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Effects of inhabitation of the common cormorant (Phalacrocorax carbo Kuroda) on
forest ecosystems - a basic study for conservation and management of the hahitat
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EFBAER,

3-3-3, HMoOEEHE

Yrd:Bo PLOT1 & PLOT 2@, ~V b o> 7 F D
/WNXE] No. 14-15 & No. 20-21 LU T s iz F
RTHY, LichoTENTNESA TSI EIAL T2
T 5 LHCE D, M, DBH, 4 TR OB,
7y ETCEREICEDNH - Iz (Kruskal- Wallis's test, #if
W, H =859, P<0.05; DBH, H=8.89, P<0.05; 44
T, H=42.60, P<0.001) (K3-4), &5, Mkksh
Jzb  FRAX TR S N PLOT 14, AR TEics
%5 PLOT 3 (v =—4}) Ll T, +_ToflE
HEOWEE B TEPD 2 DO FER L HEEIRD
Hhiz (Tukey-type nonparametric multiple compari-
son, ®E, PLOT1 vs. 2, @=2.75, P<0.05, PLOT]1
vs. 3, @=2.79, P<0.05; DBH, PLOT 1 vs.2, @=258,
P<0.05; PLOT 1 ws. 3, @=296, P<0.05 & T,
PLOT 1 vs. 2, @=2.58, P<0.01), ¥Es LU DBH @
e, PLOT 2 & PLOT 3 THEZIFED SN hr-

V3. 75 7 OO, Uy IR RY. KERHEED

7o (B, ©=0.26, P>0.05; DBH, Q=025 P>0.05),
—77, PLOT 2 & PLOT 3 @44 i OSSR i 4B L
TiEWs DD, PLOT 2 O¥HEIE PLOT3 DD LD
FHRAE» -7 (Q=6.90, P<0.01),

UL, s ORERIEHT U b ERH OB OB &
WU ZEBRT SO TRV, Thbb, BWiEc
B O NSRS OBITHHHRTH D, FELALHEES
WEORREL DT T i RkTELRWLLTHDE, AT
YDA Z—TlE, TNTOHES 12 m B ORI w fE
SNTHBD, ZREIIEL T, BEL DBH K & WiEfkds
ELKHEE L Twi,

B 3-5 ik, BERORE (C) %R U, OS5,
NTDFTHERMBCERIRD o iz (xtest, BEARE
—HEARRE, x=86.25, df=8, P<0.001; {EAfE, xi=
62.93, df=8, P<0.001; BAH, x?=4850, df=8, P<
0.001) o FIARRE—HiREIARIE L AEAKRE Tk, PLOT 3 O#% 0
DEGREPO TR LD b/IhNS i, —F, BEXET
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B 3-5, LB D JiTE RN 25 fUCHIRE U 7z () Wk e /AR, (0) AN, @ BARC B 23 (C 10 1 B2 03,
B4) oflg, PLOTLEPLOT 2o u=—W, PLOT3 W au=—4, C ORMBBRAREIE,

B, 47 FUBMELE LT wizizoiz, PLOT 1 OWEE 0 OH)
G LEroTe,

3-3-4, FRARORITEMER
AR O T R B U 7o & 2 O EE S 2 3-1 1
RL72, PLOT 1 & PLOT 2 offifiuid PLOT 3 & U 1k

molzb DO, FMOLRERK (H) 3, YOHBXMT
bE o7z (Maguwrran (1988) @ t-test, PLOT 1 vs.
2, t==0.50, df=39.66; PLOT 1 vs.3, {=0.16, df=41.63;
PLOT 2 vs. 3, 1=0.85, df=136.44; P >0.05),

P B L OIS O BRI I, B S i, A
biwanzm—HNos oy b Chlkpol (#3-2), BO%
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#3-1. MEBOHFRICHEULEAR EE21.3m) ok

b I v R V| b [ w S 2 ¥
B H
PLOT 1 PLOT 2 PLOT 3
7Y (Pinus densiflora) - - 1
A X (Cryplomeria juponica) 10 - 61
t /¥ (Chamaecyparis oblusa) 1 - -
¥ h v (Quercus myrsinaefloia) 2 1 5
87 /% (Percea thunbergii) 1 4 2
5% (Neolitsea sericea) - 3 12
Y oNF (Camellia japonica) 1 17 2
tYh ¥ (Burva japonica) - - 1
Th AT (Mallotus japonicus) - 1 1
A0NE Y (Acer pabmatum) - - 10
a3 (Buonymus alatus) - - 1
7 A% (Aucuba japonica) 1 22 7
=7 b a (Sambucus racemosa 5 2 1
R 1 3
B 22 55 108
HABRAR 7 7 12
Shannon-Wiener's H’ (bit) * 2.16* 2,000 2.22°

*[E— D %A L 7z Shannon-Wiener's B’ OfEOBIC Ik, Magurran (1988) @ f-test

W BHME (59%) B3k L ERT,

BRERE(H)Y B WTH, PLOT 3 PLOT 1% PLOT 2
S OERE K R AR LT Magurran (1988) O i-test,
PLOTI vs. 3, ¢=6.55, df=36.87; PLOT2 vs. 3, {==5.83,
df=45.02; P<0.01), 2 0=—RNTEFL TnEERY)
WO RE S, v 7Y% (Camellia japonica L) & 74

¥ (Aucuba japonica Thunb.) TH-ol, a6, Thd
W U7 {fiEh o ki iz b D TH - 7z,
34, H &
3~4-1, AT TERBMIZETSHEMROEREE & BIEMER
NEAE
WV mjmw @%&Ltu%@ﬁ&u 39@?4

SR NI
¢EEM,wwﬂ@ﬂwmwwm%kiﬁénfm&ma
72 (Sugawa 1993), L7z o T, 4711354 72%%
A3 ERERY, ATVTOBEEEZEALEZT TR
BMThEEHEZOND, ¥472 (PLOT1) i’o‘J\Uf’ff
73 (PLOT2) #4471 (PLOT3) &g+ 2 -
O D BRI VWO EBATELESE LTz d 6’)@,
JER 4 L“wa’i‘:ﬁ?{\&bé”%\@ﬂ;féz»n,u DS, EAREN
BRI 5 K CHEELHEOET BRI » Tk
(4 3-2, B13-5), Zhoofisig, FEOBERD N
eV QERORELRZ T IO Ov DT
bdHIEEYESTWSE, £, 7472 PLOTD k¥
473 (PLOT2) Tk, ¥4 XOKERKROKES DS
A=Y EEZT T (K3-4), LichSoT, HEKRY 4 X

DYEESIEOE — 27 1%, WIELIARPEINEL D&
FABATT 52 L3 PRITE B, BROETRMIEIR, &
7R L T S EARE &R, BEEORIE SRR
BLTbLRD SNz, ThoDFERIE, AV '?0) J0=—
TERGIC & > THRMEE S 2RI ik 35 2 & R L
Twb

ﬂi s EGHBEOR T OB E b, e U TREED
MR I TELbOTHS (EHE1972; 4Lk 1979), Z
n%m,ﬁ%@&<%ﬁbf@ﬁ@%o&f/%%x¢y
ADHFEMRTH-12b DD, ZIMELDL T T DEEOE
WEZIC, FRLTETWE W2, YO EE
PRIAROMEEENE, 2 u=—RNTh LR WEBEPRD &

(E3-Do EBIC, FERYPFZOVTY, 77/ %, A
YA, v TYNF, v E (Neolitsea sericea Koidz.),
AF¥, ¥I iy (Quercus mirsinaefolia Bl.) 3% o TEER
BN THoM (#3-2), ThWAIIK, 20=—TH
RIEOBARDHETE U 721, WA DR EE 4 2
AR E TR WTHA I, BiE (1985) W, 443X
F RV (Calonectris leucomelas Temminck) OFELIC X -
T, 77 %R EsN Y v 7T, A4 =THH
WTh BT AT (Mallotus jeponicus Muell. Arg.)
BREALTCE vy v 72HDTHE I ERRELTWVD, K
WHeOMBE T, THAAT TR ILPELIrEDEN
ipoizb 0)0), AT DRI INE o Te BRI, #
HUTEEFETL L0 H 4,
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#3-2, EEOHBRMICHILU 22 324E 58 & UGB <1.3 m) O #%k

s o e VN for B = 4
i
PLOT 1 PLOT 2 PLOT 3
74 & (Aucuba japonica) 6 21 14
Yo% (Camellia japonica) 3 7 31
v (Neolilsea sevicea) 2 - 16
=7 b1 (Sambucus racemosa) - 1 4
Y7 = 4 (Cinnamomum japonicum) - 3 31
7A=Y (Pinus densiflora) - - 1
b & (Burya japonica) -~ - 1
W4 % (Cleyera japonica) - — 1
> h Y (Quercus myrsinaefloea) - - 19
W2k Ao (Kadsura japonica) - - 9
Awune Y (Acer palmatum) - - 5
U>iR2 (Prunus spinulosa) - - 2
2w g (Euonymus alatus) 6 - -
72 /% (Aralia elata) - 1 -
HAB A 17 33 134
HER AR 4 5 12
Shannon-Wiener’'s H' (bit) * 1.87¢ 1.51% 2.92v

* g o 7o A4 LTz Shannon-Wiener's £ OO IZ 13, Magurran (1988) O /-test

L BEEE (1%) Bbs I EERT,

3-4-2, HTIEBHIC BT B RO BEREE

AN (1986) i, AV UNEBEATL LRSS E
UCHIE U7ztRIE, RS b & 9555 « Ki3Ed % &
Wt LT b, BWIELIEBROBITRE, K OBIARL
ORI B T, an=—WNERENTHeRS5
s EF LT 5 (HAR BRI 1988) , 71425
PPEOHRRLTEMM T Y, AV v 00 v =T 10 4
PA TR S ORIARDSBIZEDIRIEIT 5 > Tu> D Ml 31
U7z (B4 3-2) o FRMAEE RS, BIELMASIIC L -
THELZTTELT AP 2PN THE D0
(7= & 2.1F, ¥l 1985; Maesako 1991; Takatsuki and
Gorai 1994), 21 & OWFIFEIE RO R OME i3 filh T
Wwigly, LovL, ZheOFIT, 50 M EAA 3 X%
FUuR=ikroh (Cervus nippon Temminck) H4ERL
TWBI b b &7, BRBOBARKIZEF LT Tn b,
AT DI —DgE, MAREHIEIREC L 5 & T
[, %o B LHME, B2V VYO
B MR Stk o TR B TH A D, EBIE,
4 DU IR O, B CHENTED b
7o (B13-3), UL LT, 29 y0aun—gl7
DR OBRRITHE X, # OE» 0 BN &
DHRL, LoabBliaZbstts k3 eBbhs, 20
e, AVYOaU—THLND, WGP &
BIEMEEAOEEN S A —Y (FH1993a), X512k
ERCELHEE (B 3-2) Lo B L L vivb o T b
DTHHI,

