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Abstract Seed dispersal is a multi_step process, which may include fruit removal, seed dissemination, post
dispersal seed predation, potential secondary dispersal, seed germination, and seedling establishment. Previ-
ous studies often focused on only one or a few of these stages. In this study, we demonstrate the complexity of
the seed dispersal process of Garcinia cowa, a common climax undercanopy tree in seasonal rain forests of SW
China. We attempted to answer the following questions: ( 1) who were the primary dispersers, secondary dis-
persers, and seed predators of Garcinia cawa? (2) to what extent do frugivores influence the spatial pattern of
seedlings compared to predators? The study was conducted during August 1999 to February 2001 in Nan gong
Mountain, the buffer area of the Mengla National N ature Reserve ( 101°20' _101°37 E, 21 15 21°25 N, total

area 93000 hmz) , Yunnan province of China. 1) Field investment of G. cawa fruit’ s visitors: A daily con-
tinual observation (7: 06-19: 30) with binoculars was conducted in fruiting season a a distance of about 26- 50
m away from the adult tree. Nine-day observations were ohtained for both 1999 and 2000. For nocturnal frugi-
vores, crumbs and feces left by the visitors were identified, and other relevant evidence was used, developed
from the fourth author’s (X. B. Deng) field experiences. The identification of ground predators was based on
captured specimens. Behavioral observations of monkey feeding on fruits was based on two captive monkey in-
dividuals. We supplied fruits to the monkeys ( 10 fruits per every second day, with a total of five replicates),

recorded the feeding behavior, wllected the uneaten seeds after 8 h, and wllected the feces after 24 h and 48
h. 2) Removal of fruits by arboreal frugivores: Three crisscross seed traps (1 m by 1 m and slightly longer
than the crowns of the trees), were placed under maternal trees, with the maternal tree located at the center of
the trap. Fruits and crumbs that fell in the seed traps were colleded every second day during the fruiting sea-
son of 1999 and 2000. 3) Seed predaor and secondary dispersal by ground animals: Twenty_five seeds were
placed, either on the surface of the soil or buried in the soil within a area of 0. 5m X 0.5 m. The seed groups
were arranged at the distance of 1, 2.5, 5, 10, 15, 20, and 25 m from the materal tree, with three duplica-
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tions. Among those seeds on soil surface, five seeds were marked by nylon line with different marker at the end
indicating the different distance to the maternal tree. On the soil surface seeds were checked weekly, by count
ing the missed or damaged seeds, and the distance the seeds were transported was measured. The buried seeds
were checked after 18 weeks. 4) Seedling distribution pattern: A 50 m X 50 m plot was intensively invest igat-
ed. The exact location, height, DBH, or radical diameter (for seedling < 2. 5m in height or DBH < 1 cm)

of each seedling was recorded. The Morisita index ( Is) was adopted to describe the distribution of G. cwwa
seedlings. The fruits of G. wwa presented a typical monkey dispersal syndrome with bright yellow wlor,

heavy hush (0. 78 cm in thickness) , sweetish_sour succulent pulp and a size of 5.5 an in diameter, 73 g in
weight. The seed weighed 2. 3 g. Five arboreal frugivores were recorded; monkey ( Macaca mulatta ), raccoon
dog ( Paguma lavata) , and three squirrels ( Callosciu ruserythraeus, C. pygertthru and Tamigps macclellan-
di). Mogt fruits (86.5% *4.9% in 199 and 91.4% *£8.2% in 2000) were consumed by arboreal frugi-
vores. Seeds dropped by arboreal consumers composed the main source of intact seeds that had fallen to the
ground (73.0% £5. 2% in 1999 and 84.6% £13. 7% in 2000). G. cowa also showed a between year
variation in yield. The proportion of fruit removed and seed predation also varied in response to different fruit
production. Apodemys draco orestes, a kind of rodent about 50 g in weight, was the seed predator and also
most important secondary disperser. With total number of 105 seeds marked in different distances from mater-
nal trees, 13 (12.4%) seeds were found to be scatter_hoarded by the rodents, with the transported distance of
3. 612.9 m and buried depth of 0. 82 +0. 58 cm. Both the seeds on the ground and in soil were consumed by
moth larvae (Xylebarus sp.) . The artificially buried seeds located less than 10 m to the maternal tree were
more moth eaten than seeds more than 15 m away. The trarsportation and scatter_hoarding of seeds by Apode-
mys draco orestes may reduce larval predation of some seeds. The seedlings are slightly clumpy distributed with
the Morisita Index of 1. 34. The highest density of seedlings appears 5_7 m from adult trees. The seedling dis-
tribution pattern might be a result of a complex interaction among arboreal frugivores, rodents on the ground,

and the moth larvae under canopy. The study demonstrated a multiple_animal seed dispersal process. We sug-
gest that the fruit of G. cava might develop bi_strategies to attract dispersers, using fruit pulp to attract mon-
keys and other mammals and seeds to attract roderts.
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Table 2 Transport distance of the 13 recovered maked seeds

