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Global Change: Fushan Forest Ecosystem — The effect of changes in density and
spatial distribution of seeds dispersed by animals on post-dispersal seed fate (3/3)
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Abstract

To study the impact of seed dispersal by
the Formosan macaques in affecting the
spatial distribution and fates of seeds, we
followed two troops of macaques at Fushan
experimental forest and recorded their
feeding behavior and locations where they
defecate or spit out seeds. The microhabitat
of the deposited seeds and feces were
evaluated, and the densities of seeds spat out
or in the feces were examined and followed
for the fates of seeds. We also conducted
manipulation experiments by setting seeds in
forest versus in open area at different
distance away from parent trees, with
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different densities and with or without the
cover of macaques’ fecal material and
compared the survival, removal, and
germination rates of these seeds, and the
growth of seedlings. Preliminary results
indicated that macaques of different sexes
and ages differed in their feeding rates and
the ratio of seeds either dropped at or away
from feeding trees. Approximately 38% of
seeds were spat at feeding trees, the majority
of the rest of seeds consumed by the
macaques were dropped at the resting sites of
macaques. Seeds dropped in the forest had
significantly higher germination rates than
those in open areas. However, no significant
difference was found in the germination rates
between seeds dropped under the same or
different tree species, or between single seed
or clumped seeds.

Keywords: Fushan, Macaca cyclopis, seed
dispersal

Z ~%d Eph

B WH LS ST
c hif AR £ R T o & 4
Janzen (1970)%*‘»&*%7}@_4 [0S
e d DT IER (1) B
¥ B3 (escape hypothesis)4a ip] & 3% —‘F% 14
§OER-fE S A M- BEdL R
FELEREORIIINFLL S BR
FREE EREE S R = F ()
E £ 1% 3§ Bi(directed dispersal hypothesis)
RIRL s B3 f s § a3 1
s G EF T 4 Ltk oA Q) K
#.(colonization hypothesis) #1335 B 4% 4 -



B PIRT G A R L o
ekl G 2 o Bl E R B bR B
BT LR NG F A F B R

2
o s BRE R e #7 4C

B i B

PR PRBR FFEIALEEET
B 2 85K R e
F 5o @8 iEaRandiipl(e.g. Clark and
Clark, 1984; Howe et al., 1985; Schupp,
1988; Condit et al., 1992; Terborgh et al.,
2002) - e § H 5 A FiEE %R T 5 4P
BF Lot BFF I %ﬁ“v} IE B
BB B R R 2 RIS hi7 s 1
BTG ARE B G (S e A 4 o 3T
feef s ekt FHALFLA 7 0Li
BYE S AL N A R M
BT o o Fe ey AT ang s
(Chapman, 1989; Julliot, 1997; Chapman and

Onderdonk, 1998; Lucas and Corlett, 1998;
McConkey, 2000 ; & i & > 1999) »

k@ > Howe (1989)4p i & 4~ LRy
UEARY 0 F T A Fl A RIS T L&
Lapgdad? 8 RERBF Dz FAH &
R LR E T R R
Froe - AT AR S A T
(recruitment limitation) » = T‘u{fﬁiﬁ’ el
Tl g Flea e HEFHBIFHEORF] A
AL BT 3 A { AT
WA R ¢ 46— KT A
ot 53 8 chfe o i ik R 3F A b
fa+ AT|dehy gba Bl g o ia B
¥ & R P 5 R (Clark et al., 1998;
Nathan and Muller-Landau, 2000 ) °

Schupp et al. (2002)9}% g N A
AR Fle 4 0 L RiRRG] D T
PAhEL2 A3 ARG T2 SR T
f+ @ S SRR Ty T O 2 &
et B o 3. 3E 2 ] L TS e 2
P EFEL R 23 mang BiE
1 5 B o Schupp et al. (2002)i& - # 45 1 3¢
SAUR TR 2 45 AR E ]
FEAEA] > 2 g B F Y R o
b B b e g 0 B i
L8 s~ 2 nis o~ L8
AN I PR fe kBT H LS

