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Research paper

Phenology and Sexual Differentiation of Ficus erecta var.
beecheyana at Guandaushi Forest Station, Taiwan

Hsy-Yu Tzeng'* Chern-Hsiung Ou’ Fu-Yuan Lu’ and Li-Jung Tseng’

[ Abstract ] The phenology of dioecious fig, Ficus erecta var. beecheyana was investigated in this study.
Monthly female syconium productions were responding with temperature, rainfall, and net solar radiation
significantly, while males were not significantly with the climate. The period of leaf phenology and
initiation were similar between male and female trees, and leaf developmental stages were fit with main
crop productions of both genders, alternatively. The syconium productions between trees of F. erecta var.
beecheyana were concentrated during spring to fall, and express seasonally between sexual populations.
All female trees produced syconia during summer and fall, while the most reproductive asynchrony was
occurred within-tree. Otherwise, male trees born the syconia concentrated during spring and fall, while

were tended to have a relatively high asynchronous within individual. Within-tree reproductive
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asynchronies were correlated with temperature more significant in females than males, but less connective
with the rainfall for both gender populations. The phenology of Ficus erecta var. beecheyana would show
the sexual seasonally and connected with the climatic fluctuation of Guandaushi Forest Station, which
would benefit with the maintenance of relationship of mutualism between fig and fig wasp.

[ Key words] Ficus erecta var. beecheyana, Phenology, Sexual differentiation, Guandaushi forest

ecosystem.
— ~RiIE
P& BB REAZ 70 AT S BA i BE 20 i [

FEEGEY 750 & ( Corner, 1965; Berg, 1989 ) » H
S UG NESREN TNV I e iad - Bl A s i A S G5
fEfFm > BMeRER (fig) KBER
('syconium ) ( Corner, 1962; Verkerke, 1989 ) ° &
R HEE 5L BUNLE P A B B AT
R HI¥E R/NFL (ostiole) » HAEM/IN (1~
3 mm) - FEE—MEFIMER/[ME (agaonid wasps )
Al LIS E g g/ NFLEL P AR RN R B AEY)
Bl 5 TAE SR/ NE IR XA KRS B RE Y A i
HIMEIE T B IEREE KRB (Galil,
1977; Janzen, 1979; van Noort and Compton,
1996 ) - H HEEAC ( Cretaceous ) LAZK » BiE K
ERIGHEERERES - EEESHEER SR
FHEEAE ( co-evolution ) » i ZEE(FEE FE & &
I — M F f]F#H 4 ( mutualism ) ( Ram'rez,
1974; Galil, 1977; Wiebes, 1979 ) °

W/ NERESE R R EALE » MSB YK
& 53 B T R iR B M E 2R AR ( Corner, 1965 5
BIEACE - 1994)  HIE - M ~ HEFEALRPE—
PR B R - HEFEAETCRY - MEFE AT H
EE IR R/ NEE IV NERE R ER
i - BRI R T - MEFEAETEIERAG
P REF G B 2R (Galil and Eisikowitch,
1968 : FHWE » 1992 : BIFEFH » 1994)  JEAL
TEHER T2 R A (Verkerke, 1989 ) ° [LEEFERY
BREBETEEMRNL EHESHE - E£(EHE
M BMRIEFEAFEPDHEHEEEMS (Janzen,
1979; Bronstein and Patel, 1992 ) °

e fefe SR AR B RE TR A ) o H MR A 2 MEAA
R BRANEG U RICHEIEIE (long
style female flower ) BXFE B TE T £ ( seed
flower ) » s EMATEEHEAIE - HESMRER(LR
HPESE (neutral flower ) : FERREHEIER > 5
R EELECIIML > KT gEE — AR
/N EE NG VRS SR N B B B AR TEAE I
1€ (short style female flower ) ZXTE & BT
( gall flower ) > ( Verkerke, 1989 ; RS »
2000 : EHF » 2001) ° FEREER - BRI
DIRERITE F LB HETE 73 B A RRIMERR = >
[&] M A1 R AT B 2R N [F AU P 1% A =R
( Corlett, 1993; Patel and McKey, 1998; Spencer
et al., 1996 : TEHFF » 2003 ) > BREMIERIE
FEEBMETYIER > KIEBRFA g
(FEEE » 1999 ) - fEAVERIRRE 2 (EHERT ~ 5K
BRITE A R B > MEHERPROIIE
JEAEY) R BRI B FE i AU S e B [RT R 2R 1518
R o TEEVEHIIE > BEKAUR A L AE MR
ZEERH I R AEYIR YRR RE (van Schaik et al.,
1993 ) o amfe MEHE FIMR B RARAIFESE > 2B
HMEEYNOERYEEGHENZE %
( Windsor et al., 1989; Spencer et al., 1996 ; [HzH
% > 1994 : BRAEEN > 1998 : GREEE » 1999 &
EHHF > 2003)

