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HATAAE » R EEEDA (Biotic
) R3E4MEy (Abiotic) RTM-LE &
&~ ~ B4~ M2 SRR EIE S
ZIEMBEREE - BhaEAREERY
EBf» BMEBRERAREEBLEDEEZRSE
BAETARZERRT r IERABBRZLE
BeiEfr (Niche) (Burger 1979) o

TR (Soil type) REMIEH (Soil
fertility) » EEHRGESEZAEREER
(Abundance) » ETIHEEEEREMY
TR Wit EREBHRSE S » L H 4
H—EH=F2HFR  TEHLAERZ
EAEREREE-

BMRESMRGR  REVYEREAK
HAZEN » Bt - BESyRERNRE
» BRI EABBREMERESREE R
& » REPDRBREALERRY (Predator
~Pery) [HRIBRF °

HYAEESSYs S hREE KR
HAETREB Y &Yy (Food) ~ &8 (Ne-
sting) ~ BIE#E (Shelter) Z % + HiL
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* E# (Vegelation) Mz 4R » BY%4
BB EB I PAHBRZEHE o [
BEAAZE BRI EEM (Climax)
FERE—EER LOIRE » BEWR »
EEAEHRER 8RO EARASE R
TE » ERERYELT » EERETRELY
' WEER  EEE (Community sue~
cession) FMEEERGY » MAEKBRE S » HE
ZHER A EE B ABRERATH
HEHL BARYREEVEARRETD
BECBE  EERSEY a2 IS Em
HRETHEMNHER o

FRDEFEZEEA (Interaction)
ARSI S L EREE  Bfogss
BYEE 2 Hike

Rz » 2E~IE G5~ £YHEHR
THARTHESREE » MEREMSSEESEN
WG RIS T HFEBW50 R R Ley s
ft

Burger (1979) 38 : &% ZuEd +» £
BIEERE Z 8L (Complexity) » i
BLEFROBETH  BEEE R — (8]
%) BE) (GB) WirEREo s gee
SIEBPHAR AR EERBE] o g
EAET B RS fE R R LAy aE Rt o
L EEHyREIEH

HEDMREEEY 8 A RES
HRREMEER R finkip sy (&
ERMIEE S BER S 5EE) KAy
FE N T 21005 o gyt » Ry
BT 0 LI B SRk R e T Ay
FE o HRBEE-

B~ TN EERBENAT RS
15 ST B 2 A T

potential) ERFE{7: - (Mortality)

e (Reproductive

» A

R s N — = i TR ST Ll T TR R SR AL
HZ??E%EE%M»HL_Z-E&: GinEZ
RED (Carrying capacity) s 1By

Bl AL B ML, T T i g = i N Pl
E;Cﬂ:ﬁsﬂ‘.’fg’_;{i":"' TEZEE s -'i.-ﬁﬁhm

e R T L
J (Decimating factors) #0ig:% (Preda-

tion, ~ fgs (Starvation) -~ 1E#( Disease)

FroREBLEEA UREAF2EE A
K RERSRMEREZ @8 Hak
I AETiREE (Dasmann 1931) o

SEAFHERRRES RSN
ZEALRAR At BhEFEaT 2
BB E  ARERRERT 2 HELTE
EHSHREZREERETE » By S5
FEHF (Critical factor) B 4im¥ (Li-
miting factor) o FFSEFEMH VL L 15
REE TR HHERHBEFRITEZES (
Burger 1979) o

SEMN—BIEE » EHHETEHy RS
S SRS TE » ZRALLEES
HEDMESTERRAS HE  ARER
NEEBBIFE» REDERHE (Po-
pulation dynamics) ERffa Z8 & (Alan
1987, Burger 1979, Dasmann 1981, Giles
197 -WESERUBHETZESN » %R
BEFLDILEE  MELEBIRELE
EREERD  RREENZEETE - 5=
Bz %is (A » Habitar manipula-
tion) BREHLEHWRER » REEL
mo

Fs (Hunting) > AR5 £ DinEs
B BERN—H AEAEERL MERR
HRERE » FTESEHys EEE 55
PR MAESBEENTENS Sk
MRZFHARE  FEESZ Y ELN
' REHUBUEHEANS » NEART (
Conservation) T AR A TEAY o —
FEOCEFEDHYRTES T B
EHR o LTER o Burger (1979) &5 »
MRABESHYBET S — S5 ag
FIOYFERY I AEREEMET 2T
CETIPAREESE 2 T ) o BIi% » Burger 7%

i AR FEALARsEsEgz LS

F -
g (MEEAL) » BREBRFAERS
EHE Y REEEFEMAYZ T » 5 L5
B (Concent) » g
e



s EEREHRERANEZRE  BARE
hEEEMZTLIER B EE 5
EBMLERDRE ) R EANERTAE
YR RER RS - R >
RHRTE s FREERFESVSERETE
ZERMER -

E-FENMEEZREER

FEBYREZBEE ) TTERER
2 (Ecology) BE4#4pE (Wildlife
biology) + —{ERIIAVEFEEDEEE -
MAEFAEERIIEE 2@k » JEE - H5HIL
Heppy— L BRE B » kR EE (Popu-
lation dynamics) ~ &) (Carrying
~ E-EELARBYRERE
(Wildlife management techniques)¥* » []
Bh—EB A MR HS (Wildlife inves-
& WERFRE -

capacity )

tigation techniques) &
L AfeE

FEPMBRAEDBEREEHERR
Ti@EEZE » Villee ¢z ol (1978) F: T
KRy
' IBRAEREE] o

Weier er al (1977) Eig: [HhEEE
BHEEFRE KT (Organism level)
E Y7 KE  (Biological organization
level) » JREDE REY ~ 8178 ~ RELERER
(Ecosystem) #y—JiERRMEZEIE] -

Lederer (1984) B : T4 EBEW
LR ERBEHMR—FIRE] -

BL EEmEa M ARBERE FECE
BTHRERNERNZEALEZ » TBE
FEFWEETD » BETBHEREENE (
Energy flow) B AREREYEE (Evolution
of ecosystem) o '

(1) KRy

Eﬂ?&ﬁ?%ﬁﬁéf'}f ’ ﬁjfi‘iﬁﬁbﬁiﬁ@*@
ﬁﬁﬁ“ﬂ%ﬁZfEﬁ Fﬁbl s BEE Lﬁ%é

FEFAEEAYBEE (Function) » ERELTE
B (Nutrient cycling) ~7KZ{EE - (Hy-
brologic cycling) ~79yZE&MiE (Food
chains) ~ &3p# (Food webs) £y 5%
A RIBRGR ©

BEOChaviEE » REEBEDITHIT » ¥
BMFARERRFBRAE » S ENED
BAZEN - EREREMLEY ZBE
Lo BHRAIRIEEE P REEEZBEE—
BEREY (Herbivores) HRFfFfEiadyil
AL AEMTREREE ;s AEKEEHY (Ca-
rnivores) H|E ERMEEHPYREBE_FaVE
e ER—EELESD  RESRAE - ARE
» EPIE R RIE 0 DIREBRARZ SR (
Dasmann 1981, Villee ef al 1978, Lederer
1984) > TARLIFI A& o

EREEMEZBEP » KBOEEY

uﬁiﬁﬁhﬁﬁﬁﬁﬁﬁi » INE— P 0 fEAE
HErk » A —EkfEsL (Theoretical pyr-
amid) » FETEEREAZHRL  BHRE
ERGEEDZEME  KRMEBERE
@W/J ~RENEY - RERREEMZED
o LA » MR EEEZKECEDHNE S
ERREBNEEZEERT » AERRM
A% (Predators) B4y (Prey) [
BB B 2 B o
iahosed kY]

sh-ged ok

fE— ~ SEEH 2 REE

(2) EBRZEE

m@%&ﬁ%&%ﬁﬁﬁ%ﬁﬁiﬂu

*ﬁll]ﬁ,@.i&ﬁmin‘i’ﬁi (Hdbltat anat) sis & evaluation)

S TEEE DT (Population analysis) o

— 54—



PITERY MR EER AR o ML » &
B BERBETESMNERNE » FNEHE
WEBRLESHETHESDE AR
ﬂﬁ_&_ﬁﬁ% °
£RZ% Odum(1969) &38 ¢ [{Ef4E
R BREE R TE S E AR E o B
Al S —EELEERRGNE—EEDE
HZRfF» BESGE-HAFREE]
AR EREAZ éﬂé’%*tt’m/umﬁ
fif s RRER Y EER—IEERF ~ AlEE
2B Wik ERFTLIBHRIAY o FK -
BREBRT A REFRIRSIFAR » B
b HEERZT T E 2R —BWE &
SEREEE SRR R S HEE RER
R » TTAEMEFEAES T EEZIBE o
B ERE  B—EHECHERR
RENFERZ AR » RN HERS
RN EE > MENZEGRIYERE
HEALEME » £ERZEERED R R
Yaﬁha%¥275$ﬂﬂiFJ’ Y TRE R InE g
Lﬁ EERFER ST » DIHERE £ d » A(FY
A I RELIBEEE o
Odum (1969) EL\EERKE WAL RE
R B EABRELEZEM » XEEH
ZHEEE (P) —FAEEZRE » ZHEB

iy s (R) s Bk PR
HERR T (MME—EZBRRET »

P/REF /IR L) » A » #58 P/RERX
FRIEURY L » AR ARZEE » P/R[E
WERRBEGTN 1 JREME—RERT R BB
o SEEERAFT ATt KGR » RECT s
H2MEDRETHHZEE » PIRERK
B RERAE Z1ETE o

FEPIRERR 1 » £ 5 (B) &
%M’EWF’ﬁi%%@EZﬁ%¢’E

& &R ER I n iU”‘i‘ GRS IR > A
B EME 2 FETENS ) B LA
7N 3/45'(4;7‘?‘_[/ % %gﬁ#ﬁé?—?‘ ;i‘:“
ER R A A 2R R

Days
BRI G AEY LR REEELEY
(Odum 1969) o

1 I

EEBREEZY 8BRS (Wady
) BRR EEAYESR » MK » 8
B HENEREE B BEERZEY
%%WMaﬁkﬁﬁﬁ B I s i
ESEFUSEEYERN » SIEZ (Diver-
ﬁw)%%’ﬁ%3§2§ g Nl REik
o ELLCTE » (FABARBUMEEDTE » T

y MEHEEAEARALZ

B o AEEDTARNIE (Living type) %
B o BRARERZEE ) A BEMA ) &

Mo BUEEBELE 1 (

Dy

Niche specmtxon) BAEMEE o

HEmd -h da e B
5y B
N

R B
-—tlj_l‘%g ' ””.l)

A ?ﬁﬁﬂﬁé il (Reprod ctiony
- (Quantity) m “)’,—'“ﬁé (Ouahu



sy B BERERERR
TR FEABER B » RV REAR
BN ELS 2R EEFAERLK s BRZ
BT EAYEE D EE  EEERED » B2REZ

FEERZEZMEERMES
R LET ) SAERMEEEEERES
HEERE BB EZ By 0 &
& (B BMZAERET) o MIELRA
BEZHEI—ERNEE— E:J’*it N—3
N BEERBERERNEL  RREER
EL@’/%ﬁﬁTmﬁﬂZCx’TL’
BIEEAMERE IR R EREEE
9‘3%%*%’**54’%@?( B2 #2268 LU
BAE s MLIEE— B A EEEE R
FERZHEER » Villee er al (1978)
B [HEBEE ) FREERELE
RS » #7258
2EEHNE
B A g2 (Wildlife biology) &Ll
ERZEEF Y MR T A B —FI2
#t (Dasmann 1981) o
ELERRT URERELEEY (
Wildlife) —5r» ERKEFRSAIGE B
HEE  SEABRIRERZ Z A MM 5
ERAFBEEZELEY s BERBE] o
Dasmann (1951) RIFE » EF4E &4/
LEMbz BB IELE s BE - &8
N ﬁixﬁﬁf&ﬁrﬁ? °
HEBMBLHEBESRE %4
B2 ~ 9 ~ TE ) BRI iR
i (Habitat) z—4]» HREFAFWER
Stz EiE EUEWNRTEBYERTERE
ZAERERIREAYE S o
SRS ENNELEBWE 8%
ERSEE  MERAFZEZERBNEESY
BRSNS RERFIEE -
(1) EEEEE  (Population dynamics)
IR BT S B B RS T
B EREASHEENGERNTSHET—ZF
 RERBLEOE  FRREEREHEE

At HE

'.‘!% m a ﬁf% 4«?

bR R OR

1‘ -
L

izt

s INREEHIEE B2 RERERDE
69 0 BRARELLE BT » B ATRTRAEE
BOSE AL o HETTRE BIE L DOEEET £ BT
ey B HEZEERMEATR -
Lederer (1934) € : E9EET
<EY s EETRLBTZEDR  XEFEAE
BIBZIEE —EEHZHDRET » LUK
BEHRBZSEFRTEL Al BEBS
s FREER

(Reproduction frequency)

EEE~BEARIE  LRREEHEL
#EnaJ o
EEERVBRE S » £HAF RERGRY

W RESHv BBy HIRERE » g
—I98Z LT 2HE BRI » HIBRIER
BEIEE AR (Lederer 1984) o
T=ZEfE (Population & Species)
Villee ¢t af (1978) i E: (HEETY
E—ERERRz—EREEm] -
Richard & Kenneth (1979) 438
TEFE—BEERER » X—EEMZHE
BEEFERCER  BZEE] -
Dasmann (1981) € : [FREEZE
' I—EEEYE—HERZEA] o
Lederer (1984) @B : [EEE » T
BE2TE6 B—HIERAZ—ERENE
Wl e
ARl REZEHRLIFE LRI B
BREZRATE ks » Atk BRERZZ
O ENSHEENETIAERE o
Cauley (1977) @3 : [EBMREEL
HEiE ) EARME  REREL VB
MBI ZEEE ~ HAEZERIECEZ KRN
FBULHB Y TEZBNE (Paramater
) o TEPBELE N Bl » BIRH AR 2 Hi
o rEF HEMEIR—HRE » T 'mlﬁ:?"*fﬁ‘ﬁfl
FURRBMT » EAFELE 2 EmMUE
o RMEAEHERERR—EBNBER
BEE o |
mCauleyiE ané_fl%fﬂﬁ ' HRERER
REHE EAAREERZE s BUEEA
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BRI e R AT R
RFMAETE ~ B ~ECEEMER -

@®BE (Density)

EANNLFE—WERESEY 2 HE »
TfEREIHEZE > X/ (Population Size)
M—E LU BEZAXLFERZ » HEHE
frEEA » £z ETRE o

AEEYEAFEME 2 EYBEEEE
Ko @ AR TIEREEERSERER »
Hit s EERBE L A BB HEERE
HR o REfERE%E (Ecological density
Y BT ZERM R BVERRZE
PERE o

QEERERT

A 2 EEHESRERFEMR A
REZELVRBEN—IINEEFHEH
ANEH Y ELERE ) BENRA 2
Sl 2 REEE  HREY » INFR IR
B HERAFEERENL L —8E 2 B
REZEEIZEE K o

EE—RBE2EWEE (BEA -~ EH
) B2 BE 0 ABEEHE (Seasonal) R
F£E (Annual) Zog# o IR ELAET
2HE L RE S BYBRE S RRE - FHab
(Nest site) ~ 7K ~ 885 (Competition)
% ARTERB—HEZZHRERT (
Lederer 1984) o

Moss et al (1982) B3 : [iFE{k > H
ENFEE S ER BERREEVEERES
MAEF] o

DREZ G

Richard & Kenneth (1979) gz : [
BEEZERZINERTFINER ~ &g
I’Lﬁ‘!ﬁ:ﬁ?lﬂﬂji FELC B A STEBHEFZ
#H1 oo
HERERE REZNRTELES
(Natality) o fEBEEEHT » FTREEERY
BASBEHENEAHAEZE (Maximum
natality) o RNB—EME » BHREEGEE
RGER » Bt kB —HEELEZES

¥
m

WAL s HEHE » HERE RIS
ERAWAES o

BAFEE ) SlRHLR s HUFE
RNZBHRE/DN » [k B EREERE
BREEBZRED » N5 ERTBRTBRER
YrasB % (Lederer 1984, Moss et al 1982
) e

BREREBRR » BEHEWRS -~ B/
TR ~NEEEN » Ri/b2aisiaE » A
B EZRAYE D o

FECCZE Obmmw TRCEEREZR
N B SR s BEZER S IHAEE S B
~ B A (Cannibalism) ~ "%z~ dE5%
B~ IEFEH ~ BF - EFREE
' MRERECZRE » RESKERT
(Decimating factors) (Dasman 1981) o

—®Ms» LFRIECESNED » K
HAEZIRE » LUR "E*ﬁegqﬂ Bl B s B L
Fig o R T2EANHE - 5E L stEHR
RTREEAERS uﬂﬁﬁﬁ BN fiTRY
FrEEBL » MAVEMBLHEERS
BRAYERE  FTLERTESRCE » ERE
ik BRKLEBHEE (Ledere 1984) o

B A (Immigration) EEFEH
gration) ZTREEEEZK/ o B—ET
E ZEGEAEEN  BEHEEZ XD
WK KRIESE » MEAE DB » B HE il
PUER (Migration) SEREEA Iz esto

SOEwmE

FECBRERFE Survival) wJLIHAG
#  (Life table) ?RIXETZ 1 E1E5—

(Emmi-

Al — X & 4 (Dasmann, 1231)
O b0 | WO @ (e

|
o— 1 1300 372 372 4.2
1— 2 623 41 ec 33
2— 3 537 66 2 4.5
3— 4 521 68 3 .42
d— 3 45 67 43 3.7
5— 8 388 54 47 3.1
6— 7 33Z| 54 é3 2.5
7— 8 278 54 194 2.0
8— 9 204 33 7 14
9—10 191 191 1000 0.5
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WAL ATk (1938) o Ph+aEayks i S
EpEgEaday LOOOEEERE (Black-tailed
deer) ZHEHE » BEIHFE » Rh x BEbil »
Ix BEEHnREREIER » FiEZER » dx
BESBGERA  RCZEE» ax R
T exBEhBR ZBRNATEEEZTIS
24 (Expectation of life) o

Rl T HeRE (ex) ZFHH » F£Moss
ct ad (1982) prZE "Animal population
dynamics” —& + BHELAE » LiEE
BEEEAMT

Z2Bexz i E B Lx BEASEE
HE R REE S Ailx=,+L,)/2
' R Tx RERIGRFERERSEZ A
s T =Ly+Le+L, 4Ly s Nk o Tx/lx=

ex o

A2 T a2

x Ix } Ly ' Tx ex

o | 100 053 476
1o 01§ 907%

2 se1 892§

3. 827 822

¢ 747 567, 1178 153
5 426 3] 7} 501 140
6 208 179?

