V) 2 =R M E LT
HFER DI B BRICHRA T S I RESCR T, # EE 2 b bR S D A & o,
LT 52 L TRE, “xLXF—2H/TWDH. —J, WX, NEZEZUDHETH K
APEZAT O T2 OISR IR RR R 7y &, HHOh TR O 1L 2 ML PEM I ZIRF L TR 1,
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H RS DA AR & N O B R T, A & B EEE SO0 LV AE LT,
FHEARGEBMRIZH D L) 2N TED., ZOHEY TV AT AOHEBERKEIETH D,
AR DR, EE(IE, THEAEY, Thbb, —RPMETHLIWMEmE, ®IRDH
HETh D HEEMOIEHIC L > TIThh 5.

TIEMAMIL, EICHE, SRIRE LR 2267225, MUEMITEARERIC K > THE
BB N %7 =7 RBICHERL U TERRICH D 1AR, A A~ A2 EIZFIHT %
(Paul and Clark, 1996). Z D& X, @EIZR N IXT7 o E=THEL L THRIMNIH SN S.
TUE=THENIL, S OICHEEIC X o> Tk S, dHfEERRE N 2 #% CHEIEHE N
EHEND.

TEEYITIL, MEHO R EEERET 2MER RS, e E AEY ) ¥ — 24t
BRETOBELNE, HEZERE L HEOBLFEN A WE T 2 ARRUESR, OB
EHAET OMEE, EWRNORELFIMREFICKISND (Lavelle, 1997; & -
Ak, 2004). AEMERE I, FAEEDOR R SO/ HERY), sy, BT
Z =g EOPRTEEHYNETHDL. WEMBEPBEMEHEL, #httd 52 & T,
WEDDNA A~ AL LTEIE (REifk) Sh7z N A, 7 E=7R8E LTIBE
% (Clarholm, 1985; Ingham et al., 1985). M/EW&FHUSN O HIEEW L, ER L= HH%RE
N O—EZT =T 872 SHEMITE S TR AT RE 7R RB I 284 U CHRIES 5 28, Tk
Mx, HEmY) 2RI AT N ZEIREICE S, HEIERL WD, 1%
A RERFIC LD N ERLOZRIL, o BRI TEnEEZOND. T2,

WAEMBEE DR THRIC A, A~ ANKE <, RBIEHED OGO R,
E~DEBREDIEF ITE Y (Bonkowski, 2004) . BEIEAHF L, MLy, V¥ T4 =
I EORRIEEEEN), Y AT, VIV AV EORMLEEME LTS, B LT
WMV Z =D ) OFIE, REEAEY & LTt 22%, ZOWETY Z—203#
MRS NDT2DIT, WA LD ED%RDOGMH, EERIENMEES LD, ARBRRUE
Hix,

/71

X, vnT Y REOHREORMLEIME T LT L. RO L, K8
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DAHE, JUE T L AHIE A, B, RAE LY, JUERBEAERLIZY, KA
AL T2 LI28-o T, HEMESCHILEHZWET S, MAEYS/N, il
BEEWOAERRELZWEL, ZNOIZK 50, B & ORI K& 2R %
RAET. WREE, b, 7~Av PO/ RIS, NAY =, A=l l0
R EEENY), 7, AW T, Bl CoRM EEY E TLIEIChe S, o 1S
WVIBSRERE DTG ME A HIH S 2 2 & T, BRI L OBRBICHIBAIC B L T D B %
545 (Santos et al., 1981; Mikola and Setild, 1998a) . fR&H & LCix, #RACH RO
HAX<meENTHWS. HEAEDER (de Deynetal, 2003) LREIC L ARBHEDOE(L
(Yeates et al., 1999; Denton et al., 1999) %47 L C, #45r DEBLHEREIZE L KT L T
W5 EZBEZOLND. SHICHEEWIE, MLEZBRBIE S Z L CTHEMEMOTEEL
BRI, WEHOBE BUCHE S LY 252 LT, HEREEPICBIT MEMD;

fifg, MEHLOZIRIC, BHENREREEZKELTWD (&7, 2000).

1-2-2 13 micro-foodweb D15 & HEHE

TIEAY, WAEMEE, REE DO 5884, 13 micro-foodweb & FE5 (Lavelle,
1997). WM E LCiE, ME &RRE, BEmREE L LTiE, JFAEED RN, A
AT ARLIENEORE INOLEETHD. 2O X ) REY, WNULESHYN SR/
W8IL, FIREH SRPEE T (Wall and Virginia, 1999) EAFFD HEPICHEEL TV 5.
Z 15 @ micro-foodweb fERLE 1E, FLRSARHEREN /20D, BREOZE(LE RO
BICE 0 E ATy 7 RERBES 2R L, MO —MARHRAEANTEZLL. Z0
FEOL, BAEM B X DEW A A~ AN ORI ANITHOI 5 728, micro-foodweb
NTIIMEDREDO N BB L~OFEBRBKRE VW EBZOND. MEAHE TH DAL
Yo, M AMERR, SROREARMEREICE D N EEoREl, £< D~ rnaxX

LRI L > THEFR &L TUW % (Clarholm, 1985; Ingham et al., 1985; Griffiths, 1986;
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Kuikman and van Veen, 1989; Ferris et al., 1998; Chen and Ferris, 1999). #34} CO#{£E Tl
FERNEAZ ISR A A~ AR L7208, ZEB 5 X ) ICHIEEHE THHT A
— NOEEENEI LT Z I X o C, Ml AN A~ AT A M CrOKECRY, 2
DL ZFEHTON EMPHEM LT (Clarholm, 1989). Z OfERIE, LEET CTHIE A 4~
ANFAELE DR k> T XD VHlillEZ T TR, TOMBIZL->T, MEHTD N
DAEDICFIARTEEIC /2 5 Z £ 2R LTS, & BICHHARMERECHAEY =Ic X 2R
I AE R OFEEBOHIEZE U C, N BRI ELY REL 5 5. MAED LK
YRR Gt A 7 o a XL, MEMREZINZ D L, A RMER RO
EAREAMET L, A>T N ER(LEE KT L7z (Mikola and Setild, 1998a) .
-5 micro-foodweb (Z1%, HH#MOMIE, MEAELREHT 2HELTRLF—0
AL RIS, bacterial-based energy channel) &, SRIRE, SRIREEEZRBAT 5
o CRIREREE, fungal-based energy channel) & 72337 (Moore, 1988). Z D X5 5 Df%
FIZ X 2B OFEA SRS EE Y, 158 micro-foodweb DA CHEHE D FFM A 0
% ECEERER LD (Wardle, 2002) . Z UL, B &SRR E O ERESSH Y S ik
REAN K& < 722 LIT, MREKICH T 2 HE—MEH AP RESERLITZDTHS.
T, KTz Sz B OB P <C, TR -3 O K CIIB B AY ATRE TS
D, —HRICWEN N Z L, SRR VEICESE L, B2 HE S, BT 5.
MEIZ S D RIEO GBI RE SN D &, FRIPET L2 LN TE, —JRIREIX
O RIE DGR Z BER 2 D0 COfET 2 2 L TE D ME A A~ R, MERE
IZE D by T X T URIEEZZITROT WA, ZAUTHE TITHEEA R EL T 6T,
FZCONRRCP MMEL, fiE LTOENREWED EBE L LD (Wardle, 2002). — 77,
SRENA A~ 2%, by T E U Ul EZ I, T LAMENRE 2 ST 5870
&% (Hanlon, 1981; Hedlund and Augustsson, 1995). = ®FEH & L CIE, SKRIRE ITHEIC
e, JERERY, LERIBEMSRE N TEE L TV AH L, EMIC L > TREE L TOENRK

L ERBD, RREREICIIY 2T VA MRDARNZ ER’EZEZ LMD (Wardle,
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2002). ko T, —RIZEDIRIED D OUHSIE, MEREE~OWE Oz 2 L

M AEFICLDMEDEANATOIT, HEEE N Ot REShD EEXOND.
—Ji, HEO RO ORI EINT D &, SRIREREE CONMNE ST 2 K o1k
D, #RxIZN OERLA T

1-3 FRoEEEREIC L D HIEBREE O

1-3-1 BHSHURRHE DR & BREEFRIE & L COA M

FagEGE, @A E A m?, H DV IEHEE 100 g H72 9 3000 fEIAIE SO
FETHENERLTEBY, T XN 150 lKREZR~D L, 30-60 FEAE EUELE DS
WEERMEN R 55 5A 3% (Bongers and Bongers, 1998) . #RHUE, FEMCRIE R &
OREIRI 72 EREED LI AR T 5 Z &3 T % (Wall and Virginia, 1999) . H3EE#R B D
BEAREHUT 15000 FEIC S KON, [EREBMMEICE T o —RafRE Ay Dstobdh 6
D RAELE, 36 L OME 4 R AETE IR 2 Fe o2 5. 20 X O IZIRIRWVEREEIZH W T,
DED IR TN D BRRIR IR, REBFECE 2N D BOERERS TGS 2
EINTED. FT-, xRN B A 5T 70, $i MBEE OREE D O, 1248 micro-fooeweb
BROHEIEDOHEE DN FRETH 5. BTG WFFEDEN S, HHRERECE A O
BT KIS D % OFED SR N 72 2 728, i i ORFEMEE 1L TR O FRE & LT
MTHZeNnTES. 6T, WRIFMPERA 680, A LW OREZA~DRUS

WL, BEMEMRO 04 B HEOBRE AN 50 L, R R

FEEE & U Clf 2 5% 2. T % (Bongers and Bongers, 1998; [i] FH, 2005).
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1-3-2 TR O RERE

TR OBEEE O b EMEREEIT, I L oEERERETET 5L THAD.
LML, fllx OFEOERFEITH G TRWIEAENE <, FEMlCHEMER SR D/ 2 —
VRPN TH D, —T7, BYESEE RIS W TE R S LT B REREAE Rl
AERERE RV L9 <, BRI, micro-foodweb ODAERCHEREIZ DU T,
ARBREREZREL T NDTEA S, £, HERRIIE, Rig#EfENZ W E, L
JVDRENZIL R B CREMB R ERR A NEE L 72 5 72, R TO[EEEZFE L~V CRET D
ZEIFBENTRY. L, EMESCAERREL, BPBET-ETHLLENRLNE
BEZONDHIEND, IR EZDTZ0I2E, BRBRLNLVORETHSTHD.
Z D7, TEREOREE L L TORBEEMEORITIZIL, @HEE L~V TORE L,
B, ATE RIS SHBERE Y T M T .

Yeates et al.  (1993) 1%, THEBRIOSFL, JEORMEICET HBEROGHEZ £ L,
HESH O T, REL 8 HOORMER (R, RRER, MR, LEER, B,
B YR, Bad, MR IS Le (R 1D, BRI, BRPBRAT, &
PEDRR DM 2 Z LMD A TG, | U TH R EMEIZ L > TEMENR
BT 25 B R EDHINIH L DD, ZL OF, BTIIRMEIT-ELEZEZLNTND

Bongers (1990) 1%, A - YoRKAMBORFR 2, AE LIS (CB$ 2 m IS n
T colonizer-persister  (cp) #l EIZAZE ST 72, Cp 1L, JAFED r-K BEIK & 5his U724 &
THY, FbIINEREDE < FHELITRWED op HZ 1, W b HEFHHE A < $HEEL

IZFHWEFD ep A 5 & LT, BTORN 5 BEFICHEEIND (F1-2). BlziX, &%
THEM T Tl ep-1 ORI, EEBEA NV AT Tl cp2 OFBMELS L, MEYLFHIA R
L A ELA N & < BB DM AT R TIE ep-3~5 DRSBTS (Bongers and Bongers,
1998). Cp #hidfkx 2AEEBHFEZRE LD THY, 2 ToRIZH VN TEND
DOFHEREH STV D DT TIERNWZDIZ, BED op HDOREITIT A4 72 B A
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RN E WO REENH S, UL, cp BEHER, cp EEIIZ LIS FEORERE
%, BEREOREL L THEYTHDLZ EIRENTVWD (Bongers and Bongers, 1998;
Ferris et al., 2001) .

S0, BERORMEREE cp BEL ZHAA DY T-HERERRAL (£ 1-3) 20252 &
T, WIZHRD L HIZEL DIEWMESD Z £ TE 5 (Bongers and Bongers, 1998; Ferris

etal., 2001).

1-3-3 R R I K D ERBEDFEEE

ZIVETIE, TEERR BB A B oAk 2 R BREEAHIE A RET ST & 72 (Bongers,
1990; Bongers and Bongers, 1998; Ritz and Trudgill, 1999; Ekschmitt et al., 2001; Ferris et al.,
2001; Yeates, 2003; Mulder et al., 2005). HCH, HEREOHEOREOIEEREL LTH
% I 7- Maturity Index (MD) 1%, cp EOERICER I ZH DL OO0, L7 EOBREE
S A L < 9 (Bongers, 1990; Bongers and Bongers, 1998). cp fHED & TiEa< AL
EBIC AN T HERERE DT 24T\ (£ 1-3), MI Z %8 SH7-, Enrichment Index (EID),
Structure Index (SI) 2%, THLTH HHEOEREL, WEMLDOIEEL L TRESA TS
(Ferris et al., 2001). F7-, 14 micro-foodweb DFREE & 2 5 ETHEEZ, MMERK
ERRERREE OFE X EE M2 R TR & U, MR MR B &SRR R R O E A%
b2, Channel Index (CI), Nematode Channel Ratio (NCR) 72 E 2R S TV 5 (Ferris

etal., 2001; Yeates, 2003). LLFIZ 26 OREREE L OBEET B8 E2 BT 5.

Maturity Index  (MI; Bongers, 1990)

R FAE, B F AR R 2R, BRAGEERBROSH O, MHxHESE L op E
DOFEOFR. EPMEWEE, K op HEVEST D, T7abb HREOMERFELCHAe R

1EYs, BEEHREDOA RV ARKEVR, XS 0RIEEERMMUE S mEZ R L
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WMAEMTEEDOE VR TH D Z 2R d. ERRIWELE, & cp HAELST S, T74hb

b HROMBIIEELN D72 <, BROZBRD/NS VR THD Z L 2R

Plant Parasite Index  (PPI; Bongers, 1990)

T EVERR R O CTHFE L72 ML N JEAEIZ L - TEZME NI 55853 % % (Bongers
etal., 1997). MIIZHEACIZ K-> TR T 2N & 5728, PPUMI 23 LD AEIKE D5

P L 72 B A[REMEN B %D (Bongers, 1990; Bongers and Bongers, 1998) .

SMI  (Yeates, 1994)

F AR, W7 B i 2 2 T3 ) TR L7z ML

MI2-5 (Korthals et al., 1996)

cp-1 OB ZFRWTER L7 ML cp-1 OFHE, Mt/ EoBETRE ML, Ml
(ZET 5720, MU HEEORELORENRNLWIGERH DH. MI2-5 1%, cp-1 O
BaftEmNBRAT 52 & T, IBIRRSEE T THIHELA ML ADEEEZRTZ LN T
5.

Enrichment Index  (EI: Ferris et al., 2001) ., Structure Index  (SI: Ferris et al., 2001)

cpfliE VD) 1 SOl E AW OB ELEORE L LT MI BNEEI N, cp DX
WEHZE, IERABIC L > THHINT 5720, ML IFHICHEILEOAOFE L L CIIfMR T
XRWEARD D, 22T, HHEOPIRIEORRE &, HELORRE &2 5 2 (5l 5 729
ICHERINT=ON, E1 & SIThD. cp BEL B ZMAA DT T2 ERL (K
1-3), B LWEREE Tld Ba2, Fu2 LVEFATE 208, IBIREDS B35 & Bal 23HENL,
BHILENTND L, op3, 4, ST D EWVIEICESNTNDS., ZhbDiEE%

RIRET2I20E, ETHEEROBERROELS TN TH D, HHEREOMAIRE, IEX
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B, ZEE (RYMHEOFRER) \CBRT53 20%HE, b, e, s #HETHMLERN
b5, IEREZ CICEAMTENRZRY, 3 5O0OEHR T LICHEICE D DHEREREN e
DT, FEIFOFHAXIIUTOL I TR D.

b=0.8x (Ba2 OfE{EX) +0.8x (Fu2 DOEAER)

e=3.2x (Bal OfEA%) +0.8x (Fu2 OfE{F%)

s=1.8x (Ba3) +3.2x (Ba4) +5.0x (Ba5) +1.8x (Fu3) +3.2x (Fu4) +5.0x (Fu5)

+0.8x (Ca2) +1.8x (Ca3) +3.2x (Ca4) +5.0x (Ca5) +3.2x (Om4) +5.0x (Om5)

INHOREMERNT, B, SHIELAFO XS IZRIAE SN D.

El=¢/(e+b) x 100

SI=s/(s +b) x 100

EL, SI % 28 &4 2 Vi L COMEND, HHBRES L0 BRNICHET 22 LnT
ThHEEZLND.

Channel Index  (CI: Ferris et al., 2001)

IO WIE&HE (Bal) EoRIRERDS (Fu2) OEEEE IS %3, LEEYH
B W THIE RIS & SRR EBRIKIC L ADRO EH B RME L L TWA A 5. ER
KEWTE, RIREICKDDEPNELEL WD Z EERT.

CI=0.8x (Fu2) / [3.2x (Bal) +0.8x (Fu2)] x 100

Nematode Channel Ratio (NCR: Yeates, 2003)

WA RERIBKIC 50 2 MEREOD [MBEH GIERE+ARELE)].
THRARAIC I 5 MRS & KB ES O RTXHA ELREE SRR, 5K X \ I &
£

Iz

DORNELELTWD Z L ERT.
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1-4 BLAERAS HIEARERIC MIT R

E

1-4-1 BHEHEFEY OBE Z I UTc BRI~ DR

AT, LA 8 U AR ORI ~ DI, R R T DR R L~
BLOBHE LA TORIGEB LT, HHRADBEHEIOE (HRSNOTS) L it

RS ES (M 1-1).

e

YR O N IX, Y Z—L LTHBICfGEN 56 L0, BEREERICEARS
, Pet & L TG SN D5 E 00, BRSNS EBEX 5TV (Hobbs,
1996). JRIOD N IZEITIRFEE LTHFEL, TP TIE TR0 EE(L S5 (Hobbs,
1996). 7 (Bostaurus) <>~ %1 (Rangifer tarandus) O#EDE O LEFTIX, %
WS A < ZAHEEAN L (Lovell and Jarvis, 1996 ; van der Wal et al., 2004), ~7 7%

(Alces alces) D# A i RICEWTEEZITY &, HEPOAEYSMRIMEES T

(Pastor et al., 1993). FLREKDIEIZ X 2 0MRADIEMELIE, FED CNBHEIEY ¥ —ICZk
T (Floate, 1970; Pastor et al., 1993), & HIZHENAVATED AN 2 2% < Sielo

EEZBND.

RZ )

PR DR A~ ORI R BOGR & L TE, R~ C Blir D21k
D3ZET B 5. Bardgett and Wardle (2003) (3Ht EESOM &S HHEA~ G- 2 5 RO R4
o TR aRF L, I B A~OREIL, RO OKEEAEM OBHELEOL,
IRPE 3 O A BFE OTEE 215 5L S, N OERLHRELZ &5 & LT
W5, ZOREE, WEHEMO N RE, XEMRAMENREED, HEEICIEORNE KA
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TWH AR H 5.

IO OWFED 2 S5 LLRNE, HEEISKT 20 OROG &, HRE TP 5 N
RO T 1 R LIRSS N TE T2 I, JeEEEEDON O Y &%, Hf,
A1l 7 B EORTRORRNHGBIHIETWD. b OKEMAHEDIL,
KPR L TR W) & MEE, U Er a3y (Zeamays) TlX, DK 65%% N, 33%
Z AR DS 5 Tz (Kraffezyk et al., 1984). RBHMO R, WO AL A~ A E
PEDE NN D, ZWEEIZIT 40%IZ HET D AREMEN H 5 Z & 33 S Tu% (Lynch
and Whipps, 1990) . ROJEFATIL, FEARE LEIZH AT, MED AL <20, FAL
Y, BHRATEMER B OEEENRZ N ERBIEINTWD (Griffiths, 1990). E7-, #l
IR M E G T~ A 7 n a XA TIE, SoEa C Jichd s
—ADEINZ LT, YD N BIFENSEEI L7 (Clarholm, 1985; Ritz and Griffiths,
1987). B MR EE DD OBLEMAL e £, R DG S D 5 fiftE oA o
1L, AP EMRE OIEMEZED, N OEMIL 2 RET 207N H D B2 5
1% (Robinson and Griffiths, 1989; Paterson, 2003; Bonkowski, 2004). —J5, Hi& %51}
ToAEX, FE 2 B RPE OBy k2 IZB LS D Z BB TN D, 1T,
Bokhari and Singh (1974) 1%, /k#3EE D U= 2 ¥ 7k A — | 7' A (Pascopyrum smithii)
SO L T, BOLOFEIBHEAERT D52 LEE2HLMNTLTND.

1995 “F-LIKE, Ny M D WITFERBE TEF Lz, 4 3R~ AR OEARIZHT 5,
T, MR FEBRNZEITON, AN HEY 7 2 A7 MR TRERH LN TE 2.

FyEBRaIVOHELE /Ny X (Romalea guttata) (ZHEE X1 5 FEEBRTIX, HERKICHEE S
i C OIRBHA~OEL 3 EE Y (Holland et al., 1996), #4431 4~ A (Holland,
1995), I KO MR R OERESEEI L7z (Fuetal, 2001). &Y AF (L=
T IV A 77 A; Lolium perenne) oA A > /7Y (L y K7 = A7 ; Festuca rubra)
~OFFIEFEER T, % 4~5 H R ORE H O (Paterson and Sim, 1999; Paterson and

Sim, 2000), AW/ SA A~ ZADHEN (Mawdslay and Bardgett, 1997; Guitian and Bardgett,
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2000) DHERIILTWA. vy A 7Y% (7 a—s3—; Trifolium repens) ~OHiHE Tl
WM S A A~ A (Mawdslay and Bardgett, 1997), il &SR B OMERE O BN A3 RS
I TW5 (Hokka et al., 2004). Z dft, »~/L ¥ (Anthoxanthum odoratum), 2 >4
* (Cynosurus cristatus) Tlix, #EM /A A~ ADHENNAY (Guitian and Bardgett, 2000) ,
A AT U H=EY (FE—;Phlem pratense) T, HIE MR R OBEEE O MA TR
ENTW5 (Hokkaetal,2004). £7-4K Y ALX, > aY X7 Y%, ~F 44,32 (Plantago
lanceolata) DY (Mikolaetal., 2001) X2, AATUH =Y, va Y A7, ~JT44
NadEE% (Mikola et al., 2005a) ~OFFEEI, M, UL, b A I I XOMEEEEH
& +72. Hamilton and Frank (2001) (%, J~ % ~2¥ (Poa pratensis) |ZfHEEZ{T\, 1
A # AR - O KEEME C, AW S A A~ AOHNINTET CTle <, N B L E D)
EAMERRL, SHIC7 ARICIIED N REDO LF &, Stakzhi=Rom L2 L.
eIk K 912, Bardgett and Wardle (2003) (X246 OWFER R AHRE L, HEEH~D
BRIL, MBHAHOL, TARGEeL o CHEROMAEY, MAEMEE OIET %
R SHE, NOBEELEEZ S0, HEEYOHEEIZIEDY 4 —F Xy 7 2b7b
FTEWOIIERAREL TWVD.

LrL, NHEERALRERE 1 LI O RIS L » TREEZZIT TWDH 2 & %, FER
([CRARTAFEIT D 20, RS D2 L &, N ERLEEEE D2k & & R I HE
L7ZWFFEIE W2, HERIC K » TAE L 2 BME O LD X 512 N LIz
HELTWDONIHER I WY, £z, ZThbOERIL, EBREY CfThitizwy
< 2B (Holland, 1995; Fu et al., 2001; Bazot et al., 2005) #Fr< &, T XTIEBRES
BENTO~YA 7 aXLERTHY, AARERRIZBNTSL 2R L DRRBET D)
EODE, HEPDHLN TR, S HIZZOEFMARHEE LTWD, BoafEittfk C
DHDOUAT L 5, WAED, MEWEE OWEMEZ I Lz N B EOREIZSW T,
SFREFNIIZ < 7o, FRZS, AMEZ B EICE L HRICEN TS, RRORIBD HH

Z OIS ATV, Guitian and Bardgett (2000) (%, F#FEOEVNZ LD, MK
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WA T ASDFFEEDRDOENEZH LN L TWD. ZRE TERICHVWSENT
EDE, AXF, v ABO, HBRIREOEWEFEOEAFEMNTILALTHY, R
2% 2 A T O T H RO R DG DAL D 0TI 52Ty (Dilkes et al., 2004) . —
¥, THETLRBEOREZ AWZERTY, I K D2 RBHOBEMMR A SR WGE
(Ngyuen et al., 2002; Mikola and Kytoviita, 2002) <>, THEEMAEMRESE (Macdonald et al.,
2004; Bazot et al., 2005), THEHHREELE (Bazot et al., 2005, Mikola et al., 2005b, Ilmarinen
et al., 2005) (CHENHLNRWEELH Y, PRSI bR~ R FEREMFIT L - T
D DOIER HHEA~DOEBN R 5T HEEZLND.

