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Browsing effects of deer (Cervus nippon yesoensis Heude)
on the growth of dwarf bamboo (Sasa nipponica Makino et Shibata)

and the regeneration of tree seedlings
Yumi TERAT", Shozo SHIBATA™

IVYHZEBEMREBRPME SN TV AILEE, BBICBVLT, TYYIFIVIFYORE, BEEICS Y
BERRE L, £V — NNV, EREOMELFILICLY, ABOBRIIBITA LY Y, IX ¥, #ARE
AOBBEBMALL) E L. TV Y HIORERZZIAIEICE Y IV IO EITEIMEL, BEELHILT
Wz, —h, BATHAFREEIBECREERZZITVWAXTE 2o TEY, TEIREL Z-oTW, L2 LBEOR
BEZT-BACERTHREFRLEEICRA L, IYIFIOERIBE SN, IV IFFRRamEsBsueEs
bhbbo00, ZOMEICEIBANESH LI LIRBEEINZ. BEOREEZTTOLIVYIFITHII VY H 2HERT
LI VEENALN, TOBRTIITFTHEHICKEL T FMERHEOELERETIE, IV IFFIR
BICREZZT COLIXTEAMMNE L, EEOEFEOLDIZITEELHEREOY VT IIFREL 52 £ 6N,
AEMTEEFRBE S — IRV 7 OREFMFETEL LD, TV ADOEREHIZL > TIVTaFg2EEICHERL,
EEBHZRETE 2 HMEITRB SN,

F—T7—FKI3IYa¥y, VYV, EE, RE B

Browsing effects of deer on the growth of dwarf bamboo were studied at Shiranuka, Hokkaido where forest
degradation caused by deer is reported. We also tried to reveal the relations among deer, dwarf bamboo and
seedlings of tree species by investigation of seedbanks and seedlings. The aboveground part of dwarf bamboo was
dwarfed and the biomass was reduced under browsing pressure. On the other hand, the underground biomass of
dwarf bamboo increased and the rhizomes became longer under the light browsing pressure. However, the
underground biomass was reduced seriously and seemed to vanish under the severe browsing pressure.- Although
dwarf bamboo is regarded to be tolerant to browsing pressure, the limit of its tolerance is shown. When the over-
browsed dwarf bamboo was protected from browsing pressure, dwarf bamboo started to recover its aboveground
part. The appearance of more seedlings at the site where dwarf bamboo is under the light browsing pressure
suggests that the moderate biomass and density of dwarf bamboo gives a good influence on the survival of seedlings.
Enough seed supply and developed seedbanks show that the seedling regeneration can be promoted by controlling
the biomass of dwarf bamboo under the controlied deer density.

Key words: Sasa nipponica Makino et Shibata, Cervus nippon yesoensis Heude, seedling, browsing, Shiranuka
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HTELHR, RMEHRESEHL, BICAELodubi

BYETIEE=F VP Cervus nippon, T H
Cervus nippon yesoensis®D¥EMASKE RMEIZ R - T
By, EHMTRKERE, EREEPRESINL TS,
AFREEILE, RRBREY 2 EOME T, %
BALLZ D A EPHEMEEL RECEZTLE S 2.
(%132 1984 ; TAKATSUKI & GORAI 1994). F 7-dbifE
BT, BEL T APFAIBEILKR LA B A NS

Tdh 5 ERMIRTOTE 8 FEEHEFIIWNL2EMF T
FEL. BIE -z RE LT EEOEREREICLD
HERRZEOHEHIIEM L2 00 BKRERED
BIBIZIE D %225, & SITII RO B 3 B R R
WO % EEBR~NOELELE U TE L bkl
DY EFREE) .

e B H IR ALE 5 5 FCAB K b i 8 T AR TR X ©
&, 1980 EMMHL VEI D /MERD P F~ Y IR

* TURER KR B RSO R BB A
SRR B BFSE B IR A

* Division of Forest and Biomaterials Science, Graduate School of Agriculture, Kyoto University (former)
* Graduate School of Agriculture (University Forest), Kyoto University
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WENROSNIZLD2AS, 1993FEEICIEF & a v
VR EDIEERMNOHBEHEEDHRINED . 25
12, 2OTREEESPI2miEEH 23V aFH i
VY ADREIZE o THEAENFIOmIZLIT/NS bk
E, BERIOFEHTRMAMAEDEAFEDLN TS
FRIZ1997E O FIZIE, WBEEXE0m Lot av~0
WEDLFEEICRY, 1998EICIIHERIEM L (W
7 1998).

ZOXIREEIIH LT, BETIXE L T#E] »°H
By NEHEE SRS (Bl - 55 1997). L LEE
WY AHE BT OBEED 2 HfF 35 2 LIdHEE
WICEEY, [#fF] 2HIET-DICIEEREL EREICE
BL, £/, TNOOMOMEEH 2 HE L7z BT
EEZRLTER LR,

INFTTRAITbNI T h EHFERICET BRI
BEAEPBEDOREICETAbOTH) (BiFEIH
1997 ; BHNZ A 1991), HMMKRIICERZLTLLD
WA % (A 2000). FA-MEEBOHTHEIICS
IFFICER L2, LD IYIVFToOMTHRE
TEMELBE %, KFFETIE, =V IHhsIva
FHOEER, FoIVIAPFEBRELEOBEFELRAN,
IV I 2 AEHIRARMIRENC B 2 WA AR
PEWATLIEZHNE L. FHHKATOERYH
XD, IXYaFYR2IV VAL ORELZGEOH
BZoWTHFAL .

