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SR EE RV s BB RER S BN - B ST B FER R 3 S Ak 2 75 A4 g
1> DURAEY I G 4ERERIAHRC - WEHEZ ARMEVEE B - Z @AY b1 252
FVRHR - EHHOEAEE - W RSP B R - S 31 BREHLEIEREY) S6 B 117
i > EEE R T EURER 0 B 3 A HEEAE-F MR (Lithocarpus
harlandii—-Embelia lenticellata) ~ TG ifi{ C—IREEMLT (Rhododendron latoucheae—Quercus
stenophylloides) ~ 4HEERBTEE—F MR (Glochidion rubrum—C. glauca) - 147 FTEE
HESAMRTY » T4l 57 By 2 i N WK (Cinnamomum insulari-montanum—C. glauca)
K& EMHEE-57E BN\ (Rhododendron oldhamii—Pinus taiwanensis ) —.ga% o (BE4G
T ML HABER S 2 65% » “PIIHABER LS 5 #R(S.D. = 3.8) - JEREF4EIS AT B
T I - S A EERY 7 =R « IR R &SRR - B BBV EEEES > HEHILE
& MR R 2 e EAAS AR A - B & A 8 e B R - AR B B
HeE R AR R ST ﬁﬁ/\\ SRR BRI E SR AR -

BRSET © AL GUEEAE - MEE - T - I - EEE
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ABSTRACT  The Dafen oak forest in the Yushan National Park is an important
habitat for endangered Formosan black bears (Ursus thibetanus formosanus). The
phenology and acorn production of the dominant ring-cupped oak (Cyclobalanopsis
glauca) greatly influence bear activity. The objective of this study was to understand the
phenology, structure and composition of the oak forest, and to evaluate its succession
stage. We recorded 117 woody species of 56 genera from 31 stands. The differentiation
of forest vegetation types was influenced by altitude, direct light sky space, slope, and
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topography. Two-way indicator species analysis revealed 3 types: Lithocarpus harlandii
— Embelia lenticellata, Rhododendron latoucheae — Quercus stenophylloides, and
Glochidion rubrum— C. glauca. The third presented the primary vegetation type, and
was further divided into 2 subtypes, i.e., Cinnamomum insulari-montanum—C. glauca
and Rhododendron oldhamii—Pinus taiwanensis. Sprouting in ring-cupped oaks was
prevailing (65% of the trees), with an average of 5 (S.D. = 3.8) sprouts. A population
structure analysis indicated that sprouting was the main strategy for forest regeneration.
Additionally, because of the locally dry climate, numerous foraging activities of wildlife,
we supposed that it may be difficult to replace the intolerant trees, ring-cupped oak, with
other species. Thus, the main forest type may tend to maintain stable or the status quo.
However, we suggest further study on the impact of the predation pressure on acorn and
seedling by abundant herbivores on the forest regeneration.

Keywords: Fagaceae, Ursus thibetanus formosanus, acorn, phenology, Cyclobalanopsis

glauca, sprout
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7% 3} B} (Fagaceae) I W) 1E 2 BRI H 9B LY
900f&(Judd et al. 1999) » FEEAREILFERAY
AT BV IE - AL A E IR
HER W R RS A EEERNEE R
Y7k JE(Abrams 2002 » McShea 2002) - HHEH
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ii7KAEEY)(Gray 2001) - T H SRR E L iE L
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R 2 HEMEY AT AR AL
(Kirkpatrick & Pekins 2002) - EHE K ELEE

U. americanus)G R IEFEISEI EMEMK > KER
B FEREE% B (reviewed by Hwang et al.

7 A E B 1Y 8 %2 (Mattson 1998 > Vaughan
2002 > Costello et al. 2003 > Hashimoto et al.
2003 > Garshelis & Noyce 2008) °
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(McShea et al. 2007) o KGRI FEHT 2 K
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PRI ERYBBIRIE 5 X W R E R E A&
TR PR B I x84 B P R R Y R
(Healy et al. 1997 » Kelly 2002 > Rodewald
2003 - Stiling et al. 2004 > McShea et al. 2007) °
B/ 2L Bl f(cFlora of Taiwan (Liao
1996)7335 » “Hat58%eE » 7{E & /KA i E ek
tr & 1 & (Fagus) ~ 15 & = & K &
(Castanopsis) ~ /& (Cyclobalanopsis) ~ 215
(Lithocarpus) ~ #8/&(Limlia) - & (Pasania) ~
)85 (Quercus) © GBI 705 - ARYER
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S F AR R (Lauraceae) fH )18 B 55 & (R
MG E 2 MR (Su 1984) o H o 5 ] £
[ Cyclobalanopsis glauca (Thunb.) Oerst. JEHE
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BRgE o A F IR A SR = e S -
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g~ 5@l (Hwang et al. 2002 > Hwang 2003 -
Hwang and Garshelis 2007) o [RI[IL » BB [ 5 14
PREEEY) A= RE RO S, BN ER AR
HAEY 2 &S EE -

AT I (1994) ¥ R LRI R AN E Ul
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WA PR B D BRI AR AT > DU R
Ry e BB PR AL R R R 1 - MRS HH IR
BF 45 18 0 17 SIS A% 5% 3 (8 BA PR Y 69 U IR
I PURTHIAR T RESR I T H] - DARIZD I
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Jz oo AR & SRR R LB R A EZL Bl
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[FEMEE N EGR GBS EHARES
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AR > =k 0.5-1 km 5% SELUFE
FENIIE BB 8 > 4851 5 km R(FEFEF - e
F 2007) - {EEHERERAR | - S RHkiEE R Aae
4-6 A S ELISRHA 10 em (Y FRIEEET > 48
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I BIBERABER SRR 31 (EE &A1