=5 ‘FTS'V_’ At &
SN Rhe— BE AP S A 3]
SRR A REFPOTRAE &
M EA S e~ g &8 { A7(Thomas,
1991; Wrangham et al.,, 1994; Andresen,
1999; Voysey et al., 1999) o G4 @ & 3> B~ &
PrE dEifad e T AR BT 0 g
JB5 AL R RO ¢ (Beih B L) o B
PP EFLUEFFINBITOY - B
g AEFaAF BB REENR A
S A ﬁfﬁv&%ﬁfi&%w (FE AL e
#1)(Andresen, 1999; Duncan and Chapman,
1999) « it d 4 5 15 ¢ AFY FR L Fr b
WA BT F PIRGR AR 2 T
W F R B R T F O R
FR BRI AGE S b IfES N
& (Jordano and Schupp, 2000) ; & & 3 F 2
e 5+ 3-#7(Thery and Larpin, 1993; Krijger
et al., 1997; Wenny, 2000)~ ) Z_st § = 2L
(Fragoso, 1997) ~ B %_erik 4, &% pEfR 3 B
(Julliot, 1997; Rogers, 1998; Voysey et al.,
1999)% > @ g < fa+ R ¢ b fi
(LB ) .

% #* > Garber and Lambert (1998) 17 &
£ ApE i B3 L b dp ) ARt
A @t R LT
AT P S R

MRS RE S O MER e B
A LI R L AR A A
AR A R U O SR NG
T AR @ SR 2 i B
2pad B BGRRE 2 FE . APy
FRUES AR NIES HEN W aERE T s
RS - PG g AR 0 0
S B B F AR IR TSR
BH - L BT RIEGRES a4 o 2
HL 8BRS F 5 chi7 5 7 lue- &
B g hp g s 27 RN A
<o BaExF RS HAAREF BT R
SAFR o g b A A BT RA 5
ES R nitd o iR R I AR A Eh A
7RI ER DO RRE BT S s
TR AOTA S P FRARL REFE G &
i8R B o v B RRRE B EEARY o
i o LT A i - . gF
Bz RATERROT R ARG L



YA ﬁ’* E T AR 8 “f ek
s HOBR 2 "ﬂﬁbﬂv‘lg;}—g&;ﬁd - & Aen
ﬁﬁ‘ﬁ&?ﬁ#a%’H?G%%@%
WAL R RPN F RS T AT R
B AT o

BN Rl
APLFZAERZ AENAY jslg/ju;:@%
%w$ﬁ+i4@&#‘%&ﬁﬁﬁ+é
CEFE N R
lﬁﬁ@%ﬁé;iﬁaﬁﬁﬁgz'a
Lﬂpimﬁi’vé%fﬁﬁa/ré’?%@
Efs rPEAT AR EEZ BEL S
E%o%ﬁmM%%ua%@#yﬁ
F o BB RERERGE L ¢ P
AW R FRF I REGE
ﬂﬁﬁﬁ*%W§ﬁ’k%uﬁ@ﬁw
BB 82 BERBMES L o 4
5’*“—%1}3 22 i";?fé_—* Rz 7L 0 Beék
BB o Toesr Ak Bl o B
ﬁééﬁ‘*W9¢opﬁAﬁ¥;
At _—f‘ éﬁ Zﬁfg}jw—wl 4'7]?@—-}- 2% ;}%j Ao
B oo edkH e kiR i1$§+§%#k
i dm e RR AR E AR R E
5‘. % 3k g (Kaplin and Lambert, 2002) » -
MBS BRI GRS BT T BT
2 e iR FREESE 0 2 F AfET 2 P
AFEMR G ST R BTIEY o R
e s R T A2 A F R
o NP GE 0 B APE NS
i~ R~ R R B fRRRIE B3
LT L Y

2. Zsjg,jb; @;}‘},}“‘j’;fé—-}- & F 2 _5.'3 0% ¢h 3E
mJ ngzm_:t}_ m7f§_—+ '\.#l;j » = IR
AT G R T R o 30
AB BRI R B RAP S EARL(L & £ 5HE
LR LW S ABLET) 0 LB
Pl ST 2 eiE o i HigE IR

2 LA

r‘\ﬁv D
L TR

ﬂﬁﬁP

4

M

Péfp i AT AT LI BPPa B R
R G~ A fxﬁ@mk$ N
AR S TR R TS
@@miﬂo—49ﬁ+ﬂ*ﬁﬁjﬂ
HiBw (L 3 S