2. REMSSVRERZE

2. 1. AT EEBRROBIR
BUHEB K 220 5 16 AR R X (3 T A5 880.4ha, dbiEE
WESIBE T O H40km, HBEEREIHMICKEST 2 (K
1). #EEi364~270m, MBIV BBETH L. HE
MU WD KRBT HERIRMTH D, FBRIZ60cniE

X1 ﬁ%ﬁk?itiﬁiﬁiﬁ’@%ﬂﬁ[ﬂiﬁ
Fig.1 Location of Shiranuka Division of Hokkaido Forest, Kyoto
University Forests
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B, EEHRIRIE67C, FEHYRKEIZI096mmTH 5.
KRR ERSEH O ey L EEREMO N\ V=
L, IAF9, XF5E, Frhon"izhoBliin
BEHLRREMTH 5.

AR ZILEEFHEERABXICBWT, V¥ Aick
LZIVIAVVOHFEEFELEE, IVIFIORE, BE
B, VHEOKREICIDHEREL, HARSEBMICR
559520mx20mD Ty bE A4 FFIICEREL. Fu
v Rl (BE1) @EAERIO%LLE, 7oy b 3i3ke
E50~90%, 70y b 43P AEEIO~50%, TV k5
BHERIOWUT THorz. T/27uy 1AL
VYA DOBENRERMS OB LD (BEE2), IV
I ONRERBET A HWTITEEIL, EX2md
SHTHWAAZRS (BE3) PREINTVWS. K
FETIE, ZORVARBHNICTOY b2 (BEE4) %
BMELS. 2B, Fuvy b1~4F5HILC, Tuv b

513 S IEICRRE L 72, ‘

Juv b1, 2 TENEEZE4mblE, Yoy b3,
4, 5TRETOMARENRIC, BE, WEEE HS
2RELA. ZoHE, oy b1, 213 b FYYE
B350, Fay F3idn=LE R OE LK,
Ty MIETF R, Yoy b5EIXFIPESL
FTHLEBMKTH 72, WTFhoRFITBW»TH EERE
A0 ~10cmiZ BT AEEA % <, EFICHBIME I
TWhHESZ 5.

%70y FHROEED 5 T (8 TR B EEKIIT
) WCBWTHEREL KD (F1). EERITER
WAL LSR5 rIIRATRELLZODESLIESD
Xiddh o7z, HNBEI0%REORENS - 7.

2. 2. AEFE
(1) I¥a¥Yy, TJIHIIDNT

S, AEONRE %o - EBEORRHEAE 2R LT
WY HIZ I ¥ I Y Sasa nipponica Makino et
Shibata TH 5. IV IWFHIIHTEL —EHF ML
L, W TE»SHLHY. FIZHE S50~80cm, Hi< BH—
THLETEREAIEL 2 (M2).

IV IV REFEH EREEH T 5720, EROLS

£1 FAEToy MIBTAMHNRE (T BERE%)
Table 1 Relative light intensity of each study site (mean £sd %)

EERA EERZ RERS ®ER4  REBS

quadrati quadrat2 quadrat3 quadrat4 quadratb
JAykSs  655+3.28  419+225 31.94+1349 299+197  252+0.97
ZJavk4  1.14+008  223+0.70 1.55+029  2.12+0.18 1.43+013
JFavk3  1.39+0.06 128004 17884437 204*+006 774446
ZJOovk1 1.53+056  2.02+0.68 1.38+005 236150 5.51+2.06
JOyh2  1.6530.06 1.52+006 61.87+4.16 1.2540.05 1.61+0.34

* 20004E 8 H11H @l
* measured on 11. Aug. 2000
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BEH1 7uv b1 OREROIKRE BEH?2 Juvbi2k
Photo 1 Appearance of Plot 1 on August, 2000

B5E L7235 OMECH D B OMARIREE
Photo 2 Condition of forest floor of Plot 2 site before
fencing on July, 1998

B3 1998 FKIZRLE S hrz BEH4 TOv 2 OWFERFORE
Photo 3 Fence set for conservation in autumn, 1998 Photo 4 Appearance of Plot 2 on August, 2000

Ia;

30

Inz ‘ RS BT

cm

[ N

X2 IV IWHHEER U 5 BARRRR
Fig.2 Rhizome of Sasa nipponica
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5BTVETHEEINS, EIIRBMEKRT, EXIEIS
~25emTH B, IVIFYDEEIS V7 EIZEH, &
CREREREOH20%, TOEPOFEHTHIS%E HD
AH. LrbH EEOFGEMTEL, BEXONTHBEICIL
BTEPOHFELTL A, COLDIYIAFFIEITHIO
BRELLTRETSCNRTEY, Y H0FERELZ TS
Higd L\ (HE 1996).

LRI EVWIBE, BTEISHIBL2ETON,
S L BRI TOPFHNTENTDH S, H EEHOA
ERE LR TR, SBLAEE (Bl L LTwbig
ELZ VD, AR TEHTEIOHARE [ &
AL, FORMPLOBEL, EBRICERIICHS
Hox (] ERBTAHIEICTS.