PEHURE » 30 E 31 (EEE(E 1) - F—FHKEH
2 {E 10 mx10 m B/ NEEAHR (IS ~ &R EE
1983) -
2. TEWERE IR R T BN BT AS

BAE SRS EEOBH) =1 cm 2
TEY) > aCRHSITE AT - By s B Rk - Hag
DBH <1 em Z f5{f@(FIHE/ N ~ BA RO
RSH R EAE - YN EE S 2 — N& 5y
Fy 4 B IREAR TGS YRR &
EITEARASET 1-10 4F » Hoor 10 1-2 tEYRERE -
RO HEE 2/ VERENR BERNN 1%
3 EEERE1-4%:414-10% 5 11-25% ;
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6:26-33%:7:34-50%:8:51-75%:9:76-90% ;
10 : 91-100% (Curtis & Mclntosh 1951) -

W EAE Y AR T RE IR R - 2%
ERIRER(1987)HIE 7 [HEREER+ - (EH#EE
{ir #(Garmin GPSmap 60CSx)HI AL E f
AR W PAERHERE R & AR E A BRI
3R FREIME o JTfr AR OK R B
55 DL & % 58 000 Y 3% 2 U7 fir A4 (Azimuth
angle) » FELL Day & Monk (1974)/9tH% K 5345
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fr A IEIE BB (NNE) o £ 15 73 (stoniness)
JOle /N - FEHY 8 it % - BiEa A
A INEERVNEBE &8 0 TEGEHE R
1-100% - &= K:Z=im (whole light sky space °
WLS)FIE HftZ= 15 (direct light sky space DLS)
AR ERTL ~ E3CE(1985). 2777k - BT
ATLEFIALE - ERTA0A - FEEEDUEE R
Z R 2 R EE KN e LB
(topography) 7y Ry BE4R ~ 72t ~ 37 ~ il
Tz PU1-5S SRERIR -
3. BRI EL T

AIHAFTELATEE ~ BRI ~ (B3N ~ RS
FE ¥+t @ 1) & (Phytosociological parameter) » [
Je B B G fi5 #(Important value index » IVI ;
Curtis & MclIntosh 1951)FREYIH & 4HGT ©
IVI £y’ & (density) ~ #[& (frequency) ~ {BE4E
(dominance) Z &7 & » BIFHEIEE - tHEHAR
R - S B S % BRI A
_F °

HE (MRlym®) = FEE A HETE > gtk
Bukk & s

TH¥ERE (%) = FofEpR BB & A A
A EREAER < 100

B (%) = BN 2/ Nai
H/ERlE s/ & 2 4580 > 100

AN (%) = TR /AR & N P
FRESAELER > 100

BEAE (cm”/m?) = BRI AR > fig
BT/ A R R

HEHEFAE (%) = FAEHEETHE/ R
W FTA ffEETEIREAER] x 100

BEE (%) = FEY) 2 8 EEEN/E
EEAEE x 100

MHHEER (%) = EXEY 2 BEE/
AEYIEEEES < 100

EHREIER (VD) = S + AR
[& + MHEHES

B EELASERR(EAME 100) -
W —iEE > IVI 8RR A 300  IVI 4L 100%
FokiEEialg > DL/ HI4{E (Octave scale)d#
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HARR 1-9 fir4k(Gauch 1982) » 4RiEkE I BiLfsifeE
S BRI N 2 % - DL PC-ORD 4.17 it E
AEEEE(McCune & Mefford 1999)#E/THEEL Sy
e

AT Z B A 07 75A - (DFERE
3£ (Vegetation classification) » #4H R AH{EL
PR 2 v Y A T B o ol — B B 2 (vegetation
type) » BIFTAMIER & A 7 Fots HBF - DL
REIFREL 5 Q)FEFE 47 HT1A(Gradient analysis)
I 5341 F51(Ordination) » BIREAE 5 SAE A/)7E
ARV E R A2 B IH R b DASORIERE
S8 IR S AR TE -

Ry T FEAE R LIRS R R RE % A
FTER FH 93 A1 2 51172 (ordination) Y [ B3 ¥ JEE 57
#T(Detrend correspondence analysis, DCA ; Hill
197K Mr e AR 22 BRI AR 5 DL
g A $%f & 43 #7 (Cannonical correspondence
analysis, CCA ; Gauch 1982) » DA iz e 28 & it
TR M b2 FEERET R T - R Y22 [H o Ar B
2 PR IRl 61 9 2 AH R P R DLRY B A AH B 4
#f(Pearson correlation coefficient)fgiHl - fE FEHEY
Z oy HE A BR A e 5 AR fE o3 A7 (Two-way
indicator species analysis ; TWINSPAN) » § 1€
BE H T Y R R > 36 DLBI 3R EL ¥ VA (Table
arrangement)HJE 51 & R 517 - FITAEREAY oy