3.5 F %k gﬁ'}tz‘}g/j#?‘ﬂ fs b dgh
T Pt j\:‘ :l }%f’\ ;%%‘L v :*z fé o

Freng AEf o WwE EAFSF o e
VAV @}gu—h RFRE R 3 gtk
TR 2 T AR o Ktk FARS
PR EA G AGAFAR ST PR
T ERBERRI Y S0m L B R
FARR B A IR R fEH - S
BB EAS AL ¥ - R T
AR REE S R B BRSR(F REER
BEHL - A A A 7 R RE
E8)1 €48 20 % 0 2 (BT b
TR R TR g B 2k R D
ciﬂi%é'*"t;#':jp\ #é—i' ’ uz{—%ﬁf—r 2
‘ F LR o

4o o

EE

A S

B3 2004 & 47> X ek T) SR RIER
d2BEEAFINFL IS F42 8
Z oA LEFERIAE oA Y
EHFGELGF AR S E(EE LR
P st LR §4LH 6 B
-3k ?%%g%ﬁw%Wﬁmi%ﬁﬁ
St trERRALSR S €&
B B bR AR R GRS R o 2 x;%k
MER PR S o 2R R GREY §
AH B S E BAEAL o 2R 4T IR
&% F 7414735 (n=16) » * ET a5 & 4
48P~ 8 64438 3E(n=24) > % T 0E K4
P~ & 5.043.1 #E(n=6)° = § chP~ G R g P
kA B (p>0.05) -

BEFSEEAEF ST L6 4
FERS ST S FE A AL R
b fES o 22 PN ES BTG
AR o Y - Fa- WIS
WA A R B K R F A48 1.7E1.8%F
(n=8) o * jE e At bt ek MG ik R ¥ 5
542242035 (n=19) 0 & F - 2 A
St SERHM-FLE A BED
LA LER . 2t gL
g G BB RS g
BIHBe 328 a7 €2 3%t
SRR D 1 Al sl n R
B ek A 0T 0 R R F A 48 1.040.8
SE=3) > FF B & 2R LAl o 2R
BT A fFrigadd iES o

FEHET ¥ 4 BiT=15 0 § A



 BHREE = m;ff'én
2@9 2 (n=10) > # #> e g
ﬁ#éﬁiw@i@ﬁﬁiﬁﬁo;&%
BEARERL 8 R FIRL e SR E AR
o B R ERBEL AR L R BEDRPE

ol P2t R gl ¥ oao PIARRET A A
WREFET e Dehfa+ ¢ Ak Ly 8

(Z)E3 5 Tk it %

JEp # A8 e & R ) ET g’ﬁ"%ﬁ:ibﬁ
(1 &7 . ’\p;@)‘ﬁ-ﬂ J'@E' ; :
a%ﬁl)gﬂf LaE: B 7 3
ﬁ%ﬁéﬁﬁiifﬁ’%ﬁﬁ&QOQﬁ
:*’ﬁ 3 ‘E'*i’%ﬁl%ik ?.vb «E\,’:ttjh—‘*;]ﬁ‘f

T
‘F-W'
—h
.1

S

§

~
|=f
A

%Ji?b F_0 —,’E—! “‘ li" - 2 g éc.—‘* AT Tk
BBy m a2t T oooa A4 R E
i oen ﬁé:* PRERBBE T OB T 5%
& P & Z B (Mann-Whitney U test, P>
0.05) é}kﬁi" A RPN A T, BN
A RR A BT H TS GHFLE
(P>0.05) fe & Z+k¥ _h”:’;\ 7 %(0.57+0.27)
o oE ot A R R 3 (0.03+0.08)(P<
(mmy%ﬁﬁéﬁﬁ’&ﬁ%%?ﬁﬁﬁ
ﬁi}iﬁjgﬁ,%ﬁo 7@- ;}g_;g‘%_aﬁ—r‘\;ﬁg
R IR B 7@- HHRp R B

FETORETFIRIEFOVE -

F_L "71‘

\nt Vﬂ)_ =

T~J§A%g¢

Fp A GBS s B AT
iﬁ%ﬁiéffmmﬁ*ﬁﬁﬁ*“@
p;,j P m e X EEAFI AT L
LAt AR Ol BT T o B R U
AR L H S RT R ek
PR @RS L AR R 5 R
B R b b kY F
g & o

