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1 (P EREE BTG RRA R YIE, =REhlE  666303)
2 (=R R4 BE, BRI 650091)

FE: AR R AR AR P T BA DS REZ —, (ELETINAR Rl 505 5 i 205 . R4 R
FRITE 4 (Ardisia elliptica) 7= W N AL 36 A NRAEY), 404116 2 Fa T S 1 3 R B R R 2558 (A. solana-
cea) 52 BAT MU ALY RRIE o ARSCLARE AT %, 12004412 H A IRE2 H 3 BIE N A TR B 5 4
RN BT (0 A A0 el A T IR 355 S (7 80A Al B E o, A T A AL 35 A% e ot LA~ HCA i R 7 il B R 3 o
GERRW RS SEAE W s B b 750 AT 3 340 A 9 s e 89 (Alophoixus pallidus). 22 58 % 85 (Pycnonotus melanicterus) Al K
MR 45 155 (lole propinqua), {H3F &Sz SR R ELB] . FEUTAT Ay A ARl 74 B 1 52 W A8 9 B 2 AN AR 7] o
NAFIE M I G A 2L B (e 0 . 2 5 20 L5 0 IR o JRARS 1100 5 17 30056 0 ) 2925 % 32%F126%, WLE R 13—
UAF I A 4% 510 mELSR, A TR AR A el A 55 o 3 & B FE VT A 3 i 6 7% 8% 5%, B RIS —
UAS Wi S 26%E10 mElAh. A THRBOM 508 0, Mo B Pl & TR mGA S e P riid
FRIAR2-6%), (AT EE A PRt B3 TR AR . BRR R 2 84 5 m g s
F, fEERN17.943.5%(n = 512); MY AESE A RPN F 9 % 5 R G F(n = 489). FHU AR5 T 1)) 4 Rk
FATAIERCT W52, FFAT fe i i Fh 7 o 55 4 6 oo m )42 52 e 5 208 B0 o R A B a4
KHEi7:  Ardisia solanacea, AZ&Hiz, ®ALS, Bhyicm, Fhralit

Seed predation and dispersal of Ardisia solanacea in habitats with differ-
ent degree of disturbance

Jin Zhao'?, Jin Chen'", Shaobin Ma®

1 Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Mengla, Yunnan 666303

2 School of Life Sciences, Yunnan University, Kunming 650091

Abstract: Effective dispersal is one essential course for invasive species on their process of invasion, while
study on the effectiveness of seed dispersal was often neglected when predicting species’ invasion. Native to
Tropical Asia, Ardisia elliptica is an invasive species in North America. A. solanacea is a tree naturally dis-
tributed in southern Yunnan with biological characteristics similar to A. elliptica. In this study, we conducted
observation on seed dispersal and seed predation of A. solanacea in two habitats with different degree of dis-
turbance: the Wild Elephant Valley (WEV) with few disturbances and the Xishuangbanna Tropical Botanical
Garden (XTBG) with high disturbances. The aim of the study was to understand how disturbances affect seed
dispersal and seed predation of A. solanacea. In both habitats, three frugivorous birds were the main seed
dispersers, i.e., Alophoixus pallidus, Pycnonotus melanicterus and lole propinqua. However, the visiting fre-
quency and feeding behaviour differed in the two habitats. In WEV, the visiting frequency of the three birds
was 25%, 32% and 26%, respectively; while in XTBG, it was 67%, 8% and 5%, respectively. Only 4% of the
birds got first stop far than 10 m away from the fruiting tree after feeding in WEV, but 26% in XTBG. Seed
placement experiment indicated that rodents were the major predators to the seeds on ground. The predation
rate in both habitats were rather low (2—6%) while seed predation rate in WEV was significantly higher than
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that in XTBG. In WEYV, larvae of Curculionidae were another seed predator, which caused 17.9£3.5% (n =
512) of seeds parasitized. In contrast, no seeds was found to be parasitized by the larvae (n = 489) in XTBG.
Disturbance significantly affect the composition and behaviour of animals inhabited. Consequently, those

changes may influence seed dispersal and seed predation of related plants, and indirectly, affect the popula-

tion recruitment of plants.

Key words: Ardisia solanacea, different disturbed habitats, frugivorous birds, seed dispersal, seed predation

AT (dispersal) 2 FR A LA 25 il A 48 B (i
£, diaspore) B T BHASIIA — AN 22 4 AR 55 (GE B T
R AACTIETE) I RE L, 2T R BERR A4 i i B
L EMF R (Primack & Miao, 1992; Wunderle, 1997;
Nathan & Muller-Landau, 2000; Foster & Tilman,
2003; Levin et al., 2003). 7EKMI AR UKL R,
e TR AL T 2 B 2 FE I ECATHLE (Howe &
Smallwood, 1982). HLEFEWFIH A G . KJJ.
KT EE AR A IR B R A% i LR T (Willson,
1993), 1H_K Z U ) WAKSE S Y RAL 3 Tl -1~ (Howe
& Smallwood, 1982). #i4til, AEHGTMAARF, Ty
LI T5%I1M R S8 T )4 A% % (Fleming, 1981). 144k
T F5 0K (Beattie & Hughes, 2002). ff
K. i F.2E(Howe & Smallwood, 1982; Corlett, 1998;
Herrera, 2002). &25(Howe & Smallwood, 1982). M
i (Forget & Milleron, 1991; Van der Wall, 1997)
2, A 92K (Yagihashi et al., 1999) 51144 4% 1
FIJE o S35, a2 ) b 1 1) A B8 AT (Smaith,
1975; Westcott & Graham, 2000; Hobson, 2005). #&
1M, MR SRR X — R pl o 2%, AT
A3 A LASRUIN b~ HOAT i 1) iz B HE ) o & g
FE SIS P HE (1) 5% (Cain et al., 2000; Nathan &
Muller-Landau, 2000).