Digtance to mother tree (m) ~ Number Transporting digance (m)
5 2 6.0, 7.8
10 1 8.5
15 2 1.9, 6.9
20 4 0.8, 1.7, 2.7, 4.5
25 4 0.3, 1.0, 1.1, 3.4




4 (Garcinia cowa) 431
100 (A A = 100
75 la 75 1 15m
50 50 1 ﬁ
25 | 25 1
. la.nan SIRIRINIR .
100 (A 100
e i |
ML 250 757 20 m
8 50 | 50 |
S 2 ,jﬂ 25 ‘]j
M~
i ana “UU&E
X
ﬁ 100 (A = 100
75 T 5m %7 25 m
50 T ﬂ 50 *
25 1 25
| lopanan ® Ufas
100 01 2 4 8 10 12 14 16 18
75 10 B Time (week)
n
50
25 [j
0 1 1 y EE——
1 4 10 12 14 16 18
BTH Tlme (week)
1
Fig.1 Placed seeds remain at original place at different distances from matemal tree
, 0.82%0. 58 an, 1 an 18
8. 5m, 3.6X2.9 2
m; , (5m, 10 m) (20% ~ 32%) ,
(20m, 25 m ) ; 10 m
20m, 25 m s I5m
. 41 2.4
) 39.5%, 0 50 mx 50 m 826
~5m ) 100 [ 7
61 , & wh A
@
S
525 , E 60
1 20,15, 10, 25, 5, 2. g
f 40
5 1m 15 ¥
X
~20m ,20 m 20
. (4 ),15m 25 m
0
~ 1 2.5 5 10 15 20 25
’ 6 10 ’ I~ 10m PE® Distance (m)
, E4%FFT Missed seed HEFT
0O 5E§F#T Undestroyed seed Destroyed seed
’ 2

I~5m

Fig. 2 The percentage of the seeds that were missed, destroyed by insects

and well preserved at different digances fran maternal tree



432 26
Morista ~ Is= 1. 34> 1, 35.84g), . ,
5 , , 28355 g Jarson ( 1983)
5~10m (3 Gautier Hion  ( 1985) ,
. 0~ 1m
0, 1~ 5m ( . 1993)
, 7~ 2 m s ,
, 5~ 7 ;
m ( 4); (DBH< 1 cm) (1 em <DBH< ,
5 cm) 10. 65 +5.31 m
(N= 706) 11.50%5.94m (N= 102), (p Gautier Hion  ( 1985)
< 0.05), , , ,
50 ’* T T (Nagy & Milton, 1979; Zhang & Wang, 1995;
45 1 T Andresen, 1999) ,
40 , ( Gautier Hion et al.
3 35—+ 1985)
T 30 -
- (] 3.2
= ,
X
§ o ( (Forget & Van-
10 =y R der Wall, 2001)
5 SR S (
’ 0 5-: : '1(;'l 15 ‘->.20 ZLS 30 35 40 45 5J0 1991, 8~ 10 ’
FEdi4 R Plot border (m) , ( )
[ ]09 individual/25 m¢ [} 10-19 individual/25 n2 18
20-29 indivicual/25 n2 B 30-39 individual/25 m? 20% ~ 31%. 3. 18
B9 Maternal tree (1996)

3 50mx 0 m
Fig. 3 Spatial distribution of G. cava popultion
n 50 mX 50m sudy plot

2301 ® 47 Seedling DBH<1 cm
~ 95 o /M Sapling 1 cm <DBH<S5 cm
[}
S20t
=1
S15f
=
Li1of
X 5t
X
m 0
0-1 3-5 7-9 11-13 15-17 19-21 23-25
1-3 5-7 9-11 13-15 17-19  21-23

PHE Distance (m)

Fig. 4 Seedling distrbution pattern to the neares matemal tree

3.1
(72.97%

( Sciwrus vulgaris )

2

(Jenkins et al., 1995),

(Wood, 1970)

2



4 : (Garcinia cowa)

433

( Chambers & MacMahon, 19%)

’

(1999)
3.3

1999 2000

(Vander Wall, 1992;
Vander Wall( 1992)

( Tamias amoenus )

1993; Bowers et al., 1993)
( Pinus jeffreyt)

3.4

B

( Wheelwright & Oriens, 1982);

2
, Janzen

(1986) : 4

(Cain e al., 2000)

( , 1994), (
) (Howe, 1989)

Andresen, E. 1999. Seed dkpersal by monkeys and the fate of dis-
persed seeds in a Peruvian rain forest. Biotopica, 31: 145~
158.