BAE HTVOMLEBIBRRICEZ ZRE

4-1, lELaiz

BEMOA 7Y a0=—TiE, &7 7 OBBBITEEAR
[P L TB D, O TORAKDIER X S »igd
LCwize EFz, BEAREUTICIEERZ P72 b 00,
PR OBAROES - MIESED SN (FE3FE), TDLD
BHARORBERSEE LS THIYOERELT, ETE
KRBT, 777 OEBENZER, 75bbIEk
ERHAH DT L BZBIEDOIOMY BFEZ o s (MUH
1986), 7z, HEAKELUTOBIZBW TR, &7 7 OiEn
FIARTE & TR L THEIR IS 3 2 Z L & B8t
ZBhd (CHE 1993b),

FO—FT, ThoOREOY Y LIEDOIREE,
Loy —7 5 -0 (FE 8, B, Bk s o
BT 20078) W HHEMN - BB ELEb s L Tns L
WZ b, FHICBY 2|/OPL AN F —DOFELEKO O
EOTHBEN Y — 7 4 —NDEAIE, L8RS D bR
Bik K& SEZD HAREM,NH %,

T, RETRE, »UVvEEHOBGRCBI L) ¥ —
7 x—=NVOFEEBLC, OH Y 712 &0 EBCRIEDOHT
DO PRI > TW 200, @RI > Tw2546, O
HMERBED B> TwBDh, QHEAFEUTOREOY
NS R 52 552 60547 v OMOREHRILED
R, @H T IBERLTOAHERTIE, VI~ 4 —
VONE (FEE) L8ebhldsmh, ZHLMCTS
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ZEEREAME L,

4-2. B &
4-2-1, AT Y S —BORIE

AL, RSB L ORI A Y O o o 28
TRk & /IL“C’LB 5, SRS EBROLTH S (72-1),

1993 HEATH 7 U A B L Tl (o =—H) W3 2
At (PLOT 3~5), FRICHHEL T 550 7 7 ORI,
RSB ELTHBES TR WIEN 2 » 7 (PLOT 1,
2), 10X10m OMAER ERE Lz (H4-1), BT
I m? QIEFEOARIC = v 77 (R 29 v FR A o
50 ) 0BAEWO bRV F v FELT, &
X O & hde 5 » FTCEE Lz, P2y T
==, 7 (HE N mmX 4K) THEImOES
WEE L2, 19934E 12 H 8 H2» S 199412 8 HET
O 1M, Bie—Eo#E&TY & —OEIEIT - 7. B
L7V & —id, 3, AMEES 30cm BUF), H (RS 30em
BLEY, #oft (8, #T, Dnid, Bty 3ErE
%@@@)AM%UL&&,%n%n@%m(@m%m&
T 85°C, 24 BFNGHER) #HIE Lz, 3 EF) Bounifie
DL, TOBE, AN, OEEEORE RS T,
V5 — BB EXS Vo vy PO E L, 1ha ¥/zb

DR L TRDIz, £/, ALYy —ditld, 2OHD
BEUE»SXOHOERE $ TOMIZETLEY Y —R%
30 Harcgg LTk iz,

4-2-2, WEE LU HTUOEBIRNBE

1994 4£ 7 Bz, AERAOEAR BE 1.3m L) o
AR 2TV, BB L 0N B R R L 7, &
Toy U —OENEFCHHEX NS L CZ OB 5 m IAND
HA0mP NEfEs Nz AV T OBMEEI Y ML, 86K
PR REARADOIEDOTRBLIRDL FRDfT3# @ﬁ%&%@ﬁ
HOIEETEHO &5 & L TCOFFRH 2 HE L 72,

4-3. & R
4-3-1. FREMD OB & 577 OFFRIR

A X N ORI AR ORI & s TR G R & v TR L
7z (#4-1)o PLOT 1~313, 297 & YA FHBHOHAT

)

L Tude, FDEMZ, PLOT 1 Tk v <€ (Myrica
rubra Sieb. et Zucc.) 3, PLOT 2 T /N AH 43,
PLOT 3 TN 2 B % ol ZNOOMEIOS B, o
F I, YREE, NV FERBEE SO0, ERE
R ELBEDILNY B TBY, — Ty aFLy
PNATVIRAEBES L OO, HEEAREE CL » S
LTESY, 0 OBEOERD bREkhol,
PLOT 4 & PLOT 5 Tlf, FERADIZ & A EDORIARD N
Y/FTHY, FTOERPIEAMERDPEAREFTL T0B 7
WThHotz,

PRI B B PR o B 7 O 4 BB & 1 4-2
WiklL7z, PLOT 1 & PLOT 210, #7712 & 268807
HHWEhSHELTOHBRERs I Ehol, 26
DOFERR YD % Porid, WEPRATT SO 7Y D2
Om—EBELTEB Y, R M RO O 1~2FD A v
TRk T B Z e b B oS, EhANCEA T
D OB EBEOBBEIZLEAEZT TRV EWVZ D
PLOT 31, B O & A 7 v Q4B HER & 211710
PLOT 4 & PLOT 5 ik, & Hic 1D 7 Y 04 B HER

fiila

0= —DHE™~

500m
H4-1, BB 29 59— 75— #HFEHE PLOTI,
PLOT 2 o w=—4f, PLOT 3, PLOT 4, PLOT 5 i
T,

#4-1, PHERAOFER (1.3m L) offRsEiEsast (an?10m™?)

B O PLOT 1 PLOT 2 PLOT 3 PLOT 4 PLOT 5
o I ol 410.1 ( 2) 1352.3 ( 4) 433.1 ( 6)
L 1622.8 (36) 532.2 (45) 972.3 (23)
Y e 4371.7 (5) 64.2 (1) 17.3 (1)
FINAH Y 2790.8 (17 78.1 ( 2)
NS F 436.0 (1) 1380.8 (8) 2086.5 (7)
o 156.2 (17) 18.4 ( 5) 338.6 (3 4.0 (1) 151.6 ( 2)
& & 6560.7 (60)  4693.6 (71)  2244.3 (34) 1402.1 (10) 2316.2 (1)

P DB, ROAE 2T
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soord 12123 4|s5]6]7]8]0]0]n
PLOT 1

PLOT 2

% u adoH (] k%m
[ 4-2, R ICBT L5708 ERE

aNnfzb oo, PLOT 4 TREIED I  WIUNC B 8 % il
LT, Byiches bt ULTRERHBEsNLTWE, PLOT
3~5 (ERS L U2 ORMOE 400 m?) B 5, —H
DAy N TORKEREE, 2hEng, 7, 17THY,
PLOT 3% PLOT 4 12 X T PLOT 5 o & 34 55 BE 03 7
noilz,

INSOFEEN S, BBOY 5 —7 5 — VO TS
ERREST BB, SRR L T v s PLOT Y, 2,
3B LU PLOT 4, 5T, #RENH T Y OEROEMN
BIUEEBEOSLDICH L TuibigEe2GF 2k &
%,

4-3-2, )& —7T x—ILODFER

Uy—ELCHS b O0HES, FEXT &k
4-2 IR Uz BIROIE, B, 16, 87, BREBLUCRHREL
E O AR, TRCOPFERTHBE L, ZhiektL,
BT OEEE LIRSS E LTOMANED SN
PLOT 3~5 Cit, A 7 v DM & L CHTIAE NI EF 2
HENDLERDIEDE, AV VOHESREL L#EZ o 5 fE
PR (U - A =8, X5 T Y OB HELIE
Wani, Zhoik, PLOT 18 L UPLOT 2 TR S
isinoiz,

4-3-3, EMU 4~ x—IVE

HREXOEM Y # — B E# 4-3 1R LIz, PLOTSH I
DBTE, BRcLs V85— oy PEBTI DT 4
BRBU I, B 11y BOORE OB ER U, £72,
PLOT 42T PLOTS b0z, 9AD
T EFEOI 11y HS OB b S L2,

BEOEMY & — 7 5 —VElE, BT SEEL L T
PLOT 1~3 i3 & O PLOT 4, 5HiClbigd 2 &, piEC
AT OEBBIERE S -7 PLOT1 & PLOT?2
T, BETHD T Y OEREEN K7 PLOT 4, #
NENS BB ST, oL, HFEEIZPLOT2 &
PLOT3S O TO A & iz (Tukey-type nonpar-
ametric multiple comparison, @=4.0, P <0.05),

FEDEMY & — 7 5 —nIRIc 2w ClE, 30 cm BUT O
DYz BHT, PLOT2DFWPLOT3 LD b%Hidps
7z (Tukey-type nonparametric multiple comparison, @ =
3.4, P<0.05) D4tCix, PLOTCcoFEREIHb N
Linoife,

Zofl (6, M7, B, Bilay) oV s —onE
W) ¥ —7 =T, PLOT 1I~3 & PLOT 4, 5
THEZRRED >Nk otz (PLOT 1~3, Kruskal-
Wallis's test, H =566, P>0.05 PLOT4, 5, Mann-
Whitney’'s U-test, U=5.0, P>0.05) DD, HEDOHE
EREHI, PLOT1® PLOT 2 XY PLOT 3 @ F,
PLOT 4 &0 PLOT 5 @48, EnEFNE iz, Thid,
BT YOO L DI, FoMhoft, BT, itto%
DEMAZT, EERNMBICR 5T,

FERR Y & —7 5 —EEE, 9.44~12.55 ton ha~lyr~!
TH272. PLOT 3 I3HED Y & 03D isipole b DO, 0
oV ¥ —#3% <, /BT PLOT 1 S FIBFE UK -
Joo B2, PLOT S5 2 DMLD U & — BB LI 77z, #1
3tonhat % PLOT4 K W& -7 QAlrBAHOF—#7T
D) o BHERRSEHEL L T vz PLOT Mo g ci,
PLOT2 : PLOT3S oMo AEEEZIHD ST

$44-2. PEK (PLOT I~PLOT 5) CTHERS hiz ) & — DR
PLOT 1 PLOT 2 PLOT 3 PLOT 4 PLOT 5
Tk
5 O O O O O
5 O O O O O
1 - BT+ gk O O O O O
B O O O O O
B (I - %) X % O x O
S
Ll O O O O O
: x x O O O
R x X O O ©
1 (P e x x O O

fiRa b0

X RS o li b D
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1]