AT ERET B T R R A RE R Z -1 HE
( Ficus erecta Thunb. beecheyana ( Hook. et Art. )
King ) It ~ HERRYMREEEN: - R EER
FBOEREERRBEZFRR - QBZE - BE
AR SRR FERAGR ~ Q)M ~ HETEHAMS RERIR
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BAGR > K@il ~ HEFERACHARIE S -

s MR TG
(—) BRFEPPR Rt Bt e,

AR B AE B IRAC RIS S (Ficus)
IRACRET (Ficus) » BPEEEN/ NGRS
Ko BRIEAE BRI - HEHEREKE (92T -
2004 ) o HERRETEIE R - MR AEEHCEE
TErEMESE - THEER ELTEKH » LUK G EAE M
EFERIRMEER —H4 0B /%
( Blastophaga nipponica ) EINEE%RE (FHEEH
Bl > 1995 MALIE > 1996 : TEFH -
1997 )  MERREMEMSR > MRERAZFLERIEH
MEFEBR R PESE » RICAEMIETT RN REL
flEF > FRPEIEEME ~ HESEAER SR LRI/ T
(FEEF% > 2001)  EEZEEEPRIEBRA
M ~ %5 (BIERE > 1994 BEHE »
1995 : @EH » 2004) > s;pHBEIKRE ~ HAE
%&b ( Corner, 1965; Hill, 1967 : BIZR%
1994 : BHR » 1995) ;: BREGMEGITE - &
WAERETE ~ BAREHL - SEAH S R R AR 2 5
BafSt o AFFFCEIZE o5 PRGNS - Hih 40 BR
TEERR - 31 RRIERR > 24 BRIKIAHRS SR o e 1)
A+ EAIEBIRTRRRR R > IR A S B R
WFFE AR ABIE IR - 228 17 PRIEERR
13 BREERR ZAE RYMREIS & B AT 72 it B
SRR BRIREES 2~5 m> REERK
2~10 cm > EARZB/NBEAAR ©

TF S22t BE A 5 o B K 2R B B B ARG 2R
=MBERR TR R EA A B Tk AE A - £
E A HGIRE) 500~800 m > Jbf& 24° 2'~
24° 6' > HAR 120° 59'~121° 59" Z[H - $BE
FRIRIGEE = AREIE 2 SR SR B (¥R 550 m)
HIB 2 RIEERHSA] > BB 1987~1996
FHEEHR 209 °C » F£ P HBEK
2,683.3 mm ° 1996 F i 21.0 °C ~ F£WE
2,596.9 mm ~ fHEHRE 79.1% > BEKSHIAR
¥ > a~9 AHIREAKKIEZER] 90% » FIIE
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S 23.4 °C » SRR 83.6%  10~3
Az » THRRE 18.1 °C » FHEMHEHE
FERS 73.0% - RIRTISBE SIRE W ~ 2R
16 HZIRZEHHRE o RIS {2 K ( Thomthwite )
RARFFEE > RIEBP AB'wa' > IR S
FrhERK ZBRER (A > 2001 ) B
£ (1992) #7528 L3t Al 7 7 B oth B SR A%
[ Z BT I R RS B W AU SR 2 Fh P D
NEEIE - BUIE (1968 ) BIEYEEE HEE S
H5E  AEBHEE B A ARENZE KR
IR IR AR AR R » B AR/ (£
BEMRTF ( Machilus - Castanopsis vegetation
zone ) F M5 1 M 7 ( Ficus - Machilus
vegetation zone ) Z[H ; FEREESIIMAE &
B} (Lauraceae ) ~ # =3}l ( Fagaceae ) ~ F&Fl
(Moraceae ) Z515ifE ( &RIBEE > 1992) °

AR B BRI 25 S0 S ARE R
BT 0 B 36 FEAEFZAK ( Cunninghamia
lanceolata ) NTHKT » BE SR & IRAE MM -
FE_EBEBEAREELEKEEANM (Litsea
acuminata )~ ALK ( Diospyros
morrisiana ) ~ FHMEERTE > TEMEEEFEEE
EIRBEZE W ( Diplazium dilataum ) ~ 15TEE
( Elatostema lineolatum var. major ) ~ RNZE(F
( Ardisia cornudentata) % Z8¥ ( Ficus
formosana ) % (GREZE > 1999 ) °
(=) WHgEaE
LA WRER ) R B iR B

ERZThO SR MEIE - MR R IE B R ZEAREE
DI FREE ~ EESEBATEYIIRAIRRGR -

2 MR R RS
2- 1WA FR YR B R

AHHFEE 1995 4 10 HZE 1997 F 2 H »
LU 5~9 RAMEIRE - BRE0 308k IME 2 IE R
g o BRAREXIMER (R 2 RORERR - RERR K EY
2~3ERIY - MEMRB/NEEEM  IRBEEE
% (2001) W77 R 38 F BAE 73 B Al
1EHA ( prefemale phase ) ~ HEFEEA ( female
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phase ) ~ {EfEIHA (interfloral phase ) ~ HEfEEHA

