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MG IR S < 7 oD ORR 2 O E Ui fafka#h] « BIsW
ZRRME DT & 3B s T BRI F S AT LNOFEAL

T R N —T
MR TR T /e RO

2Ty OEEER AN R U 7RI PR U, BRI OO RS CR 1745 & U DNA it & £
Firote. 20 FLALAHGRE S NTWIHiie®, RIC L > TR 1 ARDF 2 —T LhEREN TR
MOV T S, FEEICHII Lz, E5IC, WD 5155 NI HE% ) S ilith & 1172 DNA Z2{#
FLABOWIITER T 22 A7 LD h Z2iED T,

TRT7UUIAERATRER 2R DNA ¥ — A —Z2 W02 L, e e n R iz

fifear L7z,

COFER, =7 70v05% GRTHMR) BIUMAMGRZ O 2DICHTHS T

EIVHIBI LTz, BEDNSBHEICES VX7 /0y OEREEANIIICE D, HIBEMN - HOBEN
SRS Uiz, E5Ic, RN ZEZ MR LR, MMM N LDODH 5 T &

HEhExoTz.

. BEREMEEN

<7 71wy (Bubo blakistoni) X FRMYIC
RTHIHA—F 7 ORERL, HATIE
JGEEIZFICAERT 2 EAEDORHTHD, HE
IRERENE R O TS, Y770 vidE
WKHBNETHD, HEHDOTDITH AR ZH]
M 27, EMEEZMIIZHT 5FEEK
RZNTEWRKOHMZ L EME LT3,
BitE, dumEICET %<7 7 a 04 B
b EN, ZOAEHEH 130 M EeHEEn
TWa7®d, BAKREZET HHEERMET
Hb. LhrlL, <770y OBEENREICD
WTHER LAY, EHLANIVICBWTIEEA
EHLEMIENTWERY. £oT, ¥yx770
YA & OBANRHE S K TEMA - o
ENZEIEZIASMCT B T &I, SBROFRE
EHZED % 5 2 T EEREYFANERZ &
=259,

AUIZETIE, JWEED <7 7 a DR

2EODELTC,URD3DDOHEEZHMNE L.
() TNXTHNDLERIENEHEINTE
U7 ay OEEREMNO HEE L T OR
TFIRREDHER 2175 . AL B ENTHH D
I« PEFx ST Ehizs / L DNA
EREL, SHBOMIEICIEHNT %Y AT L&
AVAC I3
() BEZRPDNA X —h—=[F L, BiET
L)L SRR AT 2 LT 5. T DF
EREALT, Y7 70au05% B8R
BROMAARBERZ 789 5.
@) Bt =7 7y OHUIREEMKN - R0
GINZREEZ RIS 5. 512, MEDKEARD
iz, BB RO Z ) 20 5
129 %.

Il. AEEER
1. B EOBHRSREMI O R 3 X TR

L AGBEICA R AR AT 2: S~ 7 7 1y BB e 2
20111117 A}, 2013.10.11 235

3: JLERSAIEABE A Bt



Ji - i - BB h B 0D DNA Rl & 17
7 ruayOWHER, 1980 £ 5L
HRER AT BV T CRIFZE I V—T DX
N=)BICEK>THtBENTz. TDOFHEELT,
BRI 515 5 N 2 REREAR DRI 3 Hr Y
fibh, MEREEERICE D ES N T4
bbb, ARZZWH, FRZ 22N TH5. %
ORI, & F DL D (HF DRI
BREE MmO R & MR EG 5 & N7z ke
B VSN, [RIRHC A U 2R
HFINCRIAZERICHSREE N TV, AWf
ZETlE, TIN5 OEEGHAEEAIINZ FE
L, H6f L 74l 7% DNA fhiH 35 & Ok s
ENOHMBEHE L. EHMOE DT 20
ELLEE OBBRSIREE Tz T &, kI
Eo T 1 ARDF 2 —TULhENTWiEVE
OhH-olT bixlic kb, HEENKINT S
MEREINTD, EEICERERED ISR, 3
WICBRIFEN TV S sASHAE (100 @ {45))
ZHEETLZLICHILI (BED. &Y
> IVHIRRO—E 5137/ L DNA ZHiiH L,
OO 2BXTCI 3D MICEHT S & &
£1C2Z D DNA Z {317 L 7=

EHIC, JUR, T, HEZEEZICHT 585
TOEFREERFHEFICSML, MEORIMmICX
HBHEA (BH2) BRUEREMELICE T
LTWPE (BHE3) FOUEZTTLy, DNA
ZHh - ORIF LTz, MR EREEA - PR L &1
PURIC/Rd DNA p#HICiHAIRETH 2 T LA
MM E R T,
2. @MZ Y DNA % —H— OB

AW T, WEMSEET A~ A 7 at T
T4 MBETEEY—H— LTHVE <4
o734 M, 77/ L DNA OHICHTEL,
LEED B 10 A2 —DDHN & 3 % KER
PO L TH%. ZDOREEBITITZHREDND
D, —DOOIA7aYTI A MlEnFEICBY

v/// \/l)
7 }%{/{’{C}ﬂ?\f&@‘;Q R
S :\\\ ‘\;

(c) (d)

TRT Y1 A T O B .
(a) B L 7o il 7z BS 3 0 R 9. (b) — i BRI A 4 5
N%. (0)EDd 5 Lic XD s 5 a7z 8k %.
(d) a2 AR ZE RIS RS R 5.

T 1

HH2 b RRERIC RS O T IR E Nz il
FEA. EIMIR OB EATAZZ DNA 4T IS IRTFS 5.

HHE3 HPEHELCEL WS Y77y ORE. [
LT DNA 732175 .



T, RIBRE D5 2 RS 72 575 2 037 E
mFELTEDA%.

X9, ¥xT77uvDs/ LDNAZHY,
BIZ TR (PCR) &ZD/Hu—=V7Ick
b, BEMOA 708754 038 @1
PEZHEE L., ChC3EERIR 7y TS
A MEFZ PCR 7S A —& LTHW:. 2
D PCR FEEYIDOHRIEALIC, HHIC PCR 75
AR—"TYA T B L & EIHRME OSSN
TREL, RRDEERZLEZONEIRTY
0 10 R DOV CGEIG PR Z iR, %
DGR, NS DA TIEZERIED R S HAT
Holele®d, HREIEMD, BoNz38EInT
JEE—H—IfEHT 5 2 N TE Ao Tz

i, EEIEO T 7 oD SIS &
NTVaBIA 70y 754 Ml F~Y—A—
7271 DNA SN L, 2R
DEMZHFNI. v—h—Walie LT, UT
DO6FE[T > 2 2 R Y (Bubo bubo) (Isaksson
and Tegelstrom 2002), Y a2 F 23/ N\X
%7 (Otus elegans)(Hsu et al. 2003, 2006), = /7
XY HT 71wy (Strix occidentalis lucida)(Thode
etal. 2002), 77 A A X AT 7 1Y (Glaucidium
brasilianum)(Proudfoot et al. 2005), F> X 7 %
0 7 (Aegolius funereus)(Koopman et al. 2004),
7 F RV T 7 v (Athene cunicularia)(Korfanta
et al. 2002; Faircloth et al. 2010)] 5 EHEENT
WaED, 5T, F28F a7 (Taeniopygia
guttata) THIFEES N A > 7 71 (Tyto alba) 7%
ETHMIEDHERE N TS Y —7— (Klein et
al. 2009) OFF 53 @I FHEZHH L. Thb

DA 7aYy 7oA b—h—EEHNT,
v} 7717 2 {f{KdD DNA I DWW T PCR %
1oz, G S3EETEDS B 33 BInFREICE
W, Y7717 DNA A5 D PCR HIFIC K,
L7z 1857z PCR EYNC DWW TR
EPGEL, KERVTHEY A 707514
TSI FENS T L R LTz T D,
M EWS A X014 7av 554 - iEs
FEUR—H—EMHICDOVT, YT 7K
10 RIS DWW T it 21T, 28D
ARz, TNbOR—h—rid 2 ik
M5 SHEOBNORIEZH/ L TN, 28
HF 7203 3 HEOHM O —H—IF 2N T
Thoiz. —J, 4ERFE S EREOBEND
100 ERETZ YA 70y T5 4 MEsT
JEDGTNTICBW TSN RV E N, &
IS, VagFaua/NAy, =7 A
AT7ray, THAZXAT770y, 7FR)7T
7Y S E NG 8 BB TENZIE 2
EDTEMNHIHL, FNHZI<T7 70 U0
DX—h—L L TEETH L GRD.
¥, ~—7J1— No.8 I DU T Faircloth et al.
(2010) IC K D HREA FICH BB FEE LT
HEENTWIED, KUFETOITICKD, &
X770y TR EROEAKRTDH 5 2 Rtk ki
fiE L TWB T EMHLMC R Tz, LS
DX — I —BaFEEIEFEREK LICAE LTV
BLEZLNT.

3. SRl e, MAPRBILR, RN EE
Ofitht

x1 SHHOYA /YT 51 MEETHEICHT 2NLEEFRENT A EOBIEE (Ho).

BT E No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8
SILEETFH 7 2 3 2 7 6 3 3
ATFOESE #+Z 049

0.66 0.05 0.49 051 0.74 0.61 051
BRIE(Ho) AZ 0




FRdO 2 CEELZDNAY—H—FHW
T, O -1 THELSNTEN120 kDY > TV
DWTHEIETRIZTE Uz, SRR &AL
1, 1986 ~ 1989 4ED 25 fil{A, 1990 ~ 1993 4F
D 37 K, 1997 ~ 1999 4ED 37 flifk, 2009 ~
2010 fED 21 A CTH B, EHIC, YV TIVER
Hytic Feo & DUR O 5 DO M % 3% E L
7o DHUR (4D, BIEEAEES (18 fE{k), 1R
= GUER, T Q2 k), Him ).

ZORER, BEAKME CEE RN —BT S
L3, BEL8 DD DNA R—H—%H]
W3 T eI KO AR K THERHIE A AT HE
KRBT EMALE. £11, &~x—h—#
LTI BT RO SN DEE T EN
TUEGE GEMZERIEOIEED—D) Of
S (Ho) %Z#R9. ThbDR—H—ZHW»
TIFoNln rR L AREAED SIAL M E
NTWBERRLZERET S LICEKD, HL
TW2% DNA ¥ — 71— X THHMN 5 FNEIR
LTWAZ ERHENI RS2, DFED, Ak
DHRNARHTH % 2 DYV T )V NI
IZ, & LENSHEGZHEARRRTHNUE, Z
DBIE TN FIZ ZMHRDMD TENEEZD
N5. KC, BEFREDNFECTHUE, WY
> VG R ERIC KR S 2 ATRETEDY &L, C

_’— HER

NHEDOI—H—IC K> TRES NS TH%Z
tigd 2 C eic kb, HrEEPrEMEGRzZN
RICERTZT ENTES.

T Ul 2R OB R 7T — 2DV,
ARLEQUIN 3.1.1 (Excoffier et al. 2005) X D
IN=T o 2T A NV T (HWE) BUE 217 >
el A, —fOBILTFHETHWE 5 DHE
it (P <0.05) AAHbNTz. —J7, 5DD
HisEE 17 NZF IS DWW T HWE REZTT- 72
LT A, EOHIBENICOWVWTE HWE NS0
B A BNT, FHIEEMICBWT, SED
5 O AR DIROIRRE T IS EA T
W5 Z EARENTE.

& 512, ARLEQUIN 3.1.1 ZH\\ T, M
I COBURA ML (pairwise Fsp) ZHH L7z
R, WM ORISEEME T & A BRI bR B
bnfz. Toic, gHick\wT, o7y v
THERTHF R TEEMEEZE T L
el T A, A B 2 ENRE TR/ 2l
MESNTA, i 2 Mo E R Ot
FEDERICBEVWTEHERE TH- . ZDiH
LM E %2 AW T, MEGA 5.0 (Tamura et al.
2007) 1< & D AR ORMBIR GRS S
5) Z2Hiniz e T A, HREHD MO 4 i
METWVERICH S ENHEN ST (K

BS

#ER AL AT

R=E

0.22

+

1 USRI OBRAMEE Fo i hD CRBIMR CEBERIEIC K B).

N2 & % HRS R 2 4 .



D.

X 2 (3SR B BT O S E E R
ER é%m,ﬂ3@§%ﬁ%lmﬁﬁé4o
DERZREIANTOEAEOLEZRL T
a+%%l%%wk@®ﬁﬁ%lk%wf&
1980 4EAC 0 5 BIRIT D 1 RGN Z R DY IR
PLODHZEEAHENT. —77, TR
TlE, FERBLICATaEAEN FR LT
Wz, HEdEETRE, 2009 55 2010 D4
VITNDRTHS.

. =8

AHEOBME, <77 arEREOLRENE
RBEIME DR E Z RS % 7z DB T
R—=A—EFTZ L, TOI—h—ZH
THBICHHIIZITS T &, ZLT, RO
RLRED T DITH M DNA 7% % FI A7
T HRENEHNLT B L THoTz. ThH 3D
DOHMNCIR S Tt ZED B MM TETLH
ATWV5.

B O WS (A DWW I eE c it 7%

TEEDNRETH Y, FREML TV,
ih,$ﬁ%i$@%ibk8@@éﬁ?

A1—1&, fERL~N)VTDRSR « (8RR
#r, BB TN, EEEELN)VOHTS 7%

HTE3LDTHAHTENHEMNICEST. Z
DX —H—ZZHOTHELNIAERICOWTYUT
DzER L.

X9, 2RO FEZ N LIZBRIC A S
N7z HWE 0 5 Oifiild, BERHIRER D 5%
RO MISEM % B —DHEM & LTH- 7T &
kB0 EEZOLNS. TOHRIEIT—FT
FOFEE L THIONTWEEDTHS. —75,
S OOHIHEM O LICENTHELIZE TS
Tl&, HWE 5 OB A B NEIN>T2DT,
GEED >~ 7 7 o LA A EHIE T 2 I1E
GINS/ME L CE 0, MR O EA DR )
WD LR ENT. TNK TORGEE
FICKD, —HOHBERITRES NHKRIC
Ko THEKEINTNEZ EAREINTVS

-7, @h%‘kﬁﬁ&@%ﬁ%lﬁf%m
FHOICER TH T &, HUsEMEOEE
LD TR EDIT TS, £z, HuEM
I DEEM LS & MR EEEE & OFEEIZ A 5
NiEh o Tele®d, BHUBERMDMIN L7 IRAET
R RIVRy 7 & ZFUTHE S BRI E) 2785 L
el R Eni. tmEcBI5 <77
0 OEAEE 1900 FELAERE ALz e
HWEINTVE (R 1999). SHEMB T
a5 e, HIK, THEERONT oS ERE

0.6

0.5 -

ATOREE (He)

0.4 -
03
0.2
0.1 -

0 -

FIER ﬁJIIE%:it“B

RE

]ul

2 HUSEEMIC B 2N\T BHEAEOMRHE (He).

Omote et al. (2012) X D .



W 1986-1989

AT OEEE (He)

HER SR ER R=E

01990-1993
01997-1999
02009-2010

|

+i% BE

3 HHSEMICHB U B R T L ONT G EHRHE (He) DZI5E. Omote etal. (2012) £ D.

fill (He) 1 LEERYR & <, SIESILES, R=, H
EERMTIED o 72, BIESALES, =, TRk
MTIXHoh He KO ERERMETH-72 (K
2). THUIHR MV 7 2R % RO R
ICHLNZNTOEGEREZRLTVSED
Db NS. 100-150 BHLLF DR by 7 7%
RETSFEENITI, BB RMED s
{LDT=DITHERDIK T AEITS 2 T LA
ENTW% (Heber and Briskie 2010). HH{ED ¥
X7 7 avEMICBONTIE, BEEEIEERDK
TEHEESNTOWERND, TOXIETLER
BICBWTIRENRZED ZXETH 5.

— )5, HIREN & ZDfhd 4 Do 4 ¥
D OB ML I N E o 7z (K
D. AT~ 7 7w Leigizee LTt
BELTHD, ToLEEIHBEICE T 22
O FEZ EDH B LHEEN TS (I
2010). ABFZEOREHRI, HREM Tt
RN & FERTR Y BV 3oy 712 K 2 28H)N
&L, CROEIMZHEED R E N T3S T
N

VRT70yOBIRNEZEE (£1, K2)
o7 7 HERTES THASI M. &
<7 7 2EAD He Ol 0.54 TH >
fe. UKL, BEROI—F 27 KREICIAL
DT BT I RXYOD Held 0.60 (Isaksson
and Tegelstrom 2002), VY a2 F 273 /N\NXY

OEEHE (575 Lanyu Island DA77 40 L,
IUCN Red List DR f{HRRICHRE) D He &
0.80 T&H % (Hsu et al. 2003). fH, ¥ > 7 )Ly
AR, G2TV 2 THBIREDENND 5 T
¥, HezEHIIET %2 LIdH LAY, He D
720 A ChItmEY ~ 7 7 uvERICBIT %
BEHNZEEMERTL TS T EARBEN
5.

EHIC, FHIEICEF 3FERICB TS5 N\TH
et I DA BT et LIRS IR, AR, SBRIEEE,
REEMNT BT 1980 FERD SIEICE LT
Wiz (K3). Thid, EHIY A XN ENT
I & BB ENIFINC K > TR ZERIED IS
MBI FLIZS EZRLT WD, —7,
FHEEFIC BV TR, ANTOEAEKD FADR
SNz, TR OB RN R SN
Bl, ERERZCLICBL, BRAICHEE
M EOFELMENMECTVE T Eh D, WEND
FEANDEADRE IS K D B FREINE T 5
DL EZONS.

V. SBOEE

D EoXsic, JuEaos <7 7ay Tl
NI Ch I IR EHADFEE) L TV 5 Al HeE
MH 5D, BIGAZERIEDRZ IS LDDH
LN Z N EEZ BND. SHOLRERIC
BT, ey FAEREMOaY F—%



BOET HBRICIE, AT — 2B OFL
ZHWTHRLONESHBDT— 2 Z LY E T —
2ELTENLTW T EDNEETHS EER
%. E6ic, LR @EIE ) OIEEAREE
WCDWTOBGHE=ZY 2 JICBWTE, K
R & FEIGEIRT 52 N TE 5.

EiEs

AU EMED ZICHTZ0 TiphnizlzE F UlzERb
A BRE B, SR R R R Y 2 —,
BRAAE TR, IIARMEBBRICES Wz LET.
®ic, MR E N I272 & F Uk AREEIIBUE S
TESELH L L& 9.

AFIE DRRIZ, Omote et al. (2012) & L C i
LXLZ.

FE#

SCER

Excoffier, L., Laval, G. and Schneider, S. 2005. Arlequin
ver. 3.0: An integrated software package for population
genetics data analysis. Evolutionary Bioinformatics
Online 1:47-50.

Faircloth, B. C., Title, A., Tan, K., Welty, J., Belthoff, J.
R. and Gowaty, P. A. 2010. Eighteen microsatellite
loci developed from western burrowing owls (Athene
cunicularia hypugaea). Conservation Genetics
Resources 2: 167-171.

BRAA T 1999, Jt#BEIC BT 53~ 7 70w Ok
DZETE — FIKEAL R b DOHESE — LRSS R
31:45-61.

Heber, S. and Briskie, J. V. 2010. Population bottlenecks
and increased hatching failure in endangered birds.
Conservation Biology 24:1674-1678.

Hsu, Y.-C., Severinghaus, L. L., Lin, Y.-S. and Li, S.-H.
2003. Isolation and characterization of microsatellite
DNA markers from the Lanyu scops owl (Otus elegans
botelensis). Molecular Ecology Notes 3: 595-597.

Hsu, Y.-C., Li, S.-H., Lin, Y.-S. and Severinghaus, L. L. 2006.
Microsatellite loci from Lanyu scops owl (Otus elegans
botelensis) and their cross-species application in four
species of strigidae. Conservation Genetics 7: 161-165.

Isaksson, M. and Tegelstrom, H. 2002. Characterization

of polymorphic microsatellite markers in a captive
population of the eagle owl (Bubo bubo) used for
supportive breeding. Molecular Ecology Notes 2: 91-93.

Klein, A., Horsburgh, G. J., Kupper, C., Major, A., Lee
P. L. M., Hoffmann, G., Matics, R. and Dawson, D.
A. 2009. Microsatellite markers characterized in the
barn owl (7yto alba) and of high utility in other owls
(Strigiformes. Aves). Molecular Ecology Resources 9 :
1512-1519.

Koopman, M. E., Schable, N. A. and Glenn, T. C. 2004.
Development and optimization of microsatellite DNA
primers for boreal owls (degolius funereus). Molecular
Ecology Notes 4: 376-378.

Korfanta, N. M., Schable, N. A. and Glenn, T. C. 2002.
Isolation and characterization of microsatellite DNA
primers in burrowing owl (Athene cunicularia).
Molecular Ecology Notes 2: 584-585.

Omote, K., Nishida, C., Takenaka, T. and Masuda, R. 2012
Temporal changes of genetic population structure and
diversity in the endangered Blakiston's fish owl (Bubo
blakistoni) on Hokkaido Island, Japan, revealed by
microsatellite analysis. Zoological Science 29: 299-304.

Proudfoot, G., Honeycutt, R. and Douglas, Slack, R. 2005.

Development and characterization of microsatellite

DNA primers of ferruginous pygmy-owl (Glaucidium

brasilianum). Molecular Ecology Notes 5: 90-92.

f#2010. >=7 70U OBLRE FE. RN

HUKEYISER TLhe 5475 —10 HIKD

FURLRAE ], 32-49, Jbigdiliiet, LK.

Tamura, K., Dudley, J., Nei, M. and Kumar, S. 2007.

Py

MEGA4: Molecular Evolutionary Genetics Analysis
(MEGA) Software Version 4.0. Molecular Biology and
Evolution 24: 1596-1599.

Thode, A. B., Maltbie, M., Hansen, L. A, Green, L. D.
and Longmire, J. L. 2002. Microsatellite markers for
the Mexican spotted owl (Strix occidentalis lucida).

Molecular Ecology Notes 2: 446-448.



Study on individual identification and genetic diversity of the
Blakiston’s fish owls and establishment of the preservation system of
their genetic resources

Ryuichi Masuda, Chizuko Nishida, Takeshi Takenaka and Keita Omote

In the present study, we obtained the following results, which contribute to development of
conservation of the Blakiston’s fish owls:

1) Cultured fibroblasts preserved in liquid nitrogen were successfully re-cultured, and some parts
of sub-cultured cells were preserved again in liquid nitrogen and the others were applied to DNA
extraction for genetic analysis. In addition, DNA of bloods and feathers collected in field was
extracted and preserved for genetic analysis.

2) Using polymorphic microsatellite markers, the methods for genetic analysis of the Blakiston’s
fish owls were established. The methods were useful for analyses of familial and individual
relationships.

3) Temporal analysis of population genetic features revealed that the population genetic diversity

has gradually reduced during the last quarter of a century.

Research Group of Northern Bird Diversity
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KBRS % AF XY ORI 2 0%

KIBEAF R HETN—T
REPHES ' - Bsm B 2 - JIIALRE S ® - Bl !

BRI RFEICIEA 300 FHO A F AU MWVER L TV, TORAF XV EREEDE Y22 I HLRERE 2 UX
9% LHIT, ARCEZEZGATO2 NEFEHIOS B, REGENREDEFEZSNBEMICK
B NABECZ JEY, ZoMEz  ifd i, HEE S CICEB2NTIEIC X 5 LRI 2 —
O, ALT YT o 7 EOIE, SN SEGE O RERZIT-> 7. HRTEORE, KRS
2B BAF A ORMIE—HTIRE L, FBHLUTHHT 50 H 5 &, REMICEIL, H50E
INFMENOFEHINZ MO T S5 5T EMHLN LTz, FHTHICIEBZ 5 < EIEEHICBIfR
L CIRENEIE T 2728, RRICHETEZ SEESNIRIRICRES NS T LRBEN. TTH
FEOREIECTEU, BV | Z nTaEke Bl> TH b, RIAMICIERBD D L T2 RN D 5.
SRR X T A OMANOELZ KT &8, EIEERIC DR L EBNCEMRDH 5 DL

EzbNIk.

. EC&IT

INBINDG 2V SHTdH % AF AV (Neophocaena
asiaeorientalis) 1%, HHETIHIEBD 5 HE
75, OB - =30, WU N D B, KRHE,
HHTiG « KBD 5 DOMEKIC L, ThTh
ST U 7o s AR & £ 5 (Yoshida 2002).
inFEPED R <, KPR 50m LR O i g B 2R
BHIDREE NS 728, BEDIEZH LS
L (Shirakihara et al. 2007), A TAt*ZYE 154
(Tanabe et al. 1998, Nakayama et al. 2009, Isobe et
al. 2011) 7 E S XXX N8B 2w < 2T
THY, W NHEORARTIE T T 30 fFFEOM
IR TR A D R E N TS (Kasuya
et al. 2002).

RIRFROAKFE I HiAE 320 km® &/NE ZiEEPA
B TH D, ZDIFE A EDIKEE20 m DLk
TIEEMMYE & R AT XV Obf A SRR

Lo TV, @EIITbN Mz zRH L
T HEFHE OSSR, KW O AR DA S &
A 300 BHE HEE TN TS (Yoshida et al.
1998, AR « FIARJE 2002, FIAREIZA 2011).
C OfEAECTIE, NAREIC X O AEARED D
U7y, NEIHET AR AREE PRI K O Hak
AN[AD D ATHEMENMER T E T, ZOFmICIZFRE
ICHERENIRETHSD. UL Liah s Z OEKEE
IZDWVWTIE, FOMRBICHER, 4 SR
AW, AvEs, BV & QRN A R
MIEFEICDRV. —75, KNEBAF A VWS
NW—TDINETOREICKD, NED DD
BETHECLTVWAZENAHLMCIEZ>TET
W5, ARETE, KABICHERT AT XY
IZDWT, FEL &M 5O HEFAEICHE DN
T, TOERMFIHZHESMIL, ANAE
ICBEY 2 IR Z IR U, Z ORISR
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WFHERR T E R0,

2. ALI VT TR X 2 IERE G
DULEE & IR

IR FZREREEEE, M5 BRI, HCERFIRL
BT, HHE - BEEE TR R Z X
895 LHITEAZEIN L 7z, R, 1B
YL TEEICHED 2170, (RIERE, #id-
PadiRef], EREOE, WHEG, EEAE, g
OIRITR EOMFRZIE LTz, W7 )V—TC
FRRNC A NS 2T ¢ VT REANEEZBIG U Tz
2007 fELIBED A T VT 4 VT T — 2R HW
TEA - RO OGS, FREE
BoHEHZIT> Tz

INE TICiTbN Iz z vz A 25
HEEE K DAY AR5 Z AlEERE (Potential
Biological Removal ; f5x A5 245 g & 72 HE 7 9
B AR 0 AR T & 5 NBIETEL Wade
1998) ZLL FORITHDINTHEM L.