IV % Cervus nippon yesoensis Heude X, bif
BIAERT A= Ry VAOEMET, BEOPFTEIRDK
BMThbH (HE 199).

(2) REFE

FAEIZ20004E 8 AHHICTo72. Fuy b1 ~5%h
ZRoHIZ I mUBOEERE 5 HERIT, FOFICHS
EROMEBBEZLIZH Y Y L SHIIEEROMK
1250ecmM G QYY) FiFHa Fo— b2, #0 L
7.

WO LTy Iz #IE<CL, BEBTE, Hu
WFE, B (444 BHTEICHELLE. VT,
FHTEORDHKEL L Tid, TENTZHLTE
0L, HERICEA R TWABEDL D2 TEL
L7,

MFEH T, P T, RS, K& WMTEOER)
ZlE L7,

VT EIX, BEX, KX, HEER, SRR Wk
B, AFHEFREL. KRN LETF—s 22 b7
DIZ, WTEOFRBOFHHCTHE L. £0fk, K&
POHWHEEZ KD, ZRICES2PT5Z L THELHE
FELZ EBRETOY M55V FAIZ1009 DO
ZED, HEREZHNELL. 2B, e, MUK
LEHITOWTUIF E DI EED LN h o T2/,
R L TIER LA,

BTFEDS TREIZOWTIE, FELABRDS b
BV DOEIOAZHEL, ¥d-)OEHENZEL
7.

HEkYy 7 ve, wTE, B, BCHT, Ekse
77, W2 ERIE80TC TA8EF I LLEAT, FNFhOEBRES
ZHlE L7,

WEICLA2EOmE, B, EXNOEBL L0,
&7y FOEEBRED,IS S VT A1 TOEL R
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WUL7z, 7)) r FOBIIESICRR L - ECHhET
L7:DIEROLIG 2FHOELRAN. FLI-E
EAF v F—CTHYAATHELMEL, 80T T43KH
DibEzip s TR ERE 2 E L. ENREEELD
EDREIOHRETH HILERME (SLA) KD/,

EREHFWUEEBIZOWT, REXfTo72. 7uvy M1,
3, 4, S5HOKKIZIE, E0HMEALINLHDITD
WCE— oo %, EHEALINZNHDIZD
WCiZKruskal-Wallis®O JEM B E L = FVvy, BEBER
5% CHBENHAONIZHAITIE, Fl&HEE Tukeyh %
HWCEHELE 2T/, Yay b1, 2OHEIZIZ,
FIECTHERES B TEHEIREALINDE DD
WTIE tBiER, FaMEALINZVHDIZDNT
IIWelch#:% v /2.

FoY— NN 7FEE LT, 20004E 6 AZMRITHD
TEARIL, 7220004 8 HH@ICH Y LiF-09 %
FCLBICH - RS — 8L, FAERARFHEEAA
HABRMDON T ABNICHES L TCREFRILBIEL
7z,

3. ¥R

3.1, IVIYHPFIVATHOLEBILEZLZHE
(1) REE
Juvy b1, 3, 4, 5IZBFA 1Y hnIva
FHOWTE, WEHORGFEL, EREEZAHNT,
P+ ERFE TR 2 IR LA, RBHTTE, #h L
BT, MEHTOERIIEATH R, FFHLED
L TER, BRI ED LIS EINTVWE»E RS
72OTRE M EHHEARZ B THRHEFECEH 23 D)
R,
WTFHEFEREIX 7T Y b 5 TIX177.05+52.31 g /nd,
7y b4 TH223.10+39.24g/nf, FU v b 3Tk
287.44+1692g /i, 79 v b+ 1i381.46+3659g/ni &
0, BEOREZZITITCWALE SOy k3T, fiony
K2 IVo¥VFOMTEH, MBEHHEE, TRE (PH:ig#
fR#)

Table 2 Comparison of under- and aboveground organs
biomass of Sasa nipponica (mean * sd)

T E *ih R

Underground organs *Aboveground organs T_REE.
A 2 T-R ratio
( DW g/m°) (DW g/m?)
JTayks 177.05+52.31 c 321.26+76.90 c 1.81
Jovbae 223.10+39.24 c 162.42+57.58 b 0.68
Jnyk3 287.44+16.92 b 115.59+22.30 b 0.40
Jovk1 81.46+3659 a 24.26+4.69 a 0.30

O EEBARICE, BhRsoR &S

*These organs contain the underground culms
BEEOXFIE, BE5LEFOVWTHWELTuy MITEEE
NRLNAZ EERT

Different letters denote significant defferences among plots
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no7ay bDDBAEFEIIEH T

W EEBEFREIX, Y2y b5 T321.2627690g /m,
7y b4 T15242+5758g/mi, 70 v b 3 T11559%
2230g/md, 7O v b 1T2426+469g/nd& %Y, HE
DORENKEL B BIZONTRDT AEEAR L.
Juy 5 ifiovwTFhosay bEHhIEEIEL,
Ty b lidiowTFhosay L) LEEIC R,
-7,
TREZREOBEIHM L 52N ThEL ko
Tz, AifE (1969) I VY I FYROT-REEZLI~
152 LTwad, AHTE 7oy b5 oI EDHE
1L, Fry b1, 3, ATEDPRYNSWEERL
7-.