7 150 85

g : 2 10{

EHRERBEL ABRERE Y AL
ERANEERRO NLTECER P E
s AN ERRZE - A » £ EAE
HARENRE LR+S8H  BEEmR
B~ FHBILE ~ (R ~ BRI ~ TIERK
BERL CHRETHBVER (Lederer
1984) o '

OF: 2:3:::51

3 4 A R 48 W T 5% (Survivoshop
s BEMMPILERR—KRER» @

curve)

B2RECRRBEER - EZREHREMOE
TR 2R TR ZEF R
s IGRESEMEZHET o Kby HRRAR
TEBWEECE » EEEEmARST T
SR SRR T —EAYEEE o QUG RURE I
' MR BRIAERBW 2 CE » EREGB
BZABEEETEASE  MIRCRITREBY
ZRCEE  EREMBBZSGFEHHES

KB T SEE R » BRI o

A
o
=
a
5
B
£ W ‘
M= BEdiE
DEEME
B MATLBERCHE (Death
curve) o+ HETCRGE-EZEHEERE

HZETE o HH ) AR iR (Growth
' BIRR—BREEHNERRIEC

curve)

FEERTHE TSR - BEFRAER

BHEAT  EYBEEAN AR » £ &
HMEERBR S (Sigmoid curve)
AR EE = s 0 BB (

Lag phase) ~ {884 EH#] (Exponential
growth phaée) s B EE (Equilibrium
phase) » FETIAISAYEREEE » BIER
ZEHH (Lederer 1984) o

- ®a"A

AN BAES EBEE L+
EE MREEDEHZ—FS» FEFE
BWMERYER Y — » LIT 5t & 82 21
HKHBZ -
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Lederer (1984) R4 B dlizgns »

BUZB0 ) RYFEART o Lederer 17
P TE—/NBBY > RES (BHZAENE
R R EEIN) o MEA—RFEEE
s M PTG TR Sk I E IR B
B R AR ELTHENT » 1%
BEE o REEM Mk TRELT
» RIS REESNEIRE LT » #3t
HARAREIECZ R BB RIS RE
o REBEHERY o KT » BELADY
EREETR B EHT » Mt BREHRREBE 1B
ERSERIECZE » REHH B M b 5

(Fluctuate) » Jtifs » AISEEL » 56
Wi RN EEREZaF ] o

Richard & Kenneth (1979) @&Ll—
1] ﬁt"ﬁﬁﬁﬁ D [R—TREzZER
oo RSB URIE ~ FEFERT ~ SR8 ~ KIE
S REMAEFELTE Lﬁzzrﬂﬂiu AMRE T
FEERRZEE ER---- » AT LU —(E
EEMTE—BEEKINETF  EREDE
o MEGAERS » MAEEsEREE
HP AR B BAVMEE -
FHRFEAZ 1 Bl Ky ET
TEF ETHEEES BMERATHE
Ay s MELXR » & T REIE A
RUERERERHE T2/ EEASEIR
EAEGE L -
Dasmann (1931) ZI&WDIETHZRY
e [MEFER R E—FREEwD

/

BWERE » MREELLE » Q% HevBwiE
ST B BHAKRERERE D (I
) —f& (Species) ZEpmGIHNBRIERN
ZREZHEB o B B ERRERTE o
(I —EBHRN KEBEEEZ LR 88
%[FEUT*“§%§E~593@UH° (I —
SIbFTERELERE - ERNIER 2 BiiE
g,{__terEJ °
QiR Z E) R T BT H 2 B 6%
Richard &Kenneth (1979) &z§ :
IRATRE ghE KLHE%U%*’\I@ﬁuﬁiﬁyﬁ%
REZEER AR HRELSREEL
‘ﬁ’i;/ﬁ%(}’i;g s R B EESSE T ko
TElREAE] o
TES B MESS » FORMEE
R E%DDH@%‘EKZE’%E?&I@ S
Mo BB EERATEE  RIFES
IJ',‘%E?J“L?' BRS  FrckEay » NEZREERE
EREE L EIEREAEER HRNEREHH
ZHER] s AWIERAROY(EE » K BIRES
ZE#M 2 (P EAMEBGEEEEHZE M
] o
FAG » HEEH D Bk &
ZAFiE EEZf" HEXRERLREZEN TR
B IRV RERRRFEH DL FMSER
SEERARN e R 2 TjiEEﬁié%E‘fL 2R
ULy WMIEH AT TSI AT 4
E%EE<EMWH’EME§EZﬁ’m
HIb# gl o
i1 Richard & Kenneth fif 5 » a4
%A*E‘ﬁ?ﬁ’:f@iﬁbﬁé"imi@ﬁ%%i"?Tﬁff_ﬂﬁ
B BAESEHYRETELEEERE -
(2) =5 (Population analysis

==

(Determine) Fjip

= (Structure) Ll R (Com-—

: SEVIED 2%

7% i El R .’2%5%2’4%@5&2%% (CEERVEY
FAray) 7i5#MmE (Eberhardt 1971) o
HEREZEE BRMGEHEEE



R R 2SR HE L BEERT
SEEMEE  BHADNE AEREEET
BT » BT R A 2 s » MR

HE— B PR E - EREESOHAE
BARBEREZ AR HEASERBHAZR

SRR S FinadE ~ EHAREHYESE
(Numerical abundance) y BT HEEEIE
BinDAERE 23k » S8 F— B et
e Jﬁﬂjlk‘ﬁf@{7mm oL R AT
2 RR LR o
— TN S ¢+ DFFE38 W 40 o Al s e
XM TEZIER  BETAMNEE
HEHR SR ETRAAY RS EHER
# (Sampling) WITL{F L+ BFHEONYG
EEMEEZRE TR ERIITRES
BAEBEERRE; FI s ENZTE » ¢
SIFHE >~ PEb (RRLUEREBRSEAR S
) FRBERERTRZRE - Bt 5
EHWHEESN L EAREELTTENE
o QERSBY TR RE i—ﬂ%giL
RITZBERR S 5 T AT 8 E ZERMBAE—F
ZARER o RRE 0 B E‘TﬁJ\ETng@mxa
s BMEEZ B EEE IR -
. —HRWME ﬁ'ﬁ%%?ﬁ?iiﬂﬁ)ﬁ@%
AL ﬁ[‘ﬁpﬁmﬁ57ﬁﬁg B. 388 (Index
) ﬁﬁ%ﬁ%aﬁ (Relative abundance) -

SRR IE » BRI (

Food-comsumption index) £ o C. Hhzs
(Rate) s QIAEEEZS ~ HEHELERE o
EXSBWEESITLEL BRI
BHYE S 0 UAREToAVER » AR
BEARRIER R HBAE RS E M K
FRRYER » Nl BV AYHRT » e
FELgn gz £ B R EAEE

WHERYBUASE R » (B2 » B AHEMR - “‘r
A G E » 2—MIERER » "t

inEberharde (1971) %ﬁ%%»&#ﬁ%
5 f » B0 AR T HEI5E 0B B O R R B

sl

S TAEEF AR ETEER
DedveE » B35% ZE NG

—RYE R s (R MIAIER KR T - Hik 0 £
BRESHIIEE  BABEEZRD BE®E
TEREZER o ;AT » BAERYREE
EHRHABZEREE TR E - _
BARGESMZEE s RTEGRZMA
y 5 E B4 (Recruitment) \ﬁéf-g S~
BEXRER (Population Size & tre-
nds) & RINEER ﬂ‘ﬁb—‘—'ﬁﬂ s Al 2
%ZEberhardt, L. L. (1971) “Population
wildlife
technique: wildlife society U. S. A.
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B FIAEE 1 1988

LB s i A

S
i

— EEREFENEE

1969 =M M [BRBREHEER
(National Environmental policy Act N.
E.P. A.) | HR\BEEEME (Eaviro-
SRR
Magay [BEMLEFEFHE /M (Council on
Environmental Quality) ] o {R1973E
R T2EBREPETHIIE] /EEHEHE
 BEIERTI N GHE) FEEE (
1) BEAESN (2) BEREFE (3
) HMERI T IE A E o

HENRET2F10A 130 TERE 1354
REEHRE ¢ [SREFERERETE » B
BEXERFE LERRERAEERTREELRR
B2 KB TR » BWIER SUFRIE S
ETIF » BURFRERE  ChEEEN
AHFE] - RETIFEZREE (B YET&
HBER] c REIT2FILA L [NnAEIE
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(2) AEHMm

@ErE (Planning)

EEN ) —RIThEREHEEN
WEZBX ~ Kb~ BBEETEE » EEE
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Bty HRER L FI AR EEE « ft
ZERAF ~ BRENEHTES » EEE 6
oo B o FRhE 28 BAES » 350
DT Z BRI R FE— iR o

BT AT FEF DT BREE
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AR E » FEHHEFETHO T
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abundance) ~HEEZ{TE (behaviour)
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BIFEEZHESE o

EE—ReE ¢ fFEEWSed
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~EELE O MERA DB EE G
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200 Bt B LAY » PRRRDIRE 5 SERT
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FEE o BB ERESEERT » BEER
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RZSH ~ R AT o B 2805 8L (special
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Thty o+ 3 RIZE— B ISR S ST BCRB FE B
ZEY] o R EEARBERERZER
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HHEFEYEHE (line transect) ~ #HRE
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SR T BEEAE R (audi-
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Fl Az 48 (Overton 1971) o
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T GINARERAEEA » HEREBERE
EEEREZEEZHE » FZAELRE
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W B BERPIE L BNREE L
FHmE o

2ERM IR

BAEBYRAMMNEY  REEREZE
EEREEER S LB Kb dE N
B —EN AR ELAREDS » RED
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ZEE B U AR SR B —
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& & 0ME R HE T E A RREY
B L EARER R EANSEmE
K MESZABEEMZ R R —EEREK
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round cover) o I MBE B HIE R EERERE
ERERE  MELR ~ /NERAY B HE R
AEEEITEEZMESE (Vos and
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—RME  HEEZER  BYEE
a5 B RSB S AR T AV R T Hu [ 5
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ERATREEEREZH o

QEY T E LG

A. Bl (ocular estimate)

Webb (1942) €4 DERMBEEHS
BRZzEE HEREFAR ELERTER
B RMIEHEEE » BEXEHEERIEY
BRBHIEERK » BHEEFE -

B. B#¥ihEs A (counting the
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HIGHEREMARARZEE » B /R
BETBE KRR HEZIWESPpL B
iz EBIE o '

C. 2B (measuring the
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y FEE B ILE SRR IEERT
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féEf (vegetation) ZEERRIRAE » TL
BREEMZIES ) Aty —hEZEHE
H#a] LG Z B 2R ) TR —&
B o
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B HAMBEERGSEEEE  BA
AT IR B B ok KBt 0 AR o

R hiE AT AER M 0 AR
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G©HFLEEiE (permanent transect)
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EERFREALESERZAZE — BT
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BZBEERE  wEERERRIZEA
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(RE) { AKEANRE - HHRERRNEEORD P RE L M4 EEEE S8R ( productive
capacity or benefit ) o HMAENME —ERKERRTBEEEDRZARMANEE R
E—RABEBRZORFEERLARUER > WRAZENZBAFELEKBHEE - RBEARLE - FER/K
FRBEF A FRUELRCTREAFTET  ENERAERT 2 ERANRZ KB A MEE (spe-
cies) MR » DUEHARARZRERTE > CHBRA T HHREXDHZRES KN ALRARRSE »
HERE 3 ( compromise )ZM & » R TS HZHBH L > BRFABRTE & H LM & Wk
ZEEMER RLBBREBARNE - 0F—BHZELE  (RETALHE LI » Q4T HFE 5’
mEREEDREERIHFERS  ENERBEEAECERTAFREAMAXBAZKRA DKL
UEENTEH AHEWRT » m—SHBREENNSERE » FHEEZHARS ZHHKE ( breeding
population ) s¢4: /E 8¢ ( production population ) #Ji{H 8 ( genetic base ) BEHEH K
R R E ( gene diversity Di/h» MEZ » EREENZRSHERERNRERS » ERHEE(
conflict )HBE » BREMKELE  FAOAAEMMITREEENAMKER ( forest resources
) KEEB—HSZMNA S BT LERMNEFET ( genotype ) » PIBHEAKERER (
forest gene resources ) Y RRFFHH o KFXTMHEEMERS/ N ( RERBRBZ ) k2 »
WMWRRGH ML AHRAEHERE » RTEMMRE - XLRNEFRRA  ANAKABTHERRLE
204EH o MEEAMKLERAFZRABE RS HHLIEMNEES L » KEMBWEHEZ8 M8 R (genetic
gains ) WIRJEF o IR AEHE REMOR R B 0 BR AR R 250 o A » SR TETE AR S0 2 b RE AR A kB A i
T2 » DR GMHEELEH S K& ¢ ( perpetution of forest ecological structure ) o m 75 fn it
P FREREAMEENRSREATERATETAE » ARNKEUHLA LA BHEDRE LR HR -
(RN HHAAEEN LREE BEAR - EER B TR LRERE - FEEE - &
ERE -BRETE - BREFRE BARE BAKRE - dEKBFR 22(2):3 —10( 1989)

FOREST PRODUCTIVITY VS. FOREST GENE RESOURCES CONSERVATION
——CONFLICT OR COMPROMISE?*

J.C. Yang*
[Abstract] The forest productivity is the productive capacily or benefit expressed by various components in a
lorest ecosystem. Forest productivity may be adjusted depending on the function of a forest ecosystem. If the
function of a forest population is to have iore link with public interests or welfare. the orientation of forest pro-
ductivity is towards water conservation, enrichment of landscape resources, formation of phyloncidere and anion,
increase of respiration and photosynthesis rates. In the circumstances, the strategy of gene resources conservation
is 10 protect the forest plant species within the populations, to stabilize and balance the ecosystems. Therefore.

increase of forest productivity and conservation of forest gene resources ¢an maintain a compromise condition.

* RYBRPERBRGEERED S 77 ETGBMEN -
Invitated paper presented at Annual Meeting of the Chinese Forestry Association, Taipei, December 11, 1988.
¥ HERBPIERR Sk e

Division of Silviculture, Taiwan Forestry Research Institute, Taipei.



However, the working plan will often be influenced by the quality of human behavior or the level of social civ-
ilization. It seems to be more complicated and difficult to start such a project. If the establishment of a forest aims
at econonie funcuon, the productivity orientation will guide to increment of biomass or wood volume. Under
the circumstances, the main strategy is the preservation of cconomically valuable genes, which will meet the need
of selection und breeding in the future. However, the admonishment should be taken into consideration that if
a high growth of productivity is exclusively pursued, the genetic base of breeding population or production popula-
tion in a forest will become narrow or gene diversity wilt be reduced. Consequently, increase of forest productivity
and conservation of integral gene resources often come to conflict situation. The final result is that although great
area of the woods may represent copious forest resources, the components within a forest passess similar or even
unique genotypes. Therefore, the forest gene resources are not really abundant. It should not be overlooked that
the casualties could be rather serious when suffered from pests or other catastrophe on such a big woodland but
with narrow genetic base or poorr gene resources. Because of this intuitional comprehension, tree breeders in the
world have incorporated the conservation of forest gene resources in one of the goals of forest tree improvement
program as early as 20 years back from now. It is the hope that the satisfactory genetic gains can be obtained while
still maintaining a broad genetic base for the future need through the program. In addition, any silvicultural man-
ipulation should keep harmony with ecological rules in order to maintain the perpetuation of forest ecological
structure. This is the only way that the increase of forest productivity can parallel the conservation of gene res-
ources. Finally, the economic and social functions of forests can be brought into full play simultaneouly.

{Key words] Forest productivity, gene resources, genetic base, ecosystem, compromise, conflict, gene diversity,
breeding population, production population, dynamic equilibrium, silvicultural regeneration systems, in situ con-

servation, ex situ conservation  Quarterly Journal of Chinese Forestry 22(2): 3-10 (1989)
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EWRE  BRZUREABERRBESE » ¥ EEHREE A BRI G » B RGRILERDS
Mg » HAEBRARGKEA ) TAERZAEERTERE > BHEFN ERERFZEEMIENE
BEZHEAE - ERABRHBRMUE  ARNEFEDHZHRE  BEBKE T T MEZ% » fliEGR
R BREBABRBR » BARBABRKIUK » B3 ARE ( EIGRE R ARte 3 58 E D
» WREEE (RELKE s BREHERZ—) » BBER > EESEF ARHESRER ZKEME > [
NEHFHEBRERER  FEHERTRZEBEDE o

EXHEERRANSK  ABHIRERZKEIUFER  JFERREE » KRB > FHNER
KERDEMEE » #HiEA - MUAUEAESHES 2 RER RS BEEERKAHERN » B
THERMVBI R % BMGkE ( Bingham, 1980 ;5 £I1E%K » 1987 ) o FR it SRR HUHEHRAIRHERK
FIHVEEHR » HETEER (#R2CE> 1988 ) » M ERERERER  BESKRERIFEZZIMEREZ
PR B SR DTNDELE » XA RAT » EHRMEENVREAERNTRRET » HLUR
B BRAERHRRAERRZ TP o

. HFMThEEE & E HE R

MOCE (1988 ) FEERMRMUR SR\ KIADIAE » IR E ~ LIRS~ Hbflg ~ AEREF -
BUR#E ~ R RE ~ BART - REEES  AVHEERNSEEERAZMTIE « B8 EHREIK
LI3R s HiE PR AR DIHRRCRBFFES » REMFEAF A ES BATERKE 25 » &
B R B R A RERLIT R AR B SR o UL T » SRMAEE 28\ ( orientation )
HARRZRE - HEZ » MABRKEENDRE—FWEBRRA » FEMT AT RI M #y2E SR

il



W% ( productive capacity or benefit ) o RIN¥ — HMFMHEZ EEERMET LG WL
HEERA 0 B BYEEZ AR S BRI UE 2K R 5 (B R T Sk o QLA YE I A1 R
AR IR A 2 A EVRAE o W R ARAAEFE DR AR 2 i » BRI M ( flexibility )
s MEHIEEZ AH » DESFEKRENZT » HEAMK S &S 28 ( manipulation ) » &
WA RB RN E 2 A ATEE ( Guldin, 1987 ) o

KGRI REE S A—HHEAEBAEE S  HRCETRABRLREDE - ARt
EARYRCEANTE - BAEHZ BN A ELER  SUNBELRESIRDES > HHRE
FEENMBRERZHEFR » BB (rhizosphere ) WEFHESEH ( @REREF D% LA
DR ERET  MERRERREHAENEREAXFEREZERNBMMIPTFERENREETE
o Torrey(1988 ) 42 HA MM R RKARAAMWRE 2T R (underground systems ) Z
g » DIRIIR A EE N » B2 HNF I MRMESEH R X EIREH » FHRIEERE BEEW L
MY 288t B ROTHERT N » BEFFWNEEEGE LR EXREFE S » FREGE RN
s MR ) B TR AR A R Curban vegetation system ) ( 32EJI[» 1980 a,b& ¢ )
o T AEAERS REEBPEHAERE R (terrestrial ecosystem) Z —# a4 » BIH AL EReH S 9L
o HMBRBE - BRERE R ~ WA 2 S HE ORI FREE » RE@HEL B et
BERITHEDES » FAEEEER LB EE L (soil compaction tolerance ) » I £ FEFESR B HT
fil » JRENIR RIBME ~ R AETRS - B EZE - BEFBL% (Nelson 1976 5 HBEJII» 1978) » 4ot
s A BT A A R RS TR 2 850 (HTCER > 1984 ) o HLERAETE A
PR SRR EEABEDRMEER - AL HBHFAERE » URERNEEZER2HH(
esthetic qualities ) ¥RTHRR » EHFETH 2 HRBIE » B EARFTSET HHRMME RS
IR RREE S BARE » ERMCETETF S B » ¥ A BE AR SR 38 20 AR 51 A0 B 36 3%
SMEDEBRTRAANETEIBEVES ) ALBRABHERRTR » E—BAZBAE » 525
REERENEINLIEE ( manipulation ) [ JEFHE (disturbance ) ) » SEFEE 2 HM T » 35
BANEMRBEENEL  ABRMEERLE-EHHEATEE (dynamic entity) » £ HKERER
T o HIE(CTT A N EEA M Ceugenic changes ) * BER % EMESE(L ( dysgenic changes ) » A
HH A HAE ( species extinction ) BB REA: ( Bakuzis,1974 5 BRBEE.1988 ) » MEKE
SHBERMZ ERATRAK AL o FREMHEER » BAMEEF B0 » i Foed B R
BTHRE < BB » MR IRBUHE A EMER/E ( silvicul tural manipulations ) » FMWARARAILE
EREEER ) BETKAERBRIERNFAREM (climax ) B@EEE R ( optimal
diversity ) e —MREZ  URREF - EMBRFTER BB SEHNREBHE DB EY B EHE C
Guldin,1987 ) ° TNEEAENFES 2R FEEEH » 2 EHSL » ORSUTEN o

PR Z B IR ETEAS YL THAE » B A2 FE 4 O PN 0 4R S W FE £ 8 (biomass production
) BMETAETE (volume growth) % o 46 Guldin(1987) 23R » R4 H 2 TR M ML ED
(forest productivity ) f/NEBMSEES (stand productivity ) o T HE &5 KRR T AH4E[T
Rt A AARE LY £t (woody biomass ) ZEHREL « WAKEH R # (silvicultural regeneration
systems ) H &M » FAEME » BN RAMMRGE » FHEHER BT 2 A A 78 » 7oA R T
» B NESHRTGAR F LTS ¢ B STHBATERIR R ~ BRORRNE o BEEREED 2Rt & ke C 00 Hb:
ECH RS 2 SR R D o REPIEHE » R RS B AR ( Guldin, 1987 ;Baker,1987) o ML EL »
BAACZ EM ST R R A 0 > BB AR S sE » 0352 0 TE/RGE S gebkak AR
i SLIME G oA REBRTZ TR 0 257 REiHE R STk UL PR 2 B AR o
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. $AZAEFRERETEHE