RO, EHSTE~OYEBL AT HZRERERO—2L LT, MAMEND .
REACRHIEDRIE L, THEA~OEOBRICOWTIE, HFFRICE > TR DBEENHRD
5. FEAESCHZEEN R ME S ARIZBH & (Bokhari and Singh, 1974; Holland et al., 1996) <2,
WA A (Mikola et al., 2001; Fu et al., 2001) 23T 2 A0, MICHIENBOMIE L
BB EMET T 554 (Hamlenetal, 1972) & &5 —J7, HENIHO EHAEM A A
YADWEMBHLND DD, FEENBRWEEININ LNV EWVIHAELH D
(Holland, 1995). #FZE6IC L - T, FEMFECHE « e EBRGIEN R 2 D720, Zhbo
WFIEIC T DAE R, MSETRE 2 HAllC i d % 2 & 138 L 723, Holland etal.  (1996),
Fuetal. (2001), Holland (1995) I, Wi bHHIREMEO byt n =L, 1
D3 % (Romalea guttata) Z HW=FERZ1T> TRV, FHEMREDHENAETH 5.
Holland etal. (1996) TiX, 24 A b vEm 3> L E{KEZ /SNy & 1, 3 FAIC 8 FEffIER
B, TOBERBORBDFEIL25~50% Tho7-. Fuetal (2001) T, 32 Hifp
O hyEr Y EERE 4, 8THD /Sy X122 FEFHRE S, EREORAFEIL 7~23%
T&"Y, Holland et al. (1996) DFEFRIAFITUTVY. ZHUITX L Holland  (1995) TiT,
30 Hisoo b vEm oy | EEEZ Sy 5, 10, 20 BHIZ 5 BRI E W5, BEmEE
DOWDHIZDONTUE, Ny Y E EOMBARAR LN E WS FERN & D DA T, i

IR TH 20, FERGEENS, o 2 SOMRICTH X TREDORE Th o7 LHEE S
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D, Bl 28 Tl FERRVIE EHRB HA~OEIEL O P B R B RS I L
/%) , %E T AED AN A A~ APERREICH L C— WM ofmEz R Lz, 2
NHORERIT, HHREOHEHEE T, tH~OGNMIEAEMIIEAEEY, +
By, MAEYREOEBRBICEOHEBLSN, S OICHMEOHATIE, Bk
ARG ORMA K Z 59, TEAEMHE~OHERA LN /8D L ERBLTH
5. Ko T N EHECEE G RMEEME IR LT [WRIOBEINK)ISEZ =3 /RN H Y,
IV MEECMIE TOMERE N i DREL TR & T 2MMOBFEE~DIED T 4 — F
Yy I PELCLDHE TS, MESCHIENBEIZRD L7 4 — RNy IR bhielikd
ETHREND. LL, IRIRVIHETRE 258 E L CHIETRE D20 R 4 Mgk L 72 il
A E72< (Mikola et al.,, 2001), FE7-HiHEFRE & N HERAL & ORIRZ I~ FE 720,
BN I, FENC L o CBRESME, WO AEFEM, AFRES, HHAYO A
¥ ARIEWEN R D120 TR, MEFOREFACHEBE L RRD LMD L. &
>C, AOMAEEICLIMELXZ T 55T, FHICL > THEMO SRR -7
D, B OZRITRTT D TEEAMORISR R D Z RTINS, LL, Z
NETOMEERDOZL 1L, MHOBEMB T I2HEDLENRLE LTEY, LHE

fE<> (Ilmarinen et al., 2005), ZHiIlZ X DEEBOEWEZTHXT-HIXITE A E 720,

VX —DE

BEREOARL, LIZUITHEMETO NREZ&D 5 2 & 03HE ST 5 (Bardgett
etal, 1998a). TR, VX —ONBENEED, SftERm E (U 2 —0E M0 k)
L, HEToO N S EEREELEE2LND. BlxIE, TIAIOYFEET
DETDEBIPOBIKTIEL, ~T Vh 72 EORAIT X - T Salix alaxensis DFED N
EEME EL, 3D X — O E N R E - 72 (Kielland et al., 1997). #l# O N
DR ELHHE LTE, YA A A~ AR T 5600 15D O N RIED

AL L7202, & 2 WIREB Y OB HE Y O G IC L 0 O IR N s
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FESm B3 572, RENEZ BTV SD (Bardgett et al., 1998a). 7 (Cervus sp.)
DHENY FORELTIE, YD N ZZ LD ETLIESWNENKREL, KEEHKRE
M7= (Williams and Haynes, 1995). "N Ci&i# L7=t 2> (Ovis aries) D3#% +HiC
BELTAALFZE LA, | FFETHEBEKD N O 30%MMEMEFITE Y A E
7z (Serensenetal, 1994). LU, HREROPEIY) /Sy FITE DO 5 MZEH OFIE 1
/NEVY (Afzal and Adams, 1992) 2 &b, BAERO A EHITIA AT O N JREZ DI
RKPBREESNL DT, L LARBHYOMIGORMPRE EELTHL000 L
VY. FHNTH (Poa pratensis) OFFEESEER T, i 1| BZICIT EEOKEENE C BE,
WA A A~ A, NERLREN M EL TV, 7 HRITITMEIC L 23D NIREOH
RDGFE® vz (Hamilton and Frank, 2001) .

WY 2 —DE L, SHEVHIS, DIEWE~D C B dZbzm T, HRE
DEBEZ T HARERDHD. B 74 NV=2TOWMFREICBTFASIa—L TR
(Odocoileus hemionus) OERIE, #1592 #EARD Lupinus chamissonis D HE D N i
Zm, BT o LR To N SEEVEE 22 L7z (McNeil and Cushman, 2005). =
UL Lupinus J& TiE, HERIZKT L TN 2G5 LiEmE chr T NV iuA REAET ST
HTHDHEHERENTZ. A= v T2 Ko Betula pubescens % Huls & 925 AL IR T
L, 771 (Cervus elaphus) DOERIT L - T B. pubescens DIEZEiENIE L 7o 7
(Harrison and Bradgett, 2003). U % —® C/N HIZIFZEREDOREN L LN o722 &
O, FHPFISNC X - T, PO ZRREERENSE -T2 EBNHRRTH S L
W&tz ~NF =12 L5 REIZ X - T Populus deltoides DEEF DR Y 7 =/ — LR
BE T RER, WIESMENPES 2D T EnHEINTEHY (Findley et al., 1996), A
BIC K DEREITH L THRBROBZ DR Z 5 Z LT H0IcBEAbND. KT, 74~
T FOMEHEEBMKTIE, N T A OEREICE > T Betula pubescens ssp.
czerepanovii DIEFDMEEMES = REDNBA L, %I & — DR E N EHE - 72

(Stark et al., 2007). iU, BWEREBETERONWZEEFAEET L2001, —RMAGH
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WE~D CHDZIR T SELTLOTHD LS NT.

) D TR A B
BEEROREL, M ORHLAR D2 L2 U T b G A O & L BHICH B2 LT T

BREROIEENC L DA TRt E, Zn b e b3 RS RR~DREIIZ, £

i

ER OB £ LS BHA L, BT SEBEA0 2BY O — BIEET

)

% (Ritchie et al., 1998; Singer and Schoenecker, 2003) . JEH-CEH DIEIR 2 B ClE, £
RMPED < RN OEVEWHE (Gl (1989) OF 5 TR % L 5H),
PEETLE9102%. 29 LefiE, MENESMEKOBSRENR VLIS, BRE
(C R o C—WRAEESHERF 213 92 GBAE) 720, HaROWEL, eaHY
DEDE L, BOMREZIZM EEZ L0 L, BRSBTS 500, ElrRET 5 X
INHEHT D EEZBND. ZOX 7R T, ZEOYHIHOUIES, RBHYOH
N, FEPFAERO N REOHINCL 2 Y ¥ —OEOm EBSHEEMICIEE D X, N L
DMEHE SR04V (Bardgett and Wardle, 2003). —75, BEREFCHEMA R & T,
PRI K DB DO RPN E & 09, R OFE LM (&Hl (1989) ©F 9
[BfarHkig ) 2 & HfE) oRHAk T O3 IRE DIRWFEZ & O ARG RSB E+ 5 X9
(2%, 29 LR, R E M OEINRE BIRS, BOMRn 2% < Sl
BRZND, EREEORREL, AR oOE, B4l TIE, HBRIZET 20,
LA SR E 0B 2 Hud (Pastor et al, 1993; Ritchie et al., 1998). =
DX 9 7R T, FHEHWEC X DA OB O B RIFFZE Z 2% Lt/
v\ (Harrison and Bradgett, 2003, 2004). 4tk N #§lfRZ= (7= FTlE, #vuy
71 (Odocoileus virginianus) ZHLE T HHERFIZE > T, NIRBEOEWY AR ED
FEDRD T 2RO DI NIREDRNA RE ORI L, HEFORHARER N &3
JA LTz (Ritchie et al., 1998). A = ~ 7 > R Betula pubescens & H(x & 3%

A TIRIRTTIX, 774 (Cervus elaphus) DOFREIZ X - T B. pubescens @ % F 23 il &
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i, TEETOKENME CIRENREA L, NEREHENK T L7 (Harrison and Bradgett,
2004). ZAUTRB LW E DG RE C OUHENED LicTed L EZ bivlz. £
e, BAEWE OEREIC L 5 EHEHI S5 B. pubescens DYEEE U & — OOy il FE O T
t 7417 (Harrison and Bradgett, 2003) . ALK O HER OEHARIMTIX, ~TF P H D
BRI K o TH o R EDIREB R L, DROEBWEIEY 2 —2 445325 b
7 b (Piceaglauca, P. mariana) % K& 32 HIRA~OEE N HD b/ FER, HEHT
DEBEY REE R T L7z (Pastoretal.,, 1993). ZD L&, VX —DEMETFICLD

IIRA~DEADNEIL, EOUKICLIDIEDEL ERS LD TH -7 (Pastor et al,

AR O 5

HREENAERRO N JFREEZRETLINME TS E 5000, EEROLED X S Ik
TETIRE SN D DT OV TIIRR & 725k m 23 5 (Ritchie et al., 1998; Bardgett and
Wardle, 2003; Singer and Schoenecker, 2003; Sankaran and Augustine, 2004) . FLEERIZ L 5 N
TEERA~DEEY, WERMMNHREICE > THEEAMFEETE D0 I NICER LTV D
EBZONDTZD, EMTONAEBOAEFENE EREREICL > TRESHEINT
WHEBZDHZEMTES (K1-2). FEIZA 237 (Aepyceros melampus) (2 XK - TH
BEIND T =T OHEJFTIE, AFEMEO @O IER ik T8, &5k /2 ik & Rk 15
WA S A A~ ZADWD 23 H A7z (Sankaran and Augustine, 2004) . & O EIR 7R HJFR T
1%, HEEAEED 3% bR RAEIN TV, HERROMKIZL S C HEENKE
<RV FE, T~ C HEEMET Lz LS. ko T v ol T
1, M EERAEPED 45% D BRE SN PREREX TIE, U F 0l EL O N
HAEE DR KA N THBEIC R L7223, HEMAED 77% 038 S iz R
BRTIIAERZLIZA SN0 o> 72 (Shariffetal., 1994). AT = —F > OF O EHEER

HTA~TThoRE LIty oihisz BEICHB LZERTIE, 73 (Betula



pubescens, B. pendula) <>~ (Pinus sylvestris) OEADRKEIL, 5V HIECTIIEL
W<, B2 —ELULOREIZ/% L L7z (Perssonetal., 2005a). K- T, ApEME
DIERNEZZ DN DHHEIEHHTH - TH, REFRENHIERWIGEITIE, fAEDEIC
LBWHHEY X —O-E ORI X7 (Persson et al., 2005b), Tp L AHEHY) DGR
HOBEINZ XD IEDNED, 3ERICKATHDNE LR, =2a—Y—F 2 RD
30 7 AT DR TORETIL, 7 H T ARvx (Capraaegagrus) 72 & DEBEROEE
0, SELOT WY X =2 AT LN MY 2B S8, SOBNY X —EARET
%7 % a7 7 F (Nothofagus spp.) =0 %, HLF-HEREM DFEHE 5 B 4 R 5 WL,
MIRFEA) DRI B L TV D Z b ooT (Wardle et al., 2002) . KA, i+
BEEW) OA&BEIL, EEIROAERIZE > TEADT2MM8H 0, BAfTe ST L2
ROYHFELOZETH 5 L HEW S L7z (Wardleetal,, 2001). LU, HEERMAED A
A A~ AN LB~ DR BIT, T L - TEA L T, —EDOMHAITRD b
2o 7= (Wardle et al.,, 2001) . IRAARTIE, HEBKICE 2, V¥ —0ELEORTZIT
L7 HEARBR~OADME L, ZOMDIEDE L DT 2 AN, FARESCRRES:

I EDOBDNI Lo TRELSELAEINDDND LILIRV.

1-4-2 HEWHEREOKE 2 Lz HHEARR R~ D

ERERORAIL, M O AERECHIEO A ORE 2 &5 2 LT, Mk
~ONDEEA R L, #ililo AL O EA 72 5 H[[IZH 5 (Ritchie et al.,
1998; Kielland and Bryant, 1998; Stark et al., 2003; Harrison and Bardgett, 2004). = 9 L 724
BEREE DAL, TEMAEDORKRES, THEOAYIGIEICEEL KT TRENRH Y,
FEMCIL B h CORMH IR EALHET D205 L2y (Persson, 2000). LML, —
A IXMASE R OE - BOBITIEARD &, PHBRBEOENZ D L OOBFIT/ NS

L #2515 (Ritchieetal., 1998). F£7-, BB, MHARBORLD 2N LT, WHEC
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N X2 TEORRZBET 256085, JLKkD Zion ENVARTIE, Ba—v
(Puma concolor) DIZE > T 2= RNEBENL, BERBEEFEICL->TE
FLsFE D Populus fremontii <C/K BRI MR L7z 7- 012, I & 5 TR A REN
(247 L 7= (Ripple and Beschta, 2006) . FSEIC &k 5 HEEEO LR, HHEOEML
WA SO R EE LT RN S 578, HFRFITIEE A L. HROEREIX
AN ASA A~ AN E N BEICEEOIRTEZ 76T W0 ERERNHY, Z

SRR FTREZR LR E DMK T L, MEM AL A~ A N OB EE 20~ 7272
¥ & HERJ S A7 (Breland and Hansen, 1996). 7 ¢ > 7 > RO#E/KTIZ, M4 D
ABNEHEBE A LA SE-0 (Stark et al., 2003), & D EZA{LIX, Breland & Hansen

(1996) DT TZEFICHEARD L T< TN TH Y, THAERROMIECKEEICEEL

KIETIEETIE P> T20h LAL7Ru.

143 BEAHRD A B 2SR IR~ E S

HREROABIC L D HEER R OIS, TR O B HISC I O SHEERA D D )
#H &N TV 5 (Ingham and Detling, 1984; Merril et al., 1994; Bardgett et al., 1997; Stark et al.,
2000). ERBROFED HHA~ORARC, fHH EEORASCHEL, HHTRoMeY R
PR OB INZ 672 53854 23% % (Bardgett et al., 1998b; Fu et al., 2001; Hokka et al.,
2004; Mikola et al., 2001, 2005). X~ T, HRBOAERIZL D, HED-CRBHY &V
STZEDE WG D RIED B OBHES, MO N IRED EFICLD ) ¥ —DF
DA LR EN, HEPTOMEY A I~ ZADOREZRL, BBEEREORMNE L7256
LTWbEBEZROND. £, HEEOWAIZ L 2 HEORESEKER EOWPRE
DB, BBOEREEIET 55505 (Freckman, 1979).

HEARSLPHE T & DB RIE A O B~ O, SRIRE L0 bEOKRES LY K
EAREE L, ZORBEMABENTIE, BHEORNIEBEORBDEENEE D
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(Bardgett et al., 1998b; Bongers and Bongers, 1998). —f%|Z, Z ® X 5 7efp RBEEREE O
AL, B EVERR TR D R E AR R OSSR O T, ISR S K-
RIS AORE DO EIG > b BRI O 22 EME £ 779 Maturity Index (Bongers, 1990) O T, +
B ERB(EOFEE % 7”7 Enrichment Index (Ferris et al., 2001) DM 72 & DR
OIS N % . Bardgett & (1998a) 1%, E&EROAE T 5 EM T, HEAHEYD
DEDM FIZE > T, RRE LY b Z 0 LIRS ns Z & e L Tnd
3, FH OB B REEREE (C T T R A A L 72 FZE I, A A & ORI &
PERR R D EERDSME BMEICR 2 & vy O 37 53TV 7220 (Wall-Freckman and Huang,
1998; Wang et al., 2006; Zolda, 2006). %7z, Maturity Index P& T, Enrichment Index
O L D B> 7= (Wang et al., 2006; Zolda, 2006). = =——F 2 KD 30 #
FTORFEARTORAE T, EREOAELE, LI UITHERMER R ERRERMER RO
EARBHRICH BB A RIT L TWeh, EBOEAITHRRIC L > TRRY, —FED

fEAERRD B2 o 7= (Wardle et al., 2001) .

1-5 =R PPN HEEARRRIC KT TR E

1-5-1 =R D4R & e

AAZNEIE, 7 RIBHERICEDONTEBY, BAOKRMERERE LTE, =hUh
(Cervus nippon Temminck ; R H > I #t) & =72 #E# (Capricornis crispus
Temminck ; B H 7 8D BAEB LTS, =RV UIE, 2o 7Ry, e,
HE, BAR, B, X FL0, MESD LB OBRROKGEICAERL, 14 128
OHFFEIZK S TND (RFEHE, 1986). AARENTIE, JLifEE, AN (B AN O
ZEMEIIRS), WE, uile, 5, BAR, BEE, BRHE#ERREDWI D)
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OEEIZAR L, 6 fifE (= 27 :yesoensis ; AR v = U4 :centralis ; F ==
7271 :nippon ; ¥~ 2 71 : yakushimae ; ¥/ 71 : mageshimae ; 7~ 7 ~ 7% : keramae)
MEIHITWD (KFEF], 1986).

FRER DR A 1L, MEAERMEIC L DN REL, F/hOY 7 o HT, BES0 kg, M
25kg, RO AT, HE130kg, MESOkg (FETH D, MiE 4~5 ik TRKNISEIZ
HET DN, XS OICREZRT S, ITEIEIX 20~300 ha (2L THY, @EwHFHEM, F
TXBIEOBEN TAIET 5. AT 10 UL LOBREEL GG b H L. FBIEM (9
~11 H) 2%, BOHESHEY Z21E0, ZHROME N—V LAZTERT 5. MEOIEIRER
EmE <, il 2 2 DIRIEEE 6 AEIC 1BHOF O I 2 HET 5. JETHRIT, ShET 40
~60%, HERERT 20~30%, MERRERT 15~20%IZ X TH Y, FRTEAHOSER D1
RN, EHFEIIHET 2 mATHE, MET 4 AR T, BETIIMET 10~12 5%, HET
l6~18 ik EHEE S LD (=0, 1991).

=RV, MOKBHEROEREEFER, 4 OB b bREEITO. BREZM
DIRELIKRE - KEE#Y IRT. FERETOMETIE, 1 HIEED 2% (RFFE
SV ATE) BRECHEARAET S GET6, 1997). FEAEERIE, @iREKRTIEr
P a2 & T DA FREART, BIRAA CILR RO ILIEEARSCH M OETH 5 (FHl,
1991; Jayasekara and Takatsuki, 2000). L7>L, Z <3 072 RELEORY)FE % R\ T
ZETRTCOMEDZREL, BEOEECRET L LNAETHD. FICMIRA TIE
AFICHESCHEEZ O DA RITH Y 09 <, 1S HD D RAROHSMH &, %HEY & —
72 EOEIGHEE D (Jayasekara and Takatsuki, 2000) . =7 > P W XA T T 7 —
BIOERETH DM, WIRHERICBO L, 4 XBEME E LT 57 LA F—la gt

oL, tREBARICKE 2 EZ LS W25 (E, 1991).
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1-5-2 =R I @SB ELORIE

W 20 FIZEDOMIC =R DI OHAAOILK, MEROEMPEE, v Ik HE
MEHRELRHLTND (GA - IalH, 20060). Lo T, ZLOELHTZ 5 LM
MNHBNDZEND, EEMIC=R D AOBEEMARE TWDH I ERNELLND.
ZOHEBE LTI, ERHARE Tho A 47 I DML DI TIC L D THRD
BT, MEEOEDICEDAFOHEFETROBTREZLND. S5IT, PLKEMHK
I & DB OIS, FRIE DRI L D HBEREE OB L > T, ZRANIZ RV
BCHDEHMBEEE SN L Z L BRNO—2TH A ). =R UHITRAMIC 15
1 F720%, 99l 0 DIFIRSRNBIER ITE W0, BRITE . 2 LT, 13 AL OMEY
AR TED b, BESPHEEE CHICTE S0, MAEZMEL S 7% CHEFHEL
ERUBTDHZENTED. 72, VI LRV EELRBEY 2 -2 b,
EEEAAEZRIZL TS —RETHAD.

HAED =R D OEE AT, BAREREDO L7 b, AR OW RS (B S,
2005), PREEFEAE D3R - 2% (Nomiya et al., 2002) , REELFPEREY O (4, 1988),
e M PERE A D¥EIN (Takatsuki, 1980), FERF~DOEHEIZ K 5 EHPLE (Kumar et al., 2006)
oM R &1 & D K8 D 53R (Yokoyama et al., 2001) 33 X OVRAR D L (Ando et al.,
2006), LWolARMEADRE RUZE G L, MBEER-oTWD. 295 L2
EOEE, BEECHERERICHDZRREEL KT L T L ATREERH D (AT,
2003). Z D7, NARLEEREGRTEC X D EEHEENLETH LN, —HT, =
R VTEEZ Lo THEER LT W &b A b, Fio@mBE Nl U AR Tl
ROSFIRIENEAL L, RN 2 T v 2 LT WAL H D720, Mkt =4

U ZCESNASHIEHZAT O BEMENH L LB bND (G4 - #2H, 2006).
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1-5-3 HE~OUHG A OE - |OWZE D ATREM:

MEDOHESTH A L— V%G Lo > h ORI, R LN O 7~9 F % et
L, ZOR0T 5%, wEJRELTHRM L 75, 1997). =R U T DOET
MR OR 7 5 TIE, FEROTEENTERLFE~EITE, RER 1 7 H T 70~100%H%
THIEE, EONICHMERT D (ES, 2002). —J), #ERZPRLZGAIE, &
BIEKABZIRTIE 4~10 HD 6 » AR CONERNK 49% &, #EBZPERR LaWGE
LIRS 2% (iDL, 2007). BHAEMDPREZZ T TIKE) X — Lot HZa 0y
FRIERE & D BT T TR0,

=RV OAEBIZE DIEIEY X —DBEOEIZONTIE, THETHER 2V, L
L, 7Y KA (Damnacanthus indicus), #~ XX (Viburnum dilatatum), A 7 7

(Urtica thunbergiana) Ti%, ¥ I OREBIC X D2WERIEIOREENHE SN TEY

(Takada et al., 2001; Shimazaki and Miyashita, 2002; Kato et al., in press), YU % —® /3 fi#fk

[T DD EE 52 TWD0b LW, MFEIZ L > TE, =R P TOHRICE
T, ALFRIBEME OAEFER, NIREOZE(NEZ Y, VEF—DEZZELIETWD
2h Livzgun.

%< D=R UV OEEEAERBHTIE, WRIAED RN HE S (e.g. Shimoda et al.,
1994; Nomiya et al., 2002; Kumar et al., 2006) , [RIFFIZARREAFPEFEOHE NG E & TV 5 (e.g.
4%, 1988; Suzuki et al., 2008) . REELFHEREDAENEDNE <, U X —OENEWHE,
MIRAE A D TR %2 521 CTRAROAEFEMEDN & E 256 2RV T, ARIRTEAE O Kig 72 5= )
IZAERERDO NEEREE DI N E2HRL<IEA D, FTREAORE LT\ NS, R4~
HLTLEDAREMELH D, F v v 7 OHRRICIB N T OBBIFEDARRNEH TE 72
Wi (e.g. Takatsuki and Gorai, 1994), REEAFHEFE7, HEFRIERI OB AR O WS L0303
DA EYERT D FREVED & 5. AR D FHRILMIO 7 F AR CTIIARELNEDRAR TH 5

FHANT P TDHBX v v THRPEAT O PINHE S TWD (25 -4k, 2003).
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FANT YA ZE, RENEL, VE—O NRENE 0 Hi#EV (Osono and Takeda,
2005) 7=, JRPTAIC N fEEROBNA Yy ARy MEEE L TW D AR S S, F
7=, MED I ¥ a PV RAERT ¥ v I L > THMEILKL, ¥ a P ERERKT
584X (Ando et al., 2006), FREDOEEIC L > T, HRMIEDOIEF IZE NI NOHD
BN SN DA 2355 (Ito and Takatsuki, 2005). =D X 9 72 v "EH#THE, H#E
ZZTHZEICE ST N OFEEMEES L, SWEEMENSHERF SN TV Db o L HER
SND. ¥, YAOEEELERMTIE, BEEICIDEAROMIEGEZ 5. BRI
BT D BIFEOBAFIEL, mAE ORI L 5 2 5 /R H Y (Ando etal., 2003),

B Y X —DEE BB LT, 2D NEBREEICHEET A1 LIV,

1-5-4 FHi~0

FEFRZ =R 2008 HEARRRIC KT TR OWTE, WFEFAIDR STV D23,
TN 22~34 BH km? & @B EICART D KE T ROSERZHRTIE, > I HEBRK D%
EA TR KFTRBFE SN TS (HiE D, 2003; Furusawa et al., 2005; %5,
2006) . RHIMIZHOT 258EOREIEIZ K> TRERME L TWZARIRO v a9 o
S A~ AL, VA OPERRDND 2 AT 5.5 fFICEE N L7 (Furusawa et al., 2005). +-
BEOIRELAKMIRBIIE, Y IHAEOEIEOREN LD, THEOEY L RIERE

(IR 7R B IFETIE E OB L TiE W EHERI S 72 GEED, 2006). 181 A4
REIZHELRBO O, U Z—DMGoEINC X 5 N BEE(LOREDRE L 7
BALD BT O NH, O, Y X 2WIROEINC &2 LA bid Ca’t e Mg™ Dk
DB ECTED, HHEOS C, & N &, MAEM A, I~ AT ER AR T
(Furusawa et al., 2005) . YV HEEDEEIZ L 5V ¥ —ffaoma, 18 C, NME
W EIZIEDREE KFT DI, X0 EWEEMDAD2 D0t L7y, £, RO

Y a P AOREIRIL, FEEEOWRCHLIMEEL W2 GFES, 2003). v HIZX
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BEEOWE, FHRILMTHIRAGRBE L 25 TH Y, HH1 b ORS RS, &
PROAEFEMICADEEE RIFTH b LA,

1-6 HBRICHT 27 7 U —RIE BRI X 2 HHAERRRUWE OFFRIZ T 5

ERENC L D HEA~OMWR AR OB L BOREE N L, T85O N EHCHKEE
DOEIFER A ERNE, ERBR L~V TR ERAREEL RIF T v etEd & 5 (Bardgett and
Wardle, 2003). L2>L, JefTiseza fiEST &, ABRRBEOHFIIN o727 7 v —H
HEROEHRAEEZEZDIChTo TRELIND, 77 UV —0ABEESCHERRE & -
BARBRA~DOEEL OBRIZ OV TOERB AR L TWND. HFRICBT 2 &BEDT Z
Y —DARIE, RO NERIERELERTSE2LE2 6% (Pastor et al., 1993).
Lo L, BERICRIT DT 7 v F—0 HEARR~OEEL, RICE > THEL TH Y
(Wardle et al., 2001), HHITORITHIIER, AR TON DD EZEEEZ D &, 1K
BEOT T UYL 2BHEORRE, HEOEYIEES N B LHERICEO R ES
FAET RIREMEN B 5.