(male phase ) S AUBHA (ripe phase ) > HEFSER

B - MEAE SRR G HETERE -

(HATMETERT - IR NIITEH 36 = vl i
BRETINAT - NS A A -

(QMEAEH : & ~ FTEAEMETERR SN - /NFLE
BHRRE - AUIME /NI 1S DISESE S SR i
BTN » BEAN 2~338 - XS B HiskE:
Z 8 (receptive phase ) °

GHIEMEH « RICHMIERNEE TR ER
PHT - B TEAE METEAR ZE U A S/ N i A
b B HEAE BT » B C sk & H 1
( developmental phase ) °

(4 HEFEHA « HEFERRBN - HEME S/ NFLEBIEH
o R 1~3 K X DA -

(S)FAER - MEFS SRR R BAREES - 1R SREHE
SO ERE S > VS E Bk
TEHA ( post-floral phase ) °

2-2 FE SR AR B B SRR R 7 7

AFHEAMHHERNE (FABRANE

PRUGERA R &) & A BAHEHISRE (FH A

HIVE R ERR DL A HIMRAEE) - WELE K F

HIEMR ~ BEK ~ HEHRE -~ BB % > DL

SPSS 8.0/ Z M5t K BEHEIT Kendall's rank

correlationF T °

3.0 ~ REAE SRR AR T

3-1.{EFEFE

MBACEFFEFE (Ci) MBI

MTEER G R IR 2R - RIFRE

BHISEAREE - i — R85 4 (BZE7 - 251

X(2E2H)- B BESH)-H (6 E38

H) k¥ZE (9 E 11 H) - E—MRUTEEE

BB e 6 MAKIE FHIAREFEME -

TR S TR ERITE R -

Ci= K-SR EENITE B X EL

TEZEAIME B HERR B W SR AR OB TE 2=
BOX MEER R BOFE AR AR B X 100%

WA TR GRS VIR B MR M2 3R

32 BRAMEEAE

#k#8 Bronstein F1 Patel (1992) Zit&
2 o MHLASK B A2 3 FH A MR SE MR 2 AR I TE
AR E M - MR TP5E > Eil #HE
BGAER RS A R £ A R -
RAITEJ A FAAE A - M ~ EERRAO(E S
WE 4 [ERERFIHEERIERES - &/
CIER AR > HE ~ HEROERE ANES
1 {EFEEAME RELE - BRI RBE A
M ° Ei FUETERATT -
. & li-0.25]

Ei= l-g s

e ZTERBERF > | TEHEMRS AR
A~ B~ C k D HIFIHE IR » TEMERR 73 AR R
A~B~C Kk E #HIfAR - Ei {H/M L 0~1 Z
fil > 0.25 BRFE ISR HIRAVEZRE -
1.5 FEHEL -
3-3. BRATEH [E] 25 14 B A SR A 2 R SRR IR 7 P
HIBA LR

AR R A 2 M~ HERRR I TERA R 25 1
3 Tl BEAS SR A B RAR R T 2 R ~ Bk LA
SPSS 8.0 MR Z#ETER#E#ST Kendall's rank
correlation 53ffT °

=~ R
(—) FUEREE - EEHEEEBR

1995 5 10 HBAtAFEER: - F-9iaE
HIEE Fr 250 R A BEE - B S (L mBatea
HEFIBRAE 21995 4 12 A ajis > 8]
BRI T 2 EEEE - B 1996 F 2 A
B - HTEERERERE o MR 1~2 [EERIR
FRIE - MERBETE R REAK 1~2 BH
ERR PR BETEAR R 20 B SR R A LR 2R - 410
FEIE - MR 3 A T Ak » 2E0EREKTS
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PG G ELE - ELERNEERD 1996 42 10 AT
B D R E LR WA S > HAUE 12 AT
RN > BTRRAERIREESE 5 12 1997 & 2 A
R - MR R EACRAMRE A 1997 FHFE
SLZE » T YIERIHERRBRAA BT 4L - FERIE
KRITBRMR R EE « S YA EITE — IR E -
TREEETR (@ 1) -
(=) HRAEERE IR

TFAIEIE ~ HERRFT B TS A RAE &
KA REEAEE (B2) BEAWHIREIRE
7K~ R {RERET ~ THENRE AR EERIE
[K-F3#£1T Kendall's rank correlation 73T ° #55R
Bl (R1) > T HHESE A BARERS SR S rE S EAA
REBEERIK - KR SFIREST 288 EHRE
B ATEE A HAMERAS SRR A IEAS SRAE B B A
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FERIFAZ & SRR 7R SR FH R -
(=) ¥BRAEERMS