2 4-3, P (PLOT 1~PLOT 5) B AHEHRY ¥ —7 4 — N4 (meantSE: ton ha~tyr~1)
 PLOT1 PLOT 2 PLOT 3 PLOT 4 PLOT 5
VIO s (n=5) (n=5) (n=5) (n=5)
3 5.52--0.59% 6.35+0.55° 4.00--0.25 5.39-0.30 (3.98+0.94)°
(4.334£0.24)2
K (30cm BUF)  1.58:£0.14% 2.1640.35" 1.15£0.21° 1.35:4:0.45 {0.91£0.22)®
(0.60+0.09)®
B (30cm BLE)  0.510.13° 1.9340.68° 0.760.42° 1.18+0.39 (0.48+0.29)®
(0.40+0.12)®
Zoi 1.82+0.46° 2.10-£0. 16 3.2740.59 2.30-+0.56 (5.07+2.03)*
(1.9340.53)®
& F 9.4440.43° 12.55-1.10° 9.20:£0.76" 10.224+0.64 (10.492.98)®

(7.26£0.69)"

N OB, 9 %Ry BSOV & —7 5 — N,
~3) & Mann-Whitney’s U-test (PLOT 4, 5) BT, FHEE (

(Tukey-type nonpararmetric multiple comparison, @@=
3.2, P<0.05),

4-3-4, U9—7w—w%®§%@ﬁ

BEOY Y —7 53— NEOBHIEELD &, TREND
HEXTHL 2O — ?i)mb&’) st (B4-3), %7,

SODPHERTRTIREBEWTIHR -2 BHEb sk

25, TS MCEROBETH L, 2O -4,
TRTCOFEHERXTI2H WK, PLOT2E37T 4 H i,
PLOT1 5 A1, PLOT4 £ 5C7 A, ok —2
otz ThebDE— /@,%ﬂ%h@%ﬁ%WK%ﬁ
LTWhfBoBEECL2b0C, A2+
(PLOT 1, 2, 3) &~ //«*f (PLOT 4, 5), 4Kk
WAF(PLOT2) 7243 (PLOT3), S5 HEP~
e (PLOTD, 7HBEUI N>+ (PLOTY, 5 28
HRIWCHEIEL Tnwie, AV UMWEHBEEFTPh]s & UTH
LT LR Y 7 —BOHK L 273 hholeb O
Dy BT OEBRBERE G PLOTS BT 5HED ) ¥ —
Wi, N/ FOHEERO 7T Ak PLOT4 & D b
<, 4~5 AT PLOT 4 L VHEFH oo T,

oy & —7 5 —VEOFEHIZTE, RN 7
9 BB, K&y — /mgzsz)@;mmsr(m 4-4) 5
N em UTOKETIE, 11 55 2 Alehr TEHETOE TR
OB H SN DEPER S H - 7230 em BLEORTIX, 7
BRE— 7 BRTHOH oM, TS T NTHEARDE
MELTEILREIDLDTH- T2,

EOMEE, M, B, BEL DY F—7 4 —
WEOBMIEER A5 IR LT, A7 VOERLTwip
WPLOT1 & PLOT 2 Tl 4 A& 9~10 A B2 ©—
IO s, A B0 -2 ey 0T, 9~10 HD
C—7RBe VD FOERLRCE T LI LEDbDT
Holz, PLOT 3, PLOT 4 B LU PLOT 5 T, #1LFN
OH Ty QLR (4-2 21) BEOE T LY,

giz, FA—ORFEER LT~ 1,

Kruskal-Wallig’s test (PLOT 1
59%) MinI k&R,

DY ¥ =R EOEEHER L T e PLOT 3 T/, B
M%#&@kOhUﬁ — AL, AV OB
4 A8 LU9~10 Aix, PLOT 1% PLOT 2 L[Ffc v
B EDIEREL S hoT, AELI T 7HERBL TV S
PLOT 4 & PLOT 5 T, BHEEHE W PLOT 5 O F58
DhIZY Y=L otz, £, WADHFEXDY) ¥ —
e b, PLOT 3 L[EHEw 2, 3 Boasdrie &, Sttt
OB Twiz, 512, PLOT 5 Tl B ATO
11~1 G2 & —BHREAM L Tz,

- PLOT1 PLOTZ PLOTS3
20 - 'j- 7 ** e venyenn e —
ao=—4 ooz HHBIEL
: 7Y
1.5 ; ',“ N
C 1 .0 “ ": “.-‘"‘ " %
- “‘ A ", PO
S 058\
'(U 0 T | Q L i |
£ 121 2 3 4 5 6 7 8 9 10 11
oy
2 PLOT4 PLOTS
Z 20y Nv/FEWH s
%ﬁ{ MR MBS
| 15
&
= 1.0
0.5
0
B4 4-3, BEDY & — 7 4 —NVROFEHE{L, PLOTHD 9 H 57—

ZIXRRG F 8 KR,
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30cmEL T D 30cmil L #;
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1.0F PN i i e OREF % LT 5 £, PLOT 1~3 O CIXE S35
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~ 06 bO®, PLOT3 MY % —4t#s PLOT 1% PLOT2 Db O
P LD S EAD B0 E 2, PLOT 4 QEEE) D& ) 4 —
£ 0.4 H1d, PLOT 5 O b0k D b %4 -7 (Mann-Whitney’s U
g 02p o o o ﬂwa,UmgoIhwoﬁoqﬁu%wwﬂf,%(%rv
ol ieed, i TR . SV I—D) F— RN T AR HHET 5 &,
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[ 4-6, 3 (FF) D& FOEMY ¥ —7 4 — ., PLOT5®9
B7— 5@Am®waﬁ 9HBSADY 5 —D 5 B,
Fl—O#E L LIz F— 1%, Kruskal-Wallis's test
(PLOT 1~3) & Mann-Whitney's U ~test (PLOT 4,
5) WBWTHER (5%) PhnI b RT,

1.0 a+SH
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W OWTREZFHET S 280 E >, 47 Y ORLERE
B & 2BEEQIT OB KRB A CHEL 2L & D &3
ATz

M OFHICBWTY, BEOZThELRHEL ED
febiz, IE G DEHOBETEH2bDEHFLSND,
UL, SEOHECST 25 G D&V & —iik
wvvw&%%(MDTm&%@Em(MDTL2)&@
g T AR FA8, & ST BB 0 B 5 IR

(PLOT 4, 5) QLHET, B SAEE D E Wk (PLOT 5)
@Tmmemu/<U44®,b77 Eoirvisn
W B EBEDFFAEDSRIB S iz,

B EH ooy —itid, 2T TOEENHERS N
7oy B (PLOT 3~5) Tb, i DiEsDE RNl
stz (K4-6)s ZHIZTAERXOBFRE®L 7 7 D4R
WEIZ LD, O & 0h 7y ORARAOBSEE
B olbEHroNS, £, B (EFF) DOV
& —itld, bLLHOIEX PLOTS) CREBY 7 —0 10%

L BEEDTW, AT EDITDRSNRIY F—
WY —DRIZEGENTHWEEHEZLNLIDT,
BAL{hnkni s,

IO DRTE &) DEFEOV Y —ik, 5~T7 HEHETH
ﬁWwa%(ﬂ400WthTw,uw%Mkdiw

WENEHL, e T RS DLESERINT % &

H IO FBEMEL, MO DB B i
ADT BT &, O2EMPETSN5,—, PLOT5 Tit 11
Bz b3 EF) D&Y & — AL Twiz (K4-7),
PLOT 5 A OHIE T %lerﬂﬁf<Uh42H)wa
v@ﬂ%ﬁmwwMKﬁMk%m¢ WHED D B (el
1989), ARFEIZBWVLTH, wvvwﬁ&ﬁ@%w%wu
& —8 11~12 AL <vw 2 0T (" 4-5), Z QP
Wmﬂ%me 27 T OAGEEEE SRR < - ¢
ZEWHEREAND, LIchSo T, ZOEOLE (3
ﬁé&U&wﬁ@MMQ 7D & BEEEOW D ELD o3
WinLiZtlabnbkHrzonsd, lEOZ Ehs,
BT X AEEOW O I, BAMOY =/ uy—
RAVVOARZ—~DHADDEEE LI, BTTVD
EEBERRKEEBLTH A I EWNRBINS,

AP

4-4-2, BT IEBHICEITAEOMEL

7 OHEHIR T, TERRLS DY ¥ — R OFEHIE
iz, & v oI B O X 5 kg ¢ — 7uﬁ
Shigol, Sk, BAMSER LLEET S — v i
)Mﬁmw%@f&tmu& ROEHETTBHEHLTLE

SVEE, AT r?c’) a:d)ﬂéx”ﬁ(” in%’zbm feleb&FHEZOND,
C’.ﬂl%@ Uy —dlE, SRR L - TBY ¥ -8
H150% % % iTk&cfﬁW%4),ﬁVﬁ@i
HTRKEDHEBRL T B I LB TH DB, 2,
WEESUEIEDAN OV & — R OHIIREEE, - MLd
B ETHEEHITO A 7 v OS5 Bt
HA(PLOT 3, 508E) &, & 7 o {EEELINd 2 %HE
R (PLOT S o8& sl Twie (B4-5), L
Do, WOREEZ &M TOH 7 7 OEEIFBE & %
BlBRs b s vz 5,

BT (AL EBIONE) © 1 b7z ) 0¥ (E)
I, B 1 kg H7- D200 THY, 0 0% EEKS
THDH (IR 1986), YV OREEHI2.0kg & ¥
5 (5 1979), %71/3 2 (u_(a., 1BDAH T 1 Eickz
BRLTHA0g DR T AWK, SEIOTFETED
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BB N - 72 PLOT 5 Tid, 400 m* OFE KN
17 BESHEER S Nz FNFNOHE T 2 E» IS 4B
Uz (I 1990) E{RET B &, A &b 683 (BB 2
P+t 2D 4 FIX1T B RGO KN v
felbiwhhd, CeDERANT, HEEHO PLOT5
BIBH 1+ HOMBBEEHEY % &, 204 g dwt m™*month™
((40 g d.wt <68 X 30 H) /400 m?) &7 5, BB L%
RO WCIT<Ted, 2hiCHOS LG THET 5L TR
BB EEERTLHE, EEOBRIEIN LD IBW LD
BoEgEans, HHY (5~7H) kKBwT, BIEM
A0V & DRI OO 4 5D 1 L DTz 0
B, AUV OEOHICITWEAK BRLER) B2 ik
(W) OWTNOBEGE L P I v DAY v 2 5D
HHTLESDOBHB Ik, -8 oMy 2w
MIAROEREE T T 5700 RTC O LWL 5
DUTIERWIE, KLbeELbND,