EEER O RE R AT LI TR & A LT, AR AREL, £
DS E T 5 2 L TR TV, Lo, HEMER T, W U TR 54
BEEOXRZRETERVEN, LREBE L ARRFEORBRRERIET 5 L Tofilk &
7% AEIEERE, Z ORMEZ MRS D — o DA FIETH 55 (Persson et al., 2005b),
NBHIE & ERORBIZR R DR L2 L OBANH O THEENLETHDH. BMAE
BRiX, FRCIREBE O X OLGAERKFIIZ 25120V IRLE LD ERRETH D L)
FRNT SRR NS DO, EEICEEEROR L 2614 L7z X253 T a21T7 5 2 &8 T
570, EREBE LRI BOBMREZTRDIZDORENRITHEDO—2LEZLND.

LL, A TORARBIMABOTEANERIZ, 13L& A EHIFIR .
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HRERDS TEARER O SRR RS KT R E A RKIT, RBHREOLEE N
L7, R O S &t L7 IR, i) ¥ — 08 - BOWEE N L
ERMHEED 3 SLEZLND. FHOT T TP —RIBE R TORITHZETIE, PEit
W=kt ) 2 — D DZhRITH LTV 5 3 (Pastor et al., 1993; Harrison and Bardgett.,
2003), RBHEOKZEDOZHEIZONTIEL, 1ZEA I TRV, RBHEOZE
biZ, BREREABOEHR, RO TH D & SN D728 (Paterson and Sim, 1999;
Hamilton and Frank, 2001), 7 7 U ¥ —IC X 2 B2 BREOREL, LR TOT V¥ L7
TS T T TIEBRE LIC WS ER TSNS, £ T, BBHEOE(LEZNL
TR B MERT DI, VAP —REREICONWTITONLTEL L 97, ABH
BREEFEBRPANTHAD. 72720, ZNETOERDIZLEALE, BENTKR Y M
LT HRMOEARZANTE Y, BAOBREAICK L TT2 725G, &2 WITHRIRME
WCTT T U —ORBER LHEEZIT - T2HAIS, EOX I RIIEERTONIE, W
LTV, 51T, BBHYO LS A oA C A Inzmao
micro-foodweb <> N MEHEAVEERE DSOS 2 f <72 FRD L <1, A CEHARNZLL,
RV C HIRZZ T TWD AR D & % 154 VW T % (Clarholm 1985; Ritz and
Griffiths, 1987) . AR THEIT— MBI HEBMITE o729, Stk C JRO UGS N M
{EDREMREZ ST T DNE I, HRTOINENDD.

THHIE, HIRFICB T IOERE LTEHEETH LT TR, LIXUIEHIEK
TEEL, BfFREH REWEOIC, B IeREORFFS (Takamatsu et al., 1997; Fukuzawa et
al., 2006), TEEYFREREE O (Takahashi et al., 2002, 2003; %5, 2006), ZF)E 15
O OMIE (FES, 2003), B~ 4 v FORHE (A5, 2003), #BADOR
BHE CEA - 227, 1998), mARDAEIE (Takahashi et al., 2003) 72 &, kkx 7
BEAETOHXF—AP—VFTHD. =RV HOEEBEEICL DEREEOR KL, WK
OV PRAEDFREZ I LT, FMAEBRBRICEAN2EEELRITTEE2OND. Lo

T, YAOHRKRE L, VPREAEOHER - RIBORREME L OBRZ D Z L PMETH
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59 FHRAOHEFRS - IRIL, EHNRREOZ A —U721F T, HRO®RS MG
RRAODUEZBEL T, VIO EEZZ T TWDLAEENRH L. LL, =R PN

TR OMECHEEIC T TREIL, EE LIS TV,

1-7 GRS OERK

SRV T IIHIO THEEAERER OMERE & N B EIERE & IC I TREEZPI O,
SRV AOEBICET OMAERL L ARNE LT, WTFD XD B IR LT
ENFEREITo (K 1-3). =R PHOEREE L, ity 7 —oftigzi Lz
TRABR~OTRBIPZE L OBREAONCT L5720, I ERBEORR DA
FEERIXAZ F50 T 125 micro-foodweb Hi&ds KON B LIERE DA 21T o 72 (2 F) . 4k
RIZET 227 OFRERE &, MR OBFREDOZ(, BLUORBHEDOZ(LEZIT L
7o BEEAERER A~ DM EZ A ST 572012, WRO I Y a Py fAEICH LT,

FHZ LDV ORBELHBELLICHMELITY, IV aVIodlFESCHEOEE, +

e

% micro-foodweb &35 X OV N GV EE~ DR A~ B ). &bl C
BB R TIEICB T D 50 C OREEEDY, micro-foodweb 24T L7c N BjREIC H 72 6
TRBZHOLMNCT 5720, FRENTHRA RIS LV a— 22N TEE L, i
FREBEESC, NOBRELZHE L &), ZUOLORRERE LT, AEEEIZLT
o, =RV E DIV aPiEAeEBL LOTEO N B LR~ D E O TR Al
REPEIZOWTEZRL, IvaFToRBHEOCEIEZN Lz N BEE e OS2 R
IZOWTHRF L, &#EIZ, =RV TOERDHARDO N JBRICKIETEECONTSE

2Ll (55).
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# 1-1. BB O EMERE (Yeates et al., 1993; Bongers and Bongers, 1998)
R UEZE
1. YR OSH-CH & 2 ARk 22 E Ml L, #45 & WY

1b. WNE BB

lc. FNER A
1d. AER AT A

le. KN - ARER

B

If. - i BHAE

ok
2

4

e

lg. EH

'’

i
i

T R
AR
EOIEYE N S

EAZ AR A

B
(O R - e S H)

HER

ROWNEIAZR AL, HEPENMKT. 1 7 Aric e
EE o THAE

MROWIBIIRALR, BIEMRRZBE) L7 bk
®

RONIEBE L7220 SR
ROIMUD B ER £

MV EEET, REGHIICARTE 2 M & £
AV B CRedE, HAH, HHARRE
WP, B, X CITHAE

HE-CHE 2 FARICRE AL, 72 WX

T B&MEETDRITRN

JFEAAEY), $H, AT, B A I XA IR
(5a), FITOEFTIRIEZWIL (5b)
FEESCEE O, BEREHIIY & LR A

HEAFHE - FHEENY O T A VERR R O Sy BB Sh  -
RS SUEN

Dorylaimida H DN, fE%&, EEE, S E
72 I E L TR WE - R
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# 1-2. T3 H O cp (colonizer-persister) #f (Bongers, 1990; Bongers and Bongers, 1998)

cp Hf Rtk

cp-1 ARSI /NIRZ RE
B IR B 72 S F T AR R A (R N
FEEIED D95 LA RES R/ 5
HYeA b L AT rgsR . RS EE VY, B Sl
#E R (47 Rhabditida H)

cp-2 AP FE Y HEFER
fFEREERGGLZLNEEBEND
Mt ARESh BT 72 & 720
VB DR ELICIEF (258
M, EEE, RE

cp-3 AR EE ) R
HELIZ IR
MEE, EEE, RE, e

cp-4 AR R
B 28\ (7 F 7 F N EiEiE)
AMERE, EFEE, BE, MR, #e

cp-5 HAARFHR V. KRIPDRE
IGYEDOWELIIER T (7 F 27 Z 3 Fitk)
TEEPER
e, R, MR (27T Dorylaimida H)
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#1-3. BB oM & ep fEIC K D HERERE (functional guild) 47 1) (Bongers and Bongers, 1998;

Ferris et al., 2001). #530PNIE, EI, SI, CI Z# &5 4 2B BT .

BVERE cp-1 cp-2 cp-3 cp-4 cp-5
i Bal Ba2 Ba3 Ba4 Ba5
(3.2) (0.8) (1.8) (3.2) (5.0)

B Fu2 Fu3 Fu4 Fu5
(0.8) (1.8) (3.2) (5.0)

s Ca2 Ca3 Ca4 Cas
(0.8) (1.8) (3.2) (5.0)

e Om?2 Om3 Om4 Om5
(0.8) (1.8) (3.2) (5.0)
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B G eV
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TIRIRE

T 1#Emicro-foodweb

1-1. fEY—HERE O ERIEER I TS ERIRO MR, RRREITEROBE), ik

RENFRERE L.
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RERE

v

REEEOBEMEEL

4 1-2. BEREICKXDAEBRO NBR~OEBROIEA L, ROBERAEEN, REMELO

BIFR OGN, IREOTEIE, HERSERRO N FRAREESE S 2 L2, REAOMH

X, RS e 2K T.
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28 VHBARER 3F YHHERER

SHhERRE DHiEBRE
4E ZnfEMEC
A HRINEER
e I ~
DEIE? || goswozi] J S5MEC AN
=& B T4—F fﬁzﬂif< m ?
v INVOTHER 2 v \ /
tiEERER tiEkEn ceshtiz
<thREMZTE> <%ﬂ?§ﬁE’]$§¥>\j
SHEBRZREICIGUT-, UUiEAE, BHEYMOESHENL-, T1E
TIEFER~ADEZETFH RBRRNDEEDRE™

| 4

VAHIZEDHMRERRONFRADZE

4 1-3. RSO OBEEX
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28 =R UIEAERKIZBIT D HEOREE

2-1 IZU®IZ

77 PRI A O BB EE, HRASHOER, MEHOHFKT, MBICL DR
72 BREADOWE %5 & Z LT 5 (Husheer et al., 2003; Rooney and Waller, 2003;
Schiitz et al., 2003). 77 U W —RIELERIZ L DM OEBR, APENE, FERERL DU,
TEA~DOHRERMOEREOWRZE 2 W U T, HEPToEFE (N) BhifglcRE i
R EBTEO L, SOITHEMO —REFEIZHL 7 4 — RNy 7R EZRITL D 5 T &0
5TV % (Hobbs, 1996; Bardgett and Wardle, 2003). K- T, 7' F 7 ¥ —RE A D%
&, HHUERE R OREEOHRE~ DR L OBIRIE, 7T U —RIB AN O S EL O FLRE
ERDBHERFERTHD.

BAROBRBAIN L ERBRIC L 2|WRBEZT CWDGEA, 77 v — Al B R B A
DEAIC R E 70 B2 LT THER, BIEY ¥ —DERLEOUZEZE L CHERD C, N
BB R E R E RIET 2 & NS STV 5 (Pastor et al., 1993; Kielland et al., 1997;
Harrison and Bardgett, 2004). —J7, BEIZAEA L72RMANTO, 77 v —RIEEEIC X
D FEMEAOTEN THARRRIC S 72 5 TR BORERTD 20, KB L eRHN T
T UYP—IEEENEIN L2, il ASIISA, BRREOHEN TEICROND
7o, THAERERA~OREIT/ NS WD LtV Wardleetal. (2001) 1%, =a2—Y—
72 RD 30 7 FIOIRHHRICIBNT, 77 U —RIEREROB AN HHEARRRI TS
HELPEL, TEBAED AL A~ A/ N HEEY OAREICKH LT, EEEROAR
PDUEUITHEBEREEZKIFLTWDL I EEHALNIC L. L, TORENT, Hk
I Lo TEAKEA T, —EOMEMITEED e oTe. T b oA, A, 48

577U —REEROENHKLY TH Y, BRERMCREME, MY OAEEMER E b
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SRR CTH T AREM N H 5. Tz, HABITIE 2 7R/ A — VORI RIZ L - T
ARG RICEEE MIET Z LN B (Bardgett and Wardle, 2003), AR S E D
R NEENZRDDPERR ST EDRBZ BN,

ELAERD A RE R L TRAE LI TAFZEDIT & A 21T, AEMICHIRE AREL, £
DN EHRTT 5 2 LTIt Tz, L, PEBREBRTIE, FUHAN TR 54
REEDORZRE TERVEN, AREE L AABREEOBRAERIET 5 L ToOHlK &
2%, BMAERIT, FHUREEDOXOLE KRB 2 D700 IR L Z & D 2 & A
Th D EWVIHIKITRNIRN S DD, FEEIZ R REEROE A2 H1# L X453 Tk s

ZENTEDLD, EREE L ARREEBORBRERD DO HEO—>
EEZBND.

AIFFETIE, R LTI T 27 7 U F =B O @& E L), HEARERO
i CASREIC RIE T B EZALMNCT A Z L2 HME Lz, BRI E LT, TFERAR
FHOBICRBEIC L) EAKERHE L /2o TWD =R OB E ANz, /bR
KEL D&M EHIAT- LT, BEDENORE LT 572012, BHO R =7k
YUIBEANFEBRIKICB W T ORI EZAT o 7o, fHAE~OEER /SN E SN LHE

-

L, KEBEAMLREL OEZIT) 2 LT, 77 U R EO & EEA

AR Z W U CRROMBERERICKET VA7 26T H2 L2 IELE.

2-2 ik

2-2-1 PR

AT M KSR R m Ak B L OV TR K AT (36°47'N, 140°32'E) IZNLET 5, AR E

WEgeET EEE BRI TH D (B 2-1). &I 650~780m, 2002~2003 4 D4FEF
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BIRIRIL 9.1°C, FREAKEIT 1942mm (B H KFER) T, HEITABENES GRWE
ZATIES0em A R)HEFRE L 72BN 7 +CTh 5. Z OHUIZ T E 100 FLL EICh72 0,
A Do R RS RRER DN W e, (REEDA ) UK AR EERTIE, KalBtio
FATR S REEFHIEIC L DB ORELZ T TWRNWEZE 2 bND. mEORLRDS 2
DDRHEZRFAME (6.25ha, 25ha) A3ERIE 4, 2002 46 HIZ 2~3 DA A3 1
T DEASNT, ERASLHREAE~ORERFTHEI L TWD (HEH, 2003). %
NENOWAN O B EEL, 1658 km?, 488 km> 725 (LLF, Y HEBEEX, v
REBEX S L5). HAKNORAR, EHEEIE TR 90%25, FEAIZZ LWL 40
FEDAF - B ) FANIHKTHD. EHITK 10%2, =2F7, 2V, Th<Y, X
VT, AFEIY, VavTkhEnblie H%EEIRERAKT, MRIZEICI Yy, X
RE I, TARPY R EOTHIBONL TS, EHITK 1%I1X, 18 15~30m f2E D
AR DO EKBIH T, 2001 FFIZAK - &/ FOEABRR I N, HF 6 AT 2T
PILTWD. HRBRH T, —RE OFRMAKNIC, v OEEZ 2 ZIT TOVRWKRRX
BED, VHBEORRRLPEXARETE D L, ALY I OARER EOFA DT
—Z LOWENTRETH D, I OICHBRHNICIE, Z2< OV I AERHOHRIKTES L,
FEMZE LT OTEREIRE 72> Tvd  (Takatsuki, 1983; Yokoyama et al., 1996)
2 ¥ =¥ (Sasa nipponica Makino et Shibata) 7%, WK% B 5 BHSFET S, L2
ST, HRICKHT DV HORELTADL LT, fELfHEMTHDL ENWRD.
VHREER, KBEXNO, IY¥aVPaRKEE S BELERKICRWT, R
EATolz. WXANO Y a R0 T 2HNICIE, v EAREL D > A PERR (10m
X10m) 283 7 FTF O E SN TS (K2-2). Y EAMND 3FEZROFETIL, PEb
M CHRRAEAE OFERERIZIT R X 0B DT <, N A~ A0 9EILL EE I v o
MEOTW (BFE D, KIER). LoL, HBRISND I aFIo (4~ 2%, HE
BRI EE ST, (REEX T 37%, @EEXT50%/ NShotz (e, RFER). HF
RS, 6 » AT OOAE Yo v b 2mX2m) ZREL, VHEBEEX, KEEX



ENENOYERRMMN, PEERMSL D, 4 WX, 18 7'm v MIBWT, HHEB IO o
REEIToT (X2-2).

222 oY T L RIE

> H DEABIEN S 3 4F 4 4 A RGEH% 0 2005 45 10 12, £ 70 v hNIC 8 » AT & &
O, £ 2.2em O BIME T AgJED F 0~10cm O HHEA LT, Ab¥T1 ¥+
Tk Ll 304em’). FAT By ML T U LIRATR 6 RO ¥ aFhof)
5, EERILZ., ZORBRMTIE, 9~10 A2, YA va P23 ACnae
LANWZ ERBESN TV D B S, RERXR). LoT, AFAETIE, HEEEOR
BHOBERIZ L5 TERAER~ORMINEEY, HRLTEXDLZLNTES.
BEL7- B 5, 40g ww AR ORI V-, 1%, Whitehead and Hemming
(1965) O~ LA EELE LI FiEEAWZ. 12X8em D h LA T, FLATA IZO
Bt KIZR L2 (25C, 3 AM). i Eauzsihid, 60°CTEET., TAF KT
EE Lz, 120 FEOYTH 7V EABMET (100 £5) TIEL, #F sEfss &
Hi7z., &7 1y MZOWTF LT — K~ ETT X A2 100 {E{K%iE Y, Bongers
(1994) OBRBERIHE> TR EITBEZFRE L. EHIT, Yeatesetal. (1993) ITHE-
T, BVERE GRER, AR, MR, MR, RAE, ) oLz, FREICEELT,
Tylenchidae & Anguinidae OHIFINKEETH 72720, WEHEEZ DT TIC 1 Z—7
(Tylenchidae/Anguinidae) & L CEtE L7z, T 7L —71%, RIREREREEZ & BIC
179 (Okada et al., 2005) Filenchus J& DA% % < & A TWZizh, BMERED & Ofik
BOFFICE LTI, HEMICZ D7 — T OMEEEO 5 E RIRE RS, L ERAe
FLH LI,
BONTABOBET —F 2 AT, LHARROREBEZEIET 2L FTORERKE

Kbz, HERBEOZER Z2/k79, Maturity Index (MI) %5 H L7= (Bongers, 1990).
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MI &%, BHEAEFEEORFHITOWNT, cpfE& HBBHE L DL AFILIZETHY, MI
D/NENZEFELDOKRE VR, MI DREWVIZERHIFICODE > TRZELIEREEZD
no. BRO cp fEIX, B2 L OEARBRREIC L > TROHNTE Y, BIENH,
MARIZRD 2 EDTELMERMEDOR %2 cpl, KRB THH D E < HFELIZHH W
Dorylaimida B ®Ft% cp5 & L, ZOFRBOIEZFFOF %, cp2, 3, 4 £ 9% (Bongers
and Bongers, 1998). & 6|2, WP FTFEMEOFHT cp HEEIVIRY, MI & [FERIZHE T 5
Plant Parasite Index (PPI; Bongers, 1990) <°, H HZE{ENE, MM FFEMOR 2608 T
B35 IMI (Yeates, 1994) HHE M L=, 510, HERARBROFERELORE L, 4
RER DRI L D HEAMEREE DR EORIE L & 00 Tl 572912, MI 2%
J& S W 7-F81E T& % Enrichment Index (EI) & Structure Index (SI) %K 7z (Ferris et al.,
2001). ARSI, FITHBERE LRREREEDLHICL > T T 200 %
ARYHEIE & LT, SRRE RN & ME oM B ot (F/B) &, Channel Index (CI
Ferris et al., 2001) % K& 7-.

O O+IT 4 mm & TRV, LFOSHTICHW -, 15 3~5gww & 105°C T 48 K
Bl S, GARREZNE L. RSS2 7 idfind o250, 28 CN
SHrEE (NC 774 % —, bt —) 2H0CC NEFREZ[ELE. 5
SIREYE C BOFEEE & L COKENE C B2 HIE L7, 3 gdw O 1HEIZ 36ml DA A 2 AZHiK
Mz, 1RRFEEREZ L, #Ei#E (ADVANTEC No. 5C) %, K% -30°C CHUFSIRTT L
o, SR L=V T 45um DY VT 4V Z— TR L, SAIERESTE

(TOC-5000A, SHIMADZU) % MW TKEM C ®maHE Lz, HETOEEEN &%
HETH720, 3gdw DI 36 ml O IMKCIERZ M %, 1FEMEEREZ L, EE

(ADVANTEC No. 5C) 1%, k% -30C THmEtR{F LIz, o 7N afflts, SEEO
BGETEANL O AT S (Futura, Alliance) #FH\WCT7 =T B LI OREEE N &2 M
EEL, IUOOaHETEP OB N BE Lz, CASERIEIC X 0 N MR L g

ZME L. 3gdw DAL, SKRREZRREKED 60%(ZFHE L, 25CT 28 HHE;
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# L. BROFIELFERRIC LT, BEZOTHENGEEEN Z2HE, ©&EL, 1Hbd
720 OEEFERE N ORI EZ RO T, i N M ERE & L.

U R NENGEE (PLFA) Sy Wik & 0 A SR A 1 4 1E U 7. hil i1 Frostegérd
et al. (1991) ZHt-7-. WfEHE L= LHE 1gPOREZ A X /—), ZaakiL AR
AW TR L, Si 77 & (BOND ELUT LRC-SI, Varian, Palo Alto, CA, USA) TV VRE
DOFHZEHFE LT BT, 7AAYEMETFTTRAF LT AT L EH, Sherlock Microbial
Identification System (MIDI, Newark, DE, USA) Z M\ T, IEIIEEDE R, [FEEITH-
To. BMAEASA A~ ZADHEEE LT, 2EhgEEZ AV, M@ 4~ ZA0fEEE L
T 15:0, al5:0, i15:0, i116:0, 17:0, a17:0, i17:0, cy17:0, 18:107, cy19:0 D& FFEE, KIREA
A A~ ADFEL LT 18:206 % AV 7= (Frostegard and Badth, 1996). F 7=, SKIKE & A
DAL A~ A HDOFERE & LT, 18:206 & M PLFA @ k% iV /- (Frostegard and Baath,
1996) .

&7y NTHRILIEY Y OEL G, Bk, 2B CN 98Et NCT7F 74 3
—, ottt 2—) ZHWTC, NGARZAELE. VY OEIKSEL< (15
~30%) Gieiz, A (NEWEE) H7-V O C, NEAERERT.

TEECY Y OB REMITT D v I OEADHFEEREET 272012, FHEMEIZDONT,
HAX Z &2, Mann-Whitney @ U fRE 21T > 7=. U fEIX R 2.2.1 (R Development Core

Team, 2005) Z W TiTo 7.

2-3 AEHL

VHEEBEXTIE, YAIOEAIZLY HEO ON ERFEEICEA L (F2-1). &
DA D HEER I DN T, VIO EREITRD SN hoT-

WA AN A~ 2ADIIE L 70D, PO Y VIRENEIR (PLFA) Ofipkiz,
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F 2-2 TR, # PLFA J2, 589421 nmol g #+ (CFHJEIEAERESE) O 51%%,

HAA A~ ZADEEL 7 BN 5D TV, U HEBER T, v HIOEANZLS

224

BRI H LN ol b DD, VIREEIX TIE, # PLFA, #E PLFA, S&ik
B PLFA OWFhvh, Y OBEANCI VAR Lz (£ 2-1).

TEERR R OBVERE, B 2L O E R 2-3 1T, 31 B OBBENHER SN, TON
TR %k D %\ 10 B (Tylenchidae/Anguinidae, Aphelenchoididae, Prismatolaimidae,
Alaimidae, Teratocephalidae, Rhabdolaimidae, Plectidae, Cephalobidae, Qudsianematidae,
Hoplolaimidae) 12X » T, 2fE{A%, 33528 ik g wt (V¥ +HEAEREE) O 80.5%
PE D SN TV, RERENC R D &, M R E S REEED 52%, KIRERE D 20%,
REFN 16%% HD TN, cp2 BEW cp-3 DRIOEGEE N L, ZhEh 2k
D 41%, 39%% 5O Tz, ep-1 DRI, BIKRD 2% & V7> 7o DITHE L, cp-4 DFHT,
14% & RO R & Bl & 2 ED Tz 72, 2RI ML, =M1, SI 23&E< 7Z2->7=. Cp-1
OMEEE (Ba-1) 7372<, cp2 OMERE (Ba-2) AKRERE (Fu2) 23E0-o
722, BRI CIREL, BID/hSL otz AEZIToTHA/MTIE, X ToMLE
X T EI<50, SI>50 Th o7z, ZAUIHRMOEREHZR L, ZENTHEADMEN K<
P LT R TR TH 5 (Ferris et al., 2001). {REEX TIE, SRIRBERMEREO
TERED > H OBEAIZ L > THEIZHED Lz (& 2-1).