FFAi BN A AR TR . PhoRE S ) 30 A1
FeL ) V% 1) 22 B 11 (Janzen, 1970; Connell, 1971;
Howe & Smallwood, 1982; Schupp, 1990; Willson &
Whelan, 1990)%5 #8475 B K (K520, X Ff i 2 2
(Manson & Stiles, 1998; Crawley, 2000; Cummings &
Alexander, 2002) & P52 #F- 1% 1E) DR F5 i 55 244
(Janzen, 1970; Connell, 1971). [AJH}, Fi-FH & rf
JEFERT T AR P AR R HEE, EERSE R T L
A F%)y 117 22 Jf(Herrera et al., 1994; Schnurr et al.,
2004; Van der Wall et al., 2005). 7EHiy AR, Fip
FAEHUA AT 45 9% 4 10%(Janzen, 1969), i Ff 1
FICATT S5 ¥ 58 T2 00 8 i 1d 75%(Howe et al., 1985;

Crawley, 1997), 485025 4274 $100%(Chapman,
1989). Fi-rHlifr# — MR T E L (Janzen, 1970; Toy
& Toy, 1992; Lyal & Curran, 2000; Westerman et al.,
2003; Nakagawa et al., 2005). Mifi¥.Z5(Curran &
Leighton, 2000; Schnurr et al., 2004; Wilson et al.,
2007) Al % 2% (Janzen, 1971; Holmes & Froud-
Williams, 2005). Hulme(1993 )\ 50 - 1-fili £ (1)
IR 2, WHRAERRA, A8/ Bl R/,
Tt WA Ml e R SR S R
F AN N AT (R 5 ARG o NS AR
X FATT B AR b 41l 2 0 AR b R VR B A 1Y
52 Wi S 5% B 4F ] (Manson et al., 1998; Crawley,
2000).

A NAR A2 H T AR 2 A AT B R TR (i
Elton, 1958; Callaway & Aschehoug, 2000; Agrawal
& Kotanen, 2003; Colautti et al., 2004; Lambrinos,
2004; Stohlgren & Schnase, 2006; Herron et al.,
2007), 1 AR AKE BT s AN AR B il A Py 5l
(Mack, 1996). %% (Rejmanek & Richardson, 1996)
JAT R Fh T Hi A1 (Rejmanek, 1996; Seabloom et al.,
2003; Gosper et al., 2005)5 1t #2 . H A AR
HICATT 7 AR D3 1 b B B A B N AR 3R 1 R Al
(Ostfeld et al., 1997; Neubert & Caswell, 2000), {H7E
TR AT Bl i 15 9 200 (Richardson et al., 2000;
Kiivanek & Pysek, 2006). J& & M K HAT 54
FENAZ R AR DRI, b AR REAL ] 0 AR T
REFA EEE A o WIRenne(2002) 7657 % AR
(Sapium sebiferum)it &30, ZPIFILE SN I B ECT
NP5 I M AN TR], T I AT B A R e Bt T
BRI BRILAN, VP2, i i &
AR b g He T R A TR ) 2 S 3 A )
M2 B E R K 2 —(Siemann & Rogers, 2003; Co-
lautti et al., 2004; De Walt et al., 2004; Hinz &
Schwarzlaender, 2004; Torchin & Mitchell, 2004;
Pratt et al., 2005; Newingham & Callaway, 2006), Uil
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AR 2% B 4 I K R T S 7R T R N R Bl
J e B R ) EE A ] (Julien & Griffiths, 1998).
o 8 K 7 442 F (Ardisia elliptica) T-1900
AR NI EAEY) 5| AN IEZE(Gordon & Thomas, 1997)
Jii, TG AT AR A AR B OB AR RN, H AT
B A1 0t S E A T ™ 100 D N AR Bl 2 —
(www.nbii.gov/index.html). Koop(2003, 2004)7E 75 J5
R NZHAER T 2R S B & i
TS S RTS8 A ) s M &5 5 T, UERH T
b A SRS S 2 AR TR S IR A IR AR
) I A Bl A 4 s A P =2 21 58 /D R4 £, PR RD
2 il T AR TR F AR IR . BRE K (A
solanacea) & 4R i K A R @B, LR IE S 2
AL, bk 6 mh b, —4c 25 AR A A B
HE IR, 23 5, RIH10H 2 XFE1H, W
FALTE AT MG R mERE, Hi2
7-9 mm, FLEECH A, FRSEE DRR -, A
T HALS mm. FE TR WA WHLX, {1
FRENREE . JEI/R . W AR, EEEJEVEIE. B LN
WA R B PR . 2 B R AR R X
A CAAS R A= 355 (R 5 S W90 5, I
Bl A PPl S AT R A, DU R IR &
SEAEAN A AR T R S e AT A4, 3K
B DU JLAN R (D) ANF TR AR T iR &
B L TR URE S~ Gy el OA Y N il a7/ e oe
PR PR B OL GRI R PR # . B S
FEBhAS Z M) B 0GR SR AR [ JE 7R

1 MHRFAZ

1.1 MARFEHEIR

BF U I 53 A T 2 e 2 1P R 4 i B B
B L RL A B R 40 HT R A E (XTBG) 4R
TEBE(21°41'N, 101°25'BE) BN T H AR AR X B 5
4 (The Wild Elephant Valley, WEV)(21°57'N,
100°47'E) o 1 [l R} 27 B 7 U 49 Rty b 40 el Vg
570 m, FIE21.5°C, FFEFEWE N 1,560 mm,
NATHEE, BB Wik, BRMKIRZ20 hm®,
TP LB T B AR X 2, MRk s
SR, H4RT747-1,055 m, FHHH18.1°C, FFHkE
1,398 mm, AN T, ABGEs:, (R
FRIIFAZI1,000 km?