M\;

N ‘Z“%’*f’f
FRIME © 2000 « 4R LSR8 % B4 9T i
ﬁaﬁj—;}\a‘ﬁ &a,fé:» 'rhf | #* o J_%Z]f" 5\5?"‘5‘3

3%
e LR

PG 0 1999 o 3Bkt d B REHE S B
e RRE S &
%2 o3

frE’F—I a[.g ° 1999 o :_ﬁ‘ ﬁ?ﬁ;ﬁ J’;él%;*#ilfifngéé F'/L‘
S RILEET S 3 2 o R
e -84 F

Andresen, E. 1999. Seed dispersal by monkeys and
the fate of dispersed seeds in a Peruvian rain
forests. Biotropica 31: 145-158.

Chapman, CA. 1989. Primate seed dispersal: the fate
of dispersed seeds. Biotropica 21: 148-154.

Chapman, CA and DA Onderdonk. 1998. Forests
without primates: primate/plant codependency.
Am. J. Primatol. 45: 127-141.

Clark, DA and DB Clark. 1984. Spacing dynamics of
a tropical rain forest tree: evaluation of the
Janzen-Connell model. Am. Nat. 124: 769-788.

Clark JS, E Macklin and L Wood. 1998. Stages and
spatial scales of recruitment limitation in southern
Appalachian forests. Ecol. Monogr. 68: 213-235.

Clark, JS, M Silman, R Kern, E Macklin and J
HilleRisLambers. 1999. Seed dispersal near and
far: patterns across temperate and tropical forest.
Ecology 80: 1475-1494.

Condit, R, SP Hubbell and RB Foster. 1992.
Recruitment near conspecific adults and the
maintenance of tree and shrub diversity in a
neotropical forest. Am. Nat. 140: 261-286.

Duncan, RS and CA Chapman. 1999. Seed dispersal
and potential forest succession in abandoned
agriculture in tropical Africa. Ecol. Appl. 9:
998-1008.

Estrada, A and R Coates-Estrada. 1991. Howler
monkeys (Alouatta palliata), dung beetles
(Scarabaeidae) and seed dispersal: ecological
interactions in the tropical rain forest of Los
Tuxtlas, Mexico. J. Trop. Ecol. 9: 45-54..

Estrada, A, A Anzures and R Coates-Estrada. 1999.
Tropical rain forest fragmentation, howler
monkeys (dlouatta palliata), and dung beetles at
Los Tuxtlas, Mexico. Am. J. Primatol. 48:
253-262.

Forget, PM. 1993. Post-dispersal predation and
scatterhoarding  of  Dipteryx  panamensis
(Papilionaceae) seeds by rodents in Panama.
Ocecologia 94: 255-261.

Forget, PM. 1996. Removal of seeds of Carapa
procera (Melianceae) by rodent and their fate in
rainforest in French Guiana. J. Trop. Ecol. 12:
751-756.

Fragoso, JIMV. 1997. Tapir-generated seed shadows:
scale-dependent pachiness in the Amazon rain
forest. J. Ecol. 85: 519-529.

Garber, PA and JE Lambert. 1998. Primates s seed
dispersers: ecological processes and directions for
future research. Am. J. Primatol. 45: 3-8.



Howe, HF 1989. Scatter- and clump-dispersal and
seedling demography: hypotheses and implication.
Oecologia 79: 417-426.

Howe, HF, EW Schupp and LC Wesley. 1985. Early
consequences of seed dispersal for a neotropical
tree (Virola surinamensis). Ecology 66: 781-791.

Janzen, DH. 1970. Herbivores and the number of tree
species in tropical forest. Am. Nat. 104: 501-528.

Jordano, P and EW Schupp. 2000. Seed-disperser
effectiveness; the quantity component and patterns
of seed rain for Prunus mahaleb. Ecol. Monogr.
70: 591-615.

Julliot, C. 1997. Impact of seed dispersal by red
howler monkeys Alouatta seniculus on the
seedling population in the understory of tropical
rain forest. J. Ecol. 85: 431-440.