PBR:1/2R1nax Nmin FR

T T T, Ny (AAREHEEAEIC S 2 KRR
ST N 20 % 50T, EAREHEE I FR TR X
7 (2002) 0> 289 (CV=0.19) FHZfdiff L 7=.
AR EOFERMER (20) Z21 &L TWVWaT
», TOMEMIBDTHS. MEHREICE
% AF XD D g0) DHEEEIFIFHN TV
WS, BB NOBKITEID S HEE E N7z 0.899
(B FIEA 2003) 7% 728540 PBR & R
L7z, Ry, (REFAEEESR) G AFAVITH LT
BHEEMEDE LN TORWD, 2 XA VAR
il —fNE Ve EZBND T D, ¥
ANWVHTHOEN TS 0.6 & L, F(HIEHRE)
VWSS 0.5 ZERA LTz,

15 U Te AR G AR BN IR R L,
ENIRPAERIAE, SRR, KB,
2, HEAR KRR & OLRIIZES & i,

3 AHIC
JUNK
afllEt
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Wiz, AL, WREMRERZITS LHICKERED
YT T ETo e WIZRE ARG SR
(iFiin - PEIRAR), BHANAY, G Nar ks
Wiz EONTACAEER, aERMR, 7o
VAR, HIEERERETHD, FFHERET
T IED SN T VB ETATHS.

3. BETF—2UH—ICEBAFTRAVDE=XR
B XU EERREEE DA O R

JULHI BT oD K i~ o b e oD o M (e A&
32°02°, Hif¥ 129°50°) D4k 30 m IR Rz
REL, AFAYoTaar—yaryr7Uw%
AR B EEET— 20— (Atag, IV
YA aTy /aY—E ML200-AS2) &
ERHa A —7Z2KiE Lz, A-tagldAF AV
DYV T ACEBT 5730 A% 60 cm FEN
fe2oxA o074+ THRIHL, ZOR &
FE, 2 DDA 707 4 UAN\DEERF D7 2
ST 580D THS (Akamatsu et al. 2008).
2AMNC—# Atag 25| & LIFCTF—2 &2 XY
va—RU7. &7z Atag DREICEDHDE T2
B EIC, *AIA)VhAEEDEEE (¢
> #— ; Aquatec 1 5! AQUAmark100) 7% & &
M ORI & EEIE A Z NN 1 ES DR
L. TOEVH—IF 20~ 160 kHz O & 8 ik
JE L DR DSV A% 300 ms [HZ &
LEBMTRTZ2EDT, 1540 O
3#200m TH 5. [AfEOEAH—ldI—m
NICBWTAFTRAY LEkOTOR—7—2 3
VIV T AFET B A A INAITERDN
HBTEHMETNTVS (Kraus et al. 1997,
Carlstrom et al. 2009).
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Al GRRTZ REND), OFANE (A 7%
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BHOHE ERICIEZ < OB THREMN
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DZRNE, INEBZERS KIS Y x 71
RENBTORREEZN >z (K2, 3).

2. AT VT4 TR X B BB EYNG i
DU & IR

2010 47 10 A X D 2011 4F 10 H ORI KAE
IMFETI8FHD A F AV FERZ I LTz, T D
PIREE RIS STET, 4 BRI, 1 EHHE
BEHICKZEDTH >z, 2007 F£LLFIC Gl ER
SNTRIESECIE 21 6T, FFH 48 B TH o Iz
TRTCDANT VT ¢ Y ITHHRESNE DT
iana &, EEERICEERRIES NIk
NEENBTLZEE/T DL, THICEZLOMH
RBPREEIN TS LD EHEIEINS.

A NT VT VY AEFEHINR DS O H
FEMTH S 4, 5 HIcEL, Blclddalks
A RLE (K4, ATV T v FiIch
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Wiz (M4, 5. —J7 12 Qi3 EEmc k3
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CNETICMEESNTVERHRET—2DH %
77 RN DR KA EIZA X 162 cm, A X 151
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XD BRI 10 em, AW S PEE =I5 D
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Kasuya 1999) XD &#30cm &/NE - Fz.
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HEEfE 289 (CV=0.19) HZ W7 RRHED X
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6 FICIEAF AV OFLILMNEEF I LIeh,
9 L3770, 11 QIR U H—&kE
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I T —DFRIC K % H > 21 k&
Honixhore.
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HER EE X 5N B EEDERDEE NI
4, 5 HZEBNB T &b (X5), KRAED
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U T® % (Kasuya and Kureha 1979, Shirakihara
etal. 1993,2008). K7z, RAKEDHKRED,
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MO KRB EAREE, Tk & OIAD AT
ZOHIBRE N7, I Uik e a5,
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2.

S L IREICIFHINGEZS N DD, BH DS
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WA EN ST, RERREINIIERITEN
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Study for conservation of finless porpoises in the Omura Bay,
Nagasaki, Japan

Masao Amano, Masayuki Komaba, Akihiro Kawakubo and Aya Kourogi

About 300 finless porpoises inhabit Omura Bay, Nagasaki Prefecture, Japan. We carried out
sighing survey, collected stranding specimens to know basic ecological information and to
evaluate impact of bycatch, which is considered to be significant for this population, and tested
efficiency of acoustic deterrent devices (pingers) as a bycatch mitigation measurement. Sighting
surveys suggested the existence of an area where finless porpoises utilize frequently and the
seasonal north-south and offshore-coastal shifts in their distribution. It was suggested that finless
porpoises tend to enter coastal waters in the spring breeding season and this incurs high mortality
by entanglement in gillnet operated in the coastal area in the same season. Recent annual bychatch
rate exceeded estimated potential biological removal (PBR) and the population might decrease
gradually. Pingers considerably reduced approaches of porpoises to the set net in the first 3 months

and are considered to be efficient at least for a short period.

Omura Bay Finless Porpoise Research Group
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Tellus 1D, Followit 1, A7 xr—F ) 5L
TR U7z, BORIRICIE, 5551 & U TR
FISRAV =)V (T FE R, WHREE) &2l
LT

GPS #f5ahr bk, VE—FXU>o—FR
B R OIEREERE OIS B RINDORE, (iET —
2R Uz, fiET—21&, WENEL 3D

Positioning System tracking collar,

i o .

lmmenn |0V wm | km | kR | orsEMs | Mo 4 i

1| 20101001 | dE3RIE | female | 48 734 146.34088 1.5%F Rala

2| 20101004 | dERIEE | male 65 755 146.45072 5k 479 Goro

3| 20101011 HAE male 89 865 146.41077 4-5F 44 Rokuro
3193miLE

Pinus purmila, Non-plant
400-2700m

1600-1800m

Larch plantation

Cedar/Cypress plantation

e
ora
/ Cultivation area, Human environmen

3 AR,

T—R2DHEEHA LTz, MEREEICDOVTE,
[FIRRIC 3D T —X DA LTz, AT —X
1, GISY 7k (Map Info ; Map Info Corp. NY)
WKANIL, s X CIERIZIT- 72

. EwREER
1. FihoJie

HREADORBNIRITR U, £, HiféH
MZH 3R Uz, nEcBREOBEIN I N
%, & A EA (12 FLUR ) NOFEdedens
R 72,

AFAE DMK E, SRILIE D (2009) DGR 2

Bat 8 MERDHERRNIE & R BhFR 21X 4 12
mUTe. B5~ 712, ARIAEIC X S M A
DENNIEZR LT,

T ORERESIE, EHOTTHEE Lo
X, 3 K U@H Ok O BT K D R
ENTVS. HOTEIER K OREFHFOR
BN OBIITH 2. —F, BEHAOK
i, KoeisHiENOBEITHL, B
Hi e Bh%. vhoFEHBE:, gt
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M7ILTR GPSYABEL— b (2007~20104 M EK8TE

—— 74 F6Tkg 07/10/25~08/10/9
F T 952%e 09/9/28~10/9/28
4 0d98kg  09/10/3~10/10/3
—— 20d75g 09/10/10~10/7/11
T ndeekg 09/10/10~10/10/11
—— Y O—d'bbkg 10/6/4~11/6/1

—— J07J6ske

10/10/4~11/8/8 (&)
o4 o—a8%e 10/10/11~11/9/16 (&&H) |

T4 F N6Tke 2007/10/25~2008/10/9 — IO P65ke 2010/10/4~2011/8/8
FI952kg 2009/9/28~2010/9/28 ——— 0Y0—d"8%g 2010/10/11~2011/9/16
——— 50d"95kg 2009/10/3~2010/10/3

YN 75kg 2009/10/10~2010/7/11

#7006 66kg 2009/10/10~2010/10/11

YN &55kg 2010/6/4~2011/6/1

4a  BEKEOENOLIE.

BN SN > b
5275 2010510F1B~118

4b  FAEADERIALIE.

5 k1 O RfE.
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B7 k3 5 DENALE

KZHDZ NZFNDHIRKAN DR B FREEDHL AR DRS
H, LD EEZILNS.

HHO @ LERREAOB N, w77 )V T AL
BN TOAELELEDOHIMC KO EKEL TS
LEZEND. YAHICE > TOREBEMHEL
LTz, HEREBDZVEHEOREN S, KD
BEATO B s iz kO TR Z# DR LTz
FER, #ELa B & 0 Bk T Lz E
ZbN5. WA, nHIHICAZ ERELR
B UHIRE 710 IS IiE 3 2 (AR D a2
(Kamei et. al. 2010) >, AFAEHER HSEHS
MixX S, FEICBIRICKIGL TS,
KHIFRBEMED LW TH B T L%
<, HRBEMGKD RN ENTVSE T
EhbhB.

g LA BB 0 B E THEH LTV B fiE{A
OB, 9T 1,800 m LU RO LI D%

21

TELIEBM K O FEE TREIL CIZ LTV 5
TeEbhot. mMiticERRET VT A,
Ji < LA R EROH RRE BRI FEE L T
%. TOkY, YHXEEZHEETT 200, M
JbzBEd 2 0r0BE)L— Mok D, FiHiK
BOWEEN A EINTWE EEZ BN,
WO L, KEDTZDHTIEERL, Ei
DITENE D & B E TICBEIT 2 72 DEE
BT ENBEDT R ENTED. EREBH)
DFHOE E L TIE, MDD miBEILFESE
fEAEER LR E > TV D, KERFH
Bz X2 2808 LT, REEMENBIFRil
FDBFNCFEST 5 T ENRETH B T AR
BEXNG.
2. BEHAOBE) & BB

B OB, (L EE o LA
BT, MRIZY YT, EEZREVITY



8a ik 2 o DEMIDENALE.

ThseEZBN. B)L— MIZMER TS
Wiz Lmbi L, ilokis, T5E)IE, JEEodt
PR, dLRIRZR S, BENVA S IR EiT 23R L
THEL TS b o7z, BEL— MC
&, HENRFHEN TV,

BAHOITEIBE N OBREEE, JLRhE, SR
7z ZICBE L TW A AP Z L, w3 LEy
AT & > TREFREVIHG S N 2 il 2 3R]
LTWaEFEZALONGEh o7, iR3 1, B
e BLUL7ZR EDRBEMEN R &b NS 1L
FTFEL TV T EERENT-.

Xz, REINTVSEEHEREXE, vh0
Bincix, mEOBBRIEIARVWERRhoT. T
&, P AICE->T, BEREX DML [ENK
FREHEF-> T Wb EEZLNS. T
ITHIEDE & TORERENXZ, b Foflito
HE TREIREX DIRT | EDNAFICEEENS
TR, BEIGERNTHEMENERE NS

22

BEUBEEH
| et

8b A 2 & DEWIODIERIALIE.

febeEZBNS.
3. B EILNOREEFEH)

flfk 2, 3 @, BRAMHD S 1 Lars Ao,
HHOFMBREANOBHIE 6 HICiRD 5N
COBENE, 30 HIZEOEMMICOIZD, &
s, BEE e &, TDOTEREBHTH -
o, TOBENZ, WPIOLEENFAT SR
MO EFRICEDLETIIERITNTVEEEZ
b, TNETICHML TE/z 25 HOITH)HE
PSR EE UBEINZ—2Tholz. =k Y
AE, 7V TAOELEREZRT =R
PRV F /T ERUCK DI, BERHRO
FEICH DR THiE L LD S &L )
LT T EhfkREE NI,
4. BRI

X 81ici, EINCIB Bl AL —
JVIERLTO, ik 238 O@EfifiE & 4 2w 7
KU, SRV YN K B g



[X 9a

OMBERRENRD SN A EITE, dieliy b
B 2 71 2 SRR R E R (E LREYIREYS)
OHAMTHS. SHOFHEETHZ, T
RUCERE L 2%1E, REEBHITERD NG
mote. FEATOEUREORMEE, 8 HEXT
BTz, RORERNEIE X /1 27K, %
BICER LTV,

fEAlE, BIBEKZ 2,400 m A5 2,700 m DFZ
AR L CWe, oot @il
ZEREARE (BHER, )/ F N1 -
Y F R TREED, WiElE o &%
FARREE (2 RV FYY - X4 2 NEEED
THY, HIENMEHRESNZMT VT ZAEBOM
VizEIEMEE TH S, BEKOREME,
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AEREE NI 1 S OT7E)

INHDOEARTH-IEZBNS.
S, A AOF] FHASEE O RAKA 2,087m T,
il 2,866 m THote. 7V AERERT
&, BBXZ2,600m 2z 5 ENA YD
BL, @mlfmEoEing 7 - JlsRE & 72 %.
ik, NA=VIEICETHBL TSN
bhotz. BERNARYTHANDZ R T HD
HEAZDEL, SN ORBIIRMTH S
EEZBNTVEN, LKL TS T & MR
Nz

10 HICc A>T, ZHHOFMHIRED S ORE)
EEKRTHH7. 6 HOBHIZD - H LK
BTHo D3R IIIC, 10 Hid Rz
—SUCHHIL T 5.
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7% 11R18H ()
11A198 (EVY)
1A 19BFATR LR

B ob AFAEE NI 1 S DTTH).

HHE ALy & - RASLA—V DS,

BHE 2 ¥HEDHRICHER T E 2 KISt —)L oS

R i
2 ég@br
iy

O~ %
B3 @R RET 52 (ISt y EMISA— V).

Bk e &, diELAT LD S EEo = IR
DI TEIENCE Uk, BBKZ 12 5+
0 X — MVOPOVHIBICES L, #EHRE UTH
et OREE A ERIICRAB T 2 T LIcik 5.
DD, PEAKROTFETH->TE, MRe
U CHYIRHEICE LWIRBEZ G X 5 T LIdk
2.

5. fidhiiE S itk 12 O17H)

W I B AURIRIC R B 77 )V 7 ARGEIC
BT, 20009 HXODIRERICKSEEM
BN E Nz, BEAIC KD EEEE N
WAERICED, ik 19 3RS Nz, ZOH
RICEL 2K TR U, ik 11X, 5%
MR EIEE NS OIS, JLRIED 5 EE I
WCHBEL, 3 [RIHORERICIE 8 km DL N
rFEAMXETELR. LAL, 3EHEHOKE
DRk EShizeEZ 6N TOD
X9 iRICE B RROTEIZ L, 2{DT
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EERRBINITRLTVS. ko, ch
F TICHIA U0 iR WA O R O K %
ERLTWS., EZGEOVIRT T LICKD,
REUT, FilciriE OB &Ik Z2s [ E ik
L. FEMEOEME, AMcRE
HETHD, EEH-O T VI ERTO,
A OITEIOZ b2 | Z R T I EENERIC &R
DZBHTEZRLTWVA.
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Research on Sika deer which inhabits the alpine zone
in the Southern Japan Alps

Shigeyuki [zumiyama

For Sika deer (Cervus nippon) which inhabits the sub-alpine zone in the Southern Japan Alps, the
behavior tracing survey by GPS collar was carried out. Kitazawa pass (2,030 m) in Hase, Ina city
(Nagano Prefecture) which will touch Minami-arupusu city, Yamanashi Prefecture in October,
2010. Three adults deers (2-males, 1-female) were captured in the evergreen coniferous forest
of the surrounding sub-alpine zone lower part, and GPS collar was equipped with and released.
Four individuals showed a completely different move pattern, and two deers containing a scalpel
individual moved to the one deer moved to Mukawa, Hokuto city, one deer moved to Ashiyasu,
Minami-arupusu city and the winter was passed. Vertical movement of the spring in the action area
of summer from a wintering range was seen in June, the Erman’s birch (Betula ermanii) belt of the
sub-alpine zone upper part was used during the summer, and Vertical movement of autumn was

seen in October. The detailed move course of the each object became clear by using GPS collar.

Shinshu Univ.
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TreFhy—F 77 R 218 BIEEUREEE (2013)

PR T RIS 31T % RIS 71 BGBRERIE 5 F- 1% D
RERFERE D RITEEE & Z D X 71 Z X LSBT B 1t5E

FAEAYIMRET TP 27 (ABC project)

HEEERER "« H bR E 2 B 7 BROAIK " - EHAE T - AL -

AMHIER < P S » AR - (IBLE * - i Bl 5
EFEAATE=ARY V7 (LR, ) OMKEIEING & > THH FEREDRAIENEE D, #ibT

AR SR Z N TV, Y GUHRMERR2 RO /S A2t d 2 720IcE, v h
W& B NEHEDROMEE FRER 2R THHET 2 C AR IETH S, AWIZEE, 2000 FERiHN D FE
R D FHEANE U GUEBI R T OO = AR RN D $HA A KIRFRTT 75 72 2006 4E 6 HIC 13 ha D
Ik AR 72 IR TIHGY, %92 19 ha XK & D LEig 2@ LT, BhEMRE %O FEfEE D[k
HEREE, FAUCHE S WEER, DERKE, TERKhOERAESIBEMEDZLZIHOMNCT R L
HiE Uz, BAEEMZ 3%0E U C S FR0GE U7z BRBE T, BEREEMA C LR TARIZEA - (KRR Z Hic 2
WTh-oM, N TiEndInebhaholz. O ehd, REFEOEE D LREfEIC K> TRE
RGO SN DN S T EMWRBE Nz, FEMAEDNNA A< X, R R & b iRk
OB HRIBEKIN L D & ZNFN 120 kg ha'!, 22 kgN ha' £ <, FEHEIC X 22 E MK

DEFRLZIH L THWB eI o7,

iSRRI G U T HEREREZESE (NOy) “CRRIEREYIEL (SS) DIl Z HIE T 2 T LAVRE Nk,
HWICBF % SS OIHGIXFROMK L2 &, EAEBYIRHRIC
HWICHEEDZREMEOBAICE EX 5T, [BIEORTHEN
FERA OFRFOER I PR R LR LRI RE DO A L2 I U TR E R K

o T, YA XD NEREDBREDHEEIN,
MELIUE T B1ED,

F I RERHUKR OKEZAICBI LT, FEMEDIFENTE

AR

WG A 5T Nl ARZRIC

IS HEBIMIRHRICE THM LTV A T EMHEN iR T,

|. #¥&S

BMERERICB T FEhiE, MEZ R
T B EAREOIFEDHER, AR TSN,
HMROEY - BIREICER 2 REZRZT. &
Tz, WEMERRSOHHER RO B4 itz (It
fad 2 1%EI, ?EZEE@J% IC K % LR
HISIRSREO®RE Z Rz L, & SICE R
%%E&OTMM@%éﬁﬁkﬁmﬁﬁ%.&
CAMEE, KEOREAHABICEK > THHK T
JERELEDEFICIRB I N TV S T A RN R

M EE>TWS. MBIEO®I VIS T,
FRARPRPR D i b 35 2 W & B2 RE U PERE D
BEZHEE, AR ZERIEORKZ S
TR T eMEZEIN TS (Rooney 2001,

Suzuki et al. 2008, Randall and Walters 2011). %
LCTHICEMZERIEORAICE EXET, &
B BEEEC AR E R ZE T, &
RO ERER S AEIC ELHERY - BRI BN &
SE#FZ 5N B (Rooney 2001, Cote et al. 2004,
McGraw and Furedi 2005, Bardgett and Wardle

L BWBRET « =)V RRZEEWL 2 — 2R EMERRAT 3 s AR HEREE 2 &
4 FHRSRZARLZBR AR 5 LR AR - BREERIZ2 LT

2012.8.19 32+, 2013.10.21 235



2010, Furusawa etal. 2011).

KN & 5 TR A D@ R O 7%
o Bk, REEHY DR A2z < BikRt 7z
HWTZD%RDOZ\LZTES DN —KINTH
. INFTOMETIE vy M AT —)lic
BT, BIARFAED T2 BN RHIE E N
T ™ % (Tsyjino and Yumoto 2004, Kumar et al.
2006, Olofsson 2006, Takatsuki and Ito 2009).
e, HEE Sy BRE HEHYHICEE U
Yy — R O WNEE B EFE (Pastor et al. 1993,
Ritchie et al. 1998, Harrison and Bardgett 2004,
Furusawa et al. 2005, Niwa et al. 2011) Z {1429
KL ERLNS. L LEHD, HiEORE
P72 E 1 U e AR ORI, Ve iaE a2
il U7 UK E DZAE,  FIRHERYIN D E %
T UTokERBHADOZ(LIc DOV T, 7ry b
AT —IVTCIEA ENT, HKIKZ T —)L TR
Btz aeiE L7 < TRIGSNTWHIRTH 5.
20 AR > T, HATERHDBMT
=R T (Cervus nippon centralis, LA/ 77)
DR ORI, ARSI OIER & & BICTHE
Az D38 Jol 72 BRI R REAH X 1T ¥ 72 (Suzuki
etal. 2008, Takatsuki 2009, [£f 2010, Fujiki et
al. 2010). € T CHRMERRZRET H720IC,

o RTK R R

vakEREns N
¢ EERMRRER -

xt BB 4 K 18 19ha

k475 HOBEHXIRDILTENTNSD, »
FTNEREYIOFEZERMEMIE & W o To E 7%
Rz et LTE, HEMFARZNL
TAERERERER A E T T CE TV
VODWBUIRTH S (HEIZH 2006, HA - FivH,
2006). HEKIEAr—IVTEHTZ T LICKD,
TN KB NEWAEDERD, HRAEERAD
Fe FRIECSKAERR, BERUKEPYEIERGE
DHERERBEREN DI MBI 2R T & HBELD
HETHBEENZS.

AIRFED X5 T & 2 HUERF AL O HTER
FUERRZERICIE, AR IR S HATESI A
KEBTHREIN TV S, SAEOTREYIHIZZ
BYEDIER ISR <, BB [, ke LE
BEREEZOMLTVS. LML 1990 4%
wrhohiEnch B kb, HETE
DR THRMRO T DAL PR D
AR UTHERIIRE & x> Te T LRSS 1
7z (Kato and Okuyama 2004). SRS
MClE, 2006 4RI 13 ha 12 R SEEKI L)L D
KBRS IR (B FEEME ) Z2akiE L, DA%
A7z ki L CT11> T & 7z (#E) 2010a, 2010b,
FEEZ M 2011). ARBFZEE, TORBER T —
IVOFB ORI Z TGN LT, ¥ DOREBIED

S
E@?%/$

.

\\\\\

l \, >/ i

G , = i)
7Nl T

e
Rl e Hi 58 7K 18 13ha

1 A fLiE T K TR 2RI U 7t SUKEEZ 6 U 7c i, /R BN 2 BRI U 72 R ORI,



SHIME N7z FEREE D Z R OZE/ 70 A D22
b, BRUFERKE PV EEE, 188 - kER
MHHOZ 2GS E Uiz, X7z, RHIP
T OACBIIZ TV, FERHIKEFIC 3500 %
KIMOFEAERIP IR E OZ L B R L7z,
FoNTHERN S, BRERNOHAEIEROM
72U T, ¥ ADHRMROEREREREC MIEd
ST b NORIR A2 320 I A RER O [RITE R

DOz Hil & Uz,

Il. FE&E

ARWEEIE, SRR R P O BESRE T o —
U RRPEBEM S v 2 —FEMARICD %
2 DOHIKIE (JLig 35.21°, % 135.44°, 2
& 654~ 796 m; X 1) TIro7z. dHEHOR
i E~HE TR EICT ¥ A F Cryptomeria
Jjaponica var. radicans 7, M FEBTIEFICT
F Fagus crenata 1>, % L T 7% Hc b F
/3 Aesculus turbinata Y7 %7 )L X Pterocarya
rhoifolia HEZ R L TV 5. FATIE 126
F} 438 J& 801 FIC K SH YIRS LT
% (Yasuda and Nagamatsu 1995) A8, JG4E, 7
DFRBIENZIUCEE -T2 it ko T, Wk
RSP 2 DA D VR - Bt
U, Y AOANEUEREYMEINL TE Tz & D
5 H % (Kato and Okuyama 2004, JFEH: 2007,
FEH + 40 2008, HIHHIZ A 2008).
NERAEOREZ I F28, 2006 456 HIC,
13 ha DEEKIK k72 2R 1.4 km D EHE T
P> 7z, BERET 2 19 ha DK ZE HRK & L
THKT 2 LT, MiEMRRERZRD FEME
O[aI AR (BRITIE A 2008, 2012) S22 AU ¥
5 + &)y (Saitoh et al. 2008) « /KAE AWk D
22k (Sakai et al. 2012), PIEIEERDZAL (RS
(&7 2008) ZHHR T B T LMW TE D (HLiEH
2008, A - 40 2008, KEEHE A 2011). AR
Y F) O FJERAIC DV TR EE A (2008)
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ICFEL.

AFHA R 55 1 km BN 72 S E R ZE RS
It (K5 640 m) TORIANC X 2 &, FFEIK
IR AR K& E, 11.5°C, 2,821 mm T
% (RHEZH 1989, HEBKZET «— )b RR
HEWZEE V2 —2007). £z, #HAHELT
FAFIC2 ~3mIBEORMENR OGN, £7F (12
~4 A7) O/, By MIED N ENS.
RIS B0 B LEII A S R g IS A
G CEE MRS AR L BD ), AR IZ T
R AR T BCH) ME SN, RFTIYIC
H MR ROV (PD D) & 5N S (PUFHIED
1958, [FHIEA 1993). HUEL I b 4 o HE
AT, WA, Mitka, HE, Fy— MEERZE.