12 #FHEFRE

3 A P b BE B R O R S PR, RERRAE Y
AN D7 ) Bk R A SRR A I I R, SRR
S, Gk RSEHL, JRHIT R S AR A A A R,
[F I ST 25 AP~ 1T o L
1.3 zh¥3TREAIIR

O3 AIAE P PR SRR 45 SR AR, BERRAEAS R U7
Ira) 36 P A 45 S8 /N AR RS2 B AOhR I (H A
R EHRIBANL, TRRIERD T, AT 5 R bR
FESEAAD ), BEAS/ I LIARILSORASE, 72/ Mz 1)
T mx1 me F291.5 mRI(RIER 41 mm)c s
TSI, AR B S SR [ ol DU, A 1 T2 A
BARRd . BRI SR A — R I Id sk R SV 11
THOL, BRI BRI RsSE s E R A 1.

14 ®EFFHMIMHEREE S

A 4 e 0 52 45 9 b 3 ) 326 34 RN S Bk 45 sk
FERR, 20044 B 5L s 12 H B AE L H 347
MEL, FH B e Kb A W g2 FE Vi sh 4, [ s IR
FAMLFA £ B0 P B HE S o sk RV B R
e B FLORI R . RV TR R AT A (K
BN, FERIIEE R FEIFHIR
Pl ) LA B B 5 B — R i IO B (<5 m,
5-10 m, >10 m). MLELHT (1] 2407:00-08:00, 08:00—
10:00, 10:00-12:00, 12:00-13:00, 13:00-16:00 #1
16:00-18:00, FFHRZELLMEES d, SOUEEHS [H] 4297
h.

M2 525, S IREK IR (2003)1 7772,
720054 5550 1 2 I, RE PR SR 4 Spm b, JLok
TF5ANZ M (2.5 mx12 m), &K 5K B TE Ok 6:30—
18:30, IELES do BN SINATEE S, 7[5 56
FORIR3 d, R E FERE, WS I,
AR SEAE T IR & S Fh 1, Il b 1d i 5 2883
ARIE ISR, BIAA P 7 BE I 8] (retention time). 2R J5
TE e OS2I B I R & S P16 oAt
15 s mEiHFrIE |

5y IR el 5 G A3 W b PR . R
RE RS, ERWIPHM T e TF, R
It ) o 52 T3 4 P A B PR - g o B £ 1
RiRlLEe(d = 12 em) b, FEFpbEE s A% )%, I
R 2N R, R 10 L8 ab B, R4S
WEFRVCE 10N T o BN BE P 4R AR BRI R T m
VR — A A ST (0 BT, BT B TR B K F5 me
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LA T 1108k 22 W S AR BE IR 0L (4)HEBR I 4 2 R0
85 B R IR IR, BN b, e 5,
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P Flax (RO, SRS SRR O R . 7
A EBEATIIRER .

1.6 MEERFAWEHPE

3 S 9 i P e I Yot ik 1A AT R R
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FEZIS m, fTEERT25 m, JEAER100 . EATSANE
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S BRI
1.7 BEREHH

XoF B 1 b SR SR U AT SR S T A
P9 11 2 54 FH 4 {4 SPSS 13.0 (SPSS, Chicago, 1L,
USA)HEAT =PIy, 75 72253 B A BRI & S b
EHREE TN
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21 BRHENMHFHARINEER

TN PR & S R S M (M 4894, B 4%
SI2AM R, PR R &S S S
(Curculionidae) 77 4=, ¥ HUIE 3 4 17.943.5% .. %
S R SR IR RN, AR B B
—ANEALNT mmf/NL, A 2 R DUE 3
htr, HUEFR e R 2R R T . R Bl R ok
I A IS
2.2 YR RITAIYER

R8N SRR A 8 HARTE R TN B

K 7/R ey /NP S N R = o | €]
94.6+0.5%193.5+1.9% ¥ R SEH W LY ECE, P
Hu /A R AR YA, BE10 A4 VA2 £0.74
FI3E£0.67> o FEA) bl 1 IFIR W 47 (1) SR SEHURH 4,
SRR d 2+ 1.2 H12+0.71; TR A RA
RO ) SR S st v A 0 S A ) B AR, 2300 510 d
4+0.9MF1240.81

23 BRILEEMFEFMHEREER

TE R el B b o 1 5 i R 10 T U 30 ) 0, 4%
K % 5 99 (Alophoixus pallidus) < b B g
(Pycnonotus melanicterus) . & R % i1 %4 (lole pro-
pinqua). 2K FH & (Anthreptes singalensis)FlFz i
Bl(Sciuridae)zh#; 18 R4 HIFE VI ShPIBR LA L4 %)
BAh, ALK R 4% (Orthotomus  sutorius). K
MEE 42 |9 (Alcippe morrisonia) . #k [I& (Tephrodornis
virgatus). ¥ #m-99(Chloropsis cochinchinensis). 1.
RS (Stachyris rufifrons). 5%k 28 RY(Alcippe cas-
taneceps). WHIIKFEDT &2 IL104, Horp AT ik
JEE | RE TR T S RIS e R Yy, AR TR
SR b B R A