Kaplin, BA and JE Lambert. 2002. Effectiveness of
seed dispersal by Cercopiyhecus monkeys:
implications for seed input into degraded areas. In
“ Seed Dispersal and Frugivory: Ecology,
Evolution and Conservation” eds. by DJ Levey,
WR Silva and M. Galetti, CAB International,
Oxon, UK. Pp 351-364.

Krijger, CL, M Opdam, M. Thery and F Bongers.
1997. Courtship behavior of manakins and seed
bank composition in a French Guianan rain forest.
J. Trop. Ecol. 13: 631-636.

Lambert, JE. 1999. Seed handling in Chimpanzee
(Pan troglodytes) and redtail monkeys
(Cercopithecus ascanius): implications for
understanding hominoid and cercopithecine
fruit-processing strategies and seed dispersal. Am.
J. Phys. Anthropol. 109: 365-386.

Lambert, JE. 2001. Red-tailed guenons
(Cercopithecus ascanius) and Strychnos mitis:
evidence for plant benefits beyond seed dispersal.
Int. J. Primatol. 22: 189-201.

Lambert, JE. 2002. Exploring the link between animal
frugivory and plant strategies: the case of primate
fruit processing and post-dispersal seed fate. In
“ Seed Dispersal and Frugivory: Ecology,
Evolution and Conservation” eds. by DJ Levey,
WR Silva and M. Galetti, CAB International,
Oxon, UK. Pp 365-380.

Lambert, JE and PA Garber. 1998. evolutionary and
ecological implication of primate seed dispersal.
Am. J. Primatol. 45: 9-28.

Lucas, PW and RT Corlett. 1998. Seed dispersal by
long-tailed macaques. Am. J. Primatol. 45: 29-44.

McConkey, KR. 2000. Primary seed shadow
generated by gibbons in the rain forests of Barito
Ulu, Central Borneo. Am. J. Primatol. 52: 13-29.

Nathan R and HC Muller-Landau. 2000. Spatial
patterns of seed dispersal, their determinants and

consequences for recruitment. Trends Ecol. Evol.
15: 278-285.

Rogers, ME, BC Voysey, KE McDonald, RJ Parnell
and CEG Tutin. 1998. Lowland gorillas and seed
dispersal: the importance of nest sites. Am. J.
Primatol. 45: 45-68.

Schupp, EW. 1988. Seed and early seedling predation
in the forest understory and in the treefall gaps.
Oikos 51: 71-78.

Schupp, EW, T Milleron and SE Russo. 2002.
Dissemination limitation and the origin and
maintenance of species-richness. In “ Seed
Dispersal and Frugivory: Ecology, Evolution and
Conservation” eds. by DJ Levey, WR Silva and M.
Galetti, CAB International, Oxon, UK. Pp 19-34.

Terborgh, J, N Pitman, M Silman, H Schichter and P
Nunez V. 2002. Maintenance of tree diversity in
tropical forests. In ““ Seed Dispersal and Frugivory:
Ecology, Evolution and Conservation” eds. by DJ
Levey, WR Silva and M. Galetti, CAB
International, Oxon, UK. Pp 1-18.

Thery M and D Larpin. 1993. Seed dispersal and
vegetation dynamics at a cock-of -the-rock’s lek in
the tropical forest of French Guiana. J. Trop. Ecol.
9:109-116.

Thomas, SC. 1991. Population densities and patterns
of habitat use among anthropoid primates of the
Ituri forest, Zaire. Biotropica 23: 68-83.

Voysey, BC, KE MaDonald, ME Rogers, CEG Tutin
and PJ Parnell. 1999. Gorillas and seed dispersal
in the Lope Reserve, Gabon. II: Survival and
growth of seedlings. J. Trop. Ecol. 15: 39-60.

Wang, BC and TB Smith. 2002. Closing the seed
dispersal loop. Trends Ecol. Evol. 17: 379-385.

Wenny, DG. 2000. Seed dispersal, seed predation, and
seedling recruitment of a neotropical montane tree.
Ecol. Monogr. 70: 331-351.

Wilson, MF and CJ Whelan. 1990. Variation in
postdispersal survival of vertebrate-dispersed

seeds: effects of density, habitat, location, season
and species. Oikos: 57: 191-198.

Wrangham, RW, CA Chapman and LJ Chapman.
1994. Seed dispersal by forest chimpanzees in
Uganda. J. Trop. Ecol. 10: 355-368.