TEMERIEREA > A UIVE HERRIRTEITE 8 AR
HREZE (94.12% ) > HERIRRITERE T RE
(100% ) ~ ¥k (76.92% ) WiZ= (@3> FK2)
FAEHIR - TE(EHERE I N aI Rk R TERAE
RIE 2R E) - TRk N TERAAN R B BA
BRI = EHE (B 4a, b) - & Kendall's rank
correlation ZMNTHERISET (& 3) » HEMEEARTE
FAED M B SR AR R ( 7 =0.003, NS ) >
B[ /KBS 2 EfHRBE ( 7 =-0.159, p =0.053)
MERRRE A TCEAR 4 B R 2 B MR
( w=0.450, p =0.000) > EEZRE/KEE 2 EFHEH
( 7=0.144, p =0.081 ) °
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Fig. 1. The relationship between the leaf phenology and mothly reproductions of relative

prefemale phase syconia for both genders of F. erecta var. beecheyana at Guandaushi

Forest Station.
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Fig. 2. The relationship between monthly rainfall, relative humidity, net radiation and

temperature and syconia production of both genders of F. erecta var. beecheyana.
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& 1. B/DERMERRF DS AL - MIERESERSHRK - TR - /FEL - B8R

BRFZAFEBSRIERAST1ERADHT -

Table 1. Kendall rank correlations between climate and syconium productions for each observe

date of F. erecta var. beecheyana (males/females =17/13, n=17) at Guandaushi Forest

Station from October 1995 to February 1997. Each significance test involves a separate

risk of type I error. NS = in a given column are not significantly different at the 5%

level.
Female trees Male trees Total( % +3)

A phase fig Total fig A phase fig Total fig trees

T Vel T P T P T Vel T P
Rainfall 0.474 0.010 0.351 0.055 0.107 NS 0.168 NS 0.413 0.024
Temperature  0.554 0.002 0.613  0.001 -0.066 NS -0.081 NS 0.494 0.006
Net radiation  0.603 0.001 0.676  0.000 0.074 NS 0.088 NS 0.603 0.001
Humidity 0.433 0.017 0.164 NS 0224 NS -0.015 NS  -0.332 NS
Transpiration  0.132 NS -0.118 NS 0.074 NS 0.147 NS 0.044 NS

= 2. )RR MERERIT DB - HERGRRITESEDE

Table 2. Crop of seasonal concentration (Ci) of F. erecta var. beecheyana (males/females =17/13)

between trees at Guandaushi Forest Station from December 1995 to February 1997.

Male trees Female trees
Seasonal concentration (%) Spring Summer Fall Winter Spring Summer Fall Winter
94.12 25.53 64.71 25.53 15.38 100.00 100.00 23.08

P9 ~ GFa
(—) FUPERRIE ~ R e R A 7

IR RE - &% > ANEMR (leaf
phenology ) » 5% 1 7E ¥ [ B 22 FEI i 43 B AR
RE > REYHEIVCARAIREE (Kikuzawa,
1994 ) - #€ 1 5 4 HH BRI » BHEKE
HIA-IOtE R ~ P& 25 M 2 B IA BE A 2R A1 A 1
T - 4K Kikuzawa (1994) #5377 705 SR BE
ol o AFUHEvE ERF AR AR IRGZ T - IR

510 AZEFE 2~ 3 A IR ARSI
A - ZFEE ARIRETIRAE o R H B E 005
W K& (chilling reauirement ) 5ERLFKIR »
B H WriReR IR 28 E S9PUZEFT (heat
sum ) DU BRI > A-ivsiE ~ R [H
FFRE > ErARBAENESENESE - 4
AR EE ~ BRI NHEBENS (F irisana)
(BRAE » 1998 ) ~ ¥EEIE ( F. variegata)
( Spencer et al., 1996 ) K&EM (F. fulva)
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Fig. 3. Crop productions of 17 male and 13 female trees of Ficus erecta var. beecheyana

investigated at Guandaushi Forest Station from October 1995 to February 1997. M

indicates male trees; Findicates female trees; --------- indicates winter crops;

indicates Spring Crops; -

crops; and

( Harrison et al., 2000 ) WA RV - 2 IRAARH
HIZEHTE - Reich (1994) 3 > TEEFHHME
REERIBGE R A SRR SCE
BB UM AU SRS B - JREE ~ &
W ERAEAIFEIM - BRI ZERA ST
o> I MEMHEFIAR ( Windsor et al., 1989;
Milton, 1991; Putz et al., 1995; Damstra et al.,

indicates summer crops;

indicates fall

indicates unfinished crops.

1996 ) » B 2 EMk ( Spencer et al., 1996; Patel,
1997; Harrison et al., 2000) > BHE ~ FE KRS
ER [ /K 2R BARER (EFHRBR o SR1 > fEFRE R
SBRIFTINYE » F. fistulosa HIREE ~ BEHEWE
{2 HAREMERA ( Corlett, 1987 ) ©

MR E - BEFERERBRIEE LS
BERE > EEMEEREE YR B R
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R 3. BDEFRMERERT IS ~ HERERTEEARN S S 2K - SRIBBRIT DT

Table 3. Kendall rank correlations between asynchronous crops within tree and male and female

phase syconia production of each genders for each observe date of F. erecta var.

beecheyana (males/females=17/13, observed times=74) under the climate of

Guandaushi Forest Station from October 1995 to February 1997. Each significance test

involves a separate risk of type I error.