3RS B FE VT A B AR X, B B
-10:00-12:00 F1 - 12:00-17:00 /¢ 47, 4 K 17:30
PG HEARA T H B PS4 FF U5 I 8] 28 1-6 - min( H
Vi G BT FHEA IR AL, PR IESES minpy FF U (1) 852
TR RV GRS U, PR
5P R A TR S 22 ol oxo) 7 U 45 R IR R (T 1) o 3
RS FETT AT M ARARL, 20 BA 60 s B R S0 e AT
11K, BRI I8 5 S Sl P AR K, A o SR Sk
RTINS S AN, JFAE ] — R BRI LL
JiVGE

3PS R AE YN RE LR DT 23 L iR 1T
ARy el i i T L R T B S R AR HR A
5 (R FE VT E 53 Lo 67%- 8% F15%, BF G4 K
25%- 32%F126%(FK 1)o7k 45 S W onfE W
PEMBIFE VA 85 22 5 (¢ = 39.039, df = 3, P =
0.029).

A S IR S A RV RUER B BER 2 0
5-10 m, S mPAREE10 mEL o 3P EEELE Py
()55 — VTR BT I B 3 22 (¢ = 38.012, df = 2,
P<0.001), {EAHY) el AT S 845 5 210 mEAAR )
JUEETH A, Wik 26%F14%(#2).
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Fig. 1

Comparison of visiting frequency of three frugivorous birds to the fruiting trees of Ardisia solanacea in Xishuangbanna

Tropical Botanical Garden (XTBG) and Wild Elephant Valley (WEV). Data is an accumulation of 15-day observation. The time for

continuous five minutes was recorded as one visit.

Rl BERMMEZEMTHHEERRERPRFIHINER %)

Table 1  Visiting frequency (%) of the three major seed dispersers of Ardisia solanacea in two different habitats
HiEA E3% Habitats
Species #E XTBG %% WEV
IS Alophoixus pallidus 67 25
M5 8% Pycnonotus melanicterus 32
JRIRFE IS lole propinqua 5 26
HAth Others 20 17

Wi HA 3PS R & SR R I AR R E T . Bl
FE 1 W et S B R A IR S 0 A 38 1)
B[] AH AL 3) o
2.4 HEEHMITHFRHEE

Tt~ Hb T 1A 47l £ S50 Wk, AFP A EE R 1
THIE R A E(E2A). TR NIRRT E

SRPE B, $EAT8%; HERRIGISCAIHERR B AL BT 1
Tl fili B A AR 24, 1 HE SRR DA AN HE RS % Ak B
NEEARBA T ER, KA DERT il T iR
M o AERF BT PR (4 B ol BB 2 2 v T A
Pyl (R £ B (B12B). LI eI i 2 R AR,
RN RL S e R ORI TE I R
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Table 2 Distance between the fruiting tree and the first stop of visitors (indicated by times and percentage)
T4 fi¥lE XTBG R4 WEV
Species <5m 5-10m  >10m 4t Total <5m 55-10m  >10m £ Total
HIgEEE S Alophoixus pallidus 7(11) 35(58) 19(31) 61 2(6) 30091 1(3) 33
s s Y Pycnonotus melanicterus 0(0) 8 (100) 0(0) 8 10 (24) 31(73) 1(3) 42
IRHRFHES lole propinqua 0(0) 3(100) 0(0) 3 8(24) 24 (70) 2(6) 34
4l Total 7(10) 46 (64) 19 (26) 72 20(18)  85(78)  4(4) 109

R3 BRERMTFEMBRLEHLE AR HERE

Table 3 Retention time of Ardisia solanacea seeds in the digestive

systems of the three frugivorous birds

Fihi44 Wi B4R [R] Retention time
Species i = Vbl Meant ISE FEAHL n Tl Range
H kRS Alophoixus pallidus 23.6+0.51 5 22.9-23.9
M Pycnonotus melanicterus 22.7+0.53 5 21.7-23.6
JRHRFE IS 1ole propinqua 22.4+037 5 21.7-23.0
10 . A 10 B 10 .
%8 8 = 8 —
i = B b 55 *® l{
me 6 | B 6 I Rs ¢
g y b i =2
5s 4 =5 4 £5 4
w3 K3 g K3 a
n wWg 2 HE 2
0 ¢ 0
TR BRS ERBER BRI b 5 fEsRE P
OoP BE AE BR XTBG WEV LD HD

E2 FELE. FREEMAEMHFEREENMHFHERENEMULERMFEIEETR, FHELRER). AT TR
AFR(N=360). FFA: MFEIFIEMME L, RS HRSRFED, Bt KBRSEFFT,; BROMGEE: BRSNS EnE
. B: AEEE(N=720). C: FEEE(N=720). FEFHERREREE(P<0.05,

Fig. 2 Degree of seed predation influenced by different treatments,

habitats and seed density (Seed predation is indicated by per-

centage of seed removed. Data are means+1SE. A, Treatments (N = 360): OP, seeds were directly placed on the ground; BE, birds’

visit was excluded, AE, ants’ visit was excluded; BR, both birds and

rodents were excluded. B, Different habitats. C, Different seed

density: LD, 2 seeds; HD, 10 seeds. Different letters indicate that the mean values are significantly different (P<0.05).