— W, SEMY) 7 — 7 g — VAR IS TRSERRR, R,
HIEHRONEW 25 < 225 T A3, 10tonha™! 882 2 D

W7 7V AREE7 7R EDOBERSIEEALTH S
(Bray 1964), bW EWCBU 2 1T0MSOY 5 —7 5 —0
REOHERE S LD LB, HEERY Y —7 3 —NED
SR I A SEILTER AR T 4,51 ton ha™!, AR IERR T
6.07tonha™ THot: GFHE1981), APAEDERM ) & —
T —=NARE, 50Dy bEd 10tonha B THD
(3R 4-3), WA OFH E U TR D KERETH S
EWVZ B, 121EL, AT BMEIIEINE & R
& L OEEEZ I CBY, OV Y —7 5 —NikidiE
WEDPEDKRELL>TWBEEZ NS, HAEICE
U3 EROEERZTIBM DY F —7 5 — VIEO]
Wh, MY ¥ —7 o — L AEH 10 ton ha™ B2 B EH30
{opd B (KUK - %1 1968; Nishioka and Kirita 1978) .
HitiC, 77 v OMBPHEEDE PLOT 5 T, B3
EDMEW PLOT 4 &9, 7o O EIEINC & 2 B0
BOHF VD BEnZ 2L, LrL, EROLEY
F—W T, M PLOT4DOHNPLOTS X b &Hhoie
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D7 L AHEIEQI DI OWEEZ T T, WERN
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b, FBC, 2V vOLERMTE, FREOBIRE S
EROWAPRED SN TwB (E3HE), £/, PLOTS5T
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BLUPLOT2 LEBELTSY, P Il LDIEY ¥4
DIESDENKE L, PHERKADIED DRI 7% -
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BTFHRI>Twa efiEsns, SEOHETHV YO
PO SN A K, RN - T 2 85
THoTzB, ATV L BHEERL IS, HEo
BEROPICEMET 2 500 BN EE 33, 0k 5 %

Bl n s b, JEROMS EHIEL T, &5 wEEaLEY
g —OWPT B L nTFEEND,
HLDOFHRTE, VI —T 4 —ND 5 HO 58~90% Ik
BEY = EDH T B G 1985), LvL, # 7 7 OFH
PO HNIPER TR, B ¥ —258 Y 7 8D 50% 81
TOWER DY, TOEIREIATHERBYIZHT Y
DO EEGURIELAN DY & —RBSED DEENKE L 5o
T/ (K4-3), Thabb, 4HO5 DOWER TR, %
NENDIY & —@ 10 tonha ' FiTH -T2 500, *
DWER AV 7 OERBM EJEEBHITRE L B> Tz
e b, HAEDHM T, HIEDANDY & -0 5D 5
FEE, KEMFOBEECETE TRZDT20% 2 LD
200 IS 1979) R EBH B, ZRIEEREVHDT
v, —, 7 OLBMTIE, BEEUAOY ¥ —8
S50%IL D EEELHY, TOKEONETHD &
2O LD ORI Y, oD ¥ —h3hRpE
BinG 2 28R e R E w kiR s h b,

BE5E HUUVOERHICEITAHBOME

5-1. ldLaic
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Bl & B8 T i, b b SR
PERAREOMAR, S5 EHROBARLHEADREEE T
PRS- FIET 5 Z e PP S Mk -7 (FEIE), hs
DIV OTES] « I, H 7 Y OIELNEYMR DT {35
T 5 LW & AEBEEOE I, WL #
OMWE RSB 2 L & 2 SRR G 1993b) A8
BELChwa I BT HEan5,

TTWE, AV TOELMOMK T, Y & — L
BIEFEDELREL T WD I EDHINTWD (84
o & T, RETHREDIENBHIGEINE A T 7 DER
WHROLECDWT, ZOWEBED LS CELLTnS
DOhEEGPICL, 36, BB TRED s
BOLHPEINCEG 2 2B OWTHERMAB L &
iy LUie,

5-2, F &k

SEEE R, MAEBRTIRI99ZETHITHESA2LHE
W, TR 19920 7T H 16 HidfT-> 7z, 245 DI
W, 2V OETROKMIC DI b, ERE T, au=—
Nz 2 DA (PLOT 1, 10X10m; PLOT 2, 15X
15m) %, a2v=—4E 1 D08ER (PLOT 3, 15%15
m) BEELL (K5-1A), PLOT1 & PLOT2k% 7/
FHK, PLOT 3 B AF QM TH 2, #NFLOTFEK %
5X5m KEID, 2O HENTE 2 ER Lz DB, [E
MORS EBEESOMEETT >z F2, TN 5015
WWBWT, FRUTHESSm»S W0em J LIS 45
cm FC, SEHSFNFN100cm® & 400 om® O Y
YINEE L DT ORI L2, TR, 20=—REO
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PLOT 2, PLOT 3, LINE1, LINE2 ik, V> 7V &RE LIS ERT.

LINE1 ki 8 &1, o o=—4o LINE 2 k2 2 /5, 4
mmfﬁmb(us1m,%iaam&kmmwﬂﬁx
VY > PN DR T 5 72,

S N EERECR B R ol Db, UTOHER
DVTHIEERIT - 72, 100 cm® DY > i 5 &, 24 K,
105°CTHEER L 12 B OB Z T, {(Lwt—dwt)/dwt}
X100 (%) &L LTEKLERDIZ, 45— D400cm® O
“‘) YN, SR OBIC, 2mm 085S W NT,

B L e gt r s, H-AETSg, Z0iE»
OJJ“'C* 10 g BELD 27, 25 ml OFGARZINZ T, 30 2
B U= 0b, BB pH % pH A —% — (HM-40V,
Toa Electronics) %W CTHIE L 1, MBRFER & R8ER
oWTh, BEEMLZHETCN a—5— (MT 700,
Yanaco) CTHIZEL /2.
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D Ay JEOBES X, PLOT 1T 8.0:2.6 (CEH¥y 42
#iF#5) cm, PLOT 2 T6.244.2cm, PLOT 3T 4.6%3.
QCm Thotzo ABBIEFICHRBELTCBY, ¥XTODaFR

-~ T20cm PLETH-Tz, BEIZPLOT2 & PLOT 3
0) 5 DO BT, 30 cm UT OB S iz, oo = —
S8 PLOT 3 T, % < OO 51z,

PO A, BoEs W, 2o=—PRNEO LINE1 Tl 9.
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Wil THotz, HHEEORSUEE, BECZL-ThHD

BTz,

5-3-2. MRBEER, KBKSHE

ek, SIROTIE I E b, BRESER LRERS
FHE, H-ABRBLTWAIES5em TRLEL, BE
WBRLTWABES 1I5om BITTREECEA LTz (E
sﬂoﬂm: WHDOLLE T, EOBRSKBOLITLER
BB SNt (IT4E, Kruskal-Wallis’s test,
P>0.05, 5, Mann-Whitney's U*test, P>0.05), L
fﬁl/ Vf:LF’ é’l'f‘}}ll @‘él};é 5 cm 'C(’d}: m \r_x’{:fiﬂ,., :/ !;}:;
HEFRED, TOWESD D-n——% BJt Dhou=—
FERCRE AN D Tz, £z, V7 VEIOEOES
DG, Hebhkkaoum—RNEOHIIKE LT, —H,
WS 15em UTOBOY > 7L Ti, 20=—0R4HATE

EAEEREED SRR oT,

5-3-3, 43 pH

B2 0= —NTIE, TRTOHESOpHHM 3.0
~3.5DMichy (/5-3), au=—SDRUCEI LD D
FE AW %R U7z (Tukey-type nonparametric multi-
ple comparison, P<0.05), I ORI, ao=—K
0):%:15@)3‘, Blpd kb S0em DES T, MLBETH
LI ERRLTWS, S5, FFEBHOTHES 5cm %

I%mff I —NEO LSO L LT,
B wEY 25 L (Mann-Whitney’s U-test, P<
0.05) 6
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BT EERT,

=R

5-3-4, LiEKEE

FUCBs colbiEcwl, MHEEO%ES 15em (Tukey-
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FHOPE S 5 em (Mann-Whitney's U-test, P <0.05) %
o, oo = —-RNADHICEREERD S hihn- 7 (™
5-4)o L L, 20 = —RNEOES 5 cm OGRLOFEE
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&, HRT 4.5 5o, BE 15em OFAKRILICHELT
b, J0Z—RETIPPEOE R RIS EHEASH - (B
5-4), B5W, BESS5em & 15em T, v =—ROY >
TNRIC BT 20D EMBIEF IR E poTe, HEE 25em
VUFOE T, gRkEEE—ETh, £, G0y
PTINDO—ERTES DENKERFIFET 00, 2
0= — NN CHEICEW IR s heho e (M5-4),

5-4, % %%
5-4-1, AT IEBHICEITALBOMENEL

ATy Oa0E—TE, @ U CREOREL L gk
o ERASED bRz, Zho0REE, 7V vodRiL
TeHEREIEE N IR k5T, TEOMESEL L
EERBSRBL TV, AV EErAaBtoRr s oy
T ADHE, NH,*, P, Ca, Na, K, Mg % &% %< &A
THBY (Sobey and Kenworthy 1979), # 7 v D&

T s
pH
225 3 5 225 335 445 5
5 L. ! 5 [ T T T aa T
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YU L. R
2% %5
&
B 5t 35}
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PLOT 1 PLOT 2 PLOT 3 LINE 1 LINE 2
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R5-3, Ml e e B 5 H-A BT O pH OB s
I DR, BRI SR, Bl 0 BEEE A4
LERACEasTo7ay MO F—4 1%, Kruskal-
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& 5-4, LB LRI B 2 H-A BT O 8RO 3
&2 L OWIHE, B RE R T, Bl oiE s
MLECHBsTOYay Mo 7 —2% 1, Kruskal-
Wallis’s test (174:8) & Mann-Whitney’s U/ ~test ({3