HEHRAEEREESERAR R, -0 TERERLHXE (natural selection ) ~ 228 (muta-
tion ) FIEH (migration ) FNEZEE » EEEBEE R Chereditary changes ) » EFIRE
A G AR ~ BB H0 B & L R IR B - OB TS gk Bt ik ol » (N W DIR AR R Z Y —AED
feiEel / Y MBIEE o /) > SR (U ) HE 2R RIAGEACE MIE ZA5R o FRFART AL » 7%
IR T AL AR FE % HbIE B RIR BV R B > S EARBR L IFENFEH LT EHHRAE ( absolutely static
condi tion) (Bakuzis,1974 ) o M5 » AR ZFH K& BHAEMK T (dynamic equilibrium )

EAH LMW BEAFZ EER  BTEHETE SERERTEA » KB -REH 2% » it
MEFR BB E R REIEH 268 > ME—FTFHES o AR RME (ecological senetics ) 2 HELT
S Y THREENBAE (gene frequenies ) 2B » IREEIRE S Bt 2 X ik (poly-
morphic balance) (Merrell ,1981 ) o 8 M H{HE R ( genetic variations ) BEEERM: (
genetic diversity ) ZHBHMRBERABAANARNEBERYE 2 KA o

KMerrell (1981) Al » AMUTSDIE B IR IBER A » MAD REE S DM B AR LR
2T (adaptability ) » BF—E MR » HBIHEEE » A SN EH 2 ERSwEIHE
WA B R R R  MEKREREAAHSHRABRO—EED  BEAS HEZERE K -
Namkoong( 1986)f8 Hi % Ak AE 2 ) 2 B EL it (3 §8  R5 RE B38h 62 ( dynamics) 7 » I $FHUITHERF 5L
BEA A H 2 R s R E S B I DL RS DIk B B B BB SR AR
BRRETEHBTREEREREMNARER » WO RHHEE) > BIBE B A5 B AR T 77 o db o RAE
ENRBZ BRGES » RERFEANEHARGAFTYENERAR « HE 2 » AEH 2 REHE
RAERGFHARRGHRZ B -

MLUAZEDERFHER ) RutBEEGETEREZMABCE A BREL  SEEHEZE
1R Cenvironmental stresses ) BESHEE o BUIEATARAFTTE H#h » sURMBRIE » AB ABIEHR
S THSEZREBE MERER L SFATE » M TEAMAEZETTHBEREE » ERpeh 5 bk
Dbz MG FRHERGE ~ EXE - REEF ~ BEHR - T b B8R TR 285
(&S0, ,CO,CO, % ) » IRRRBIH L BEESE o BFEM SE LMK iz tht WA 2 B
BAERERAKNZE BN ERBES ST RTHOERAS S MR- BT RA Tl 1BEL RIS T
B EMRBREZIBENES - RILEEA S D RAER M » ReEM AFEE  BEIREY
ER » BEHEHKOUHAZ - MRBREARE LE KT SEARTERERL ERFR T 25
RREHEK  RARBHAENS - 2RSSERREEE ZBE RN Chigh level of species diversity
) TEREBREE Y BIEHEEEZ RN R Chigh level of gene diversity ) 8] fKK & &k
B (broad genetic base ) o WMAEBBN{EEE G » AIARMELIBEE] A4 5 ) BT KREL @R ad i
o BEE AAETEREME o BRILTish » bl EZ iR o] 4 - B EE 2 el B B E 1Rt » H
ABUTR A Uit @A K 2 BARAE 2 B 6h > BER BEDRRITR A ZITE » EMEA
BERTEERER S AN FEHMEHBMETFTEDAFRES » it AR A TEEE SET
R » BRIEAC 2B HoKE KFTH 0 » TH S8 88 51 01 S p AR IR B IR 2 25 8 sUR3 s 351 (gene-
tic vulnerability ) o Ledig(1986 ) /Raf#k (R{RFFSLBAAEMIME 2R3 - TERNE L BEHE, (8
AN FEEHE R 2B A T8 » S HE S ARSI HRT RKIER » 5 REREhznt
GREER  TRBE - ABMSAENBRR RERT LFEALREEEARE (in site con-
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servation )5 MEZRHIE ZH T o HWHBIEREE ( the scienti fic& technical base )
» $87%F ( guide ) AR T/E5HE (working plan ) % » FHBBY AR RREM (FAOC ) 2% (An-
onymous, 1984 a,b& c ) o
RTFGE » DS EEDES T2k HEENSEENMARBREEYBEESMBAK
R RS 2 B A % B A K T SR RS T 2 AR HFEREBEMR KL (genetic monocul ture )
 EMEREEGRE - WEGGEBRAFRAER Z 64 » 1K BaTgEE 2Ry AR (B AT
ERRAERAZHRER) » LESBRENEE - EHBERT » ZMHD 2 HEKEE ( breeding
population ) B4 EE#Ef ( production population ) fEEEEH B ERENEFNKREEMR (
1) e ﬁﬁ’é&@ﬁZ%%ﬁﬂ%%glﬁﬁﬁﬁ  BREERNHAS  RENERERANER

- H F FITE 22

B 1 FRORFER 2 R M B SR B R 2 R

HE R AR WE N HEMETE (forest resources ) » REFT Mo 2 E 2B - EFMME
FEE AR (genotype ) » DIBHZRHIEK KR (forest gene resources ) W/RRE A o 2 KM
(FE RS (BERBERAZ ) KT MR A R M KE » AHCEHERE » %M
B2 (Jasso M.1969; Zobel,19732a ; $BEJI1» 1978 ) o KERHR MBRBER RE 28B4 » X
SRR R ALK EEHEMR IR MR REARBR -

HATER FED EMsCRABIEGEELYE  NEREEENERERZRERIESEET
fEM EEHIE 2 — (Roche, 1971 ; Yeatman, 1973 ; Zobel ,1973 b ) o HIFEH BRI —BARERE
HEROFEERAL RS H > EEANABEEHEEF > REKRERZFE » £EETH (pro-
duction seed orchard DENRFEHEEB BMET o FTER » BHERZME (clonal forestry )B4
ZRE AEEREGH R MEER BRI S RIEHES B2 #£47 (Libby, 1985 ; HEJII
» 1988 ) BIIHANEMFR BN ERTZAEEE TLIE st DERBEREMIY » AREEE
HEHBEM A BURFEEHAREME CERER » MRAKREZE - ERREHEB ST »
HERE SEINEERREE » USRS HEEHER 2 85 - MERFE NI it S A TR



EER T (in situ conservation) T/E » &4 57 107 B2 31 fEfS#E » g 2450 At » 16,500
SRS 0 DI 31 & 35,000 A ARRBE - RESTEH_SPHER TEHERE (germpl -
asm bank ) HEREARE ( ex situ conservation ) TfF o« AHEXEE L HHAL » XK
B TEILRD » ZSRAVE » EEEREE N ST SRSB4 RHR R ( inbreeding )
y EBEEHEFRE ( XAPEAREEL BRECHEY ) ARG HOBERE o Madk» FRA
ZE MAE—SBVEEERE  DEBALS  XEABFTHARKEBBERREZEFND o #HE BT H
EZABRGEET ~ 168 - & 38R o iEE » MEERIb (provenance plantation )
» 32 % (clone bank ) » & HE ( breeding arboretum) [l % RFEE ( scion garden ) % o B #i
Ak » B R » iERRN KA EMIEREE 2 %%ﬁﬂﬁﬁ)ﬁﬁ%’f (wide crosses
YREBBIF  MMAEES R 2RSS > MBI B 4EER T (advanced-generation produc-
tion seed orchard) Z#1 ¥t o fL A& » FEEEFEREBRTFRAEEME L REE » B S&RNE
HLFELEHARFIEAGMEH S (genetic recombinants ) » A THERERE - BSZ &
BrtEAR R B ST BB W HE SN T L RIS (genetic gains ) o (B RFIRBERERF MOR MeBE 2 B AH
{HEE (Zobel , Weir& Jett,1972 ; Zobel , 1973b 5 EF5 ~ #BHUII ~ B34 » 1976 5 Ledig, 1986
) o FRARKREE S B RSB AL R i RE BB L » TR EER 2Bk LI Fie#RE » (FRERER
B2 B%E (B> 1981 ; Brown & Moran, 1981 ) o

HREEENHERER TR 2R T HTEED » R FEARAHFAOR 1968 4 7 # K
HFE/NE RE 2 CEEFAESTE (FA0,1975 ) o BT FRER » FENENHAER IERR
TH% » FHEERRE F Pl » 4 AB I BRI BR AR 20T LR B L - N 37 A2 CAMCOREEHEH LUK
BRAEHNHEFTEE ~ A ~ B L Rh E WS R 2 MORE KN BIR A F 8 6 (Barner,
1987 ; Andrew & Burley, 1976 ; Dvorak & Laarman,1986) o M ¥ CSIROMA &l F (320, B 4F 3K Fi e
B AHEEE SR EARMERSHAREr ERERATMNA  REFSHERT » HBE
#MIRFAER 2 H (Carter,1987) o HAH 1985 EHEH 2R HMEH R 2 RE R ETHM 0 X
BRI TARKMBRFFE (KE > 1985 ) o AFTEMRRE ZEMBERTGET » 7 [ HAH (
BORBzZBYERE (E) EFAP ) BEEEE > BELUHAAERAEER BERTHERBR » H
VHEAREZFERE IR RFEFAREEANAR BREGMAENRATRHELER -

N.# &

B R EEVRCE B MR AT SRS SN 2R S HERMERER
A5 S B AR RS ( monocul ture ) HE W] — RS HE A2 KEA: 9 &4 2 (woody biomass produc-
tion) W HMEA L &k KE » MR kNS BETHRE o B ARG 2B S ~ » 555 B 0
BERIOBEERE] s REBEREZ > HE4ERBCZEM - £5— 5 » QARKRBERZ Tk
B HYRGERERK » AWK T TEEWESFL  ZHE4AE R MEAERESEERE
HSHEREEMRHL (dysgenic evolution ) & » Mgt RELEW » N5 I EER KM - BRE
GRERBTEEENRS BETHE - EHEEAT » SEEFTHERUSEFEEL » BRABEAMTZ
» IRBRERERSES 2k ( perpetuation of forest ecological structure ) » ERFIEARETH
AATHBRI S ZP o MEG A » FEREGEARARA BE 0 1R R BB B B R S 17N » bRy stk
A TR LA E Rk B i -
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HAE R B @ FIFT 0 pp.29-35 o (fTREEHBMRIA R » 1986 428 F ) o
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IERE 1987 A@EAHBEIRST KEAFRREEREEA21) 1 73-81 o
ARRECER 1984 FHMIB—EFEIE S WEHRHMEE - 213 /o
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6ABEUIl 19782 EHHEIH o HE CEEHEAFIHE 5 H 60-64 o
LB 1978b  REAMATENKAAMALESERATERE AT SEKE4L0 1 7-110
8HBIIl  1980a MM AR AYEBHMERAHAE FRAFA12(4): 57-62 o
98BIl 19806 EHBEMEZLSNTEAEHEO—FH BEHSHKESERGHBEE NEEEEAE
pp.141-143 o
104881 1980c MEAMRBREGREME NBEEAFAE 1151 pp.36-46 o
WWABBJ 1981 [FABRZBERSTHEAAEHERRE HAHESERSgGHRTHEE  STHRX
SR 7012 B 17 H » pp.59-81 o
12BE%E 1988 LWERRAEERMUELR BAHFEMKIQ): 11-16 -
BEMmE 1988 BREERENRK  AARUEZHZBRE HAAK 60 BEKLBHFY
R CREER) -
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STUDIES ON THE CAUSE AND SUCCESSION TENDENCY OF
ALPINE GRASSLAND IN TAIWAN"

Ming-Yih Chen*™ King-Cherng Lu** Chao-Yuan Lin*

[Abstract] The cause and succession of four alpine grasslands at Patonken, West Peak of Morrison, 369 cottage ol

Mi. Tzukao. and Lake Tsueyhong of Mt. Taiping were investigated. Results obtained are summarizied as follows:

1 Judging from the residual burned scars remained on the snag woods, these four grasslands were caused by fire,
The roles of pests an the formation ol alpine grasslands are still uncertain.

2. Judging lrom the natural seeding of Taiwan red pine at Patonken and the succession of {alsecypress forest at
Lake Tsueyhong, moisture plays an important role in the succession of plant community. Disseminating
distance ol plants as well as altitude and temperature of habitat also affect the rate of suecession.

3. The ecological amphtude of Yushan cane is quite wide. Even the grasslands success into climax forests. it may
not be completely ehminated. It colonizes lastly Lo form grassiand following next burning.

4. Species diversity uf alpine grasstand is exiremely low. Most species can not tolerate environment stress. and

therefore the site is dominated by a few species.

¢ A EFARATHBEE B G NSC76- 0201- BOOS-05 2t 3 Hi BhFS % » 251t B o o
Research project sponsored by National Science Council NSC76-0201-B005-05.
o G Y P HK B S i o

National Chung-Hsing Univ., Taichung, Taiwan, R.0.C.
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5. The alpine grassland species show logarithm normal distribution, and the correlation coefficients are 0.792
to 0.992.

{Key wotds| alpine grassland, succession, Yushan cane, burning.

Quarterly Journal of Chinese Forestry 20(4): 65-76 (1987)
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2 Tl M TR

U ZAAR » HE 19129 10 A REEW RE K Price K& F At BIL » T ILSHERE
» EEAFREEH ( Price » 1982) o WL A LT 2 F 50 » o B R0 nl4E OB A %8 o BB AAK
ZE R BREOKEIOEE ZER o WUHESA RH KB IHBRAANK 2B AR ks
TERBER B ( Tsuga chinensis ) « BREMI A ZFh » THELHEHR 7 WER T
HIEUAZERNER( 151cm ) R - (LA HAHREJ/EE 2B > EHAEF -

RAAARD » ORFLBEE HAAR - ik KA ZER 21.5cm » RER (H35€ ) Bz
HABUEROFERZHE » MEIUEXBEREF EFAT EAS » I NEFF 28 BES - THlkR
A ERHEGRERSHH (Murray » 1951 B%ES, 1984 ) BRA 0 ERR B4R
—RKE HRGE-FEER - BE ZERARL MR » BRE—AKEEE0.73cm ~ 5 67,5em 2
&K BH\EER -

HELEHER(F4 ) » E=HFREE PE MR 128 EY » HP @By E TS - 8
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#£3 NERELBAREARE AR (NHEERYZ ) KX

H £/ i H RBRE 1l BEE 2 BEEINEE 4| F ©B
& (U & 25,7 35,2 85,8 72,1 54.7
Miscant hus transmorrisonensis
BT ) 64,8 53,6 0 24,4 35.7
Yushania niitakayamensis
E & o 2.2 5.7 2.3 0 2.5
Carex sp.

LT & AR 0 0 4,5 0.6 1.3
Rhododendron rubropil osum

& & K 0.9 0 4.1 0 1,2
Pierts japonica

B BB 1.3 0.5 1.4 0,6 0.9
Deschampsia flexuosa

oo RO 0 3.4 0 0 0,9
Fimbristylis sp.

E (L A8 #E 2.3 0 0.2 0,3 0.7
Gentiana scabrida

T A S 2,0 0 0 0 0.5
Lycopodinm veitchii

n ¥ < ) 0 0 0 1.4 0.4
Polygala japonica

IR} £-3 0 0.8 0 0.3 0.3
picris hievacioides

BEEBESR 0.4 0.5 0 0 0,2
Euphrasia matsudae

Bl F 0.3 0 0.6 0 0,2
Lycopodtum complanatum

E 4 #kbk 0 0 0.8 0 0,2
Hyperi cum nagaesawai

E b & 0 0.4 0 0 0,1
Cirstwm kawakamii

N 0 0 0.3 0 0.1
Pinus taiwanensis

—E WM 0 0 0 0.3 0.1
Solidago virga-aurea )
2] it 99.9 100,1 1000 100, ¢ 1000

H 2L B F BEY 1.021 | 1.0%0 0.645 | 0, 752

FEAHA - 1985, 9. 25
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4 FUREEAKESEEBWER( BNF2EZ ) K3t

& Y i ] ¥  BE1 BE 2 | BE 3 F -2}
X LA 92,8 93,3 56,3 80.8
Yushani g niitghayamensis
# 1 0 0 33,9 11.3
Tsuga chinensts
E B 0.4 5.4 0 1.9
Ainsligea reflexa nimborum
7 OE % 0 0 4.8 1.6
Eurya glaberrima
T 3,2 0.2 0.4 1.3
Rubus calycinoides
RUIAER 2.6 0 0.4 1.0
Ctenitis transmorrisomensis
I kN8 0 0 2.0 0,7
Berberis khawakamii
E IR E 0.6 1,1 0.3 0.7
Tripterospermum lanceol atum
o€ 8 & 0 0 0.8 0.3
Deschampsia flexuosa
o] i 0 0 0.7 0.2
Juniperus formoesana
% Ut % 0 0 0.4 0.1
Cr ypsinus gquasidivaricatus
23 % 0.4 0 0 0.1
Myriactis humilis
& &t 100.0 160,0 99.9 100,0
HEE KK EEER 0_346 0,285 1.073

WELH: 1986, 9. 9

BWEHEERE0.8 % RTFHEER267cm » §F 4R G 95 & » FHERE0.90cme 8727 Hig
FEERB13% R 0B AWAIEE(57.9%- 1] B2 4% FC O SR BEFE B/ 5 0,285 ~ 1,073 » o)
REELRE - & B8 E2 Wit & o oo Hne > HRUVAFEZABEEL 2 THHMF - &
5 T R BB 2 AL 8 o
IFWZANUREEA

SR FEZ EVR AR £ 0 R 2 E A o PSR F VR 2 R B » R R AHOR
TREBASE BT I » R K B2 e MRS - T B FLR T RS 22 e PHAR B » BLK 0 2ty
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#5

2= (LK AR R R i B B A ) Wit %

W B & BB 0 [ 8 W 2 | B3 | kkkd | E B
3 Lol bt Nt ] kit Pl Tk | ok R e R ]k e R
-,
ar 7 100. 996 0 |100. 100. O | 0 0 0 o [100. 499 o
Abies kawaharmniia
® LM o 0 0 )
Sulix fulvopubescens 0 161 100, 0 5.0 0.4
HOKIE M 0 0 0 |91 o 0 48 0
Sorbus randaiensis
E i v )
Viburnum integrifolium 0 0 0 0.9 3.2 0 0.2 08
T
Rhododendrom psceudochrysanthum 0.4 0 0 0 0 0.1 0
s A
kL AT 0 0 0 77.4 61.5 0 347
Yushania niitakayamensts
NETIRIE
L_l.UA{%‘ﬁS ; 0 42 59.9 0 0 0 255
Ainsliaca reflexa nimborum
i h+
b L o 2 38 0 0 0 62
Deschampsia caespitosa
Kb Skl 7
"
Oxalis martiuna 1aimoni 0 18.6 +2 0 0 0 5.7
Spiraea japonica 0 0 0 6.4 9.5 0 4.0
0 8.6 7. .
Cystopieris fragilis 0 0 0 0 39
E s g
b 0
Berberis morrisonensis 0 89 1.6 0 0 2.6
-T- “ ol alj
TUAE 0 as 3.6 0 0 o 20
Veronica morrisonicola
I 59 i _ o 25 16 09 o 20
Dryopteris kwanzanensis
e 3
BodE _ , 0 0 0 0 7.0 0 18
Miscanthus transmorrisonensis
PRy S el
-’E_"M\j%{ 0 0 25 3.4 09 0 1.7
Ribes formosana
- e ot
& W i o o 0 0 1.6 5.2 0 17
Angelica morrisonicola
EyR 2
woogm o 0 0 2.0 26 0 1
Senecio nemorensis
& 0o 06 36 0 0 o 10
Orcomyrrhis involucrata
3 ik iy o 0 0 1.2 24 0 09
Rubus calycinoides
S 1y e T e
ESH IS PR 0o o 1.4 0 2. 0 09
Gaultheria itoana
—_ ] LY 3y 1
B JE2E 0 0 0 0 26 0 0.0
Solidaga virgaurea
DN/
0
Cucubalus baccifer 0 1.9 0 (Y] 0 0.5
B®ooOW 0 LS 0 0 0 0 04
Myriactis humnilis
il L
LR BH T 0 o o 0 0 1.4 0 04
Galivm echinocarpum
B A% 2fc
LES £ £k 0 0 0 0 1.4 0 04
Hemiphragma heterophythim
BB A 0 0 0 0 1.2 0 0.3
Veratriun formosanuin
P C Rt
at M T 0 0o 0 0 0 0.7 o 02
Liliunt formosanum
wE # K 0 0 0.6 0 0 0 0.2
Smiilacing formosana -
1k B 0 0 0 0 0.5 0 0.1
Polygunwm cuspidatum
£ & 100. 100. 100. 160. 100. 999 [100. 100. 100. 100. | 100. 100. 100.
WOEL IR B MK B 00 003 155] 00 00 1.56] 005 100] 00 155