. BhEEMMEREIC & 2 TEMEEDBERKRUE
TEFENOZE
1. LI

A K BB T ERE D@L, WO
ZRMERRIC R E L, TR
% LY O JR TR PR TR OO gl oA AT P 75 A
W2 B 7o 5 AR S N T 5. &
M DIREZ BN L LTc s A D IFE R 2%
A BBAICIE, A DBREICK > TERELL
BMREAED, BRBENSRRENTERICEDX
IC, EORFEXTHET S ZHISNICT S
WEIND 5.

CNETZ L OWFSEH, BEEMZ v TR
ARREOTEHMRIC > 1 DRED KT T 505
ZMGEEL T &, e Z1E, BiEMORREIC
Ko THYHNESL U TRIARD BT FHZMIC
DB RIE I BINBH % E DO (Ito and Hino
2007, Kisanuki et al. 2009, Murata et al. 2009),
ELFEIN BRI & CRAE & NIRRT A R O HERS
BN TRESRETZ S EARENTY
% (Takatsuki and Gorai 1994, Kumar et al. 2006).
—J7, BIRICEANTHMDE L, DDV AOH



oy
paAWs

FHIPAN TG ER 2 724 & B % FARY) 75 & O
FEMAER, ENTH - TE Y IOMEED
WM WA ARENED D B, TS LI e
MRS BRI, ARPREYIAH OO 2 B O
S &, RIEARMERRICHT B YENE
BICBWTHIEHT % 2 LD TERWVKE R
THBHI LMD, HMNIEREEDN EEMPLERIC
W BINE 2T 5 L IERBTHS.

Hit AR N ERE AN L 72 BRIC, AR
RIEEN TR LR (> — X7 ) D,
FAEDEEICEHBKL 2 5 EAFENTWVD
(Thompson 1992). C C T, It r&, +
Hrhd % Wi m oA YRR I
LB TV AR TFOEMTHS. TDXD
IR AICE H UM mIE R, 22 L
TP H 2 DSBS N TEH D, BT
OFRENXED>TH S, Z T TAWIZETIE, &
A ORI K > THAENER U 75 4wt
PRICBNT, BhEMZ 3 LT 5 EDRGE L 7z
SR E, BhEEMZRRE U 7sh - Fo RIa sk
Zxtg e UT FEhith s X O AHO A
ZiTole. THUTEKD, YELHIKOIBTEMN 7l
BB 2R T B L LB, Y AIKKBH
ERREAE D@ R A F ORI OB RIS
A BB RHLMCT BT E2HNE Lz,
2. Jitk

2010 4F- 4 H ARG EEMEC PR & L 72 B KK
EZ DRI & U T EMORRIE S N TWEn
3DDOEKE (LU, Mo 1 - ML 2 - HitAE 3
LK) g e Uz, SAEHOR T E 2 ik
ML, WDEEAEYOZ EE T 5 %M
REAE (BRENEA 2008) I H L, SHKEOA
IHWVIC 10 mERECREE LTz 25 Hisih b2 h e
AU 100 em®, 500 ml § D RHEEARINL Tz, 2
DF, EEERHRE T ERYIEIRE L.
Z 0%, B EFHBEORE L EN—3Fa
F4 bRy M AN LT, @R

30

1T e R BRI SRR 55 K 5 WG
Wi, @M OBICE, HEPICEENS
RV OMZER EZ IO RN Tz, RS R w B do
HARZACE) N EABR N DI Il Uz, i
WANFHENICADIADDH D, SESFE
TMNRAT ZA[REMED D B 728, *EREE LT
N—=2F a2 T4 bOREEEFED 8 HDK Y

k2 i NI FRIRRICECE Uz, SHIEREO R b
THUENHER S NI S DEA &A%
U, DIREOKE « i SR Tz,

FD%20104F 4 HH S 8 AX TIHHEIC 1 [,
9 NS 11 HETIE 2T 1|, FEIFRN
Dtk & FHUFEOMMEEZITo Tz, HIF L
FANFNERE S 2T TR L, REED
FEMIELZE DI E U TH- 7.

TR fL D Mt FESAE A SO 1E oD 2
1, BABEDTERICIEREZZ 722010 49 H
M5 10 I CHE Uz, H B o ER
AT, HERIOtRZPLE LB 3 m O
M7y b Z&E LTI NTOHBREEZD
Wi RiER Uiz, £z, HEEHUHSE OO
RICTEREE E 2R LU, CanopOn2.03¢c %
FIALChZEZREH L.

3. R

i E A A ORGIR, 4 HRKIKGEET 73
R} 196 i (FE-r-HE¥ 62 Bl 166 FH, > XAt 11
B30 f@ ) ofEYb g S Nz, NSRRI T
WM EE K EIT LB T 80~110 FIE & HIBIRRAS
% < (M - 169 7, Hit9% 1: 95 76, Ao+ 2: 81 f,
HiboY 3: 69 F ), RHAEDHEEICE K E RN
57z (M 38 %, #itoh 1: 8 %, #itoh 2: 6 %,
Hto% 3: 7 %).

P FE - OREE H LadBROAER, BRIL 722
NS 1782 AN LIz, £D 55 1520
fAKIC DWW TR Z [FE U7 /E R, &El 34
B} 56 MM FREYI DR E Nz, M ERIKI
& HiE U TN SR FETH AR O 2 < (il



1200

mREFEER
oM

o
S
8
8

200

5
o ﬂ 0

A ot w2 3

((W20057/BY) ¥EH

FEFEARER (8/2500cm?)

B2 BIEEMPSR KIS K ORISR KIS 1 ~ 3 o, 2RIt

AR 2500 cm’® &7z © OM LR THIFEA (R) BX T
*E;H ( )

4000 + D EZFE

27

3500 — EARFE

3000 | [] &k

2500 + . jéﬁé

HFITHEREY

2000

1500 +

B+ EFE (@i m?)

1000

2

s 11
%” M525H4 28

il o1 hst2 hst3

500

3 BAEEM N ERKIER TS K UMK 1 ~ 312810 5,
1m? & 7= 0 OEL-FE TR & ORI T & OFEHE
.

A sk ot s ki
L@
HE
82% 80% ok &
LA ¥/5= ) oS kE3

Q.

B4 BRI K ORISR KIB 1 ~ 3 1cd10 %, Mt
EREE O & FE U A OB @ .

31

N 2 976 {EFA, HitSh 1: 142 fEfA, Hit5E 2: 163 {4,
MY 3: 239 {0 ), FEELE 20 > 72 (HIHN : 39 i,
HIFoE 1: 20 f, HboE 2: 26 F8, H4% 3: 23 ff 5 X
2). EVERIRNC XS U Tz R A O NER 7z 4
%L, MHMCLEAKN DTG THARE « EAFEAD
ZHBN (X 3), MFEHLITHT 5 FARD
FHEER OB G T 86 % &, Myt b &
o Te (HFE 1: 25 %, Hit94 2: 48 %, M9 3: 48 %).
Z UK U THA O L I AR D %
MO LB 2 EEDEN o Tz,

FEHURRICBOTHEE LD S B,
MRS T Mt S M R, £
5h—75 OkR T ORI E Nz fliZz JEHomfd
& U CHl s & R A O bRl £ o
To. ZTORER, MASRED ST N TOEKIHT
ML UTHBILZWYID 70 ~ 82 % A
i iR & OILERETH - Tz (K 4).

4. B

MR R, RERRSE & & B ICHREEEE
ISR T % 2 EHHISN TS (Baskin et al.
1998) 73, WHYIREIE N B 2 WIREE IR D ©
TS5 T L TEORMMERE N
. ARWEZE T, Ao EEEAEOWE &
TP EERIN TR IC 2 <, THUCFRT %
KT HBOREE 72 UABRIC BT 2 BRI
PEREY D HIBIREEL « FELEALCE B EEMSE & O
MANTEZVEWS ERNMEENT. £z, &

Ui THBIL 722 < OfEN, MBS &17
FELTWE (K4). ThoOfERN D, BhEEM
Mz fES C LIc K-> T, MG E x5 Hh
IR EE L, B - RO RO
- ERB LB IMLIzbDEEZEN
5.

ZHUTXH LT, 2006 FELIREE > A DFRED
B TICH - Mo R LIk 5> 5
FARRDZ MR D FD B EI G E > Tz (K
3). TORERIE, K - ROV S E



WA EHEHPICAFEL, MTAEEZOLOD
MARBEIC Iz > TR BRI E v ol
XL, @ARND S EOREY) I A BH#IPH 2 Z 72
EVIEE TIRETE %720, MTAEEBXT
THEAOHIENRETH BT LA KM LTS
EEZOLNE. Lo T, YAIKKDEARD
EAFEOFR I HHAOHE a2 21 X 8,
WA FHOBADZH T T, TNHOD
mIfEZ X SICHREHICEETWNS T EDHEREN
5.
AWFZETIE, 2006 FEICHEEMZRRIE L, 4 4F
BOM LR HZ M & i LR TH D,
B e R f O A 7 — 2 DMEE LR
7z, ML TOM ORI’ T 1t X0
JEERMEREIC &K 2 MRl A O Z b2 (B IS HEE
TERWV., LM LEND, RS TRENTHM
W TOMTFEFAHDENE, & H DR EIE
HS OB M B ORA 72 TR, ZORE
B2 LT grh o I & 8 KT
L, OWTIdZoHusofd:omErEENE A &
Koz NADH LTS, X
Tz, ZOEBEOREZRBWEYOLEFICE > T
2L, SR KAREDTH Y HOFRBEEIC K
DEITH A L EHLMMTIE oz, HLHT
D EAR - BAFED S LTV T IR
2 LOBEIEN ZET % L TEETHD, &
71 DR DR 70 2\ F kb T il Tl R
AR - EAFEZ (R 2T M, WAEDRER
EZBY— RNV IDRBICESTEHEER L
EZbBNS.

V. YAIRKETEEEDRROHMHDSD
BEFRRHICEZSE

1. B3I

— DMK DOHRMERER TIE, BEN) D
D —XAEFEZHIRT 2EHATH O, HiY)
ELHOMICIZEROWIN « FK - i -

32

B2 ZTNHHEERRDEBL TV (RS,
2012). ZD7zé, —fMRICFENIC X 2R
5OERMARE D LIFERANOLER R END
7%\ (Vitousek and Howarth 1991). % /KIC &
FN5YEOTTHIEMEZEE (NOY) X, T
BHSGHELRTVWERDOEETH D, K
DREM - ARIRIIC & TEi/KH O NO;
IBENZT ST EHHBN TS (Stoddard
1994, Goodale et al. 2009). — /5 C, SUEFI%
BMAERERTIE LR TOKDOE ENEMTH
2728, EVOREM « ARIR L /KEZE LD s
FTLEREALAVWEAEHE SN TS (Ohte
et al. 2010).
AMERERICB W T NEhE X, W2k
T B ARARNY) & LERTSA A AV NE D
D, Fv v TREFINVICEBICHFEL, @V
EEEEALTVS. i, YYDk Sk 70—
FIOVREYNE, MR SRy T — 7% U THIKR
—TZJ5<L 5. Gilliam (2007) (X, T/EHE4E
MBI ENIRF R L, AREREEEDFEH]
ICEERREZHS TR AR Z IR L TV
5. LIeM->T, HABHMTHLILL TWb Y
N KB FEWAEDRKIE, YWEIGERFERK
BICDIEhS$B 2 5.2 2 A[ReMEN B 5 (1R
155« 1l 2008). SUASRE T o — )V FRIZEE
et > Z—FAEEM T, ki AL &
U CBHEEMARE SN TEB D, FEfEDRL.
[EDRFKEIC 5 % 5383 IS 5 2 &
NEETH B. AWIZETIX, BhlEMERaE Lzt
I & FRIE U T RO IRER KIS 50 T
IKEZ e U, MiEEMERE O R [11E )
REHLMCT BT e HNE LTz, ZOR,
FEHUKH D NO; IREDOFFZLICHEHL TR
JERE DI R DB 2 iR d % L & 81T, PaR
KDz & LICERRRD S OEAERiHIEZR
HUTHNAY TR Lz, iz, TEMAED)
M DOZEMINEE M2 58 U CTHKIE RO T E



FHAZDISA A AR LERRINEZHEE L, %
MM ED T EOEERFCHES NS D
Zhat Lz,

2. Jitk

1) BERKE DOMIE

i e 2 B T U 72 SRk & B L Tzt
M ER K I 0D R B G, 2006 4E 7 A5 HIC 1
DB THRFKZERIL L 72 (K1), Bl THL
2045 yum OV )VE—A T TF— ) Y
7 )&% — (ADVANTEC, CS045) % F\ T 8
L7zd D% 50mL RV R MVICEREL 2, W
YTIWEFEMRMREBIICR B RO, KE
IHTE TN 4 °C THHARE LTz, KEWE
ICH Tz TIE, BWIKKFIC pH 72 4 5 R E ik
(TOA-DKK ##4, HM-20P) ¢, EC Z3{fi2 %
i 72 (TOA-DKK ¢4, CM-21P) TH#IlE L 7.
FERBICFE B /2 ¥ > 7 I)Uc DV T NO,
i (mgNL") &4 > 21~ k%257 ¢ (Dionex
8 1CS-90) T, 4%E5E (TDN) ##JE (mgN L)
72 B\ fiRti: (Shimadzu #1881, TNM-1) THIE L
Tz FJINE D (2002) 1T & B A ERFFE bR oD T 5
ARARYIDOIBEEVEEET = /O Y —DFERMN 5,
RENZ 5 A~ 10 H, KIEMZ 11 A 53 4
HETEL UTHEM - /RIRIARK b O/KE DT
fEZH U7z,

2) Tk & O HIKE N TR R OR
H

157 JE Al £ 71 35 K TOF Sof BB KB D S i e
2009 FED SEF AR ZFRNT 5 14 > F DI8—
VTV a— L (TSR LA ) 238 L,
H il =K1 (Trutrack #1444 | SE-TR/WT500) %
FAWT TV 22— LNOIKNZ 5 77k CRA L
7o (K1), BHABHR A, EEKN L FRER
WE L, KAT - i S iHikEZ KD 7.
W7 —2E 1 HTEICHEL, SKmkET
FRd % C &ThtimaBH Lz (mmd'). R
FiH B (keN ha'yr) ICBI L Tid, FKHRBIO

33

£ 1 NEREOZERM R OHE 5 L UBIHFaE - ERTE
DR ZTI ARG THOENS FHE 19 MDY A L. TN
DIV OREIE, AR (VEIEMESA, HRPESAR, VEIEMEAA,
HRREARA, ) TEICE LD THITL.

4 F4

W

JINEYY Elatostema umbellatum
177F7 Shortia uniflora
AH40hh°3 Schizocodon soldanelloides
N Polygonum thunbergii
REK

a7’ Clethra barbinervis

¥ Cryptomeria japonica
a7V 4 Hydrangea hirta

Y7 YA Hydrangea serrata
R334 Menziesia cilicalyx
bUINIS Pterocarya rhoifolia
TANTHES Pterostyrax hispida
9¥4FT Rubus crataegifolius
NIAFT Rubus illecebrosus
W EY ' 4F1 Rubus palmatus var. palmatus
ATHI75% Symplocos coreana
D2 x|

VIThY Arachniodes mutica
VEREZ Arachniodes standishii
INIAYHTR Dennstaedtia scabra
A7 Hypolepis punctata

NO; 35 X U TDN BEEZ tHIld it &> T
WL, HEACHRER EIBEZR U THEL
7z.

3) KN O TR NA A~ AR U EEFEK
IR DOHEE

2010 4E 9 H & 2011 4E 9, 10 H I ik
ICBWT, MEWAEDOHKE & BiffaOMGRZT
B 572D, MO ZiT>Tz. MK
W 112 51, KHRERIKIN T 48 5D ET 160 £
WK 1lmx I mPUAFOART—+ET XL
EL, ECOMEREY (HET 13 mLT)D
FEC & DWEZ 5% XA Trldk Uiz, Z D%
FEZRETADED, fEEE (g Z2HlEL
Z D%, HNCHSKTHEL THIHLTW5



5 JEMA DR EHEET 272 DICRE L2 5 m X 5
m DI RT— OfLE.

HYEREAT A 19 A (2R 1, BETE AN 2008 72 &)
IZDWWTC, MiC EIChEE R (o) ZHIEL,
VTR, WYMATR OZERIRE (%) %2 NC 7
T I A= (bt > 2 —1#, NC-800)
THE L. 2D 19DV TIE, #E (%)
LBt aL (tha) DBIRIN (—X) Z1ER LTz,
ZHEEARRITYER & Z NI TR L
7z.

R, TEWAEDOZER M ZHE T 5729,
2011 4E 8 A5 10 IS h i CTilifE/KIig T g
WAEDOHWERI TN, Smx5SmPYOa RSo—
I 7 B EEMI SR /K IKPN T 120 55, o FREE /K Ik A
TI27T R, A4 FICEREL (X 5), 2 Toif
EHARMEY (ST 13m ) o LD Ex
1% %A TRl L. SEAICBVTNY
7 4 GPS (GARMIN GPSmap 60CSx) C il fii %
10, PIEEIRZIG L., 2 TELNTH
7 —21&, 10m A2 OBEREESET IV
(DEM) 7— &7z VT, HEZER [ RUE, R
S, R, e, BEUKOIRB WD 28 &
WCfEAT U, SRk i 8 x Rzt 19 f
& T DMMDFEDHEE (%) DI TIIE T IV %2 K
Rl 7V, BUE, Rmss6n, #heg, B
m, WIZRMN 8IS, 7—79 1 V&L

-~

=}

[IS10)
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T & O NEEEDOBE (%) ZiEBERIC &
D, GLM( —fR{LAIEETIV ) Ic X b [allE L7z,
GLM O ITLA T O D Th 5.

ok o= Intercept + f1*( 2 )+ 2% fh % )+
3% (R /TOL ) + F4*(W) + £5* (K ) ...(1)

BT 0D % B 0D S & Hi B A A 5 FR 2K
(n=1~5) & Intercept K&, A TMETIVE
TER LTz, BT IVIEERREE (%) & B 19 il
DWTIER LTzh, 19FUNDEHETRD >
72BDIZDWVT, S DODOERR (EEEMESA -
AR « JEBEVEAR « BHRIMEAA - & 508
TEICHDFL, TNThOWEICOWVTEY
WHTRET IV EAER LTz BiEEMEE KL, X
MK ENZThOMET—2%% L1 10 m
A2 T EOHEERE (%) 2K T LI
L, SEKEICAFET 2 TR O WS 2 HE
ELTz.

DAATFHET IV SHEE TN 10m X v
DA LT, ISR LR (%) &8
17 (tha!) OBIRN, T HICHEREE (%) %
MIEbHYE, BEKEHICHT 2 T EE: AR
(kg ha) R U EE RN E (kgN ha') ZHEE LTz
ZRPNEE, HFEERER - KEAROBEDRIE
ZOFICPIN U ZERZIT X TZ2EZLED L HIX
L, ZHEAERAR - RAOIEICH U TIZEEBIE
BAEEREMTRYT % C & TZOFEOERWRIE
EHIE LTz, FRBHFEARRDRICTONT, H
ERIEZZDFEICRIN L IZEEIT R TEER, 1
R I3 SRR R R BN TR L TZD
EOBEERINE L HIx L.

3. MiRBIUHEL
1) BERUKH O NO, IRE B KU =R =

B REAM 2 5% 1E L 72 1% 0D 2006 £/ 5 2007 4F
O AERITE, B REMIER B8RRI - ot iRk
B CEKEIGEVDRD S NG o Tz (1



® BiEifokis
O wmsokis
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SEFRIKPONO, HEE (meN/L)

0 + + + + + + t + + i
Jan-06 Jul-06 Jan-07 Jul-07 Jan-08 Jul-08 Jan-09 Jul-09 Jan-10 Jul-10 Jan-11 Jul-11

6 BAREAIEKIKFs & USRS 51 % ik O
NO; J2EDRIZEA L.

16

1.4

o o .
12 LCs~y” o™\, o
4 hef
e/
1 -
ol
Iz 08
Juisd
+=
06
04
@ sk
02 ;
O &K
0
6 O A0 O & O ® O O
R SR P P PP
FEFHFTNTFFE T
DA A A AL A DA DD P

X7 BAEERIHR KIS ES & ORI 351 % ik
NO; JRIEDFIRMEDZAL. &4 THVIAUIRE & PRIRHI oD W]
O PIEZFEHIL, 2006 FEREHOfEZ 1 L Lt Z20D
FxHEZ R L.

15« it 2008). LA LA S, /KD NOy
JEEEICBI LTI, 2007 4E AR R /KIS T 22 hY
ROENDB XD ITE>Tz (X 6). HYID A=
fil, KRR TR O 2 R L, 2006
EOMPIERZ 1 & Uiz & & Oz 4K
HRTHERT 2 &, WK E LAY EIIC
K<, IR E W ERIZ/R L Tz, InA T
5 REHEE /KI8T, 2007 4ELLRE NO,™ JE S AL
T UK, 2011 FERCEINCIE 2006 FFRCE O
S5ERZICE T, KRIRBICH N TE 2010 HF
ITid 6 BIFREIC L TIR R Uiz, — i iekis
TE 2007 FELUERL R 3 EAAED SN
27, 2006 FERCEIAIC LT 2010 4RI T
FI9E, 2011 FRREM TR ENIcE EE 5Tz (K
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£ 2 TEMEOWE - BEFROXZFHINT S bICREL
72160 5D 1 m X 1 mIRI— hICHEE U FEfdo
DI RS — b H7z b O (LEERZ ) BX U2
BfEEL.

PhEEMmSR K wER&EIKE

FHHREHR
EHREH

13.6+5.51 8.7+£3.7

147 75

7.

BRI S DR HUKE & NOy N 5 H
L7z NOy O, BAEEME - XHIRERKIK T
ZNFhN, 2009 41C1E 2.40 kN ha' « 4.64 kgN
ha', 2010 4£ 1 1% 1.85 kgN ha' « 3.68 kgN ha”,
2011 4EICId 2.84 kgN ha! + 6.29 kgN ha' TH D,
H K RS 0D 7% /Y 2009 4F T 2.24 kgN ha!, 2010
4 C 1.83 kgN ha', 2011 4E T 3.45 kgN ha' &,
TSI D TN ETOETEHDI > T2,

2) FlEhaAIC X 2 BRPIGROHEE

e L BUF R ORI ZIEN T % e HICERIE
LizlmxImAEIARI—MTHELET
JEREA OFEEUE, O R T — b7z D OFEFER,
BRI NS RIS KO T2 >
e (£2). 205 bOFE 19 MR TZENL
DRI DWW TR EER 7 ) — T BT 245 &
BFROBFAZ % 3@), (b) ITRLe. Ik
O [AF D RAEN R > TH D, EiRET
UTREOIORNED, BNEDERA TH - Iz
U DO TEIERGE (HE) « BN R D
ZHE)IMAFTEHEDEEADNS.

RN D WS D2 A HEE T T IV 2 AFRK
FTEHZHDICHRBELEZSmxSm I RIT—h
ICCHBE U e O X, aRI—1+d
720 OFREEL, SHBREEN T N B EEMTEE
IKIRDTTTEZIM ST (K 4), HIE 1 % KiiliD
EDEFEHL TV RN, EiRo# g L BifF
EOBMROBICHB LM K O £ Db -
Te. Z05 B 19 FH 5 & Tz EIE B M



£ 3. (a) FEREDHIE - BifFRORRXOHIER. (b) A&
FEOHIE - HERLBIFRO MR XOMR. N IR, a
W HEF X OHE 2R

(a)

gtk N a RYE
B
AR 12 0.011 0.235
707 9 0.019 0.440
FHATHHE 11 0.012 0.699
BRI 7 0.012 0.813
i
UErwl 11 0.008 0.082
e 14 0.068 0.774
A7t 16 0.012 0.816
FITVHA 16 0.010 0.717
DAY I 6 0.005 0.482
HO7 18 0.006 0.826
FANTHHS 5 0.004 0.643
VeEbal 9 0.010 0.540
NI{FT 6 0.008 0.974
TANTIN T 17 0.013 0.690
LAY 19 0.005 0.678
LEEg
THY 10 0.010 0.278
W3 24 0.006 0.730
AN M= 53 0.010 0.723
ATEATSE 14 0.014 0.617
DM IE
EENEE 0.010
EENRE 0.008
BEEMER 0.014
Bt 0.068
ek 0.010
(b)
EiES N a R
[Erwa 11 0.014 0.705
2% 14 0.038 0.602
IP 4 16 0.013 0.564
YT A 16 0.006 0.773
B2 IS 6 0.030 0.148
HO L 18 0.006 0.730
FANTHHS 5 0.005 0.551
S0y 19 0.013 0.547

K4 TEWAEDZEWMD 2 HEE T % 12D I B EEMEE KA
12 120 &, GRS 127 SR B L7Z5m X 5maR
S— R AN INEL LT FBRE OB O T R S— k7 ) OF
PfE (AR 22 ) 36 K O BIREEL.

PhEEMSE KIS *ER&EKIE
FEHHIREH  0.9+48 26+13
EHIFFERN 106 34

36

HIKIK T 60 %, WHALE/KIKT 84 % 7257, Xt
MK cRanN/ A hr=, 7V AE,
FANT I HT Lo fo s ORERHEREYID
BED 60 % & DTV IDITxH L, BiEE
K TIEZNS O 5D B HEIE 10 % FEE
T, 5RO & A ORELFEREDNZIZE CHIA TfF
ELTW e, 975bb, MK Tl
IRV T AR CH 2 DKL, it
HEEE /KA TR B N7z > 1 O ANRE LT MR A K
LTWaAZ EARENT.
BRI TR U 72 2R e E £ 7 ILICE
W, EERENTN R, SR €7V
FEEEOFERA, FEEO—EBICDOVTE S IR
L7z, X o mElg{o R EhEE->TED,
0.015~ 0457 L ETIVDYUTIIEDIIHAT
Hote. HPHEEE UTEE, WL @RS
MERENIE@NZ {FEE LT

RS, WEOZEMAMHEEET IV E, WEL
Bifrm OGN S EH S NI4KN O T g
M4BT RE, BRXUSHOBRRBE (7T —24
W) 7 FV Tz PR IS K 2 R R 35
19 f, BXOEERANTR UK 19 FLS O
BEEIE, PhEEMSE K, iggkEENE
N 447 kgha', 327 kgha' XU 5.5kgN ha', 3.3
keN ha' TH -1z, EKBENON RIS &,
T Tl iRk & & AEBIC BV EZE /R LT
M, Bh BRI KI5 DRI > TR O
ZRUTz (K9). FRCH B &, ¥ hERF R
YITH2a7 IV A 75 EDEEEARLR, TN
2V U5 EDEGIEEERO BT NTNE i
MEKIEAN TR, NEIFETH 24 A7
HIZEDEEEARR, AT RXATITEERE
D> ZHEY O e FE I BB K T &b - 72 (X
10). T OFEHRIF, FECBUE THEI NS
FEW—H L TV .