IR BWOHERE (5%) BRns EERT,

NTWATEHRORR b /e A0 b0 L FIFEETH
LEMEaND, B, WEO2 oo -0
BROFZHRNZ WL S TH S (Smith 1976), JEE LT
FKHEDOIRHHE Uz T, QRS LR e i Ban
T {HEAD D 2 55 (A4RIE S 1980), M4 B & FH O TiEE
HTHHEFSE L DB BWT, 30— NOBRRESER
CERIERES oo = L D S WEHAN ST (]
5-4) L7857, H 77 OO LEAOHIAZ, HkT
 OKFEHEIEL L UCRERSFROMNE b7 &
EIbhb, BRESHRLBERSEREOE > D&M
Oo—NOY > 7TVETKED -T2 8, HTYDHD
TR OYEDRIE DR 5 ¢, HEOIREREEL TR
W THole ZEERLTOWBDTHA S,
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WEOIu=Z—TE, 77/ GEXPELLEH0) OF

AR T pH A7 vk VR r —ARBH SN TS
(Gillham 1956; Smith 1976), —#, FH (1991) &%
AR DL ¢ HERTE 21T, 2 0=—NO 18 pH
Fao=—40b Ok DEBEEREY & v R 2R,
AW BT b, MRS & RO FFHZH T, 45H (1991)
L EHEDO RS S e (”5-3), Smith (1976) I,
HEAPAVZ— B THEpH PKELLIDIE, &
EXAGEEN TR A LT SR, Wi Ca 2% &
Gaimardia O EOMA BB L Cnwb LEE L, 36
W, YEB O 1 u = — 043, Na® Mg D k5 v D
OB A 4 v 28D AOLEERERBU TN
(Smith 1978), L/ L, T o ORHMEA A4 ik, 47
YOI REELTWRY, TR, ATUO
U —TREEO T s LT, 8O pH T
VA DR U o leDh b Litw,

AHE R TFOWTIE, 7 7DD PH 13 6.4~8.4 & &
NTHY (- 275 1986), ThEAEMBLIEO pH 7
Twd 22 v, 72, NH,Y ORI, 2
B bR S0 em & THIEHER PO NOy s ¢ 5
ZEDESENT WS (F5 1992), FH -4 (1994) i,
NO; ofEME & b HEpH 255.00 5 4.5 N T 5 Z
EERRUI, FNW 2, FEOREEEU COBEROUE
W, AU O us—TAEREELYT 5K & BB
DEEZ LN,

B DL 7w a0 = —1T, RBERO-FEoEK
LeasginL < v 2 &k, SO EENZELL Tnb
AIHEME A REE L T D, KR BAEME O 7 7 Dl
$HOIHERTE, HEARELI:D 7Y OHOEEE S
o, EYRER R A B /N B L, SR
PP B & 3 BN DSEE I L T (FH S 1994) 4
YA A T B RS O K, R O RTRREE
FEEI A, VY — BT A0 BEELEE R HS Twa
(Swift et al. 1979), L7zh3>TC, TS Q1B
Pk, ERRREOE R U TR 2Kk FNS T
Whhh L, 72, AV UOTEEE D FD 0%
DK TDH B Iz (L « 1255 1986), HHEBEOEKILD
BENE, A 7O EENDLEOKRS L - THEIHE
TE b,

5-4-2, HVVEBERICEITAIEOEMIEYICE SR
I E TS  OWFFEL, LEOBkbS AP O & 5k
BELA A OMINES SR L, HEYCEEREEE R
FTZERRELTWS (Fe b 21, Carvalho ef al. 1982;
Jarvis and Hatch 1985; van Praag and Weissen 1985),
R 5 (1992) 1, HEEHEO pH 54,0 LTzl 3 & Al
DWESTRBANCHINT 2 Z L BR Uze AWFETIE, 2
DOHT DA —THEEpH 4.0 UTOMERL T
BY, LikdPoTan=—NOBEWRERRT VI =Y A
AT VEDA P VAEZT TCoB LRSI,

S50, FEEESAKIAEML, RO TR TR
and &, LEBEHIMEINC L 2TREN S H b, D&
5 RPREM IR, % < OBE Y OO FEE 2T
T A s 25 5 (Fitter and Hay 1981), # Vv D o0 =—
T, THEORBEARES Chrb s FHD S0l
L, B EKIEORIE ST { OIERZ Y TR I - Twiz,
FRWZ, TS OHEYA~OBE A PV ADEE, B
OEEEEELC, YRR > TwH EHLS
N3, Thbh, BRELEROEED L Sk b 148
DOFRFEERE LT T 200, HPEBETALT
WBHIE D bRERAPVARESSNT VLS I EWER
Banb,

TOEBW, ATYOIU— B S HEOME I,
MR L7 L o T, YIS ESELA b
VAERFI TS bDEHEZ END, LirL, FO—HFT,
N, P, CabniofchvdBPREENTHELETHSD
TCHE, HEYOLERCR PSR RERTLH S, TFl
DWHER TOWEE TR, WSO I BT 3 51
V)& O KIRRIEEHERS T 5 0w, RN I ERE R R
Bi-LTws EFE iz 6N Twad (Smith 1978), M4BT
W, AT OF BB SN S WIBETT, DROER
FMEHL Tnwdr—ANb-ol 38, 20 ki,
bLiiEzEchneg, oMK o=—NOMYI
Yo THMNCE S FTREMED H 2 Z L TR L Tw 5,

B6E HUVERHMIIEITIEARNBEREOLETNE

6-1. (FL oIz

A7 OERHTH, OSSP OTHERIC BV
T DL DD SNz, Fho 0T, MK
2 BRI OFBCREARB I D Ie o 2 e, b B
HO—D2ThHsb(EHIFE), LrLadRs, ThETOS
7oy A RO 35 1 B AR A BN I, R ORI T 24T
b, EO& D RERE T ¥ o THIRSES ORECRIA
WY L TChs i onCisricdncuiy (H
A BIEREGET 1088, i 1991), MPROZEA L, ks
EOHH L, MRz o THER L T < e I ABARH]
REBHRHTHY, 277 OEBHOBHISHED LD I
LT pEFHTEI2ThH, ¥V 7OBETTO
IOEEOTEEFEL CBLLERH S,

RIETE, A7 AR B 5 5REOREETHT S
Tewiz, #1977 ERMNINOMKE, FEFrS 3 EALM
ETCOS & &R EREOARIEY & BB A L, HE
PHEFLTERLTHL EDBBIEBWIEDLI AT
Y OBEZTEOMEHSMIT A L REHNE Lz,

R, EMRRICB A EoMEe s vy 0D
R @EB LU BLUzoREPHETL LI
£ oT, FEFORFRDELOEFR L ORBEBGE
Lize



77 QUSRI RUE 95

6-2, K ik

6-2-1, FHEH

PR, FHBALLERBONCHII T Va0 -5
L OREOMMTIT >0z, au=—NO 6 HiE P 1,
P2, -, PG), au=—#D 285 (P7, P8 T
DPOEEFEIT-12 (K6-1), P1, P2 & P8IZad Sk,
P3,P4LP6IENY/FH,P5EPTIIYNAN VT
Hole, 20 =—NO 6 MADRAE, P &b R
WA Vo k> CEEETH 2 niEh<s & LTHA
INTwiz,

6-2-2, BFORFBIUSREDAEE(ICHET 5 EER
awu=—l{O6HiE (P, P2, -+, P6), 204D

2 (P77, P8) CHITFORIUER X UL OEFHET 2
TR BT o 00, FEBC, 2957 h= Y0 2 MIEOM
FRBWEZ, a2, ZOoHEEST ABEThHD,
Z OREFEARB O/ o—E MR Z U oIk
BERBET 2 2 EWNTRETH B, 7V IiRFA 5K
T THD, ERFEEFERLE WS HlCHREICftEd
58z LT,

1995 F£0 3 B 13 Hiz, SHlE & &7z 50X 100 cm
DR T N> BEE 0T OMEL, M lem
DEECHE Lize 2 ¥ 5 — 3R E = YHTH S,
EE Ay PERRSD Z LT, FA I L B BEAORHE
EHERE L 7ze 1995 4E0D 4 F 20 Flicid, 74 = VHETF% 30
Kg' o, 20X30em O3 Ko — ML, 2ndbilem
DIIFTHH U Tee FEFE L ELEOREIE 2o D4F
REEZE, 199540 9 H 29 H & T 2 B —BE 3 D 808%
L7z 22 OBRE, PIFRTENCHEHERINL, %0k
AR BZE LI,

EHI, an=—NO3HE P4, PS5, P ao=—

o= —~OEE

Egits

o2 e i bt

\

~ B BN RS

0 500m
o NS oo A 2o

B 6-1. MBOUNC B 2T ORH S L CREOEF W T 5
SR, PI-P6ldan=—W, PT-P8lEaw=—
.

SED 1THE (P 2B 0T, P& FEHRR 21T - 72, 1995
FEOIH 4 HR, FHEATIXImOI RI— RK, 2
T O EER 110 cm) % 5 8ROk L 7z, 1995
D9 H 29 HET, EOEEIRE, AEE, M, 5T
EEE2R 20 & isEL s,

6-2-3. BEERMGNEE

FEF OFEGRLEE O LTI R BUETEEM O & 5
O OBEERME, P1~P 8 O&MATHIE Lz, 53
FRET o722 P — rOFET, LE£2KRyiikbED
F1l0em» 5, 100cm® OLEY > % 4 oF DRI L
J2o FHILENDY V7 N% 24 KRR, 105°CCHEHRI ¥ /-0
B, WEEHE LR, $, BELEEOREE LK
BRDT, Ez, FERICERED S 49 T oRL
Tod¥i%, F2HEBEE Y05 2mm Ay Y aDsd
Wik, H-AET5g, ABTI10g 2K 50 ml i
WA, pH 2HIE Ul #5R, pH £ —% — (HM-40V,
TOA Electronics) ZRHWTfioiz, MRS 20V
T OHERE, 2 F I — s ORI 50 X50 cm OF R 5
FTOMWME, 24 FBROMEOEEELIZ L > TRD Iz, &
5, T FZ— b EOMIERE 2 BER (L1-188B, LI-
COR) & k- THIE Lz,

6-2-4, HORNBHFRADBWIC L 5REDEBRR

1994 4ED 11 A, 795 084 E# 15 cm) %4
HETHNTEE L2, 727208y b (1/5000 a; BE 157
mm, & 190mm) KEBOILTIREL AR O 1R A
W, T72AVRER 1Ry FHRD IKRT DMLz, #
LT, ITFO 4 DMK BT, SNHKICZHhE03
Ry b (=9 07 75 v54:) FoMER L7z,
[LSf K]

BT OINERL TODL—~RKOI/NAN L OBFTiIz3 D
DRy PEEE L, BEBLORY NADLOR I,
BT DI D L DI LT,

(Lf K]