FIEERIIE: 1986, 10,9



%6

RE R EH AR AR SR By HR (HEBEEZ ) Hatx

W@ p . % 23 = 1 E (5 2 T . B
s T Bk B T B E B MR

Rt 91.0 Q 928 20 91.9 1.0
Chamaecy paris spp.
SRR 1.7 75 6.5 147 4.1 11
[licium tashiroi
W2 4.1 0 0 0 2.1 0
Dendropanax pellucidopunctata
SO e 2.1 0 0 0 11 0
Cleyera japonica
A ot
WARIEHA RS 0.6 12 0.7 10.3 0.6 5.8
Neolltsea acuminatissima
e =T
3 ¥ 1Lk 0.3 0 0 0 0.1 0
Viburnum taiwanianum
T3 X
et 0.2 0 0 0 0.1 0
Acer morrisonense
E L EFAT 0 282 0] 35.8 0 320
Yushania niitakayamensis
o e
i WIRIR B 0 34.9 0 25.5 0 30.2
Plagiogyria formosana
HAL & T 0 8.7 0 2.9 0 5.8
Skimmia reevesiana
¥ oM OK 0 10.0 0 1.0 o] 5.5
Eurya crenatifolia
IR/ 0 29 0 3.4 0 3.2
Berberis hayatana
& 0 29 0 0 0 1.4
Miscanthus transmorrisonensis
T LR 0 1.2 0 15 0 14
Pyrola morrisonensis

I} {R .
Aem kA1 0 0.4 0 1.5 0 0.9
Damnacanthus angustifolius
.
SRR A 0 1.2 0 0 0 0.6
Schefflera taiwaniana
=1 [C 15
RS e 0 0 0 1.0 0 0.5
Microtropis fokienensis
= oy
€ &% K 0 0.8 0 0] o] 0.4
Hugeria lasiostemon
CIEE VAN 0 0 0 0.5 0 0.2
Blastus cochinchinensis
# gt 100. 99.9 100. 100.1 100. 100.
EBERK KR E B K 0.43 1.52 0.28 1.77

FEHA 1 1986,

12

13
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PRIGEES 23342 o

A 25 7 UL PEMDE RS s (BRI 1~ 2 ) ROEIARAR CBER 3~ 4 ) ZHIAL (%5 )R » B
SEE T AOMR 2 e R el K A PORES AL o Bl 2 e A BE AL — A 5 o R TN B 6 a2
AR D B o BLAET M 20 m X 2 m JR 2 HEBE B o N BB 1260 T RO o BB it B T L
LB B S KRS A~ TR ~ T LK - B 8 TR o TR RS b
8 BRI S S TR SR SY A > BT R 2 MG I 0 I BFRALZ 13,5 % C 36020 (A%
) o L KE TR o BB AT 0Y WAL > LN Bk B R 2k B BORITIED o 0% At
il R A ST 8T BRALLZ AR T @ T LA 36 7R3 1 52 Rt YA+ L R AR i
7 TR TR ST R T AN A > TS AL M o SRS MR B BT b I R
o G SBRUGE B T RIS 0. 996 ~ 1,560 o

B i = AU 2 FARM SR B AT I A 2 2 AR » 13 AR AR R MG )~ B {E
W TSRS o BOR R B LA BB R  SIUTE ~ TILEER B BT —
B AEAE o LIRS A B B K it TR 2 T B M #9% 1,000 4F ( BIEEAES 1984 ) o
0 KT LR WS A ET A - '

BRNE IR 22 40 RE AR PR BEE R » SR Ak A 2 SEAC BN LA e o S BB R ST T 8 2 Ttk
DUT o BRI BT B A TR A0 T o 1 RIEL FER HREL S R T A TR T 0 B BRAL K 4 Bk
HUBACHE o FAE 52 ST BUE SR » 19 A0 S5 TR A1 SOMAREE o (LI ISCHER L AR A AR AR 7
it #9700 12 ~ 35 A% o WUR BUai B s 1 S s 1L 20k b o bk ol BREH TR (1, 860m ) Mt
k] (ST 2268 ) ) A5 B8 o

fe BHAOWM B (£ 6 ) B kg KR 2 _E I PRRE 32 CHALKS R 60 R AOFT I B0 (0540 80 32 2
e 91 % LA E > St A 2 A E (BN 70 » EES B S LR LL s MR EEHIAR T L 50K
sein KTPRAR S50 R HRBEHT DO ER TR LAY 409898 SRR (1E 0 o MR MR TR AL 3 ~ T8ip
Koo HT R 2B B T USRS 1.5 ~ 1.8 28 o
5. b 53 47 S B A B0 A ¢

Ui A 2 TRBE IR P 0 $E+ = kK i 2 R R & R Motyka B 22 Htp i @ AL S B
SCo BV T B 2 P R (LM U 3 R BE LY AFTE O T 0l C B 1 D o LIBETRA EVRRE B )
R ( Mueller- Dombois & Ellenberg » 1974 ) o i B30T » # 7EH (U 151150 % B S — 15
B S 0 > S = AHER B ABCRT B URE » Y1~ Y2 Y3 S3+ SaR P~ P2 46B—B el
GENE s 3 o TEINAAT M IS HE 53,6 %51 93,3 %0 B 71.4%; kel P3~ Pas msie

AU Pk AR ARz TR Bt € 1 R AT (A B 2 32% ) Fa AR B (UM ALY
230.2% )it o S1 ~ S2p—-F BB 258 S Nietd it ® > B diE bR s ® CHE
BRI Z51.1%) °

Al 1 BB 0 R LI Wit & B E S R il & 2L BHETHIB 2160
ffti b o A 2 MBS LS A M AT B E ARIE . (HEE MU oMb FH 2 BN TYRE
LR AT LG ShA % T8 o U5 (5 5 A5 A 00 2 A 2 B o e % A L 07 A7y — RSB G 78 S ik 110055 V1 2 s
1y o VL FIEG WT L BLARTE MG IE RS 15 0 SF A DY S UREE AR L AT R IR T » Rk ML PR T
P R ATV AN & 58 24wkl o 1005 BER KHE 10 SH BRI B 0 BUBS & ILRE AR S o da B 1 R
YL W 2N gk i CRRERAUBE S 1 RS 2 ) B At KBk s 8] M) BRI » 4. 881.94% 0 It
ol BRAS RBP4 SR oty AHHDLAS: BT > UROT 5 LR LR 2 Sl M i BESS RIH 2 bR il & o TR
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#

N

( xopul AL1rlejiuilg ) NERFET

Eliifem: S1 Sz P33 P4

T1 T2 Y3 P1 P2 S4 S3 Y1 Y2

wﬁJ

O,SOJ

0,70
0. 60—
mmJ
0.40]
0,307
0.20-]

o10]

0.00-

S4:7270 55271461

$3:78,54

52:82, 41

$6:67,85
$8:60,94

S10:33,62

S11:21,77

S12:1, 94

BE 5 TP 1 /B RERE 1

sl 1

P2 /il £El 2
P3RS 3
P4 JUhBH B 4
Y1 kIlivhigteE 1
Y2 [Lvigtka 2
Y 3 F U vl kR & 3

S1E Lg% 1
S2 % Lk 2
S 3% bk [ 3
S4E | LEglE 4
T1 R Wbk 1
T2 RigW ki 2

K FIAPR AR 16T 8 A8 Tt & & 8 0P R T 8

S — BRI E e i) o

— RO it & {5 E EF 2 R R BT AR o T GE L A B R RO TR B Bt A B Y 0t
10953 A1 BV o bR 53 ATEY A L ST ey ST AR B~ S BBURSTE 0 A RGOSR B AR E o A6 Hifi
» WU 65 L BE AR o BB 2 I 50 45 » KBRS A (3R 7 Kt 2 ) HHIBH AREREIES 0, 792

F0.

992 Z1n o

V. % ==

L AL SR FGHBH ~ R PR~ AN TUUE ~ AR L BRI I DU S AR 0 B DR e R T 1 k]
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m & BN R R

HHXAF HEXFKF
1 2 3 4 s 6 1 8 1 2 3 4
i L 1 1 1 ' 1 1 I__* A L s
b3 !
1
* Y = EXP(-0.134 - 0779 X) g ! Y = EXP(1.509 — 1.964 X)
r = —0.956 = -2 r = -0.987
_ Jics
* 2 =34 ¥
* "o,
i ]
* fE 5|
* * *
-6 %
A JUERBREEE 2 B FREERE 2
MEARAF
1 2 3 4 5 6 1 8
I 1 1 i 4 1
ﬁ -1 *
b * *
=
i3 ¥
Zz =3 *
*
H _4 4 *
B Y = EXP (0161 — 0.592 X)
B 51 = _0992 *
—6

T S5 M N T e
J

C : EHEIE 1
i R X F

* * *
* *
Y = EXP (—0.843 — 0.386 X) . \
s = ~0981 ’
D BIE#EERE 1
e BILELEY EREESFS
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#*7

25 B R ER B e f kR 2 WU 51 3

A # OB Y=EXP(—0.692—0,609X) —0.934
A # OB 2 Y=EXP (—0.,134—0_779X) —0,956
A @ B3 Y=EXP ( —~0.893~0,637X) ~- 0,941
A B4 Y=EXP (~0,710—0.781X) — 0,885
% AU Y=EXP ( —0.355—1.017X) —~0.904
* 2 Y=EXP ( 1.509—1.964X) —0.,987
x 3 Y=EXP ( —0,.885~—0.578X) —0.919
= o Y=EXP ( —0,161 —0,592X) — 0,992
= 2 Y=EXP (—1.471—0.278%X) — 0,897
- 3 Y=EXP ( —1,693 —0,323X) —0.792
= 4 Y=EXP ( —1.711 —0.,252X) —0.,918
2 B ¥ 1 Y=EXP (—0,843 —0,386X) —0.,981
= o|g W 2 Y=EXP (—0.911—0.378X) —0.974

HHAT R 2K B TR o W KB 2 S B % o B R R B AR 2L BE
S R o WE—BRTTS o KRS K S B TE 0 T BB R it 5 1T
175 58 2 B 0 S BR BB BREAR K /N BAK K FE T o

2 A% E SR S SR AR R R I AR 2 S U 0 K i 2 G S U B R
g R FESERA ) AAERAE SRR TR EEMRTY o :
IAEERB LR Z A ERI3.5% » I T FIUST 485 » S R s s
T B < s MR RE & 0 ELLETAT T AR T AR @50 28 Mk » BT 18 LU TR kB s
% K8 TR 2 A PR B A o

4.7 LLIEE AR, 2 2 B HABAE » bk S T (R B R TS K 0 B AR A SR RiAE B > T R D
R AR (G B 2 3 o

5 ARBE WA TS B KRR KRBT RAEE + 48 AR Tt © 5411 20 AL B 2 M S
s AR T UL A SRS R T ek R AR (A5 MRS B B M o T AR o TG B FTHE B R LU AR 0k
ZHEEAR 5 TR A2 TR oAt S R 20 U BT 0 S0, 94% 0 SRR ARAE
& LA OB R B 2 K T @ 0 SR DR A o

AL TTE » Bl Ak M KA TR 2 RS T S W - SR K T B T KR R 0 LR R
BORAE 85 0,792 > R H3E0,992 o

V. SIRASAR

Lm0 1974 B EEE LU RIE 2 Ak X HGE {5 B8 U 0K 2 R ke 0 4B A BB B b TR B FIRD o
2H) KB 1963 ANELLE LS ERAREZ P 0 HATTHE » 925 o
3 MEAT B RE S BURHE ~ TR 0 1084 L AT B A 2 ROV G B B 0 ek
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ch#EAKEZEF| (Q. Jour. Chin For.) 22(3): 31-47 (1989}

R b el 7 R A 1)

oK ¥ OB — W

[BE)ECHFRAFCSABEHERM S IENEMIER SRS B » KX EE P 8l B4 5E
ZEE  MPBEERARTFRZS % &&%E{Bﬂt&&ﬁ@ﬁ# c HUEHKED » XHNEBERKEZH
RNBUaEREAEA&RBS BB EZHARH KA BRAEHTIENBERR - FRZSH
WHZH o BHZHBRAES Ao BRREE  BEREFRER  ER EARZURERER
EL - BRIZBRFESIR » LUCEBBS ISR S3KERKD YR  FRZEBHEH LR
BERED MG NEEABRE LE -

(BOE ) TR~ M~ BB KE®EH - PERBFERN22(3):31-47(1989)

PRELIMINARY STUDY ON THE ECOLOGY OF FOREST RATS
Pao-Chang Kuo® |-Hsien Liu*

[Abstract] During recent years, wild rats have been involved in the debarking problems of newly planted trees
of conifer and hardwood forest plantation. This study aims at a survey of the species of rats, their distribution
and habitat requirement in the forest areas. Study sites were located in four Forest Districts of the Taiwan Forestry
Brureau, Formosan whited-bellied rat and Formosen field mouse were the major species found in the high<levation
forest land dominated by conifers. It is belived that Formosan field mouse has been the major culprit in debarking
young seedling. High density of rat distribution were significantly associated with heavy piles of woody slash and
high cover density and diversity of underbrush, but not very much with the composition of trees in the upper
stratum of the stand. Present control of rat damage by poison seemed promising, however, more ecological informa-
tions on wild rats are still needed if a successful control of these animal is to be attained.

{Keywords] Forest rats, slash pile, habitat, population density.
Quarterly Journal of Chinese Forestry 22(3): 3147 (1989)

I.® 5

@A ( rodents ) ZRE  EERBRBEBLHNEL TIFHN—KHE RABREREX
FREER M RE ( Sciuridae ) W24 0 BRER ( Muridae) B RE} ( Crecetidae ) 2K
s READBHE SR ARABEBE (281987 ) » EBERBEREAERL  BRER 741
I ROET R B R ZMEMALR —FRIB IS EELERAXH-FEHRER
YF B2 R BEAE IR BR AR HE N LIS » DIBKBTTE REB R E 2 8% o

*RIEERBHEKER ST ¢

Dept. of Forestry, National Taiwan Univ. Taipei.
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TEH A SE R TS BHUFRAERWE T BE2 AZ 4 AR » B EX
BRI ~ M~ AT MASHERE TREFNSEIME » BEHREEHN T RESHEFRE
% ( species ) ~ fEBEA/N ( population size ) ~ B H 434 ( distribution ) 15K » HESLR
B WREHREEEZ M2 EEG4 2 EEK  BFERE ~ EBEAE ( vegetation type
) ~ HugEdey ( cover plant ) ~ JYZEEAKEM ( woody slash ) Z MEHZ HERYE » Ht—KXK
HAER T RSB 2 ERARE - PRHER 2K -

FEMM > AHRE RS RERIEHEE BEREER - EHRRRRERARZERS » LREXNDY
RERMAIH AR ERBRT A YR AR EE LEAHRE  URHEWEEES - ZHRE4 SN
o~ BUE ~ RSB FHERETFEEMREANET  ANEREATZRRELETRIE ¥
L o

I. HAEEW

W AR RS &SN HREZHRMABREZTIMEEENUBRBE  FELRK
SHERKMEL > MERTYcBENS—4 ( BHEESE 1988 ) « ENEH EMNERE  BREWE
25 PR B IR o A L B AR - [RIRF IR R P RE R B E MR A R 2 K ~ B3 ~ gy

v IR AR R > M BN AR AR R RS R R R A B S R B AR
Bz AMS ( carrying capacity ) » iHRAEYHEE ( food supply ) AR » BAEFNM A
HIrg e BB R S EET ( critical season ) EfTHERIEMA LB K IR £t H A A BB (
tree sap ) LI TG » HTSERBRES NS EME - MEBUHE  SEHRIBEERTN 5
Rz s 1fF UGS E BB » HEHRIANE » EEFRBUABRER ERBHBERNEHE »
RBAYESEHRGEREREANRE 5F - ZEMPH2HERERTR  HERREEHDYZEE
iR o

AXFESESEREML BT » AEFARBERRZLRRBDYET T —RIIGF SR
78 5 WINH A TESR: ( ecological characteristics ) ZEERKA ( causes of damage ) ~ B
W42 #E ( identification ) ~ #fh ( evaluation ) JUEEEEIERE ( strategies ) BLER M (
tactics ) Z#EE L SIEEBHERN WK » AEBERARANS B ( BEES » 1985a , 1985Db,
1987 , 1988a, ) o [k » HINERERM ZHERDHY » FRESFEREMARE  FERETE —FH2
AL > BRREFRREHGNERINKE - BREMA2 AR TR BE R IGHEY » 8 ERERIL K
s R s AR B RS BR R SH R ERERE HEFRAE S B R MERE
EHERFEE—ERMEEARBHEZHE -

ARFAEZBANE=
LB RS HE A R RERE -
2IRBANE e EEMEGRY RS Mo o
INEMREZAED ©

M. fREzHE

e I
A S (7 B RS R (AR R D 7Y IBREKR 100 AR > BEFBH JRE 258t
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R B AR AR MRTER80. 5 AT MINEFR 2% » BORMZ AT 9 2625 10 6 1000
P ETEERAE 4 RIFNE o

AR B L MBI 6T 2B LA » SR IB T A B2 - AR B RIER 20 A
CREERHEN % HARBH 2 EERRE 25 % » i IOBR 26T » 605 % RUTE 1 » W50
WERE AR R 2 R (EEETE) o

A 8 PR R B 1 F o BELL SR » SEEL G BB 2 R R P60 » A LT
TR o
OB E

25 S 7 AL 0 308 35 111 ARBE CRTAEACR L D 79 » BRREIRAIER 20 B RIFTRL » BIRR
#1900 AR R 2~ 3 442 ST ESH O » V8 KD KA TALZ SR B AR ~ R 85 A St
B » U B 2 MEREER » SUB A » TR WM AT 90 BLLE  HLAE A
BT~ EHSBIE RS BV —R A BRI » MER PSRBTSO 2 H 0
B AR 2T » S ST B0 WA M e S ST o

R ZIMKE
AR 2 (7 1% 8 T L) S SR A UL (R o bR o CRETPERR VI D o R 2275 R B IREF ~

WS AR AR LR LA ~ R ~ T30~ SELLID ~ BRI B B2 TG S5 65 B8 R S 2
S MRREAT ~ KB E » B TR BB/ f ~ B AR T ~ Y o DR %
R AR RBEE A A BB EER  2 5 7 AR o AT BB
B A B R RALIE 2 R RR 2 BE » AL KRIN R BE » AFIKE UL A
1% U T 16 A L B RL R, o
P KA
PO (L TOF AU SR 10 AR C AR K ) » MR 2300 AR » BURA RIS — SRFA 2 18
0 _EARBUTAR R~ EREZ ~ SR~ RS . FARRILULI - ATAESL » Al
HAHZIR RO R IR E » 2B 2 RSB » A I BRSNS KIS =
SR IR SR T @A B — WA 5 2 A it @ o

V. HEFE

QR 2B

BRAAKMEZHey  FIRIR RIS RA S » 725 B2 B L o R S il st
£C kil data ) » FFGE A2 SRRRIANE C kil trap ) 2 H AWz mBE ELER Bl » HIAS BUGE LS |-
SR o
L B 2 i

B URAN B2 BB G B BURBE 1 2 4 » WOSRIRER I R LU S IR 53 288 » 751
PRSE 0 188 AR TR R 2 AR » TP B BRI » BRI 2z /MBI WS B 2 LB » A 2545 BRI

E50 MR SHRAZMEN 10 AR BEERY 0.5 AH » SHSHEFHRE 3 B

» BERE 2R — > BB Z A& T AT 5% » RREEEK 100 AR o



2 iR B
VARE B R » DU IE 1648 48 1ES 6 » BN — T H A5 2 /N » 15 ET6A: 8RR
M2k (trigger ) b WIS R 2 ME » DUEFHEZH - BINHEHERIYE (trapping

success ) o
3 a0 &

BB IS » @ 24 R —K > TS ABCEE 5 - RBE - BR-EBR 85
PREBEZABRE (MERZEAREE X #REGEFE) -
4B RZ BB

ABEFBZRER » KEARBBHRZHHRENHBFM ( Animal damage control handbook
1978 ) Brif 2 /NEUE L BB W IEPFSP i 4R ( trap-line transect ) FELEPHRBEHHERE ( rel-
ative population density ) ZEIHAR » St EHSHEESKERBEE FZHEER - FHE AR
T