AU FTAE B A i 44 F [ R DU i —(
BRI Fyan AIB (BT ~ aRIBHE 1983) © FF
R L S M - 5 BRI E
RAY > T EAAATNE AR R - AR R e
B0 - (BTN 2 DU T S AR Y
HIRBOEGEE AT 1/3 > B\ 4daEs] 5
DA BB o 5 HARR 7 (B S0 (R0 2
T - B R AR I B R HAER, > AR H
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T 75 i st 5 Simposon £R [ 52 J& 45 ¢
(Odum 1975) ~ Shannon-Winner [ [ 5 & 58]
(Shannon & Weaver 1963) ~ 4 & & 45 #
(Evenness index * Pielou 1966) °

T AR £ 25 A A 0 B 40 0L L B B
Z ATl % » T R RS (Daubenmire 1968)
[6] — 3 & [6] — 78 1A Y 9 B AR B AR 0 A R
(Knowleds & Grant 1983)

WUBHER Ty s B e - b BoR g
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E IR 3 B 0 Ik T H 0 4
R R e o 4hEE R R EE I B4 4
B WEEE 8 AR 10 A 5 5-7 A BRIER
g 1) M 4-5 B ABRRE 755 -
FRTEHALHERTA 4-6 H > IR EE R
BHVEEE - 2007 FEIZAVRBISS R LB E
96% - &ERHAIANS 5 A ML S/ N B AT TE
S 89 HRED v RA ey
EEFARAAG - REZE 10 A I7HER - B
HAHERY 11 HERE 2 A - 6L 12 HEs
s > 80%FYEMEE [ B A HIRAR (&/EHEAET]
&Y » EXE 1 H(G3%) » £ 2 A9ED
QW BIHATRFEREFR]) -

1. 200746 H 2200845 H K ILLIBI S BRI 1 75 W (n=4 SER) 2P i i B ey LE 3R 15 73 B A

(%)
2007 4 2008 £
At 6H 7H 8H 9H 107 117 128 1H 28 38 4H 5H
HEEHE 44 22 0 0 0 0 0 0 0 89 100 0
GEERR 60 178 22 0 0 0 0 0 0 0 578 22
FEIERH 956 867 222 89 67 0 0 0 0 0 67 100
BHFCHE 267 0 0 0 0 0 0 0 0 0 422 889
EIEE 0 0 0 0 0 0 0 0 0 0 7.8 882

4ERHA 20 46.7 733 80 95.6

PR 0 0 0 0 0

13.3 80

95.6 62.2 0 0 0 0 77.8
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1. TEREE S BRI [N T

A FE e B3 ME R & L S0 s B 4B R
HEP)537483 /8 1081 » HIEE A AAIE Y49
T DU EAES3 (S G N EE YA/ N 24
TE) o Ry & AR A S AR A A S DL Il
e (67%) i HAMRIA10% BRI Ry G —
BN (44%) ~ AHEERBTE S (Glochidion rubrum)
(44%) ~ BRABEViburnum luzonicum) (26%) ~
&FMEE(Rhododendron oldhamii) (19%)~ & /&
SIS
(12%) ~ WA (Rhus succedanea) (12%) ~ & 7&7R
¥ (Alnus formosana) (11%) » & > 1088/100
G > TRAAF MRS (24.7) 0 BEAH
(18X Z -

B _ENNE R ERE DR
35.3}%22.7 em*/m’ » i AR <5) -
EABEIVIDIE M S (27%) » 68—
T (20%) K2 » HbRE <11% -

FEARBEY BT > 30% % DU R
(Carex brunnea) Byt (66%) » {82 By MIALE /N
B (36%) ~ R A Fk (Lemmaphyllum  carnosum)
(31%) - AHESEFEDIRE (18%)fx = > 5-10%
HEFETTEER(Oplismenus compositus) ~ il
¥~ (KERE (Lemmaphyllum carnosum) ~ 575
5% (Dryopteris varia) ~ Bf% (Nephrolepis
cordifolia) - 1EEAJg H AT 50 #5 FIHY 75 Ml 4 -
LRI TR EE R B NI - (AR D8
B4 -

JFAAERIELL DCA » SHFEH = (EiEhE
ERFER R T o KA MM AR A R TR
BT » F—2E =WaVFEE T B &
0.487 ~ 0.329 ~ 0.207 » HEFE S {REIMAIR
MR - SRS By 3.619 ~ 3.205 ~ 2.075 0 03
YA iR 2 IR e (R 2) -

2 B E MR B - = 8hAR
FUEMSERIVEEMEGR 2)EEEFHE
HARCTE I NPT AE SRR ZE AN K - B A
FePRa TE AR S B IR I N BRMAR - (LR

(Cinnamomum  insulari-montanum)
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2. KoM 31 {EREE - £ EF MM
BARCEIEIL T &EIE T E A (DCA) S34fr
RATS Z R EUE A &

H AR PR A

FHEE =
fifi (Eigen value) (SD)

e =
(Eigen value) (SD)

> 0.487 3.619 0.482 3.608
T 0.329 3205 0.346 3.223
i% 0.207 2.075 0.214 2.117

DCA SR ss—iiliE T 2 Eetidf
FCEARE YL S Y SR SRR LR B B Bl FIEE
—Hly o FESE Wb SE il PR Rl Y T A
b A RRER A AU  BR& 2 FOREE 3 Y
PIELH BT EL LAt 29 s 1 72 FE R (B
2) e