RN S PR, SRR T
ZERWUNDO BRI LT 0% &7 ¥ AF,



5 FREFHEOZEMAMAHTEETCBWORIRE NIINT A E HERE, AIC, E7VO R H, PHEOMS (—&). %

KT L, T LIT/ERR LTz

FoE FAE &R FITE] ghE 5 Wi Intercept RAE AlC P
EREEHN 3482 BAREAM  MEE  BAEEMM 482 BAEEHM 482 BREEMM H8E  BAEEAM  EE  BAREMM  9EE BABEMM  3EE BREEMN eEE
¥ 3
T -0.0001 -0.0003 0.2891 0.082 -B82.59 0.002483
A
TPt 0.0013 42613 -0.0002 00675 04252 0.015 0.079 -427.81 -770.35 0.09914 0.002258
AAnTFHNS 0.0001 172813 00125 00217 -0.0912 -01280 0155 0126 -B5211 -54201 492E-05 243805
518
Ny 00024 -0.0007 -0.0025 0.0161 05456 19660 0.083 0328 -517.65 -399.48 0.002327 7.72E-12
A AI5E" -0.0001 2538413 00003 00013 00046 -0.0103 01932 0036 0084 -83165 -73327 00207 0.005298

X9 BIEEH KT & ORIRSKI O R RE AR p g o 22
M OHEERTR. KT Lic, FHE19MEBIUTZNLL
N> 5 DDAFEUZNZNTHEE LIz G Lz,

(a) A7 THA(%) @ (b) D IRTY (%) @ 0a
N h & 0.

- 0

K10 o HEEHETHS (@) I7 A (AA), ()97
NIV (), BEOYHRERTHS (O A4 NT
GHS (AK), () ATEATSE (2 48) ORED7ER
AR

37

ON AT HTEND T HOARELFEREY D
HH Tz, Zhuaxt U THEEMEEKE T,
WETAE 2 HEDzT I AF AN/ AN
INF, EEINET24% 2 5DBICHED,
O L DM D ZHEM/INE < TE BT
M2V, TRbBbZRENENC LICK> TS
FPUEDNE RSN TVE T ENHL N E
Eolz.

3) I MIC KB FIEMEDEBRNERIRMICH
A %

WS THEE E Nz FIEREAEIC X % 232U
B, PHEEMEE /KT 5.5 keN ha', wfiEEE/K
T 33 kgN ha! TH D, ZDrEF 2.2 kgN ha'
Elxofe. THIX 2011 EEDQ EFO AR R
SHEESNIMETHD, —HFONT FERED
BIFENRAK LR 5 TH%. Lieh-> T,
COWAD g hic G E N2 ERED, X
FEMOBERPINRICHY T HLEEZENS.
WK DO NO, IRIEB X UIHREMSFHE N
T REPI IR 350 % NOy i HE A 1.83 ~ 3.45
kgN ha (2009~2011 4F; *F-#42.50 kgN ha') T&H -
el b, FEREAEICKZEERIND D0
RN, TERANOEZFRHZHEL TV 5
TEARBENS. L LENS, e AKX
HTHYIN IR TEL 27z LTH, YH
U U Tz gERZh - 2 bl 2 RIERIC RS
5T 83, VE—ICEENABEEED
EREZ B> LA OER - WS R ETH S



T T BICAREFE N5 (Fukushima 2009). 7
W2 CEBEINTOARWV NEMED D 2 —4th
I KB HEADOERER P O A<
AZenikd % &, FEA L TR TOEHEN
FEERIC 1T B BRI IS KK D
& BHEMER KK DT IMZ N E D EHEREI NS,
fere, i EEOBEBETINOFGZ T TE, PR
ANDZEZEFRHID 88 % (2011 12 1F TOLHLE
£ 64 %) BTV END, YHICKD R
JEREAE DELENEFUKE, &2 WIdERIGIIC
B2 253 HTERVEDE VR 5.

DT END, MiEMERERICBINE N7k
FUKE (NOy IR ) RERMINOZ kL, TE
FEADERRINNEE LTz LI kB8 DTH
D, NEWEDFIEDHRMERRDERNEER,
FKEIERICHEE R EE Z2H> T T e
IRENTz. Txbb, VAHDOMEFEEIC XS K
FEMEEORRIE, ZOEETEOK N d
U CIERUKEIC B 2 RIE L TW5 T &M
e ioTk.

V. BEMANTOTEEEDEVHFERL
KEFDKERICEZ H7E
1. LI

M RERICER o 7Bk TR g & il
TACREL, HEEEOM KT E LT
I, Pk (TRDBENMLIES &
WIRE) I ERER I e LTt d 5. —7, (%
WIS (& — RIS 7% & 72 G O E
(direct runoff) WA U, T LLIGHTRWER D 72
I U 7R BRI b D ke 5. 135
KNI OIRP) 22—y fif 740 5 LA
Wiz <A L, AEPIHIROEZRPRE (FIC
k& & E1CH) < NO; 5 DOC([Dissolved Organic
Carbon] ; VA7 A FEREIR R ) & TIHDLE/KIC
ZEFENS. TS, BEWICIES HiZk (H
IRANY B ) RITIE TS OYIENTIKR & D
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LERET BT EMHSNTS (Cirmo and
McDonnell 1997, Kawasaki et al. 2005, & &= (%
/" 2007, Simon et al. 2008, Oda et al. 2011). Z
N, NEMEOERIC X BE R
M, HEREOE S EREZ T U TR OPER
IKBICE W B 5ZA BT ENEZDBNS.

KTz, BENHIKRHC 3 TAERRYIE 7200 T <,
T 7 & O ERREEYIE (SS; Suspended Sediment)
NI ZRICHRET S AN TY
% (Seeger et al. 2004). 53 D[ EFIC IZ R —
b 2RI RIS R R AE L, K
HDSSHWINTHZ e H 5. HRICBNT
IR I X B TR ORRRIE R
P, HERIC K B TIRERSH U & - TRENIC
FHEA 5 D SS DA IIHI E N D T & Vs
XN T3 (Onda and Yukawa 1994, =HIEZH,
2009). L7eh>T, ¥ AICK? NEMEDR
IR HIBREOIRIBREE T IC K 2 MRROFRE
ZARE CERIE A 2010), BERFFICEEFAOD SS
IR T 2 ATREMEDE 2 5% (Dosskey et
al. 2010 72 &).

DX, REMRHIKREOFERKEZ I,
KK L3RR B T 0 AR B 18 FEREA:
DEFITHEISNZ RN D 2 FIC, WHEHE
I > THEIEH OYIE, FFIC NOy ° SS D
BEL AT 22D MREAERRNDA
NI FBIEHICRE V. Lieh-> T, NEhdk
DEERMERUKEIC G 2 2 5082 R % 5 2
T, BENHUKROKEZLIZHTE R, L
MUBGEMS, TFEA & BERROTERKEISE
WCEB LUIEMZRIZIEEAETFELEWY. £2 T
AWHZE T, KERBICHT 2 Tt 0RE]
22 PRI T L M HUKIFIC B 5 H U TR
ML, A& B FEMAEDERNEIVKEIC
G2 3587 RAT 52 LzHIE L.

2. Jitk
2010 4£9 A 5 2011 42 9 H & ¢, B EEM



KR & ot FREE /K O AR BRI 38 W) T HEIR
KB (ISCO-3700) Z 3% & L, KN BH AT D B
2 REREIREIBRC 1 L9 DFok Uz (X 1), BERG#A&
T, EROWENER L TV 2 B 45
56lpfifiEE Lzt b o Tz, FkEhic
YT THRRMCERE IR, —
2L 045um OF 7O B Y VT T 4 )b
2 — (ADVANTEC, PTFE-HP045AN) % | \» T
B 21T, A 30 mL R Y ¥ ICERILL
THBE LTz, T2 7 VD NOy IR A 4
v uav 7S 71 (Dionex 184, 1CS-90), Si
IR EIL ICP 7' X< FE 53 Y1k (Seiko £ Bl
SPS1500VR) Tl L 7z=.

o ORIEEY > T IVDS B, 30 ~ 600 mL
% I 500°C, 4 W[ CTRAMEIL Ho b &L 72
WIE U7z /72 AL (Whatman GF/F, fL1% 0.7
pm) THGE L, JEHEZ 80°C T 24 ML, Liztg
SR ZOR%, AREREOEZENLT,
JEAE FOFRRY), 95 b 2R REYE (Total
SS; TSS) 723Kk, W/KE TR % T & T TSS
RIEE L7, & SICEMKZ 450°C, 4 h THAbE
T TCHERZERICREL, ERBEDH S
A HW) ok O BRIE REY) . (Organic SS; OSS) &
JE72 RS T, SS DERYIEGHH (0SS/TSSx100
[%]) ZHH L7z,

HIKA XY MHARNC BV T, ERUKOF R
INBAGARRE 0 5 JEEFRH O 1 53 (0.0456 mm h'!
day™" ; Hewlett and Hibbert, 1967) % &L L 72 i
HE, FREN B9 % X TOMMZ E#R
HWRAERR & Uiz, E£7z, EREaRBORAEIAM
i, SRR HBEZ RO TREE LB 2 SN
HIRA R MBI 2 EERIE L Uk, &85,
[k I AR A D 559 300 m @i 72 BA Ak
finf#~ AW ERT (Davis Instruments £1%! | Rain
Collector IT) Z2 3% U CHIE L7z, Hisld 4.2.2
12 % K S I ERIKIKN O SR TR L /2.

AFHETHGE LI HkARY MG, B8 2
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B2 Z8EE 7 BICHED, BRAZBEmRRES XU
ZEITEN L7z (£ 6). FEICOW TN
M (2002) ZBHIC, ARPFEMOTFRT % 4 A
T ) %, MEDRBENETIHETOH)Z
JEIEN, JEEROEKEDN X 2 10 HX TR
EH, 11 ADSHIENEINENS 12 HET%
BEI L ER U, chuc ki, EEIC 2
6] (a, b), BEINC 418l (c~f, 5 BHM2[H ¢, e),
HEEHIC 1A (o) x0Tz (£6). ANV M
M OKEZ IOV TIE, MK BNT
i LR ORI LTz, Fiz, Sk
TOKEZELDBENMNTDOWTIE, EEEDAE) 7
FHI L 7z,
3. WiRBIUEY

1) BER KA R S FROKSOEFE

BHEEMEE K, SHESKE &, BRSNS
HIRBDISEIRZ =20, FEHHKA N b
HOBEHRILFIZZEFE L7 (K8, £ 7).
Fiz, —MICSiZaEDTHEREIT SR
SIS 2, FERKFRORED KA N
FRACIK NI B 2 EMHENTH D, BEifvkH
DI F/KDOFHERO R (M F/KDZFFEH ) I

%6 AWM TCHERTT> T T DOREN KA N b ORFZE,
API14 & API7 I3ZNZN 14 Hij& 7 HuaiO /R fEEL
(API[Antecedent Precipitation Index]) Z&43 %. &3 T H

%@ﬁﬁ%ﬁ%ﬁAmm&‘MH:Z%—(tﬁb&ﬁta
t=1

MOHRKE) ThobhEhs.
HWEERE  API4 API7
AUk RS [EEXOL/N
mm mm mm
a 2011/6/10-12 BEH 29.0 23.8 16
b 2011/6/24-26 BEH 16.6 7.3 2.2
c 2011/7/18-24 RELH 220.4 4.6 0.0
d 2011/8/19 RELH 20.6 11.0 10.7
e 2011/9/1-9/4 BEH 238.8 5.4 11
f 2010/9/7-9/9 mEH 4.4 14.2 14.2
g 2010/11/22-11/24  EEH 31.6 18.8 14.6




LIFLIEHVWSMNS (Asano et al. 2003). T 5
DIFFEYIEE, kA XY AP g &
&L DBIfRZES &, ADOHBIZRLENS K
et b O)V—T 2 T EMHENTVS
(WE=E A 2007). AGHEMDEKEHICENT
& ZOEMMDBIIIE N, KB TZ D2 —
VICEWHAR LN o fe. BEERHE, BX
U SHEEMN S, Sk TR EE O A fic
BIfR7R <, HEIC & > THUE T N2 KSGEFED
FIEFFELNWERZT T ENTES.
2) BER KA N2 RO NO; IREDISE
ARG TEIN U 72N KA N R IR T2
WUT, BENAT, BRI HIKE & & ISR IKD

o

E
som
300 i
1005
250 2
150
_ . =
% 200 — ERENLRE 200
g HEBEIN ISR E
£ 150
;] |
i@ 100
3
]
50
11 |
o0 kAN R TR ¥y WA
88888333938 333333
S L B g 5 e L L o bg oo L 0w
233682 &3288¢23z2028

X8 BEMH K K URIIREIKIBIC 51 % TR OB
KEB X UHKE. LFHMIEES OBz EE LT
%.

£7 BHEEAMEKIEIS X ORI KIS 351 2 SRR kA
ANV MTBT ZFEFUKNDOEZT . Hewlett and Hibbert
(1967) & LICHM LTz,

EiERHE
ARV BhEEMRSR K ERE K

% %
a 47 38
b 75 72
c 73 72
d 68 68
e 65 61
f 55 58
g 34 52

NO; 2 JZ 1 EEMEE K K © & IRk T
F o Tz (K1), Yo BRI I ERIL L
oAV (a,b) TlE, HUKIARHO NO,
ZENENE L, SRR O (o IRk,
5 BAEEREE K 2 5 (W Tl ) I3 RIC S 591
EF—ETH-> 2. FYOREMR IS ERELL 72
ARV b (¢~ Tl&, NO,EBEMRBY—77
RFICSFEIKIRED 5-10 5% € ER Uiz, Sk
DENZID &, FEHRBEICKSTHERY—2
RREfE TR 720, RIS 2— &R
U7z, RYIOIEERICRINL 7eA NV b (g) T
&, BIEHEE U XS I KR NOy
JEAENINE o 7 by, HKEE DT TIC
WIS Z—2 7R LT (K12). DT EeEhD,
TERIE DR, 7D NOy DWIIZ X > T
THEBICHHET S NO, BifFEMA A L, %
R HHZKRED NOy Ji i Zifild 2 2 EMEZ S
Niz. W FEREN R U THREICIETF
filc X 59 NOy BiIfF &MWL {AFFEL, ki
DI 5T [E HIKIFIC & 2 80D NOy A i
TEHEDOEEZLNZ. TOXHIT, FERHIK
ANV MR O NOy IS IE, ZRE,
IKIRRIC X 258N S N Ty, Bt - X
Mgk O, FHidRb bHYIOKE S
2— L DBIRAIRBE Nz,
3) Bk A > MO SS JREDISE
BRERNH KA R MISH 9 % TSS i D28
2K 11 IR U7z, NOy IBEIRE & I3 R D,
BERHIKIS R U CERVIREZR L, EEN
HOWBRMNIREDIEIR K O &P TH - 7z
R /K D 3513 % TSS P D ¥ — 7l 13 4
KK TER > T D, FEIKEAD 100 mm L
FOREREKA N (a, b, d, f, g) Tld, Bl
MK K D & R KD M > 7. 2
USRI, #aBE/KED 200 mm 8% 2 R HY
IKARY T (¢, e) TlE, BiEMEEKEK O &
K CEh o 2. —J5, SS DA RT

40



AEYIEARIIHKBIBIC K 5T E—ZRHCIE
MR TIRIESFE Lo b DD, ¥—7ii
% TIIBAEEMER KK O S D E D RS 5N
7z.

Fal 7K &Y 200 mm 7z 9 HIKA N> kD
B, NEWAEDZENFERND SS i I 58
BHZZTEMNREIN. ZHUCHLT, Bk
= 100 mm DUR T, BAREEMME KIS TH
WY EEROEN SSHE LT S T L HH
Sk Eote. T, RIEREE ORI E R
0BG BT X > THE S NS Lk
HIHIBREDY, HIZRP TIBRBORAEZIES &
5 IR KBTIk A R > b R B B 1 | A TR
eTEDENVR D, FIKRERHIEED/NE WHIZK
ANV NTIE, W FEMAIC RS IS
HERE U T B BRI S B 7 8dic, B EEMER K
I THBEYGEROE N SSHEFICL L aF
NZEDLHERINS.

ez ens, BENHIKA XY HHEFRO
SSIREINEX, NOy ¥k b, TFEMEDZ
B2 Tl S HuKBIBE DB L 321 % T LW
IRENTz. NEMAEDEFED, BHOKE VA
ANV MR SS 2l 2 —75 7T, £<
DGESS DY —RICE>TWVWBH T EHREE
Nz, ACEK B FEREDERD, FKED
FKEDHEDT, KO FREADA 287
R DGRV EERN K OIKEZIC BN T E EXR
BB 5 ZT0WBT ENHLMN RS Tz,

VI. BAEEMBARZMCEIT ZEMARBIEDEL
EEEEMEBERICEZ ARE

1. ZUBIC

AT KB VERWAEOBIREX, HRTEERO
KB R E, FHITHERFRICIE SS BRRIC
Mg 22 NN TOMBENSHL N E
oo, BERHIKRRIC EIHEEDNHERT 5 3
BERE LT, MEWMADERIC K> THHEIC
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X % @8 E N2, HEAE DR ERE
DK FZE|ERT L, MERDFEAETZ/DL
#ZZ2 5N TW5 (Onda and Yukawa 1994), 7z,
KED ERMEHGIC K > TERFEOWM RGN A Z
L, T OMBHRMRIFEEBIC AR T B KA
TV OBEEMIEIC X THEBD RS T E NS
IZENDODH B (Sakai et al. 2012). LA LM
5, WS> TS 23 [HIEIC BN T,
UMK D NERAEDOFROEN, JRIETS X
D FFETREDNE 5 M DOWTIEDh > T
WRW. Y HMNRR R B TR RER 2RI
MIF T BRSNS B izdicld, KERZF
THREEFICEEHT 2 T EMREARTR
THs. AWIFETIE, KD FEREDR
PRED, JKCORR - B IAME D2 bz m U
T, KASYBHEICE T ERZEZ25 051K
HENT, 1 RBBXU 2 Red/KiEicBWT
ZOMGEZ T Iz,
2. Kk

1) FEROFREFEDRIE & KB DEREL
B EEA AR 7K I3 & o B AR /K IIC B8 T, SRk
BNOD 1 AR 4 Hifid D (EC1 ~ EC4;
K EEMER /K I D 1 07, CC1 ~ CC4; fHdgEK
o1 RR), BKEKECH D 2 KK
15 (BC; BAREMMER/KIZK D 2 R4S, CC; i AR /KK
D2RA) D5 HESD, G 10 s DHEIKIEK
ZRGE UTHIR « JEROFIRESE, BXUN
A RS OREZITo 7 (K1), Fh
TNOFAEHOME, B, B, maEHx
LTk,

1 RAREE/KIE (EC1~EC4, CC1~CC4) TiE, &
JEKAHS EF30mETON)NWN T eI M2
HEKImFRICIED, 11 mx2m(15 7aw k1
co v s b)) OPFEXZRT T, hENnoO
XN DFRIKRD T EREEHE (%) ZHBIC K 5T
1 % AA TSR L. TOFEIZZ < O TE
AENER LTV 2 E (2009 4 8 H ) I L



(1) A Rba (2) 1R kb

04 e 0 04 I o
=
W E - 2 23
B9 021  — mEReKLEE 02 S
~E EEEeE Te 4 | 43
0 D i 6 0 L 6
0.06 0.06
o = ® Dok
Bl 0.04 1 ——— 0.04 -
L
o E 0.02 0.02 - )
=z £ 000t e gugesprtotegene weav’ "‘“..,.M...,
0 0
60 60
e ® iRk 20 |
RS ER sk,
2 E 20 A 20 1 VJ\
= 0 de { ‘\'\';_f‘,f\\l\_f\_f\_f\_ffﬁfy oo 0 |esed “\-'\'f‘.f‘.f‘.i‘.i‘.f‘,f‘.‘“ O
6/10 8:00 6/11 8:00 6/12 8:00 6/24 13:00 6/25 13:00
(3) A X kc 4) 4R kd

1.5 — . —r 0 04 T
1 4 -2 F 2
| 0.2 A
05 - L a L4
0 J\JIM 6 ,N"‘N-.__

0.06 0.06

0.04 - 0.04 A
0.02 + 'M' 002 7 M

400 680
40
200
LLJ 20
- R [\
0 4 DY S o 0 n—s ety oo o
7/17 12:00 7/2112:00 7/2512:00 8/19 0:00 8/19 12:00 8/20 0:00

Tz, E7z, 22X (EC, CC) O FEfadwiElx, mOFAERZHREL, FIRERE, (T&EE K
I XD ST MBI K> TR SN AEFORAE R TR-> . TNZNOREXIC
ECI~EC4, CCI~CC4 DHED M2 ZNE BUWLT2009 444, 6, 8, 11 HiIcH——%wv
Wz, FQR5emx25ecm E&E 1m, Xvia¥ o205

R ET 2 10 HADEKBEZTNZNOFER  mm) Z 4 FETERE L, KA OREZTT- Tz
WKHBEWT, FERZEC THFKDEREINS 30 ZOR, TNZFNOY—"—2 v FNIZHBWNT,
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(5) A ke (6) AR
2 - -0 04 T - 0
| -2 -2
1 0.2
| F 4 3 - 4
0 T 6 04 —ttad S 6
0.06 0.1
0.04 - q
0.05 4
0.02 - ¢ |
?—Mf !v\“g_,
0 0 e
1000 400
500 ‘||I' 200 R
A . \\
0 1 e d e o 0 | enctonnd Commonpopon————— o

8/31 14:00 9/2 14:00 9/4 14:00

(7) A _bg
0.4 —pm

T

0.2

0.06

0.04 -

0.02 4

0
60

40
20

0
11/22 9:00

o -

Ao o e
T R_KAARA

11/23 9:00

s
OO oT

11/249:00

KT (em) 7% 6 (&, FOREOFHE (em s™) £
WA (VEL0, 7% 7)) IC &k > T 3 [BflE
L.

BB BT BRMEE 2 R 5 729,
JEAEEYIRED 2D DY —I3—F v M4 (25 *
25 cm) DRI & & 2 HRL HERE Y 0% 7 72 H A
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9/7 16:00 9/8 16:00 9/9 16:00 9/10 16:00

B11 BAEEMME KRS & ORI B B %S BEm HIK
AN MARRO (1) Bl &R, (2NOs IR, (3)SS(#%
HREVIE ) IRFEDHERS.

KX T5%ANATRedk L7z, T HIT, 2009
4 H, 8 Hicld, ##AXAT Grostetal. (1991)
DJFEICHE > THIROMEE (1 L) ZIEAIC 3
Hs DERE L Tz, WOREY > Vi, FEEREIC
Fi B> T 63, 315, 16, 8, 4, 2, 1 mmIiC
fifioy U, ) O fEE R (105 °C, 24 IFfH)



(1) 1~ ha [BEEHA)
S e '
EkignNoBEE

0.03 A

0.02 A

e —N
.f}li:'l.i

01
0.01 A

BEZE(mmpl/L)

o

-0.01
£/108:00

(3) I\ hc (R, T

0.04 4 1

0.01

6,12 8:00 6,14 8:00

0.03 A
01
0.02

0.01 A
0.01

BEZE(mmpl /L)

o

-0.01
7/1712:00

0.001

7/2112:00 7/2512:00

(5) 1 X\ke [BRERH, G A\
0.03

0.01

BEZE (mmpl/L)

0

-0.01
8/3114:00

(7) A\ hg [EEE]

0.04 4 rl

9/214:00  9/414:00

0.03 1 2

| :

o4

1

r 01
0.02

0.01
- 001

(s /)

BEZE(mmpl/L)

001
11/22 9:00

0.001

11/249:00  11/269:00

ZRIEL, S OERMICIHEDNTHIKL
& (Dy) ZHH Uz, Fiz, Pk (2010 4E 6 )
ICEHERANZRWTS 5 DO w7 b
RO, FTET Mo TS5 em T EIKE
C R RIRRS B T & THRIAERXIC I SR
(Ls") ZRE L.
BAAEXICE T ZEREGE 2T 5 29I,
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(2) 1 kb [BEHE

004 - 1
003 5
. 01 L
002 - R
3
&
001 -
M—@ oo 2
3
o] 2
001 0.001
6/2413:00 6/2613:00
(4) A hd [RREHA]
004 - 1
003 - =
o1 I
002 - 3
3
001 - &
oot 3
0 2
001 0.001
8/190:00 £/200:00
(6) T~ (AR EHA]
004 - 1
003 - E
o1 [
0.02 - 3
3
001 o
: 001 3.
3
o4 El
-0.01 . . L 0001
9/716:00  9/816:00  9/916:00  9/1016:00

12 BREREKANY MBFRICEIT BREMEKE S
FFEREEKIFE TDFFIK NO; IREDEDIHERS.

AT 6 m fHIbEfE (F 6 M/ B ) IS,
TR E22 (A& 1m) O R EE 2 iR L
7o, W LIc R REFHEZE £1C, Gap Light
Analyzer version 2.0 (Frazer et al. 1999) 72\ C
YRR (PAR [mol m? d']) ZHHIL, B
fith & DA & LR U 7o feP e a1 SR B (lPAR
[%]) Z3ReD iz, TNEDOMER, KEMHICH



72320094 H (&F) &, BEMNCHTES
2009 4E 8 H (HZ) ICHEN L7z

&R Z T 2 72D, FiHERN
DIFE O OREEBIC 4 DT DRIL, XKl 4
em’ 27TV THEOE-S T, BiEhE o A
HEJEHK (Whatman, GF/F) TlE#E L7z, 5N
7TV, ERS N E TEREIET
WA LTz, ZNThoY > 7IViE, NN-
Y AFIVKRIVLT X R (DMF) IC—BEIE T %
cecruan 7)oz, ELEE
(I T VA IR O SRSV JEE (663.8 nm 35 &K
U 646.8 nm) 7% 73 ERE ( HAZREAT+EEL,
U-1800) THIE L 7z. Thic k- THHNT
fili7n 5, Porra et al. (1989) AR RIC K> T
o7 )bamzZHH LR 250,
2009 44, 8, 11 AICHEAEL 7.