B YR B ‘
TEBE X TR R 1K X 100 =43 100 FEBFR T8 HEZ B 3

EMBEZHE
LEREAGEHESRES F~T=2F » SAEHEEXSEE ( species and abundance )

2. B EABH ( woody debris ) BHAEVEZE ( litterfall ) Z &% o
AREX KRBT ~ B0 ( 1983 ) FiEZHNEYLEEE » TERB FHHRZ * Manage -
ment of wildlife and fish habitats in forests of Western Oregon and Washington 1985 ”
BB ( Thewildlife Society ) Hiffiz “ Wildlife manage ment techniques 1971
 — A AARRMEEER! ( vegetation type ) REIEHEFfY ( habitat evaluation ) Z kNl
G347 o S3¥Tz /v ( parameters ) REEHRLT -
(VMR ( crown density ) | EEMRAMBEZHEE » ESREBH > B -~% - BHEENER -
QWEEH L ( shrub density ) ! IRESARMU T ZAAXHEYZEE » FHEBERZEBRELSB
Pk o
(B ( cover plant density ) : HIHEY S BEEE » KEFBMRE o
ORFHEEE ( diversity ) | KHEYWHBEZ ST RESEHY MR KRB RE (relative abun-
dance ) MEZEBHZ MBEEELSBE S P~ B> BEZEHE o
GV EABH ( woody slash ) : KEIKRBHZELHE » ESBED P~ £~ BEENF o

V. ERESR

O R mBTH
L THAEE
REEEFARE=FEEKE » HEHERURYT R BRERDT
RE | R— s R 28 THEK ML RFP2EE  TENEEHYS R RE
H# HEYcEREHRABEETNREL -

@QHE [RMARESEE “KEFH » LEEERHEEHRRE2EA » HEEYLRFERE
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s HEHBERRERAR ML 2 o

@fkE ELLERHEBHENRART XL 2RAGTEHES  AEYBRBLHFR 2R »
WREBRLRFAEMMIES -
@WFB=XRI( 2 A1 BE 3 0) HHR > FEHERTOEL ©

®1 IHAEEZHFEE

BE HRER®  #5 R (om). EBR(om) BE(g) 1 £
I MEER, HE 11 10 45
I Fil R .3 18 19 100
I R HE 10 12 42
B HER - - - - gl

* HBER, (Formosan house mouse, Mus: musculus),‘ ﬁleB, (Spinous country rat, Rattus coxinga), 5 F, (Nepal

bandicoat rat, Bandicota indica)

EHAEN NMERR  BEER bSO mNHERE - kR R > FRZERS BRE
FERZEE  AXBRZEFLDAZEERFRER » RRUBREX » AXFABRIGED » H3E
B o

2 XFILAERE

AREERASRE=ARE  HEFRNAFRCHEREROT :

(DERE [ ZHiUBEiR » RALE KA TR EEEME » M REAZEENE ~ BT (Rubus

spp. ) FBWHPES » ALRATAS ZERBH AR  EOEEEHBFEXRZES

HuYEBE RHRAREMNNE 4 -

@R TG B EREE 85 BLIL » KM ERAK 2 ~ 3 54 YRR H 3 5 1
#6 o

@HE IRTHGER ZE 1 » KX GG RN RATEZ Vi - #HHEWN » HEpEER
HBFRWME 6 -

WER=X( 2 A 22 AF 25 A ) Wi MEFRZ MERE TVEGETOE?2 o
KB — R 2 AE - TR 2 SR 0 5 Lo 50 » LU LA ISR s SRS »
WX RS W SR 2 L IS o
3R EE
A 3R B U AR » SRR BB B 2 RS R T -
(DB T 5 —ot SR G B0 > MIZEEESD » DUBI R E(INBEE S » REYERR MR
M 7 o |
QBE T R—SHMERAEHD » AANEZER > b h SRERGEZ 7 HEWHER
BB % 8 o
ORE EBBH 2 MEEERHER » TRELGEHYR » REYERRTIEEOR RO o
(BRI IV S BEMRABR AR TR 1S A » LR Bt B A 32 10 o
ORB=R 2R > T2 FERERR S THEEERNES o
R LIRS R R B » $ 2 S BB A T LRI A ] » TWBTE A I 2 K RO B 1
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5o
% AFUREEHFRER

BE HRERT 51 B (m) RBk(m) #@BE(g) 1 &
I ®WLBEER it 18 19 100 =N N
I ®|LUARR i3 12 14 50 EN2%:S
I RUBsER i 15 18 80 &z
I &lAER 3 15 19 80 A K
I ®BUBER i3 14 16 70 ma
I =EBHER 3 9 11 35
I ZEBHR Kt 8 10 25
I ZEBHRR 3 9 10 25
I ZEWXEHE K 9 3 15 EHLHER
I ZEBXERE 9 3 15 EEEE
I EBXRK Kt 6 9 20
I ZEBRERE K 9 3 25
I ZEEREMER 9 3 20
I ®ILUBER i3 18 21 100 EZPN N
I ®IBER i 14 18 60
I ZEBERR i3 9 1 25
I ZEBEHRR HE 9 11 35
I Z=B|EHEHR iid 8 11 25
I Z#E&s Kt 10 11 30

* B EE R (Formosan white-bellied rat, Rattus culturatus), H¥FEFR  (Formosan field mouse, 4podemus
semotus), ﬁﬁf@@ﬁa ( £ BB Crecetidae, Formosan black-bellied vole, Eothenomys

melanogaster)

LIt KRERE
AHEEARE MR HERREETFRERERWT
HEKE IR—AZTEZRAENM » AHBEZEBHEE  hEXARBHER  HEYZEER
HEBREWME T -

ORE [ B—KEiit > MBEURRER _ERFTEA » HIAEM  RYEH » BELTHE
Wz 57 © _
OFB=X (4 H4HE7 ) 2B FiEEsTREERVEBSERTIE 4
FEAWE S & LUAKE > HEEETIE S5 KB o S B A B — B S R R S KRR &
s TOFT M2 B RIS S5 R AHA » EI8ER o
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#3 MALAEEREZHFRER

RE BHEE®R® il B (om) Rk (m) weE(g) i =

I ZEER HE 10 1 45
I EZE#EEHR HE 9 11 35
I Z=8EHHE Kt 10 1 40
I EBREBHR i 5 5 15
I ZEEKRE i3 9 95 30
I &UBEER e 18 20 150
I BIUBEE K 18 19 130 £ g K
I ®sUBER HE 14 16 130
I ZEBHR i3 10 9.5 50
I ZEBHR i3 10 9.5 45
V =sWUBER i3 18 20 130
V  &SIEBER Kt 15 18 100
x4 RRABEZEHHEH
KE FREHR®  #HA gk (on) EfE(om) @WHE(g) 1 &F
I ®lUBER 18 20 110
I = B B It 19 20 130
1 I B R i3 20 23 150
1 BB ER i3 18 20 110
1 R B R i3 18 20 120
I EEER i3 1 1 40
I ZEZRH i3 1 1 45

REBRHEZHHREREE » FEEMEFEPARBHZBERTR KBS MEERK &
HEATER . LHRENEEREZEE  RERBRBHRES » AXBECR TR HEY 2
ERAE R EHLAERKOMEG LESERA YRR EEZKE  TRZBELRRS
o R # o BEEINKITR I MEMAFZEHE o MDD E=RUIME o M EEHAZ G4 HE B
RPN RABREZEE-

OHEAR BREF BR 4 A

MEAEERN ZEARTRZAHRMES ~ 6 ~ 7~ 8 » XAFUREMENE - BHK ~ BEE
B~ EEE - RHE - BRBHM - RONRERS AR 2R » 20t AR —RAINEUEE » 78R
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MEHNFRAHCEEREE 22D » BEAAZFERAFEIRRE

#£5 FHRAEEMEHEFRI A
53 v | ® B i # 4 PN g 550 #w E
i N 53
] s = F & F 7 i é.; il " =)
E e |2 | | BB | B |® | & | g | R | ®| 3
- #
I B g " iz A B | 2 ” 0.67 | 0.00 | 0.00 | 0.67
| & | 7
1| & (& | 2| g |6 m | & | & | os7 | 067 | 067 | 201
%
Hh
b iy c
I ' | & & g | & B 0.00 | 0.00 | 000 | 0.00
B | Eisl & Hy
=
134 | 067 | 067 | 2.68
%1.
%6 AFIUREEMHERTRSM
B B2 & b | Rl i Bl # ® | B 524 i L]
m | El sl elae [ v | 2|2 [galan|an]|
pii B TN i ¥ iR
& i3 i3 Iicy =) & & 2§ ﬁ WE | BHE| XK &t
I t & B i 333 | 2.00 | 133 | 6.66
B L. i = & & % |wg
i
I %ﬁi " % . & & » f’lg 000 | 067 | 133 | 200
i
)i} & & iy & B | 133 267 | 000 | 4.00
£ B pis] & & & 4 Hh
&
=t 466 | 534 | 266 | 12.66
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ARAY (L FR 2 (2 A AR EF B 7R

2| B | & g H gl B8 | | e I #
m | ozl [+ 7, 5|2 malen|az| e
& AR #
E | g | B | B | B | B | | |WR| BR|XKR| s
&t
i1 # | 000 | 200 067 | 267
pid i i &K =) & % PN
&t R
B & Wa | 067 067 | 000 | 134
= it B & & =) | ERK
L
1 & B B 1% 133 | 133] 000 | 266
Vi B (50 =) =] & % PN '
i
& % | 133 0.00 | 000 | 133
B [ Pt &K K =) % %
3.33 400 | 067 | 800
FIRHAEE A RRY BT
8 # i e Ht B & ® g = it #H
£l " E5 E h T 7 " m}g & & §§ A
B fis3 B 8 & & o) b WHE | B8R XE B
&R
& & & B 4 | 333 | 1.33 0.00 | 4.66
pict Vit it = & =2 EHK
&t
& & & 2% 0.00 | 0.00 0.00 | 0.00
" o P & &K & % PN
8 333 | 1.33 0.00 | 4.66
;’.
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VI. EsREiEER

AXWRAEC BN » LERBEHRESR sk 2 B REER S 2t B ERE Rk
e R BAGRS » Dt AR RBTRERZB% - SNRE A B oo R - R RAEEEE
KB 4R ( stand condition ) ~ 4y #EHS ( stand structure ) FIRRGRZ BRI XBES » U
TS A WSS THAE DY I AGH | B ( shelter ) ~ A PG ( food supply
Y ~ FEBIZeRE ( space ) ~ A ( water ) » TINLIFE® » £ -ERHHETFABHY AN S (carrying
capacity ) TR IR IRGREE °

REAXRAE CRERESTEM:

LHERZSESGREREMATAR » BHNME - EREE < FELURR ( Bandicota
indica ) ~ HEER ( Mus musculus ) ~ R ( Rattus coxinga YBX  EREIUAER(Rattus
cul turatus )~ BB ( Apodemus semotus ) ~ EBKIEA R (Eot henomys melanogaster )
ASEHREERE 2 I8 5 ( BAREKHRMRE 1981 ) o

HRAXRBENBREZMEE » AHHERNERRECREXEER S48 DEAREZR
REM%ENE GREREENZEHRESR AR - RILAER - TR AE=E » HNEZEN
FHEZ AR E » BEAREHHEGE  BEMRAESLE=MFR 2 WHERS c €5 —FHH » i
BB ITEABRZRBLUREESRFERZBE  FEREERAAFHBENEEEEZR  MURKR
Wiz 2 EBEZ SR At HRECFR —§REYRZITEE O AR » FTHFRRRTE
HATEH Rz T8t o

LERBMEEZHUBETR s EREREE R REERARK THREHRELE
FiAR e KbAB T BRABMES » RGBT R RS - £, REDHZEMPASL > AFE
REMARETHLER - B - TSIFDYEAECBE  BEENTHERZEYWIE - ERKH
oy FAREES [RENFHEN S ERIUAKBRY ) H4 EREFRHTE 2 X 2 mz @
AR > Mh— RSB — e EAAFEE  ARZHAASERE IS IRE VEE » R
—/NEEAEEL ET R, MERRISEAABYHREE ) TRER -

IWMBEHEY cEFREEREEE FTMEFRN RS AR EE  TRERERR &Y S
RIEHEAFT > BOEW o

ERENMFESBETLURKBHEAOBHEYE ) THREE - HIKERS TEHE » Hin A5 %
RERBIZRA AR SHFEBE THUBRERMAEBEANTCEERYE > AN N BHESE
BETENRTRERANAEDRIEE AMEASEE Y » IAEBANATR » haEwiTE ot
2B R ] FEIE R AR o

ER  FEHYHREENEE  EEFETRREAMEMEY ( food plant ) ¢ E
» REPHBEEY . BERS » HEWREFERFTNAZ HYEERSL » B HRAEEERRNER
YRR AL BHREFE—FE2d RAAYHESRR R Rt Yy cERMEEOEY
FHRoTHMREE B BERMEECFUNBR S ERESMERMERE 28, e
ERH—BEd-. )

4 HRBF R EHE BRI ( nocturnal ) 2 » ERSEHEED » LB EBAK IR
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RYBE PR ZATHEENRN > M EERRKZREH AT 2 @b By o A SEAER T E - MY
FRAMEGEREEZEE » REHNAKAE  h—BH 2R FESTRHRBOBE -

S EHFAEEANHPBMKR  BEREEIA  BUT R rERATERREZTE  BEHEME
ZE R R R RT] B L MRS AR - MEW BRI B > BDOE R 3 B WE R R 2CE T WAELT B
BHREEZHE -

EFHERERAR M0 » — RS EEYBPRE - FERGELUSRE I IHRZTERL 2 HE
» ZRE - ARERER"ERROTE > MELBEALRE - 2RALE (AEFXRHEEE ) RE
EHRESE - HBRAEFECTERG CRELHFRE - TEZAMBER 1~ 2 F4 @KL
#o M 5~10F4 ZERARNEXE YHTELEBRRBMPHERS > AEYEE - 5~10 F4E
HARLBRRHERS > RN EE - REZFHREHRER LIGE T S 2 M xR » 11 b JI LA
BRAETH ) ERNAMFEESRE  AARE-PHAT  YUTERHEBRGEL > PIHEIEMA N
FHE BUAZEE - YEZFERETHE » RARZHE - WRZTEZEKRBER L IBE LET47 b
TR AARBHERBIERRRE ) ENEAMBAITERK - XEEHLEYLEREZ
B R R AR Rl UREA B I LR U B K ST R I B B LR FE i o

HAZHREBE ( Kitahara 1981 ) » JIRHHEEZH M » WEBFHKKREZE » ALUHLHEE
EAMBE ZERARZERS > HPXERSZBEMHRSES 2% B0 - R -~ 08 - g - niz
F RAFLZHHEBEZHERE - EAAZHRRERBE K2 KBABL » HERE > &
BER B ERL > TEZERMNIUL 3 ~4FEREH M 10 FLEHUERERR > BEI0 F42
EHAR > REZEZHBBAL -

HAPRAEHEAAREHR > ERALDERZERT > HHXFNED R o TRE HEHRTRE
» AfERR > AAREREREX  LEBHVERFERRE > TRELHFRAHEN —ZE - AR HE K
BHEECHRER  FaWRRA HEBSREBANSHSRE 2R o

FHEBTEREMRAZHL » BRIME—R2H > BRTEROLSFERSN  LERSEEEL &
FESBMIBREFPIE o H— AN EEE > TAE/BEERUINRES 0% 2 5 DUCEZ

HRAKFEZREREAS ~ W LHARE > 3R H Y B2 KRB A4 R R AR R BURR — &
WA NERIREHTFRZRERGEREABNER  HHARHETNB2UPSERBUF R K
HomBRERGREZIRMANER » RhEE8R KB R KRB ERE & - B MY 8 &2 5 R
B~ sk 2B REIA o

HaTA B RRTRIT 2 BRI 5 ( DUL — R S i BT BB & T & &) » W &
AHEEHE 2 RECR > HERE R HETE B2 G BRI ( monitoring ) TfF » WHEF Rz A EEN
CREZEERAMEFLEREAETERA ZBM® » LURAD IR Z WA ©

VI. 253K

LBRGEE 1981 ZEETHDIMIE ( F)  p.370-375 -

2HEZ 1987  AMABHRRAL - REAETFMR (REXR) EEEANE RN B EHEEER (
EHIF) o

IBUKE ~ BRUBHE 1983 HHEDAETRE RIBHIEE o

AFEE BT 1985 BEERANEEDY-ET——KEHEBABEE LEBERAD



B ERIE p.69-80 o
5REIE M Bl—F 1985 EMHREERARCZAR NEREMARBHEGHRTE

p.125-134 o
CHEE B —FESH 1987 FRENESRENRABERBMEGECHE SAERMALERS
1(3): 1-16 o

1HEE S 1988 RYWAMRREEREDEN G ENER —ZEEHEARERRZ
EHRS HEH—aARBHPARRE 20): 1-21 -

EHEMBE~F - AET 1988 MEBEPYIRTEEETE ARERWAHARRE20): 47-
58 o

A FEK B —F 1988 BEMATIHASIBZ/NAHARDYRE ARBEATHHMK
RERNGRIE .1l -

10. Antoon DeVos and Henry S. Mosby 1971 Habitat analysis and evaluation In: Wildlife management techniques;

The Wildlife Society, Washington D. C.

11. Kitzhara E. 1981 Present condition of forest damage caused by rodents and procedures of control in Japan. XVI11

IUFRO World Congress, Mimegoraphed report. pp. 8.
12, U. S. Forest Service 1978 Animal damage control handbook R-6-FSH 10/78 AMEND 5—,32.126

13. U. S. Forest Service 1985 Management of wildlife and fish habitat in forest of Western Oregon and Washington.
Ed. by E. R. Brown; R6-F & WL-192-1985 332 pp.