PHOED C, NGAFE, CONLOWTHOMEIZYH, YHICLI2FERDRITRD L

niginot- (& 2-1).

2-4 B

AFHAH D ¥ 2P DIRIR 2 8 O BIEIRERAR TIE, S IRBEX, SEBEEX L b
(i, 3EHDO I OENTHEDERRORE 0Bz bl b &3, Ivadd Lo
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NA T ADWHDHBRH LN TEY (BEL, RFERK), FHOED CNEIZIE, &~
T OENZ L DB o7 (F2-1). TRHOFRERLY, vk, IvayPyilk
HMNOLD) X —BEKT ST EBZLNH0, FBIC X DHMFERERN D2 (Pastor
et al., 1993; Ritchie et al., 1998; Harrison and Bardgett, 2004), #{&HMDEED NEED I
5 (Kielland et al., 1997; McNeil and Cushman, 2005) 72 K12k 2V ¥ —DEOE T H 7=
LMo lcbEZEZ LD,

KFAAHLD > WARBEFEX T, o H OB AT LV # PLFA, #HE PLFA, SR PLFA A%
ZHo TR LEEDX (F2-1), I¥vaFdnoo) ¥ —#aENED Lizoht L
N2, =T OB N F T, A 22387 (Aepyceros melampus) % Hls & 95 FLAER
DL, THERR O R E 2B EDIRVEM A A~ 2D 2 b6 L, U &2 —fit
KON LD EHROND THMAEMAA A~ ZAOWVEFER T Z ERMEIN
T\ % (Sankaran and Augustine, 2004) . #EHITIX, 772 & O EIZ L 2GS
HEOMK T, HHERBOMEEKEAZIKTIELLEEX 6 TWS (Freckman, 1979; Zolda,
2006). &7 vy h&EEUT, SKRIRE PLFA &SRR AR RO RS CorEZe i)
CIFABERIEOHBEN AL (r=0.572,P <0.05), ¥ IERBEEX TIELIIZE D RIRE
BYERBEEEROBO BN H LT (F2-1). LavL, MEEEKOK K E 5D 5 HE
B, M PLFA LARBI AR S, M R BB AR, 3 KO ORI
THDOHERNFITED DL oTo. ZiUE, SRIREREE O D MERE L VA A
T T ERLS T CNAHZ EERBEL TS O LitZey (Wardle, 2002) . F 72,
REEX TOY I L DMEDASA A~ AL TA, N B LEEOE(LE BT b S22
Mol DI, WA EMR B REROMEEEICE B RER 2o Tzizdh b Livw.
WA RO/ EEYIY, N OERLICKE REEEZ KT L TEY (Clarholm, 1985;
Ingham et al., 1985), N #ER(LEHE L, WAL A~RA LD L, b LAMEMEEN
A A< A LT D858 % (Mikola and Setild, 1998a) .

07, YAHRBEERTIE, MAED A A~ R, SRR, NEREEO VTR
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U MEANDHERENA LN hoTe (F2-1). i, v HICED I
EEDOY 2 —T 5 — VEDOWD DN, B HEHEY OB DM LIZ L > T HIE ST
LES7lont LR, WD OREWFE T, Hi B RESCMEEL X T 2B %
I, RS OKEVERM OB RSN L, TEIEY A 4~ X, e RIER A
DR AEER, N EEGHEENEHRIHERT 258035 Z L1356 T2 (Holland
et al., 1996; Hamilton and Frank, 2001; Fu et al., 2001) . —f%(Z, B REROPEHA O N 1%
RN TG AR SN DT o7 Y # —Hh o N ITHART, Eshn
RF W, FERIC K DR OPRY ~DA BT, THEPICEIT S N O L
RO DNEN DD E D (Hobbs, 1996). 70t Y P OEDELO LHEF T
AW S A A~ A (Lovell and Jarvis, 1996) <CHUZEW & MR O A% (Bardgett et al.,
1998b) KT 5. HHGHHEMOENEN LT-HE, MMM R OREEMEE S Z1L
L9 %. Goaftkoa#Yy RBHD, Jalthe ) OR8N L2581, KR
FRREE &0 AR IS X DA O REDEAN 2D Z L PR E L (Bardgett et al.,
1998a), SRIRTE &M D PLFA Fo, SOIREE Rt i &M A s o (K%L, CI MK
TT2AMEERH 5. £72, ZOEEEHEOH cpl <0 cp2 DA EE B IUG LT 0
72, EI O#IIS° ML, IMI OK T3 FA Z 415 (Bongers and Bongers, 1998; Ferris et al.,
2001). L2 L, COREREICYH, YHEANCILIABERERALNT (R 2-1),
e OE OEA Z R T REUIS S v o 1o HREMIT Ny FIRIZHH L, O
SN N ST < (Afzal and Adams, 1992), HRIZ S OBEINEE A2 HECH [H LA
fik#gE L 72\ (Paterson and Sim, 1999) 7292, Roh=7v v MIBIT S 1 RIOFHET
X, TROOEBIIFM TERDP SO0 LiLRw.
THEBEEXT, TV T VR T MIKT L B Y 2 — ol O R BLN R
Mo T=DIE, HITHY # —OHFEIEINC L - T, AEHIEEENHE SN0 b L
e, Iva L, MEOREEZITL EMIPTINAA A AERESURTIRL

o (G- SRH, 2002), ZONA AT ABADBEZ D, WY X —OfbE
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HINZHIINT 5 LB bND. —JF, BVEREEZXZT 2561%, #l RS 4~ 20D
FEEE Ao (SEFF - SRH, 2002), HITFHEY ¥ —ORHEIEIRE S ALV D L
NV, ZTRHOMRE, ¥ W REEX CII B ) & —Bd O R S o
T2V FHADRERE, TIHELRW. £, BEEXIZBIT DV THEANIZL S 115
CN LOFERBMG (F2-1), TFEY ¥ —OEno itz me L T, £
7z, MEBEXTTHEY T VAT ASO U HORENRD Hpno /IR E LT, &
ANHOY Z —EROBINGE 2 b D . MO HHAEITE A L BAD ZKDHAE

BRICHDLEENH Y, dbiEED X /7 J1 23 (Betula ermanii) ATk, KO T v~
# (Sasa kurilensis) OX VIV IZ K-> T, BHEEZHERT D57 B o RORREMEE S
7= (Takahashi et al., 2003). BEHEX TIL, WD IOEIRR, mAREOY ¥ —
HEE DT ATREME N & 5 .

4 9 km? E WO REEDO VI L HHRIKTO 3 EMOREN, HHARROMEIC
AREREBERIFILY D EBN otz ZhUL, BEICLD2HREMAEDERIZLY,
THEAOHEHUHE RSB Licion LISz, L L, BEEXTIZT I OHEA
2 &2 HHARREE~ORBNR L LN Do 72O, FHOHTE Y # — s ok
RIHEIN=C, JAR Y & —0E, O, Sl DG 72 ERFIRTZ o T Db LivZeu,
7, WTROXTEH N EEEBAEICIZS D OBEADEEIIRA T RN, BE

, ARG EOZL 2@ U T N BB ICE TREBZ RIFTOIZE, LRV
K232 Ok L. H250NE, 4~16 §8 km™” BREDO VW BEEOLA, Y
H EFOFEN S 725 T TH A 9 N EHELA~DOADZIIL, th oA DAL (e.g.
YYHTE Y & —, @AY Z—, Jhlthy) iR OIEMEGIC & - THE S, N ERE
{EBSREIITR BN HEN O h L\, — 5T, SRE % ORECHEIY <y F 0
JAiN7e ETo, FE, KT EHE AR OB OZER EOBREA L TNDHDN, £
VO MR DO NIEERICEDRELEL 5 200, SBALLICT O ERNH 5.
F7o, VHOEBE LY EMBZ BT 2GS, A RAEEORBNEIZL D

53



TEARRROMIE, HMIEDLL, BLUHRKDO N EROZUNEZ 200, 5H%D

W Lo THL NI T HLERD D.
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(2)

T B ORI
ﬁ_ EEM EEAR
pL

(b)

A¥ - b X ANTH

(K404
AF . b % ANTH v R
(2001 4-AE%) -EFE : 6.25ha
R IETRTERTAR
-k Q1EE
SAAEREE
16 58/km?
| ISR
-TEFE : 25ha

-k Q1R
S AEREE
4 BH/km?

100m

B2-1. YHEAKIRK (A ATIART LR EHRMBE) OB ) &8 (k) |
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(2)

AF . b FANLHK

(F405-42)
Z2X - v ¥ AT O > hHERRIX
(2001 4EAE#R)

B VHERAEKX
VEIE IR FERAR

100m
IIMREEX BB EX
(b)
T APEBREKN (2004485 A 5 PR (200445 A 45

B2-2. UHBAEBRXNOREXOEE (a) LRHAEXORRT (b) .
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Table 2-1
Mean value of each measure of soil and leaf properties, PLFA, and nematode (+ S.E.).

Low density High density
Unbrowsed Browsed Unbrowsed Browsed
Soil properties
Water content g g 140 £ 0.17 155 = 0.08 152 £ 007 157 £ 0.05
Water soluble organic C pgCg"' 142 = 19 125 + 9 167 + 15 166 + 23
Inorganic N ygN g’ 264 £+ 19 298 £+ 1.3 29.6 £ 3.6 283 £ 20
N mineralization rate pgNg' d' 5.06 + 1.04 596 £ 1.10 491 + 037 539 £ 0.69
Total C mg C g 172 =+ 23 178 + 10 190 + 16 198 + 7
Total N mgN g’' 1.7 £ 1.3 123 £ 0.7 125 £ 09 124 £ 05
C/N 147 £+ 04 145 £ 03 153 £ 02 159 £ 02
PLFA
All PLFAs nmol g’ 645.0 £ 20.1 5135 + 307 * 6163 £ 359 623.1 + 382
Bacterial PLFAs nmol g 3262 £+ 51 2647 £ 164 * 3185 £ 196 3172 + 193
Fungal PLFA nmol g”' 122 £ 18 73 £ 0.8 * 96 = 09 112+ 1.6
Fungal/bacterial PLFAs 0.037 +0.006 0.027 + 0.002 0.030 + 0.004 0.035 + 0.004
Nematode
All nematode g 330.1 £ 41.6  282.0 = 402 3303 £ 59.8 3936 + 623
Bacterivore g'l 1749 £ 22.5 157.0 £ 21.7 187.0 = 25.1 1854 + 21.5
Fungivore g’ 653 £ 4.1 370 £+ 87 * 649 + 165 1038 £ 282
Root feeder g 584 + 15.1 51.5 £+ 9.6 41.0 £ 152 585 + 143
Algal feeder g 70 £ 47 48 £+ 1.0 71 £ 32 19.4 £ 6.1
Predator g’ 44 + 12 37 £ 0.6 39 £ 21 78 £ 238
Omnivore g’ 13.1 =+ 3.8 165 £ 5.0 20.1 £ 5.7 11.9 £ 3.1
Insect parasite g'l 3.1 £ 2.0 81 £ 3.1 48 + 3.7 24 £ 1.7
MI 2.68 = 0.08 292 £ 0.07 277 £ 0.01 272 £ 0.06
PPI 241 + 0.14 237 £ 0.10 248 + 0.03 242 £ 0.15
EMI 2.63 + 0.08 281 = 0.04 273 £ 0.01 2.69 £ 0.06
EI 441 =+ 24 389 £+ 4.0 458 £+ 52 435 £ 22
SI 77.1 £ 42 847 £ 23 81.1 £ 09 765 £ 22
CI 748 £ 5.0 739 £ 11.2 66.6 £ 9.4 80.5 £ 9.1
Fungivore/bacterivore 038 = 0.03 0.24 =+ 0.05 034 = 0.06 0.55 + 0.11
Leaf properties
C content mg C g' OM 5002 £ 24 5002 £ 45 5102 £ 10.7 520.7 £ 148
N content mg N g' OM 330 £ 1.0 339 £ 05 337 £ 0.6 344 =+ 1.1
C/N 152 + 04 148 £ 02 152 £ 05 152 £ 04

* P <0.05 (U-test for the difference between inside and outside deer exclosure in each of two enclosures)
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Table 2-2
Composition of phospholipid fatty acids in soil. Mean + S.E. (%mol).

Low density High density

PLFA

Unbrowsed Browsed Unbrowsed Browsed
14:0 1.2 £0.1 1.1 £0.1 1.3 £0.1 1.3 £0.1
115:0 8.7 £0.1 9.1 £0.2 8.4 +£0.1 9.0 £04
als:0 3.6 £0.2 3.7 £0.2 3.8 +£0.2 3.5 £0.1
15:0 03 +£0.2 - 0.2 £0.2 0.3 £0.1
i16:1 0.6 £0.3 - 0.3 £0.3 0.7 £0.2
i16:0 3.0 £0.2 3.0 £0.0 2.7 £0.2 3.2 +0.1
16:1m9c¢/11c 1.1 £0.0 1.3 £0.1 1.1 £0.1 1.2 £0.1
16:1w7¢ 43 +£0.1 46 +0.1 44 +0.1 4.8 +£0.1
16:1m5¢ 2.3 £0.0 26 £0.0 * 2.4 +£0.0 2.5 £0.1
16:0 11.5 £0.5 11.3 £0.2 11.3 £0.2 11.3 £0.1
10Mel6:0 6.9 +£0.1 7.6 £0.4 6.8 £0.0 7.2 £0.1
30H15:0 1.6 £0.1 1.8 £0.1 1.7 £0.0 1.8 £0.1
i17:0 24 £0.0 24 £0.1 2.3 £0.0 2.3 +£0.1
al7:0 1.6 £0.2 1.5 £0.1 1.3 £0.1 1.4 £0.1
i17:108¢ 0.7 £0.7 - - -
cyl7:0 1.9 £0.1 1.8 £0.1 1.7 £0.1 1.9 £0.1
20H16:1 1.6 £0.1 1.7 £0.1 1.7 £0.1 1.6 £0.1
10Mel7:0 0.7 £0.1 0.7 £0.0 0.6 £0.0 0.8 £0.0
18:2w6,9¢ 1.9 £0.3 1.4 £0.1 1.6 £0.2 1.8 £0.2
18:1m9c¢ 7.1 £0.3 6.8 £0.2 7.0 £0.1 7.0 £0.2
18:1w7¢/9t/12t 114 +£1.1 12.6 £0.3 11.6 £0.2 11.1 £0.3
18:0 24 £0.0 2.5 £0.1 2.5 £0.1 2.4 +£0.1
11Mel8:1w7c 1.3 £0.1 1.6 £0.1 1.4 £0.0 1.4 +£0.1
10Mel18:0 1.5 £0.1 1.5 £0.2 1.5 £0.5 1.6 £0.3
cyl19:0 17.7 £0.7 174 £0.3 19.8 £1.5 18.4 +£0.6
20H18:1 03 +£0.2 - 0.2 £0.2 0.1 £0.1
20H18:0 0.7 £0.1 0.5 £0.2 09 +0.1 0.5 £0.2
20:4m6¢ 0.7 £0.4 0.4 +£0.3 0.9 £0.2 0.6 £0.2
20:1m5¢ 04 £04 0.8 £0.4 - -
20:0 0.6 £0.0 0.4 +0.1 09 +0.2 0.5 £0.2

* P <0.05 (U-test for the difference between inside and outside deer exclosure in each of two
enclosures)
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Table 2-3

Mean abundance of each family of soil nematode (/g dry soil), and mean ratio of fungivorous-to-bcterivorous nematode abundance. Mean +

S.E. Percentages of total are shown in parentheses.

Low density High density
Family c-p
Unbrowsed Browsed Unbrowsed Browsed
Bacterivore
Bunonematidae 1 13+ 13( 04) 042 04( 0.1) 41+ 06 ( 12) 41+ 21 ( 1.0)
Rhabditidae 1 22+ 12 ( 07) 1.9+ 1.0 ( 07) 1.5+ 1.5 ( 04) 24 + 1.5 ( 06)
Diplogasteridae 1 20+ 1.0 ( 06) - « - ) 24 £ 24 ( 07) - « - )
Monhysteridae 2 102 £ 35 ( 3.1) 35+ 04 ( 1.2) 41+ 06 ( 1.2 ) 120+ 3.6 ( 3.1)
Leptolaimidae 2 08z 08( 03) 04z 04( 0.1) 47 + 26 ( 14) 12+ 12 ( 03)
Plectidae 2 212+ 65 ( 64) 226+ 99 ( 80) 294 + 77 ( 89 ) 162 + 4.1 ( 4.1)
Cephalobidae 2 125+ 15( 3.8) 125+ 34 ( 45) 92 + 45 ( 28) 170 = 50 ( 43)
Prismatolaimidae 3 423+ 97 (128 ) 321+ 63 (114) 276 + 44 ( 84 ) 375+ 56 ( 95)
Bastianiidae 3027+ 27( 08) 83+ 23 ( 29) - ( - ) 29+ 1.1( 07)
Rhabdolaimidae 3 209+ 95 ( 63) 138+ 49 ( 49) 272 £163 ( 82 ) 31.1 + 43 ( 79)
Teratocephalidae 3393 +136 (119 ) 230+ 58 ( 82) 443 + 3.6 (134 ) 259+ 56 ( 6.6)
Alaimidae 4 196+ 64 ( 59 ) 385+ 73 (13.6) 326 £ 46 ( 99 ) 350+ 84 ( 89)
Fungivore
Tylenchidae/Anguinidae 2 28.0 = 39 ( 85 ) 163 + 48 ( 58) 209 + 74 ( 63 ) 324 +11.8 ( 82)
Aphelenchoididae 2 360+ 75 (109) 197+ 64 ( 7.0) 414 +£105 (125 ) 656 +179 ( 16.7 )
Diphtherophoridae 3 13+ 13 ( 04) 1.0+ 06 ( 03) 1.6 £ 1.6 ( 05) 33 £ 1.8 ( 08)
Leptonchidae 4 - « - ) - « - ) 1.0 £ 1.0 ( 03) 25+ 25 ( 06)
Root feeder
Paratylenchidae 2 53+ 53 ( 16) 177+ 76 ( 63) - « - ) - « - )
Ty]enchidae/Anguinidae 2 280 £ 3.9 ( 8.5 ) 163 = 48 ( 5.8 ) 209 + 74 ( 6.3 ) 324 +£11.8 ( 8.2 )
Criconematidae 3 160+ 83 ( 49) 84 + 58 ( 3.0) 1.8 £ 09 ( 06 ) 25+ 1.6 ( 0.6)
Hoplolaimidae 3 50+ 29 ( 1.5) 73 £ 37 ( 26) 165+ 96 ( 50 ) 187 + 7.5 ( 47)
Pratylenchidae 3027+ 27( 08) 16z 13 ( 06) 18+ 09 ( 06) 372 30( 09)
Longidoridae 3 13+ 13 ( 04) 02+ 02 ( 0.1) - « - ) - « - )
Trichodoridae 4 - « - ) - « - ) - « - ) 06 £ 06 ( 02)
Belondiridae 5 - « - ) - « - ) - « - ) 06 £ 06 ( 02)
Algal feeder
Achromadoridae 3 70 £ 47 ( 2.1) 48 + 1.0 ( 1.7) 71 £ 32 ( 21 ) 194+ 6.1 ( 49)
Predator
Tripylidae 3 08 £ 08 ( 03) 05+ 05 ( 02) - « - ) 12 £ 12 ( 03)
Anatonchidae 4 - « - ) 04+ 04 ( 01) 08 £ 0.8 ( 02) 30+ 19 ( 08)
Mononchidae 4 36 £ 20 ( 1.1) 28 + 0.8 ( 1.0) 31 £ 1.6 ( 09) 37+ 1.7 ( 09)
Omnivore
Qudsianematidae 4 96 £ 1.5 ( 29) 141+ 44 ( 50) 178 £+ 45 ( 54) 9.0 £ 28 ( 23)
Aporcelaimidae 5 13+ 13 ( 04) 12+ 08 ( 04) 23+ 13 ( 07) 1.7+ 12 ( 04)
Thornenematidae 5 22+ 12 ( 07) 1.1 £ 0.8 ( 04) « - ) 12 £ 12 ( 03)
Insect parasite
Steinernematidae 31 £ 20 ( 09) 81+ 3.1 ( 29) 48 + 37 ( 15) 24 + 1.7 ( 06)
Unidentified 39 £ 22 ( 12) 34+ 14 ( 12) 1.5+ 15 (C 04) 44 £ 14 ( 1.1)

* Half of the Tylenchidae/Anguinidae was designated root feeders and half fungivores, as the feeding habits of this group included both root

and fungal feeding.
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3E YRR

3-1 FEER I Y a PV OAEBFICKIT T

3-1-1 IZ LU DIZ

TN DEEEAR ST, WRMEAEORIRT, SRR K DB EFE O (Ueda
et al,, 2002), FELHEOWH (HE#5H, 2003), oMo X~ hOELR (HE
5, 2003) 72 S Ko THEMEBREERICKRE RERBEL KT TLEEZALONDZD, &
TN R DBREIRE &, WRTEADBFEEE OBMREZH LN T2 2 ENUETHD.
BRI DRI A DR RE, THEA~OGERY OB RO, THEYBRE D
bz U T, HHEARROMEE CERICLELKITL I 5.

BRI LA, —BROITY DA FERICA OB L KIF T (Milchunas and
Lauenroth, 1993; Ferraro and Oesterheld, 2002), TEO#EE KIFTHA GRBME) bH D
(McNaughton, 1979; Frank et al., 2002). L7»L, ZAHOHFIEDOL < 1%, FEHIZERERIZ
BT AP —HEREROEBLETR-LOTHY, FHRTOT T v —AIEAEIC
KD EPE~ DRI H E VIS TR (Persson et al., 2005a) .

VHHEIL, AAROHEELREBARICES T 2RENTEMEAETHY, R YL,
A OREBIFENE < UMK - EEE, 2001), WIRHFOZ L OV AERBMIZIE W TH
RICELSL, FMZ2ELETER LS TS Z ERNMBNTWD (Takatsuki, 1983;
Yokoyama et al., 1996). F£7z, MIKOYVHAIL, HHEBRICHIT D NREDEST
#DOURFF (Takamatsu et al., 1997; Fukuzawa et al., 2006) <°, THEWFLERBE D% E(L

(Takahashi et al., 2002) IZH&HFE5 L TWD. LoT, U IOEEIIHT DKM AEDK
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JEETARDITDIe->TE, IvaPrREbE LM LNz D.

Y a PR

IV VL, A X3RS TEBY Y BOSELREART, dbifpE & AN O KR, B
FOWE, WNOEED DRy (iR 50em BLT) [LHIZBEAT 2. Ivatfdor -
Jay—iE, fWEL (1977) 2, B 8kA (1979) 23FHMICBIZE L TS, HTFRTK
EHFRNZIRA Y, i EIZm o TRAMRESE 5. AIFILFITH T XCROM N EIZE
SN AHTD, FRITH EHTHE Y oLy, BROFMIT L 14 7 AT, HFEHL
WIREANEDD. 4~5 HITH LWREZRAESYE, 8 HETHET 5. RRmEiTHuEkic
FoTEDLDLA, 50~140ecm IEETHDH. ZORITENIERER L, FH 6~7 D
EEHETD, TOBRBETTRETIZE A CZL LS, BRI Z T T TR
FEIZETHED, 6125 HG 8 AITTTIEE A EORPHIET 5. HTFE DA A
~ A, 6~7 AIZAIL, 9~11 AIZT CREHET 5. i FE ORI I K D H B
DR E, R LT B X DA RED O N~ DOITROME L ZE 2 Hid.

FLWH I 6~8 AICEAL, LT o~11 A (FIT9H) IEREINS.

SRV HEEDI TV a P ORE NN —

Y aPHEIL O HARMT, FHZBEUTHEEINTWND Z ERERINLTH
% (&7 : Yokoyama et al., 2000 ; FI# [1:[% : Campos-Arceiz and Takatsuki, 2005 ; FLEE(L :
Takatsuki, 1986; Takatsuki and Ikeda, 1993 ; 2% Ht: : Takatsuki, 1983 ; @)1l : Ueda et al.,
2003 ; KRB R : Yokoyama et al., 1996) . MIRICHEEFE DO V03 4EFH T 5 8 B IO
TiE, IYaVFFE IO TH O I ORMGERE WD BRI TND (K -
HiE, 2001). YAEARRKIZEWT, UFOL57%, Ivafdory=/ ny—(c
S LTo v OB RE — U PBIE STV (RS, RER). IvaFhid4 A
ICH LWBROMEZMGED D, VX, 4~5 AICERELOROHREZ, LT LA T 5.
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ROME, HEORMANEAT 6~7 HIZiX, BOEMIIZEE LKL D WARERED
B, BlEHRLS EOICLTRET D, —Ji, P LS OB ROESHEIER OFEN B E 72
BN, R LYY ORETHEVTRESNARWD, BEOKT L 8~10 42X
PHXF L A ERBEELZ TRV, 1A, BEROHDOENRFIHTERL 2D 11~3
AX, Y oENREIERESNDS. EL, IvaFIToBLEDORG W I OEEELE
BHICIE, EELI v a VP22 BICRALTRY, BHE~ORAEELEVWEEZEZDL
% (Takatsuki, 1983; Takatsuki, 1989; Yokoyama and Shibata, 1998b). X ¥ =¥ H (I Fic
HFEICAF 2T T 205, #l BN b TOAFEZ DT 5700, ZhbE&A~FFITY
NOREZEZTD.