FEXICIBNTIE/EAIC 4 HSICERE SNz
P—N—=y FNDOEREEZREL, 70 %
TR —)VICTET TERIE LTz, FEER=IC TR
FOREAM BT (Nikon #1854 , SMZ800) 7 JH > C A]
REZRFR O MW ERE R CIRABYIOFE 21T
Irolz. Fiz, AEES NS LI rER-
HEEEROHZIT> 2. Th B DR,
JIE « 2 (2005), Merritt et al. (2008), BEAFE
KT—R2EZZEICLUTo .
2) MatfEHT

X9, YADHM (Deer), FE (Longit), ##
J& (Latit), F55 (Altit), [ B (Area), {11 2K
B (Order), | J& A A= 4% BF (CUV[Coverage of
Understory Vegetation]), 7K % (Depth), i &
(Velocity), ifit (Discharge), {[IRDHIRIHEFREY)
#i i (PFS[Percentage of Fine Sediment]), /KD
BRRITE (Dy), HXDCREFREE (I, %
HA ; rPAR sum, rPAR win), {75 &= (PB: [P
Biomass]) D 15 OIRRAE N5, EREIZ LM
DL HEILMMEZ 8T 57201, HWIC
FHEE T 2 BRIEZAH ( A ¥ 7= >~ DENAHBEREL

=y
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<0.60, 2D P<0.05) D572 HBRL, BIEZAEL
DFRZET > T2, TORE, TIEREAMRIE, /KEH,
Pk, e, WIROMKBHERYIHE, WIROA
SRR, RORPCER 7R (2, 28)),
AEFRICOVTE, MEHRPICESNIE
DFEZE Wz, BREABOERZIT> 720
b, HBHAEXICET 2 KA FYIHEREGE Z e
I HEREEHEAZIHS M T 572002, IEHE)S
47 HT (Canonical Corresponding Analysis; CCA) 7%
1oz, TORWTIE, SREXOELEYIRE
TT—2 L LT, BEHERE AL 50 0 %ERE (&2
fEIRD 96.0 %) DT INV BV AT — R 72 VW z.
EHIC, CCAIC K> THRLE NIZIRERX D
TIWV—TZNZTNCDNTE, BT N—T DK
BNV DFREEAE O HliHE 217 - 72 (INDVAL,
Dufrene and Legendre, 1997). CCA D 1 i &,
INDVAL IZ DWW ClE, €7 Abmik (199 [
MOEA)ICK > THEEZHRGE L., £z,
LR E, 2R TELNEKEFYIRHEDS
R H) &, ARECEEICBELT, ThTh
YA b (BRI RSk ), R0 (%,
#, H2, B zEKNE T D ohlE D BN
(Two-way ANOVA) 721715 7z.

TINIBUAT =R, % T—REZTNTH
MBS, 7 — 7Y A VAL THGEHRATIC
U7z, CCA & INDVAL (& PC-ORD ver. 6 (McCune
and Mefford, 2011), %3 #5371 1& R 2.13.1 (R
Development Core Team 2011) Tf7- 7=.
3. MiRkBIUEL

AWEZETIE, 113 70%8E, 13292 A D KA
BYINE SNz CCA T, HKEKERL, W
FRICHIBIHERE D H D B 51T, 7KK, BB X
O RF A, aEHED 6 H
FORBEARMERE N, 1§5NM 7 CCAD
57T, BN, KA & R HHEEE
Zal, 92WHE, TR & & 2 MR HER)
DOEFEWNRNMHEZ R LU (K 13). £z, B



1~3 Hili F TOFIHRIL, 67.5 % T, & 134
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Process and mechanism of ecosystem restoration 5 years after
installing a watershed-level deer-excluding fence in cool-temperate
natural forest in Ashiu, central Japan

Keitaro Fukushima, Mizuki Inoue, Masaru Sakai, Shota Sakaguchi, Yuka Iwai,
Tomoyuki Hashimoto, Misato Honda, Yuzu Sakata, Daisuke Fujiki,
Masamichi Yamasaki, Tadashi Nakashima and Atsushi Takayanagi

The effects of deer overbrowsing on understory vegetation and ecosystem function were examined
using deer-excluded fence established around a 13 ha watershed in cool-temperate forest in Ashiu,
Japan, in comparing to its adjacent 19 ha control watershed. The seed banks of herbaceous and
shrub species were substantially larger at the soils in the fenced watershed than in the control
watershed. It suggests that the resilience of these species against deer grazing has been lost year
by year in the unprotected watersheds. The spatial distribution of understory vegetation coverage
within the each watershed was successfully estimated by the GLM model, and calculated biomass
and nitrogen retention by understories were 120 kg ha” and 2.2 kgN ha™' higher, respectively,
in the fenced watershed than in the control. Nitrate-nitrogen loss was 2.5 kgN ha-1 lower in the
fenced, indicating that understory vegetation surprisingly contributes to prevent hydrological
nitrogen loss by its uptake and retention of nitrogen. The changes in streamwater chemistry during
rainfall event also supported that understory vegetation also controls nitrogen loss even at the high
flow condition. When total precipitation exceeded 200 mm during an event, the concentration of
suspended sediment (SS) was much higher in the control watershed than in the fenced, which may
be caused by the acceleration of soil erosion at the slope with less understory vegetation. Results
of investigations of stream substrates and aquatic invertebrates elucidated that higher supply of SS
made stream beds more fine and sandy, which can alter macroinvertebrate community structures
in the first order streams within the unprotected control watershed. Our results revealed that
deer overbrowsing impacts not only structure and biodiversity of understory vegetation, but also
nutrient cycling, hydrological transport of nutrients and sediments, and food web structure driven

by stream invertebrates, all of which are closely linked to forest ecosystem functions.

Ashiu Biological Conservation Project (ABC Project)
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TreFhy—F 77 R 218 BIEEUREEE (2013)

FAYT A FaTEY DL E

EE L RER

T ORI D]

PR A O£ LREE R
EHEN - EHIUE " - RS T SR A°

FAIATEVIE, BHEEEERICBO TR ARG ERERENZ L UTEETH S, IR EEOWE
BT, 20 mm 7z 2 2072 B T HE RN MEEASEIEIIGE VIR TH O, FD X S IR TIEHE
—FFaATEIYNZa )/ FExkEORAET (30-70 mm) ZEREEG X5, IVERES S FMET,
DN 2 FEHE L AIRRETH D, AHYTSF AT A 150 3 (REB) BfFd 5. —J7
BAROZ <2 X3, EROTYZAET S L THEERNFEERIFL WS, A4aTEUD
23/ FEEITETIRE TGRS, I XITREFIIECT S, A4avey exa/ FoO/%RE
IRIARINCKZBHBERFASHICT S0, 2/ FORIE L BERPFNZ, A4 a0 T Y DR
s FEFHARE D & 2 DN B TedIic, BHETFAICX BB 7o, 23/ F0 30.2-70.4% Hfi5
MOXAIBRZMF T, AFavEVE, BITHEGICARRL, REZAGOE NE FEEk.
KRR 12 SR CE TCOWRWITEENED D 5. 2RI OB ZEFRBOWMP AL TEYD
AR O DR BEDOZ LR ENTERE LTEZ BN,

. 1EC&IC

ENERKENTHS, —EERECENSR
Mol BIE, BELESEDOREEX N SH)
TV DOFEEDN KFEIC LN TIREE NS, HlZ
&, RBESD ARV 3 A B TIRIHETHUG &0k
MMCHEHET 2 S EMFLED, TNhZTNH 156
ffi & 80 FiAE T %A (Myers 2009, Payne et al.
1985), WHEEOVETHEETIEEHISHE L
Fa7%" 2 fE (Brooke 2001, Pratt et al. 1987),
FUAETREE4EEAAOYEY 11
UAAEE LWy (Meehan et al. 2002). 75 K-
PEOWERICAER T 2P, BERE IO
WAL AVEVHOATHS. AAaTEVHE
&, AATTEVIES6 FDOPK, 87% M Ei i
Bic4 29 % (Rainey & Pierson 1992).

PERTPEDMERIC BN T, NN IS

AMBEDTERNREEDREZHATE
SIEREE, NEEEA AT EVFHOAR
Td % (McConkey and Drake 2006, Rainey et al.
1995). KTHOWFE TR, RAGTRKEED
INEDVERLTWED, BETIMERT %5,
K7 RIFI A2 S LT % (McConkey
and Drake 2006, Meehan et al. 2002, Rainey et
al. 1995). B A&, b AT, E1%40-50
mm DRI EA S 2 KN BT TISHEIH
L, BIFONF TR ERZ 28 mm ORIFZFEFTL
PEARTERV. Lo TH 28 mm & O KD
RIEDNPCHFRENEZHEZIWHEL TV S
(Meehan et al. 2002). —J7, b2 HAAaUE
\) Pteropus tonganus \&, F327% [ & 1% THHF
LTRIT9 % & T, 30-70 mm DRz HRN
T LW TES (McConkey et al. 2002, McConkey

L LRI S B L RE e =
2012.1.27 32}, 2013.10.21 35

2: NBORSARAGTHAIRE 3 /NE R E SRS



and Drake 2006). Z4UdZ /N b AVEHE 72 1338
DUIETIE, A9 P& S L
THHEROERERICHEE R RE 2R L TV
EEZS5NTWVS (Cox et al. 1991, Rainey et al.
1995, McConkey and Drake 2006).

COAFaAvE) ORENZEXD L, KV
DETHA I EVEERRED A LTS5,
BT ORI > TLE D T EMMERENT
% (Rainey et al. 1995). McConkey and Drake
(2006) &, b rAAF AT EY OEKREEE
MR B BGR Z g U298 T, A4 av ey
PRIRI U 72 Uk < 75 2 (8 IAREE O
MHEMDBD 5 T L2 UTe., fEABDFEREDRY
AKX DD GG, REOEREES &5
m) (SEFNTFEFOE SR IEOHBIZ R LT
DITHL, BEX D EMEWGEEE, FHrEE
EAEHIRE s o e, SHFICBNT, A
aAVEVEERETY P —ZERT 50T, R
Fe < 2PV R R O Az FIF
ZERBENTVS.

FUR DAY 1000 km 17 i 9™ 2 /NG T I
(X 1), KT OBARIRMICBE LT, 7
KFEDMD G4 ERTRIICH 5. HIAIE,
RO 2 #E, Mk CEAYTT 575 AN

’ ‘. gg
— B8
.k(—ﬂ‘%
RE
I IR vy

T 1Y [

- RES

HRES 50 km

AHYISAAIE)
DE RIS

1 NEFREOMBE LA AT TS A A avE) D

S
X2 AAVTIAFavEY.

I Columba versicolor) & RigICyk4d (7 717
2715 ANk Columba janthina nitens) L (K2
H 2002, #AH « s 2002), A YT SA A0
Y7 &Y Pteropus pselaphon 773ME— 1+ KM ZLEH
ELTHREFELTWS (I¥2). £, NEkEGEE
B, AAVTIAAaTEY RN NEDOH
N REEAEE R nTRE 4 KRS -2 DU B [ A Y
WSS 5. BlA X% 3/ F Pandanus
boninensis DRFEIX, ESH Tem, L=/
3 Planchonella boninensis 13%J 5 cm, Y 1a— R
Neisosperma nakaianum 132 cm T % (BH
1981). TS DREYDORFZIAHY T T4 A
ITEVICHEETNS (Inaba et al. 2005).
YHOFIOXS L, AAYTITAAaTEYD
AR AN, NS OREHEREYIORE F-5Uh%h
RGBT 63LEILNS.

I OITNEEGEE T, SOk, R <%
A = Rattus rattus 75| LT ERRONULE L
WO TENMFIES D, FHE, /¥ AICED
BIREYIN DR TN IS TN T 5. filZ
WRWHE TR, 733 RXICK0BEEHhOT F
RV Bulweria bulwerii °A—A & /77 2N X
Oceanodroma tristrami DB I N T3 (LK
52009). iz, 23/ FEE 30 O
K- E AR OREFPRMMBHFEN TS (Abe
2007, hijE 2002, 4EE 2003, f&4S 2009, Yamashita



et al. 2003, JEH2IE A 2003). Z D71 L pE
BEICBE T 2 HAAHAEFEICB VT, HEO
SO HINIC 7= 3 X2 DEERDTHNT
W5 (KA 2009, 2011). RESIEOHE & THE,
YL, BIEICBNT, BEFIOBHENEITE N,
P TIRERBRD BN LTV D (A 2009). 2~
RAAIFAATTIAA TV NERTS
WY BETHICEEDLT, FYXRAIDL
Z a7 E Y NOEFER M OSBRI L
TIEFEAEHNENT T Aotz
AWRFETIE, (EREY) EREYIOMEIER & 7
IR IDEEREYINCE Z BB OV
N5EDIC, A4AaTE) EXXINHEL
THHT 220/ FIcFEH LU, 23/ FiE,
] 60-70 fEDRFEN S E N B EERZ DT
% (K3). REOKEZTIIIHN7-8em T, HEK
OFEFHEVMHEEORZICHENTVS (&
H1983). AAYTIAAavEV I, EHR
MO LI/ FRIZC LDTDOH[XEN
U, iHEE DN 2 8 0 BT DA 72 D
R 2 ERIABRHEE 7772\ » b e LTI
EHITDOT, AAaVEVOEBICK DM
GOz, —7, JxA3IE, xa/Fo
BAERZNRENLHID, FFEREID, F
e eKbds (M4)., 23/ FOENE
FZICSF BTV % Fl 1 O BB DY T HEZRE

p . ¢ .’%,’ 4 i
4 3 2 ¥ 4
X3 xa/F. EEK30 cm OEEREZMNITS. R
LIERENA AT T I AT EVICHBRENS.
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K4 xR EB2a/F0ORE.

(@ FAINHWREZHID xRz b)) 4
REZHSNTOEDETETELTOWENRAIDORE.
(© ALTHNRT K Imo eREZIO L TERS DM VNR
RaRANEAR A4avE) LR UL ZEXTVSH,
A4 Y'Y ORIRICKAONY v AR SRR,

kEpnd, HETCIEA AT SAAay ey L
MEZ SN, AR XS DIFEREREY)
Fl-LOAAYITSAAaTE®) &2/ FICAK
kb B N EEYIRM EAER 2 8 L T % n]Redk
N 5.

RO BINIE, INEROWHEEERICE
WTC, AAYYIAAau®) O F-BdEE L
L CORENZEREAREYIDO 2/ F 72 T
HETZHLTHS. HFHEHIE, IR AI%
JEDENRIE ERHE M T < 3% A 2 M 2D
FITENTVENELBEZRETS. £9,
HEEOF A Ty OERIRNEZ#HET 5.
RIS, IRIAIDED ) FADOREDRE #
FARBIDIC, 2/ FIHRENTEZFAIOR



Re 2/ FRENGMT 28z HET 5.
RigIic, AAavEVR, KEFETEDOTS X
3/ FOMRMNER IS Gm XDEI
g %) THBEWVI K EMEET 5. A4
aAVEYMNHBICEZ N EE, REEDHIOSS
DTREITGEMCRFEZES., Ko T, A4
T EVEGREDEY (23 /F) K20EE,
fErhE ETHEEINIHNEDEE 20 E S D
ZIRAES 5.

Il. FAEMEXIRE
1. i
NGB, BRI 1000 km 1 V&
THMEEBDEALT, I SBEINE, RES|
5, BEIE, KlySza9% (¥1). K
oeiE, REVNESORE, B, "WENURE
HEDORE 2 &I ERE Ui, S B
&, REM 23.8km’, HHEM 53 km’, HEH 7.9
km’, BHEDY20.0 km® TH 5. 55 2 I FUKHL
DU, BN B TIREHERTRERSEE, 1
&AL EMT IR > TWiz (Shimizu 2003). HTE,
H#HER DT & A EE, A YINERE LT
520 THB. "B, wEIFEAEAD
EELTEDLT, OBIHANTHRED EN
(Shimizu 2003). BIfE, #ETWE, YFRLXX
275 LSRR THNTE D (HH -
2011, KA 2011), MUSEBETIE, ==
BAIC K B 7 X XA DOBBRNEITEN TS
(F&4 2011).
2. AAHYISEAaTEY
FHYTSA AT 'V, NG OME
—DEAHFLET, EORIKGZY, TUCN O
M fa iR (CR) ICHEEEN TS (Ishii and
Maeda 2011). AFED /310 & HEE BIARIE, R
BHITH 150 5 (83K - R HE 2010), RFEIC 10
B O BA IS 2003), JthisE s
WCHCHEE BAARIED 2009), FhREEICHEE GR
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FAREREE R 2009), EEfmstSIC HEEM B B
ZH2008) ThHB. FOMICEHSTRITHD
FAaVEUNHEBEIN DD S (HH
2010). WBEBETOXAYISAAaTE
V OBIEGLRER L, NETAHAavEVDE
DERLNZHOVEBEDREROHATHS (B
ERIE A 1995). AR, 19 R 56 DK O
BNVHISNTWSH, BUETIEIE « B
WKBENME-> TWVD ERBEIN TS (Inaba
et al. 2005). [ERZESGICHIHT2DT, BE
& OHLENFIEIC R > T3 (FEEIEH 2002,
BiAK - FBHE 2010). AFORSHIEK, EFLAX
TN D, EFREEPICTHE L TH
TRIBZEDN, LFIEOREDHIICHE
b3 5. COfEMSE T, REMEEKIC
XN % (Sugita et al. 2009). TERETE
BWOCEAED IR LIz &h3H D, Hughd Dfd
ENie (WEEIE A 2002). BHE TIE 1968 4L
WKEROA A TR PEEEINTOEN, B
ETIREEAEAATTEV IR SNEL U
NI ARSI RT 2003). ARIC & - THD
IANENT R O Felis catus ICIHIBE N K5 TH
% (WA - FElE 2010).

3. 2a/%

/N IREE S EAREY) T, INEIR ORI &
THHYITH S (X3). MEMERMKT, HERRIC
# 60-70 fHOHRFE M 5 HERLE N 2 EBEHY 20-30
em DEGREDIFS. 7 cmx4 cm DR G27%
DU, FEWREICUIRNTA 12 cm O 1D
HEMEENS., RREAT LkEL 5 HEMRG
2S5 (ETIEH 1989). AL 72 9213,
HEERDO ST AT ENTES. AHY TS
FAavEVICHEI NSRRI, BERFED
BTHB. 2 XK >THRIA/FHEHEEN
72WE % B A (Abe 2007), %< FHEENMET
I STz DRI DbND. K TORE
fidEL, REDERENTHS 1 F2hFT



AT B XS THB. MSZITMTT, R
REORNEINT B (EH 1983), JAFERKIA
RIMAHET 5. RBERBICIE, 2a/F0
SRRFEDO Y I %X 3/ 3 Pandanus utilis h3ARES
ENTVA.

. A&
1. ZERVR

AE (RS, RS, WS, B8 OXY
IS5 FayEY OEERAZMHERET 2729
2, BRERE Y= XTIk E 440y
TV OB E BIRMAEZIT> 1o, HEROKEE S
S ENHZDT, BTLICREAEZEZ
Fo. FIEFEAE, 20114E3 A, 67, 9-10 A
ICRE (O RS (10 Hig) Tfr->7z (K
5). MR, HHIET 1 RRR & HR 1 IR O
ICHANICASAA AT EY ZFHLTZ. 2D
R, AT EUDNRCLICKS (HH
A W RSN SRCHT (HHTR) R
THs. EHRQSSMETERORS A A0y
FUEMDZ VDT (Sugita et al. 2009), 7alhH
i BB g™ 2 E B EE RS 2 B 7 AR T L
TEADHEHE LTz, 22l BA IS T LA
R, BHEG A TS TR T U T2 58 S 72 LB W .
TN TOMEHICHEAELEN T —7
A Z (Game Spy D-55 IR, Moultrie Feeders, Inc.)
HRE L. 200l E7H2H»S 10 H 22 H
XTOWHMIC, BE2B8DD5BDH AT 2
LR/ FRENS 1-1.5m OFFEEHCERE L
7z.
2. 23/ FORIRE T3 A I DR
23/ FOEREERNDS oI, (R
5, BHE, WS, BE) ofiduEelnE (G
334km) OEASmUNICHEET S X/ F
CEGRZF U (1X5). MEARFEERK
PREZXF LU THA. BCIL—FLET, 2
O/ FICEESN IR AI LAY T T4
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TV DEEERZ. A439F) ORE
&, RIS N TUEE HIE, FRCRkHER
ZRETIRNY w Mg TOTEBITHIMTE
. JRIAIOBEIEHEH Y, () E5R
ONREzH 0 ErZREM LIRS, (D)
RIEZFFEEONREOFRS MO E BN
B, (i) SR 725 < Hll - 7o BIRD S - 72 (1K
4). Mz UzaR O LEPMED
FoNTOWARWEE (i &iii) o2 FEICHS
Uiz, £BRHTZ0 DBEOREZIFRB 1D
2, FAINCHWBINEERPOREOBS
#3207 31 —(0-33 %, 34-67 %, 68-100 %)
Wtz

3. a7 FRIGHNE

201147 H2H A5 10 H 22 HE TORIC,
Y % — 5 A5 (Game Spy D-55 IR, Moultrie
Feeders, USA) ZHWT, X3/ FREEHM
TREY LR L. 19fkoxa /F, 22
D2 2/ FESFITIUEN 545 g HIE, &>
F—HASGZRELTZ. 2O —H XTI,

o BEHREEMS
— BEL—H

5 FFavEyoHEBEEONEE 23 FHHED
—b.



£1 23/ FOAKEXAICEBAHR.

X AIOREERW Y3/ FRGOES

HE SHEHR BERE (km) 53/ FFE REARRE BRAARR
RE 38 11.8 1793 30.2% (n=473) 44.2% (n=147)
6-78 156 1390 70.4% (n=108) 33.3% (n=6)
9-10R 11.0 692 61.0% (n=41) 55.6% (n=18)
z5 6-78 0.6 50 0% (n=5) 0% (n=1)
9-10R 0.6 64 0% (n=8) 0% (n=3)
BE 6-7H 05 86 0% (n=5) J—hERBL
9-10R 05 105 0% (n=5) =k EiRBU
85 6-782 8.6 1044 35.1% (n=77) 0% (n=1)
9-108 7.9 911 31.0% (n=13) 35.7% (n=14)

24 RERE A EEN & &, BAT BB O L
M ZRlEk Lz, A XTIZEN2 DR/
FHRIUHB L. TOWN20IE, RKFADRE
BORETHS.
4. A aveV)o0xa )/ Fidnhe
AAaATEVIEZ T FORHERN 5m)
BT HAE TH 2 &V I REZMRGEET % 728
I, BEHEEEMNZETA AT (SR-12 /21
SR-X500, vV =—#A=tt) ZRELTHA D
Y OFMITH 208k Lz, 2011 £ 9 A
510 HlcMF T, EN2 1KY T A BIER A
. BT AAATER, AlT2a/FIT 191k
wiE LI, 23/ FIHRRT (A A a7 YN
WD THiaholzDT, ALlz¥Iavxa/+
ICE 3K, BT AT ZRE L. HIREN
300 5 1 BRI S ERE 2 FIMA LTz,
1 mBHT 0 7 KSR LT T o 72

H B
5

V. #&R
1. ZERVIRBE
HHBSHE TR, RETOARLT YT FF
ATV ZBIRTEHTENTE. RED9
BlgioW, s TAHAaYEY ZHEREL
. 8oL ZBIERTE ST, 1R
MIC 178 DA A TV EY Zidik Lz, RS
T, A4V EBVOBRENEDN ST (¥
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< J'J Morus australis, & Z 7 Terminalia
vawxa/Fx, 7 LAY Dypsis
lutescens D K, < = T ¥ ¥ Veitchia merrillii
DY), REICRE LIz Y —h A F1TAF
avEVIFREREN TV RN 2. /BT,
10 AT OBSH T RTTAA IV E Y 38
WTEY, AATTVEVOBRBBEERON SR
WMole. RREBICRIELEAAZICAAaTEY
R EN TV D o7z, HBICERE LIz A
FICHIDOA AT T A A a7 €Y M 2 [BlEdER
TNTWie 011 47 H 24 H 1% 8 K 36 77
IR, BRBICRELICAATICAAaVE
ViFidEnTwish oz, WELBETEA
aVEYOREFRDNLEN ST
2. 2/ FoRiHE

WSO AN — b OS5 m LN &G
4481 KD 2/ FWFAEL Tz, FRENIHIEE
K> TERATED, 302 % M5 704 % DX
J AR XN KB M ENDBEHEEZITT
Wiz (D, 732 XI0MMEHERENTDON
TWVWARBEHRETIE, 23/ FRENTFHET
ZicEhhb5d, )—b Rcx AT OERER
ol (RD. 22U, BETIEIV— MY
WKARIDOBEZHA L. £ERPORZI
DEFZZTZREOHIEZ, RERFHE BIC
Ko THATH-T2(GK2). REEREEBIC,

catappa,



#£1 2a/FESROBEHER. WEEBEE, ABEL— b LR XIOBEN > T2O TRV (272 LBETIRL—
FUCHR I DRIENH > T72).
BTREHL BIREHST
SAIRIRBLDOEERE B RE
B (F45+8D) (n) A B c A* B* o my
RE 38«25 R (23) 3.7% 3.7% 11.1% 66.7% 0% 0% 7.4% 7.4%
29+22 KRS (340)  74%  27.1% 115%  450% 0% 0%  65%  26%
3.5+3.1 i (57) 0% 19.3% 24.6% 49.1% 7.0% 0% 0% 0%
40+32 FALER (166) 133% 16.3% 3.6% 47.9% 1.2% 5.4% 5.4% 7.2%
28 AE (1) - - - - - - - -
33+24 KELSh (258)  35%  66% 155% 70.2% 04% 0%  04%  35%
34+18 H# (39) 77% 0%  103% 795% 26% 0% 0% 0%
27+3] KRS (143)  105%  7.0% 168% 622% 0% 0%  14%  21%

A=(ARH 2D 68-100%DH K. B=34-67%. C=0-33%

2R E I AR O EF2RE M E Ry
ETREEZI RGNt GR2).
3. xa/ FRIGNA

Y= AT G 23029 DB &t
BHEERE NI, A ATDMEDTN, L
Y ANDIKF DN 7R E Dz I R L T
Bzl &, 20979 KOARIZEBEAGERE N
To. BEEAEUL, W AT 1HHDFH 999
e (HEPH 17966 KO TH o7z, FIL /<2
A2 A HY T T T R Hypsipetes amaurotis
squameiceps P X X Zosterops japonicus & X5
TR EEREIN T (K6). 733X
B7H (RE6H, BHE1H) O XTICER
TNTVE. AvnkeB(RESH, B 1H),
earvid2H RE), Axavey Gl
& A %1 Apalopteron familiare (K& & Z N
TN 1 HBEDOARXATICRMENT W, lEkilig
DOREE, BPIREIC K> THEA TH -7z (K 7).
fhic R/ OTERME Rl E N Tz,
4. AF vV Of ke

FAavE) OGICB A RETEO YT
FBISUE, HEN22 1K 154 K 41 R DN
7z, COMRHICESICEN A A T EY 2
2011 £ 9 A 11 H23 K390 9 H 12 H 18 I
B0 2 AT ST ENTE, HIEREI
ZTNEN1 L 66 7 THoTz. A/ FRIHE
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w2 EH

PEE VS

*7n

*0 ==L FHYIIAA

avEY

7 Y= RATITREENIEIRE S & ORI

EERTAAA VR iR TEROIX 10
DR TH->T=. o1 EZEI TR/ FTid
gEN T FARFICEEEIOA A av 'Y B
FIRFICROER S NIzYRIZ R <, oA Aoy
TBYORSRDHEEHENT W, A av ey
RIS OB FICHE TS E Tz,

V. EL8
1. ZERVIRE

RIGICHRE UTBISEMRDIZ EAET, A4
OBV ZERT ST TER. —HT, RE
I T 2 S LB R, TEMT B O K
ENHAFATEVHBRIFEALEEINTI R
Mo T, AHRICKDA NI TSAAaTE
UNREZFH L TV RGNS SN
feo AT 280 (A5 B OB & F L) DA
DIRFETH D, WP EEZEOBEME L ATHE
RoTeDT, TORNZa/ FThZ2L T
feOME->ED Lz, LAL, gL Tk
23/ FREZ, HARETH->TeDOTA A
TEVIZEEDOTDICRFEDORME 2R LIC
fRRLIZEEADNS. TNETIC, WET
&, 199343 HIcA HY 75 ¥y Livistona
chinensis var. boninensis @ i W\ R (B 35 1%
M 1995), F LM, 7T 7 E R Syzygium
cleyerifolium var. microphyllum % &€ 2 < F %
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TOBREMERIN TV BN GiKiEh K5
), NGB EZ Ao/, A4
TEVUMNZLELRTEZRE EHEEHICE->T
F500m LARTHENTWAERY., A4av 'Y
FDMITREI N EW DT (Wiles and Glass 1990,
Epstein et al. 2009, Tidemann and Nelson 2004),
BEOBEIETMCEZENS. 5%, AEH
CEIEZRRMEREOBEN S, WEEREDF
F a9V WEAAAARED E S N2 B
HB51EA5. BETE, LI —IWASTEEBE
LR TE R oz, BEOAAaTEY DA
FURIZ2 Il 2145 mNd A AR A A+
Thol.