LS K EF—DOBHE Tz, 3 008y b R L, %4
PUDBEHT 2L 51Ky bO LA THE Y, B
WM B, Ky MRO I FTEDE R 2 S 25 VR AR
e Lie,

[SfX]

LS X, LI REF—OBE T, 320Ky F2EEL
To BT LAedEid, 23 2 LIk TR LTz, Ky
FADE, B PHD T EII L,

[Nf ]

HWEPS T, AV IMWEBL THRWYNALT Y O
TIDDORy PEBE L, BEBLIURY bADLK
i, A7 TDEEEI LoV E S L,

BRI, 1995 45 5 H 20 H 2 & RIREERM, FIFEBHTH
N (P 5) B W TiTwn, FUERKIZB LT, EED
EFEIRAE & AR AR 2 B & & ik L7,
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6-3. # R
6-3-1. FEF DRI LIREE

PI~P8IcBBBaF o7 Hh<YOFHRLBEL
HaE6-1IR LI, aF T 7 AT YOS L bFEFH
FRE, auz—HNOHE P 1~P6) &b av=—40H
S (P7, P8 TEi»-7: (Mann-Whitney’s U-test, U=
0, P<0.05), a2 u=—4OMEKTE, » VYOOI
BWhohihotn, HIE Lled8oE D5 B, 0TI
HogkEEao=—4t LD HE Ss»iCE»> 7 (Mann-
Whitney’s U-test, U=0, P<0.05), SN, BAARY
Ml OBOESE, aus—RNOAS -4 LY
INS o T, 2RI, 20 =—NOETIR F-H ERE,
TebTHolz, T pH B & OMHMEE R 2 o =—NH T
BEEILR o 7 Mann-Whitney’s U-test, U=48.5: +
HipH, U=148 HMHREE, P>0.05),

2T T A Y OFHERE, KL L UL
EEWEOFERSED Sl (86-2), BRI L S
BoOMZ b HMIEED s e ss, B %U)ﬂ@?’“f”é’%&
e oMk, EEZMHEMERED shikdboi,

7L hHt

14

FEFIE, FEEFL G SEnEDE 3 iliciigi Lz b &
HEE NS, FRL THHET L WO A 288,
TRCFEFL Tode, Lizdi- T, M EAORTHITER S
Nl E AEOET FERL Tz b D, HENE
Bz b 0, BENET Rpokbo) b, Bk AETcH
TTHIEL Tl eB Lo b, —f, au=—#(P7,
P 8) TiE, 30%LL ORFRREL Cuvalz, FIHLHERS
Nisino T2 OMFIE, PSORIBL Cwiz 1AELE
W, Tus—RE R T T T THIEL Tz,

6-3-2. BEB LU OETE

B 6-31%, REERE BT L3 FIBIUT =V DFH
B DAL ER LD TH D, 2T DFEEMH
R, 5 AL 6 HOEELRT W - TmL, otk
PEBHICT 2 oN T Lic, 2 o= — 43 (P 7, P 8)
i, RAERD 6 ARz A Lo, a2
—RER (P 1~P 6) Tid 7 A oA LA, 9 HIZIiZK
RS DFEHEDFEIE L Iz,

— S, PATYET, dum—deBuTarI LD

a9 OFTFEBE T, WERTR (BEROMEE © HEL4 A5 Heh B THEL, 208K L
EUR L7z 0a=—R (P 1~P 6) OXESFOBE -, BEN Twole, XL, 20=—NTR7 H < YHFI3E
W CTFHEOBLPHEED eI (R6-2), IheD EAEFREET, HIEUIDBOEE LB IHELT

F6-1, AF T THYOFIRLBEEE (FYESE)
Fhfs EEN S EEE R e Y e A pH HHs i
WA 295 (%) 7’7J’?‘7(%) (g/m* {g/100cc) {g d.wt/100cc) (%)
nt= 30 30 5 4 4 4 5
o I s Rl V|
P1 0 0 3.57+1.09 22.741.4 6.640.7 4.44+0.14 15.744£3.18
P2 6.7 3.3 3.574+1.09 22.7+1.4 6.60.7 4.44-4+0.14 17.4444.03
P3 26.7 6.7 1.9440.64 25.14+3.7 6.94+0.9 4.9840.04 5.4240.48
P4 16.7 0 1.9440.64 25.1+3.7 6.940.9 4.9840.04 3.02+£1.25
P5 16.7 0 2.6140.97 25.342.4 10.841.5 4.564+0.08 33.0147.15
P6 6.7 0 3.92:41.66 21.340.6 12.242.2 4.92+0.12 32.92414.87
a0 =4
P7 40.0 33.3 0 16.64+2.2 29.242.6 4.8440.17 67.73+4.77
P8 36.7 70.0 0 16.641.0 71.1%£7.2 4.3840.07 1.23+0.11
U value® 0.0" 0.0% 0.0** 13.0%* 0.0%" 48.5 148.0

“P<0.05, **P<0.01

a; s oy I

b ow =R (PI~P6) s, 2o =—4L5E (P7, PR)

¢ 6-2. FEIH L BUEEIR L OO Pearson ORI (1)
gy RS KR 43 pIl FEL e e
(g/m?) (g/100cc) (%)
a9 T FEEHE (%" -~(,96%* —0.59 0.16 0.24
T FEEER (%)0 —0,82* —-{.82* —0.34 ~0.04
et ‘fm (.63 ~{.05 (.16
a: BT —53, WMIEFEHREEREIT 7,

*P<(.05, **P<0.01



S 7 DR

n=22 30
100

26 30 26 30 15 30

HXIRE (%)
s 3 28 8

0
[PI P2 P3 P4 P5 PBHPY P8J
aJo0=—R anz—4
X 6-2, FRRLEERO 2> IR

LEo7e (B6-3),

26-3 10, BEEBRICBOWTHIELz 2 I %10
DOENTAERER LTz, 20— THIEL 72 R TIZ,
ORI 5 U E o e B0 IR ik BR L
e b OBBholeDizRL, ao=—4cid, e/

WRESWTHIEY 2B % o Tz, E72, BHEHIRR
TRHZAEFEL Coffficd, o0 —RTCIREED R
WHEER, au=—4TRAEIED s,

DF IR OEFERETCE, v s—NOEFEENaw
== DEFER L DR 5Nz (% 6-4), Ez,
DT IHOEFEBRIC BV Th, 20 —HOEEIIE
ﬁ“rﬁm BEEDIIN S v o To D L (B 6-1), 2w

— N ORI IEIEDZEW - BIESNHE BB s W (B
H6-2),

6-3-3. HENFRBLE-EEOETE L IREE
T h EEEDEERLM6-4 12

4 DPUPBRIZ BT DT

14 aF3
12}

EEOREGH

3R 4E' é% 68 T8 88 98

H6-3. 29T 7 h Y ORFFHEAEH (P LSE) 0L, @
o n = —NOE P 1-P 6) O, Olkoo=—4
ORI (P 7-P8) O ETFT,

FARAE RS I B e 97

FSEL 72 2 9 SRS & hu ik
(B g oM e 34)

# 6-3,

Moo R ENGBBE RERR R SEAme

au=—H
P1 0
P2 1 2(1)
P3 1 4 1 2 8(0)
P4 4 1 5(0)
P5 3 1 5(1)
Ps 2 2(0)
or el §
P7 1 4 12(6)
P8 7 1 11(3)

HED DS VBRRSEMENTLE> b0
IR L S A OB (Bl dE, SR AR

#6-4, 2 THMOERER (WYL SE)

;- R (%)
aazm—KN (n=23) 46.7+13.3
gum—H (n=1) 80.0

BTz, WdE {AHE L Tul K (Nf R) Tk, K
LI RE Kb ehdot, —7, EeRy FVADLK
e Ipdp o TRABRR (LS IR, LK, SfR) T, #%E3
BHEENL L, kI LS RTRTRTOEEREL T
Wiz, Nf KOFEAI I, b3 hIc R RBENTD &z
P THoT, LSIR, LI R, SEROELEDIFEA LR

Ik, BSESED SiLie,
6-4, & %

6-4-1. HTTEBHRICEITHETFORIE

AT auZ—ORNECIRANT KL T, arI B4
U7 0= OFEFOFEFER/NE o Tz, —BIICHETO
FeTEIE, O, WUE, RS L o THEEZ TS C
EDHIB TS (HEE 1992)

F9, FBERETR, &< 0P OIS TR
¥, FEEOEORB E LB L 45 (Fitter and Hay 1981),
WM, BRBOHBPZ>TELAET L bDbH 2, 40
DOFIFFEECH T O S5, a+5@3%E, 7hy
HTECE T % (WS 1992) o FEEFEER 21T - T ot
i, 20— 2 IS (PT7, P8 IBWT, FEE
BENENRFEEREBERLL (E6-1), IRS5DH
HOFHFRID S, HBRESPoMERLzo00=—
PR OHE DO FEEFERMBME D o Tz Z L &, el ld FsEs®
DEOEHHT 2BHRTR RO EEZ NS, HES
o TY, ZLATEUCITh IR TH BT
Oz, HEMTOESDSIZIIBEEAER L, BHEOBRE
BERITLTHWEWEHEZ SNE,

KRS TRENR S a7 S OBFD> b, ao
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B 6-4, 4 DOUMEICBT L7 I H v REDY:FFEE
LSER: BE & b & e hin B & 5 L7 ALK
U TEAS s B J D L7 MK
SR it mn D X5 Lic K
NEE BEE b e bt 5 L 5 I K

Z—NO b DIIE & A BRI CRHIEL Tnds (] 6-2), 2
0= —NO LA O 0 =40 b O LR L CHEE
WL EeD, 3B BT ABERB LU ST
T A Y BT ORE TR L ORI @ E OB S -
T2 (36 6-2) aFTET AV BWEE b, HEEAKES
OB T A E 9 S A S % GRS 1993) 0 AWF
EDRER L 25 LIRS, S, 57 7 OFOMIKRA~D
Mefigix, THAEMSEMAREICTAZEICLD, &
WU Ve R A PO O T OFRARICA DR E E &
BLTWADTEHEWNEFZOND,