CCA 317 BT 1519 = i =2 R EUE 73 B Ry
0.327 ~ 0.266 ~ 0.133(3% 3) » HE R S HRNTIR
BRI E BRI E i B MR RIUR K
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TR SR RIAH p S S 00 » A fig e £
RIS SR BN - EIRERFAIER T
b B BRI ~ Y2 2 EAHRA( = 0.749
0.375) » {HELM A1 B 2 EAHRA(r = -0.618) -
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3. ROPHE 31 (EREE RS TR 1 B
CCA e RT =#h AHRE (R

S—Eh SBTEh E=Eh
Monte Carlo
BEE MR
g} g
Y FERS A 0901 0.887  0.869
A
e 0327 0266  0.133
P 0.02'*  0.005° 09
BERT
Ea% -0.165 -0.09 021
HRArE 0618 0.026  0.239
53153 0375 0394  -0.486
Jifir 0.121  -0.185 0.137
R 0.749°  -0.202  0.266
EEPEZE -0.072 0.548° 0182
Rz -0.172 038 0.106

* K7 B & fH B (% % (Pearson correlation
coefficient) ; *: P<0.05 » EEFREAE/KEE » TR
L] DU R E Pt e A R4 Rl s 2

2. tEEFL

TWINSPAN 7 @&k V] 73 5o it & DCA 253
Mréd SR BREAE R A AT o pk 3 B (R 4) 1 1>
ORI A M- & (0 A& (Lithocarpus
harlandii-Embelia lenticellata type ) ; 2 ~ V5l
it - Pk #E & A (Rhododendron
latoucheae—Quercus stenophylloides type) ; 3 -
AN BE 68 UH S MM RS (Glochidion rubrum—C.
glauca type) - B —AME 1 {EEEELHR  HEpkE
& & A B AR O R T AR - AT P 7y HY
2 i A (subtype) : & B A k- A Ml M
(Cinnamomum insulari-montanum—C. glauca) [
4 & B - & & — I F (Rhododendron
oldhamii—Pinus taiwanensis )5p# o

(1) REEE AR
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APRBINE 2R 2 B EH B LR 1,535
m S FESIHA A BEE IRy 48% - el
K - FFEEA /)N 5 52 2K (Viburnum
parvifolium) ~ & 7EL VEW(Acer rubescens) ~ ¥4
REOH - BE BN ESBER 6B~
(Alnus formosana) ~ & & Lt # (Eriobotrya
deflexa) ~ WWEE(E(Prunus camjpanulata) ~ %52
HEatk - ENEESEREA LR 58
FESE(Maesa perlaria var. formosana)~ 2R HEEE
(Viburnum luzonicum) - #4551 BEAfE A R
(Carex brunnea) ~ TTEEEL ~ RGIEERE - 68
% $9 T (Rubus formosensis) ~ %g ] # /8 Bk
(Asplenium incisum) ~ B -
(2) PaltfE—peEEmEa

AMIUERE 3 R A=
J& 1,602 m > 37 20° 2 43 b BEEDEZEEE
58% o ¥5FER KTEZS(Gordonia axillaris) ~ 75
FHAL ~ JREEME « FES(Sinopanax formosanus)
ol B EEMEITE S &8 150 - BRI
(Quercus globosa) ~ &% K i & (Vaccinium
randaiense) ~ VYAt ~ PRIEME < JERIBHIIESS
TEDLERIERE ~ TSR T - Mg B ES
1A R E ~ BB - FLE (Lepisorus
thunbergianus) ~ KA °
(3) AHTEETH R —F e

AR Ry R oy s T AR R - 31 £
EHERTEH 23 BZAMNEB < B TR
1,218-1,645 m » DI &2 - S E R 18 +
10.2° » HEPEZE R 642 £ 6.8% o

BN e

AeaAIy 21 FREGRIDAER » HE4
1,386 + 109 m » HIJ LLrH: 5y T(62%) » e
By 172 +£10° 0 HEPHEZE 63.2 + 6.8% © 15
el L5 /NE R E ¥ (Litsea hypophaea) ~ 111
ML ~ K 8 B (Deutzia pulchra) ~ 7K [
(Debregeasia orientalis) ~ 5 JB& FL (Spiraea
prunifolia) ~ =R (Pistacia chinensis) ~ FEEE
W (Acer albopurpurascens) ~ & & ¥H 1
(Cephalotaxus wilsoniana) ~ LI fili (Diospyros

Jjaponica) ~ &8 T EENN(Pinus morrisonicola) ~
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692117024399803868456 51571470 3
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BB - BHilE (Mallotus japonicus) ~ &
Y& SR Bk (Juglans  cathayensis) ~ [£ B £ K
(Grewia biloba) & F % 3k (Viburnum
Jormosanum) ~ &K (Machilus thunbergii) ~ H

(Prunus ~ mume) 1% 1 (Cinnamomum

80 I &H FH T (Elaeagnus
thunbergii) ~ &ELLMNAE -

1§ 76 g 1 18 B4 461 A 75 A 9L FE (Callicarpa
formosana) ~ /INERE T~ BIETITEI(Pinus
morrisonicola) - £2BEE - BN - AH -
L[ 728 (Rhus succedanea) ~ & & ¥} it (Celtis
Jormosana) ~ I #EFE -~ & & 8 (Zelkova
Jormosana) ~ EHE - {NEEEETE R (Glochidion
rubrm) - €585 - OB - AT
[ESAHRAT LI - 7K« SBTE ~ AT HERE -
SBUIETE - SERHTRT - SEHES - @
HYPEBATEA R M HEEL TR AN (Blumea
aromatica) ~ Bk ~ tHFE W E §R (Microlepia
strigosa) ~ ‘B hEFR(Lemmaphyllum rostratum) ~
HEMNE W (Davallia trichomanoides) ~ Bk
- R - SBAIF Loxogramme
formosana) ~ G BT - BEMNEE
(Polygonum multiflorum var. hypoleucum) ~ &7
EE JI& % (Tetrastigma umbellatum) ~ 1| 2 I