T(K20), HPFELEA R, 6%,
WA R R B, AR R A FE I 2

7 - B (Niviventer fulvescens), A8 42 bel A% H B 4
TR RGN 25 . ELP b3 W

3 Wig

AT P AN AN [ A2 55 v I 5 S A e il A R
S H IR 24K 22 H0(>93%) # 4 3F B LA SR E £,
SPANAFAERNF AT F RIS . SR, AN A A8
i B FE R AR £ TR RS
A e R T g A AR R S P 7 A
RO A25% 32%H126%; 76N KT A4
A 355 1 0 e B R U AR IR 67 %, 1T 2 Tk 5 A AN K

R T PRV 3 8% R 5% o ANTRIEE R S IR FE VAT At
AN o i O 0 AR U 5 R AR I — ki K
B, MRBURZIAT7.440.4 H 7S e S KR
R D S T PR FE T 4 R AR AR, IR R e Y g
YR I 250 B 7t G 5 I e D S 485 1 o 2 B
BT HIGFEEE, AR S A R AR B T AT
A 25, 3PS 7T Ay el A 5 — A5 A 11 1A
P R G A S (K 2) o Pl £ TS 1 2 Ab i
(1% 7 B IR T 5 A A 5 A 1 A% 16 B B 1 e 75 3104
B IR & Hi(Murray, 1988). BT AN EEAE LU & 2 &
SRR AT () SEBR R, (HOEFRSLI R, Fhr
FE AL TE (9 B N TR 520 min A2 4G, 76 RN TA) B
P RAT IR 0] DK ol A% B 2t 1R X 3o 1 3
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S A MR TR S SR S IR B IR U IR A5
mBAAh, HBS I Ja AR I 300 0], 35 SR IR &
KT 2R DAL RERNS mLPLAh . WS MRS AT
R8T = R B M, ELESOCI R B, 7EIR & 3K
o HCATT P v A 30 R R T S A I R A 5
FE M o [N B 2R S JRUT AR S AT N (R 22 A
K R AT 728 [ S5 A ) 22 5

M R SRR R SRR 2, b AR A
S Al LRSS B AR S A L o 2 A LG A5
(Restrepo et al., 1999; Moran et al., 2004; Newmark,
2006), Ffif — 2 5 W Bl 7 [ 84T (Galetti et al.,
2003; Forget & Cuijpers, 2007). BleherfIBéhning-
Gaese(2001) 73 7 71 7 JE 55 T34 I iy im v s k9T 1
WM B ¥ 24 & (Commiphora) K 42 1 Fh 1 1A 5 24
HERYGMLR SRER, BT A RSk
Jdgehn i) & R 5 2 e BART M AR, G TR
Ih 32 T 34 A AT 7.9% % 1A, T R AR AT ik
70.9% )Rl #i A . Santos A1 Telleria(1994)7EM
5% 42855 A Ak o P BIE 2 3k (Juniperus  thurifera) ()
SEM I ACE,  H T WA R bR rp i R 2
KSR, AL B EE B R B AHITST
R & S (0 M T & A AN [R) AR 58 P B L
A, AR S LA P AN o e b T A
Y7, FEUTIN O R0 B2 T AR P A, A
DA R A e ) R R L, AR TR
H AT T, B INR AR G A R .
AN TP 58 P Bl 1A O A 16 B A BT
PR, TR T AR, A8 Wi
R P 3 R Bt R SR BE T ONAR B ) by
HUAl (Buckley et al., 2006), 412 #1(Renne et al.,
2002). 22 J}(Gosper & Simth, 2006)%F .

[T IS L 5 28 A S A A A7) [l AN Y S 23
Hy 35 WA N AR TR IR & S A1 T ik B 8,
TP <6%. (HER R 17.9% KM T 1%
S T AR R T A RE ), AR AR b B0 AR B i
R b o BRI 22 53 1 Jsl AT gk — 2B
— AT BE AR Ji R A TR 5 1 ) N A Tl e I 1)
(B KRR R 2 184F), 5 A2 2 5 AR A AL 1)
G MU A TR & ST G T o A RANAZ F )36
WERTAR VNN, HPRFIAE A AR b Jii B I T s 20
s R T e e g TR EU B, AR AR %
A 8E AR R, AL E AR IE %

M, fe A B N R Fi(Keane & Crawley, 2002;
Torchin et al., 2002, 2003; Mitchell & Power, 2003).
AR ) AR 2 138 25 T 56 3l 4 K Js AR
A2 ) G JL At R IR 45 il (Packer & Clay, 2000,
Agrawal & Kotanen, 2003; Mitchell & Power, 2003;
Knevel et al., 2004). A5 HIR & AN TILE
(AR el vh AR R IS S R, I 7R 52 5 TR R BR/F
IR E AL N A TP Py sk A AR a6 3
[FJE R R TT 8 & NMREFE S I G R, R
o B A N2 19

Zi BTk, RE AN TINEN TR A5 D H
P8 B 2R 5 N8 903 1A 4 el v RS A
[, HHT TR AN E, B 5 & AT
R Can ECE S5 R me B ) o A A B T i il PR R
(R B ST, T PRI Rl B R RN ], B R
A Hhobh T 3 ) LR B b =, AR A
HIIRE )L EAA I . XXNZY P B )
AR, AR Dyt s U R Ak, BRI 2
FEVE, JFXT A AP 55 3 B 7% W (Santos & Telleria,
1994; Bleher & Bohning-Gaese, 2001). K, A
I BN R PR 1 T B B IR 5 ) 7 s T,
HEAREN ST X A 2 R R A
HGHEMINR 1)K RS PEIEREPE TR .