/\1’J4_LL: AR R 2 B 5

B X i
Hil =5

AN FERE G AR EDE > ETRESBR A PETHIEEN > @D EAK4A
ERBABREEAMEN 5 AR TEROERE « KEFNEBNERSE » BREL W= AHKE
Z—BRAILFRBER 6 2F 28U 2IEE@ER 1,700 A6 » bl 09E L5 B0 E AT E Al
B 3,000 5 REBRMEEHE BREELET ERE - T XRHERLE » EREERE > BREEASR
LR LHER » RPFIHE  KREREA > BEFEBREB /ST — 0/ IR L EHE
R o

HRR55

7 G 6 R T R BRI MR B RSB o i MBS » HER
TV WA LU ARALAR Y L BRE > ERAAAR AR » SR SEERO L IBEK
HERAEL  SHNEERERIERCLIRAEA L 2B BREILRTEHE » BAREY W
R+ A RepEE  HRERIVBUESERTHMNREN » KBS HERKEBR AN LE - EARMNE
BHIE 5 R IR 750 ARE 1,100 ARZE » FILAIGI R 2,100 AR A > AL S E mE
2,382 AR AEZRAEFE  KEFMAEETEE > ETHRENIC REEBEE LA » FHH
26C» BRAEBE—H > THYI2T - P KERRILFEE » BN FIEEE 1.5 m/sec o [l
WEBREZAZNA EFCHNLETNAKARNRS X W6 ~9 ATENRRABRES » i
WEHEYE  £FABREEF » 2FBNEN2,250 AFE o

JS RS b e

HEYRRETETFRAEY > bE BB AR —~BERNET ) SHERELEESENAERE
s GIENES ~ G ~ GHEEAR -~ BN s RPEERATNENRE > MERSESOEE T o HYE
FREEHMBNEE  SHEREYAHSC UM BEESARBRAET M - KA BR KRR M
ABRBENEH EEEN  EYHENBEEES > RENAEYE - R HHNEFERALSL » 58
AE R FRIE Sl T
FREHRBATLH

(@) A\ Al L 3F BR B O R T 1L 3R 28 LA (R 6 BRRSE R « A TARAERAIADE ~ 3L ~ BEERAL ~ EAK
SREIR MRS o R R AR L BRE - R S TR - JLETR ~ TR - FOR - FRZESESK ~ B
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&tk ~ BAE ~ HETE TR ~ BERE » =R REE M ARERR s FAZ - HEW - E5E
B RAE S RFIE w8 - 403 - AR IUERTE - RUHBEEEGR B3~ KT~ AREE  FEH
RERTE T RSP E (ERUS W B AEAYE - B AEE - MEGE -

(OFEREDLT HES | DAL R RAEMAR MILTER ~ (08 ~ 28 ~ B~ B -
FHRES » A/ NTREAR - GBHER ~ AL ~ FHE 08 ~ IUEIE ~ AT H ~ A~ \BANE WL
SESUF BRSNS AE s MAMEEN  BRARECRE AN 2= B BER - HE - R
FREURH -BEMEHEIREEE - EAEAEE - BARE - B -~ ILHE . mee 5 gRE
~ BERITE AR~ AR~ BRI TR - 5 —HE AR EFIPRBR - BEE X
REE HUEE.ABOER B8 - BEF - BEE -REE -

)+ @A R Z B R IR ¢ D RAERKZIUER ~ B84 - ILEES » BEARN A
W~ B S TLE ~ KER - 400 -~ NEEAR S KX S S ILEE - BREFRIE - FEK
BE ~ AEZER - BBHER  RERT M W ATE - KEFE c ERAE B YE -« KEFE
SREFE  —EEXER  REEES S REXEZ AT R FEE 458 e - E
EERME - BIEAR BB BE ~ ki AR BB (LR A S B S R
ZRURAE ~ BEATE  BRATIERE A EF S MREEHR -] U - T - BHIT -

BT @EBEIUEDE U ER S D ~ 0~ 8~ 108 ~ ISR -~ DER T H|
£ TR RO MR - AR3E - RV S s - RER - A - BTHERSHEEL MH
LN AR TEN - EA s BAK - FAEE S c BARE T » S4RIE - 2 HHE
E ~BARE - AR FRIERSE ~ AEIAR s FIRESH ~ BH ~ Hik -~ B i~ 1L - BTk
B KREBE EESRME RS AECB2RE CARSEW S BE&W -~ & - ILELE-

E@t+xBzdtE  UEBAENEAB TN GES  HEEFHHE s =158« AE ~ kB
SRR o

(F B EHEL L BN REZ BB « EREEARA » BETED - JMERE - BRR
T~ HARIME ~ AR IE S R S BAER ~ (LR S IDEE - AL ~ Bk ~ IR - B FEE
BEARE SR ~ 0%k ~ WHILAT ~ pR ks ~ BAAR - IZERESE ~ HRAR » BWAETRIE « e ~ B
HER ~ TS EEE TS B FEERMK EER - WRELRE - BA-BE 2K
o~ EEE S BRI ~ A~ ORI - BRIERD - R EER » BRERH C BAEFIEAR S TES
H-REE - EEFE-

(DR EAHk

HERESKE » RigRd » B8N 2 WRRKE T @I B R ZBE I (L BEh A F fa 2 7
W EREZERR s SRR - KEREKZ REMRK -

2 EEFCHRRILE G A ZEHRECEREREHE  BREURER ZER » &R E
— MR 2 A TR VR TE B S 0 D ARTE - B > A BTt BESE AR TR 5 Al
WEGESTER ) EFcARFHCHREEN  HY4RIGE  KTZBRERE » XA THBEEL R
s (Hif B2 IHRARGR2E » EAHYRAEREEY DB HERE » 2EHUXAERKET  dR
TURRERBZ RIS S ENREABREBCRFHNESRA  EEER  MRERSE
KBS NEBRHGTEHREF UENEERBFTREAYRE  MEVERE SHEYNEGERS » A
L H BRI B 750 ~ 1,100 AR Z M REENHESNSAHELM BERSKZ TR » #R
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ANIUHS L AL ILHE ©

(9%EF; @ AIMEEEE « DS - O REWE -

19 FS B - TS o

ORER NI S GRS - RBEE - K FTEILE - 5EE - EHE - O BKESE o

QUREEL ¢ BRI HIAS ~/ANVE S KBRS ~ IR ST - BTEE S mEg o

OSEEL L ALESE - OMER - BHES -

QIFBIREL ¢ BB« GHBLE  IKABIE o

WEBE L RAS

QomeEl © 2R R0 o
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WERE LE -EANER -KRERB MR-

ONBRAL L B 1 ALBIBKAE ©

CRMBIREL @ RRAIER o
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GILEMERL : MIFIHEEYS o
B R R RAAEE AL ~ W - IR W %%Hﬁf-é‘% ~ HEEHE - 4t R AR - WERER
BELLZE ~ USSR ~ BRE - SRR WA « AL - KRS e MSE ITEa TS Aa -
BRECHT > HETERNERBRHERER -

ST SR S IS RS

1 992 W AR /LD M S R HE R B FF 70016 & 100 MR > i SARGIE LS KR
WEREZEHENT R ILE - FHUE ST - KELE « LI E - awEe - AREY
T~ AR RER - BiER . SWER - ORE-MREE -HEMR N EyRE . xByRE - ENER
~EEE S AR - A L R BN L T A s B HeRE2TE Y 5B
REPDUENBHOSABEHRES® SO I4AERRSRRTL FERLERENEO R
HE R - FEIUGE e METLE - ORI BE ~E 2B » FEH  fEEL
EEHEHSIBEEATRESE BB 2H FR &K 5 AHBEFE TR BEAEHE
HUEC 8 IKABAR ~ BIREHE - BEES ~ RALHIAS -~ REE S (T R Bl AmE AR AEY
CEITE S M S BRI WEE . BR AL BS166 > AT 2 S M E S AR . K
FEih ~ MMM L& > SRR ILFRREFLEFLURBEHBATEEWE o HE » BEFEEE
BHRGI S » EERL RKKHWEIE  HEEENHESE » HRAM TR —XEHENE
T2 WEEREESOG AL °

JUAl Ly e b 82 1 & B S TR B

IR R AR R

e A LB Rk S8 2 B T SIS A B S B4 IUBKOK R « A REE e
LA T RS o I ASEE LU e I FIR » AR w4 F U IR » LA S 6 i
Mo TELE 2 B RIS I « B 4 B AT R AR B R REEE 2 B » AR
EAERAWBEESFIERAE (REAE ) 247 THANLEORE » BEAEEH
FIE e R B i MRS > A RS DR R & MRS R (50 R
2 F 0B T S (B A b R R > ENE R R A S 5 R R DR O
5 1 AL A B 2 F GG TR ek 5 AR T » T /UL DI o 5 B BN
T R S WS 2 AR BB TR A AU B TR TR IR B A ZRE - LI
B EE SRABIE THF RIS FULED B4 WAGZ BOEF » RAEBEOE LOAR
AR+ SR A FOIR 7 O SR B ST B M SR A BC S L N BT 4 o
CREERRABRAERE

AMILESERBALREF WY SRERETRBUBRARTDI YR L ERRME
EALE  MREALES BARESTLKEL B AR BT BABEEHEE . EEEERY
Bl s BEPOLELHAH L - REFOCERDE - REPOETTBRDEDE - ERZMTHEE
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JIFHBERE » RIAE TR HE R NANLPBE 2 1 B E A REH R EH o
EREAERIRE LB Y

RAZHARREE 4T - SERBNSEEE » ElE A WRER I » R 2 R
g e RE BEZHEBRY > KA LR TR WA RER FTARBRZ#E » LRHEH
BARTT AERERSE - RUTFEBEGRHZM AR AEREEZEARTECH  TRELTR
S AEY AR A~ (DERTE ~ LB SR MA - R B FAELE » LIRS IHEBEREH » B
FREREBMRANE  EMEFE DRBATRERTHDPELAT - THORNER  RIEF-YD
CEETRSWLUBRER  HE FHTEATNRET FRERHE D 0N o
(RIS 2 RIS

AMUEE 2 RIFIDEREES » FHYHE - B BRZREHRE  HERBWHFPE M
THERERBEAEE REATRERSHEERSE  AEHFEFERNFRHAENHE 8 HE
ZHRRNERR B E - HFHRYE RS ZERRSF AR GRS > MERN=Faws
AES - oBRBE s SEEURYEFFORL > RESH DM ARBEER N SHEPIKE
#—HER KR RREEEAND  EMANO QR BEOMAR T FEETBR o AhbEFERES
AERGTHBHE REH A RER » BB RPBPRAR > MEHE FERBEFFLEEETH
MEH ERNFERARNEAREE » BAKFEHES ZFRBANERE RN AERET o

® &

AMULEE BAB = AMIET — » AMAFHH DN  SEFTEENLEY  BERBE
A TR DR BB > BT ORI « SR - BARE - £ HRES b BREFRAD T RY
P TAIL ER R RABARY —BH E B FRRE LA » AR S B ORI
B ~ L) SR > SO BRI R T SRR (R T ARESE BUTE R LR i R B D AR R
BB » TS AR BRROBIAR ZRIRIBE R4 G2 o

16 & B AT Bt
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KRB

BB R 5 wFih

#ow A
AwF

[ SACEERFE | 2@ A FEHBNE et > BmE AR BERAFETESRABREE
CHRGHUEREERAEDEY =M o [ UEBEEREEBTHEN ) BAEEAT UEHIRE 8%
EFHHYERER | ARFEEZDEY B EE LRSS EERERZBHEY - il XEERK
BHHERTARB2GY REBEERFEZER  BEEETPERREARLBRAETHE TK
[aEpE EEHIEERSBRARBCAEHERSE ] (GREESE 1985 ) » BR 7T -HELAL
J#& ( Red Data Book ) JE XM HBMEY %48k o HobhiE® —FLB8%1 130 B ~ 374 o HBAHIRH
ek T omE B EHIBEBERRBIREE b BRSBES - MEBEL 5B
¥~ AR ~ SBRAKEM - KRR s ENER s SRABERAEHBESNERGREED
T R EEERES ) TLUREESRESZ » LHERESLE » ETEFETNHEEER
REEE TR KB o

AR S8 FAREERAWERBEHSRE » R4 4 YWHREA FEENESERRRK
o RMBREEC BB - T 4PERFHBNTHABESER  HREBRLBRREN ZREFE
F-EZDHHREREE  FEEANBIHBARAAEEDRE N FFRXEN R BEERABERER
B IUCN ) M1974 FE BT EEEY LT 8 € ( Threatened Plants Committee, TPC ) » #
AR AR g H 2R MR A LS B TFaTE » #Wdb3EN ( Ayensu 1981
; Fay 1981 ) » #2¥ff ( Good & Lavarack 1981 ) » #v4R§ ( Given 1981 ) » EgJF ( Hall et al.
1980 ) » # %% ( Bloussova & Denissova 1981 ) » H A ( {/BHIE 1976 ) % o

BN ARGA Y s L > SIS BAAMTH . MIREE L (1971 ) » BB
B (1980 ) » R R B M (1980 ) » fEIE- (1983 ) » &P LK EHH ( 1984 ) KIEH
W (1985 )& o

A R

I 28 Rep A MBI Y B N E AR ER E D HTRRE » SRR EECRNTIE 5§
# FaE (Rarity ) " —BH9ENE NBEEEL . W EZ > A " (RISTERRI Bz
L8 (B SR o BT R B MR —E SR B TR AR (R AR BB R R
2 o BLZeRITIE » Fi B BUBLITTBE R 2 BT A R AAENE » IR e — B 2 M) 51 B R T 51 %
SR TN - (O&EEEG ( Habitats ) 2 A/ 5 Q& JIESHZ IR 5 QBB ZAME(
Carrying Capacity ) ; (4) 3% B B b 4% 617 Bt 2 B5RT 5 O WA S ZBUEED 5 ©IAE (
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Predator ) HIf&E{% ( Pathogens ) Z 28 % o vz Bl vl g 8 2 sk ( Habitable site)
BB RT R Ay BRI ( Diversity ) BUETFREIMDY RN RANR o BHEERIWET
VBRSO EER ( FUNARBHE CRES ) » ASEUNWEFE - FEAGERE R
AT o

A A AR R 85I

BMRAAAKRHEARRBEE LG ZHEE ) SRFEAEN -X2HTraRRIBREKBEE
c YW ZHBEANRCERAR SR TR ERE ZH o 88— KRBT 1973 F » 8~ K HISyT
1978 ~ 79 o« BV SR ERE T TEMYBR S WARDEE ZEBEITIF - AR
MRS YERA RS  DRE T 200 % &8 8 ( Inventory ) TIFEITHESR » WRHEEE (
Selection ) BRI BLIRE Y o AR 2 H KIS E 2% » A M KRIAE N ( Monitoring
) T MEBRBEGBRHATHGE » B HEREE Y HERABEZERTEHEEK o KR,
BRI RN ABKIERE i ( Manipulation ) EH{EHFZ TIF- NRAERE - MOt &Rk
YA S R MEEAL » B EHEIL# ( Documentation ) B 8505 82 » HBRGE THNIEE
ZKASLE ©

o AR B B2 SR

AR SIS EREEER b BN IHEEYEZIIAG BN L8 LRy BEIEY
ZHHE ( Rarity ) BfEEEZ ( Danger degree ) MUFF R MELN (T Lk E SRIM » B E H £ HE—
M EREABEBLE L2 A% BHEEFAFEECA -  F20EE TEPRTAHREK - My
BB WENEER SLERGAEEY A% BHBIER  AEMOHABKENYAEE » N
AREEZHAHESEE L AR E ZFEEF -

LEAHEHERESGFEHERZ %% ( Criteria for Rarity and Danger Degree Measure

OBHEAREREETHRYZEM ( [UCN Red Data Book Categories ) : (388 (Ex ), #
EEABE (E), BEE (V) ,BEA (R), kA% (1) (Lucas & Synge 1978 )

OWmAESN G EEY s HE®H ( Criteria for the Identification of Endangered Species
) : Du Mond ( 1973 ) % Beloussova & Denissova ( 1981 ) o KEEHEE EHMBIE 2B A (
Endemics ) » @8 #i%h ( Disjuncts ) » GRS % ( Species on the edge of their range
Y MRERS F8% ( Relics or Remnants ) %K% o

QEKE A& EHH ( Criteria for Assessing the Degree of Threat ) ! Hartley &
Leigh ( 1979 ) o

LEERGEBHEY ZZFE/EXE ( Assessment of Rare and Threatened Plants ) o

KESS B AR R A - o SR R » TR E S AREZ AEE B AR 1 & E—
LTS THE o

IMREB N2 ( Conservation Status Reports Documented )



RITARFEAE X
( CONSERVATION STATUS DATA SHEET )
1. WIpEKERAR B

HiHi% ( Taxon ) @ LT & ( Compiled by ) :

H& (Family ) : A It ( Date ) :
S (Distribution )

Bl 48 ( Endemic to Taiwan )

EREHMN LMD HMEE (Overseas Range ) @
BRIGBZ %94 ( Current Distribution in Taiwaa ) :
BEAHBZ 4 ( Past Distribution in Taiwan ) :
R EAKZEN ( Type Locality ) :
EXEREKEEH (Herbarium )

A ERILEIE ( Other Records )

BRI F ( Collection Dates ) I
#1860 70 80 1900 10 20 30 40 50 60 70 80 90
]

IS I I SN SR RSN SN N SN SR SR

el ( Populations )

EMEEERGE ( No. of Known Populations ) :
g it KN ( Average Size ) :
i K BEZ #E b ( Location of Largest ) :

HERE ( Ecology )

SEAIFMER AT 857 Bl ( Propagation and Cultivation )

BrE RG22 %A1 ( Reproduction in Wild ) :
#& (None ) d # (Rare ) (I Bht ( Adequate ) (]
W ( Abundant ) (] FH:M ( No data )

ATI%H ( Artificial Propagation ) :
A% (Easy ). 00 <% (Moderate ) [] M ( Difficule )[J
FEEHERM (No data ol

AT#EH ( Cultivation ) :

B E ( Scientific ) 0 #i%[d ( Botanical Garden ) [J
H AR ( Private Garden ) 5% ®lH ( Commercial ) d
BBl ( References): ‘ fiEE (Notes ) ¢
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I, RBLEWIERRFTER

FHENEME ( Disturbance of Taxon )

B E S TR ES47 ( Past Disturbance ) 1 0 #$HF/BU& ( Farming/Grazing )
— VRN E OO sk /#Rtk ( Forestry /Harvesting )
OO  $% ( Burning )
OO g ( Road Construction )
00O smesEmT ( Building )
O 1% ( Industry )
) OO k#1683 ( Hydro Development )
KEAGEESy FHEEF (Future Disturbance): O K # /@€ ( Flooding,/ Irrigation )
—VrREH () #ek /B2 ( Draining /Reclamation )
OO0 &4/ #F (Mining /Quarrying )
OO0 #r#=bH%¢ ( Recreational Development )
OO0 #E#® ( Noxious Animals )
00O % EwER ( Habitat Pollution )
0O E#&&#K ( Indiscriminate Collecting )
OO At ( Other ) :

fR2&i s ( Reserves )

BULREAR O AMBIEEGRRE LR RIS W]
FLBRRAR U FHhamiZRE O HiSB Ll R HE 0
KEMERAE U FLIE & SRR SR EREB B (] S AL UL 0
STRFx R U REBHIRBE d Tl K L B ()
48 7K AL 651 bk 68 8 g L) HLLE fR 26T ] gmEmREREE O

LR R ®/IE ( Other Reserve Type ) :
Kt ¥R ( Comments )

T {4 M ( Conservation Measures )
BNz G5 M ( Taken Already ) :
BMEPEHLE (Recommended ) :
—HMBEERZHABERR

£ HA% 8 ( Monitoring )

ME 3% ( Reservation )

Bk ( Stricter Reservation )
Rl gdm ( Animal Control )
HISE i ¥ ( Harvesting Controls )
AL % ( Propagation )

ATL#E ( Cultivation )

BF s ki ( Planting into Wild )
TR ( Legislative Controls )

ooo0O00oO0o0oo

FEREA(Conservation Status Summary )

. FHE%# ( Endangered Number )
(0¥ REERT 2 ( Presumed Extinct inWild ) [J1 BU&# ¥ ( Endangered )
(J2 %% ( Rare ) O3B & R ( Depleted ) [ 74 B&iktt ( Local )

BB %44 ( Threat Number )

Oo O Qg2 03 4 534 ( Distribution )
0o Ot g2 O3 0O4 w &tk ( Accessibility )
0.0 ! 02 O3 04 2|4 1) ( Attractiveness )
o O d 2 O3 O 4 7 [k 4% ( Abundance Change )
gdo 01 a2 03 O 4 F 364320 ( Reservation )
o O1r 0O2 O3 04 ZEWEK % ( Site Threat )
FHEHTIEF RS ( Taxon in Cultivation ) ]
S EVSH F AR BFE ( Taxonomic Relationships Uncertain ) (]
M A ABEST R ( Geographic Range Uncertain ) |
BEIE IS EAE ( Present Conservation Measures )
fAsi# ( Non-existent )] &/ R BL (Minimal ) [ 6% ( Adequate )]
R ( Good ) U] WE ( Excellent ) [}
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DT HERRFEEHEFE | ( Conservation Status Data Sheet ) B—HIEEELEH 2
HEEEDEBEETRERNTMELE HESABRAHE %ﬁ‘ﬁﬁ%‘ﬁ%%ﬁzgﬁﬁﬂ  BIR
HE AR HEREZSRTFERS T  RBEREEER T EZHIRSE - lﬂ:—ﬁ%&ZIﬂ?%EﬁQﬁ
HAR: W) ( Moni toring ) MR BEFHHZH(T - R 22 BEREAEYEEBARARERNBEY
R TERRKERZ kA &E KRR ( Documentation ) o

(REXFERF 2 IHK)
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HAXF A 5(2): 74-76 (1990/3)

B AR DR L AR bk Y S B

Bo# B

FBUARREEBR BENRBRH K EEE B RREXES 33 MIE RRERS
BRENK AHESHR XA HEREN - MEERREE; Filg > RUSERRERY - #3
B RAT ~ B ARSRRERKS » XBERCH ~ IWE S URTF~ BET ~ #H - ARETRR
HEY » AR IRHFRRBETHRYE » ZERNEHREAT TN KERD - |

AEHRFI1300 ~ 1800 A Rz » mIRER > EFERBWE > RPESE - tEANGHKEDE
ER (el SRHEAE IR 6 RRZPEMMUS MEMET BEBRFAESR B8R 60/
R>53B20 B - AP EBEM- BRE - HEERABERERE » £/ BRI EEXRE
HBEREE THEREFRASHER BHRORE AN RUERKE “REBHE”

FE 60 FMHRMHRRT  HAXBRLNE 12HEER > AN VA ERE - aBSMEREE
BE B ~ Al RRERSS JIRRRMT ¢

a5t A

BRI SR 23505 AUHBENEGENPRIRE  TEHE  BEETREEE  BEARR

S L BB AT > 5 TR 900 ~ 2800 AR o

B ENEEESNEENRD s DB REREES B% > AEBBSENZ B -

A RS BE(EBOA KR~ LB IWRF~ WEHF) ~ECUHE) o

TR 1 mEE -~ Bt ~ IREWY [IE S S B —E | AORE B > B R IR B NAR R
I8~ B8s B ] o

ANE R

K BR 1BAS  BEKES RRABRENATE B2 iPEBE » BRKAG o
S ABEAE - SR 700 ~ 3300 AR

B EREED N EAEAR S HER S A SRR ARRBYE SR B

att: RS~ SECUMAF -~ \BEF - A% KB~ WEF) ~ (LB -EBAASH) o
MR C OBH By [ K S MK ) B o

BE: SR 18 0% B BREARL UGS  IRETF 7 A— SRR GHEE » BT A28
BEHL
S B AR 2R %00 ~ 2500 AR o
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Bk 1 ETIAAR SR A AREE TR » YA TR RS RN 2 M S T EEIE 0 0 M HE ~ MR
G S 3R B o

Btk NS ET b /NG S BE (KRS BEEAR) o

U B AR TR ) BRI [ 1E 0 ] o

Fol

B SR 13 A% ERETREBYCEHE  FKEG A8 8 LRKER  BRE
ACPIRE S — BB > Mt RIS o

57 BBRERE SR 700 ~ 2500 AR e

B B EARRS MERA R ERERSBEED c RARNERERE  ABEE, BR
BE o

afk B fT CALME ) e

MR D EMREMN M EHR#E ] - TEON—BoN— ) EERIEL T =8~ &k
B ] o

H AL

BECER 1200 1 B BETEA @HAAG TEKG BTRER-

oM HBEERE SR 600 ~ 2800 AR o

B FRBEEDNMEENRP S L HEHAE ERAN AREE - AEBRETENER -
ffE L DU RES R RS RS T (A D ~TE LD -

MR BRI TR S WS B BN T I~ M7 7 J R o

LY N3

B8 HR R0 B BALRE ARBARIRY  MERESRE6  BEKEE -
A D FERTES A 1000 ~ 3000 ARZIAZEN » SR AHRKSERZ L o

B L BRI ABENE R D AR AR RS AEBREEZER -
itk B~ BT (ALED ~ Q) .