(Jasminum nervosum) ~ K [fj & (Cocculus

camphora)

orbiculatus) ~ 57 HER (Deutzia taiwanensis) ~
EIIFNT(Yushania niitakayamensis)Zg
@ &BMHAE—EE _IERgiEl

Anpflly 8 fRE(ER HMRL - BIEY
1,526 + 102 m» %5 {FHE4 » SR 198 +
11.5°  EEDEZE 67.9 + 6.4% - KgAK
WE#e R (Eurya chinensis) ~ Bi.3% T (Dodonaea
£ B fE  (Machilus
pseudolongifolia) ~ 12 f7¥(Quercus variabilis) ~
BRibtR (Ardisia crenata) - 1§ 7e JE (B ELTEA L1
2~ M - HIERBEESL - B8 TIE - &R
Bk ~ BB ~ EIRFE I ~ ORI -
KNBEHBITES SEMES - HET - ORIER
K~ BRWIR - B ESEES S &K

PAEN

(Elaphoglossum luzonicum) ~ & 7&#$61 ~ FL

viscosa) ~ &
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B AR TTER - RE - mUBIER - B
IR ~ BFRR - #8377 (Lespedeza cuneata) ~ #;
F5 WL (Asplenium  tripteropus) ~ B 5 2 € &
(Tetrastigma formosanum) ~ E#5FR (Haplopteris
flexuosa) ~ JENNEWEH ~ HHEMER - AT
E 2 (Viola nagasawai var. pricei) ~ $EA &
(Pyrrosia linearifolia) ~ 5 BE ¥ $9 T (Rubus
alnifoliolatus) ~ YA MR (Kalanchoe pinnata) ~
TR (Centella asiatica) ~ 15E)5 FL & (Lepisorus
Bt % ¥ £ 8 (Selaginella
stauntoniana) ~ 4 1 8 B K~ 1L E R (Rosa
sambucina)~ X jF- BEEL(Polygonum chinense)Z. -
3. VIREZREME FOBREAERE

BFEER & BEHS & K Jg 2 Simpson [ A
Shannon-Winner (X [ Z M EFE 8255 5 B 0.803 K2
0.969 » ¥ 5] EH5E 0.563 - AEEEETASR —F5
W A R T % T 2% A5 M 5 S e L At R AR Y
5 0 B B A M B SRR RN
TR —a 8 A o H e ARy
A SR AMEAT (R S) -

HHEE BRI MY th & KRRy TV
(= 2.0%) ELAG{ESS(> 1 em’/m?)FIRHTE > G5
BUZE - GEFE - B8 N - S8R -
M - HEEERTAIR - BEE P IS SRy
PRE LA MR 2 - MEERBER R » —#Z
Beal i 2 T AU 4) - 2EAEEINE -
B8 I - GBS - IRV 28
i

monilisorus)

HPANEBEOR I - SEEREF 2R = 1R
/NIHEMRZ BN AL - EERER o FHHl
MRS E B REEERTE R T > HE =1 cm
ARG YRS > By 142 cm > 95% ¥R K2 20
cm> Hrf S PL 1-10 em {5 Z81(65% » [ VY)
R E S [E]—(E BA BE - eV P A BA R B 1R
Fy[El—HERk - RIl3E 449 #F - HA 3596 BT
TR > 65% A RHEABER S - RETE# THYHEA
BERGEURy 2-25 BRAEE  Hirp 7106 8 2-5 % >
SEHTHARER Ry 5.0 + 3.8 iR BUREABEE R
JERE(E S) -
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% 5. KUBERABEA ISR AL RN

b Simpson 5,  Shannon-winner HEIE
- ISETix =) (VIS E T =1 Ei=L 4
R IEAME--FR IR 0.536 0.57 0.548
PE A C-- PRI 0.698 0.7 0.7
HHEEABTH R - MY 0.785 0.919 0.566
BB AE--H Ml Y 0.735 0.881 0.562
BEMAE--EE AR 0.682 0.757 0.573
EXUP) 0.803 0.969 0.563
ENE SETIRERIEY VTS S R RS 408k
B 969 » BN AT AR S AL R o M
— ~ FH e EREBZRIRZPE  GrEEE - ke

S FRER A A REMIERE 22 - £ K
FATCAHE » ABKi% - BEREDRIEER » (EEHERK
LN TE B — A (Johnson et al. 2002) » 75
MIMERNE 2 - P 3 H A - B SR AT
I - BEESRAC I B TR R - 18R
fEFPHYMEAE FPTHAE N — AR ARG - ERER 7
R RAVRERIY > 2 8 H i)+ 2 e m s (G
T8 2003) « AT R U - F RIS
SBHIRAA RIS GE T34 2003)H% B4 &
S RIS A B 2 FET A T (4501200 m) Y
B2 S FAR YT (R0 2000)° —HEAIIER &
1E 4 MR Rt 2o AR R
B SREAIE 10 HBFRRE - Aoyl DI
TRAPH R T M S SR BRI - PER 3R
10 HERE2 A0 11 HE 12 A BRER%
B - (GATARREZ 10%(GEEEF - ik
SEE 2007) °