(2) HWTE
Favy h1, 3, 4, 5BFAIYIFFOHEVM
TED 1Yz ) ORIER, K, HfFE KBREET
£7) kD, R3ITRLZ
TV TEORERIZ ST v b 5 T17.22m/md, 7O
v b 4T2692m/ni, 70 v b 3T3290m/ni, 71 v
F1T930m/mE %oz, 7y b3, 4, 5 TR
BEEREL ZBHIZONTHTEIRSR-TBY, BE
CHEEZZIFITCWE7Tay 3, 4 TREILER» -T2
ROLAREEOBVWTOy P 1OBTEFARECE L
3, WEROFA-VPKRETE, ZORBEIHTHIC
KMENTWAIMEEEEZRL TWS.
HEWHTEOMAREIR 7y b 5T33011.74cm¥/od, 7
O k4 T4992642cm3/ i, 72 v b 3 T6890351em?/nd,
Jay b1 T1561646cm/mE %Y, ETo7ay ME
THEEVR LN, REENS L %52 THRRIZ
BEMLTwa2S, RIFEFOHVTT vy b1 TREU
BoTHY, RERDEE LNk, BEORAEZZITT
Wb 7ay b3, 4TEhoC.
#3 WORTEORIEE, KK BAE

Table 3 Comparison of old rhizomes of Sasa nipponica

ZER TR TRE
length volume biomass
(m/m?) (em®’/m?) (DW g/m®)

164.63£5186 ¢
21306+4148 ¢
270.70+20.18 b
74.46+36.02 a

TAayks  17.22x494 c
JOyhk4  2692+466 b
ZJOvk3  3290+336 b
JOyk1 930397 a

33011.7412984.44 d
49926.42+ 1194347 c
68903.51£2970.62 b
15616.46£9691.59 a

F4 HOBTEQILE, TFHEE
Table 4 Specific gravity and mean diameter of
old rhizomes of Sasa nipponica

LE FHEE
specific gravity mean diameter
(DW g/cm®) (mm)
Z70Ovk5  0.00458-+0.00076 529+0.77 b
Zayhk4  0.00433+0.00051 ns 4.65+097 a
Zovyk3  0.00393+0.00016 500+085 b
JOwhk1  0.00520+0.00124 445+1.19 a

ns: not significant

8l

W TEORFREORER, & FROMENZ R
L, BEORAELY ST TWATOy b 3 THEEILE,
BROAMEESETOy b1 ThhiroT.

FACHOWHTEORE BIFELAKETE 2D

45 -
40 |
35 |
30 t
25 |

% no. of nodes

¥ no. of nodes

1% no. of nodes

<t ~2 ~3 ~4 ~5 ~6 ~7 ~B ~9

¥ no. of nodes

<t ~2 ~3 ~4 ~5 ~6 ~7 ~8 ~9
D EX length of internode (cm)

K3 HWH FEOKBEROHESA
Fig.3 Histgram of the length of internode
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F5 FHMTEDIML/) ORER, #K, BFE

Table 5 Comparison of current rhizomes of Sasa nipponica

FOR. RES., KYOTO 74 2002

#6 ®ABRR, Ind4k ) ok (FE)
Table 6 Max. culm height and no. of underground
culms of Sasa nipponica

BIER &% RER BARS
length volume biomass max. culm height no. of underground culms
(m/m?) (em®/m?) (DW g/m®) (cm) (no. /m?)
7Bvk5 0.86+0.83 1497.06+=1401.70 429644325 JOvk5  89.17+9.24 c 368+10.73 a
Zavb4 211£1.76 ns 1831.39+1435.59 ns 10.048+9.194 ns Javk4 3132272 b 73.6+29.48 b
ZOvk3 099+1.08 1295.60+1322.21 6.464+7.356 “JOoyk3 27.18+166 ab 74.04-30.90 b
ZOvk1 0131297 26.70+59.71 0.272+0.608 JOvbk1 2295+593 a 18.0+231 a
®7 OEY, EBFE, 1 EALVOES, WK, HETHK
Table 7 Comparison of current leaves of Sasa nipponica
B EREFR 1EL-YDES 1B S -YDmER HEEK
no. of leaves weight of leaves single leaf weight single leaf area SLA
(no./m?) (DW g/m?) ® (em?) (em’/g)
JOvk5  188.0+49.96 a 87.99+21.43 c 0.400+0.099 d 91.36+16.35 d 232.76+2065 b
JOvyk4 5728424650 b 56.10£27.25 b 0.223+0.042 c 52.84+8.18 c 239.16+1763 b
ZFawk3 539.0+101.69 b 4164+9.38 ab 0.132+0.036 b 3415+752 b 263.36+25.38 a
Jowyk1 125014646 a 740268 a 0.106+0.036 a 28.45+922 a 272.50+30.70 a

*38 WHIEFR BHFE, CFlk
Table 8 Comparison of biomass of culms and leaves of Sasa
nipponica

B *

C-Flt
culms leaves CF ratio
(DW g/m®) (DW g/m)
JOvk5 2332746255 ¢ 87.99+2143 ¢ 2.65
7ovk4  96.33+3412 b 56.10+2725 b 1.72
Javk3  7395+16.90 a 4164+938 ab 1.78
Javyk1  1686+758 a 740x£268 a 2.28

D), WTEOFHEELRL /.