S5 3k

Agrawal AA, Kotanen PM (2003) Herbivores and the success
of exotic plants: a phylogenetically controlled experiment.
Ecology Letters, 6, 712-715.

Beattie AJ, Hughes L (2002) Ant-plant interactions. In:
Plant-Animal Interactions: An Evolutionary Approach
(eds Herrera CM, Pellmyr O), pp. 211-235. Blackwell
Science, Oxford.

Bleher B, Bohning-Gaese K (2001) Consequences of frugivore
diversity for seed dispersal, seedling establishment and the
spatial pattern of seedlings and trees. Oecologia, 129,
385-394.

Buckley YM, Anderson S, Catterall CP, Corlett RT, Engel T,
Gosper CR, Nathan R, Richardson DM, Setter M, Spiegel
O, Smith GV, Voigt FA, Weir JES, Westcott DA (2006)
Management of plant invasions mediated by frugivore in-
teractions. Journal of Applied Ecology, 43, 848-857.

Cain ML, Milligan BG, Strand AE (2000) Long-distance seed
dispersal in plant populations. American Journal of Bot-
any, 87, 1217-1227.

Callaway RM, Aschehoug ET (2000) Invasive plants versus
their new and old neighbors: a mechanism for exotic inva-
sion. Science, 290, 521-523.

Chapman CS (1989) Primate seed dispersal: the fate of dis-



513

AT ANFPRB) A5 T S R & SR 1 (KA F R A 41

persed seeds. Biotropica, 21, 148—154.

Colautti RI, Ricciardi A, Grigorovich IA, Maclsaac HJ (2004)
Is invasion success explained by the enemy release hy-
pothesis? Ecology Letters, 7, 721-733.

Connell JH (1971) On the role of natural enemies in preventing
competitive exclusion in some marine animals and in rain
forest trees. In: Dynamics of Populations: Proceedings of
the Advanced Study Institute on Dynamics of Numbers of
Populations (eds Den Boer PJ, Gradwell GR), pp.
298-310. Center for Agricultural Publishing and Docu-
mentation, Wageningen.

Corlett RT (1998) Frugivory and seed dispersal by vertebrates
in the Oriental (Indomalayan) region. Biology Review, 73,
413-448.

Crawley MJ (1997) Plant-herbivore dynamics. In: Plant Eco-
logy (ed. Crawley MJ), pp. 401-474. Blackwell Science,
Oxford.

Crawley MJ (2000) Seed predators and plant population dy-
namics. In: Seeds: The Ecology of Regeneration in Plant
Communities (ed. Fenner M), pp. 167-182. CAB Interna-
tional, Wallingford.

Cummings CL, Alexander HM (2002) Population ecology of
wild sunflowers: effects of seed density and post-dispersal
vertebrate seed predators. Oecologia, 130, 274-280.

Curran LM, Leighton M (2000) Vertebrate responses to spatio-
temporal variation in seed production of mast-fruiting
Dipterocarpaceae. Ecological Monographs, 70, 101-128.

De Walt SJ, Denslow JS, Ickes K (2004) Natural enemy release
facilitates habitat expansion of the invasive tropical shrub
Clidemia hirta. Ecology, 85, 471-483.

Elton CS (1958) The Ecology of Invasion by Animals and
Plants. Methuen, London.

Fleming TH (1981) Fecundity, fruiting pattern, and seed dis-
persal in Piper amalgo (Piperaceae), a bat-dispersed
tropical shrub. Oecologia, 51, 42-46.

Forget PM, Milleron (1991) Evidence for secondary seed dis-
persal by rodents in Panama. Oecologia, 87, 596-599.
Forget PM, Cuijpers L (2007) Survival and scatterhoarding of
frugivores-dispersed seeds as a function of forest distur-
bance. Biotropica, doi: 10.1111/j.1744-7429.2007.00358.x

(OnlineEarly Article)

Foster BL, Tilman D (2003) Seed limitation and the regulation
of community structure in oak savanna grassland. Journal
of Ecology, 91, 999-1007.

Galetti M, Alves-Costa CP, Cazetta E (2003) Effects of forest
fragmentation, anthropogenic edges and fruit colour on the
consumption of ornithocoric fruits. Biological Conserva-
tion, 111, 269-273.

Gordon DR, Thomas KP (1997) Florida’s invasion by nonin-
digenous plants: history, screening, and regulation. In:
Strangers in Paradise (eds Simberloff D, Schmitz DC,
Brown TC), pp. 21-37. Island Press, Washington, DC.

Gosper CR, Stansbury CD, Vivian-Smith G (2005) Seed dis-
persal of fleshy-fruited invasive plants by birds: contri-
buting factors and management options. Diversity and
Distribution, 11, 549-558.

Gosper CR, Smith GV (2006) Selecting replacements for inva-
sive plants to support frugivores in highly modified sites: a
case study focusing on Lantana camara. Ecological
Management and Restoration, 7, 197-203.

Herrera CM (2002) Seed dispersal by vertebrates. Plant—
Animal Interactions: An Evolutionary Approach (eds
Herrera CM, Pellmyr O), pp. 185-208. Blackwell Science,
Oxford.

Herrera CM, Jordano P, Lopez-Soria L, Amat JA (1994) Re-
cruitment of a mast-fruiting, bird-dispersed tree: bridging
frugivore activity and seedling establishment. Ecological
Monographs, 64, 315-344.