BREICK T2 I v a VY OIPRRZE L & BRAmE

Yokoyama and Shibata (1998a) (%, > I IEFICEHWEE (560 88 km?) THEET D
HBRKETIROSHEB RIS T, BIEEMOBIEIZ L > TR b v OB A2 T 46
DIz I a o, i EMOBEELERAT. ZORE, BEAOH EIIE, Fizy
T OREICE D STV LMD Y & [FRRICHE, B & HI/NIT, %< o,
F7o, SFH - HEM (2002) 1F, ALHEE ARERROSHAIRZMIZE VT, v a oKt
D OBRBREN R ZHSHET, I Ya P roREB L OBFREZLELEZ. T
fE, T OFERBENEVHRIZE I Y a o, o/ ML, B FROKTNE
oy, HLEREY 720 O, HEORE, PRIECHEZZIT A TR 2D, ik
ICBRVR B AT HHUS T, /hE ot &6, SYaFHoTEORES, BifF
BiE, PREORAIZE > THINT 54, WBEDRREZZT 5 LT 570
Hi B & M N OB FRIE, RARENEVIEEETL T\, ZoX5i, BAeE
AT D LM EEOBAFREITEAD T 50, LD BROFVEDORENRKZ WD, K
EFROBUFREILIIRELS 2D,

YAV L OMEOBEEDOKRE VA XL 7L, o0 @B E g TR, Wkt 55
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BNEZNDITK L (1UAR S, 1997; Nomiya et al., 2002; /MRS, 2006), I v =3k
RIFENENE B Z SN TS (Takatsuki, 1983). ZiuE, ¥ a ¥ TIFLENRFEIC
HIFEBICIR S, WEBEZEMTE 5720 LEX LTS (U - EiE, 2001). F
7o, SXY aPHO T HOHRE~DOIMEDL, HEL2Z T IZEORmE ~DEIRAL 5y DZAL,
FEREOZEIZHHKT 2000 L., HIFEH~OEIRE S OEINE, HEICLHE
ROBKAEARE L, HEHO/NUYE, SFEEMT, REEZFIIKLST20R13H 50
t, L#L72\ (Yokoyama and Shibata., 1998a). & 5|2, HELFROHAF RN K E S Dk
B, KAREOBL BN b TWbH EEZBND. £, BEEN LMK S
iz Y a P o2t EEoEEIEL (1o and Hino, 2005), &V MR A& Al HE

IZLTWDDONH 720,

B

FRDOE I, 2R VHORBICL D I Y 2PV ORESCHEED LT L AR
ERTWDA, BRRERERE LU - BiFEA L OBRIEIF LA TRy, Iva
PAILIRA > T OB ~OTMHEN TR < (Takatsuki, 1983), R EOHEINICKT T 2 HED
BAFREOBDIE, BROBL I LRSS (Yokoyama and Shibata., 1998a) .
Lo THFECRILSE OBIE, SRAMAEIC L CHRICHBAT 20 TiERd, AN
BVRFIZITRAE T, BB L R 0BRBMELE R D LB L2006 Ly, £
ZC, WIEREMARONRKEZE S I v aFVicatl, Y IORBEM LT, B esfE
OREEE 1 FEMICDloTHiL, Y HICEDHED I ¥ a PV ofRamEL, Ivay
T OBAFELTZREO M & D EHIBR 2 JH~ 7.

3-1-2 ik
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3-1-2-1 FEH & EERERE

2005 4 7 H2v 5 2006 4 9 HIZHNT T, 2 EOFEM & BES 25, & 770m OHAR
DFERNIRBAR EOWBEILIEBRICIBNT, EREITo7. @RI, =217, /1 X
T, 72U, AFEIY, ThHYRENLRY, WKIZI Y2 IREICE-> T\,
PN 10m X 30m OFPHNIZ, 2mX2m OFEER T v v k& 18 H% T, 6 BEFEDOIRE D
FEAFX (DO~DS) %, 3RET ST v F AICEE Lz (K3-1-1). ¥ HIckbHIT=
PHORAEKEAHKL, EF (TH), £4F (11~12 /), £F G H) I, L2
EEITol. ML, EFIIFOREREL KL, £AFIHEXESHAEAWTEL
KE,H o0k, FERINEESHZEHOCTHBRZHME»OORT I L Lz (X
3-1-2). #FHie b 3 EIOREL 6~14 AMBTEm L (EF:7H 14 H, 22 H,
29H ;4F 11 H15A, 290, 12H6H0 ;FF:5A5H, 16 A, 22 ). EFD
IR OKIMICH - o7, R, XTHORERA L EBICRETLHZLICRDD
T, TORITENHR. XFEORMERIT, BEOFHROFBAE T, M B OREIXTT
i, BEORMRIL, OB EHMOKINCH I >7o728, HRBMGE Dz 728
DFRAEITOT N TH 7. DO~D5 OEFERME Z & OfEMEIL, EFITaREIx
THORBMAELZRE L-BEOFEGT, 0, 10, 20, 30, 40, 60% (H#EH (3 BORFHELK
DERE/2EEH) £SD TET L, 0,25+0.11,57+0.11, 102 £ 0.55, 11.1 £ 0.8, 159 +
243% Tho72) &L, AFIREHITHT 2 MEHOEIETO, 20, 40, 60, 80, 100%
&L, BRI TR £ CORMBUREIIT 2 M OFIE T 0, 20, 40, 60, 80,
100% & L7c. &FEICRE LR, BowELY, ThEnfiEsE, MEEEHY, 2

FEIOMER, MEEOAIEZ, FAA A RARERLPLEZ LICTD.

3-1-2-2 o7V 7 EHIE
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1ERE2HFEAD, IvaPI EMORENK T L TWDHEFE (2005 4 10 A 31,
2006 -9 H 26 H) (7Y v T & Tole. 1RO T Y UL, &7 ay
MO EE R, EHIZT UH LT 6 ADREERALT, HIEENDXIDIRY, LRI
BL7z. b7 O EERCHAL R SHT- 0 O AE R U C, BLEEH =) OFE
BZaRO., SOICHELHEFO D O, RIS, REEZTN T O EICERT
T, BMEEOHNMNEMH- Y OBFERAHEE L. 2FAOY 7Y U 7RICE, 7 'r
> FOHL Im X Im BN O Y FE A IR O X0 HRY, S 51T 0.5m X 0.5m FEN D
S 03m £TOVHHFEHZMY Bofz. LYV oM BIEEE, i,
IR, MIRIZRIL T, ZENENOmEANE L. £722HE) CN it (NC
TFIAY—, FHatrtrF—) ZHNT, FEDC, NEHERZHELZ

Z Oz, EEOFERD 2005 4£ 7 H 11 B, BEEOFFEO 2006 4£5 H 5 H, 5
H16 H, 5H 22 Bz, BEOHEAEIT-7-. KRERFICBWT, BFEAEORITDET

bolelc, BEROLZMEDRL L.

3-1-2-3 HEFHEHT

FEGRE RS, il EOBRGFESCIEO SIS ZH 6202 572018, H# B
BB L0, BOFBFE, BEEHZD O - B, E 1 - B1EAHTY O
HO, | FHRTOELEE BNEE (y), F M4~ AREEZHALE ) &5
MR 2 T -T2, £, MTEBAERBICOVWTUIIERDOT —E N0, ERK
TR EEHAE R, N R, I LU EE S N oA R L & 2 HIZEE (y)
EFTDERATEAT 7o, EURSHTTIEL, 1 ~2 REUFETVON, Y TTEV AR

MOTRMDTEREIENE (AIC) B/ OETT VEHRH L.
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3-1-3 fi55

UKD I Y APV ORE NS — vk, FEHT L ICBEITHEM LR, EEORH
T 0.6~6.8 gm?, XFEOHERIT 6~53 gm?, HEEORIEEIZ4~20gm™> L7201,
RS I~ ARERIT 11~T8gm? & o7 (1K 3-1-3).

MIRXICET S, 140 L 2FAOKOFHEMEZ, &K 3-1-1 157, 2FHICF, 1
FEHIZHARTROAREEENORME T L2, M EHMOBGFEN 3 FIFEELT L.
EOBFEIT, BOBGFED 7T~8EITHY, H T o 7EIZETHho7z. Hh
TESBIAFERED 95%ITH TN EHTE Y, MROEIEIZTOT N THo 7.

T B OSFHIMEDFEZ bR L, A Y ARERE L ORREY, X 3-14 1R
T BNCEAE Y2 ORESFE, BAIEE Y2 0 ORBIFRE, BAEE Y2 O L
B R, BZEES7Z0 OFRAE, E1IRUYORE FEYA X)), B1IALELZLO
HoE (R A X) ZNENOFEEBIE, WTI b A A~ AFREREITR L CHFREAD L,
BrERE 0 g m? yr! ZTHMA L T2 LICiho 2 R ClRlR S, HALERE Y20 O3
i, FE1ARYTZ 0 OFFEH, ELROBFELOEEIL, ThEh AL A~ ARER
174 gm™yr', 311 gm?yr', 36.7 gm™ yr' ZIEM &35 Bl 2 B CHIE S
7-.

AZEORRERE L, BEOMEREAT (5/5) F TOHBRORAELITIL, AELRBERIX
O o7 (K 3-1-5). fafmitg (5/5, 5/22) TOHNLRFEY 72 W ORBRALCRREL
FEOEADON, MRS E D EEORA Y BRI 1L, MREABLIAOZER (HifE
DI, R, MR L) ICL 2 ARBERE B2 HND. RIS 2 BAR
ROFRBUF R0 BRI Z , fRRRT O T L, fift & & OBk & M Lz (1K 3-1-6,
8). R HIZIE, B RBRoRETDRL (K 3-1-6), fHx DOV A Xk (K
3-1-7), BLOHALHEA Y720 OBAFEOHEM (X 3-1-8) BHEATZR, ZhbDZE e

R OMICIE, AERBEBRIZED N2, —F, EEFEOfEE (5/22~9/26)
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OFOHRIL, FfEE L IED, FFRE TR (522) ORI mOAOHBEZ R L7 (X
3-1-9).

2FEH OO Yl BES, T OBIFRE, A A~ ABREEL ORKRE, K 3-1-10
(R M BB RN, AN A~ AREEICK L CEARICED L2, #TFXEB X
OVl PR BT B (S AN L7z, 2 ofER, #i B & M oG FH A BRI, B
EONRPRH BTy, #E B E N OBAFAREE, FREEITR L CHFHRRED
L.

NAF~ ADREE, VHAERED C, NEHEBLOON HICITREL RIT SR>

7= (X 3-1-11).

3-1-4 #4532

VA% U7 2 v 2 I~ OB AL, it EHSFEOIKT, RO/
Eblob Lz, iUk, EBEOVHARBMTOI Y aFhofse, Iva o As
XD B ZRCTH LN LM E R TH D (IR, 1978; 5, 1979; Yokoyama and
Shibata, 1998; <FH: « 4£H, 2002). L2vL, /A A~ ABREDREIZ L > T, Hi EHHL
FROK TN EOFREELORREIZIX, EWRA L (X 3-14).

NA A= ZABRENEFITTH RS (10~15 gm? yr'), BOH A XRBEEN DTN
L, i X O EEBEE I DM A bivle. IEFITHEOREIL, HE
HBAFEOENE 76T O0s LV, EEO T AR T, HEICX 5
EEBAFEOBIMITHRE SN TWRWD, ZIUTEE > OFETAEN, & EA LM
TITONTWDT2D s Lit7en.

BB (15~40 g m? yr') ONA A~ ApRENL, BOBEZETSENBYL720 0

EERAHMMSEL 2 LT, IS OEBOK T2 Lz, £z, Eo¥A
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AOIRFIE, RO A ZADIEFITHRTRNS oz, ZORER, E, e b B mfEY
7o 0 OBAFEITEAD L), EEROBUFEIITEM L., 2F 0, BAFEORD OR
X, BEOHNNEhoTo 0wz b, 2ok, i EFBRFEZOL O LoD
b, FEEROBGFRERILOEINZ L > TERORD LIS SN D &9 BB NI, EEE
IZHORBEZITTCWAH I a P CTH#ElZE 35 (Yokoyama and Shibata, 1998; <F
- SRH, 2002).

—J, "A T ARERD/RE VRS 540 gm? yr') 121F, EHOBITHE I/
D, BEHSLELBEORGRELLBICELZ. Zhi, Zhbo7ay FTIHEERIC
RADBERNER SN2, FAELBRORMNB DL, ZOY A ARBEHRLIEFIC
INEDPo T2 Z EMRELSEEL TS, EEARDRWI ¥ a il clL, 5~6 A
WP EEEX D RS &, T ETOLEORENMEES L, 8 HETIZEL
DEAERPEAET L EnMbNTVND (’RE, 1979). AHIZETH, FEOHIFEH IR
WA ICIIROFAEMEE SRS (K3-1-9), 1D (1979) OX|0 By £ & 5
EFEROESY A ADRIEFIT/NS Do Tz, ZHEHRANTH H7-OIZHIHATE 5 560%
SOBICHIBR D o722 L0, B, AFOMIEICL D BN REERDH 7220 ThH
5.

SR VAOAERBMTIE, Y a I OSEDEM L TESPHENGEE TN
HMBHILTUWD (Yokoyama and Shibata, 1998; <F5 - 42, 2002). KEZJHTIL, BhFEEAm
DHEBIZL > TI VY aFIRKNOEREEZZ T MO & &, BEITITRE, Eo/NL,
BB 57 (Yokoyama and Shibata, 1998). F7-, AFEBRX LSS0
HAFBRXTH, 16 3 m” OFBEEXTIE, YOPEASNIFEOLTNLHRED
Y AP RERE L XTI, BRI O/ N, S LR S vz (PR S,
RKIER). ZOX I 1T FITHTZRVERICE T, i EoEmBEEITEZY 5 5.
LU, AEOBEHRRER TIE, 10~15gm?yr' OFOAL A~ AREEIT 1255

(ZDH, HDFPITERLCHROBEN LA L2MEANA LN OO, FREREITEARNIZIT

68



NA T~ ZABRERITK U CTHFNHAD T D 2R Lo, A F TORMBEIIHROFRAE
BIZEBELHE2 TELT (K3-1-5), FREFEOMBILEOHRDOREOIAEITITIEDKE
ZRIFL TN DD (X3-1-9), TOMRITNEhoTz. ZRHORRKIT, wBEDAN
2072 7 Y OX] D B EERIZEB W T, RIEO 8~12 HB L UNYED 1~8 ADW
FTIPDOFIZA Y B 24T o 72 85810%, YA 8 AR TR O F v & 72 G,
1978; &5, 1979) LW ORERE BT 5. ABRTHESAI D ED A, v IOREIC
LBV ORIEEFHI LRWER E LTIE, A A~ ABREORESCRH] DN, 4
FEOLFEORBEITOTVVRNWI ENEZ HND. A DI EBRCIX, £z & A
DAY I DR PRET STV DD, FIZETOREHEENGUIBRT 5720, )~
DHEA—=TUPRTE DS L., REBRTIX, fx 2BEORE, MfE%x17-oT
WDN, FRCROBEBICHET 2 LB X bMWD RFOMBEORN, BRX7-00b L
gu, FRE, FEm2S 20em FEEEICEGR LTz S ARIANCBItA L7y, o 8 AE
BRIX T, FFREOHIGD D 4 Ans, Y HICE DAL () ORBMEERSh T
D, BROBEDEAR 4 AIREEZZ T 52 LT, BROSEPMEESND DS LR
VXY 3, IS TICAF R RAT 20, M BRI S —EROAFETERT 5.
VADBANFERX T, AFICH EOAFLHERELEZY, V2 —ERICENTWDHAE

o THRAET L2 ZLRBEINTWD. LHFE~OREN O THMIT, H12£<
DEF O ZHET DDt LvZau.

ALHEE O (B RO SHARAHR TOFTETIE, VIO Y a P ~ORBMEN G £
BDIZONT, VY ORBFRL L0 EEOBFESME T L2, i FOBFESY
EAEOH T OB FEIL, AN FRREOHS TR b KE Do 72 (SFFH:-48H, 2002) .
IV VPHIREEZ T 5 LM N~ OEHRE S % D O2WERH DO b Lz,
YV TEHOBGFREE T, T, #ESRE~OBRRDICHED 6~7 HDA
WL, BRAEK LT B D ONEREY OELTIZE D 9~11 HOEMZ L5 (& -
B, 1979). #i EEONA A~ AL, BEMEICL > TRbDND B, Y ITOREER
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JAERELH S, MEEZIT I a YTk, L ESSORSOKTICE-T, &
TEOBIHIE S, E7-# LN TE~ORSPNEED LT, HIREOLANE
DHERF SN ORERE LT, HITEA~DNAMED DOEREREE > TWDH AR 5.

LML, MEORELZTDHE, —RAEENRELIRTL, HTHOEME S R4 2D
LTW7ZA 9. RERTIE, HTFH~OEEHN THS 1 FHOKITIE, EOX L
oy IR BERDMRT-AL, — 7 24E R DHIEITIE, A A~ AREROREVIXIZ LK
SHDLNEM A DR, EOSHTNEHOERENSEAT SN AREERH 5. 2 4-H
HICBIT 5, HFEHBAFEO AN A A~ ABREEITKHT 5 BB IMEIL, Z o Mg
BEORFEDOFERERLTNDEEZ LD (K 3-1-10c, §). FEBFEORHD OHLTH
BUFE~DOADKEL, 2FEAKOM TEH~OERYILIEICEN D EEZAOND. Lo
T, RIS DT> TS T~ ABREZMGE L7256, BRETBZE SN L o7, A
I~ ARERICKT DH FHBRAEO— LD NRZ = RNH L0500 LIV,

HIRNES & B A H oW T X v a P ORBFRICIE, N A AREOREITRD
bivigiodz (X 3-1-10e). 2FEHDOHZOT —F Lovipnic®, 7'ay M TOHHIS
HOIEXEDENHEL TWDLAREL &L, 1 FFRONAS A~ AREFITRBFRIC
EREELERIIIRPoTEZIOLND.

AREBRTIE, VIOMBER LT | FEOANAL A~ AREIL, I v aFdi EHoB
HFRICKRESEEL, TOBCORETHRRREICL > TR -2 10~15 g m? yr'
DIEFIZIINNA A~ APRETIL, H HEBAF B OB Z 2 ATREMENRH D, 40 gm™
yr' LR OFIAA A~ APRETIE, #i BB RIK TS5 00, HEHRFROHRD
TN EMote. BBICE DA A~ APRERED 40 g m? yr' BRELLFO5E, H B
/NRE & BEBDHEFRFIZ K o T, MRIRD v a PRI H HREE O B 7 & 2 HEFr
L, oLk ORFFSC (Takamatsu et al., 1997; Fukuzawa et al., 2006), +3EWHIEREE D%
7EAt (Takahashi et al., 2002), K& HEOFRHOMIE (55, 2003), Bi~DEH

v O (HE 5, 2003) 7 EOBEEZMER Lt ondond LivZew. LavL,
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FEEEOTHABMTELS A LND, M EE O mEE BT, AR TIIHBLIN o7z,
EEEAL, Z<ORICERZDBIEL 2 LIR5720, KERTHALAL LD b
ER UMD I2A 5. I a P iAORKRRIL, BUFEST T, SEELSN
AL L W T ERROELIC b SN D TR H 5. £, REIFICOT kiR 7e
BRI, 1FHOARDORELITIRLLIZEETTICOLE6TESS. Lo T, £FF~0D
REXSERORROPES, MHiH LR O BRE EFICANTCEREZITO> LT, &
DBIFITE, YA OERRERE L I v a PV RAEDOEOBBREZR LN THZ &N T
EHEAHH. IDIT, SRRVIOEREE L IV a P ORAEERCRE NN F— LD
£, IV aVIEFECIEOLL LHEREDLE(L L DREREZ, BIHNIL TN Z &0

VETHD.
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#23-1-1.  ®HRIX (D0) (281 B3 a0 Y O FHHIE CEYE + i EF ) |

20054F 20064F

10H31H 9H26H
R leaves / m> 139.83 + 43.63 109.33 + 20.60
MBIV E g/ leaf 0.25 £ 0.02 024 + 0.01
HEH R g/m’ 3579 +12.63 2683 + 5.98
4K culms / m’ 3542 + 6.77 25.67 £ 6.03
FRIARB -V E g/ culm 138 £ 0.21 120 £ 0.15
FREfF & g/m’ 49.69 +16.60 3045 + 6.04
FRIARBHT-DIES leaves/culm  3.89 + 0.63 429 + 0.20
/R BlrE g/g 0.72 + 0.10 0.88 + 0.09
e S2TRCS g/m’ n.d. 84.79 + 11.30
HAR BT g/m’ n.d. 455 + 1.12
b ER B g/m’ 85.49 + 28.85 57.28 + 11.54
Hi AT g/m n.d. 89.33 + 11.74
BT & g/m’ n.d. 146.61 + 1.55
IR/ B R g/g n.d. 0.66 £ 0.20
ECEHEA R mg/g 405.81 + 550  403.58 + 11.33
HENG A E mg/g 2726 £ 0.74 2643 + 145
#C/N g/g 14.89 + 0.45 1528 £ 0.41
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3.2 EEOREN LHUE IR~ UE T I
(Effects of fine-scale simulation of deer browsing on soil micro-foodweb

structure and N mineralization rate in a temperate forest')

3-2-1. Introduction

Aboveground herbivory by large mammals can modify the structure and functioning [e.g.,
nitrogen (N) mineralization] of belowground system due to alteration of quality and quantity of
organic matter input, and affect nutrient cycling in the terrestrial ecosystem (Bardgett and
Wardle, 2003). In forest ecosystems, intense browsing by dense ungulate populations alters
plant community structure and affects nutrient cycling in forests by changing plant litter quality
(Pastor et al., 1993). However, in natural forests, it is uncertain how native browsing mammals,
which are often originally present at low densities, affect nutrient cycling. Nutrient cycling may
be gradually modified by increasing population densities of browsing mammals, even if the
vegetation has not been greatly affected.

In grassland ecosystems, aboveground herbivory by insects or artificial defoliation is
likely to alter the resource allocation patterns of plants to increase root exudates (Holland et al.,
1996; Paterson and Sim, 1999), and consequently, soil microbial biomass (Mawdsley and
Bardgett, 1997; Guitian and Bardgett, 2000) and abundance of microbivores (nematodes,
rotifers, enchytraeids; Mikola et al., 2001, 2005). Furthermore, Hamilton and Frank (2001)
found that aboveground herbivory also enhances N mineralization, and thus positively affects

the regrowth of defoliated plants. Although labile organic carbon (C) supply causes N

! Niwa, S., Kaneko, N., Okada, H., Sakamoto, K. Effects of fine-scale simulation of deer browsing
on soil micro-foodweb structure and N mineralization rate in a temperate forest.
Soil Biology & Biochemistry (2008) 40(3): 699-708
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immobilization by microorganisms, it is considered to stimulate N mineralization through the
release of immobilized microbial N by microfaunal grazing (Clarholm, 1985; Ingham et al.,
1985). However, some other studies found that defoliation had no or even negative effects on C
partitioning to root exudation (Mikola and Kytoviita, 2002; Dilkes et al., 2004). These
inconsistent responses of plants to defoliation may be partly attributed to the difference in plant
species (Guitian and Bardgett, 2000), defoliation intensity (Holland, 1995), or elapsed time
since defoliation (Macdonald et al., 2004). The responses of forest floor plant species to
defoliation and the consequences for soil subsystem are undetermined.

How the responses of plants and soil subsystems vary with browsing intensity needs to be
investigated to determine the effects of browser mammal population density on nutrient cycling
in forest ecosystems. Several studies reported that browsing-tolerant grass exhibit monotonous
increase of root-derived organic matter input to soil with increase of defoliation intensity
(Bokhari and Singh, 1974; Guitian and Bardgett, 2000), while the intensification of defoliation
could monotonically decrease root production and reduce organic matter input from roots in
long term defoliation experiment (Mikola et al., 2001). Some other studies suggests that maize
(Zea mays) show a unimodal increase of organic matter input from roots with aboveground
herbivory increase. Weak herbivory by grasshoppers was found to increase maize resource
allocation to root exudates (Holland et al., 1996), soil microbial biomass (Holland, 1995), and
microbial-feeding nematode abundance (Fu et al., 2001). However, more intensive herbivory
did not cause an increase in microbial biomass (Holland, 1995). Increased root-derived organic
matter input can be considered as an adaptive response for herbaceous species with a high
tolerance to browsing and a rapid growth rate (Bardgett and Wardle, 2003) because it leads to
enhanced N mineralization in the rhizosphere and potentially supports plant regrowth (Hamilton
and Frank, 2001). However, stimulating N mineralization by releasing photosynthates from

roots may be costly but offer little advantage to the less tolerant plants (e.g., maize) which were
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browsed severely, because it is difficult for them to restore photosynthetic ability by regrowth.

Sika deer (Cervus nippon Temminck) populations have been expanding in forests across
Japan in the past two decades. Although alterations to forest vegetation resulting from the heavy
browsing pressure of the deer have become a serious problem (Takatsuki and Gorai, 1994;
Yokoyama et al., 2001; Tsujino and Yumoto, 2004), little is known about the effects of the deer
on the structure and the N mineralization functioning of soil subsystems. Sasa nipponica
Makino et Shibata (Poaceae: Bambusioideae), an evergreen perennial semiwoody plant, often
forming dense understory vegetation in cool-temperate forests in Japan (Oshima, 1961; Agata
and Kamata, 1979), is the major food of sika deer in many habitats (Takatsuki, 1983; Yokoyama
et al., 1996). Because S. nipponica does not have as much tolerance to browsing as pasture
plants, in forests with high deer population densities, understory stands consisting mainly of S.
nipponica have declined or disappeared because of high browsing pressure (Yokoyama and
Shibata, 1998; Terai and Shibata, 2002). S. nipponica may exhibit a unimodal response of labile
organic matter release from roots to defoliation intensity as maize is expected to do, although
whether C allocation to rhizodeposition changes when S. nipponica is browsed by deer has not
been determined.