TV TEDREIX, 470y FETEZROAE,
272

HWHTEOFHERIZ, Y2v k5 T529mm, 7
O v b4 T465mm, Uy b 3T500mm, 7Oy b1
T445mmTH Y, 7oy FETHEEEVFALONIZE D
A2LH o720, HERERIZH S d o7
RICHEVWHTEOHBREOEESFE lanl L DL R
M ATHIIGRL. WFhoTay MIBWTY,
HEEE LS MERLZ. 72y 1 TIE3~4md

AR E o720, Favy b3, 4, 5TIE5~6cm
OEN DS o7z,
FHTECIOWTHREMBIE, 1odb7h)oRER, &

TR, BffE WBREETRT) 2RO, R5I1TRLA.
WTNOEHL, FEEZEROM 207,

(3) Mo LEB

7oy b1, 3, 4, 5ORAEE BTELISOK
DOEE), 1mdB72h OB BREE) 2&6IIRLE.
BEABRBRREENEL R0 TR ko 1
M%7z ) OREEIXTTy b 5T368K, 70y b4 T
7368, 70 v b3 T740%K, Fav 1 TISOREL R
D, BEORE*ZITws70y 3, 4 THEILS
ot BERZTHIEIZE o THREEHNBET 55
MR ONAS, Ty b1 TR TEREE KEED

2R DET LT,

KIZ, 7y 1, 3, 4, 5XBITS 14D
IV IV OEY, BRGE, EINLLVOEX, T
B, WEEEARTIORLE. &b, 1YY OE
X, W, REEREIEE, &0y bS0KTOOHEM[ED
53Rz,

ERIL, BEOREEZZICWE 7Oy M3, 4TH
BIZEZ L hoTWe,

EORFRIE, BLALRAEZZIITCWARAWT Ty b
5T, fOVWTROX L) bHEREIIEL, RALIEAL
BRDHIIEONTHRA L TWz, Bic7ay +1iE, o3
Tay PORMEIZERTH 6 57D 1 BREF TR LT
BY, VHILAREEISPRIBVWEEZ N,

1Mz EE, EHHREITXCo7ay METH
BESROI, YHOREEZZITHILIZE) IV aY
YOEIFZIIELL ToTWz, BEBBEEF Ty b

3, 78y F1TREL, MERZRITAHILILL-TE
BHELBRLIEERLTN.

UEDRE2ELELE, IYIFF I IDOREE
ZFFHTEIEDENHSMNEYEL, FEY F1T
BEE, EHERLICIRVBRI LTV

Kz, 7av b1, 3, 4, S5ICBTARE, EOBREF
BERSIRL. 728, BNOBRSERL7:DI12C
Fit (BRoOJFE EoBfFE) LRDI.

BROBHERBEEOBERIVTNRY, REEIF S &
LIZONTRA LTz, CFRIZIZFEALREZ ST
Twirw/ay b5, BH|ELZZT TS Ty b1
TEL, BEOREZZIITCwaA7ey I3, 4 CHEL
o720 FHIE (1980) 1, BUARIZ X » CTRER ZIF 7294
BREEOLDICEEFBERBICHLTHEALELTED
Tay b3, ARBEOREEZITITVWE-OEREDNE
AR IEEZLNS.
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3. 2. IVIALPSORERD I VYAV OEIERAER

RETIETay M, 20REHERED LI, VY
B S 3EMEELBED I Y IFFOEBEICOVT
WET3 5.

Tay b1, 212B351 M40 0I Y IFFOH
B, THORFEEL, EREEZHVTRIITRL
7z, FTRELRD., #FEHCRESALNT, &
La7uy b2 THRA LTV, # EEEEREE SO
7 M2 THEBILSL  hoTwWiz, TREL 7Oy b 2T
SEZICKRE L, 7uy b 2 TR ERAOBEDEIEH
REDpo7z.

TFav b1, 2IBFLHVBTEORIERE, &,
RfF=, HE, PHEEEZRIONIRLE. WIhoEB
KBVWTHAEEZIIALNT, SEREOIV YIS
ORETIHVHTECBMMIAN T Do 7.

Juy b1, 21IBIT5, FHTE, HOHTE, M
HTEOEEZK 4 ITR L. O TEIIOVWTIE
EAPHEN TP 00, FHTEI IOy 2
T%L, BB TEI SOy b 2 ThRPo7:.

#9 Tuv 1, 20HE  #TER, HEEHEAR

Table 9 Comparison of under- and aboveground organs biomass
of Sasa nipponica according to the existence of browsing

TR *Hh_E &R
Underground organsv *Aboveground organs  T-R ratio
(DW g/m?) (DW g/m)
Jowk2  78.76+17.71 ns 69.37+22.64 p<0.05 1.14
Joyhk1  81.46+36.59 24.26+4.69 0.30

i EEBARICE, MhEHsoRbEING

*These organs contain the underground culms
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7ay b1, 2IBTARAEE, 1nddc) Ok
(B ) ZEINRLE, 7ay P2 THREEELS
{ o TV, MEEIBIMERIIALNLBDDOH
BRETE o7