WREE C EME [T B B I CHEREZ [~ | o

BRI

BHE B &k 20850 %~ B LR G » TR BAIRKEE S > WAL » BEAEE
o RtbRE D BEREH ZHKE - .

A6 BB > HHE 2,800 AR DT IR KAEHK o

B R EE FEEFCRECREFZEEREZAES L » KELEZZE -

Rt D B RCOURIER ~ R ~ IIRFIER D -

W B CE S B Ep JUWEERZ T ~ BETE ~ NHHRAK R & -
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B 4

B AR BAS 2AROHLENE  WASEK  AYE -

A6 1 TS WA REEFE E 3,200 AR (LM o

Bk WRBHE TR R M R E SRR RRELE > ROETE o RTERET
o FRTRER - KEERYEOHBS o

Ak HARY o EERARGAYRIRAWE R Y WK ARSI o

WS ORI EE [ WL B

X Fh

BFEARBAD  BEEKE » FHEANWEGHRIRTE B THRBAE-

370 L FER BT 900 ~ 3300 AR o

B HESKRP LEZEBREK EED 6B RETE— e FE LET g
» A BN N AN TNV T c KB TR ZHEE

ffE el MR EREZ RS -

IR BRI S B B IEH~F~F B

e LR G

R &R 18 A% BRER DEKRR - LH -~ RAKEG BT B> BRRKE
REATHR—HEBE  HOAE BHE N EERRRIALE  KERRENE

5r70 1 FEA B AR 400 ~ 2500 22 R T o

B BARED EEENEELE  BERTRATEMER » RERT T2 RELSE -

fafk Ba~ RE o

R RTRERELSENT K—K—IBEEF -

& E

HEC HR10 A% T BEFARE  REANE ARGHR & B FABMRGa
R~ BB R A o

4375 1 FES AR 500 ~ 2300 2 R o

Bl BEEDWEABRRERZE ~ LF - D BTSSR NRR . AR EZ S

Rtk RFRZEHA

W AR He ] o

FIL IR 5 B
B HR15 A o MERIBRES - Bim ~ B REBG - B BN ENE  HERAW
e o 376 ¢ ¥ A EERE S 5345 1000 ~ 2600 AR o

Bt E BB BHES REERTD - L BB ERMAE L ZRER fa] B 1 R
ZBE#EB - aMI BB -R(RLA) - (Frr b B R ACEA S HH R D
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FHEEAM

ST AL E MR BRI A Bk - ARRW S
B E A HREKHR - BREE TS SR
TRz BRI TR SRR « ISmEs » BRIl
HiE R BAERESARY  FERCTRE
FETHROXRERGE - RERFHRITMEL
G R ERIBE TR LI AR - ZEE A
B BRFLREHNRER GiMEmE Ui
HnEEmE > EEBmEYERRGLURN  BE
C REREBRDEER  BRENILE - BRE
ERHERR | mEREgREG ) FEERTXR
B TERHEBHOR R REM S MM ek
Al EEEN - #EE R - BT RS - B
AL NEST AL B L Bk 5 —TE 3 B s A9 A E L E
FAE  BLFBWORE - ANEEHEIEMN
ANEIGEE - hERE  PRES - REESEL  t
SCREfER o
EXRBUBRRARELARERT » EEHL
EmMEKRREHOERS  WRBRAHARBAE
BT HERBERTSRUERG AR URE

FEOT Sl AR T L B AR K R LM AR R O AL
§l°
AR IOTSSE SR A LAV EE » BENE
E??‘E%“ ENHHANRREBEEMEREEX
E%kaﬁﬁ_r_‘ HIBEFHETEARTERE

HTEVHER S mERHORERITH:

15}%

RO I 5 &

A
~

B B Oz w = %

INRERT ST > £ R » RAME B/
BATEWHENEZ LR GHELK -
BMAYS MR R R E LR REEHTTE
» ZE KA BRRAEAE ARG R E DR
B e » W EAKEKE - REBERUEE  BRW
b G EEE MR ERSES » BENHNAOKREE
WA BIBRGETIFET o
EATR SR 09 B SRR 2R 5 AR i &
mAREEEAER SRR A—FERED
T—EETEEL - ERKEHE » FXRERE
E"J’E‘H’EJI‘I)&*’J T{EET » BNEETRATEL - {F
BEEAFDT—EHETLE - ERPKES
1&3 RV  BEEEFENHABRAE
B RNEREABTRET . (AERH - KEH
B~ FRWRERATAERER ~ BEY - KFE -~ RELS
FARBEEERORASESFNTERIRK )
MEARERGEET TREENHRTE L
EETR R S MTER TR AT S AR BYFHIAR o DR A R19764FRE
wingEAEKEREHES (CANSAP) » EH
B 19T8ERIZ BT KR L W 73t E NADP
) o WEIHFRET BRI RPN BIRIELER 0 T
19504 (% » AR EEFIA P MEFET » WH
Al2FERFELZMEARET » UREEGETEIME
InEARESE » T EERTHENVEEET -
HERMREL PH HMWEERRES PH

FEREBILHBERS KB ARESEL » RBLTARBEERISRFRE - AXFHARERHER
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MBIRIER0 » BmRlds M7 57 BIEHD
SEdE CINFERAER) o (EHERN PH EAR
TERBIE IR TERMGE . PH [ERERY
f6 > BE: BRGH—ESAN PH @ HEK
EE@EMEEE. (fIn: PH {6 K%F5 » &
FEESMT I, PH ik 6%H4 » Hrak
EEMT &)
E#TEBRTA » K PHfERE5.65 E0&
PIES Zs A B9 — LR K R s & RS R S
o MEEHHE MAHTWESN PH (ER£4F4.5-
ERTHBERSEOTASN s EHE » MAEE
BB R EAHIE » KT KAIEE B HIF MMM A S
—HEELE -
 BIERTREEHRAOE ? MRS CRs
FALBREHARES » B EI K RO E B R FE
ety » FOBHAEA LB R EV R BRI « 25
BIERED (EPA) {451 BEEEREAN A S
PREEFTEE £ S ALBR A E 2, 6008580 » SR
B 2,30085/40 o
EEBMTHBAARBEPEER > LT HEART
MEYEEEE A - B BREBLE B &
BEEVL R AT TE T LE o & (R bRy A BB
HERITIRE % PH BEMNSLUT » BEET
0 KA EEERES FIM T LB G aass s B4k
s BB ISR ~ FTEE S Y - ISR
B e e .
BESLEEMELESELE (N8 K
~$BE) BB EEESEVERAE T
BEA R  E BT TS Juhy 7k R BRI K 9 AR
 FEEEE A SMEY R o B ¢ BT
KB KGR RS » BEMAKRER » GfiKE
BBEENSEAKY  MERENSNT 268
=T A BB ELETAY o
BIIMER ~ EFIEE L~ PEEELIR -
B IR S A S B BB DA B S B WAy S
ER?REELNE ST fBmese B8
BB B + S E TR > MAK B REE B85S
DB (INEIRBHAEY) MR mmEs
RTEAESR S ~ FHENNE  #9MNET
DB FR LR L > TR SIS E TS 5K
B R HURBEBBHENnE »
WRNEE R e RS o KEILERARNG
B9 PH 17 6 8 7 20 (LEHMTK 5.6%)
VETRABMABRERS GOE - 15 B

HEREE  HORBES ) ARRAENNRY
(B BRI (IR R R IR /Y

BRI RRE AR LR RENRITRRELR S
REMPENNE > Bt XERRAREZERL
Fofth 2 3 RO SERY Bel - N AB Y K R IER Bt
FEitiE (NADP) » A£ZBEIRRA993MEILE: 4 L
BERET > FI6EEFFERAEN  MAEL
B SEERH A —M ©

KELWGBRHERAEEERE=FS  &—
BRSO ITRERESN PH B F=#
FEARPAER PH Y5 LEFEREEER
SHERNFEE - = FRELELENEERRK
EBMEE PH ER2MRE - EHARNHIEE
MEHBERE - BEWR © [HEEERERER
B NER R KL 0 B NLEY A AT S
E S ELRBEAEL ) Bk S0 PH &
HHEN  RBRRE - ERE M AR
BEEENERERES - )

BERAEEERRAENAMBMETTEN
Bz » HPh mE R SRS T REERES
» B —ARETERBILE G 6,64218 - Btk
SERMERED > EEMIE 2R E AT U
TERFTET R TE > MBS ERE
RN KRR AE A BT RENER -

Rk BRAREEE R MM EEKE SR
HE A NERIET » K —EE R RTOF R
ARBHR GBSV ERE » BRTASED » MR
5 B—RERAREARRERZ KA EBHE
KE « ZEHEEMEEIKERNRES » FIHRARR
MHTEEKENPE - HEFOFIRELESH
AR LR BRI ARy PH fE K&
AT ehitds (CDCPS) - Hhiiat)
JAINFIIT SRR YE » MR - S EHERE
VRE BERBREE - £ CDCPS "B KE
ERBOFTHEZIRASEHZEHRE (GO
ES) » EEEMTRAENIERENT R ATH
Z (NASA) BREBEWESOELS » e
UEFRGEBRSEERERT A BRAE
MR RFIESITHERE o FIRRE  BR
SRR R AR REAY S (LR K ERAVIERRIE - 2
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AEE AR EIEN PH ERRE-

EERHER  KEWMENTFE PH EH
4 0 BEUEY PH fERE—RMEER - flmn s
SE-REER > SROBEDEEINE g
i PH EREITH ) FEREEMATRABKE
EfbGEEN PH ETEH HEEEMEAE
AEOEMBENE-RRABENEHRN PH @
o (B BRAREEBHESER : TMRER
P HE T REAIREE] » TEMFRTE KR L WA fr SR EY
RH#EEA » RIGAEEPIBTE - filin « BIE(eyig s
HBAVER I BEENE - )

FEEEANENEN B RTERREKE MER
TRRCEEERBTREEEME - ERMBER
BEREFFER AR EE BV AR OEYE » LUE
HAREREB BRI 0 UREERAZR TSR
MES  HEAMER R A AR EELT
4y BEHAXELBROTRARK -

HEBRRYE | 1970FF MR TR EER
MET BRIRWAIRER - HEERERTRRE
EEVRE RS R PR S - R B ETE
WREMNE > BRTEOEAGERES  FHEE
miE 1,200 > EEERERNTERY T EmiH4:
PEPER > BEREER  EHAMERCUEMNY
THEFIEEY  BIFIRRPRER  REEE
ROSEALFIML G > SRR » AR 2 »
EEREEMNEE  BILERTMELFRE ! £
EAEMEXN S FEE R mERBEERL
s MEASALHA R+ —ERINEREEER -

— BT REAR PR P RERVIF R o (R B BEIEE
REIKXFFF - Bt BRIBERERMES « B
RFEF RO TREERER R RERE

TR E-ESE ARSI ENECHR
LN NS HESEEEEMN TH  BEERE
SE I 3 AR S AL TRAYEE - AT EEEA R
S BE o HRIE S TTE » BNE
EAGORTE RS -
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BAMITIERENR »REEMER - KBR
FAFERRERETEA » BEFOITF 5 BE
B R ERALANERIREEDIR » AR
ERHAEEBARM o EINF » ZEBE:
M BREBEEARHT » HUBRWE
MR AIEN o

B R RS AR R (FRADEA St
FEEREERT » ERBRRG T IMFRIRITRA%
B RIRBRUEAIN 5 R LBEELSHR
M4 » BAEEINAR o M7 WAL
BN EESF A AR TR ER R IS IR B IE I
EHRWBEH  RAEREERUHERE
By BT R A & o REIC0FT) » K
R EE TR A ST S B TR E R R
» B EAFRRERBESEK s BAK
ERIRFEAR ~ EEIRIREER ~ DRI » WK
RIREBREN » DI R EIEKE o LU
RREFEAR » HHERRFIER S F51E
£ HRREHRENEENREZ2ER B
RIBERRIEEN ~ BB S —FHEIMR S o

A SR S AN S AU R 0 ERER DT
BEK ~ BRBRRIENR ~ DRI ~ &
BRER  DREBREHSE » WERHM £
EM s (B E RECOFABIMERE » KH
HRBHRME?

B BRI e A A REMAERE. &
) AR AT EHR RN 2T
ERRBHELE 5 B REA0FAFHLIE
EEAFEILGE » FRIERHOSHE »
TREDBOERFRAY R TS » MBFIEKE S HAR
BlE o BIBEARY » HERBHRHAEIE »
PROEHE 2 TR 1L S S B 5 KRGS
BIRS R » RIHBA KB » BHBERE
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B AR HEE o IE MBS 2 AR 5 11
g~ BIRE  JUBRAR » MOEREZERE
BAZE REERIES ) EAERFEITHRAE
BEENRY » ERHE EREHERAKM
(A SBEERTE  RAUEI AR
TRk s BARRES o RR0EZT0FMA
BB A » BB B EERAENRR
BERBRRWED » MR » BH5E
AT REE » A& MBEEB RPEEME
s BRI HOFE » EEREEEL
o HHE L RITRIE » 3BT RHRER
~EHR S AAREENSEHE RREE
B o BETLBBERNBESL - BRK
gy BETGERLS » THEEACHRAR
R o HR MBS CRR AR » B
REREFEEERABINBRE s NER
f&%ﬁ?ﬁ%ﬁT HBEEREEE [
BYEHE ] 0 IR ISR - 2ERK
RERERE » KENHBLRIS M ER
Rk » BUBREARRE » LA R
L BESHRBANRE o
BESBRET » EMBREILEK -
FERIESEYF BH S B A B APUEMNE » LE
RERE B AREED » HERERTK - RE
BAENEE LI ST EBRERE » FILE
BOE B BHMITR BSA PR EA KM » 3B
EEFRER ﬁﬁ?%&%%(C)’%
KRARLEHE » RIFVREET AR o
B ER SRR ?E%ﬁku@%&

SEBIB MR » TS B REEE
BRATERM 5~ B HEEE - REA
PORMEEE » FHESHRBIE » BINFHEK
BEENEE. AN~ B EESEME
ANBERES » ) FIHEARKIEER
BB ERS c MHBMBELNRE » B
HEMEn REHRGNEERRE—EH
HEH ) RESAKRPREARY » BEER
FIRE ; RS SECHRENZR » 225
BT By SRR R MR R i AR A9 SH BB AR
BEABME » BIREHRKREBAKM o
HHRESAHRHEE LAIE Y B/
Bk DA LPETS » FEUEINERS
B BB SRS 5 UK EHERREE
BB » EREE LARIEFTE - (85
EENRY » ERETHSNEMIESHM
R HEOAIWS © WE R EN R
SE » HRAE  BREBER o U
ERERBNESEEEEE (BB - 8l
RIER - RN HHS NERY > (B25%E
WMARF A RERESES » HHEREREE
Wt o BLA NG BRI (F S LM RS
WILERE o R ARBIEE » LAMUAHK
MHRRERBRE - BRESAHZA
» BT0ER DB ERER I BAIESAR
MIREE SREE ) BEREEREEELE
HIRE RSB » FAEMIE 25 % 5 HFMK
AR » TARRABER M
HAREER ~ BERBER



EBREFISEE 641, /7856 A

:!jbh. “4\*%»4
~ <ﬂ;k — s

B 5 B

S

gl

 EERERELFRE ) HREME
KRR S BB BFSHEZHEE » 1t
REEBRAATFHERBESHHEH L
(EpHERR) AEEEHRBEEY R
RIS EEESNUAR T ERE
BRSO BEBERTEZRE o
BEZ HEERUEARTLES O &
IS X ISAR SEE » (RSl
EREBI0XI0AR » Ll LB L EIE »
BELLEY ) ARAEHEERNCHES
fi 0 IIMERER 2 IREREY - BHAES
B4 AR T
No. 1: Bk —mRilA ~ I§H#H30AR
T R AR IR 1B,
REEY AR AR
No. 2 : BZR—MEIUA ~ #F§HETOAR
R B AR LB,
Y BN RRKSERES
No. 3: BE&—mEiluH ~ IgHo40 AR
LA FEERATEERLB W
Y RER—ERN—ERER
No. 4: B UE ~ BH23B0AR
H R SRR 4 Pyl
SEE Y AR —EILSE
No. 5 : fgFe{lE ~ I$H 14504 R

No.

No.

No.

No.

No.