We investigated the effects on soil subsystems of sika deer browsing on S. nipponica
under conditions similar to those of natural habitats with low deer densities by defoliating S.
nipponica, realistically simulating the behavior and intensity of deer browsing. The following
hypotheses were tested: the labile organic C supply from roots responds to defoliation intensity
in a unimodal pattern (i.e., increasing at low intensity, and decreasing at high intensity); the
biomass or the abundance of soil micro-foodweb constituents (bacteria, fungi, protozoa, and
nematodes) is increased by moderate defoliation, reflecting the labile organic C supply from
roots; the N mineralization rate is affected by changes in the soil micro-foodweb structure; and

the N content of S. nipponica leaves is positively correlated with the N mineralization rate.
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3-2-2. Materials and methods

Site description

The experiment was conducted in a broad-leaved deciduous forest in the northern part of
Ibaraki Prefecture, Japan (36°47'N, 140°32'E; 770 m altitude), from July to August 2005. The
mean temperature and annual precipitation in 2002—2003 at the study site were 9.1°C and 1942
mm, respectively (Nomiya et al., unpublished data). The soil was a typical Andosol, which is a
highly porous soil developed from volcanic parent material, such as volcanic ash. The A layer at
this site was >50 cm thick, and the C and N contents at 0—10 cm depth were 21.6 £ 1.9% and
1.41 + 0.10% (mean £+ SD), respectively. The tree layer included Quercus serrata Thunb. ex
Murray, Carpinus tschonoskii Maxim., Castanea crenata Sieb. et Zucc., Acer amoenum Carr.,
and Pinus densiflora Sieb. et Zucc., and the understory layer was dominated by S. nipponica (56
+ 11 culms m 2, 220 + 51 leaves m *; mean + SD). Sika deer were extirpated from this area by
hunting more than 100 years ago, and no other large mammals feeding on dwarf bamboo were
present. Thus, large herbivore disturbance, including that by sika deer, was not a factor, while
the climate and vegetation of the site were very similar to many natural deer habitats in Japan.

Sasa nipponica shoots live 18-20 months. They emerge from rhizomes in April, grow up
to 1 m in height, and sprout six to seven leaves by August or September (Oshima, 1961; Agata
and Kamata, 1979). In the experimental deer enclosures adjacent to our site, deer were observed
eating S. nipponica even when food resources were not limited, selecting new rolled leaves from
the tops of culms in June and July (Horino et al., unpublished data). After deer eat the

unexpanded leaves, the shoots cannot resprout because the apical meristems have been
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removed.

Experimental design

We established 18 2 x 2-m plots within a 10 x 30-m area in the forest, and performed six
levels of defoliation treatments (D0-DS5), with three replicates each. At each plot, the dwarf
bamboo covering the forest floor was defoliated in July 2005. To realistically simulate deer
browsing, we picked unexpanded leaves by hand. Defoliation was performed three times, at
approximately 1-week intervals (day 1, 14 July; day 9, 22 July; day 16, 29 July). Zero, 10%,
20%, 30%, 40%, and 60% of culms were defoliated during the three defoliation events,
resulting in the removal of 0%, 2.5 £ 0.11%, 5.7 £ 0.11%, 10.2 = 0.55%, 11.1 + 0.8%, and 15.9
+ 2.43% (mean + SD) of leaves for defoliation treatments DO, D1, D2, D3, D4, and D5,
respectively. Because the experimental period coincided with late-phase shoot growth, each of
the removed leaf was often the last leaf sprouting on each shoot about one week before full
expansion, and had almost the same biomass as the expanded leaf. We did not measure
photosynthetic rate of S. nipponica, but we can expect that more intense defoliation caused S.
nipponica to have less number of expanded leaves and lower ability of photosynthesis during

the experimental period.

Soil and leaf sampling

Soil samples were taken 1 day before the first defoliation event (day 0) as the
“pre-browsing” treatment, and 8 days after the last defoliation event (day 24) as the
“post-browsing” treatment. For the measurement of S. nipponica leaf properties, the leaves

removed at the first defoliation event (day 1) were used as the “pre-browsing” treatment, and
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those removed at the last defoliation event (day 16) were used as the “post-browsing” treatment.
To avoid edge effects, soil sampling was conducted within a 1 x 1-m quadrat in the center of
each plot. At each plot and sampling time, eight soil cores (i.d. 2.2 cm, 0—10 cm under the A,
layer) were collected and thoroughly mixed. A 40-g (fresh mass) aliquot of each sample was
used for nematode extraction, and the remainder was sieved (<4 mm mesh) to measure soil

properties and microbial profiles.

Nematodes

Free-living soil nematodes were extracted using the modified tray method of Whitehead
and Hemming (1965). Soil was placed on Kimwipes (Nippon Paper Crecia, Tokyo, Japan) laid
on stainless mesh (1.5 mm opening) and soaked in water in polypropylene trays (12 x 8 cm) for
3 days at 25°C. Extracted nematodes were killed by heat, fixed in cold TAF, and then counted
and identified on glycerol slides at 100x and 100—1000x magnifications, respectively. For each
sample, 100 individuals were randomly chosen, identified to family level, and classified into
seven feeding groups (bacterivores, fungivores, predators, omnivores, root feeders, algal feeders,
and insect parasites), according to Yeates et al. (1993). Because species of Tylenchidae and
Anguinidae were sometimes difficult to distinguish morphologically, the two families were
combined as Tylenchidae/Anguinidae. The feeding habits of this group include both root and
fungal feeding (Yeates et al., 1993; Okada et al., 2005). Our samples contained several
individuals of the genus Filenchus, whose fungal-feeding habits were recently confirmed
(Okada et al., 2005), in addition to its root-feeding habits (Yeates et al., 1993). For convenience,
half of the individuals in the Tylenchidae/Anguinidae group in each sample were assumed to be

root feeders and half were assumed to be fungal feeders.
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Soil and leaf properties

Soil aliquots (3—5 g fresh mass) were oven-dried at 105°C for 48 h and weighed to
estimate water content. To measure water-soluble C in the soil, an 8-g (fresh mass) subsample of
each soil sample was shaken (160 rev min') in 36 ml of deionized water for 1 h, and the
suspension was stored at —30°C after filtration with a filter paper (No. 5C; Advantec, Tokyo,
Japan). The dissolved C content of the suspension was determined using an organic carbon
analyzer (TOC 5000-A; Shimadzu, Kyoto, Japan) after further filtration through a PVDF
membrane filter (0.45 pm, Millex-HV; Millipore, Billerica, MA, USA). In a preliminary
assessment, we confirmed that these filtrations with the filter paper and membrane filter have no
measurable effects on dissolved C concentration in deionized water. To measure inorganic soil
N, an 8-g (fresh mass) subsample of each soil sample was shaken (160 rev min') in 36 ml of 1
M KCI solution for 1 h, and the suspension was stored at —30°C after filtration with No. 5C
filter paper. Ammonium and nitrate N contents of the suspension were determined
colorimetrically using a continuous flow analyzer (Integral Futura; Alliance Instruments,
Frépillon, France), and the totals were considered to represent the inorganic N content. The net
N mineralization rate was estimated by laboratory incubation. The water content of an 8-g (fresh
mass) subsample was adjusted to 60% of its water-holding capacity, and the soil was incubated
at 25°C for 28 days. After incubation, inorganic N was extracted and determined as above.
Inorganic N content was also measured after 10 days of incubation to separately estimate the
mineralization rates during the initial 10 days and the succeeding 18 days. The net N
mineralization rate was estimated by dividing the net increase in inorganic N during the
incubation period by the number of incubation days.

The removed unexpanded leaves were dried, weighed, and ground. The C and N contents

were determined using a Sumigraph NC analyzer (Sumigraph NC-95A; Sumika Chemical
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Analysis Service, Osaka, Japan).

Phospholipid fatty acids

To assess the biomass and structure of the soil microbial community, the phospholipid
fatty acid (PLFA) composition of the soil was analyzed. Lipid extraction was carried out using
the modified method of Frostegard et al. (1991). Lipids in 1 g of freeze-dried soil were extracted
in a chloroform and methanol mixture, and the phospholipid content was fractionated on silicic
acid columns (BOND ELUT LRC-SI; Varian, Palo Alto, CA, USA). Fatty acid methyl-esters
were separated from phospholipids by mild alkaline methanolysis and were identified and
quantified using the Sherlock Microbial Identification System (MIDI, Newark, DE, USA). The
abundance of total fatty acids was used as an indicator of the soil microbial biomass. The fatty
acids 15:0, al5:0, i15:0, 116:0, 17:0, al7:0, 117:0, cy17:0, 18:1w7, and cy19:0 were used to
estimate bacterial biomass, and 18:2w6 was used to estimate fungal biomass (Frostegérd and
Baéth, 1996). The ratio of fungal to bacterial PLFAs was used as an indicator of the ratio of
fungal to bacterial biomass (Frostegdrd and Baath, 1996). Fatty acid 20:4 was used as an

indicator of protozoan biomass (Frostegard et al., 1997).

Statistical analyses

A one-way analysis of variance (ANOVA) was performed to compare each variable in the
control plots “pre-" and “post-browsing.”

In field experiments, it is often difficult to provide sufficient replicates or equalize initial
conditions in all plots, and treatment effects may not be detected because of variations in initial

conditions. To eliminate these possibilities, we determined defoliation effects on the difference

89



between the two measurements at each plot [Dyost-pre = (post-browsing) — (pre-browsing)], or the
difference rate between them [Dposypre = (post-browsing)/(pre-browsing)] for the variables in the
ratio (e.g., leaf C and N content, leaf C-to-N ratio). A linear or quadratic function of the
defoliation rate (= number of leaves removed/total number of leaves) fitted to Dpost-pre OF Dpostpre
for each variable was derived using the least squares method. For each variable, the regression
model that significantly explained the variance and had the smallest Akaike information
criterion (AIC) was adopted. When a convex quadratic function with a peak in the range of the
actual defoliation rate was adopted for a certain variable, we considered that the variable
showed a unimodal response to defoliation rate.

Principal components analysis (PCA) was conducted with microbial PLFA and nematode
family composition data to detect the effects of defoliation on the overall structure of
microorganisms and nematodes.

ANOVA and regression analysis were performed using R 2.2.1 (R Development Core
Team, 2005), and PCA was performed using CANOCO 4.5 (Microcomputer Power, Ithaca, NY,

USA).

3-2-3. Results

The mean value of each measure of leaf and soil properties and PLFA for all plots at pre-

and post-browsing is shown in Table 3-2-1, and that of each nematode measure is shown in

Table 3-2-2. All the significant relationships found in the regression analysis are shown in figure

3-2-1.

Properties of removed leaves
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The dry mass of removed leaves from each defoliation treatment (D0-D5) was 0, 0.68 +
0.06, 1.59 £ 0.08, 2.07 +£ 0.21, 3.74 £ 0.76, and 6.50 £ 0.27 g m? (mean £ SD), respectively.
The C and N contents of pre-browsing leaves were 42.4 £ 0.7% and 2.33 + 0.15% (mean = SD),
respectively. The Dposypre 0f C content of removed leaves was linearly regressed with the
defoliation rate with a negative coefficient, whereas those of N content and C-to-N ratios were

not correlated with defoliation rate (Fig. 3-2-1a).

Water-soluble C in soil

The concentration of water-soluble C in control plot soil significantly decreased by 37%
between pre- and post-browsing (P = 0.0005). In the same period, the Dyost-pre 0f Water-soluble C
in all plots was significantly regressed using a quadratic function with the peak at 0% of

defoliation rate, and monotonically decreased as defoliation rate increased (Fig. 3-2-1b).

Phospholipid fatty acids

Bacterial PLFAs accounted for 52% of all PLFAs. In control plots, fungal PLFAs
increased 34% between pre- and post-browsing (P = 0.028), whereas no changes were detected
in the abundance of bacterial and protozoan PLFAs. The Dpest.pre of protozoan PLFAs in all plots
was best regressed by a convex quadratic function peaking at a defoliation rate of 7.15%,
although the P-value was slightly >5% (Fig. 3-2-1c). The regressions of the Dpostpre Of total,
bacterial, and fungal PLFA(s) and the Dpesypre Of the ratio of fungal-to-bacterial PLFA were not
significant.

PCA of microbial PLFA profiles showed no consistent effects of browsing on changes to
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the microbial community structure in each plot, while indicating increased fungal biomass

regardless of defoliation intensity, as found in the control plots.

Nematodes

The total nematode fauna consisted of 30 families, and the mean individual density of
nematodes in all samples was 270 + 22 g ' dry soil (mean + SE) (Table 3-2-2). Microbivores
accounted for 77% of all nematodes, and bacterivores and fungivores comprised 53% and 25%,
respectively. The abundance of nematodes in the total fauna, each feeding group, and each
family did not vary significantly between pre- and post-browsing in the control plots. At the
same time, the abundance of nematodes in the total fauna and bacterivores and fungivores
increased in the defoliated plots up to three-, three-, and sixfold, respectively. However, the
Dpost-pre 0f nematodes in the total fauna or each feeding group was not significantly regressed by
defoliation rate. Among all the nematode families, the Dpospre 0f only the Plectidae, the
second-most abundant family overall and the most abundant bacterivore family, was
significantly regressed by a convex quadratic function, peaking at a defoliation rate of 8.56%
(Fig. 3-2-1d). The Dposypre of the ratio of fungivorous-to-bacterivorous nematodes was not
significantly related to defoliation rate.

PCA of nematode family compositions indicated no consistent effects of browsing on

changes in nematode community structure in each plot.

Inorganic N concentration and N mineralization rate in soil

The inorganic N concentration in the control plots increased threefold between pre- and

post-browsing (P = 0.0002). The Dpostpre 0f inorganic N concentration in all plots was not
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significantly regressed by a linear or quadratic function of defoliation rate. The N mineralization
rate in the first 10 days of incubation did not vary significantly between pre- and post-browsing
in the control plots, whereas those in the latter 18 days and the total 28-day incubation period
increased significantly, two- and threefold, respectively (P = 0.024, 0.0017). The Dpost.pre of N
mineralization rate over the 28-day incubation period in all plots was significantly regressed by
a convex quadratic function, with a peak defoliation rate of 4.90% (Fig. 3-2-1¢). The Dyost-pre for
the initial 10 days of incubation was also significantly regressed by a convex quadratic function,
with a peak defoliation rate of 7.58% and an intercept that did not significantly differ from 0
(Fig. 3-2-1f). For the latter 18 days of incubation, the Dyost-pre Was regressed by a linear function
with a negative slope (Fig. 3-2-1g). The Dyost.pre 0f N mineralization rate for the initial 10 days
of incubation significantly correlated with the Dyost.pre 0f protozoan PLFA (r = 0.668, P < 0.01)
and the abundance of Plectidae (r = 0.506, P < 0.05), while that for the latter 18 days correlated
with the Dpostpre of the concentration of water-soluble C (r = 0.583, P < 0.05) and the abundance

of omnivorous nematodes (r = 0.487, P < 0.05) and Qudsianematidae (r = 0.484, P < 0.05).

3-2-4. Discussion

Changes in protozoa and plectid nematode abundance suggest that a moderate intensity of
defoliation (i.e., a defoliation rate <15%) stimulated rhizodeposition of C (Paterson and Sim,
1999) and N (Ayres et al., 2007) and enhanced bacterial biomass growth (Fig. 3-2-1c¢, d). The
lack of increase in water-soluble C and bacterial PLFAs by moderate defoliation was probably a
result of the high degradability of root-derived soluble organic matter, such as root exudates,
which consist mainly of sugars (Kraffczyk et al., 1984), and the likely control of bacterial

biomass by predation (Wardle, 2002). In defoliation experiments with perennial ryegrass
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(Lolium perenne) and red fescue (Festuca rubra), root exudates increased for up to 4 or 5 days
after defoliation (Paterson and Sim, 1999, 2000). In another experiment, water-soluble C and
microbial biomass C in the rhizosphere increased 24 h after defoliation of Poa pratensis, but
showed no increase after 7 days (Hamilton and Frank, 2001). Similarly, in our study,
water-soluble C and bacterial biomass may have shown pulse-like increases just after moderate
defoliation, but were restored to original levels by the time they were sampled, 8 days after
defoliation.

Our results that some bacterivores increased by a moderate intensity of defoliation but
fungivores and fungal PLFA showed no consistent responses to defoliation intensity were
supportive of the hypothesis of Bardgett et al. (1998) that the increase of root exudation caused
by defoliation is likely to stimulate the bacterial-based energy channel. Under moderate dwarf
bamboo defoliation, among the bacterivorous nematode families, only the Plectidae increased in
abundance, possibly because the plectid generation time approximates the length of the
experimental period. The 3—4-week generation time at 20°C of the plectid Plectus acuminatus
(Kammenga et al., 1996) is longer than that of fast-growing bacterivorous species in the
Cephalobidae, Rhabditidae, and Bunonematidae (4-14 days at 18°C) (Vancoppenolle et al.,
1999).

High-intensity defoliation (a defoliation rate >15%), however, did not affect soil biota
abundance or biomass (Fig. 3-2-1c, d), suggesting that no changes in resource availability for
microorganisms were induced by intensive defoliation. These findings are consistent with our
hypothesis that labile organic matter supply from roots of S. nipponica responds to defoliation
intensity in a unimodal pattern. Although many studies have shown increased root exudation
after defoliation (e.g., Paterson and Sim, 1999, 2000), herbaceous plants do not always increase
labile organic C output (or exudation) from roots in response to defoliation (e.g., Mikola and

Kytoviita, 2002; Dilkes et al., 2004). Our results suggest that the variations of plants response to
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defoliation among previous studies may be partly explained by the difference in defoliation
intensity.

The water-soluble C in soil monotonically decreased with increasing defoliation intensity
(Fig. 3-2-1b). The temporal variation of water-soluble C in each plot during the experimental
period can be accounted for by the variation of microbial activity as well as that of labile
organic matter input from roots. Water-soluble C concentration would be decreased by
microbial consumption and increased by microbial lysis and decomposition of solid organic
matter (Kaiser et al., 2001). The positive correlation between Dpost.pre 0f Water-soluble C and that
of total PLFAs (r = 0.605, P < 0.01) suggests that Dpes.pre 0f water-soluble C reflected the
fluctuation of root exudates or microbial activity of solid organic matter decomposition.
Therefore, the decrease pattern of water-soluble C suggests the monotonous decrease of root
exudation or microbial activity with increasing defoliation intensity 1 week after the last
defoliation. Even on the latter hypothesis, it is reasonable to assume that the decrease of
microbial activity was caused by the negative effects of defoliation on rhizodeposition. These
results that moderate defoliation supposedly increased root-derived labile organic matter supply
shortly after defoliation whereas decreased it 1 week after defoliation are in line with those
studies suggesting increased root exudation shortly after defoliation (Holland et al., 1996;
Paterson and Sim, 1999, 2000; Hamilton and Frank, 2001) and decreased exudation 1 week
after defoliation (Macdonald et al., 2004). The Dyost.pre 0f water-soluble C was significantly
correlated with the Dyosypre 0f C content in unexpanded leaves (r = 0.831, P < 0.01). These
changes in water-soluble C and leaf C content were probably due to the decline in primary
production caused by the removal of photosynthetic organs or the decrease in resource
allocation to leaves and rhizodeposition. The effects of defoliation on resource allocation
patterns are known to differ with plant species, in relation to browsing tolerance (Briske et al.,

1996) and are reflected in the defoliation effects on soil subsystems (Guitian and Bardgett,
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2000). Although the short-term response of resource allocation in S. nipponica to browsing has
not been determined, in areas that have been under high browsing pressure by sika deer for
years, the aboveground part of S. nipponica has become smaller and more resources have been
allocated to rhizomes, which are the major reserve organs in dwarf bamboo (Terai and Shibata,
2002). As S. nipponica is a perennial plant, it may be more advantageous in the long term to
increase reserves in rhizomes when browsed, rather than to increase organic matter release from
roots.

In the initial 10 days of laboratory incubation, the Dpspre of N mineralization rate
increased with defoliation intensity in a unimodal pattern (Fig. 3-2-1f), significantly correlating
with the Dpest-pre of abundance of plectid nematodes and protozoa. This result suggests that in the
initial 10-days incubation period, bacterial N was released into soil in inorganic form by grazing
of these bacterivores (Clarholm, 1985). However, the Dyost.pre 0f N mineralization rate in the
latter 18 days of the incubation decreased monotonically with defoliation intensity correlating
with the Dpost.pre 0f water-soluble C (Fig. 3-2-1g). This result suggests that the concentration of
water-soluble C indicated the amount of easily available organic C resource for microorganisms,
and its concentration at the beginning of the incubation was reflected in the activity of
microorganisms and their grazers in the latter 18 days of the incubation period. If the N
mineralization rate in the initial 10 days and the latter 18 days reflected the water-soluble C
concentration shortly after and 1 week after the last defoliation, respectively, it can be assumed
that about 1-3 weeks were required for the change in soil water-soluble C concentration to
affect N mineralization under the conditions of this experiment. This assumption largely agrees
with the findings of Ritz and Griffiths (1987) that glucose amendment decreased plant N uptake
in the first 2 weeks after amendment but increased it in the following 2 weeks.

Thus, we found that the effects of browsing on the belowground subsystem depended on

browsing intensity and time since browsing. In summary, the release of labile organic matter

96



from roots of moderately defoliated bamboo (<15% leaf removal) may have shown a pulse-like
increase immediately after defoliation, but then decreased below the level of a non-defoliated
plant because of reduced photosynthesis or allocation to root exudation. An enhancement of N
mineralization 1-2 weeks after defoliation because of the activation of soil microbial loops was
supposedly caused by the response of labile organic matter supply to moderate defoliation. This
was followed by a decline in N mineralization 3—5 weeks after defoliation. At the same time,
intensive defoliation (15-20% leaf removal) probably may have not induced a pulse-like release
of organic matter from roots immediately after defoliation, but then largely reduced labile
organic matter release. Possibly due to the changes in labile organic matter supply, intensive
defoliation caused no effect on micro-foodweb structure or N mineralization rate in the earlier
phase, although it caused a large decrease in N mineralization rate in the latter phase. As a result,
the N mineralization rate over 28 days of incubation slightly increased with moderate
defoliation (<10% leaf removal) and decreased with intense defoliation (>10% leaf removal; Fig.
3-2-1e). The reduction in N mineralization induced by defoliation in short term has not been
reported elsewhere.

Hamilton and Frank (2001) found that leaf N content and photosynthetic efficiency were
enhanced 1 week after defoliation and suggested that plants could partly compensate for
defoliation damage by increasing root exudation, thereby improving the inorganic N supply in
the soil. In our study, however, both the N content and C-to-N ratio of unexpanded leaves did
not change correspondingly with soil N mineralization potential, suggesting that dwarf bamboo
growth was not limited by N availability in this forest during the experimental period.
Alternatively, it may take more time for leaf N content to reflect the change in inorganic N
supply caused by defoliation. Thus, we found no evidence supporting the idea that facilitation of
N mineralization by moderate defoliation positively affects regrowth in dwarf bamboo. To

identify the overall impacts of deer browsing on the forest ecosystem resulting from changes to
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N mineralization in the soil, it must be determined whether the increase in mineralized N
induced by moderate browsing is taken up by dwarf bamboo or trees or is lost by leaching, and
whether the change in supply rate of inorganic N contributes to the persistence or decline of

dwarf bamboo under browsing pressure in the long term.