L LR s, #EOFE TR, v/ 055 26
DB AL BV TCH, AR H I b b 5T,
FOEEF 0 —FTCHEERS LT WL (EIH 1991),
T b, WG REEREE LI b o0 o= —NOFEEND
BOERBEET D EHEZ 6N, AT VDI =—NT
&, F-H EMBEWERSSH Y, 2O E LTLEZER,
T BB BT ARSI D OREEEB/NS Mo T (3
6-1)0 HREETIE, T ¥ —DEHLDE LD, FEFEL
TeEp D OELEDEFCRELIBET LI LD S
(Beatty and Sholes 1988), %7z, U & — 3 ERRSFClE,
BIARD I OFEPESEILH % (Colling and Good
1987), Liedio T, Y ¥ —mEWI Lo —NOEL
DI T e ORI 2% - TWATREEDS H 5,

6-4-2. AT VEBHICEITIEEBLUMBOERE
PP bHELIaF L7 AV OFELEE, 20—
PEROHLAIE E R S AETE L Tede (1 6-3), E72, HHEL
FeaFSOPIcOWTh, au—RNOEFEENT D
Z—Hh & DERWEEDED sz, S 61, By M
ZIeT I HYORETE, HTYOENED B WO
B o fe b OIS RHIEDR D Sl (B 6-4), T
no ORI, 7Y OESHTORS L AR, EER
YR OEE I L IBE R TIT T 2 E BRBL T 5,

B BORRP ol BB IBA M ALLT, &
FLRBEM O S NS 2 L2 & BRIk O, 3k

19

DAL 12 L A EEI A~ DG TFEE N Tn S U
H11986; FiH 1993b), #EDONHEEED Lf iz 1) % %24
OFZE (B 6-4) 1, BWHTEAE T2 2 i & o THRER
BOWBBESZ L L ERELTnS, L, JEOREE
2385 & 2 O LR BB D W THI Tz

I« FERREER 2 TeliEiE L A B <, DOTE~D
RGP EENDA NV A LR D A DA LEHS PR
T, ~

—77, FEDOMIHERBRO Sf K2 B 5 4 DORIE (X 6-4)
i, SEBEAo AN s, BEOEFRAOEE S
B2Twb I ehRMLTws, #7 7 LR CHARIEDK
BThirhe A0MEE, N, P, CahEORBERELE
ATHY (Mizutani and Wada 1988), ZEAD I 1 =—
TREAEPTI NS ORBROMINHIED &7z (Smith
1976; Sobey and Kenworthy 1979), # 7 7@ a0 =—0
TH DOV T, BOBREE, SuaAkil, WO - KR
FREERE Y, MUOLHE B> E 2 (HH
1991; 4 38), Fiz, & OWIEMPRERADEEHROHEAEA
EAROEEBPEHEOREERTHEEH DS E s %
R LT & 7= (Prescott ef al. 1993; Dutch and Wolstenholne
1994; Prescott el al. 1995), iz, SBHES/YE S
ENDID LD, ELEORIED—RELD 55
LR END, Efr, 20— NTHTE L J2 KIS O L
T, BEEH 5 OB - BN s (#6-3). 9
L7ofEkid Uil Ui, B oBERE O A 65
301986), Lichio T, RO FEEDORIEER D —>
THHEVIHENE, COXIBATVIYOIT KB
BIEDHIE L o LHEN S b S 5 s TH
59,

SEOWZETHE, 3 pH idEsBo shkhrolc b
OO, 20=—RNOFEEGRKER =D T LN
T, WWEZERL Tz (36-1), MBS LIFLIE
FEEhoEKEHEL, BRELEE L T05RORE %
W+ % (Mohr and Schopfer 1995), @ 24z, -3
FOKSEROL &b £z, LROBROUYS L Rk,
PFLREWAPVAREZTWE LD LRSS,

BTE NT7VOEMRETHIBRMICES A SR

7-1. ZL&IC

A7 OGN & HHEYHEANOEHD 5 5, 4, 5, 6T
W, PRI R A U CE 2 S, PRt 0
MBI EIE > TEZ 2, Pl &RHADTK
Lo THFEME DI SN D 2 IC X 28R -> T & T2,
IS OENE, A7 Y OMEROTINC Lo CH &R
ENb, —H, 4V BB RMEEOR, MAD
BiIERT OIS, HHOEHILEOEAREZLLDIS o
TeATENE, A 7 U DSEEIIANC BUF L T WA E L W b,
AT, E90 97 OREMFLETH O 2L 5
Te®iz, A7 OHEMBENTH N LS L 0T O




717 9 DU TR R U i 99

DEBO %, ao=—NE2BEST LI LICLDINEL L,
DEW, DRI EOBMRHREERE s LT,
MEEFTENC B 22 OH 7 IO - MRS S
oz Ui, &6, Hsle R oiE X 5 3 ORE
%, —EHIRANORISECA SN 2 B 238 2 &
EWE DS Uz, &2, BHES N3 o By
BMETT 57001, BB L UM OY 4 X E2ER L 7z,
FLTC, IheDBERERELT, 470 OHMEEHEITE)
DRI DHMRICE 2 BB EBE LT,

7-2. K
7-2-1. ERAEH

AL, FHRMZLEEBOLO2 Y Y au=—Th
b, Kavz=—lt, W DMhDY T a0 - L DR S
nTed (7 7-1), 1989 LTI, HORFHO 2 >0
T A= TH o H, 1990 E O, 1993
A MR T o o - BB E W
WES 1994), SheDy T aum—05 5, WSO 3
DOV 20— BB TCHERT o T, DM (Area B)
W, OB EFAIECHZFBIEHE P NAT Y s by
FooaTT NI FEFRE LIRS H D, BEH
DCARHE UTHH ST Wi, B2 ORISR
Bah, BEEANEEL Cnd, B (Area$) 1, Mo
P& e IL B R B ALREIC e h % - aF T o
VXTIV BERE LI BHNSS B, WO FR5E
Wik A 8 775 FVw (Solidago altissima L) O
Wb b, BN, BELKBEE L THAShTED, 4
B 2 EARBAD HEZ 03T b %, oA (Area
U) W, oo WY a1 £ &% (Pleioblastus  simoni
Nakai) » 7 2 VY (Arundinarvia pygmaca Mitf.) OFE
WET A AT YT ¥/ F (Rhus succedanea L.} &

TR, SsRyT X - T v 4 (Cin-

namomum japonicum Sieh.) ko frH R EA LT

Wb Ele, FREAOEPE, KEB LM E VLo

B S LT s, oK, &, BoWEAORY

T auo—OfiE, ¥ FN6ha, 10ha, dhaThy,

BB (1994 4E) 132 2 580 fiF, 684 4, 643 HTH 3
(> 1994),

7-2-2, B OFERFEE L URERSOREE

1991 4E 11 B 5 1995 4E 10 A OB A v vy an
=— DB LV EORAEBEL, 2V Y OERHA T —
VERIR L 7o & I, B OBE B S A O 21T -
TwsH Y VIEEL, SERPEECTE 2 L5180
Too BT VBB AEEL T ARLEIC D WTIE, TE3
FRO MBI EES Uiz &7, P8 Couo—@HOEaD
bESRL o,

7-2-3. DAWIT & OEEETHEE
19924E 2 B s 3 B> ¢, Area By (7-1) 9O

500m

B 7-1, OB 247 OB ERTINC B S 5 99805
Area By I DH I & OERIET O £ 1T - Jo Mg
Area Sy, Area Sy, Area By :
B, M OWE 1T - fo g
Area S,, Area B, Area U, :
—TEHIR I ONA & B S O

ey

AR 1T - 7o i

MAREEBE L7 500080 (P I~P5H) ikonwT, FD%E
R R EHBE L, ORM2EE LI S, OB O
Wik, @IMORS, QRMOTELIER LIe AT Y
DOEHHBGIIEY 13~30 B (BHE1979) TH B 2k 2#EE
LT, FHERIEEN6 H (2 H/AE% 3ERD) 770 B0
s}, 77 0&REMIS em Th2 2 L 2RMALT,
E#i & B 0~30 cm, 30~50 cm, 50~100 cm, 100 cm~12
R 72,

7-2-4, BE L UHEMORE
1994 5E 9 H & 1995 42 7 Hic, BAOBE W 5 3 M
% (Area Syi: WD AP TARDBES 24k, Area Sy: 7KH
EMNCTE U728k, Area By: FPR BV 7235 820 7 ik,
& 7-1) 26, BB R0 e Bbh 5 B EHE 10 59D
(72721, 1995 4E£0) Area Sy, D& 11 B4), # 61 B & 808,
B CROLERE, M, B, B, HIORONE, #o
MR LT, S5, 20350 38 (Area Sy, T
18, Area By C28) ®REERLRD, BHNTL »
AL ERGE U2 O BIE L, 30 cm BLEO B IC D » T,
FRIE AL ot B EBESOHMZT>7, £z, 30
cm BUTFOHMIC D TlE, BIAROREEE » 2 nblst o,
B AHEL 2,

7-2-5, —EOHBRICECAE NI EMOMEE

1996 D 1 B 6 4 B & ¢, B 1HD 5 —E 0N
A ENDBEHMOPRETT T, T, WED L0
REIE CHR BT & 5 3, (Area Si, Area B,,
Area Uy B 7-1) TfTw, REEROMERSH I TN



100 A

BICHEAE W 2 EFOEMORS, i (BAOR, ¥
oo BAR, BIAROIE, P BIOWRE EREOEMK £
AU Tz, THARIEIE 1 B2 TR & L, 1IR3 Mg %
Iy bel, 1THIZ3 vy M (B3 REHE) 177

7-3. ¥ R
7-3-1, BAHREORER CREH S

BT kB MRS, IEIRAE 12 B o thE D, 5
AEThivi: (@7-2). 2 iz, BoIoo s e
Lo TR AR, TS AL cHgEsh,

B 7-3 ik, BolEdeB I ss Yy a0 —OHpE
(1992 4R A) & S o3EME (1992 SE23Dy) R L
Tro 12— ORPHIL, 1992 s 5 1995 SEQWARI T,
OB DY 7 2 v =~ ik L, EHillE (2
-3 A S T o u =SB S L EL I, Fh
FEEZELL Tl (S 1994), M OFERHE L LT
W, OB L TEPROSIERITD IS EE, Ol TR
O EEEY R O INAEE, QWETEL TWwS
FH SRR WA SED 339 — U BHER S i,
WoRoY 7 oo —ToOEMEER, iloBcBn
THMIZH 5 LOEAER TR SN AL, 1FEAL
0 a = —NEORRER B & O ECiTb iz, BARDEGE
LT aEHORTIE, Ml Toibitgi aEnip
hotz (7-3) HHOYV 7 20 =2—TORMERER, »
BY AR CED 5, BOROr—A LRI 0= —
ROMES & O L TOEDED, K, KANRFO
A, HIEWEEEL SO ET, BEITREL TWw AR
FHOEBIC BB S N, £, Mok F ORBERC ok
EHMERES NI (B 7-3), BOWAL DY 7' 00— T,
W FOREGE, Mo S toEE F, owe—
PSR OR E IR R iz, 245 QBRSO KRS
i, avuo—NE»FORUEEHD, 2a=—0OfEE»
SHENTWASOTH, FIF200m NI E - Tz
(B 7-8),