Female trees asynchronous

crops within tree

Male trees asynchronous

crops within tree

T P
Rainfall 0.144 0.081
Temperature 0.450 0.000
Female fig production 0.345 0.000

Male fig production

T P
-0.159 0.054
0.003 NS
-0.068 NS

(van Schaik, 1986; Patel, 1997 ) - M/t FLREIHE
By - HIERERE KGR - HEAHEEER
4% (Spencer et al., 1996; Harrison et al.,
2000) ; {HEEHEFIMREAEEEE ( Urostigma )
FOTERE - HRIE - R HEEKER - e
B {EMERE ( Windsor er al., 1989; Putz et al.,
1995) * R FEEISR B - AU HEPR i R
HEMMEEREZCFIERREFGEST ¢ It
PR (L 2 73 HUBRVE A RET U 73 » T HIHE
MR RIS 2l - [E(EE RERR &L - it
REHIME R B EMECHASER A 2 fH - ok
AR EYER EVERAERE (sink ) » DIELEE
TE8 B 35 B BT B NIRE S/ N - 7 EERE
REZICFRE R - HEREE T RAEERIMERE R
HBEHREEAFVNHS - HEZEREREN
MR B oo M ER Sp B R E IR -
Valdeyron and Lloyd, 1979) K % & 18
( Harrison, 2000 ) fE{LL o H-Wh#5 fifeds SR 2EAE
THE R EIE AT - RIE FOYCE TR EYE
M EIRRAEEERE AR R AE - HE > — a3t
BEEER > —EREZENHE R EECF

( F. carica,

R R R EERR TR -

LRI IERR B EESTRR RS 1 A - i
REBICEREMEIIFI EPEERG R
B EHHARE - S IEREY i BEE
KRR B A A - 55— {0 PR s B £ 2 4R
R A REEE T ZH c BEE 10AELL
% o LI BIAYERE - TIMERS RS
TRZFWAE R © Harrison® A (2000 ) #FREE
FEIME ~ HERRIIER BHE R B G @ G R ERE
FERIMERE - M ~ R E BE AR
[H - BETEME - A SRBR BT R AR
6 o S-UhMEHE - HERRIUREE ~ BES RS E
M~ HEAROAEE - EHRFHEMEIERE
( Valdeyron and Lloyd, 1979 ) HIEREZ4S AH
6 : B TREF AT - HERIIEE - BEMR
S A B I T O HE BB 3 B AR 1 A T 2 > B
e ~ HERA R EIRMER MRS -

ETEEYETCETER - SRERED
BE MR - R E Y
FARAZNIEE - PRI > FEMREAIRIZEEE -
IREE B W& 2 A2 HAE R TR FE - TERIE
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HERIMEY) ~ NEVERES R - sEEEYET
R - TR EREAEYEA R EES ~ P
FEAEMIRERREENRE (Valdeyron
and Lloyd, 1979; Windsor et al., 1989; Putz et al.,
1995; Damstra et al., 1996 ) ° LA Kikuzawa
(1994) A S » FEBERIBEHEY EHR IR T
B (carbon gain) WJRERES © A WIS TERE
IR AERE R B R R I H S IR B IE
JEER -
(=) WRAEERE
1. MR A A BRIR B AR

F BV IR B - SMEBRBR /K 3
BHIK 7 ( water-ralated factor ) ~ Y&&1EFIHFEA
( photoperiod ) K& E & EYWHENK T
(Milton, 1991 ) » fEZ=EiH8{LBREATIRR ) 12 7%
MAERER - FIMEHIMRAEEFEEFTRES
EKZ  ERFEARRE - WEFRERIF (1
kG 0 2001 ) - INRBRTIEFRM Z Y FERE+
ZBATERE RAIZTET ( BAES > 1997 )  F-45HE
AREREBEN - BEKMRNESRERTE
BEETARE - RIS R AEENR SN T
Z— o

BUERIRRET S - A U5EHE - RS A
FHLROME SRAEEE B - SR AR FE & AR %
BB ER— o MRS R A B EM A RIR TN &
B E S - ELPEEST - R ARk 2 EEER
IEFHBA ¢ T HERE SR B AR E AR RN T
B EIIRATERA - ERE R AT RER B IS R A A
RIRKFERRE IR ME - B AgE
W~ ERRAOME SR AR SRS AN - MERRTE L RE
HIUERGE T EABAERIFE F A2 - T HERRTEARS SR
/NEBEANE AR R R R BREBE T - LATERS
HAE SR A 77 SCRE RS SR/ NE U TF S (Patel,
1996; Patel and McKey, 1998 ;: @ E&H% »
2003 ) °
2. [ ~ HEMERIREAIE R A 2