RETE, v —hATHEL OHH&R
OHEBIEO EE L TEAAaYEY ZFHAT
53 TEGEM >z, BRLESHDINER
Motz BHEICE 1960 FERICE DA ATy
FUMNMER LTV GHE 1969), 2003 40D
IMETHN A AT TSI AT ORYTE
23/ FOBREMERENTNBICTEZN
OIS TR VRS E SRR 2003). F 7RIS K -
T, AAaVEY ORITHRE L T2 LD
RENTWVBED (LZE RME), FERITARO R
DX S, BHEITIE 1968 FEEITH: Y B DA F
aEUMNERLTCWRdRAD ST M5,
AFORNSOMEARHZ, YUl TWEEE
ZAbNb. RIEBEREOHEIIN38kmdbD,
5 O EARESEARIIC B 2 [ REMEN S 5.
INEUVEREEE, AT 5 ERBRFEOWD 5
&, BRITFEI IR & WV o TR ERDE &
MICBE, KoMkl >dv. 5%, &Nk
A ETE L IREBERD S TH 5.

2. 23/ FoR5F LG

IR EBMEDDOEIEZE DRI/ FD
HEE, 302-704 % ThHhote (kD). Hiz
RERS N RIE EDOESROEIAIE, 20.5-
55% CThH-oie (£2). §XRTOXRI/FER



ROA, BBEZ 12% LHhRATEERNT L
IZix%. EBI, Y —hATIKIF IR
IR FOREEEZ THRHE D EGRNG
mEN T, 2o/ FREZ X AITHIRL
2B TIE, 481 % ODRENFLESN T
7z (Abe 2007). F X I DREFRFHLED OHE
EAWIETIEIARHATH 5D, FAIDRIEEEL
EOZEET DL, RFFEORMRIEHRLXIDE
B 7 W N LTV B AREFEDYE L.

Yo —h AT, IRIAINE-EE
ZRRENT W, Fiz, 73X, X
I/ FRIEDEKGRDORHAD 5 BIRZ T
e (Fl1E2)., eaRUNZT )/ FRELE
THATVZHGENGEEREN TV DD, &
KIFIFITANTOR O/ FREDA ATV EVIC
FAENZIETTHS. Za/FIWd B2
SOBELFHMEBOL EIE, Kz a/ F R
FROKERWS L, AATTEUNMEETEHL
TEREZBDEET D EREENS.

3. A ave) oidiftieh

CTF 4B, A4 3TV IZHEMTOR
fty (Za/F) KKkl A4avEUD
EARBD 2 Ve &, b & Tl
NZEENEE D LWV PHlIZRIRERIZES
Nighoiz. EFAREM & Hr RO E
ERDICE - T, HEDOAA aTE Y RekGmE
Db UTAlReMED S B, £z, A4 aw
FVUDNALT=Z T FITREN D 45 AR
EENHBRTZCehHE BH R, b
AT, AAavEIMEFIHHZ L% %
AR DRI D O, BEIE R TIEEAL L #fh
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Conservation status and an ecological role of Bonin flying foxes

in oceanic island ecosystem

Keisuke Ueda, Norimasa Sugita, Naoko Emura and Hajime Suzuki

In Pacific archipelagos, pigeons that can disperse large seeds have been greatly reduced or extinct,
so that flying-foxes play an unique role in longer-distance dispersal of the large-seeded fruits e.g.
pandanus (ca. 70 mm). Its effectiveness of seed dispersal depends on their population density.
In the Ogasawara Islands, two native pigeons are extinct and decreasing, and Bonin flying-foxes
Pteropus pselaphon survive. An alien species Black rats Rattus rattus has an impact on ecosystems
of indigenous flora and fauna by predation. Bonin flying-foxes carry intact seeds of Pandanus
boninensis in mouth but Black rats gnaw a hole in fruits and crunch seeds. We investigated the
relationship between the flying-foxes and pandanus, and estimated the impact of rats on native
species interaction. We counted the number of pandanus fruits and feeding marks by rats. To
test whether the flying-foxes are the effective disperser of native large fruits or not, we observed
their feeding behavior by IR video cameras. Pandanus plants (30.2-70.4 %) suffered from any
rat predation. Flying-foxes ate partly fruits and dropped them beneath the parent tree. Our results
suggested that the flying-foxes would lose opportunities to disperse large seeds because of the

seed predation by rats, the population decline of flying-foxes and their food habitat shift.

A study group for ecology of island flying-foxes
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TRIATFEFTOEZRRE AL L TR
R, EEICEHMTObNTWVWS K ICHAZ
FE5NBH, TOTF—RIIEHPTORBH R
EDRBEIENL L DEIGTEEN TV S IHE
MWD 5720, BILNEZRREOHERFIC DOV T
HFENBETHS (X 3). H)Il (2000) &7
RXIATFEFOT A VYA LOWZITH,
ZRPEOD S > Tz bRXTWS. 757K
B U 7ok Cld, (LT O s KU R
B EICBAIEL THD, BN X D 0 DTS
YA ADREEDENRDHZKIICRAZITIENS
(K 1. THUTDWOTIEMAHRILHIERES & DY
RICDOWTHIICHKRT 5.

2. WERMI X OFE il & O BlgE

FHERBROBIROMERND, 7 A TF
EFWEZ AR L THZEA TV HUEOREY)
THHTENHLNTE- T, 1 ERFDLTH
TR TSI SR o N DR, HEAR L EARD
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MOBEMNWEE L 22 557V OMEIE, %
PHCEHBKL T2 EEE RISV, FIZ TN
FNFO—FEX, 1 HO 1{EFICE 2 i, 1
JEDOFHEIC BEBZRT T b T2 &, 1
K EBHET) ObHZEETRRIT EMNAHET
bBHT LMD, ARENETHZEEZLN
. FRATGNFINFIFBEKETETYIF
A TN NF—FOLERDHTH HH, XA
2 3 UE AT NFINF D KRG & P S
MOREENT VAT, AEMEEREICE
BLTVRAENE H 5. AWFETIIEIC K
MLTzlz0, BENMSOEEICED, Z02HE
DX DTF ENEh -T2, T S5RZ5HEDE
2hHNE, BOOEZHEL THEL, 1k
WS LifE i Lz, RRodREe
DigmzZ Tz,

HEHRE I A TRRHORE 2R T 5 C
ENTET, i EZRET AT N TE



Ik A TFEFOMEAE.

THT

T Tz RN =3 S LTS DI
B TETCWIRVWT EDJRKHE LTI, Yy
2 —7) % XTI B EDH AT D
PEREN T BN D, FFOY A XL R
TEEMEEZD L, AADKHEYA XD
SEPRE L TOBAMREMEDE 2 5N b, 5%,
EREBIR 2T B HUL, MRS R
E L, ZTORBOITEIEN, fFriUnEaE s
TIILATFEFORHMREENS T &L DB
RICDWCafgam LTz,

3. AMlFERE X Ui

TR TIE, BT OIEFICBIEFTN | KL
A SN, TR I A TFTEF MR
THsEENBN, HEICELIRE LB LD
Ko TWa. LHL, TOBLNIKIEMDH
SNl eh b, TORMTIZEMITIER
CHALHTH- e EZBNS. HELNICH
RN D > 12720 T, MOFENET T
EhbBHTEN, METHSNTVS (H
1999). RIEFUABMOK R H TR,
COHAEHIC K2 Hd > 1) TH S AR
£H5. @wHZMOFHN, a2 hao—)LEDg
EFBCOMEEN o e e D, BHICK
LEITON TV E00, (LIRS %
LHERE Nz, Th SO TFORFERICE N
THEERHERIALENTVERND, EFOFLH
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WIFRRZ TN D < 75 & ORIEA 2 7z il REME
NH 5. NI TICIX, BEOM RS %S
W BT LIickD, FMEITENDNT, FEFA]
REL 2N H 5 (M 1999). AFEHNOE
FEOREXRLICTIILA TFEF MR EINT
WBD, TOMEARDSIEBTRET, BUEZIC
HELUBSEGIN DS, chboc ke, #H#i
HINICE ZBOREMFELTNB T &M D,
TIIATFEFIF, BRICKZEMICKS
THEEL, ZOREFIZFTRENZHED, BRI
Hikd 5 EZB5N5%.

4. W3 KOV HIBRES

BIBERIOT I A FXFEF DRENIC
BOTH, TONMCBERNAHO, (LHTEDR
EAEARMRDFFAIN D, BbefmAvm <, B
DI, IERORDOBIAN SHERE N
BMICE T I A TFEFE N LED S
T, AERBOMBHFEFTMOI S &, —HFH
BAHEMNICIE T I e/ IFEFIIEB LT
ROEHEIE NS, Fiz, ILTEHO REEAMKD
WETE, FIEFICEEER, EROZA-H
T SR E NAMTICE, 7RI ATF
EFREPMHLT Wi oz, ToTeid, 7<%
A TFEFDEHLUKET 3 DICHE R
JCEREEM, B D ORI, S O it
TS THWENENS T ENHHEEZ DS
N5, MICEZB L, GEEUTESO R EKA
T, EERMECD, BOZREHRMOHIC
DH, TIILATFEFHOMHL TS L E
HABTENTES.

TIIA TFEFOY A AR ERET B
L, BERBOEL S, SEEOEARMONITT
&, 7RIS TFEFOERIAIKREL,
AT Vi ERNH - . UL, Th
EWDOMMHDOMIITIE, EROMNTII A
SFEFHEREBT LTV, COEVE, B
Z5<, HWiEE, TIIeATFEFH, i
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D, ®ERZ, PHHAELEDZBEOmZH
FLEniRic, 2L D7 ILATFEFNE
WLIAERCH B EEZABDENTES.

VI. #eEER

AEICEK D, GBS, 7RI, T
FEF & 91 AR T2 LHTE, TOH
BB LA LTV e, ShERERE,
TEERBOFEREL D, 7Y AFFEFI,
FRATINTNFO—FEIC K O BREER DT
b, TENHIRIEHZEDD, H2BIEEDOEN
BIENMTON TV B EEZ SNz, i TEi S
OBIEUE, BN KRB D -T2, HE
icHENZZ L OISR, HithTORE7h
5ORFBEN S, MTHEEMCHHEEINT,
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ICERELEMEITEL, B2 < O EH L
TW5. LhL, ARKGEER o hNE
LLRBENTNE78, MgfaEEE T
5. COFKRELTE, 7Y TIFEFOD
EBRIE, M XUV HIBREI OGN 5,
TRIATFEFOEH & REITRHETTCER
ENEETH S LHREEI N,

GBI EERKEOREETH D, Kihod
Bk L Lhigd B &, IO IER N L R
ELTWBT NS, FERIIFRIRICHH 5 W ERER
MR SN2 e EZ25N%. FUEMETE,
D S OERIC KD, JEFEHEAMDFEZEL T
D (HE S8, 9), FEREMGEORE LKMo
B MIC LSS % &, FRERICYEDm &9 0.
EHIC, GIBEHZIUTEBO R, RiEthEZHE
REDNEHTED, TOMEIZEYRTVRT
BHOTEEERM L, EET SR RHTEE
IED AR D 2 T L TRSEL 720, KJEHA
BICK > TIRTZEHIRNICE ST LTS,
DX RGBT K D, GiEmEl
ORI, MDWHT & ¥R - T ERET A
HEhTwaeE26NS. DFD, ZEL
RO K 51 £75 <, KEIBGGRD
BEBDO K S ITEZICH S < 750, FE XV
B L BTN ET R TH S, 7~IkAo
FFEFIE, TONMREISHEIGLTHED, G
EJERAC DI, BT & RN ATREZR B3 Al AMFAE
TEHEEZLN (BHE 10, 11).

TIXILATFEFORBMTHZEEZD
N5, ERHIRIRICRZEF / FEEE, T
CTRPEDBEBICEBT LTS, KREE Rk
T CHOTRICEERE L THMZIRL T
XITRIATFEFOMER, BTHME
NTLLk, Rk Z R C & IasmicE
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BICHEIGLT, BAREE>TVEEEZILN
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TIILATFEFIZ, EFHICHER ENT
FCEREY, Mz L TEkD, AERED
BEZHARZRET SN E LT, SOOHTHE
BEMTHL. ARIET DX S ERRETHIC
BIEL TR, TOREZEZ S L XU,
EBEMTH 5 HEEICBOTHANRE S % C
EDREARAIRTHB. FRERIOHKICKD, 7
SIS TFEFIE, FV, BUEOREZHEHT
TBHILICKD, LIES < OfEAKREOHERHZ AT
RECTH B LHWrEniz. LHL, iEI Bk
BV DIz, BGNZEMEOE IR
N, BHERHEORE A L LB, SBOW
FHORETH 5.
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KHEICHTIz>T, BERBTBORZDOAEEKIC
&, MCHABEDOFROEL TS, £l
I B EBGVWEE, REHERGREZEMH
TBHIENTET L, BV LET. FcaER
EREOARO)LIMEE £k, #HBENZETLRTL
K21, LY EA—LEHOFR, BTOLENEMHDY)
SERTCVWRER L. JIIONHEE R, ARiFED
T LURERICGEHY TR TN, BEPHOKRD
TV EWTIN, T TEHOKFb LN, &b
B CTEHEEBTOWZLET. BRERKEHELEYR
#HY o 2—TF, REOECICEAMR2EHEET
WieizE, Z{E\ATE, BlKir#TE0T, M
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T T7 Y REENEPR VT E, i, HEE
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BT 5 2003, SUMIEEESA D FE P R S T O REYI O KEOHEGERMY 7 < I A SFEF (£F/
HEAL—PrREE & S WD EYptii—. Bunrui 3:77-94. FRD) ORYIARYT A XL IED AN, R -
HHTBGE 2000, MG ERY Y <~ 2 & A 5 FET llex SRS 56:7-11.
dimorphophylla DIRICEE T % EENIZE . TEKY: FHEST 1999, FEFEch. Bl &V ok <1> B
AR . PSR SRR, BRnl

Regeneration and reproduction of Ilex dimorphophylla, endangered

and endemic in Amamioshima island

Naoko Sashimura, Ken Ishida, Hidemi Kawaguchi and Katunori Fujimoto

Ilex dimorphophylla is an endangered and endemic species in Amamioshima island. 691
specimens were found around Mt. Yuwandake. We estimated that about 50 of them were
reproduced. Nomada sp. was found as a pollinator of this species. The mating experiments showed
only a few cases of parthenogenesis of this species. It is estimated that /lex dimorphophylla is
generally reproduced through normal pollination at this site. When the fruits ware about to turn
red, we set an automatic shooting camera with infrared ray sensor. Unfortunately we could not get
the picture of birds feeding themselves. But we assumed the there were some seed dispersals for
many seedlings were found at the site. Although the reproduction and regeneration of this species
are done normally at the site, the species distribution is very limited. In order to seek the reason,
we investigated the relation between Ilex dimorphophylla distribution and species composition and
structure of forests and site environments. As the result, a large number of llex dimorphophylla
trees were distributed in the forest with low canopies and tree density. Many Ilex dimorphophylla
specimens with long diameters were distributed in the forests with high rate of deciduous trees.
Mt. Yuwandake is the highest mountain on Aamamioshima island, where there are wind beaten
scrub forests, frequent surface failure caused by the siliceous mudstone geology and high rated
mixture of temperate deciduous trees. For those reasons, the forest floor gets a lot of sum light,
and Ilex dimorphophylla can be regenerated because of its adaptation to the light condition. The
in-site conservation is important for liex dimorphophylia only adapt to special environments. As
there is a few reproductive specimens deterioration of the gene diversity is concerned; however it

is possible to maintain the population of this species if the present environments are maintained.

Amami Ecosystem Research Group
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TreFhy—F 77 R 218 BIEEUREEE (2013)

WAL B FD IS 35U % =38 2 27 1 D s BEAL A
FAIME T OHBEHICG A B0

WD SIS IV —7
INGERIERR ' B S8R Y - W 7 s - PR

WA T, A DBRRIC XS T VEOWEDREEN TS, RFKTE, PAIc&sY
YHEHOWEN X AIFEZOMBFICEDR S Tz MEL TV DO0iidE Lic. &SR, 2010
12 A~2011 43 7 (REHWD L 201144 A~ 7/ RSN Ths. HEEAMBICREE N
TV BBGEMO NI CHREPI O EEZ RS 2 C LICk D EfUT. * X IFOMNEEE, T
EINCIEMANN TEZEH S NG S b, BEIICIIMN S O BN TED? o Tz FETiF%E & I H
AT FOHEMN I X IFDOERITHE LI O LHINE NS, 770y OMEER, *A3%L
[FARtDMZR LTz, COT &, ADMEMNICT 7 a8z REL TV AREEZ/R LTV 5.
LiL, FYRETVORARERMANNTERGASNEDN ST, O L, WEDHEN T A I

DHHFRIZ TRE > T 3D TR ROATREN 2R LTV 5.

. EC&IT

WA, > AR O A MR & B AR I
K 2 BMOFEEDSNCET TS (Cote et
al. 2004). ¥FiC, TABOEEE, WAEICETE
TEREEERIETT LN TVS (Jz&
%1E, Rooney and Waller 2003, Cote et al. 2004,
Takatsuki 2009). HAICIBWTE, =KV IH
(Cervus nippon ; LA, &9 %) OREEN
DN OARRNETHREENTHD, £
RRREDTDD Y I OERMNERE IR EE
725 T3 GEFIE A 2004, HHH 2006). LA L,
CHHORPBIWEDORCREE ST, BIHHE
WKETRSTEPMETNTNS. LT,
¥ A FEOAEREIEINC K % 2 X I PO
FHARBHTHRE TN TEB D (Flowerdew and
Ellwood 2001, Keesing 1998, Smit et al. 2001),
HATH KB 7 FICBW T A OBEFREICES
YYD K O X XTI LT BA]

REMEMMERI SN TS (HHIEA 2006). D
KO BT B OEBENDLEL, ThDHZ
IR E LTI 2HEHICE B ZRIFL
TWABHREMENEZ NS, 2L 21X, WiAR
DRI T, v homBEtck-> TR
OB S I XFEAMEMML, THIKERER - 23
A7 FHEEHERE T 2 X XF (Nyctereutes
BT DT NIRRT
nNTWa (B - /N 2010, [ 2011, Sekiand
Koganezawa 2013). L7zh->T, Y HHICKS
FAIFNDEZ, TOMBEHICETKAT
W3 ATREMEIE &,

WA OB YT, 1984 FELIFEIC T 1D
AL ML, TF 7 EEAOY I HILIZ
EAERIEL T EWMEETNT NS UhE
B2 - AET 1996). Lizhio T, BEKICHENT
ERE 7 FHOFID K 513 XM LT
ZAMREMEIE T IcEA NS, R AU, 7

procyonoides) DM

L PR E R AR AR 2: U LR RZHOE S IEA IR 30 T KR RZEGUREEI IR 4 TV E SR EEAT

2011.12.22 ZZ{}, 2013.10.18 2B



78y (Strix uralensis) 7 7135V % (Vulpes
vulpes; LUT, FY % &9 %), =K T~ (Martes
melampus ; LL'R, 7> &9%) Iz EDOHER
EixoTWVBTzd (Job 21X, 1A 1994, FHA-
JEBE 2007), B YEADIHIRITHE S 3 X I BHOW
MK ST, VAR EHEEICHENCAD
B MIEFLU TV AAREEDEZ 5N 5.

BESH TR T N TV 5 > HHROYE R
&, DA GHERIRET B T LICHEBDED
NTWRHENLL, T ITIZEIRHEDORSE
DBIRIEEEN TRV T EHZ . FHbkdRE
ROMREDIDITIE, FRERZHT 5 EYM
DOMEANFHZH S M T 2B DRI SN T
Wb ENSE (HEFIED 2003), SHEFE
FRMICHTT 5 RO EZ T L T < £
END 5.

AW T, SHROFREREHZINM L TV
 ETOEWERZES L ZHMNC, YA
KB X AXIFE ZDHBENDZEC DN TH
N,

. A

lE, WA FYEENT A RN O B H i
KBV TITo T (36°45'N, 139° 25" E). #H#F
PO = 1E, #1270 m ~ 1,500 m TH 5.
HYCHIMRERTIC & % &, 50 & EREY
EkEIZZNZEN 67 C, 2,103 mm (1971 ~
2000 fF) TH5.

AR T, I K BREEANDF B TR
T % 728, BifEEMt A INHARJE (1998 47) & kLG
J5 (2001 4F) DRI ZF NZFNAGARIR & B
BlCKORE SN GRIEER 163 km, [HFE
#1900 ha). ZD7zsh, MNTIES HDFEKE
BYERTH S Yy (Sasa nipponica ;
DUR, Y9 &3 % ; Takatsuki 1983, 1986,
Yokoyama and Shibata 1998) % {8 5 3~ % 77,
L CEMIRDIE & A ED, ¥ DARELF

78

MY T %1 I X F (4ster ageratoides
leiophyllus) >z Clc@E Z b > TV IK
HWTHs (ERII2008). MetkmMEICEIL T
i, MONANTHEZLIALNT, EBE5E
2 XF 5 (Quercus crispula) 2NV =1 (Ulmus
> 51 >IN (Betula platyphylla),
15 (Lalix kaempferi) 72 ETH 5.

IR U 72 BAREMHE, FEARRIC PRI, OWHEL
FHIC & > TRERT 5 2 L ARG & 75>
TWAM, HICH S NI S5 F Y 204 X
F75 EDMDOANZITERL TV HITEID IS
ENTWB. ZTOY, FiEihE, FRmzLE
DB & > TSR EGMERICT T L > TR
TENEZABNS.

dacidiana),

. A%
1. MWD g

FAEIARIE, 2010 40D 12 AM 5 2011 £ 7
HETEL, RANS3AXTZEEN, 44
WETHETZMSBHE Uk, WEIICE, it
NEY Y TEDNTWS. YT, 4 ANS
5 AICIEHOIRRETH D, 6 A S 7 HiClE
YHIAFTTHEDNTWAD, ZOTHFRIEY
Y LTz,

AL, HAAL TR SRENY) ORI 72 LR
T BT LI K DN L . SO,
FAIPUIHEICEK D, 77y 3RS LE
IKXKD, FYRETUVIEIAAT Ty THEICK
DINTz. LIRS, ThZNOfEEICDn
TR %.

1) x X IR

HHASMC 50 mxS0 m D71y M EENZER 2
HpS I OREL, Ty M 25Oy v —
< Y kZ v 7 (7.6 cmx8.9 cmx23 cm, H. B.
Sherman Traps, Inc., Tallahassee, FL, USA) 7%
10 m fEFRICERIE L, fHICIZEDOT YA EL
NZ—YE—F vy 2wz, g,



HEHEmBEHIcZhZTN 4 [EdDFEML 7z
1 MO EOHRBLIRIE 6 B 7 HE L, HHF
FNCREID 2175 Tz,

2) 7y DIRERLE

TJruavy o, BHHTHS2HNS5 6 A
IKMFT, 7Y B —EE B XU & HEEA
EDAI 2= — 3 UHRREZFFOIGE 2 %8
T5T L, MEHEEEDOHE TRV
DREDENEZFET B LML NTVS
(Lundberg 1980, 3/ 1989). MGERLiE LI,
TJruauhMocnsomEZMHAL, SEL
7 ouyORERZ —ERHAE——n5
L, TOMICHY 2RIz > TREROAE
ZHETHTFETHS.

75 1Z, Zuberogoitia and Campos (1998) I
e, Mt ZNZ N 500 m FEIRRIC 7 DO
A ZdRE Lz, 2 LT, SHSIcB0T,
WA - A (2001) ICERENTWS T 71y
DHEDREFZ, TIZNA—T AT LA
% — (iPod nano, Apple Inc., Cupertino, CA,
USA) &AR—YAE—7— (ER-2830W, TOA
ML, MEh) ZHWT s oLz, £
D, SOMAHKEL, CTORBAIICEEIR L
ik DALEZ, Jifhitifr 7z VT =MAflEkIC
KOHEE LT, #HEE S NTALENRED 556
IZiE, ZNH5RBETHIMEAE Uiz, SRE D
&, HR30 M SEHOHOHETEL
Te. ¥, HAANRIE 7 7005 Tth 5
2HMS 6 HETE L, KMl TORERENT
2~3HIicE4~5M, 4~6HIcE15~16
mITH- .