Jay b1, 28BS 1Yo I aFToE
W, EOHAGE, E1H4-V0EX, WE, HLEEK
ERIZICR L7z, ERZIAEEEVRALN LD - 729,
EHARERI Ty P2 TEEIES o F72, Tuy
F2OIXYIAVHOEIFELEL, KE{ k-T2
B, BREEDbLLLh o7,

Javk2

Javki

————

0% 20% 40% 60% 80% 100%
MTFMERESITGTIEE
Percentage to dry weight of whole underground part
B4 7oy b1, 20K HHTE, HVHTE, MLl
TEOHE (%)
Fig.4 Percentage of dry weight of current, old and dead
rhizomes of Sasa nipponica according to the existence of

browsing
plot 1 is under browsing pressure, while plot 2 is free from it

AT RE HWHETE S R RAERTE
white : current rhizome gray : old rhizome black : dead
rhizome

#®10 7av b1, 20HE HCMTTEORER, A%, BFE, LE, FHEE

Table 10 Comparison of old rhizomes of Sasa nipponica according to the existence of browsing

BER & REE HE EHEE

length volume biomass specific gravity mean diameter

(m/m?) (cm*/m?) (DW g/m?) (DW g/cm®) (mm)
7Ovhk2 8.63+3.06 ns 14882.67+6499.21 ns  66.26+27.14 ns 0.00458+0.00076 ns 4.33%+1.10 ns
okl 9.30+3.97 15616.46+9691.59 74.46+36.02 0.00520+0.00124 4.45+1.19

F11 Jav b1, 20K BRKEE, KEE
Table 11 Comparison of culm max. height and no. of underground culms according to the existence of browsing
plot 1 is under browsing pressure, while plot 2 is free from it

BAES BB
culm height (max) no. of culm
(cm/m?) (no. /m%
Jovk2 3241+244 p<005 27.2+1820 ns
JOowyk1  2295+593 18.0+2.31

®12 Juv M1, 20k EYK BEIAE, 1ENLOOES, HRE, HELNR
Table12 Comparison of current leaves of Sasa nipponica according to the existence of browsing
plot 1 is under browsing pressure, while plot 2 is free from it

3 ERFR 1EUEYDES 1EL-UDERE SLA
no. of leaves weight of leaves single leaf weight single leaf area SLA
(no./m?) ( DW g/m?) (g (em) (cm’/g)
J0Owvk2 211.2+163.96 ns 28.91%+9.39 p<0.01 0.155%0.039 p<0.001 4241833 p<0.001 277.53+24.18 ns
FOvk1  1250+46.46 7.40+2.68 0.106+0.036 28.45+9.22 272.50=+30.70
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Juvy b1, 212858, EJFE, CFHLERIZ
WRL:. BEAE, BEHFELLICTOY P2 THE
2% <, 7uy 20 LFORENRD bz, CF
ix7ay b2ohiphEawizl-THB), Fuy b
2DIX AN OFPENS ) ORI TENLD
FEREEF VL E Wz 5.

3. 3. IV OYYEREDRR

&7y MBI ABAREERERIAUIRLT.

EEBIE, FLAEREZ I T 2WTOY F5T
DOWTROX LY HBEEIARL, KT, RDEW
FEZZIC0B70y M1 Thhdhol. Tz, ¥
FHEBRLA-7Oy P2 TOEEAKHE YUy M1, 5Tk
RLEEEIEL, Fuvy b3, 4L 3FEENROK
Lotz

K, IXY ATV ERAGEE 1 dS72 ) OFHD
EEBOBRZR 5 IR Lz, WEOBIZIIHER—ED
Bohi: (r=-04686, p<005).

6 BICHRIRLz DY — RNy 7 RE T, Hv=
L, 7TAXF v EOILEMOBENC L ODHRTE
e ENIFES L3 ol EAETEZLAATA5
B RBO LT ABIENVHRCTE. LALIVY OV E
ESLABICHEAEISORFIZRONT, 8 HOK
BTRY— AV Z7@3BEL TRV EZEZ SN

£13 7ov b1, 20 BBEE, ¥EFE, C-Fit
Table 13 Comparison of biomass of culms and leaves of Sasa
nipponica according to the existence of browsing
plot 1 is under browsing pressure, while plot 2 is free from it

=]
n % C-Fi
culms leaves CF ratio
(DW g/m’) (DW g/m?)
FOvk2 4046%1579  p<005 2891%+939  p<0.01 1.40
Javk1 16.86+7.58 7.40+268 2.28

F14 K70y MIBIF BN ) OEAK
Tableld No. of seedlings per 1m of each study site

REH

no. of seedlings
PN 220+1.30 c
JOvk4  6260+2077 b
Javk3  9225+2877 b
vk 3420811 a
JOyh2 742042543 b
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Fig5 The relationships between Sasa aboveground biomass
and no. of seedlings of tree species

F15 ITVIARLBZREN I Y IVHIIE X 2B ORE
Table 15 Summary of deer browsing effects on Sasa nipponica

R biomass WTE rhizome #ES aboveground organs T-RE C-TH
¥ _RIE : 2 (LE/HTE) %3]
underground organs culm leaves |total length volume _ dry _specific gravity diameter internode|culm height  no.of  no.of leaves characteristics of leaves T-R ratio C~F ratio
ggmgaw:;bﬂ:!ﬁ
Ovks 3 2 E4 [ 3 b X 3 [ » KE EL X x
: 1 1 [ w " - i & 3 i i i
i i -3 % % A 1 & % ) 1 I
5 a 5 4 4 ® E 4 » . ) o X
/i ns ns ns ns ns - g ns ns ﬁ /’]s ;‘(\




FRARBFZE 74 2002

Ty b3, 4 THRONHERIIKAWAHARA (1987)
DEIED -7z 72, HEIZRENALNT, HTE
NEBCTOEVIE RV EHEI NS, HIFREROREE
BENTTY b1 TIEENL DS A o755, Fav bk
3, 4, STEESAONEP-72. TOZ LG, B
BIREL ST TV AEI VTR TENEL RS E
FEIZEOEHEEELTBY, £ DA VT -2
ELTWAIZEIRINT.