TEENVT IS - MEYIRRE A (E SRR BRTE &
SIRFESME - OGRS [#E - SoRHE
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B3 (outcross) HJHEZS (Bawa, 1983 ) R
1M BAEBAEY—HE R I ME R — 2
HAERMMS - WRAVVINMERBEMETE - R
A A M (R MR B SR AR AR > A8 SR PO E B I
eI R (BRI —FE A » I ~ HETERRR
REATEY ) - MER AR EHEZE—ERA
HIHETEAERHIR285 (Janzen, 1979; Brostein and
Patel, 1992 : BEHF - 2001) : Kt > Rig
R [FIMRECER KA BIEY) » & 5 BRI HIiE
L7

% BUMETERI MR HIAS B MY - HMARIEZE
WSRO RO R 51 > IRBE B R
R EE M - ERE S SRy %
(Janzen, 1979; Windsor ez al., 1989; Baijnath and
Ramcharun, 1983; Bronstein et al.; 1990; Berg
and Wiebes, 1992 : B3 E - 1992 : BRFEE »
1994 ) » H2FE#AFIEHIEMEFIE (Janzen,
1979; Newton and Lomo, 1979; Windsor et al.,
1989; Damstra et al., 1996 ) B @R TEHAE 5
B AR ~ B2 — A AR R TR
HEETE ERFHS—REFE > ILE BRI
PRI BAEY) 2 2 & B R AR B AL (Janzen,
1979; Bronstein, 1989; Bronstein and Patel, 1992;
Smith and Bronstein, 1996 ) - LB #1521 & 19
ey - HERRGIBEIEE 2o R E R E D
T LR DU R B RTE IR A 45 1 v] 3 i
¥y E I 5| R IR AZSEAE ( Bronstein et al.,
1990) : PRI » MEREEIRRATRG]IE R T B
R FEfS/ NS T R FITE SR [F] 45 Skt
¥ (Janzen, 1979) ; HIRRHIIEHIRE S i
FEZEERIRHIRE R - BB N I3E 3R
B & TIN5 Ky e B 22 AE AR FTBE ( Bronstein
and Patel, 1992; Cook and Power, 1996 ) - {H/E&
Bronstein A (1990 ) 7R8E( - S FEMEYIEEE
R BRI [F20 M AR FRA £ 2 R A7 - HAH
HRIEAFIFIZE (cost-benefit) i —1{E R
BH o

HAETHIRF TSR IR - MEHERIROTME ~ HEER
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FEAEE ESEEE 2EMERSME (Kjellberg et
al., 1987; Kjellberg and Maurice, 1989; Patel,
1996; Patel and McKey, 1998; Spencer et al.,
1996; Harrison et al., 2000 : RAKLSE > 1996 : 5k
TIE 5 2003 ) o HLIIRERR T NERMAERE R
A-hta e - HERE SR A A TT AELL - SRE AR
IhtEME ~ HERRIRAEN EEICE A R AEENE
M o IRT » TE &R M R ARAU TR AH B 2R 58
B0 M - HERRERIME R EEAL TR E
4 BlanE s (METE SR M EE B AL SREN )
(ZEEZE > 1999 ) ~ B2%% (F. pumila var. pumila )
K% E (F. pumila var. awkeotsang * BEZHFBER
8 (Synoecia) fREMEET ( Rhizocladus ) ) ({7]
gk 0 1991) ~ BREAE (F. seprica » BRIIEAL
R (Sycomorus ) BERISH ( Sycocarpus ) )
(SAE » 1998 ) ~ MER (REHLB
( Sycidium ) WRFERSHET ) (BRAHEES » 1998 ) » [
fE RINEEE ERIIEY EE R 0 A2 HRE
( F. sarmentosa var. nipponica ’ BE VA TR B IR
TIEET) BOMERMIRMER (RFEFR) - HLLfE
MR 2 EEMRIIEE » 20 F. fistulosa (&
B i 7 R EH B BE SRAR AT > Corlett, 1987) °
Kjellberg and Maurice (1989) ¥gH - HF I
MRS BEY) MR ELEE T RET /)
W ~ HERR o DRIECTE 22 A I O BR U L e e
[E] A2k 1 o B 5E RE S FE = BRI B L - @A REN
JEE R e SR ARAS B AE I  HERRREAE R A E
HIZ KR - TRERE S H it e R ARAS B AE Y
(s SR B LR 5k B R S B BEAE B - BT
AN Berg (1984) FTE - M RARAIIE BAE
Yy RERE iR 2 A bk -
3. KR ~ MRS RAEERE

AW IR ER S B o A1 B R B A (E B8
Ml B 93% HHKREFERSFTEEETEE
AR EIEEZEICTRFEART 3/4 AUERERAEE
FER - BRI - BRITEHI S E 2P B8 B
B o TEMERRIRAEM - FERZ BUHEMRTEER ~ T
ML T A R EE R RELS - [