Herron PM, Martine CT, Latimer AM, Leicht-Young SA
(2007) Invasive plants and their ecological strategies: pre-
diction and explanation of woody plant invasion in New
England. Diversity and Distributions, 13, 633-644.

Hinz HL, Schwarzlaender M (2004) Comparing invasive plants
from their native and exotic range: What can we learn for
biological control? Weed Technology, 18, 1533—1541.

Hobson KA (2005) Using stable isotopes to trace long-distance
dispersal in birds and other taxa. Diversity and Distribu-
tions, 11, 157-164.

Holmes RJ, Froud-Williams RJ (2005) Post-dispersal weed
seed predation by avian and non-avian predators. Agricul-
ture, Ecosystems and Environment, 105, 23-27.

Howe HF, Smallwood J (1982) Ecology of seed dispersal. An-
nual Review of Ecology and Systematics, 13, 201-228.
Howe HF, Schupp EW, Westley LC (1985) Early conse-
quences of seed dispersal for a neotropical tree (Virola su-

rinamensis). Ecology, 66, 781-791.

Hulme PE (1993) Post-dispersal seed predation by small
mammals. Symposia of the Zoological Society of London,
65, 269-287.

Janzen DH (1969) Seed eaters versus seed size, number, toxic-
ity and dispersal. Evolution, 23, 1-27.

Janzen DH (1970) Herbivores and the number of tree species in
tropical forests. The American Naturalist, 104, 501-528.

Janzen DH (1971) Seed predation by animals. Annual Review
of Ecology and Systematics, 2, 465-492.

Julien MH, Griffiths MW (1998) Biological Control of Weeds:
A World Catalogue Agents and Their Target Weeds, 4"
edn. CABI Publishing, Wallingford, UK.

Keane RM, Crawley MJ (2002) Exotic plant invasions and the
enemy release hypothesis. Trends in Ecology and Evolu-
tion, 17, 164-170.

Knevel IC, Lans T, Menting FBJ, Hertling UM, van der Putten
W (2004) Release from native root herbivores and biotic
resistance by soil pathogens in a new habitat both affect
the alien Ammophila arenaria in South Africa. Oecologia,
141, 502-510.

Koop AL (2003) Population dynamics and invasion rate of an
invasive, tropical understory shrub, Ardisia elliptica. PhD
dissertation, University of Miami, Florida.

Koop AL (2004) Differential seed mortality among habitats
limits the distribution of the invasive non-native shrub
Ardisia elliptica. Plant Ecology, 172, 237-249.



42 £ ¥ % F M Biodiversity Science

16 %

Ktivanek M, Pysek P (2006) Predicting invasion by woody
species in a temperate zone: a test of three risk assessment
schemes in the Czech Republic (Central Europe). Diver-
sity and Distributions, 12, 319-327.

Lambrinos JG (2004) How interactions between ecology and
evolution influence contemporary invasion dynamics.
Ecology, 85, 2061-2070.

Levin SA, Muller-Landau HC, Nathan R, Chave J (2003) The
ecology and evolution of seed dispersal: a theoretical per-
spective. Annual Review of Ecology, Evolution and Sys-
tematics, 34, 575-604.

Lu CH (&%) (2003) Biology of mistletoe (Viscum colora-
tum) and its seed dispersal by frugivorous birds. Acta
Ecologica Sinica (A2#&%%#k), 23, 834-839. (in Chinese
with English abstract)

Lyal CHC, Curran LM (2000) Seed-feeding beetles of the wee-
vil tribe Mecysolobini (Insecta: Coleoptera: Curculioni-
dae) developing in seeds of trees in the Dipterocarpaceae.
Journal of Natural History, 34, 1743—1847.

Mack RN (1996) Predicting the identity and fate of plant in-
vaders: emergent and emerging approaches. Biological
Conservation, 78, 107—121.

Manson RH, Ostfeld RS, Canham CD (1998) The effects of
tree seed and seedling density on predation rates by ro-
dents in old fields. Ecoscience, 5, 183—190.

Manson RH, Stiles EW (1998) Links between microhabitat
preferences and seed predation by small mammals in old
fields. Oikos, 82, 37-50.

Mitchell CE, Power AG (2003) Release of invasive plants from
fungal and viral pathogens. Nature, 421, 625-627.

Moran C, Catterall CP, Green RJ, Olsen MF (2004) Fate of
feathered fruit-eaters in fragmented forests. In: Conserva-
tion of Australia’s Forest Fauna, 2nd edn (ed. Lunney D),
pp- 699-712. Royal Zoological Society of New South
Wales, Sydney.

Murray KG (1988) Avian seed dispersal of three neotropical
gap-dependent plants. Ecological Monographs, 58,
271-298.

Nakagawa M, Takeuchi Y, Kenta T, Nakashizuka T (2005)
Predispersal seed predation by insect vs. vertebrate in six
dipterocarp species in Sarawak, Malaysia. Biotropica, 37,
389-396.

Nathan R, Muller-Landau HC (2000) Spatial patterns of seed
dispersal, their determinants and consequences for re-
cruitment. Trends in Ecology and Evolution, 15, 278-285.

Neubert MG, Caswell H (2000) Demography and dispersal:
calculation and sensitivity analysis of invasion speed for
structured populations. Ecology, 81, 1613-1628.

Newingham BA, Callaway RM (2006) Shoot herbivory on the
invasive plant, Centaurea maculosa, does not reduce its
competitive effects on conspecifics and natives. Oikos,
114, 397-406.