3) HAT LT v Tk

AAT T v THETE, MAMNICK 1.2
kmx1.2 km OFIEMZREL, TNZN 32 Ay
vallpB|Lie. ZLT, 32Xy ahb 16
AWy azTd YV ELNGRE, BA Y 2Dl
WCHER® T Y 2V A S (Game Spy D-55IR
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Moultrie Feeders Inc., Alabaster, AL, USA;L[F,
AATETB) ZZNZTNHER 075 m D
SICRRIE LTz, A AT DOREID G 1 a7,
SD J1— F L @Dz 1T - Tz
2. HiatiEbr

MRS BT 2 32 X IO HEDOHE
&, 1 7z DICHIE & N7 iEEREE H
T, Wilcoxon D FFSALMAMIAEIC & D FX
fe. 777U TIE, SHiRICBOWTRE
R U T 8RB D P12 FHI L, Mann-Whitney
D U MEIC K O Mt O O F =iz
FARTz, WAT ST v ETE, FHIcBY
BN AT OBBHBERICTH >/, fith
Wid ez iz, a8, 5 0 LINICiRge
SNEORETIEEAT Y N Uz, X
EOHEEAE, FHEOMEAER O VT
Mann-Whitney @ U fiEIC & D FHANTz.

WaHEATICIE, R2.10.1 (R Development Core
Team 2009) ZffiHL, AEUKAEIX S% & LTz

V. #&R

AR, BEEHNTIIMA TIIEN 11§
&, H7FTIIZEX 17 EATE S N, HHIIC
VAN T IEZER 106 fE{A, 74 TIEZE 15 fi
RSNz 1 BTz 0 OREMEAE, B
EHNCIIMNA TEG A D NED o7 (V=
11.5, P> 0.05), MEEHNIEMNK D EMAT
ZicEhok (V=188 P<0.001;[X1).

77 a7y OGEIR UEAR, 2 ~3 H FES D
IIEHNAE D & B Blic BT H Rtk S Niah -
feo 4~6 H (EEZH) BT, IBERL
TAEMAEL D IE, MNTIE 0.4, AL TId 0.2
Lz, & EMNTHERICEM > (W
=44, P=0012; X2).

AAT Ty TETE, Y xOHg T
FES NN TIE 6 B, M9 TiE 5 BT,
NN TIE 2 B, AT S EITH - Tz,
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2 MEHCESICBTBMNIOT 7y DIERL
AR M75 713 7THIRICHT 5HE 1 mbizbDTru
U OIS ER SR, HEE T OREREZ IR Y.

T > O I FHE I I T 7 [\, i
MNTIE 11 (BT, BEEINCIIMN T 1R, A
WNTIEORITH- Tz, FVx&T VOMHNYHC
B BRI, HEHRZHELICHER
TREED NG T (FYx D HEEH, W
=130, P> 0.05; M=, W = 111, P> 0.05;

TV I MEM, W =107, P> 0.05; %,
W =136, P> 0.05; [X3).
V. ER

YR X IO IN—E LTEHETHD
(Wada 1993), Y YHOWELIC K D H/N—hVix
ixBT e, X RXAIFOERICKE FHET
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LAMREMED RIS N TS (HHIE M 2006).
coT s, EEIITHBO TN K D SN
THRRAIFNE > RERNDO—DITIE, H13—
DHENERL TV S ED EHEHIENS. Ly
L, BT EEE 6 H TS 10 Al
MF TR IAFTHEKT S, AT,
I AFTHERT HREICIE, 7 AICUAEA
BEITH>TOERVEDD, W ORIEMEARIX
MADEDEDE 10152, EZh o7, TDC
Ehn, THERE, ERERL TW2HEYO
HEMKIE, FRXIFOERICE>TEKOEHE
THHTREMENEZDNS. £z, EEMICE
WTIE, R AIFOMAINC 351 2 FliEfa Rk
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X3 MEMEMBEHICBIZ T AF YRR YT VOH
WG TV 2V AT X BHeE . #7573 16 Higd

DT

WKIIEEARASNGZN T R, BHEDOZ
7% 1 A5 3 HIZEHMNAD 85 5y
TEXAIJIFEALHE I NS 2.
NHICOVTIE, BIRLICKE X IO
5 OAMI R, ERBAKDI DL
o TWAEEDERNNEZLNDEDD, §f
HIERHTH 2. 5%, BEEHICHBWLT, WA
WD X IO EEZ K O FEIC iR LT
WL 7zdbicid, Mg TIdR<HF RIicBlr%
FAIFAD RO A %75 DG E 5
TH»5.

7 7 OMNYNC 5 B AR, RS
i ZEH NI o T2h, EITISH
X0 EMANTHEEICE S, FAIFHLFAKOM
mZzR Uiz, 7 7a v 38HEHICE, BN
AL TV B T ERENTVS (H
£ dbE 2007). coTENS, FXIFOB
FROBENIS T T, NSO 7 7 a ORI
BIFIGENHVECT D EHEIE NG, coT
LiX, YANT 7B A DFEE N

-
(@

81

R, MERIE T DI E 2 RS

ELTWAHRENEZRL TV 5.

LhL, FVx&T VORI 2 R
EEE, 770U0X 5 ICHEEHEREZHICE
WOEWEH SN G-z, FYRET VI,
FAIFOMICBHELIIZHELELEY
BRE LTHIRAT 2728 (N - 21| 1983,
114 1994, 1EAH 2003), i DR E DA
IR R IHEHDOBHFRIZT TRE > TV BIRTIE
RODATREMED . RSP M BV TlE, A
DB K D —EoREIHE I I TEMEmL
TWVBTEARENTNS (B - /s 2010,
2011, Seki and Koganezawa 2013). T 5D
A, AKX ZADOMEIR (R XIFHD
) LIEORHEZNIR (RO I I O
A, FY kT v ORI AR /EH
LTWBHEENZRLTWS. 2720, AWt
T, FEHRENELS, FYRET U ORT
e H T Yoz, ZDld, 514, Th
5DHFEMEIC DWW THEEL TV L Fedicid, #k
FMLUTHEZEML T RENHZTHA

=
JTL



BR1 ABRETY 2 VH ATk DG E N T

BH2 HPRGT Y2V AATEX0RgEnN7 70y,

D.

NI TOMFEDOME, P HIFREHHEII
ZHEHENEE ST ik, XX F RS
FTWBTENHSMTE-> TS ([ 2011,
Seki and Koganezawa 2013). LA L, AEFIED
FER, AW NE E U T A IR A
TR, FTNHREIHICT Ay ORNTEEEL
TWVWABAREMEAVRE NI, TDXIIC, YD
WHEIIHICK > TRELCEESTWS D, &5
%, FRERREDIDHDOY HOEMEHED T
IediclE, THICTEIERMICHTEIN
DB, WBEZIIR0T OO RN
BHZIHSEMC LTV RENDHETHA .

HIEE

AW ziToIC DD, MILEERERE DI 7 J55 58
B, JTFEE R ORBEE KICE R X I IO HNE
HIECONWTEZL DTS EVWEEE LR £z,
FHERFZOANLEER, AATHR BEER,
HILERIS, TAKRFENIK, KHFRK, HEURTRY
KAFEOHRMERIC BB NI EZ Fi> TOIEE
X U7z, BREIRHCHRBRETEB, HOCHRMWE S
DERRICIEZZ DTS, AN 202w CillE
ZETTBHENTEE L. TTICRH U TEHDOR
ERLET.

SRR

FHRKIG « RAZEAT « REEF < S AT 2003, A
FEEFRICIBT % T > Martes melampus DEYE. THEL
FEFE 43:19-28.

Cote, S. D., Rooney, T. P., Tremblay, J. P., Dussault, C.
and Waller, D. M. 2004. Ecological impacts of deer
overabundance. Annual Review of Ecology, Evolution,
and Systematics 35: 113-147.

Flowerdew, J. R. and Ellwood, S. A. 2001. Impacts of
woodland deer on small mammal ecology. Forestry 74:
277-287.

BAIE— 2008, THiAREDHRDZEHR — HROLRE
Fonckuvon) 182p, HEHIK.

HEPERER - T3 - OV « REREL - e -
DHBEHEIE 2003, KB 7 BRI B % LY E1E
HICt & D HMAERRRE R (RN 8
145-158.

HAEE - MVHEE 2001, THAR B AE -5 M
420 447 p, /NERE

Keesing, F. 1998. Impacts of ungulates on the demography
and diversity of small mammals in central Kenya.
Oecologia 116: 381-389.

INETERIENT - HJIESE 1983, HYEHIEIC 380) % HHARL
AMOEED M (H ) — L IKELAFOEREY
LRy RFEYROBMEICDONT — PiAREE
PIERRIEES & 1: 67-82.

INGERIERR - T T 1996 BEDRIC BT 3=k Y
A OREICRIZ T B L ERRROMREE . 55
W7aF by =577 2 RO E 57-66.

82



Lundberg, A. 1980. Vocalizations and courtship feeding of the
Ural owl Strix uralensis. Ornis Scandinavica 11: 65-70.

R Development Core Team. 2009. R: A language and
environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. ISBN 3-900051-
07-0, URL http://www.R-project.org.

Rooney, T. P. and Waller, D. M. 2003. Direct and indirect
effects of white-tailed deer in forest ecosystems. Forest
Ecology and Management 181: 165-176.

B FR12011. REJEICHT %> & 2 X F O’
FAEM. 101 p, 2010 SRR TR 1
L

B A0 - NEBIERIERT 2010, A5 K IR B F b oD B e
MM BT 5 X I RFDINEK — > A K B
FUZEDOE —. AARTRMEEREE 92: 241-246.

Seki, Y., and Koganezawa, M. 2013. Does sika deer
overabundance exert cascading effects on the raccoon
dog population? Journal of Forest Research 18: 121-
127.

Gk « JEBIEE 2007, & LiLdbEIc s 2 ATH
2R LTz7 7oy ORGEHE LR ) O .
g 10 17-23.

Smit, R., Bokdam, J., den Ouden, J., OIff, H., Schot-
Opschoor, H., and Schrijvers, M. 2001. Effects of
introduction and exclusion of large herbivores on small
rodent communities. Plant Ecology 155: 119-127.

Takatsuki, S. 1983. The importance of Sasa nipponica as a
forage for sika deer (Cervus nippon) in Omote-Nikko.
Japanese Journal of Ecology 33: 17-25.

Takatsuki, S. 1986. Food habits of sika deer on Mt. Goyo,
northern Honshu. Ecological Research 1: 119-128.
Takatsuki, S. 2009. Effects of sika deer on vegetation in
Japan: A review. Biological Conservation 142: 1922-

1929.

FSEIE - R T« RS - AL - SEA
=L2006. KE7IFICHT BT Y OEIE * X3
DARIRIE — FHC B M DR & BED T —.
FIARAA 258 88: 348-353.

HHFRE 2006, HARNEICE TSV HME — N T h
DD D DFERZEE AT, HAEN - MHA
i TS GEPE 2 2 VRS — 21 LR
S 20-37.

WHFE « SRS « EACHESE « BIFFFH « Rk -

83

CSES - (ki Rk - #2 DE— 2004, HIKZ Xi5
EUTEREREME LTOY HEHOMA. R
LERE AL 9: 193-202.

P50 P 1989. 7 71w OEGEAERE . BTN RA )
BEISEER T 24: 55-67.

ARG 1994, RERAFINCBT STV, U,
TFI=, ZXFOEOLES . ARERER
TSR 7: 45-52.

Yokoyama, S. and Shibata, E. 1998. Characteristics of Sasa
nipponica grassland as a summer forage resource for
sika deer on Mt Ohdaigahara, Central Japan. Ecological
Research 13: 193-198.

Zuberogoitia, 1. and Campos, L. F. 1998. Censusing owls in
large areas: A comparison between methods. Ardeola

45:47-53.



Effects of high deer density on small mammals and their predators
in Oku-Nikko, Tochigi prefecture, Japan

Masaaki Koganezawa, Yoshikazu Seki, Kei Okuda, Ayako Fujitsu and

Masafumi Ito

In Oku-Nikko, the bamboo growth outside the deer-proof fence was eliminated by heavy grazing
by sika deer. In this study, to examine the effects of high deer density on small mammals (mice
and voles) and their predators, we investigated the abundance of small mammals, Ural owls, red
foxes, and Japanese martens inside and outside the fence during December 2010-March 2011
(winter) and April-July 2011 (snow-free period). Although the abundance of small mammals did
not differ between the areas inside and outside the fence in winter, the abundance inside the fence
was higher than that outside the fence during the snow-free period. The results of a previous
study suggested that the thick bamboo growth acted as a cover for small mammals; therefore, the
elimination of the bamboo growth by the deer grazing outside the fence probably contributed to
the difference in the abundance of small mammals inside and outside the fence during the snow-
free period. The abundance of Ural owls inside the fence was also higher than that outside the
fence during the snow-free period. This result suggests that the deer density could indirectly
affect the density of Ural owls. However, the abundance of red foxes and Japanese martens did
not significantly differ inside and outside the fence; this result indicates that factors other than the

abundance of small mammals also contributed to the abundance of these carnivores.

Wildlife Research Group in Oku-Nikko
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The current status of endangered aquatic plants in Japan with special
reference to data poor species

Yasuro Kadono, Takashi Shiga, Kaori Horii, Ryota Kato,

Tomohiro Kurazono and Tatsunori Kumazawa

98 species of aquatic plants have been listed in the Red List 2007. It means that 43 % of native
aquatic plants in Japan are threatened. The current status of their populations was evaluated
based on the recent information such as literatures and our own survey data. As a result, recent
information was insufficient and the present status was unknown for 39 species. This investigation
was conducted to make the present population status of the species clear. As a result, at least
more than one extant populations of 38 species were confirmed. But the situations were critical.
For example, the survey of Podostemaceae plants revealed that the species of Cladopus were
truly endangered in most of the populations but the population status of Hydrobrium species was
rather good. Only one population of Najas tenuicaulis was left presently and two populations
were confirmed for N. minor and N. yezoensis. In some cases misidentification resulted in
incorrect recognition of the present status of some species, e.g., Azolla japonica. Naturalization of
commercially spread endangered aquatic plants was documented in some areas. Such examples
are increasing and will become a serious problem to the conservation of biodiversity in Japan.

Hot spots of endangered aquatic plants were threatened by development and succession of
vegetation. The critical state of aquatic plants in Okinawa Prefecture was depicted as one of the

case.

Water Plants Team of Kobe University
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Study of environmental and vegetational history in Rishiri Island for
the wetland-ecosystem conservation and natural history education
—Natural history of Minamihama marsh,
by borehole cores investigation—

Masahiko Sato, Reisuke Kondo, Arata Momohara, Rika Nishiuchi, Miki
Konno, Yaeko Igarashi, Kiyoyuki Shigeno, Masashi Nagai, Kazuki

Kosugi, Kunihiko Endo and Tomohisa Irino

Minamihama marsh is located in southern coastal area of Rishiri Island, northern Hokkaido. The
purposes of this study are the elucidation of geological and vegetation history after the formation
of the marsh, by borehole cores investigation.

From the observation of core sample, it is concluded that the depression inset marsh was
formed at explosion crater by a volcanic eruption in ca. 4000 years ago. In the crater, the
depression has been rapidly filled with sands and gravels after the eruption. After ca. 3500 years
ago, the crater became a lake for a short period, and the Minamihama marsh was formed. In the
marsh, Picea glehnii community has been formed after 1400 years ago. But Abies sanchalinensis
is rapidly invading at present because of desiccation of the marsh.

In order preserve of Minamihama marsh, some events for local residents have been
conducted. Excursions have been held to observe the nature around coring points in the marsh. In
Rishiri Town Museum, lectures are held to share the results of this study with local residents and

scientists, and also a seminar of making surface peel specimens from borehole cores was held.

Research group for natural history of Rishiri & Rebun
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Population status of the Tertiary relict Tetracentron sinense in the
subtropical Ailao Mountains, Yunnan, SW China, and proposed
conservation efforts

Cindy Q. Tang and Long-Yuan He

ABSTRACT

Tetracentron sinense Oliv. is a member of the family Trochodendraceae, representative of the nature
of the ancient temperate flora of East Asia. The habitat and population status of this species has up to
now not been demonstrated. We investigated the habitat characteristics and population structure of this
Tertiary relict species in the eastern Ailao Mountains, Yunnan, SW China. On the basis of quantitative
data on floristic composition as sampled in 23 plots, three plant communities containing 7. sinense were
identified: (1) the Tetracentron-Schima-Castanopsis-Lithocarpus community, (2) the Lithocarpus-Schima-
Tetracentron-Alnus community, (3) the Tetracentron-Schima-Tsuga -Taxus community. The 7. sinense
trees studied had a maximum DBH (diameter at breast height, 1.3 m above ground level) of 200 cm (c.
280 years old) and an average of 55 cm (c. 86 years old), with a maximum height of 36 m, averaging 20.5 m.
Populations of 7. sinense occurred in unstable habitats by ravines, stream bank, valley bottoms, or steep
slopes. These populations showed a multimodal type of regeneration pattern. 7. sinense is long-lived and
dominates in the canopy layer, even reaching the emergent layer in places. Our study on the distribution
patterns and ecology of 7. sinense should yield a scientific basis for recommendations for the conservation
of its natural populations.

Keywords age structure, habitat, regeneration, Tetracentron sinense, Tertiary, Yunnan

INTRODUCTION
The mountain regions of subtropical China harbor
high plant diversity and rich Tertiary relicts and
endemism, and are glacial refugia for many plants
(Tang et al. 2006, Lopez-Pujol et al. 2011). Most of
this region was never covered by ice-sheets during
the Last Glacial Maximum (LGM); it is one of
the most important global Pleistocene refugia for
lineages that evolved prior to the late Tertiary and
Quaternary glaciations (Axelrod et al. 1996). China

has experienced a major loss of natural habitats,

particularly from the 1930s onward, mainly due
to the overlogging of forests for timber, fuelwood,
and paper, as well as from the conversion of natural
forests into mono-specific plantations and croplands
(Wu 1980, Tang et al. 2007, 2010, 2011a, 2011b). In
the subtropical region, vegetation grows in a multi-
dimensional pattern, the dominant vegetation being
the evergreen broad-leaved forest. Topographic
features are also important for creating diverse
patches, as demonstrated by researchers including

Sakai and Ohsawa (1994), Tang and Ohsawa (2002),

Institute of Ecology and Geobotany, Yunnan University, Kunming 650091, China
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Tang et al. (2011a).

Tetracentron sinense Oliv. is a deciduous broad-
leaved canopy tree and a member of the family
Trochodendraceae (previously Tetracentraceae),
endemic to East Asia. It only occurs in a few
restricted areas in southwestern and central China,
the Himalayas, northern Myanmar and Vietnam
(Doweld 1998, Fu and Bartholomew 2001, Qin
2004). Tetracentron fossils from the Tertiary period
have also been found in North America (Manchester
and Chen 2006). T. sinense is a nice timber. Its
populations in the wild have been affected by habitat
destruction, overexploitation, and it is now listed as
a rare and threatened species in China (Fu and Jin
1992). Its altitudinal distribution range was found to
be 500-2,900 m in ravines or valley bottoms of the
Himalaya region (Ohsawa 1987) and on scree slopes
at 1,450-1,900 m on Mt. Emei, Sichuan, China (Tang
and Ohsawa 2002). Beyond that, basic information
on the population size, structure, regeneration and
habitats of this species is scanty. Such information
is essential to the development of effective
conservation strategies. Taking into account that the
size structure of populations provides an indication
of their regeneration process, we analyzed the
population structure. Understanding the species
diversity of the patchy 7. sinense communities, as
well as their habitat preference, is important for
evaluation of the population status, because species
in a community often interact and depend on each
other.

The aim of the present study was to (1)
investigate the distribution pattern, population
structure and regeneration of 7. sinense trees, as
well as the floristic diversity in their habitats, and
(2) identify any threats and recommend methods of

conservation.

METHODS

Study site

The Ailao Mountains, located in south-central
Yunnan (Fig. 1), are made up of steep slopes leading
into very narrow valleys. On the mountains,
Meteorological observations at the Forest
Ecosystem Research Station, Xujiaba (24°32'N,
101°01'E, 2450 masl) show a mean annual
precipitation of 1931 mm, of which 85.0 % occur
during the rainy season from May until October.
The mean annual temperature is 11.3 °C, with a
mean monthly temperature ranging from 5.4 °C in
January to 16.4 °C in July. The mountain forests
are structurally and floristically heterogeneous
responding to factors such as climatic conditions,
topographic situation, and human activities. Since
the early 1980s, local inhabitants have had to
abandon most agricultural fields to following the
establishment of the Ailao Mountains National
Nature Reserve. Nowadays, a diverse, multifaceted
landscape mosaic is found, which includes primary
forest, secondary forest, successional shrubland, and

in the frontier zone of the Reserve, pastureland of

a
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Fig. 1 The location of the Ailao Mountains.
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varying ages. We established 23 plots (24°12.36'-
25°03.617'N, 101°17.903'-102°41.911'E, 2150-2850
m asl) containing 7. sinense on the eastern slope,
Zhelonghoushan and Maoershan. The plot sizes
range from 50 m x 20 m to 300 m x 80 m depending

on accessibility.

Field data
We recorded all the species and measured their
diameters at a height of 1.3 m (DBHs) and the
height of woody species >1.3 m tall in the 23 plots.
The coverage and maximum height of each species
in the herb layer were recorded. Each tree seedling
was identified, measured by height, and counted
for further analysis. We also recorded all the T.
sinense individuals outside the plots on the eastern
slope of the mountains. In the present study, young
individuals under 1.3 m are counted as seedlings.
We measured contours and drew micro-topographic
maps. The location of each individual was mapped
for each plot. Thirty main stems of the 7. sinense
were sampled at a height of 1.3 m using increment
borers. The dominant species were determined
according to the relative basal area (RBA) of each
species (Ohsawa 1984). Species diversity was
expressed using the Shannon-Wiener index (Pielou,
1969). Plant communities were classified using a
floristic similarity dendrogram with Euclidean and
group average clustering. The PCORD program
was used to perform the analysis (McCune and
Mefford 1999).

The field work was carried out in November
of 2010, and again from late March to early May of
2011.

RESULTS AND DISCUSSION

T. sinense trees thrive in ravines, stream banks,

valley bottoms, or steep slopes (Photos 1-3). Their
habitats are unstable. A typical micro-topography

map in a ravine habitat is shown in Fig. 2.

Photo 1 Deciduous 7. sinense with new leaf buds mixed with
other evergreen broad-leaved trees in a ravine. Photo was taken in
March, 2011.

Photo 2 T sinense distributed in a stream bank. Photo was taken in
March, 2011.

B - ?
Photo 3 T sinense dominates in the canopy and emergent layers of
the forest. Photo was taken in March, 2011.
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Fig. 2 The micro-topography showing 7. sinense distributed along
aravine.

Stands characteristics

In total, 75 woody species of 40 genera in 24
families were recorded in the 23 plots containing
T. sinense (Table 1). From the floristic similarity
dendrogram of 23 plots, the plots were classified
into 3 communities: (1) the Tetracentron-
Schima-Castanopsis-Lithocarpus community,
(2) the Lithocarpus-Schima-Tetracentron-Alnus
community, (3) the Tetracentron-Schima-Tsuga-
Taxus community (Fig. 3a). The Tetracentron-
Schima-Castanopsis-Lithocarpus community was
found at 2485-2795 m in stream banks in ravines.
Deciduous T sinense with other evergreen broad-
leaved trees Schima villosa, Castanopsis wattii, and
Lithocarpus chintungensis dominated in the canopy
layer. T sinense also reached the emergent layer
(36 m tall) in places. The Lithocarpus-Schima-
Tetracentron-Alnus community was located at
relatively low altitudes between 2,195-2,555 m. It
was a younger stand near a roadside. The maximum
height of 7. sinense was 16 m. The Tetracentron-

Schima-Tsuga-Taxus community, at 2,545-2,720

m, was found on steep slopes. Three life forms
including deciduous 7. sinense, evergreen broad-
leaved Schima villosa, and coniferous species
Tsuga dumosa and Taxus chinensis var. mairei
co-dominated the canopy layer (Fig. 3b). In
general, the vertical structure of the communities
was multilayered, including canopy, subcanopy,
shrub layer and understory. In the understory
of the forests, the coverage of bamboo Yushania
crassicollis was over 65 % except the Lithocarpus-
Schima-Tetracentron-Alnus forest, with a coverage
of less than 15 %.

The species diversity in the Tetracentron-
Schima-Castanopsis-Lithocarpus community had
the highest Shannon’s index H’ of 3.26, while the

other two were around 2.73.

Population structure and regeneration

The relationships (y = 1.33x + 12.68, r* = 0.76,
n = 38) between age and DBH show a positive
correlation (Fig. 4).

In total, 746 individuals of 7. sinense were
found within and outside the plots in the eastern
Ailao Mountains. The populations as a whole had
multimodal-shaped DBH and age distribution, with
more than one peak in the size-classes. Several
peaks occurred in 40-100 cm DBH-classes, including
69 to 146 year-old trees. 7. sinense trees included
a maximum DBH 200 c¢m (c. 280 years old) and an
average of 55 cm (c. 86 years old). Individuals of
less than 40 cm DBH, aged under 69 years, were
found in sun-exposed sites including canopy gaps,
forest edges, and roadsides. No surviving seedlings
of T. sinense were found in any understory having
bamboo with a coverage greater than 30 % in any
plot. The poor seedling bank in the study forests

is apparently due to the presence of bamboo in the
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understory. In contrast, a number of seedlings and
saplings were found in habitats such as roadsides
without dense bamboo in their understory.
Establishment of forest species in open sites
depends on the ability of their seeds to disperse,
to germinate, to compete and to survive (Cavallin

and Vasseur, 2008). T. sinense is a pioneer tree

characterized by a long life span that produces
abundant minute wind-dispersed seeds. While its
reproduction was by means of seeds in unstable
habitats, such as ravines, stream banks, steep slopes,
gravel mounds in the valley bottoms, canopy
gaps, or roadsides, the resprouting ability was

strong after disturbances in ravines, stream banks,
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Table 1 Floristic composition of woody species (height > 1.3 m) for the three communities.
Dominant species are indicated by boldface. RBA = relative basal area.