BT NEFRM LRGSR AR IR B MR b 2 33

R R RN TEIARE S - I EEESF
REHA - %9 4/5 HUERERAEEMR - HERHIRA
TEHA 2R R o JHfS SR B R 2 e ffe SR AR Y
fEREFHAL - o ~ BERRBER AR Z2REER
% HE BIREBEE (Hill, 1967; Patel, 1996;
Spncer et al., 1996 ; RAFLSE » 1996 : TREZ >
1999 5 PEAEES - 1998 5 FRTIE » 2003 ) © &7
FEFERE I ~ TR R R —2 (Corlett,
1993 ) ;: FEWE T FEEHEGHR
B~ RIEREMAEZE (Hill, 1967; Corlett,
1987 ) ° Janzen (1979 ) FEEIEBIEYIHIIER
PHERIRIA R #ETE (population section )
HI%5 5 ¢ {H Milton (1991) ~ Kjellberg and
Mauria (1989 ) EEEBEVPENICEN
REFHEE (SHER ) - BEBFEE R
Sef 4 o MALUERSEEREN > R
{EHLERE A -

R AR TERR S EEIE IR - K2 BiiE
BRFTAEREMR SRR RHETFEEEM
TEHARDR 2R FHSE - e R —REHA > FH19964F
BAARITEH A R W EMHECH - 72
LR > B —fEAR N R S TR B TR
IR 2ERERROBEREERNED -
Ram'irez ( 1970) $#2H - BEEWFHIEDIEN
RES » ERFEFENEPHER L25E
(FES/INEE ) BIRERE - (R UIE R EIEFER
BEEILMEY - SRABRICIABIRES
M WEEFF T EMACE - REHAL
I IETREE (=T > 1997 ) o HEHERRIE
BHEY B AR E AR RARRERE S 2 E
BEREIER > HRELTEH K EERET
FIME R Z A B ARERIMERE b - AR RAT
HIR R T - #HPREEFNRUIEL
EHIELE (Corlett, 1987 ) : FHEIRY > M ~ fifE
PRI RME - HIEHRSEESERER
(HEE > 1997 : A > 1999) ° Kjellberg
and Maurice (1989 ) 325 MR {EREARIE R
EEAREZERY HERREIFIRME > Fdarii
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REHIRE S/ N L TE R IR R E R EIIER -
R EHADMETEHAAE R A YNy - 75 E
fthIF EZICTRFHA - MRAEIFUME R4 B IRE R
[ » (£ D BB REAIER T FIREMRZE £
R HRRANEEER TERAABR (858
% > 2003) o B P IE £ BB IL T A FE AN
PR - HARE AR R & AR R
iy ° Kijellberg and Maurice ( 1989 ) [/t 5
PREVE B AR B i [FIAR B A SR TR A B
HERGRM: - RIESHERK E] 58 LUE #8 IR f i 2
2 2 EBRSIIERE T8 - #ERE/ER
g;‘]é °

BBV SRR EVIFHIIE T S - RARAUEML
HRAEE MR » (KRB K RIE R/ N B
FIBBER T (Hill, 1967 ) MRS R A4 ]
NFRIPEEETHEENIRE T > o LR IR
BB MDA EE ( Ram'irez, 1970;
Bronstein and Patel, 1992; Cook and Power,
1996 ) ° IR - HERIRNIE R BB REL HER
i~ KRR GRS - (HEHEERRR A RTE
AR M SRR R E R E - AR BN
[F] 5 AL B 22 B S [ e SR B L T 4 8 > B
B /K FIRBR TR 2 3R I B fHR ; (SRR
FBE H A WA ERR AR AR RAE BB B HIRIE S
FritE R AGABRIE RS - 0GB HERE
WS/ NIRRT RS o

BH T VB FRIR A RE R B A WO AE ERR IR ~
HRFARRAEERXEER - SRR
ETBERBT (GEES > 2003) < (EIHF
Hi - MERRMRRRUTE B A BB ESHIES M - M
IS REERE EHESENRESME -
Corlett (1987 ) MERRPRRIIERAIE B TR
WS BRI o AT o MR IR B S [F]
T - GBI BB RS SRR 5 | K B
(Kijellberg and Maurice, 1989 ) » Hiffk =+ BIE
ZEAA R R BRI /| i T 47 B AR
HWREFESERR S (G885 > 1997) FiaE
MRE R HETCHARE SRR B0/ i3t

73

AFE—PREJHETEHARE SR > Ry SR RS SR
HEit RSN - S5 —77HE - HREESR
[5 PEr] U5 | 58 2% B SREY VIR & > BRIAE R
FEHIARE D - 18008 e R B A R 5T — 1k
K LTRERES —MEER E - MEBENEE
o AREORE 715 DA BR AL - DA N fE
BEFRIFAIRE S - EEMERPRRIERE L Mk
WIEHIR B TR S - ATRER B4 UtE TR
EE TR R R E T E#E - Corlett
(1987 ) FRFSTMMEME RAKRAUIE BB TR
HIBUAE - B —IEEERR ) - (#2536
eI AIFREE - T MEARHI R I [R] 28 B R A L
5 -