ABHFE 25 B A WA R B A 2 Y A
HYHE BRI T [ DL E 7 EEBILP A 2=
5 o P MRS SARIUAE 2008 AFEBHEAM
B 2007 FE5F. - FIETY S H{EA T8%H R !
RS (AL BIRYAS SR EATE 2007 4]
T2 9 HBEE|(R—)  BIER 2007 4
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I3AT R~ BYIEE) ~ B R R R
(Johnson et al. 2002 > Koenig & Knops > Lusk et
al. 2007) o ZRAKIFE Z PRI T AR N 2 R Hhf
e - SESE RS b Taeke B
T RIS 2 & U AT -

eyl S S s A TS N i SR
BERAE T IR AR Z RS AR 2
B SIS L B R LAY L - Y
AR N R - bR T =2 @Y eEe g
VIRZZEZSN IR E R R R
REMRNEE R - Ry M & 75 AR B B
FAHBRERR R RIASON] A e AR IR 5
seREE N BB ARG K HAA AR Eh YA AR
MEIRAVEZL - SRR R MR RE S H IR
Ty EE -

T MRS R A RE

H Al &S 55 M TR B A RE T
HAETEARE 5 A E (2= 2000) - 25T
oy =10 HRIEEPREL - FERIEE B C
g—Quercus tarokoensis. )WY ~ F [ fE—AN AR
SHERARAY » oA Es = AU Ry i Y SR
FEAEL o ELEA B P R ARhI AR e Y 75 A —4H
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a. FfEE (n=1534) b AHEEEETHIE (n=298)
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P 300 | e 80
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Hig 1% (cm) Hi 78 (cm)
c. BEAEE (n=87) d.EE N (n=188)
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B (n)

5. Koyl B MM = BaFEEEIL T - EErE L iAR I EE S AhlE

TERBTE ARG RN AU 7 WA R
(400-1,100 m) » 2 2FREGIR B 7B MiRER
Iy A= (1,200-1,645 m) HAE T+ EekE
IVI ARTE 95 36.2 £ 3.7(n=3) » IM&E R
32.7 +£21.52(n =29) » AHFFEFHMIMEE VI BHEK
BT Rl A= 2 2 A BIRE R EL A 5T 2 HY
BEAGIELAS T 5 7 W e 1 (B ST & B U A
B B0 BB — 8 BERA T A (B A
BIfERIIE A I -

K ETERE ML E B2 2EH - B4
HZEIR, ~ PSR B AR - 28 3 FRIAAE
R oy R R BE A A — LR RO P it fE— K
HEEARIAE A | (EEE > L EHEEasiE
R—F MR o )20 LRl B - ZM A4
T A8 TE S — 75 MR T 0 B AT 22 P
HAh AR S o BhAS SRR AT AE R T REZIE
ZHHEATHIERE HREH R EE R E &
HESEBIA 2 ARSI iR -
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T Ry & 08 I (i R e - CRIDAE
e Py 54 2 ABRATA R Y ELFE T ISR
BB AI(C. g—Pistacia chinensis—Zelkova
HEEE 2002) - 75 -1 R METE B
TI(C. g—Quercus variabilis > &=HE 1994) » &
M % - = fo #k B (C.  g—Engelhardtia
roxburghiana » [R{& i ~ &RE4E 2003) » DLk
F M- = kR (S Fm Il ~ #RIBHE 2001) - 4R
EERMEY 2 6 7TEKTE - FHIMEL AL
ST 700-2,200 m - ARBUBH AR 2
RifESS A GBI - R~ LIS - R EE A
4L ~ BV - PREEEN - IRE S LM - 578
BEF (Malus formosana) ~ KIAZZE(MIERLFE
1968) = 7 [l #4573 A7 A& HR R A A R AR AT
(500-1,500 )il HE HK 72 (1,500-2,500 m ; Su
1984) 7 [if] » hlE A ER SR AT Y F 226

serrata >

F55F 2006) o [NILIEEFHMIBESHIRM - bR
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VISR Z 4 > SR A BITEAIRRRHEY) - 578
AR~ BB (Hwang et al. 2002) » JRA]
e SR AR oA BN N & RE B’ Y
FirfE - BRI SN G B RAE T S -
IRERGERE TR IR RS IR &
FIEHRMN > FIATF R AP VIR » BifEE
oA 28010 S R IR R e g
TR T Tortn 2 fa iR (B - RV
1983) A 1= ZAAY L 4l BE A8 T 57 W 14
PREY > FHIAE - AIEERETESE - BEAEES A
AR al oA > B 252 J BU(EIPY) - i HoAsHE
SR AR ERRE/N<T cm)HY 4 FIHE
fif > BEURIE Lo AR IR YA > TR
BT o IRER TR 4R 28I A 08 550 -
IR ~ LA - S R TR W) HA O St
18 BRARGE IR T A - B S5
Faf R AT RE At H{(Tanouchi & Yamamoto
1995) o i MEARTY 2 o] 157 R — il a1 B E VAR
BEALE o DhAS TS At DL M Ry A AR R AR
B R aa ARt & 2 BRI 45 SEAR (LG RTAge—
SEACMED (BRZ T ~ &RIBEE 2003) -
HRIEAEIE S - SifHEmE (EEs
1985) » TR B TAFE R L LI FAEEAR R - I
HEELER AR (Phoebe sheareri) &R FH 2 (B34
4HRY(An et al. 2001) o PAAFRIEAYEL AR oA
SRR T B NS ATRE B MR EE R T F
FTEF 24 > A A A D B R B i
A B P EE AR Y B BE B (sprout - seedling) 25 1Y
HIGEEF = AR (B0 2000)- BB 1 H 2
BHSBRZ 2IGF0ER -~ Briffriiisd: > HES
HRHSHIIR 252 FF il st iRk o] DUFERF
E EHIBABELN T - TS REE B Y - K
945 S LR BT 52 AN [ 7 A 1 e B
TESLRELL » EAPTfEE Fy 3-11 BRASE
HH BRIV IR BRI TR AR AR
%/ IMEARAE 2 B A B D (B8 2000) - KR &
FEEARAR 20 om DI_EAIRRECAR Kz 5% » HE:
H 30 cm YRR AR/ DERRE - BURESEE
BEYEBEFORE > KA ESE
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5 NEEHE T EFE