Newmark WD (2006) A 16-year study of forest disturbance
and understory bird community structure and composition
in Tanzania. Conservation Biology, 20, 122—134.

Ostfeld RS, Manson RH, Canham CD (1997) Effects of rodents
on tree invasion of old fields. Ecology, 78, 1531-1542.
Packer A, Clay K (2000) Soil pathogens and spatial pattern of
seedling mortality in a temperate tree. Nature, 404,

278-281.

Pratt PD, Rayamajhi MB, Van TK, Center TD, Tipping PW
(2005) Herbivory alters resource allocation and compen-
sation in the invasive tree Melaleuca quinquenervia. Eco-
logical Entomology, 30, 316-326.

Primack RG, Miao SL (1992) Dispersal can limit local plant
distribution. Conservation Biology, 6, 513-519

Rejmanek M (1996) A theory of seed plant invasiveness: the
first sketch. Biological Conservation, 78, 171-181.

Rejmanek M, Richardson DM (1996) What attributes make
some plant species more invasive? Ecology, 77,
1655-1661.

Renne 1J, Barrow WC, Randall LAJ, Bridges WC (2002) Ge-
neralized avian dispersal syndrome contributes to Chinese
tallow tree (Sapium sebiferum, Euphorbiaceae) invasive-
ness. Diversity and Distributions, 8, 285-295.

Restrepo C, Gomez N, Heredia S (1999) Anthropogenic edges,
tree fall gaps, and fruit—frugivore interactions in a
neotropical montane forest. Ecology, 80, 668-685.

Richardson DM, Allsopp N, D’Antonio CM, Milton SJ, Re-
jmanek M (2000) Plant invasions—the role of mutualisms.
Biological Review, 75, 65-93.

Santos T, Telleria JL (1994) Influence of forest fragmentation
on seed consumption and dispersal of Spanish juniper Ju-
niperus thurifera. Biological Conservation, 70, 129—134.

Schnurr JL, Canham CD, Ostfeld RS, Inouye RS (2004)
Neighborhood analyses of small-mammal dynamics: im-
pacts on seed predation and seedling establishment. Ecol-
ogy, 85, 741-755.

Schupp EW (1990) Annual variation in seedfall, post-dispersal
predation, and recruitment of a neotropical tree. Ecology,
71, 504-515.

Seabloom EW, Harpole WS, Reichman OJ, Tilman D (2003)
Invasion, competitive dominance, and resource use by ex-
otic and native California grassland species. Proceedings
of the National Academy of Sciences, USA, 100,
13384-13389.

Siemann E, Rogers WE (2003) Herbivory, disease, recruitment
limitation and success of alien and native tree species.
Ecology, 84, 1489-1505.

Smith AJ (1975) Invasion and ecesis of bird-disseminated
woody plants in a temperate forest sere. Ecology, 56,
19-34.

Stohlgren TJ, Schnase JL (2006) Risk analysis for biological
hazards: what we need to know about invasive species.
Risk Analysis, 26, 163—173.

Torchin ME, Lafferty KD, Kuris AM (2002) Parasites and
marine invasions. Parasitology, 124, S137-S151.

Torchin ME, Lafferty KD, Dobson AP, McKenzie VJ, Kuris
AM (2003) Introduced species and their missing parasites.
Nature, 421, 628-630.

Torchin ME, Mitchell CE (2004) Parasites, pathogens and in-



513

AT ANFPRB) A5 T S R & SR 1 (KA F R A 43

vasions by plants and animals. Frontiers in Ecology and
the Environment, 2, 183—190.

Toy RJ, Toy SJ (1992) Oviposition preferences and egg sur-
vival in Nanophyes shoreae (Coleoptera, Apionidae), a
weevil fruit-predator in South-east Asian rain forest.
Journal of Tropical Ecology, 8, 195-203.

Van der Wall SB (1997) Dispersal of singleleaf pion pine
(Pinus monophylla) by seed-caching rodents. Journal of
Mammalogy, 78, 181-191.

Van der Wall SB, Kuhn KM, Beck MJ (2005) Seed removal,
seed predation, and secondary dispersal. Ecology, 86,
801-806.

Westcott DA, Graham DL (2000) Patterns of movement and
seed dispersal of tropical frugivore. Oecologia, 122,
249-257.

Westerman PR, Hofman A, Vet LEM, van der Werf W (2003)
Relative importance of vertebrates and invertebrates in
epigaeic weed seed predation in organic cereal fields. Ag-

riculture, Ecosystems and Environment, 95, 417-425.

Wilson DJ, Wright EF, Canham CD, Ruscoe WA (2007)
Neighbourhood analyses of tree seed predation by intro-
duced rodents in a New Zealand temperate rainforest.
Ecography, 30, 105-119.

Willson MF, Whelan CJ (1990) Variation in postdispersal sur-
vival of vertebrate-dispersed seeds: effects of density,
habitat, location, season and species. Oikos, 57, 191-198.

Willson MF (1993) Dispersal mode, seed shadows, and colo-
nization patterns. Vegetatio, 108, 261-280.

Wunderle JM (1997) The role of animal seed dispersal in ac-
celerating native forest regeneration on degraded tropical
lands. Forest Ecology and Management, 99, 223-235.

Yagihashi T, Hayashida M, Miyamoto T (1999) Effects of bird
ingestion on seed germination of two Prunus species with
different fruit-ripening seasons. Ecological Research, 14,
71-76.

GiEgZ: =Y SUEHME: H L)