INOHOERENS, I Y aWFIE—HIIC, HEEHT
WEAZITLEHTENRSLLLE LS. L bEIH
ERHERZBILL TV ARWD, HTFTXEOEMEFLT
WhHZkidhwekEZLNSL, LY LBAEOREZZI)
TEHAICIIHTEIICORE CEEVENS Z LR S
ni-.

(3) H_EER

W EIAFREIIE, ELDIREOBREIKE RS
ZONTHP LTz, REEZTHERBREL LS
A, BRBEIZEL o Tz, FI/NUES 2 258 HIT
L poTWiz, LAl 78y b1 OFEISIL, BAE
OREZ T -HEIIIRE, B HIHPTEHIL
Bhhb,
SHOWEMIE, BB, ¥RGRLbIIIET
DFBFICLRD Aoz, WEIED (1977) 12485
L EH0.26kg/nd, FEH053kg/nd, OsHima (1961b) 2
X 5 L EN220g/nd, FBAH610g/m & WE SN T 528,
SEIOFEMTIE, ZNIEERELEEDORELZIIT
W7y 5 THINSDEIRNEoT. TDT
EREBETLE, 7O M1, 3, 4DIXIWFHHRT
VYA LRITTWALEEL, BMTHRERIIKEVDLO
LEZLNA.

4. 2. IJLHD5OREERD IV IYHOOEREE
oy b1, 2HTHTHRHILERICE I o720 L
ML EMBEFRII SOy F 2 THEIIEL S >TH
D, 7 v b2 OT-RFEEFAE (1969) A3KD7=—MxH
RIEOEHHANICA-> Tz, 72, HVH T EOLRAE
BEHiX7ay b1, 2MTENSALNG o720, #l
BMIEAZTEIZENR SR, Fay 2 TRESRS
Sy, BBfFE, EHAARLLICE, F-ELKRE
{roTwiz, TNLOMERENPS, MECRALZITT
WA IV IPHNET AR, 9 EBICRET S L
A5, Ty P2 TEHHFHTED LD LEEV RN -
o eds, Fav b2 TRGH, MTE~ORELH
BLTWbDEEZOND,

SAEMCTHE EFICEEES H o7z ds, o7 oy b

85

TOMEBMWEIZERSE EWERICALL, BIEEART5T
HoHEEDLNS.

Ty b1 ORI HIE, IV IFFOFERMEIZD
BREDDH LI LRI, FFEHFITH (1968) 12
oL, BRI 7 < A4 FEHBUE ORI
FFRBEMEL, ROTHEWREZ L, Dwitid
MFCH I, CBREMIIEELTHWZENMREINRTY
BH, Fav b 1OIY IFHIEHE R R ORI
hoEEENG.

4. 3. IYaYYyEEEDORERFR

IY Wy AR L EAKOBIZIEZ, BOME
BRON:. BEORAEZZT TS Ty F3, 4T
&, FEALEREERZII TR T ay b5 ITHARTE
HEEPAEREIZL L, YHOREIL > TI Y aFiisk
METBZEIZEY, EEoRd, EEMEEIND LE
Aoz, LaALIVaFrg EBEAE RIS LW
Ty M TREEENTTY b3, ALVERIDE
, YHZEBEEDRE, BT EDORIOERN
ZEzbhb.

CORNETTOHAET AU A, 32V N0 2EHEDE
JRRBAHRIZ BN T o - ERR» S, 1. A
BLHAEZRETHILICE D EAORENEZ S S
L, 2. TREAZBRET LI LI ) EERTENK
TEaZE, ©2HPHREENTWS (CORNETT et al
1998). WADADILIFEEII B W TH  OME & EAFE
RIZOWTHAEL BRI, 1. HIEREOK
WIEOEAEDBEEHT WAL, 2. YHI3HEFHH
BEZTHAPES R DI LI L > TEWEARY O EH
FHELTVWLIE, O288HEEINTVE (Wapa
1993). ¥ 72, CLINTONGAS7 AU A, Yo 2HhaF
A FMNoILEBH®RT, TREETHE I v 7 T 50—,
Rhododendron maximum L.% &% L72FEED» 51X,
RmaximumdPEAIN L TE R BEBIIEHLZTT
3w EATREENTWAS (CLINTON & VOSE 1996).