7-3-2. OAVOEEED

6 FHOKEBE T, &8 110 Bl RMERETTE & 91 [
O WIEITRINBRE S e, BERO#EWE, B Ok
EERO VLN~ LR TE L ho o, 47
v WS HAKS OERR I T - T D BLIS R B IR & e dp o T il
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Kortlandt (1989) 1, & 7 v &#9 1000 AR D/ % B
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EHES 1o, B EEREROOMEE, ORI X 2ERE

OHEEPRKED Tz, LT, AreaS & Area U T, 4
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W, A L E UHRE AT A E LT w2 o FAR D &
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WOMB RS L dane, P & PBAD T L B
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O TR LT OREEOHT 0 Hu b 38803 % i »3580

i

SNz,
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GOIAREEEHERL, SowdEET2200REY %
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Bl - T aufEndh 5,

8-1-2, ATV IVEBMIZEIT D ATV & HEORE
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Mgz s - (5 3), 2 LT, MERAOKEEDIEOU I,
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B F X BN - MENEEEZTChALEEILRN
be 9, FOMERBETHEY Y —Tx =, AUV
FARIEOWORY, BLUCHRICHARLOIHKEL 20
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Effects of inhabitation of the common cormo-
rant (Phalacrocorax carbo Kuroda) on forest
ecosystems - a basic study for conservation
and management of the habitat

Akira ISHIDA

The common cormorant (Phalacrocovax carbo Kur-
oda) is a large water-bird which breeds in colonies at
waterside forests. Colonies and roosts of this species
are often established in isolated forests such as islands
or urban green tracts, and in such areas trees used for
nesting and roosts have been declining hecause of the
cormorants’ various activities. In Japan there has been
an increasing number of new colonies as a result of a
recent increase in the number of cormorants and at
some sites the decline or death of trees has become a
serious problem in the conservation of forest environ-
ments. This study aimed to establish a practical system
for conservation and management of forests colonized
by avian populations which utilize trees as nests and
roost in colonies. Some field surveys and experiments
were performed to clarify the mechanisms of tree
decline and the effects of cormorant colonization on the
forest ecosystems. An outline of this study and major
findings are summarized as follows.

(1) Vegetational changes in forests colonized by the
common cormorant

1. The species composition and structure of forest
vegetation colonized by cormorants were surveyed
from March to November 1992 in two colonies
(Chikubu Island and Isaki Cape sites) at Lake Biwa,
central Japan.

2. The status of vegetation in each colony was classi-
fied arbitrarily into three types according to the
external appearance of tree, shrub and herh layers:
dense tree layer (Type 1), sparse tree layer with
sparse herb layer (Type 2) and sparse tree layer with
dense herb layer (Type 3).

3. Densities of cormorant nesting were mostly similar
among the three types, except for part of Type 2.

4, In particular, large trees on which the cormorants
nested were heavily damaged, Chamaecyparis oblusa
and Cryplomeria japonica being damaged more seri-
ously than other evergreen or deciduous species.

5. The forest floor of the colony had few seedlings and
saplings of woody plants, whereas a few herbaceous
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species such as Reynoulria japonica and Phyiolacca
americana were dominant,

(2) Effects of cormorant activities on trees in the
forests

1. Litterfall accumulation was surveyed in some forest
stands both inside and outside the colony from Decem-
ber 1993 to November 1894 at the Unoyama site on the
Chita Peninsula, central Japan. Litterfall in the col-
ony was derived from leaves and stems of herbaceous
plants, various organs of woody plants, dead insect
bodies, detritus of fish and crustaceans (prawns and
crabs) from the cormorants’ food and cormorant
feces.

2. Comparison of plots with a similar species composi-
tion of woody plants showed that the annual leaf
litterfall was larger outside than inside the colony, and
larger in nesting sites with low than high cormorant
density. The annual litterfall of twigs and branches
showed a tendency similar to leaf litterfall between
inside and outside the colony, but comparison between
the inside and the outside of the colony with different
densities of cormorant nesting showed an inverse
relationship to that for leaf litterfall. The annual
litterfall of other items was larger inside than outside
the colony, which was reflected in the supply of cor-
morant feces.

3. Comparison between plots with a similar species
composition of woody plants also demonstrated that
there was no difference in the seasonal changes in leaf
and twig litterfall, probably due to a difference in the
status of the cormorant nesting habits inside and
outside the colony and between different nesting den-
sities.

4, The litterfall of twigs with leaves, which seems to
reflect the intensity of twig snapping by the cormo-
rants, was larger inside than outside the colony, and
larger at nesting sites with high cormorant density
than at those with low density. The litterfall inside
the colony and high-density nesting sites increased
during the period from May to June, which corre-
sponded to the brooding period, and in November
when the number of cormorants increased.

(3) Changes in soil properties in the colonies

1. Some properties of the soil at 10-cm depth intervals
down to 50 cm in colonies on Chikubu Island and Isaki
Cape were compared with those outside the colonies
in June and August 1992.

2. In both colonies the thickness of the A, horizon
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tended to be greater inside than outside the colony.

3. At 5 cm depth, the mean total nitrogen and carbon
contents in the colony tended to be higher than those
outside the colony.

4. Down to 50 cm depth, the soil pH was significantly
lower (by ca pH 0.5) inside than outside the colony.

5. The moisture ratio tended to be higher inside than
outside the colony only in the depth range from 5 to 15
cm.

{4} Seed germination and seedling survival in the

colony

1. Seed germination and seedling survival of some
woody plants were examined experimentally inside
and outside the colony at Unoyama from March to
September 1995.

2. Germination of both Quercus serrata and Pinus
densiflora seeds sown during the period from March to
April was less successful inside than outside the col-
ony. The percentage of germination success was
negatively correlated with the amount of cormorant
feces scattered on the ground and also with the water
content of the soil, but showed a less marked relation-
ship with soil pH or light intensity on the forest floor.
Seeds which did not germinate successfully mostly
died under the ground except for a few seeds outside
the colony.

3. Pinus densiflora seedlings in the colony died soon
after germination, whereas those outside the colony
gradually deteriorated. Most Q. serrala seedlings in
the colony died of necrosis, whereas those on the
outside survived until late September and then died of
defoliation probably due to herbivorous insects.

4, The survival rate of . serrale saplings planted
inside the colony was less than that of saplings planted
on the outside. Similarly to the seedlings, saplings
planted in the colony suffered necrosis on their foli-
age, while defoliation was recognized for those out-
side of the colony.

5. Quercus glanca seedlings planted in plastic pots were
prepared for the following four treatments, and set in
and around the colony: 1) exposure of both the leaves
of a seedling and the soil in the pot to cormorant feces
under natural conditions; 2) exposure of leaves to
feces; 3) exposure of the soil to feces; 4) exposure of
both leaves and soil to no feces. Survival rates of the
seedlings with feces scattered on their leaves and/or
the soil in the pot were significantly lower than those
with no feces on the leaves or soil.
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(5) Effects of nest-material collection by cormorants
on the forest around the colony

1. Observations of nesting activities and measurements
of nests and nest materials were performed at the
Unoyama site from November 1991 to April 1996.

2. Nesting activities in this site were observed from
December to May in each year. The cormorants
collected nest-materials just inside and around the
colony within a range of ca 200 m.

3. There were three patterns of nest-material collec-
tion: snapping of twigs from trees, snapping stems of
herbaceous plants and bamboo grasses on the ground,
and picking up plant tips from the ground. The ratio
of frequencies for nest-material collection on trees to
those on the ground differed among cormorant pairs.

4, The mass of 61 nests collected in three particular
areas in the colony did not differ significantly between
areas or between years. The average mass of the
nests was 1.7 kg d.wt, and the major axis, minor axis
and depth were 30-60, 25-45 and 12-40 cm, respective-
ly. More than 70% of nest materials (by mass)
consisted of twigs and leaves of woody plants, the
other materials being bamboo grasses and herbaceous
plants such as Selidago altissima.

5. More than 909 of nest materials brought to the
cormorants’ nests in the three areas consisted of twigs
and leaves of woody plants, bamboos and herbaceous
plants. The proportions were almost the same among
months from January to April in each area. The
proportion of nest materials containing fresh leaves
accounted for ca 409% in all areas.

The results yielded the following conclusions and sug-
gestions:

1. In forests colonized by the common cormorant, the
species composition and structure of the vegetation
are highly simplified due to the dominance of particu-
lar plant species adapted to forest environments alter-
ed by cormorants’ inhabitation. The change appears
to occur faster and more drastically than in other
forests colonized by birds and mammals such as the
streaked shearwater (Calonectris leucomelas) and the
sika deer (Cervus nippon).

2. Inthe cormorant colonies, the snapping of twigs and
foliage which frequently occurs is due mostly to flap-
ping and trampling by the cormorants, and appears to
cause a local reduction in the foliage of trees around
the nests. Seasonal changes in the biomass of organs
broken off by the cormorants were strongly related to
the phenology of the trees, to the frequency of move-
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ment in and out of their nests, and to nest density.

3. A large amount of cormorant feces dropped on the
forest floor causes changes in the chemical and physi-
cal properties of the soil in the colonies, and such
changes are most apparent in the surface and upper
layers of the soil. This suggests that plants in the
colonies would suffer various detrimental effects in-
directly through changes in the soil environment.
Cormorant feces would also have direct negative
effects on plants around the roosts through their
adhesion to the foliage.

4, The collection of nest material by the cormorants
would cause disturbance to both individual trees and
the forest floor.

5. The degree of tree decline was different among
species, due probably to a difference in the response to
loss of foliage snapped off by the cormorants. The
response to negative effects through adhesion of feces
to the foliage or changes in soil properties would also
differ among species.

6. Forest vegetation affected by various activities of
the cormorant is suggested to change according to the
following sequence of processes: 1) loss of foliage in
the tree layer; 2) decline of plants in other layers; 3)
establishment of a highly simplified vegetation struc-
ture where only a few particular herbaceous plants
predominate. In accordance with such vegetational
succession, the number of cormorant nests is expected
to change.

7. On the basis of the present results, some practical
suggestions are proposed for the problem of decline in
forests colonized by the common cormorant.
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