Rz ABEEERAREEE S

JCAST o LG L AE B MR TR 40 8% (Pons. &
Pausas 2006) °

AN FE B 85 3 B B R AR/ N B & UL
AR FRERIRAAE R - KOS EIMREGE - 521RER
HYHABERGL 3 AT ARSI L ~ o
BeEl A0 Gy ARvE I - AT A a7
INEARENE 1 em) - BER S - BALREGRE
PR - BRI ) AR TR AR -
TEiB BRI BCA 78 N R R IR - 1E5E
AT R ELE R A AR AT Y B AR 4R - 1A
R N THERG » RIATHERG R B 2 52 E)
Y% > BII TR S AT ARG B2 VP MRS -
EMmie EegEEm L& - R E HARREI(E
BT s B E BN SO SR B FERL iR -
BN ES G E -

ARAE Y B3 0T S e BE R 2
HHERNRER » A [FE IR KA [FE e S 7=
Y BRI R EE S M (Houle 1998) » BT
X B F5 F#H T PR (seed rain) ~ %)) i [EB (seedling
bank) - HEf[E# (sapling bank) ~ -5 /8 (soil
seed bank) ~ HEE%(sprouts » Garwood 1989) o [A
TEE PR ~ SRR Ry T S BT ROV B 2
Ry fcBafEte ) - 8O bI&HAARPRAYMS P2 i AeE
(Depuy & Chazdon 1998 - Tekle and Bekele
2000 » MOCEE 2004) o FEIFEERE 1A BRI
17k » BN A 7 B AR (recalcitrant  seed
storage) > NMfEZF > FEFHYSKREK - 5
AR (PG 1996)- IUSTE - SSan il A
BE H - Fa g s iR i E IS SR R R A e
JeE » A RIFEF A E RN M R T e 2T 1T B
PRI TR o A -3 » A DL 439
TR R HE AR (RS S 2004) -

& [ B R S FE & R B 2
R FRMERS A SIETER  RKEAYR
B EA TS ER NG T EAEET R
Tk =5 (B 2000) » BEHIA 7y 3l A IR Y 45
RERE > BRNERTAHSE BS%EHVIHEE
BEERAIE R - BURE EAORE TSR iR At
T ERE B (R S A YD &
YIAIR(EEF S 2008) - L EAF K& MY
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W7 BT AR IR T - HAT
10% 252 HIIRIUAH AR 2000) - #EZAGE
DR SE R AT RESE S SRR
LT E Y (HRBSGEE S IR B A E R
TR EN ISR - Bk L aait ol - B0 EIE
7 » BECERAIE TR E AR L AR
RAE 3 FHER 0.02 Fim’ - 1] 4 IR
i - B RS REBULA TR RE - SR
FHEFASFRINET IR S (EEFTE
2008) © b EAF ELA R S B Y BEARAY B 22
ML > 38 2k bk 1 B 07 Eh P B & (acomn
predation)yEE i AR A I £ 2SR
T R% A E Y 2 ER M E (Crewley 1992

Chambers & MacMahon 1994 > Sun et al.
2004) ° HHIATER ST IR BRI R RY
TEIUNGAN T 5, - 0 SEFE el R T e+
JEEC Y AR AR T 2 TR B B > AR T RE 0
& o EHERIERES SN ETFERZARTT - Rk
EfEREEAR R 1 om IUFERRA S 254 - B
HEETRE AW PTSAYELB - AR RARE 220
5 REHIEL 4 e i) » BUr st & 7l
Ml e ARG S > ARE L EELARECR
£ -

&y e BHMERS I 5% 55 pltat > BRAlETRE & RR
DT E R R BS I - ZIRZINZELE
EETEL - AR B FERAERSE
SURS B O FIRFS AEY RIREYIR T /e
s H A IR T3 FATRERE ~ Ko
R BOEE  RBYHERNNER - REEE
FrEl 2 25 ~ T3 ahiE R El EREE 5 (Streng
et al.,1989) - KOHEENESGHEARE 2
AR AL -TERE A - MR EZRE [ E AR
VA% H LA 5% » IRV BRI HEH
AT FHA S R g e 3 B IRA FIERET - [Tt
Gh o FELl e 2 Ry SR E o i > R ER T
R BER T RER BV RE B T AR R fthEE - (2
RREE - #ORE IR RS T (B
1% 2000) - RERSUE & RBER SR HIRR I K s
NEE AR BT E AR