3-2-5. Conclusions

We revealed that simulated browsing of S. nipponica by a low density population of sika
deer in summer modifies the soil micro-foodweb structure, and consequently the N
mineralization potential under field conditions similar to those of natural deer habitats with
C-rich soil. And these defoliation effects changed highly depending on defoliation intensity and
elapsed time since defoliation. To understand the impacts of browsing by large mammals on soil
subsystem in real forests, their population density and browsing behavior, such as heterogeneity
of browsing intensity and browsing frequency, should be taken into consideration. Further study
is required to reveal the effects of changes in N availability on the regrowth and decline of
forest floor vegetation. However, our present findings suggest that the change in browsing
intensity on forest floor plants caused by the change in browser mammal population density
may affect the maintenance and decline of forest vegetation, not only through direct herbivory,

but also through indirect effects on the inorganic N supply.
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Table 3-2-1
Mean value of each measure of leaf and soil properties and PLFA for all plots at pre- and
post-browsing.

mean + SE
Properties of unexpanded leaf
Ccontent mgC g'1 425.61 £1.15
Ncontent mgN g’ 23.13+0.24
C/N 18.45+0.17
Soil properties
Water soluble C  pg C g 248.8 +15.6
InorganicN  pgN g’ 62.32+£5.59
N mineralization rate g N g d”
28 days incubation 6.10£0.39
Initial 10 days 4.48 +£0.55
Later 18 days 7.07 £0.50
PLFAs
Total PLFAs  nmol g’ 959.45 +£25.92
Bacterial PLFAs  nmol g 500.63 £ 12.87
Fungal PLFA  nmol g 14.29 £ 0.83
Fungal:bacterial PLFAs 0.028 + 0.001
Protozoan PLFA  nmol g 7.16£0.51
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Table 3-2-2
Mean abundance of total nematodes, each feeding group, and each family and mean ratio of
fungivorous-to-bcterivorous nematode abundance for all plots at pre- and post-browsing.

mean + SE
Bacterivores
Alaimidae 15.76 £2.00
Monhysteridae 8.23+0.95
Prismatolaimidae 2597 +2.87
Bastianiidae 2.25+0.50
Halaphanolaimidae 0.09 +0.09
Plectidae 29.13 £2.67
Rhabdolaimidae 12.08 £ 2.04
Bunonematidae 2.56 +0.56
Cephalobidae 1549 +1.48
Araeolaimida 0.53 +£0.33
Rhabditidae 2.31+£0.76
Teratocephalidae 26.80 £3.19
Diplogasteridae 1.24 £ 041
total 142.55+11.12
Fungivores
Diphtherophoridae 0.18+0.10
Tylenchidae/Anguinidaet 13.39+2.47
Aphelenchidae 0.18+£0.18
Aphelenchoididae 52.66 +7.08
total 66.40 £ 7.99
Root feeders
Belondiridae 0.46+0.23
Longidoridae 0.12+0.09
Criconematidae 5.05+1.33
Hoplolaimidae 1.99 £ 1.11
Pratylenchidae 1.87+0.79
Tylenchidae/Anguinidaet 13.39+£2.47
total 22.87 £3.66
Algal feeder
Achromadoridae 9.33+1.98
Predators
Tripylidae 0.45+0.26
Mononchidae 2.68 £0.47
Anatonchidae 0.17+0.12
total 3.30+0.57
Omnivores
Aporcelaimidae 0.41+0.16
Qudsianematidae 14.86 +1.49
Thornenematidae 0.24+0.14
total 15.51 +£1.42
Insect parasite
Steinernematidae 6.61 £0.96
Unidentified nematodes 3.65+1.15
Total nematodes 270.23 £21.85
Fungivores:bacterivores 0.464 + 0.046

THalf of the Tylenchidae/Anguinidae was designated root feeders and half fungivores, as the feeding habits of this
group included both root and fungal feeding.
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Fig. 3-2-1. Relationships between the defoliation rate and the Dposypre (rate of increase before and
after defoliation) of (a) C content of removed S. nipponica leaves, and the Dpost.pre (increase before
and after defoliation) of (b) water-soluble C in soil, (c¢) protozoan phospholipid fatty acids (PLFAs),
(d) plectid nematode abundance, and N mineralization rate in (e) the 28 days, (f) the initial 10 days,
and (g) the later 18 days of incubation. Each solid regression line represents the function with a
significant coefficient of determination (P < 0.05) and the lowest AIC of all linear and quadratic
regression models. The regression model with the lowest AIC is represented by a dotted line if its
coefficient of determination was marginally nonsignificant (0.05 <P < 0.06).
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DEFICK > T—WAERELT ESEOND RO & 2 HFTIE, N #E# bz m Lt
HIOICHRAERICRBHREZHASE, —HEE N 2K S 8 THLEERESCH
EHIAEPEDR IR T E WAL, SREERIRBHZ NS E20 & W D G & SR
H9, o LAREZOMRBHEOWINE, ZOFEIIRIT 2GR EE KR L TW\W5HD
b L, DFE 0, EEOMERIRBEAER L0, EFEONREGHMENKE
Mool T, ABERXEFEORERITHB R Ligh o -0k, (KIRTHhRERIEH

PMMEDo Tz, HDHVTENTEREALE ST HEREND -T2 0nt Ll
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V. HBHNIE, FEMTOMEODREDOETIL, MEREOEOABBRL THEDOMN
b Lt HFT, MoERN/EEICEET 5720, IV a P ~0REBENIK
W2 ED, MERELHRELL. oFEHTH, SEOER LV LIV,
THED N B 1Tt L CEORREZ KIET 1 Lty

AREBRCTHIL LI-HRAEREORMH TIL, P HICLDEFEBIOERICBITISI vy
T OREIL, THEO N BERLEEICEEZ KISV LB LN R, ZhiT,

HZFELITRRY, FBEERORBHEORE REAHNEE 2WIZDTH L LHERISZ.
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(a) water content (b) water content
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an on
=3 50 o
(e) inorganic N
120 80
< 70 < 20
20 20
z 45 Z
) op 20
= 20 3 .40
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(g) net N mineralization (h) net N mineralization
25 2_ >
§ 9 R —0.2229o o 5
2 152.8-2388 E
£ 0 S g
= s80888° o
Z 0 Z
bj.i T T 1 %.i
0 0.5 1

defoliation rate
O pre-browsing
® post-browsing
B13-3-1. AZRIZHITD, MEMREL THEOEKFE (a) (b), KBEMCIEE (c) (d), HHERENIEE (e) (I,
FINERE L (g) (h) EDBAR. (a) (o) (o) (g) HILEDIITHGHERT, BHEFOIITHIEZ ORI EME
T (b)(d) () (h) FHEERTE TOLACE (D pogypre) R T BIFO S, FEERTOMEIZOWTORE/RL~
2R D[] iR A %9 (p<0.05) .

(@)
D post-pre
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(a) nematode (b) nematode
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®3-3-2. AFEICHH, WEERE L -HH ORI AL OBIF. )EHkED
AR, BbE U OWEME £ OFIENTE TOLLRD,,,
) ERT
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(a) water content

(b) water content
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(g) net N mineralization

(h) net N mineralization
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defoliation rate
O pre-browsing °© D post-pre

® post-browsing

X|3-3-3. FEFRIZBITD, fERELEOEKE(a) (b), KIEMHECIRE (c) (d), MAERENRE (o) (),
FINIERRAL IR EE (g) (h) LD BIR. (a) (o) (e) (g) HEEDAITHGEERT, B EOMITHMIER ORI EME R
7. (b) (d) () (h) FEERATE COLAE (D ppgypre) R T BT OERUZ, AERLI~2ROENF Mh#A T
(p<0.05) .
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(a) nematode (b) nematode
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R3-3-4. FFEICBTSH, THEERE L +HF OB b R OBIR. () EHkED
AR, B0 SR DM E % . WRIENT% DAL (D,
)BT
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4% Gyt C ISR

4-1 1T DI

Wl A HE SR O FoAl T B DR O — IR AEFEIE, TS OEE S OB L o TR X
HAILTWD. FRZESFE (N) 1L, WHOAE, RRICEZERICKLERITETHY, LIZL
T O N ORI ATREMEDS, —IRAEPEDHIRER & 72D Z &M b TWS. NI,
FICHHY Y 4 —oF THBICHR S, THAYIC X D0, B Lo Z KTyl
D THEMICHTRTRE L 725, Ko T, NOBERMIL, —RAEEICRESEELY D,
BAYOBEIERAEEBREED —DTHDL L WVRD.

N OfERILI, EWN LEEROAERE N 20, WL, #@Fle N 2R e L
T+ Z Lick>Tie& %5 (Paul and Clark, 1996). L7>L, BEMIT A 4~ ARk
RO TE OFHRE, BHEE N ZEVATZ0, MY LIEN 2K HABERICH
% (Kaye and Hart, 1997). —J5, /MU HEE&BM 2 F0 & T AW EHE L, MAEDEHE
BLEENT 2 2 & T, MAEMNAA~AHO N MR E UCMikL, fEWICFI AT
RE7R EFERED N OHHG A RET D Z LR LTV 5 (Clarholm 1985, Ingham et al.,
1985).

W) & THEOBE UK C b 2RI, R HARB OB 72 & O 5 o itk A )

(thizodeposition) MG SN DG THH 8, TIZBIT DAEMIEED A v N AR v
FEipoTWNEEBEZ BN TWD (Paterson, 2003). EEXZ, IRMELHEPCIE, KiEtk:
% (C) &E23% < (Chengetal., 1996), MAEMD/SA A~ ZACTEMHEDE < (Wheatley et
al., 1990), /IR -LHEENY) E 2\ (Griffiths, 1990) = & RBIE SN TWA. £72, C AL
KE NN D, KERICE > TREE L C OO0 OFGR, HEAED DR

AT AWMV AENTY, WEVOFRICESLSND ZLRHENODLNLTVD
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(Warembourg and Estelrich, 2000; Ostle et al, 2003). 1 THARB M, HLBPECA MRS
ZERS &35 (Kraffezyk etal, 1984) 7= DBAEMICIEFICRIH S 3K, Lrt—
WHAFED 5~30%% 585 L HEE X CTW 2 (Lynch and Whipps, 1990) = &5, 1R[]
BT DA OTEEIC KR E e BERKIFL TS EBZ X LT 5D (Paterson, 2003) .

—RIC, RBHEMRED, CONDBEL, G LT WA AR Z T, MEM A
A ABRKET DL, HETOMREIER L OEHEED N AIAEMKRNICERD A E
N5, T7bbLNOREEAEE % EE 2 5T\ 5 (Paterson, 2003) . S, 1RE L
P TIEN OFREBIEE S SV LR REINTEY  (Merckx et al., 1987), Z/La—
A5 ED B ENE C OWINE, TRAEW/NA A4~ A DO (Sparling, 1981; Mikola and
Setéld, 1998b), N O AR HE{t. (Kaneda and Kaneko, 2004), /M T-5E8)4) D HIN (Mikola and
Setild, 1998b) Z & 7= 53 Z EBHEND LN TS, LarL, Clarholm (1985) 1%,
I DOHD~A 7 0 a X NTE, Fa—ZAORMBMEICL S N OFR#EkE b
oL, MTHO N BEICIZEE LRV, FEEMEINZ~A 7 83 XALTIE,
TN a—ZADOWMIE, N OFREEE L7263, WO N RBEZRED DL &0 FER%E
Bz, Zhud, —EMEICREMES N N 28, JFASYORE, PR X - THEkE
LTSN, B2 b, 2RO DRERND, Clarholm (1985) 1%, 1R[]
TOGREAEH OMIE, AWML D N OREbE L7206 Lo, MAEDRSE
NS, N OEHEAEZ 2 EHEJI L72.  Ritz and Griffiths (1987) &[RRI, &
B~ 70 aXh~D7 )N a—AORMD, JRAEYOMEEEE IS, Wi 2 @i
ITHEH O N BRI T SE20, Z20% 2 EETO NEGEL®EDDL EVWIFERES
7Z.

DX D7, BoyRE C A O N BEAICERNT S &\ 0 BRI, 1
DWAEMN—TIZ LD N OERIEAMEES N D2 EHERIS TS, L, =78
VUBBER LI VAP YREFETLOIHRNRICEISALOND, BR 7 LB BHEKRLEO X

V78 CERAROENTEIZEBWT, SRt C OUNSS 125 micro-foodweb <> N HER
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LIBFRICFER O R % KET O0E, BETSn Ty, 22T, AEMEAEROEW
TIEIC, 7N a—2AZRNT 5 FEREZITY, WINEOR SR, B LOERE N ORKZ
fbEHAGNCT L2 ET, AEMEREOEWTETY, S50k C Oftan T
WA N — T 2 EHAL L TN BRI RET S, L0 S IR fRGEE LTz,

4-2 ik

4-2-1 SEBRA i

EBRIZHWZ B, 2006 429 H 26 H, KIREREIKTOEEELLERAKRD, AJET 0
~10cm LV EE L=, HERIZER 7 +TC, C, NEARIIFNLE, 222 + 0.4 %,
1.46 £ 0.02 % (¥ E#REE) Thoto., THEEX, FERICHWAETO 4~5 » A4,

HIRIC TRAF LT,

4-2-2 FEER 1

16 [HOEZ (N 77mm, &S 4mm, AU AF L) ([c+HE50g (BE; fE
17.18 g #HY4) & AL, flik Sml SR L 7= 7 /L= — 2 0, 50, 100, 200, 500, 1000, 2000 pg
Cg' MtZaWINT UK %A, 2 KET ORI, SO T | KET 21, Y
DFIYEMF L O BRSSO REIC AW, 780 1 KET >0 HEIE, K~/ A
— 4 —3 . BOD (EW b FiIlie=a 2K &) HIES (WA 90mm, @& 96 mm, ZA 7 v
7, AT NICES, WESEZEKIET, 25C, BEHFT7 BREREE L. L3
BAAET D CO, DWINAIE LT, 1MNaOH (4 ml) &4 HIERNICERE L. T3

EARERIT, 67% (R REAKED 60%) ([ L7-. +HE42 A2 BOD HllEsk 1> (7
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Zr7) b, [RERICEEE L. B5&RBGS 2, 4 HEBIZ, HEKOOFHE L, NaOH
DO, BLOELSDOANEZ ZITo7- 83em’s' x10s). 7 HHICEEREAZK T L, XK

WME C, HEFERE N, M BB A ORIE 21T - 72,

4-2-3 Fhr 2

1850 g GRE ; %E 17.18 g 1Y) %, 120 fHOFEZ (WL 77 mm, &S 44 mm,
WY AF L, 9 D[N E 2T - EM) IS AR, 25C, BEEMETElELE. 3 H
BEITKGRIEEITV, EKE 66%I12Ro72. 3 HAMOFEERL, 0.32 ml OMKIZHE
fig L7z 7L a—2 0,100, 1000 ug C g' #2t%, HIML, ZTRENMNEX, HEOEKX,
WL EX L Lz (40 )KiR) . 7 v a—ZDOEMNER, BXO, 1,2,4,7,12,19,29 HZIZ,
B S AR T D& R L, KEEME C, MEHERE N, SR E R OWNE 21T o7, 72721,
WINE#ZIZIE, NBROBRAOHE TR DL TITY, 1,2 HEZIZIE, SEROREX

1TTOhnoi.

4-2-4 JAIE

R

% BOD MIEZMIZE U7 NaOH 28, HIENBIAET D CO, ZWINT 2720, HIE
TN ORI ORAD B, O, DIHEEZ )XIRT 5. 0.5-12 Kffi] 36 X (245 BOD HIE#
NORUKETED b EE HEA I - T, RREDOZE R EA4MIET 272012, KHlERD
AN T T 7 DREZROFABEEZHINT, O, HEE (= HEFFRE)

&Lz, BEZIRMLZ2WKIRX L DEZE L > T, FERMLE O R Z R LT,
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o

+HEd o BiEMAR R %, Whitehead and Hemming (1965) @ b LA &2 L= ik
[CTCHIH L7-. 1B 30g D HHEZ, 27 L 28O LICEN =% 20 A 7 (H AR
JLVIT, R Y, R e fl( o g (12x8em) HOKIZE L. IR
% 25CIciR D, 3 ARIEE L CR B2 Uz, il U7ofhid, Uk, TAFIRT

EE L, BAMEET (100 %) TlEAREZFHE Lz,

KIEVE C & IEHERE N

KENE C T 5729, H2E 2g tHX 0O 188IZ 20ml DMK Z N %, 1 ReRITEEIRE

(160 rev min") Z47-o7=. SO REIK 21818 (No. 5C, Advantec, HUit) L, T8Ik
ZWE E T-30°C THRAF L7z, fiftk, SOIZPVDF A7 727 4% — (045 pm;
Millex-HV, Millipore, Billerica, MA, USA) Tl L, JBIKT ORTFREAE CIRE*2H
BRI HTEE (TOC 5000-A, SEEEUWERT, 50 2 HWCHIE L7z, HEHERE N 2 fli
T HI-0, HE 2g FAM O 1482 20ml @ IMKC 1 W2z, 1 BAEEER (160 rev
min') Z{To72. LN T-BREIE A IEE (No. 5C, Advantec, 50 L, JEEEZHIEE T
30°C TIRAF L7z, 8K o7 E=T BB KO N IRE 4, S HENILrEE

(Integral Futura, Alliance Instruments, Frépillon, France) # MW CHEAERL, TDEF

PEMEEN &L LT,

=t
y

4-2-5 HEFHIRMT

-

FEBRICIBNT, BT (R | OA), KEME CIRE, MR N IRE, &
HE AL B (3 OB ) (a3 D RSN BE D R 2 iES 4 5 72912, GLM
SN EAT o7z, KBTI, BERINE (ERAE), W% Ak GEZLE), FERINE

E RN A BOZ B 2, EER 2 TiE, AKX (W7 3V —2%), ik (&
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RS, ALERIX L IR BB O R AARM 23 ALK L Uiz, #Wetatid, wEtfgr

7 K R2.2.1 (R Development Core Team, 2005) % W T{T> 7.

4-3 fER

4-3-1 3B 1

7 — AN & ot R O MR B o2 ORFRIZ b A, [ 4-1 12773, 50 pg C g
L RIRINX CIE, 7V 20— AT X 2 HEEMER O Bl 7 25 i3 A B i 7e o 72, 100,
200, 500, 1000, 2000 pg C g #2 HFRMMX TIX, 7V 2 — AN & 5 B OiF AL
ZEN, 12, 12,24, 48, 120 h ke L7=. 7 B O RRE R EL, 7V a—AINE
IZEDIEDRBE ST, ML CED 19.8%IZMHY 35 MR & O A Hivlz (F
4-1, [X 4-2a). 72— AEINEK OKEE CIlZiE, 50, 100 ug C g # RN Tix
TV a—AFIMOIEIZH SN2 o7 b DD, R TV a—ZFRMEDEDORE

MFREO AL, W L7z 7V 22— Z DK 80% M AKEEMEC & L TR &7z (R 4-1, [X14-2b).
L2rL, 7HBIZE, 2TORTKEN CIZHT D7 a— 20T Hs 67 <
Ipotz (F4-1, X 4-2b). 7 HHOBBEEEEE L, 50 pg C ¢! e EWMX TIE, it
FRIX & RERBOVRH LN -T2, BIRITIE TV 3 — A RMEOEDRRNPRD 5
Nz (FF4-1, X 4-2c). fEFERE N JRIEEICIT, 7V a—ARMEZIZIZZ LV a—ADRE
HNFLAERLNRTeDIT L, 7 HBIIZE, BIFIZZ7 IV a—ZRRIMOADRR)
B A DT (F4-1, [K4-2d). 72771, 50, 100 pg C g 8 HIRMX TiE, xfRX &

WX T o 72 (4 4-24).
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4-3-2 FEr 2

ETOHEERICOWT, 100 ug C gl 07 a— 20O Rk, A5 TR
o7 (£4-2). KEMECIE, 2TORIZEBWT, 4 HEETEA L, £O®RENART
7. 22T, 4HEETL, 4 HHUBOK 7 = —XT, GLM 3#rxiTo72 (% 4-2).
P2 BEX TIL, 70 a—ARMERZICIE, BSINED 54%03KEME C & LTRSSz
N, 4 AR ETICABL, thoX & DENRL o7 (K 4-2, X 4-32). HEHEHRE N (X
4 HEETEZNLUR L CEBI Y — U NI o772%, 4 HEETE, 4 HHUBKED
%7 x2— AT, GLM 3T Z1T-o 72 (F 4-2, [ 4-3b). #1414 A OMHERE N O L 8L
KX TIHEED/ NS, —EOHMOMM A RS o7 DITx L, #ELEX TIEE
FOMEANIHIRX E A EICHRZRD, 1 BH7-0 748 pg N g' ie E0EIA TR Lz (&
4-2, [X14-3b). 4 HHLIEE, SRXTIX 1 BH720 7.66 N g #2 O HEEIE N OB
H BT (32 4-2, X4-3b). BEZEX TIE, MEEN OBINX 7L a— 203N
THEIZEEY, 1095N g #t+ B OISz 72 (3% 4-2, X4-3b). #HRMERE
BT, FXE S 4~T7 HHE TN, T O%WHARHT 72 (K 4-3¢). FLEX TIX
7 HEE THREBEEREEEN 1 BH7-0 127 FTF20@m0EISTHEMLTE (3 422,
4-3c). 7 A HCARRIZMIE L 7223, #ZKFHRIX 0D 3~5 {55 0 i MBS B A i RE L 7= (R
4-2, K 4-3c). —J7, MBX T, 4 HEET1IHHZD 1L.07FOHEEGTHEML, 7~12

HANSHEADZIZ T, 29 HEICIE, EREGIFOKEIZE TR (K 4-3c).

4-4 E%5%

EBR 1 T, 73— ZAORINE EEMAEM OMFRIENEZ & o (4 4-1), 7 BROR
FE 1Y, C NSRBI L7z (K 4-2a). 7 B BITIE, PRRE, JKIEMEC & & b I/
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B TOEN RS o TEY (¥ 42b), WML/ Vva—Ri%, 7 HORIZIZEAL
HEREIN-bOEBEZLND. —J7, THEOBBEN &IX CIINE L AOHEZRL
22 emb (¥4-2d), 7 BREOEEEMIFS, Zra—2Xfko C LEEREN 21D A
AT AN NA A ABRBEE LT bDLEZ BN, Ziux, FEBRICH - 135
D, EHERED N IZZBICEATWELOD, Zva—AD X 5 B0 ED C 3 RE
LTEY, MEMORE.R C IZLHHIREZZITTWZZ L 2R LTS, ZORRE,
ZOHETIE, Bt C OFINE, FEHIICIIMAED NS A~ ZADOMREIZL D N
FEMbARIER T EVWR D, 7 HBIE, SEEEES CHEINE L RFIRRICH 72

(1X] 4-2¢) . BEFHE O3l AR B oo fHARRER 1T, 25°CT3~10 H T& ¥ (Vancoppenolle
et al., 1999), Zelenev etal. (2004) O~ A 7 v a3 XLAFERTIL, MEOHEND 5 BIF
EENWTHREOIHN A OGN &G, FER1ICEBWTH 7 HB XTI, MAEMOE
MZIE S &9 IR BM L EZbNn5.

KB 2 OXIRIXTIE, 4 B HE CTKREME C 2B (1K4-3a) L, MEHERE N OH80T
INEL (KM 4-3b), MEAHMLZ (K4-3¢). Thbb, ZOMMICAED A 4~ A
DR L, ZOBEMEICES NORELENERLE L FRE TCho T2 BE2bND.
4 A HLURRE, —H LU TERO NEREAMHGEL TR0 (X4-3b), HOCHIRE -
mEEZLND. 100ug Cg' B2 LIV EX T, FHEMEIZOWTHTX
EDETIFTEAER LN ST, —T7, 1000 ug C g 2 +D 7L a— A& FRIN L= b
Z BT, FEBRBRLAREIZIIRERINC K 0 KENE C AEVWEA R L7223, 2 H BIZidK
B C ISR E O#ER2< 2D, 4 HAE TR Rz (4 4-3a). Z OHIRHIC
IIEFERE N DI LT 2 et (X 4-3b), Zva—R C EMSREN 2 1HE L C
WMAEASA A~ ADNBHRELIZEZEZOND. BB INEZBY L HICT7 HEETHM
L, ZO®%M L >omEEL ko7 (X 4-3¢). JRAEEDS 7 a—ZADOEIN%E A
~¥EF BB/ D 2 LB L (Ritz and Griffiths, 1987), 4 H B LAREO N LD

e (¢ 4-3b) 1%, 0 L 72t RV E M OB RIS K DA N O K%
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EEZBND. ZOMRE, FEZEX COMEEE N &I, P10 N REkIC X0 s X
KO oT23, 20 HBIZIZIZE A EEN2 72D, 28 HHEICIFABX LY £ 72
72 (X 4-3b). ZuE, 2400pg C g' ¥+ 7L o — AESHLEAS, FNtg 2 MEIE
FEW D N AFIZA DB KIE LR, TOt% 2 B ToO N ESICITEOHEE KIE
L, e 4 H OO NRE THX Z ERl>72 L9, Ritz and Griffiths

(1987) DEERHERE BT 5.

INHORERIT, ERMEEEICEUHRATIE (CEHEAE 2% ITBNTH, S
NI Gy e A C TR A CIHE S, ZOBREN OAREEREE S 00,
ZOHRMAMBF OB L > TN EBEMEEIND Z 2R LTWD. ZOREE,
etk 1 » AR OER N e 213, S C o Ric k> TS, Znbo
AR, AEICZ LD TEEZ O THEY O N BERICHT 5 70 a— 2RO 5%
AT SEATHISE (Clarholm, 1985 (AW & A 3R 6.6%) ; Ritz and Griffiths, 1987 (£
HECEAZE0.62%)) OAIRE —HLIc. KERIZL-T, AL EEICETHRKL
B Th, RBHYOMAEIRE TOMAEM L — T 208 L, MR N O 4 -

ETDENDDH Z LRI,
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0.012 —+—50pg C/ghz = #hnx
—%—100pg C/ghz 1 #ANX
e 0.009 ~ —¥—200ug C/giz T B
§= —aA— 500ug C/giz+ BShNX
T 0.006 | —0— 1000pg Clgiz+ TR
o —8—2000ug C/ghz + FANX
o
£ 0.003 -
0 |
-0.003

0 20 40 60 80 100 120 140 160 180

hours after amendment

B4-1. EBRUZET D, TIHEMEE D, 7 /va—2AIN% ORIk, fitfhi,
50(+), 100(X), 200(x), 500(A), 1000(@), 2000(M) 1. g C/ghr HIRM R ZFLF D
RIEME, XX EOEEZFRT.

(a) Cumulative soil respiration (b) Water-soluble C
'§ 900 ‘ : 2000 0 day 0 o
800 > 1500 | @ day7
©0 700 an
@ = 1000 o
5\. 600 °
O 500 [ ] 500 o
()
2 400 ¢ ‘ ‘ WS o o e
0 1000 2000 0 500 1000 1500 2000

1

Glucose amendment pg C g Glucose amendment pg C g'1

(c) Inorganic N (d) Nematode

360 Ta,) 2.2 °

720 340 O‘ . é 2.1 °
9 320 ®0° o ° E 2 “ °
300 ° ;% 1.9
280 - ‘ ‘ - 1.8+ ‘ ‘
0 1000 2000 0 1000 2000

Glucose amendment pg C g'1 Glucose amendment pg C g'1

X4-2. BRI D, 7H F ORI IR R (a) , KISPECHR (D), BEAERENR
JE(c), it s (A0 B (5 e BUED (d) &, 7 v a— RN EEORfR. AAuEs v
a—2FMEH (OR B), BIITRNAHTH BOREEEZZT .
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(a) Water soluble organic C (b) Inorganic N

1000 o HIX

A BRI

= 800 . WK 3

> 600 W T AR B

g —— b RR| B

Ty 400 — WL EX ;’
O

= 200 g
=

0 I T T 1
0 10 20 30
days after amendment days after amendment
(c) Nematode

1

log;, [ind. g~ dry soil]

0 10 20 30

days after amendment

[X4-3. EBR2ZI1T5, TEEFOKEMECHER (a), HERERENTEEE(b), B b E AL
(i FAREEAB) (), 27 v a— 2N ORFREIZS b, @, JK =4, BIUMIL, %
NENKRRX (0 u g C/gizt), HEDEX (100u g C/ghz 1), FELEX (1000 1 g
C/giiz 1) COREMZFT. mfR, MR, FEL, Zhe st ifX, b EX, L
BXTOD, 72— AT LDRIFEREFET. =7 — " — | IEUEGE =L £
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5-1 =RV U HARBBEIN U YahAd, HEARERA~DEEDTH|

IV AP REER Q) T, RS TR~ OREOZ I, HiEETR
FEIZL > TEDE BT 200EH LM L. ZOMRERIZ, FiGov ok
BEEICRT D ViAE, TRERR~OREL THT 570120, YHERBEND
VY RBREZHTET DLERDHD. S 51T, WMEFEROME LHEE SN 5200,
ST DBEED YL DEBEOREN LT TR E —HT 20 E > 0%, BRiET 5
VERDH D, 22T, YR HIIET oML 27 — 22y, BB I 5972,
UHBAERK 2 ) OF—FEHNT, VHEBEENDOTFRAREOHEE,
VAR REBEDS Cle P AOZO TR ZITV, FERE & O3S 27z, £z,
CHEREE L, BEFEOTE N BEEE~OZEBO TR OV THMRFIL, KEIC

KETTIT o 1o v DA TR OFBEIZ OV TELE LT,

5-1-1 =R U HAEBEE L X Y a P EEAHRE & ORZROHEE

SYaVPVEEREL, VHARBELZHOCUTOXRTEINDGTEA).