LB BB AR LB,
Y | KER— R ERY
6 : MERHIIE ~ Bk LASOAR

L ANS BRI AR LB
Y | KB EERRREY
7R~ ¥ 310 AR

-+ SO0 5 U A5 BRAR 4 B
Y © LR

. 81T ~ FH0AR

LW AL G LR, )
RS Ee— B A ERE%

S 9 (30D ~ IBE3BOAR

+IERH ST EER
I | B G

10 : BALIBAFRIE ~ ¥k L6S0AR

+ HER B o i 2R L Ba
IGEREY  BMTER—LHERE
11 : B 344K FE ~ 382,200 R

+ BSR4 Poll

IEEEY B ELENER
12 : BELS4%KTE ~ 21504 R

+ T B i 5 K4k £ P11
EERYBERE I —ERERE
%

A Et+—A%Ed » EEHEIBS

* RERREFR SRR EREER
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No. 5~ No. 6 BB IL=3EE 344k 32 No. 10
~No. 11~ No. 12 ZHERAEEEBAK
KAk (R Kz EEAZEREARRK
AR BB ELFRRR B G -

AR EHEARE  MERET
FZEER RRARY TV ENYRKERZ
TERE -

s A 1,800 2,300 R2H
s ARZIEHRBELVERNRK ZHE
B 1,300 ARUTZHE&AMERKEREZ
£ R o WRERZHRENMBILZ N R
A EEmiraE  BRERRILERE
AR F—EARNRERRARKEZHAE
s HBEO0AR  BER 150AHH EZER
ML R E » K X EEEH 2 U (Pinus
armandii) ~ ## (Tsuga chinensis) -~
Z@EAER (Pinus morrisonicola) ~ ZE
2 (Taiwania cryptomerioides) ~ ¥LFg
(Chamaecyparis formosana) FE KT
Bzt ESERE LTSN ~ LEER
KLE ~ L EHEEREAREE3I0L S
ERERAEZERERRER - 1800 4R
DUF 2 # BN » IBE S K IER

(Machilus Kusanoi) 5 - #iEH » &5
FREFEEFES » BRABESKER —FRE
FEEE ) LHEAFRERATKL - BK
700 7 R £ PRE BHh 2 A B 7 LA B0 L
HERSEUNEHS » ENENER E
BEGE MREYDARBERRE =
BB RRREREFA L o ERTER b
UEERLERE  AERMTENEBR
BRI BEEGEARKL c EEETZ
BTAEETENEANK » HEANSHE
—MEBREE K- EARIA L - BT
TR R b istk 380 AR BHERHEERE
A8 K T R R AR MK e 1T (R S A B B RO B
B RS HEE Y ATEE » BEES -
HMEREAEE » ERBNILEL » AREYN
BHARES » hREY 2 EBERETELZ
St BECHERENES -

FEERERES T EEREA KL

S REFERE R B EREA L EE o Hig
BB & LEE REMWATERZEER
2o MEEEEY » IR B 5

s HEAEREE » (FRSREEEKHE
EREREBEEE-
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ERHE/EDREIORM/T850A

et
rl
e
=

g #

— & B

RIEHEY (Enviromental Pollution)
REFERBEE  NEABHRERE
e S B ANESSEReE » M

EUETENCENEE » UFEIEE
B B E R G IESIRTI R BRTREE 2
BRERAY 5 f%m%ﬁﬁgxmuﬁa Eiaﬁ’ég'ﬁﬁiﬁ
AHEF ﬁji’l}t ' REA BIRRL G RNEUGTE
R TEREE %EZ/KFP Z;J%JZEF'&JF%‘%’?
Fﬁﬁiﬁﬁfﬁ‘mﬁx_zﬁfﬁ&f&ﬁf” ’ ("5/\1__413
TS ZERER » SEFEREFARETE
E%@ﬁﬁf‘i YR (mﬁﬁfﬁmZHuiﬂ\wﬁ?

PEY o

SHERELE R ERER D 0 B
ﬁ%m&%*iiﬁﬁ%% R ATREaY
{0 REEY R GEE AR » ThA A
B2 E TR o

TBEENERECESTRALENR

HEEILRZ A
7

Nieboer & Richardson (1980) &%
R &BEETFRIDEREZ8 A A &
TR (A Class) ~3@ERITFE (Border:
Class) 1 B fEt¥#E (B. Class) ; A K&
BTRETHF/PNREERGHD  HABAE
TiGyEEFFian Ot~ CO, 2~ NO,”~ OH~
ZLE (O) Bhuzke#ETEs  BER
RER[E » KB G HEEE 5 B EoE BT
FREWMESZ % A BEXREFAREED
HE T BEEET c ASELR S)
R (N) SFOZBETM CH ~57
H™~RS™ HEET/Ra  BRAEZEZE
E&E  £RFRESH ; TEEETERL
BEEMN BT EZ M  HERR BER
o AESEZRETSEBLE SR -RE
R L EE RS o

T LEEFEEEDNZE l?ﬁ F:

(1) 48 (Aluminum, AD— A Ex
¥F B BnEzMEE  EEH mﬁé‘.’rﬁi ’
ERME FHE A BErXSiREETEY

ET=)

EERRTHEN S

-221 -



g LiAlH, ~ AlBr, &% » BRS A
BB AL o

(2) & (Mangn, Mn) —B¥t4&
BTE o LB EE RAEM MnO, B
FEW&E Mn ; % RZAAHIMMa(NO,), ~
MnF, ~ MnO, £ o

(3) $& (Zinc, Zn) —BEHETE
HENESRE » B &L 0029 » &1
EALERERE BB SRERER
B TR TSR - MR EE T
s & BAEin ZoCO; ~ZnS o

 (4) & (Cadium, Cd) — B HELE

VIRENBEE » HBRREEHLIX107%
) HERRERAGHBETVRZEAD M
CdBr, ~ CdCl, ~ CA(CH,CO0), & ; &2 H
BRE S REZRBE B—ESEEL S
B o

(5) 4 (Lead, Pb) —@EHTE
F8 Pb*, B R EI2 PbH s EKEE
RS E R SRS 00029 5 HRE
BT - RRTRVREEY s BRERE
$B HAE (BERE) ZMERGkEE
BE o

(6) $8 (Copper, Cu) —iB¥ &
2 Cu*, B g Cut's IRARKZ &
B ETRYHE > BRMBIFAE BB
s # BREEWIM CuO -~ Cu,0O~CuSO, ; T
R PHEEHEA
(7> 5k (Mercury, He)—B K% 1
W—RRTREZEE » AL RRNENE &
2 R % B2 WA % HeSO, ~ HeCl,
2 RERKEERZEF ; BHEER o

ENERRRTPESERBZSMN

(—) %R

1 HAREAEL —mLELE (geoche-
mical) HIFBRLBEHHLSEEALES
TESLE  RRAHBUERER L BEF
BRTHRA » gﬂﬁﬂ!ﬁfﬁﬁﬁ (Serpentinite
rock) BLTIRZ L » ¥EEE (ND

BEZEERE WS HRLREEER
BEEAHELET L ESBYE  MEE
HE Y 2R o

2 S EAK Gk — M R ETRE
2 ESE  SERLERERASRN » T
FEERAITE I00RRLUL » HERHT R
KEREES  IERELE  HREE
SRPERASZRET ; AAARRES
S B2 THBOKTEA I » #55 K W IR 6
I E Y o

3 gL BER R AT REY —ERE
B3 b2 BER A RO S 2 R R A
HEABERL ~ 57K » HIREA BT HR L%
FHEYZFE ; flin Chaney et al (1977) &£
2 RIHEBBM (Florida) H{{EHE » &
RUEREAZAE  ERAMREASBL
HE o

(2D £EHESBIGRARZLE
AT ABTSBTIIRTF :

L b EHER T — A B bR
AREEZELR » HOHFRMBR & B
BZHEAHER > 5 AR ERLIER
T+ g 5 Woolhouse (1983) %5
wiit RE AL B RN SELETRES
BEENASE » B R g
& BEYEEZSREEN o

2 LEHRT—hRELBHVRES
0 AT EBRLMHERLY S KRS T
B EEE 5 R ~ R A S (P RTTRE R
RBEREMNELALY (Chelate) R
LM o BHMTREE S RES B HE
S CEEA R AR ES YN L
REAR > BRAHROBERE QRS
% (Carrier) HLEBIEHERSE -

3 REERT M EERmREER R
REEBR - WREIEALNT ; IR
AHWRHERUE LRz BS BT
; RIEEEREEN B o X
tRZSFH 0 HARWARLREREE
SR ETARBIREANT AR - BIEARES
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EFEEOIF o

4 EHERT—RENESBHRMA
Rk eBHEYDLETLRESBEN S
WA 5 S L0 Y 1F P 4T R B AR B
I RESBZIEA Gnput) FIBE (out
put) o AHRMAENIWZEE (enzyme
) ~EREER (co-enzyme) s HIE{LEIHE
EEESBEE ML EEFAEEERE
B f o Flin Wood (1974) BHZERBETFI/E
i

-
(HeSERARE) —» 2Hg**+8~
EERIEL

SE
N

B
Hg*+NADH+H* , ———Hg42H*+
%% NAD*

NADH (nicotinamide adenine dinucleo-
tide) B—EIFREMBEIW BEERES—
s AREAERMNER  REE 2 He g—
BESHEERERE » THEARRTBE »
EEERAYTBESM®EFA (dtoxidfication
) o
LI ERTFEEEBRPERESHE
fEREY » FEMTIRRAIER » 8L
OB~ ERE - TRBTELBZEER
BN E o
(=) EBIESFESBIHRE
PIRREL
f 1. Lagerwerff & Specht 1966~
19674 /] » LIZ%EE Beltsuille M. D pujgsy
B (Site I~IV) BHREHEE » LELE (
Site) T REYH Cd~Ni~Pb. #l Zn
ZRARBE  AURVYESKRAKEERZ
ESBUMNEERRIERZ 5 ~ B » I
BFCEHPEEE s THEG BRI ZHE o
Lagerwertf et al (1970) ZFE D4
FIEE TG
(1) LEEHME (PH i) RE &
SBHEEERS » AHAELTE O~
S5 A4 HERBE
(2) XBMERZHESLHE - BHYy$

EHEECBETENEEES S
r EHE Pb~Zn ERBEEXRH
REHERECZESBRES -

(3) tHMEFERESBHERENR L
sARBEE_BANeBETEL
WERE (0~15a%4) BiHEFPE
BB EEBEARBENESY
ELBRSBRERERRE o

(4) BEERRERTEENESB S
BHEL 0 B (R ] BTFE
FEEEBRSHRTZ—

i 2.R. I. Van Hook, W. F. Harris
& G. S. Henderson (1977) &4 1967~
1975%E ) #2255 Tennessee |3 Ef Walker
Branch £AE%AR Cd~Pb~Zn =HE4
BzHEFGFGH  BHiZESBENER
ERBEEREZ 5 » BRSITHE o
 mELEAEERNE .

(D DHEYBERGERES RS R
VIR RESBOED>E o

(2) T EREEREERE (litter)
AEESBEEANBREEZE
y 1)

(3) ZEAREEBERZER » UM
0SS Az BeEESBRER 5 £H
FEREEZEEERMNESRITEME
y YRR D EFEZRG
HETBAREBRELX

B EEREZHAEOZY » #ALER

HMBARE (BESBLEZTHPLIEE
BNEYBE X MELBFZELB SR
T EARTBESY  FERERMER »
VRBREAEYBESERESWZRESR
BYFEE  RIEREHUEEEREDTEC
s AR B EHE PR o Rk ER
ESBFRNELBRTME » BELBHBA (
INPUT) #RaEaBBHHEE (OUT
PUT) & ;MEERBESOEERERE
BEFHHAE -
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7\

HY = " @ %

T Chestnut-oak

"B Oak-Hickory
C Pink - ;
D

' Tulip Poplar

N

(S
AN
AN

{
(@A

.
Ql

(‘(

¢
. c((((< ¢4
p)

<
~

\
\

E’..’:)}"‘
T ® 0.5—2.0cm . @4
i Cd Pb Zn . Cd Pb Zn- Cd- Pb Zn
A g.; % 353 A 2020 88 | A 1 -6 37
g o % 3:533 B 2 46 110 B 1 11 43
5. 0.9 370 5 C 2 11 a3 C 1 5 31
R 358 D 1 17 77 D 6 7 43
FB Tennesee FEHEERERPEFMEBIBME LIX - HREEEBS C4-Pb- & Zn

ERESBERSMIE o W8 g/ha. LEFRE : Kg/ha. (Van Hook et.al 1977).

W EEEARHEY SR REERN

BEREEBHERDHBEY2EE F
NEREBE MW SO, » HF ~ CO & O
FERHAMRERICEEYARER T
BlRBEMEERY (symptom) » TR
ETBABEREZTEN » MESEEY
B BRESBEmTEEREDESHE
BEEESREAMES » R R
FERIEERBRENEENS > AEFE#H Cu
~SMo~Zo EEEYENKRERBTE
HEEEhEFEYRTHE

() BESBHENEE, SBTFER
BERE

L& (AD) —BEEDNBEEEEZH
R (P) TREL  ERIAREK

) WAL R SF R E » BAMBLME
3 ERMR A RER 2 SR INTH IS4 2 Rk ~
WA SHERE - AR RERBELHRE
C BHRETREETZEYBTHNEEG > BER
BREFEGE » BERRES R Bty
[-EZER: ZX ki
BEMEFEEYEREeTERRS A
o BRI S BEE RSB ER
o BRREERE s EENHEELHER
Rz 4 Big19744 Foy Z W% » BE
HEFIREYER (ALY 7EABISPSTURRERE Ry 1k
EYEFEBRARZER (aucleic. acid) ¥
o MEEL® pH B{ER  BEMEFER
REHERORHRET o THAEY B
MERETR » REZ —RABEZEBEE
TEMEH £+ KI978% Foy SAZH



Jo- R AR AR BSR4 (Tea-
sp. ) & (pine tree) LIRATHEEEY) (
Mangrove) fyZ&d » S ESE 20,000
ppm TI{HEEEFE 5 — S 5+ 5a pH
B NH* % NO,~ #fE N =% »
FIRERGREI A (barely) 5K (rice) =
HEERZEE o

28 (Mot —BEBBEMSHEY

o (INEEZE) MEERBRE A&

EMREREAERERNMEE ; Foy 1973
FEREHEBEE (alfalfa) ~lZE (rope)

~HE (kale) BE (lettuce) PgnEH »
ERFMREGTREER ) EHRLER
EH 2HAEE 5 MEMIE (cotton) BK
H (soybean) RERERER K2MMILK
v KZE (barely) ZERE QI RIEILHEE, 578
EEBEERBERBERIEHEZHR
HEEE TR 2B SR EBOA B ERE
ERE BEXRFEEYIT2EMER REX
A BB A—REMT T HE
ShEM BT R A EORE » S IR E
WS SEIBEES#E 380ppmLl L o

LIRTEB MR AEE EYERIFRZ

A R ERB » HAHAERRE (indole.
‘acetic acid-JAA) 28K » MEIAEL
B (peroxidase) ~ % Fi4 /L& (polyphenol
oxidase) Z HHK ; FBEBRENLSEEE (cat-
alase) ZEESE VB (glatathione oxidase)

M W ATP 248 » BEEYT
MRERE  HEMTE 0 E3RE S EIgm
B4 R R A R R R BEAEE
B2 fFH MELHZARYRBEYWER ~

IAA WIEBRERKAEBYVIRIEK . 5
5119734 Beaton GHHAAERIEFEER N
JLEREVIER R (douglas fir) » BEHZHE
WIEERE RS AR EMEERTVE T
HAE A R 2 BN R B AR 0 B
WRBEEZEME KBS IR E
EVEBEE

&g (Zn) —HF Chaney et al 19

76) WEBE ) EagBSNEEER Ly
v pH & » MBS B MY RE
WRENZFRY S UENEYRBET» &
IR 0 & (S OEE ) A LB E o
PR L HE T8 B B 2B AR T BE R
B~ G~ B(Fe) =B FER » MMBIEL
FER BEHERZLES - SFEHBEHR
EEZEE  TEENHEERS R
MR AR 0E » PR SR ERA B T
RGN B B3R ks B N. P. Fe %%
BLGZEEMRY » R EEZ L &
VIR E EEET = (Woolhouse 1983) ©
BB, BER T RSN
SEMERE (A) 7EMEE LHeEELs A
“WHEEE fEA  (immobilisation) (B) ffFH
BRI R E A4 (insoluble. com-
plexes) Z—FB (C) HEHRBIEHEE
Z 8 4E&Y (undiffusion complexes) (D)
Y Erh 2 B KA S (emzyme system)
BRETHESRESZIER - flin Agr-
ostis tenuis SETETE MY HE Lk (A) B
B KRR Z,7 EEEERELE LE
AT BB ARE REZAE (me-
tabolic site) JiFEE o .
4.4% (Cd) —ﬁﬁﬁ%T@ﬁﬁ%m
% AHRBERGE (P o FEEA
BEE; GEERANEERYERYZ LS
Ve RSP IE 2 2R ~ J4E 88 (mitocho-
ndrial) 2 EFAH ~ BEEMIEES T
EHEREEFLLIRY o SINHEE R
HREYE=6EE (zca mays) EHEES
MY R REEIEE ; HLUEEREESE
(potato) HABHAXLEEHLELE (B
25 Cd-binding protein) 3hn » FREH
RABEBESBEAE (metal-binding-
protein) JREEFR Z.*? MRS » BREYE

BB BEEEVREEEREMRES

ERE AR REEFASNERR R E

5 (EYHEBRBTEZ) HRERET

‘2 (Woolhouse 1983) o
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S. i (Pb) —BHEEHTHEEZRE
BB 5 Bl Raphanus satius SEEEY
BRSEMMANR 1AM SEHERZET
FER A RZIE ~ RREMRZERE 5
T A R AR SRR B aYBRSE LB 2 /Y

s HpEif R MEEEYETR SRS E
BEMAERTIH » HEFELEK  FRLE
PR VBT R  EEEREREE R R ABEH
B BRMZRARENZHEERESKR 2B
REEANBURTE - MRS HIRER » 85
SRR SERL BB EBEN » LU
Tl s BERABEEASEBTEENES
VMG ESRERCEERE - 2 EBHYLT
FHAERBEANZAERERBENESE
HtEHFRL P RERL8 » R
BEMTROTIERER Z &R BETE
AN RERTFEE (Woolhouse 1983) o

6. 8 (Cu) —HhEk EFTE AT S
 AEFORBLERS TR BT
FAE A RSB R  R FR FALE F
TEEER 5 (BHEE  BROAEFEEY
ZEESHASERSE

i #EF AL (leaf chlorosis) —F5 R
HEEENR » TRENHBETHROGBRETY
Mo MY BERROER -

un PiFElER4EE  (inhibitated root
growth) —f{ELIE SR IRE Agrosris.
tenuisEEBLE FIIRE BV SMAWR R B 4 /)R 18
» BREE 0.99mm BEREYRIR MR -
HEAUHFERS G MERBENEHKTE (
mitotic division) & MR K2 BB
Z1 (mitos diisvision) 2 A ERSBIEAZ
M FTE o

NI (membrane damage)
— Y BRESBEAEDEA AR &
RZTENLERRE ; MASBRER 8

WS T RS T AR AT R &

MPSEEAIRE R o :
v — iR % 2% (general cell damage
) —IEMREETRBEAEAMEE ~ 4

MiZ S AERTaE TR RIERE | B » H—&

EERARFARSB . E TR RER

BEEZARFIE SO ETERN o

() REHZEEHEWZER

L L8R FEf— pH 8{EZ fe i1 1
HoENELBETEEEREER 2
pH @Ex B MEALBELEN (redox
potential) FHCO,BE » fEIFet? s Mn*?
AP SESBETHEIEARE S LY
RS RO VREEE LA W8N
KRR ELEHRESBEZEED + ML M
BWHESB 2 EHRKE

2 BEEY AN A— L BAER RSB
BEESBETENE  BASBE » B
BBk & B TC R 2 E AR KAy B R
ER o ZERTEMR—F THIEK (depl-
etion zone) » REMREBTRZ | BE

B&EE (concentration gradient) .» T{E{E

EEIERZEST - WRHBBRKEIEFZ2E&E
TR 0 BT HEEMAERG R 2K B
fER » FREREB T AET EYREES BT
KRB
SESBTERALBHZFA—RIEE
GBTHRICBAREBEZIEA  BRFS
HEESHEBESBRERUFAERRE (
RETHARMEAHHA By LHBE

IRETE]BSY INZFAEFRAMEE

? ARG BFSHADERLERE
VWEREYHZBE 2 EBEEIHH o flin Foy

et al (1978) ZBRFELER . (Cu) REE

s s BEEBEHARERHAERVRTER
B RAES TS EAEE  (polyaming
poly—carboxylic acid) [E# » HLLHEREE
&BILHRE LU ASBFEOREE (
Carrier) IS o

4 ZE&BIURHEOEHER (antago-
nism) —BEEEEEE S BT REBEEM
NS —EESBITREEREY 5 fimn
TP ERGEIREE I FHHE (Fe) T

FrWN o EER BT R E R
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AN ~ S EYRKE » ARFHEERY
HIEE » BEE IR SR EERA o
5. & B ou M Ay AH# {F H (synergism)
—KEREEFNHERRELD LeBEE
fEAF » IMESEZHFEME (multiplicity
) ~HEEHY2HBAEEREEREE
MBS Carlson 1977 FiHEREERE » A

40 Pb+Cd

20

Pb 0 200 400 600 800 1000
Cd 4] 20 40 60 80 100

FEERS (Pb) & (C) LIREmER
BEHERER (Plantanus occidentalis)
B8 » FEHE Y E RIS AE » H#E
BUHBE B TR RARESBTRREE
HEYHEFH S BRERZHECERYE
s RRERB BT REEER ¢
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