TERGIRFEIY - A5 SR/ A MRS SR POEA T
BRHITT R DT # S R/ e o Fe LR BT =5
e AFIRY AR a0 75 B S AA SR Mg s Ak
Ho A ~ HEFERAIRE ST » DIMERR & 7034
BAfR o —J71H - M ~ HERA SR L TEER ATREAE R
HOFFELE - JISRER ~ BEE - TEREZEHH BLAR() -
AR R/ N L 53 3% ( Grafen and Godfray,
1991 ) - HRTWEFERE R > 5K/ e ML FE
FH METE HARA SR BB RR PR SRR S-S e ~ RS SR
( Ware et al., 1993; Hossaert-McKey et al., 1994;
Ware and Compton, 1994 ) » 55—7J5TH » MERER
PRASBIEYIRIME - R B AR LrUrs R A ERE
fA (Kijellberg et al., 1987; Patel, 1996; Spencer
et al., 1996 ; MAKLSE » 1996 : TEHF »
2003 ) » A{CHIRE R/ NS R SR AE 2 12 > MR
B S g - HEAE SRATRE S - BT S Z -
FE AR T RERS & A RRAITER b > DL
Bttt ~ MRS SREIRE ELAOREATT » SZERESAA SR
i L o HrEIRES ] -

B ERRMAERERAI WIS - EoME ~ TR
FETERREIE S ~ SRITEHARURE RAEER I » B
BRI SR  EEERYMBEE LG
FoAE SR B AE SR/ N 2 T 1Ay — 2 AR B (RO
Ff ° Kjellberg and Maurice ( 1989 ) 5% M7
PRA TS AR S I et [ 1K B 8 P R A 1 b
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HIERIE - HMMREE RIS R > &
FIRSTE FRIAE ~ BHEF RERST - T AR DUAE
RN 720 - FTE T EHIEREE THEFFIE R
/NI VE R - B —RERE R/ NS &
b - it BERS HERRAE 8 B BR B P A R RS R
W TG A R NE R TRRE o B REYIEIE
XA RIS TR 18 88 58 0 7 8y 13 3 =5 1 £
( Spencer et al., 1996; Patel and McKey, 1998 :
TEHS > 2003)-

h ~ G

MEFEZRE - FEARTFFCB AT - 4= ghE
Z R R E B T IR AR R A RE SR R AR Y
Bl M HEEARIRIE - VEREE HAE R A E
HIBATR » LUK ~ RS IR L e 0y A e B
SRR IR (% 2 2R B BRAU T B 1 R MR A 431 -
W~ HERE R AEEAIERIRHE - A AT T
EEHEBRIR T EBRENEERSEE » 4
GRS /N HI R RETE B S IR TS 2SR
HIECFE By - RS ~ RMBRF > 4
WIREIZEHI T ME  HERA SR A ERIRE > —HE
5 5L e B — M 0 A 40 /) e R v AL 43
M~ HERERAUBEST » U AR SR A EE IR
MHRE  Z—J7H - FYIrE/EF S
SR A VA B 0 R PR LR 0 SERUMERE R
szl THE » BB ERMREFBEGR -

7S~ B
AW AITE B R TR A BB 5T
—BRTIBEHRMERRARA IR ERETEHE
(NSC 85-2621-B-021-001 A07 ) FEEHHE) » &
HERMSG M ABREE - WENRE -
DIkmfIEEZENEERER - FribsG -

-

£ ~ 51O

il s (1991 ) B RHEBEZF RN ER I
7% o BINL B K B2 RRE TR S -
64 H o

PR T IEFRIERE R AW AR IR B MR b 2 3]

FERLSE (1996) [5BH LIRS ME B 4= 40 4A
INEER IR AR RE - BN EIE K2R 2
THICRTEE 3R SC © 54K ©

SRR~ BR#HE - GEF (1997) REALRE
WF9E : BRJTERMRAEREIT T — I A B
BHftgeEkes - 35H ©

Witg (1968 ) EEIEYIEEE ;3 25T -
I ~ EWEYIRER 238 - Ak
BT ER S 26 166 5% - 25H -

EARIE (1998 ) 3BT E(LHE I RE AR AR RAA
B 1633 B B AR SR/ N 52 B RRAR Z 9 -
RN REBAEYE AT TR © 93
E °

REVE (2003 ) HEHIE S KARTEYRE
B ERE W - B mBEREEER
MREERTFERTRE 3R SC © 128

BREAEL (1995) 2 EN/NETERZ 35
(B E : #5/NER) o B 288 K2
YriReE ERF AT AR o 159K ©

FRFEME (1994) &5/ \EEL ERS 2 Wil HA
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H R FEFHRATR - BN EIK 2R S22 5%
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fETEmSC © 104H -
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295-306 °
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