Community Tetracentron-Schima- Lithocarpus-Schima- Tetracentron-Schima-
Castanopsis-Lithocarpus  Tetracentron-Alnus Tsuga-Taxus
Altitude (m) 2485-2795 2195-2255 2545-2720
No. of Plots 14 4 5
Plot size 50m x 20m-300m x 80m 80m x 20m-200m x20m 50m x 30m-200m x 80m
Species RBA (%) RBA (%) RBA (%)
Tetracentron sinense 394 12.4 50
Schima villosa 13.9 25.4 12.4
Castanopsis wattii 10.8 2.1 4.5
Lithocarpus chintungensis 6.5 26.2 2.1
Acer amplum 5.9 0.5
Manglietia insignis 3.7 10.1 1.8
llex triflora 2.7 0.6
llex forrestii 1.8 2.8
Rhododendron irroratum 1.8 6.3 0.6
llex macrocarpa 1.4 0.3
Neocinnamomum delavayi 1.4 0.4
Lithocarpus pachyphyllus 1.3
Schefflera shweliensis 1.3 1.3 1.3
Taxus chinensis var. mairei 1.2 7.5
Lllicium simonsii 1.1 0.7
Machilus viridis 0.9
Acer elegantulum 0.8
Magonolia liliflora 0.6
Hartia sinensis 0.5
Acer mono 0.3 0.05
Neocinnamomum caudatum 0.3 0.1
Acer heptolobum 0.2
llex sp. 0.2
Machilus salicina 0.2 0.1
Rhododendron leptothrium 0.2
Skimmia arborescens 0.2 0.6
Vaccinium bracteatum 0.2 0.002
Fatsia japonica 0.1 0.02
Hllicium macranthum 0.1 0.6
Lonicera japonica 0.1 0.4
Machilus rufipes 0.1
Manglietia fordiana 0.1
Symplocos sumuntia 0.1
Skimmia reevesiana 0.09 0.08
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Litsea elongata
Machilus longipedicellata

Rhododendron ciliisalyx
Litsea elongata var.
subverticillata

Eurya cavinervis

Lyonia ovalifolia
Osmanthus yunnanensis
Phoebe lanceolata

llex szechwanensis
Schima argentea
Eriobotrya bengalensis
Eurya yunnanensis
Hydrangea macrophylla
Symplocos ramosissima
Berberis julianae
Camellia euryoides
Lindera thomsonii
Dendropanax dentiger
Aucuba himalaica

Sp. 1

Sp. 2

Eurya nitida

Berberris var. fersinandi
Ligustrum quihoui
Lindera communis
Rhododendron edgeworthii
Sp. 3

Viburnum cylindricum
Daphne cannabina

Acer flabellatum var. yunnanense
Alnus nepalensis

Betula alnoides

Tsuga dumosa
Rhododendron rubiginosum
Magnolia denudata
Symplocos sp.

Eurya brevistyla

Eurya paratetragonoclada
Symplocos sumuntia
Vaccinium duclouxii
Litsea rubescens
Symplocos hookeri

0.07
0.07
0.06

0.04
0.02
0.02
0.02
0.02
0.01
0.01
0.009
0.008
0.008
0.007
0.005
0.005
0.005
0.004
0.004
0.004
0.004
0.003
0.002
0.001
0.001
0.001
0.001
0.001
0.0008

11.4
4.6

0.05

0.02

0.007

24

0.002

0.004
0.002

0.004

0.001

9.6
0.3
0.2
0.05
0.02
0.008
0.008
0.003
0.001
0.0006
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frequency distribution of 7. sinense (H = 1.3 m tall).

valley bottoms and on steep slopes with frequent
landslides. The mean ratio of sprouts to main
stems was 1.5+£1.9 (mean+SD). 7. sinense is able
to develop deep roots in very shallow soils and in

rocky soils.

The ecological performance is similar to that
of other Tertiary relict plants. Trees of Davidia
involucrata grow mostly on valley slopes and valley
bottoms, where the soil often contains much gravel,
or on scree slopes on Mt. Emei, Sichuan (Tang
and Ohsawa 2002). Metasequoia glyptostroboides
is found on steep slopes and in deep valleys of
subtropical Chinese forests with sterile soil derived
mainly from sandstone (Chu and Cooper 1950,
Tang et al. 2011a). Ginkgo biloba is found along
eroded, rocky stream banks and on steep slopes in
the subtropical forest on Mt. Tianmu, Zhejiang (Del
Tredici 1992). Euptelea polyandra thrive in valleys
with repeated ground surface disturbances in warm-
temperate forests of Chiba prefecture in Japan (Sakai
and Ohsawa 1994). Michelia coriacea survive in
limestone outcrop habitat (Tang et al. 2011b). All
these trees have established themselves in unstable
habitats where competition from other trees is

limited.

Conservation

Many Tertiary relict tree species are now represented
by only a few living specimens in China. Their
conservation is of great concern for China and
for the world, because of their rarity and their
phylogenetic traits. Efforts to conserve 7. sinense
will focus on preserving habitats by protecting
valley bottoms, ravines, and stream banks. Damage,
logging and firewood cutting must be prevented
to maintain present populations and to enhance
recruitment of seedlings. For the long-term survival
of T sinense, it is critical to increase the population
of seedling banks by protecting them where they are
at risk, as on roadsides. This rare species can thrive

if given the chance.
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Restoration ecology of abandoned mono-specific rubber and

Acacia mangium plantations in tropical rainforests of

Selangor, Negeri Sembilan, Federal Territory - Kuala Lumpur, and

Sarawak, Malaysia

Baki Hj Bakar

PHASE 1
Research activities focused on the restoration
ecology of mono-specific rubber plantations in
tropical rainforests of Selangor, Negeri Sembilan,
and Federal Territory - Kuala Lumpur, Malaysia.
The results of these studies have been reported in
the First Report. One output of this research is man-
power training with Ms Nurfilza Nasir registered
under our supervision for an MSc programme in the
University of Malaya. She is now in the final stage
of her preparation of the thesis, due to be submitted
by February - March 2012. She is also in the final
stage of preparing and submitting a joint paper for

the Journal of Tropical Ecology.

PHASE 2

The initial studies on the restoration ecology
of abandoned mono-specific Acacia mangium
plantations conducted in tropical rainforests of
Selangor was abandoned following the reclamation
of the study sites for replanting of rubber trees by
the relevant government agencies.

We shifted the study sites to include ex-

plantations of 4. mangium in Sampadi-Lundu

Forest Reserves, Sarawak. Extensive field census on
species shifts and succession were conducted with
the help of botanists and field assistants from the
Sarawak Forest Research Centre, Kuching with plots
set up in the pristine tropical rain forests nearby as
the control. Initial look at the collated data collected
indicated some “missing links” among tree species
continuum in terms of similarity of species entity
and composition between Stage 3 (~ 40 years after
abandonment/harvest) of the 4. mangium forests
and the climax tropical forest (arbitrarily named
as Stage 4). This warrants a further look for the
study sites elsewhere in Sarawak, perhaps in Sabal
Forest Reserves, Sri Aman or Suai-Lambir Forest
Reserves, Bintulu where A. mangium plantations
were once established and the remnants of those
forests (~ 50 years after abandonment/harvest) still
prevailed.

We would like to establish more study plots
in those aforementioned forests with the hope/
aim of establishing a reasonable continuum of
species succession from Stage 1 (15 ~ 20 years after
abandonment/harvest) through Stage 2 (20 ~ 30

years after abandonment/harvest), through Stage 3

Institute of Biological Sciences, University of Malaya, Malaysia
Received March 28 2012, Published October 21 2013

151



w g Nl

g o
- ‘.9 —

Fig. 1 Location of study sites at the Sampadi-Lundu Forest Reserves, Sarawak.

(30 ~ 40 years after abandonment/harvest) through
Stage 4 (~50 years after abandonment/harvest) to
Stage 5 (climax tropical rainforest). The trend(s)
of species succession in 4. mangium forests after
different duration of abandonment would give us
a good picture of pioneer tree species that come to
colonize the prevailing canopy openings in such
forests, to what extend those pioneer tree species
contribute to the succession processes, and to
what magnitude in terms of species richness and

similarity in the succession continuum.

PHASE 3
We believe that 4. mangium forest plantations
serve as epicenters for the migration, hitherto
invasion into forest openings and open spaces as
well as derelict areas in the rural and townships
of Malaysia. This is especially evident along the
roads, highways and openings in the townships.

These new populations of A. mangium, are in fact,

satellite populations which at some stage act as new
epicenters for further invasions. What were once
A. mangium forests have been also planted with 4.
auriliformis, and a lot of hybridization has taken
place between them.

The invasiveness of these Acacias is of concern
to the authorities in Sarawak in particular and in
Malaysia in general.

We took the initiatives to map Acacia
aggregates in Sarawak based on presence/absence
data on the incidence(s) of especially along the
roads, highways, new townships and derelict farm
areas. This led to population census/survey of
Acacia spp. aggregates from Sematan in the western
frontier of Sarawak to Lawas in eastern Sarawak.
These data will be augmented by spectral analyses
of satellite imaging of Acacia species aggregates in
the state of Sarawak.

Based on my discussions with the Director and

Deputy Director 11, Sarawak Forest Department
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recently, 2 or possibly 3 forest officers/researchers
wish to pursue the above research (Phase 2 & Phase
3) at the MSc/PhD level locally or abroad.

We hope after gathering these data and
presenting them to the authorities in the state,
mitigation programmes to arrest further invasion of
Acacia species aggregates could be instituted by the
relevant authorities in Sarawak in particular.

Based on current estimates of spending, it
would be reasonable to request further funding
from PRO NATURA FOUNDATION JAPAN to
support the remaining part of Phase 2 and Phase 3
of research activities to be carried on in earnest.

The location of study sites in the Sampadi-
Lundu Forest Reserves and the Acacia plantations

nearby is shown in Fig. 1.
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Conservation of relict plants and its habitats along the altitudinal
gradients of the sub-tropical evergreen broad-leaved forest of the
Bhutan Himalaya

Pema Wangda', Dorji Gyaltshen', Tshewang Dorji' and Rebecca Pradhan®

ABSTRACT

The study was carried out along the humid altitudinal gradients from the southern foothills (250 m a.s.l.) to
the mid-mountain top (3370 m a.s.l.) of the Bhutan Himalaya. Climatically, the study area covers from hot
humid sub-tropical type at the foot hills through warm humid sub-tropical type, cool humid temperate type
and to the upper cold temperate types. The study area falls on the windward side of the Bhutan Himalaya,
hence receives heavy precipitation of 4687.7 mm annually from the Indian plains and decreases along the
altitude towards the inner Bhutan Himalaya. The annual mean temperature decreased with a lapse rate of 5.7
°C/100 m from 24.1 °C at the foothills (250 m a.s.1.) to 6 °C on the mountaintop (3300 m a.s.l.) indicating
humid conditions. The mean maximum temperature was recorded at 26.6 °C in July and a minimum of
16.9 °C in January at 250 m a.s.l. and a maximum of 11.2 °C in July and a minimum of -0.5 °C in January
at 3300 m a.s.l. respectively. The extreme climatic conditions and wide altitudinal range influences the
existence of diverse forest types including relict/primitive and endemic plants in the study area.

The attitudinal vegetation series was classified into five broad forest types; (1) Sub-tropical broad-
leaved forest (469-792 m a.s.l.), (2) Warm evergreen broad-leaved forest (896-1552 m a.s.l.), (3) Cool
evergreen broad-leaved forest (1740-2161 m a.s.l.), (4) Mixed evergreen-deciduous broad-leaved
forest (2688-3025 m a.s.l.) and (5) Cold conifer forest (3088-3300 m a.s.l.) respectively. A total of 121
tree species belonging to 54 families were recorded with Lauraceae as the dominant family followed
by Ericaceae, Fagaceae and Rosaceae. Evergreen species dominated with 84 species followed by 35
deciduous species and 2 conifer species.

Relict/primitive and endemic plants recorded along the altitudinal gradients include conifers (Abies
densa), Magnoliaceae (Magnolia, Talauma), Lauraceae (Cryptocarya), Hamamelidaceae (Exbucklandia),
Tetracentraceae (Tetracentron), Lardizabalaceae (Decaisnea).

However, several human activities were occurring along the study area causing threat to the relict/
primitive and endemic plants including important oak-laurel forest. It is highly recommended to phase out
particle board industry from the study area and conserve the forest for future generation as the area harbors
diverse endemic and relict plant species of not only Bhutan but also of regional and global importance.

INTRODUCTION broad-leaved forest (Shouyou-jurin) of Asia
The foot hills of Bhutan Himalaya stretched from  stretching from Japan, China, and Korea including
Samdrupjongkhar district in the east to Phuntsholing ~ Bhutan, Nepal and a part of Northern India (Fig.
in the west along the border with India. The 1A). Hence deserves to be studied for conservation

southern part of Bhutan is also a part of the Shiny  of this forest.

1: Research and Development Centre-Yusipang 2: Royal Society for Protection of Nature, Thimphu, Bhutan
Received 28 March 2012, Published 21 October 2013
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Climatically, the study area receives heavy
precipitation (c. 4700 mm annually) and remains
under humid condition for most time of the year
favoring high biodiversity including relict plants.

The lack of basic ecological information
including the importance of relict and endemic plant
species may lead to the loss of biodiversity mainly
primitive or relict plants. This study aims to collect
important ecological information for sustainable
conservation of biodiversity and relict/primitive
plant species in Bhutan and around the region.

The word relict refers to a surviving remnant
of a natural phenomenon. A relict (or relic) plant or
animal is a taxon that persists as a remnant of what
was once a diverse and widespread population.
Therefore, those species needs special attention for

conservation and protection.

OBJECTIVES

The study aims to understand the basic ecological
habitats of relict plants and its associates along the
humid altitudinal gradients of the Bhutan Himalaya
including the climatic conditions. Specifically the
study tries to:

1. understand the climatic conditions,

2. define forest types along the humid altitudinal

gradients

3. inventor relict/primitive and endemic plants

and

4. to recommend for conservation of the important

humid broad-leaved forest of the Bhutan

Himalaya.

STUDY SITE
This study was conducted along the altitudinal
gradients from the mid-mountain top at 3370 m a.s.1.

under cold temperate fir forest to southern foothills

at 250 m a.s.l. of sub-tropical broad-leaved forest
(Fig. 1BC). The present study is specifically located
in Chukha Dzongkha (District) in South-Western
Bhutan (Fig. 1B).

METHODS

Temperature and relative humidity

Air temperature and relative humidity were
recorded using HOBO Onset data logger (Onset
Computer Co. MA, USA) installed along various
locations. Eight data loggers were installed along
the altitudinal gradients from conifer forest at 3370
m on the mountain top to sub-tropical broad-leaved
forest at the foothills at 250 m a.s.l. The HOBO data
loggers were set at hourly interval data recording.
The data was downloaded every after three months
of recording and batteries were replaced after

resetting the loggers.

Litter and soil sampling

Litter and soil samples were collected by setting
small quadrats (0.5 m by 0.5 m) in each sampling
plot. The samples were separated into litter,

fermentation-humus, and soil surface layer. Dried

Foot hi S0ma.s.l)
e

o=

©
Legend
A Plot Location

®  Metro Station Location
Cont 200m

Fig. 1 Map of the study area; (A) distribution of shiny broad-leaved
forest, (B) map of Bhutan indicating the study are and, (C) study
area showing plot distribution form 250-3300 m a.s.1..
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samples were sent to the soil laboratory for analysis

(SPAL), Semtokha, Bhutan.

Socio-economic survey (Ethno-botanical survey)

The socio-economic survey was conducted using
semi-structured format and conducted interview.
One farmer from each household was interviewed
from 4 block (geogs) distributed along southern
foothills (300 m) to mid hills around Gedu (2100 m).
A total of 72 households were interviewed. This area

includes only the major agricultural settlements.

Vegetation survey

Vegetation sampling plots were laid along the
altitudes. A total of 20 vegetation plots were
established. The quadrat sampling was adopted for
inventorying the tree layer.

The trees occurring within the quadrat attaining
a height greater than 1.3 m (H > 1.3 m) were
measured, identified and recorded for tree height (H,
m), height of the lowest living branch (HB), height
of the lowest living leaf (HL) and diameter at breast
height (DBH, cm at 1.3 m above ground).

For regeneration survey, all seedlings and
saplings occurring inside the plot measuring 2 m
by 2 m were identified and their height and age
were estimated by counting branch tiers and/or bud-
scale scars. The fieldwork was carried out from
November 2010 to September 2011. Nomenclature
of plants followed after Flora of Bhutan (Grierson
and Long 1983-2000; Noltie 1994-2000), The
Orchids of Bhutan (Pearce and Cribb 2002), Weeds
of Bhutan (Parker 1992), Wild Rhododendrons of
Bhutan (Pradhan 1998), Flowers of the Himalaya:
A supplement (Stainton 1988), Flowers of Bhutan
(Nakao and Nishioka 1984), Flowers of the
Himalaya (Polunin and Stainton 1984), and Photo-
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album of plants of Eastern Himalaya (Hara 1968).

DATA ANALYSIS
Climate data analysis
HOBO Onset data loggers were downloaded using
BoxCar Pro for Windows, Version 4.3 provided by
Onset Computer Co. and HOBOWARE. After each
download, batteries were replaced and reset the
logger again. Simple climate analysis using excel

was performed.

Vegetation data analysis

Species basal area (BA, cm’) was calculated from
DBH data of tree individuals and calculated the
relative proportion of each species’ basal area in
percent (Relative Basal Area, RBA %). The RBA
of each species was used as abundance measure of
species in a community. The dominant species of
the altitudinal plots were determined based on the
dominance analysis (Ohsawa 1984, Kikvidze and
Ohsawa 2002).

The preliminary data was processed using
pivotal table of the Microsoft Excel. Once the data
was processed, analysis was carried out by using
PC-ORD version 4 (McCune and Mefford 1999)
and cluster analysis was performed using distance

measure of Sorensen (Bray-Curtis method).

RESULTS

Climatic conditions along the altitudinal
gradients of the study are

The seven HOBO onset data logger (Temperature
and relative humidity) installed at various locations
were downloaded and analyzed for annual mean,
minimum and maximum respectively (Fig 2 B,C).
The annual mean temperature decreased from 24.1

Co at the foothills (250 m a.s.l.) to 6.0 oc at the
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Fig. 2 Thermal conditions of the study area; (A, A’) RH (%) & annual mean temperature (°C), (B) seasonal temperature along the altitude

and (C) change in temperature along the altitude (Lapse-rate 5.7).

mountaintop (3300 m a.s.l.) with a lapse rate of
5.7 (Fig. 2C). Interesting pattern of mean monthly
temperature was observed from April to September
at the lower altitudes (250 m, 450 m and 950 m)
where the temperature curve remains flatten. On the
contrary, the mean monthly temperature steadily
increased till July and decreased (Fig. 2B). The
maximum temperature at 250 m a.s.l. was 26.6 °C in
July and a minimum of 16.9 °C in January while it
was 11.2 °C in July and -0.5 °C in January at 3300 m
a.s.l. respectively (Fig. 2 B). The relative humidity
was 72.5 % at 250 m a.s.l. and increased to 88.6 %
at 2500 m a.s.l. and again tends to decreased to 85.8

% at 3300 m indicating a cloud zone between 2000-

2900 m a.s.l. (Fig 2A). The mean monthly relative
humidity increased towards the monsoon months
and remains relatively lower during the winter

months (Fig. 2A”)

Vegetation analysis results

The vegetation survey data obtained from 20
sampling plots covering whole altitudinal series
from 496-3300 m a.s.l. showed diverse forest types.
A total of 121 tree species comprising of three major
life-forms of evergreen, deciduous and conifers were
recorded (Fig. 3A). The dominant life-form was
observed as evergreen with a species of 84 followed

by 35 deciduous and 2 conifers respectively. Along
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the altitude, the upper mountain top is dominated
by conifers mainly Abies and Juniperus followed
by deciduous-evergreen mixed forest of Magnolia,
Gamblia, Lithocarpus, Rhododendron, while
the mid-altitude forest were mainly dominated
by evergreen broad-leaved species of Quercus,
Cinnamomum, Castanopsis and finally the lower
altitude remain as mixed evergreen-deciduous forest
of sub-tropical types respectively (Fig 3A). The
high diversity of family members belonging to 54
families were recorded (Fig. 3 B). The maximum
number of species recorded was under the family
of lauraceae (10 species) followed by ericaceae (9
species), fagaceae and rosaceae (7 species each),
and euphorbiaceae and symplocaceae with 5 species
each (Fig. 3 B).

The altitudinal series of Phuntsholing-Gedu
covering from 250 to-3300 m a.s.l. was classified
into five major forest types by cluster dendrogram
and determined by presence of dominant tree species
(Fig. 4). The five forest types were (1) Sub-tropical
broad-leaved forest between 469-792 m a.s.l., (2)
Warm evergreen broad-leaved forest between 896-

1552 m a.s.l., (3) Cool evergreen broad-leaved
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forest between 1740-2161 m a.s.l., (4) Mixed
evergreen-deciduous broad-leaved forest between
2688-3025 m a.s.l., and (5) Cold temperate conifer
forest between 3088-3300 m a.s.l. respectively (Fig.
4).

Several relict/primitive and endemic trees were
the most important tree species recorded in the
study area. These species were distributed along
different habitats covering the whole altitudinal
range from sub-tropical to cold temperate habitat.
At the lower altitudes (469-792 m a.s.l.) two
important tree species of Talauma hodgsonii (15 m,
32 cm) and Duabanga grandiflora (41 m, 140 cm)
belonging to the magnoliaceae and Sonneratiaceae
were recorded. Similarly, relict/primitive and
endemic plants of Tetracentron sinense, Ixonanthes,
Cryptocarya bhutanica and Talauma hodgsonii were
recorded in the Warm evergreen broad-leaved forest
between 8§96-1552 m a.s.l.. In the cool evergreen
broadleaved forest between 170-2161 m a.s.l., the
most important relict plants were Exbucklandia
populnea, Corylopsis himalaica both belonging
to the relict/primitive family of Hamamelidaceae.

In the Mixed evergreen-deciduous broad-leaved



forest (2699-3025 m a.s.l.), the relict/primitive plant
species include Taxus baccata, Magnolia campbellii,
Decaisnea insignis and finally in the cold temperate
forest (3088-3300 m a.s.l.), Abies, Juniperus and
Rhododendron kesangiae were recorded as an

important plant species (Fig. 4).

SOCIO-ECONOMIC OF THE COMMUNITIES
A total of seventy two households were interviewed

during the study period covering four different eco-

regions from southern foothills (Sampheling Geog)
at 300 m, Kamji (Geling Geog) at 1000 m a.s.l,
Darla Geog at 1700 m a.s.l. and Bongo Geog at
2000 m a.s.1. (Fig. 5, Tab. 1). Among the households
interviewed 73. 6 % were male compared to 23. 4
% female with an overall average age of 47 years.
Majority of the farmers interviewed revealed a
strong human intervention on forest was from the
industrial activities such as particle board factory,

logging with a lesser impact such as traditional
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Figure 4 Dendrogram depicting different forest types of the study area based on cluster analysis and presence of relict/primitive and endemic

plants.

Table 1 Details of households interviewed for the biodiversity survey of the study area.

Gender
Geogs (Block): Totalinterviewee : Occupation Age

§ : Male Female
Sampheling 18 Farmer 48 17 1
Geling 14 Farmer 9 8 6
Darla 20 Farmers 50 © 20 0
Bongo 20 Farmcr 47 8 12 ;
Total 72 . Averageage . 47  53(73.6%) 19(23.4%)
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Community meeting at Bongo
(2000 m a.s.l.)

| Community meeting at Darla
‘/// (1700 m a.s.l.)

Community meeting at Kamji
(1000 m a.s.1.)

Community meeting at Pasakha
(foot hills, 300 m a.s.l.)

Figure 5 Community meeting and discussion including interview related to biodiversity and change in vegetation in the study area

(settlements).

Figure 6 Phenological observation of Decaisnea insignis from flowering fruiting and seedlings.
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Fig. 7 Tetracentron sinense in the study area and saplings grown in the research centre.

practice of open cattle grazing by the local farmers.
An exotic conifer plantations were also done by the
loggers in the area, as such the farmers believed that
biodiversity of the area was greatly affected besides

reducing the grazing area.

CONCLUSION / SUMMARY
The present study found presence of several
important relict/primitive plants along the humid
slopes of Phuntsholing-Gedu series (250-3300 m
a.s.l.) which were under strong human intervention.
Human intervention includes commercial logging,
settlements (rural and urban), subtle traditional
practice such as grazing, rural timber (selective
logging), shifting cultivation and orchards (oranges
at lower altitudes). There were also dangerous trends
of planting exotic conifers (Cryptomeria) after large

scale logging in the study area.

The relict plant species includes Zetracentron
sinense (one genus, one species belonging to
one family) which were distributed only in the
Himalayas and endemic to Eastern Himalaya and
China. Similarly, Decaisnea insignis is another
deciduous relict plant in the Himalayas (Fig 6)
endemic to Eastern Himalaya and South West China.
Other relict/primitive plants include Exbucklandia
populnea, Corylopsis himalaica, Talauma hodgsonii,
Taxus baccata, Ixonanthes, Cryptocaria bhutanica,
Magnolia campbellii, Daubanga grandiflora etc.

The study area showed diverse forest types as
a result of extreme climatic conditions covering
sun-tropical type, warm temperate, cool temperate
and cold temperate types respectively. Five forest
types depicted were; (1) Sub-tropical broad-leaved
forest, (2) Warm evergreen broad-leaved forest,

(3) Cool evergreen broad-leaved forest, (4) Mixed
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evergreen deciduous broad-leaved forest and, (5)
Cold temperate conifer forest.

Thus, the study area deserves to be protected and
conserve not only for Bhutan but also for the region

as well.

ACTIVITIES RECOMMENDED
Decasinea insignis: Monitoring of phonological
cycle of the relict plant was found important. During
the course of study period, Decaisnea insignis was
found flowering, fruiting and seeds wee collected.
The seeds were sown and grown in the nursery (Fig.
6). Such initiatives were found important to create
awareness among the community and the resource
managers. The fruit was found to be edible.

Tetracentron sinense; A monospecific
Tetracentraceae family which is one of the
monotypic east Asiatic families of Trochodendrales.
It is an ancient relict angiosperm (vesselless) having
one genus, one species and one family is also found
in the study area. Some seedlings were collected
and planted in the research centre since it was found
difficult to grow through seeds. The seedlings were

found performing well (Fig. 7).
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