2225 (Pons & Pausas 2006) °

ps L A ety
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M B 1 Eh ) B & (acorn predation) Y {F
e SRR 5 Y B Z R 2R . —(Chambers
& MacMahon 1994 > Sun et al. 2004) - Hrf&
BEY)EE IS & (browsing or grazing) > [§ T
HRERDHE TN R & R4
FORERT > MR RS - AR 2 e g
A AR EK o3 S I MRS BT 52 2 (Baraza. et
al. 2004 > Cierjack & Hensen 2004, Pulido &
D1az 2005) < 41 » FEPGHLA » BF56(Sus scrofa)
RO T XEHEB(O. ilex)d)—FHI4HE
(Gémez & Hodara 2008) - A 473 & AT BF A 8y
YEREE » BRT GERIEZSN  Zt KT E)
Y 41 K B (Cervus  unicolor) ~ %F L =
(Naemorhedus swinhoei)~ 5758 ~ LLUFE(Muntiacus
reevesi) ¥ j& 7 M MR B R B Y BRI &
# o Wt —HAYmE szt iEREE
FEI R RS BT NEREE R
BHHBUERBET -

TV ERIYIRE 2 B M T R B3 5 1R
o mE S ENAVRER AR S HIERETS
B9t 0.6-0.8 ZfH 5 S - Bl
ERK - mAREZE 2RI - #
TR 1983) o ARl 2 = ARAY 7 R I S
0.5-0.9(FAN) » HUREEEGMEEF BRI sE i
I5e e - MhEMERE - 209 =T F ok
N FEE T8 B8 NETHEELT
Z M AT ZL BN KR RSN T F R EFEMOK - e
[~ BRI - 1 ARSI EEYEE R
F BRI ARA CRE A BY s - 15tk
SEH R ARMAE R SAEY s 2 - /I
TR RIEDH ST e

&

IR 5 8 RIS IR PR FE AR B T4 B
fitfe - 2 RIBR A A i I EES
folfd - HEE BT 2T A EZR RV
W THZEERAR - fEAM I EHIYiEd
RE S s T B Y A B IR B R R AT
R ERER A FEORHIREE - RITHIEH WIHESZ 2]
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SHETE 29N HEIER T AR LS
IR 3 e B ZRR T B 5 T - HE L & 7
HERERZ A A R FOR R TRE &
AR E SRR - LS > A L EtE At
SHRRHIFRFIANE - LRSI Er AR SRR B
R PR R R B i A WA AR
RE RO RO - RS T ~ NE YR
TEM ~ BrAEhPRuii & lE A > DU H MR
SRR AR -

2

R FASZANBHEVE B E LB A E
BRI TE LR REEAER
HENBIREME T RRENES 5 Dk
WMAIEEZ A  FFEHEEL - S sE Y
AWTFeIR I E R AR - R - BN E
AV EE TR R ~ SRETE AR
W EEL - R - MEE - TRIVCE -~ BB
T2~ OAgES - UHERE ~ HEER - Se R - B
75~ BMEFEA > R — O EGH -

5 [FISZRK

ARERR > 2004 « BH T EAMAERE 2GS RHEY)
Z VM A EHEL R IR S 2 9% > BT
A E A PR RE L5 S > L 68 H -

HER - BREHZE > 2004 - BV BGMAERE SRR
SPRHMEY Z Y AR - FA AR
6(2): 95-110 -

FR—7%% > 2005 o N ZHF—PUFk [/ GmRaEE
FREEESEE] NBGTEEE EUER A
EEHEE > 285 -

MO ~ F & ~ BUKE ~ 5RO S
RS 2004 - &8 SR AN FATE M
T R E R BB ER
B, 19(1): 33-42 -

FRSER ~ BELER - HIAS > 1968 o &I BAHE

=

5 NEEHE T EFE

Rz ABEEERAREEE S

Yy o HREEMREERT] > 1(2): 1-78 -

FRIEAE > 1996 < PRARTET-EREE ~ FREE - Gl -
IRHREASE S - MREERETIEE 66 5% - B/EH
REESERAT - 4L 68-73 H -

MRS - 1968 o B RHA YR 2 BE5% -
hEBBPATHREEE 165 5% » L 24 H -

EEL - 308 - 1985 « St HE R B RERYET
B aEamEsiarmaia e 1 9%
28K -

S~ ERIEEE > 2001 - EVERERTIE IR
AMMEEE T > BIRAEZEH - 11Q):
231-254 o

BT ~ BRIELE » 2003 o &EFEILAREE AL
TEEEIT » Bz A2 13(2): 1-25 -

{EEEE > 2002 - FFAHIEIEREARE 2 B5E -
T A LR BRI ST AT 5w S > 32145
E o

FEIEAE ~ BEE K -~ SIS - o[ RE > 1987 - &
LR 22 20 [ B A S LT T e A R e
ST S () » BILH AR )
B JE36H -

1R 0 2003 o FH I FRRGES BT &8
MBI e 2L 61 H -

B 0 1994 « RILEIZAE) R EEEE
AMIE RS A B BT R ER AR
PRUFFERTRE am S L142H -

EFEFH ~ MEE 0 2007 - EILEZFAEEEER
REIRRFAERRE AR FIT9E(2/4) - NBUED
EEZBRUBR A ABEEHERE > £48 H -
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