SHOLECORAEEE,S L, EEDOFREITITHRA
HENDPEG LT LRI R S Nz YRR
WBWTEEEHZRTICE, ¥h, IYIFF2HEE
WEHTLIENEMNTHLLEEZLND,

V= NNV REBENSIE 6 AILIERFRDOD LT
BHBNE S STNTWAE I EASREN. KA
Lo REABIIHBENEZ L AN L 2s, KE
ARSI T RERIHEREICEI L EX NS,

4, 4. FE&®
IV APV U H OFEREICHIS L TR A )X



86

IRERT T EAREEINT:, REEZZITHIEILLST
WTFEERCZY, K, BHEEIMWNL TN —F
H EEBTIIHRFE BN T 2B EIREL 20, BEE
BB LTz, ZoE, IS TE~OREH
Bz Twi, Joy b1 oERISIE, RAMUEOFA
ZRTLEIVIFIOERIEI L DI LIRSS
niz, LHAL78y M1 ERUEHETCTIERZ TS
PORETHEIVIFYOMEBIEELZBOTH

D, BUREELEERENED L EEbhs, T2
FEELIVAFTHOBEILTEELZED I Y IFHFIZ
EEOEFIIH L CHEEE 520 E2 60 ¥ —
PN HHBHELTEBY, VA, IYa¥FyiE
BICEETWEEETTFAL - Thbhb E#EZ 5
nas.

AR TIZ20004F 8 AR CTOREFEZ D LIZHE -
B E T2, LaL, £70y POLEFRE - BEO
BT HLIZ20004F 8 IR CTOREBEE ML TWBD
TiE%RL, LOREOREIEZ EOREOIB 2T TE
7o, oz, WHhITREBREZ KL TWwWEEE L
LRETHDH. BREBEIN IV a I RITTHBICO
WL, SHOBEE Lz,

HHET

AWFEDER B 7z o Tid, FEBKZE B IeR Bk
TBRAFRZON NI HIZ, ERRERKO CHEE
WEREWTE A, B S 2o T AR E AL i EE T
MEBXEE OEARELIR, MECR, RHKERERE
HEOFERERRK, FHEBRESHRORERAERK, B
WRFOFEEFERO BN 2V iz72niz. RSO
BeRLIT.

51ACEk

1) HAEREE (20000 =¥ h P WEMAICS LI2THE,. H
ML, 48 & 105-107

2) CLINTON B. D. & VOSE J. M. (1996) Effects of Rhododendron
maximum L. on Acer rubrum L. Seedling Establishment.
CASTANEA. 61(1) : 3845

3) CorNETT M. W, PuErTMANN K. J. & REIcH P. B. (1998)
Canopy type, forest floor, predation, and competition
influence conifer seedling emergence and early survival in
two Minnesota conifer-deciduous forests. Can. J. Res. 28 :

4

~—

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

FOR. RES., KYOTO 74 2002

196-205

ek (1996) BAEWAER (2) /WAEI. 112-
117pp, PHAL, W

P I - EHEEAT - M IER - ZEREK (1968) RAH
WOEREHNE H18M BEFVSOLEBFTCRITTE
B, ERARATHR. 26182193

EICFH (1980) V- EMBOARE L IR ICR ST AR
(D) - IV FSEIIBIT 2 HAR -, Bk, 91:

341-342

ME A (1969) VY EOMTHOEE. L. 14

27-40

M H (1979) BABRK. 1079pp, #ICEHEH,
R’

WEEE - e - HRRW (1977) Y9 #EEICET S
Bige () IYvIFSoBfFaEs L o4 EREOFHEL.
FAkEE. 59 : 253-254

KawanArRA T. (1987) Ecological Aspects and Production of
Sasa Communities. Bamboo Journal 4 : 81-96

OsuMA Y. (1961a) Ecological Studies of Sasa Communities
I. Productive Structure of some of the Sasa Communities
in Japan. Bot. Mag. Tokyo. 74 : 199-210

OsHIMA Y. (1961b) Ecological Studies of Sasa Communities
II. Seasonal Variations of Productive Structure and Annual
Net Production in Sasa Communities. Bot. Mag. Tokyo. 74 -
280-290

SHAX - U — - FHEEER (1984) KE7EILTAHS
NIRRT EBRAEROEEICDNT, LKREDF
% 7:16

EERE - KERT - HFIAE - BB - L ARE
(1997) =V ¥ HDOEEC L 5 HMEE - SARAMEER

B 0EH -, HIRILEH. 45 1 84-86
TAKATSUKI S. & GORAI T. (1994) Effects of Sika deer on the

regeneration of a Fagus crenata forest on Kinkazan Island,
northern Japan.. Ecological Research. 9 : 115-120

B AR - RS - R - REEA— - B
TER (1991) JLiEEEEHREMXICBIT ALY VAL
AR RIBE. RUKHE . 22 1 1327

Wapa N. (1993) Dwarf bamboos affect the regeneration of
zoochorous trees by providing habitats to acorn-feeding
rodents. Oecologia . 94 : 403-407

W BmX e R EEE - WAREE N R
(1998) V¥ H RERERXOFKE. HEMHABRITER.
17-21  FLKIEE

HELTE KRR - SEHBX (1997) =4 vV EFEHO A%
HELT- KRGy ROWE—. BHREEREAREHR. 54:79
84

JeiEE D 3 H R
http://www.hokkaido-ies.go.jp/HIESintro/Natural/
ShizenHP2/SIKA/DTdeerHP.htm


http://www.tcpdf.org