PV EEERE (gm?yr') =Y UABEE (B m?) XHBEEE (gyr! 56

X RAFR /Y AR (5-1)

R EE LI LHED 1 FICERD TN TOMP AN AT~ ADZ L THDH. Wb

(1997) 1%, fAE FOfO= D, BEEOWEEDOREEZHI-L A, 1HED
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BT H 3mMOMERTHIZIZRERIC, VI EE kgH720 1 BHV#EE20gd kg! T
bole. Ry 2V EROYELEREZ 50 kg & T1UL, 1D OFEFOREE
BiE, 365kgyr! BEH' &7 B. FHEGFREE, BEMFICED DL I Y aFFoOEET
b5, HIRSFRIC Lo TRESEHT D0, FEPHOFRFFRIL, BFHTIT163%
(Yokoyama et al., 2000), I L[E Tl 42.2% (Campos-Arceiz and Takatsuki, 2005), 1.
LTI 61.6 + 6.11% (7 HR DO = HEUEFRSE | Takatsuki, 1986; Takatsuki and Ikeda,
1993), K HIETIE56.3£8.32% (5 HUA DY) IEAERR S | Takatsuki, 1983), K& 7
Tl 51.1% (Yokoyama and Shibata, 1996) Tk ¥ (£ 5-1), T bZFHT5H L 455+
7.99%& 7 odz. VY EEELIL, YAOABMICEHD D I Y a P EAOmEEIG T
H5.

2EOPEEIT T W EANERX T, Y HAEREET, KEEX T4 km?, &
FBEXTI60H km” ThHDH. WXL HIZKHNOHEFED 10%% EHELER AN HD, 20
HRDIZE AL, BEEXTIEI YV, MEERTIEIvadFy e 7 A~
Lo ThHOOLN TV, VIR I Y a P T AP EFEFEIHRET LD L KET
AU, B EEREIWXE S 10%E 725, WX TOVHKFERIIAHATH DL, fkais
A B TOEDOTEIE 45.5% % A5 &, Xs-1 £V, IvaVVRaemEs, (REE
XT6.64 gm?yr', BMEBEXT26.6gm’yr CHESIND. RIZ, 3B TOMESIEIC
M- T2 BB ORMEER (FRERTO BRI T HMEROEIS) L LT, EF, LF0OHK
B BEBCLDIEEROBDEE) 2HETDH. FA 4~ ARER LA FHOMER
EDORBRNHLREELHTE L (K 5-1), REFE DHEE S ¥ a2 P oRaR (7
P, KRFER) LHELEEZA, WMFIIHMA—ELEL (£52). BREEXTOAZED
BRI RFMN & 72> 7223, ZORKFE LTE, £ZF0 v a2 3OF H Taetk 2 MK
Mol &R0, VA DITHEDOEADT=DIZ, IV aFI~ORBEMET LI, &5
W, BB OZEFRRIEIDDENRREDN ST TEOICRIEFNEIC L DHEE W/ T

EMEZLND. UHEANERXTIE, B4 12 A~3 AL LiE raren
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BT E > TV, IREBEXTIE, SMINELS, I-va 2R TE RVl
ENoleOb LitZe\n., EEREEXO I, 4%, I-vaFoE S35 kX
DL 7 Ao ETIHIEAE LFIHLTWea®), I Y a P ~OREENTHE
STZDb Ly (RS S, RIER). RIEMAIL, WXO I aFIHIRIZT, 05
FRE I o7y k 6yt O TiTol. HEILTE, YHICLILFEOI Yy
Y OWBEITERNC R TH L Z LR RINTVD OO (i, 2005), HEEDIA
VMRS FE X D 7 DS ICER B DO ZEINIE G S ENAETLRTWIEA S . £, BRDZE
ME D DX K> THEMMICIEGSDENAE L L7700, LFZOFNEFL Y LERAIE

DZERERPRE S RDATRENEDR & 5.

5-1-2 =RV HEBBEEICS U Y aF S iEAEDO Lo

MBSz, FEAFERXICE T 2 v a P HRamE s, EERICBllsanzI v
Y OREROEE) & OBIRA, MHEFERR TR O N7 B R IRE L R OLE) & OR%
E—ETHNE DD, BEEE T o2, 3-1 T, A A~ ARREE & YERETF RO
AR (LFERKE 2EFKDZE) LOBREFI~NZN, T2 TIEHEARRX E DL
B2 RIS T D72 0IZ, AL A~ ARER (1 FHKOM EHBFEICST D, F°
A A~ AREREOEIR) L, UEERGFROFLE (1FEAKICKTT S 2 FBRKOE
B) OBREER L. 727120, "M A~ ABREOROLE MBI, HEIE, *f
X TCOFREROELEE G| fEZ W (4 5-2a). [REEX, &EEXOHEE
BRRERIT, TN 6.8%, 27.1%TH Y, HEFERIT 2.3%HM, 1.9%D 35 & HEE
Ihic. T72bb, ZOREORAETIE, ERIFLAEELLENEZZ LN, L
L, EBEOEAXTIE, IV a P ~ORENRHLNRN -T2 HEA 1 4-H (2002
£) O 11 Hnb, BHFED 10 H ETOLRFEEREOEIL, REEXT 6.0%, mEEX

T 21.9%DEADTHo72 FFREL, K¥EFEK). Z0kHc, #EENENE R0z
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1%, WIEFERICB T 2 YFERGFEOZLFEORDFIZLFER1IH DL LB NS, i
WEERTOZRT, 1 FRKOEICKT 5 2 FEEKOMEORIEG L Lz, 14 H DK
X, BECEZEOMELZ T % TH Y, 2FBITEEFTOMIELITo TRV, 22T,
WO EOS R, 1 FHOKOLFERFEICEFOMERL MAT-EE L, 51,
2FHOKD Y EEBF RN D EFEORMER L FIWE (A F R o7 HE/IT0 L

L) &92&, YEEEOERIT, KEEXT 1.8%, @EBEXT 14.0%0HD &
720, EREOBEAICKE SISV (K 5-2b). LB & HEEMEICH T OB & 23
HDHDIE, 3-1 THHEMLIZL L, ERTIToMERN oY I ORBEEZHIE L T
RN, BBV, BB OHEEICRIT 58T A — & — % E ORI X 0 BRATRE
DI/ S 7o b LivZgn, EERT — 213, HRIXOZEE) TOMIEITIT -
TWARWe, BEZ bR EOREEZGZATLESTWD BlAIX, A2 FBHITXE
FEOEBETERERNCY VI OIER N DT, 2 E) WRERLH . 20k o,
BERBAE RS OLFEREOEBHO TNL, BHTFEBZ RN THILCTLE S AR
HHLDOD, TABAFEBRX TORERBEOMINZ X K325 Z LRI,

%< OBEIRETIE, YHOEHAEEES, 1~5 8 km” OfICENTCWD (F
B, 2007). YHEARICBWCUHAEREEL SIH km? 12T 5 &, v OERH
BRHEIX85% (K5-1), BEICKD IV aFiih B/ A 4~ X DOZEBL 0.9%D D
E7e0 (X5-2d), VY OFEFICIEMER N E B D. UAEEN 40 B km? 12725
E, PYBHRBRIT68% L 72D, MIEEBRICKIT D DS K EFAROBE L 2572, $
FEAEDHEFFIIREEIC 725 L. 72750, ZOBHAERX LD &V OEFEECH
VEERO B HE, 52 WVIEHHEFEROKOEAIZIE, 40 86 km™ OV B EET

b, PHREBRITILZIETERSRST, PHHAETHRSNLES ).

5-1-3 =RV HEBRBEILS U EZO N BBV E DL TH)
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# 52 L0, VHEAROREERX, @EEXICBITLEEFDI ¥ aFHREE,
ZNEIL 1.2%, 4.8% & HEE S 41, ZHAUTRIERAIC X DHEEM L IFT—H L7z ¥ 3-2-1
L0, IREBEXIZEIT 5 EFEOBRAIL, micro-foodweb, N MEHLHEICITE A CHEE
KIELTWRWATREMED Y D 5. —H T, @EBEX TORERIL, 28 AHEELM A @
L7 N ERLHE 2 ZIERKRICT 2BREME ChH o7z, ZORRIL, BAFRXTO
THEEAE 2 %) BT, [EREEXTIEIY oM Y # —fHg RO LD & A
LD HEAEMORD R H GNT-DIT L, o B Y Z —ffg &0 L K& <
DULTE T OEEEX TIZILEAEM OLD BB BN To L WO RER EBRNH 5
Dk LRV, 2 ETIE, @BEROMRIL, Yo TE Y 2 —ofiso—krgie
HNAS, 1 B Y Z — AR O ZHE L2 7oDIc b 7o b STz &V D AR A FEHE L
e, EEORRICKT 2 YO E L HHEAEY~DOIEOFEL, M LY % —
AR OB L DADHFEEZFHDOD@EE L7=Ohb Lit7eu.

WIZ, YHEBARDO Y HEELY S HITHRSEHAD, EZOR/IZED HE~D
HEOTE R, BFEORAE% D micro-foodweb DIEMERS N HEREAL 3 % i Kb
T2 9%MREDORBIME S, HEARTHD DI, 30 B0 km™ OFESNLET 7R
5. L LZOHEE, BOREDOTOIZEOH%RO N BEELEENMETL, 28 HE %
HURERTO N EEGEE ITEE S v, 51, Y UEREENR, KRETEAR
ED YT EABHICICHT 513 8D 50 80 km? 12725 &, BEEOBRAEMEIL 15%
HLSECTERTS. ZhU EORAREIC2DE, REEHZ TH-TH N HH LEE
DOHERITAET2NWEEZ NS,

5-1-4 BRI T 5

KEITOLIEEOFROREIC > TWADIE, EMOMEERICBIT A9+

BAORBROT = Z ThH DT, BHR, MR RtREn b 72 b9 80 TR LE
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TERY. Iv P, I ESITIZE 1 FEETH LD, EHIXAESRET, T EHO
EREEZFHA LT B0 A=V 2 MiET 2 2 LN TE L7120, RIS ET 5 F
TR DD EEZBND. ¥ OB 2 VYA O RN 72 55 2 B 52N
TLZENRUETHD. £, PV ORIGEN LTz, HEAERR~OREOREL, H
RO TEREBEZZ T 1256 L, MR EZZ T TV DI HEG L TIERR b L
720,

VY OAEFEROEET, V) F—MEGEOLEEZN LT, HHEARROMEESLE ) OE
LRI EE 5 2, TOROY I OEENEIZT 4 — Ry VR ERIEZTEA D
Flo, ATV ¥ —R\USMNC Y, B OUHEIC L5 TEARR~ORELBET
DRENDDIEAS. ZDOK DT, HEOESMGHEEOELEZ LIRS, Y9l
EORMOEENICEDL> T 5B 6N5.

WL OMDINT A—F—FBETH LT, THAERBEDS T ERRIRE ~D L
EATS1D, ENHDONRT A—=F =%, HIZ—ETIERL, YHOABBEIZL>TE
BL25. £, FEROFVEEREN DK FHORBME L FHT DB, fEE
BRCIT - -1 2 L ORI OBRE AV -, MEEBR COMEDOFH & — 17,
BAEBRE TOFHOFE AL = B LTI OREN, RAEOFEHINY — 2 biix sk
K- TEBT D725 9. v W ORBEEL, %< OEBHCHRIER) DR PR A:
DELE BT HT (GA - /[, 2006). Y FHiE, HEHHEN LEAE -0
(Takatsuki, 1983), TRAEFTRERAFEIRICEH O 2 I ¥ aFHOFIGIE, thOREHEY DK
I TEE > TV EEZBND. Lo T, YHAEREED EFIL, Y HEFERO L
AELIZOLTARRERS D, 62, MOFHAREREEEROMMAE, IvaFof
BOFEE AT = B SE DG LAV, 3 A TSR - FriE ko BA
7R &, RBIEO @O ATEIR S LB BB AP AR L QDR B~ KD oy
FIIZE B DPWREFRED Z VBRI EN S, B L72BERITE A EREISR TV
Mot LonL, WBEHED @I 2SR, B~ < v a B~ o EEN
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HMEY, BRELRESNDILICARLESY. £, P IomBEALARMTIE, X,
KTH I Y aPh~oEFERITEm< (FEs5-1), RELTEEICHRND ¥ aFHoED
# 6 BINERRE 231 T (Takatsuki, 1989). Lo T, v HEED EFIE, FHFEMICY
T~OREBEEEDDLAREENDH D, DI, Y IOEBELPHES, FERHE 2L
ROEABORIBENEL D &, WRONLERENHEL, VYV HEEERELIHELHD

(Ando et al., 2006). ZOHAEE, FIH ARV OGEFRENHINT 5720, HAERD
ERAAmEI S DG LivZe.

Y AP ORI RERES~DIIER, MOV TORISREZHHNTT HZ LI
0, VU EREEIS U P ADEE FRIO A RE R # i 2 JNIT TS Z &N TE
LThAI. 221, BESRMEDE GEICE, RE~OV Y ORIE S 722 5 ATREMED
HDHOTEENPLBETH D, £z, VHEAED L0 BN L8 % ERCTHIT 51203,
A OFEARBEERESS, HIE—V— W ORSBIE, Y LIS ORERE OFH T REM:
DI EZBEIANDERNHDH EBEZHND.

52 RBHBEOLEE 2 LIREDRF

32 L0, VHIOEFORBEKLZ Y a PV OMEL, FHEBRESHOGAICIE
FIHIRO7e N HEHEOMREL L 729 2 E R LN o7z, ZAUS, MEEICK DR
BHEOWIMZ L DRSSV E B Z b7z, L, HEPTIIRBHMITES)
CHRSND T2, BEHERT LI LIIREETH L. 22T, EFEOMEORREN, 1]
BHEOE#BZNT LR THD LW RO Z U2 572012, ETRBEY
DGR Lo 7V 2 — RIRIMNMER (4 7) (280 2 RO L, EFEORMEERT
B SN FEEICH T 2 HHOIE L 0, EHENRIEZIT 7. S HICEFORMIEIC

K5IV 2o oRBHEYOEMEZHEIE L, 7L =2 — RIRIMNFBROH R S HEH
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SNORIGDORE S &, RERZBEFOMERR T SN UEORE S LD, B

ez T 7.

5-2-1 BZEDOPHEDOREDZI & 7V = — RPN O IR O E P Lk

HZEORMEER TIL, BEOMIEND 8 ARIC TEROWE Z1T o 72, MHEENIHE DY
B, KIEMEC, ME - SRIRE A A~ 2N A DR T2 b DD, MERHE T
& DI E/EM) S A A~ X, Plectidae B O EAENEIM L TV e, Z OMERE DO
A, RBHEOHEINZH KT H2{LTE LT 570, Ktk C OB, ME N1 4~
A DI D K C DI, & BITHIEEH OIS K D ME /A A~ A DD,
EWV) —HOIED, FEND 7 HRICEE TWZiZ T Th o, 7 a—ARMNERT
%, Z2EOZ NV a—AOEINND 2 HETKENE C BRTRXOKEETIKTL, 4 HE
ETNOAREMEAEZ Y, 7 HE £ THRABEEBHEMA -, Zh b 0fRIE, v
I—AOPRMM S 7 BREINS, EM A A~ ZAOBEFHICEE S KB C O, EITH
W EFE T DB OIS MAED A A~ ZADBEEPEE T2 &%, RLT
W5, koT, EEOFHEOTHEN L -6 Lz HEME RS OLENT, RBHIYAR D

Sy oy A C IR OBEE OB RIK TH D 0l REMEDS RIR S 5.

5-2-2 LY a VY oRBHEOHE

IV EE 5~8 AICH BN A~ RO KE A ET H. - 8kl (1979)
DFETIEL, ZD L Z O EFRAA A~ A EFEDOK 1/4 1TH T EH 5 OHHGIZ L > TE
MIRDLINTWDEEBEZ BN, Lo T, 5~8 AIZIX, Fh LA A~ R EFED 3/4 %
HARICE S TEEL TS EHEIND. Lo T, MEERXICHBITL 5~8 AD 1

H&7= 0 A d~ 2 EFERT, SRX O 1 ERKOM EEEA F~ % 855 gm™? D
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3/4 %% 120 H CEl 572,534 mgm?>d’ LHEESND. ZE C_R—RITEHRT 5720,
BLEED CHEFRIIRERENZVEMRELT, 14 FHKOIED Y C H A3 40.6%%
NFBHE, 217mgCm?*d! L7225,

C [FINLIRZ W B, SEARKEE LT C DN, NA A~ A EFE~DE T &, 1]
BHASOEY D IERIE, 22 AT 3.7% (Dilkes et al., 2004), & 12/ N7 >/ 47 7% (Festuca
pratensis) T 2.4~8.5% (Johansson, 1992) LW OENREIN TS, IvaHFHTO
BT RHATH L, ZZTIES%EHANDZEIcT5E, EF0 1 BHi O
ML, 108mgCm?d' &2 5.

2 EAMKOTEFRX TO I ¥ a IS A~ ZAFEDRIZ, 4 vy MZBWT,
RS 0~10 cm & 10~30 cm (20T THETERZ Y 7Y 7 Licl 24, IvadFdo
HIAR D43ARIE, 0~10cm T 0.172 gem™ m™?, 10~30cm T 0216 gem™ m™? L EEEIC L -
TRELBERO o7, BBHEITHREIZHAIT 5 EET D&, HRE 0~10 cm
DOHEFA~ORBHEL, 2ERD13D3.6mgCm>d' 25, &5, 1 m*X10 cm
SO TEORETEIL L 027ugCg'd! &2 5.

RY LXFOMELEFTIE, MEICLD2MBHEORKIL, FEERNS AfE, 20
BB H U7 C &I, fBE L h - Tl DK 2.4 1% T - 7= (Paterson and Sim, 1999) .
LY AV ORMERZRICH, FFEORBHOBMARKE - KET S &, 43 T3.241gC

gl ot 5.

523 EFEOPHEOREED R L 7L a— ZRIMO BN RO & &1 bk

Jb 3 — ZFANEBR TIX, 1000 pg C g' D 7L a—ZOFMIE, AEWIEME LR B O
FHRBIC RE B A2 527278, 100pug Cg' 7 /L a—2DOENNE, Zh o126 LAER
SR E bzl o o, T CHEE S REEIC X D MBHOBINE 324 pg C ¢' 1%, C

DS EE L TUIIEFR IS, BT/ NVa—RADLHREDEWN C i Tho7zb L
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Th, HHEAY~OEBIRHEINLRNES . Lo T, EEOMEICLHMEAED
BN, BROZEARH720 Uiz N SR OMRES R OFIK A, g Y o<
ol b TG E, > FELFHATLHZ LTI TE R, MEREOEREICEL .
2 DITIE, HEESNTED 100 5Ll EORBHY OGS MLETH -T2 L Bbind. C
AT & L COMBHEOHEMMNRIR CTRWET 5 &, oK E L TIEMBRY % —o
AT EDOEMA B bND. HDHVE, BBHHORE TR MHERAZEL, HEOL
FIRESCIMAE OIEVEICEEZRFET LN 2 b 20008 Lt 12720, 55
it C P& L CORBHEOEMOATREMEIL, FLIOSEATIIE L OB & 4312
FFENOHHEERTH D, ERORBHEOHEEIZH 72> T, B RED ORI~
DGR, PAMIERE OARIB H B OBINEI G 22 L2, BOAEBERIEFORZR LM T
HEEZ WS RTITR RN E, ZOfIFKIREH Y, EEROMIK HHEF TOBMH
BLINTEEN A HEE L CLE -2 TREME S & 5. ERORMERICIRB I EDO L)
M Z TNDDDNRNDODEBREIC T HI21E, FNEZ XY o 7% VTR O C

DOBEZ BT 50, HEZERBHEZMET DI LBLETHS .

5-3 HFEDRAIT L D N EMAVEE O QNI O R FIERIC KT T HE

HZEORREORMIEL, MHIESLEMLPNICEC N SRS 2 RET 5 2 &R
B STy (3-2), FERIZ T I OB HRRTO N OB LIZ ED X D ITEEL T
DOMIE, VHORBITHICL-TH, KESETHELEELxLND. iz, EFDOV
B DB LD N ELOEED, RKRAERERDO NTERICEWNTED LD E®E b
DOME, LSRN NBNED L ) RENAZRTONTELDLTEAS .

AFIBT DIV a P ~OREET, ETomES, —RICHmT 252 LR mES

NTWb (FE, 2005). YHEAXTOEZFOHRREY, —» ANl E > TEPRICE
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BT 22 L342L, BEILAROD LTFORAEZIT I HFIBE s, B2, MR
DY YHEAEE 1~2m (EEDHBO RO Ny FITHEILTHDE, PHITHMHT
Z LN DDy FHFNTREZITI EEXD LN TE L. EEBENREE -
2%a, 1RIGEDOREENEDLLZOTIERL, 1| BHEVITEHREIND Xy THN
Wz, H—Oy FR-BICRAEINDEHEMNHEZ, &y FIZBT28EOR Z 5 H
R 7R DRER, Ny T HI- 0 BLOBKEERTO—E4E L2 RAEENEAT 50
b LRV, ST EEOMEFEBR T, &7 12 v b CREOHECEEIIE 2
T GA 1 EX3[E), 1[EHY ORMEEZEZ T, MEREDOMREEZRFT LN, X
I, WEME AL X EREITH 2L T, PHORABREDONEAE X0 FEMI S H
IZT DI ENTEDLEAD. FLT, YANEBRIZEDOREDORECHE TREZ1T-
TWDDNEMD ZENPNETHD. 1 ElHI) ORERER, HHEPTO N B AR
T2 L5 RMETHIE, VIBRHFEARNEZRELTELZ LT, FHEANOHHZHT
sV A7 NAEBLORENE Z > TW D EEMED H D23, 1 [H 720 OB RN RT
UL, HOEE LS E L. 1 [BIOFEN N BRI EEL > 2854 T
b, TOMFITHEMATH D, FEWIZE > TO A Y » MI/BhIWs LivZzn. L,
& HFEEE OB THRENTOAIUT, N ERIEMEO @V IREED LV RV IR T 5
2h LRV, —H T, MBEOYHIZLIEBEEORREE, YT oEREZREHER
W, Y ORARBEOR TICLA2BBHEDCRTEZ H7-6T B2 bNLT0D, MEKRE
N O fbfa &2 i KT 2 ERABE B AET D ATREMD H 5 .

LD X, FIRABEEOEVL—F (U E) 2522 RN TEY, Z0OF
DT LBERBEENEEL Z BN TRIND. PEltFE D/ Ny FHEZT TR L,
BRRTRE DOZERINAE R &, BN TOESERBO ML R 2 K& < LTV D ATREMEN
b5, ZOXIBREBREOITLOEIL, VIMIEEDLXIFERELIRDESD.
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WHZEEHLMMI L., 20X HIT, HEMARRTIE, FASERRO N 1G4 H
0, WBREY DR EZRET 5L W ED T 4 — R8Ny ZEHBEE LT 5 agEr:
WD, HEOREERICHWNT, | BIEICHE L RERIES, 3 EIRICHIELZR
JEBAZED N REZHEZ L7, fEICL2REOEHNIFZO bR oTc. £z, 10
AOHED N BETYH, MERELOBRITROONRN-T. Ko T, FHEOFHEL
R TIE, EERE N OFAEEIIEE-T2LEXALNLbDOD, Iva i
L5 N EEHEREOHEMEZRTIHUIE O N7, FEICIIERORD %, N IRE
B X 2 A BIEEOm ECTHET 2 V), IBRARETEZ2 & Tnd 7 o
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LR IC T D MEDOHERNEN o7l b, MBSOV OREIT L
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WD A[BEMEIIEW E E X Hivd.
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BEIRDDIES I . —DITIEEAIC L > TRILESNIZ /REMEN S D . ROV &
MRFERERIA & 1%, oKD H KD EERICH Y, WROYFORENEARDRE %
RHET 256 03% 5 (Takahashi et al., 2003). T3ED N I OMEEIL, ®ARDED N
BIEZBEO CTEENEZ T LS, mAENLOBEDY ¥ —DECEEZN ESE500 L
7R B DT, BN L 72 SRR N T S s BRI S b Ltz
HAFZRXED O L, ELEERES WD, BRI > TT U E=TREERoT
N F, HCNICHBERICA SNz (F3-3-1). MEEEN L, [Ba 4o THEIIR
EINIILKL, BRZEICE S THRELLTV. Ko THFEOFHEOHAIZL D N
BbOfetlx, FoA~D N OREEEET S RELHD. LoT, HHLSLOREY
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#5-2. UHBAERKICHIT D IV a P REROHEEE & EREO .

T R B WRVE? S i WAVES S S
AR FEE OB A&
A km™ g m? yr'1 % % %
o HEEfE* 6.6 6.8 12 108
A = x .
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