Bowers, M. A., L. James & J. Dooley. 1993. Predation hazard
and seed removal by snall mammals: micwohabitat vesus patch
scale effects. Oecologia, 94: 247~ 254.

Cain, M. L., B. G. Milligan & A. E. Strand. 2000. Long dis-
tance seed dispersal in plant populations. American Journal of
Botany, 87: 1217~ 1227.

Chambers, J. C. & J. A. MacMahon. 1994. A day in the life of a
seed: movements and fates of seeds and their mplications for nat—
ural and managed systems. Annual Review of Ecology and Sys-
tematics, 25: 263~ 292.

Clark, D. A. & D. B. Clark. 1984. Spacing dynamics of a tropi
cal rainfored tree: evaluation of the Janzen Connell model.
American Naturalist, 124: 769~ 788.

Connell, J. H. 1971. On the wle of natural enemies in preventing
competiive exclusion in some marine animals and in rain forest
trees. In: Den Boer, P. J. & G. Gradwell eds. Dynamics of
populations. Wageningen, The Netherlands: Center for Agricut
tural Publishing and Documentation. 298~ 312.

Ding, Y. Q. ( ). 1994. Insect mathematical ecology. Bet
jing: Science Press. 22~ 58. (in Chinese)

Forget, P. M. & T. Milleron. 1991. Evidence for secondary seed
dispersal by rodents in Panama. Oecologia, 87: 596~ 599.

Forget, P. M. & S. B. Vander Wall. 2001. Scatter_hoarding ro-
dents and mamsupials: convergent evolutbon on diverging conti-
nents. Trends in Ecology and Evolution, 16: 65~ 67.

Gautier Hon, A., J. M. Duplantier, R. Quris, F. Feer, C.
Sourd, J. P. Decox, G. Dubost, L. Fmmons, C. Erard, P.
Heckeisweiler, A. Moungazi, C. Roussilhon & J. M. Thiollay.
1985. Fruit characters as a basis of fwuit choice and seed disper
sal in a tropical fores vertebrate community. Oecologia, 65: 324
~ 337.

Hemera C. M., P. Jordano, L. L pezSoria & J. A. Amat.
1994. Recmuiment of a mast fiuiting, bird_dispersed tree: bridg-
ing frugivore activity and seedling establishment. Ecological
Monographs, 64: 315~ 344.

Howe, H. F. & J. Smallwood. 1982. Ecology of seed dispersal.
Amnual Review of Ecdogy and Sysematics, 13: 201~ 228.

Howe, H. F. 1989. Scatter_ and clump dkpersal and seedling de-
mography: hypothesis and mplications. Oecologia, 79: 417 ~
426.

Institutum Botanicun Kunmingense Academiae Sinicae Edia (

). 1991. Flora Yumnanica (Tomus
5) . Beijing: Science Press. 125~ 149. (\in Chinese)

Janson, G. H. 1983. Adaptation of fruit morphology to dispersal a-
gents in a Neotropical forest. Science, 219: 187~ 189.

Janzen, D. H. 1970. Herbivores and the number of tree species in
tropical forests. American Naturalist, 104: 501~ 528.

Janzen, D. H. 1986.. Seeds as poducts. Oikos, 46: 1~ 2.



434

26

Jenkins, S. H., A. Rothdein & W. C. H. Green. 1995. Food
hoarding by Merriam' s kangaroo rats: a test of alternative hy-
potheses. Ecology, 76: 2470~ 2481.

Jiang, Z. G. ( ). 1996. How animal retrieve storage food?
Chinese Journal of Zoology ( ), 31(6): 47~ 50.
(in Chinese)

Nagy, K. A. & K. Milion. 1979. Energy metabolisn and food
consumption by wild howler monkeys ( Alouatia yalliata) . Ecole-
gy, 60: 475~ 480.

Nathan, R. & C. Muller_ Landau. 2000. Spatial patterns of seed
dispersal, their detemmants and consequences for recruitment.
Trends in Ecology and Evolution, 15: 278~ 285.

Vander Wall, S. B. 1992. The role of animals in dispesing a
“wind_dispersal" pine. Ecology, 73: 614~ 621.

Vander Wall, S. B. 1993. Cache site selection by chipmunks
(Tamias spp.) and is influence on the effectiveness of seed dis-
persal n Jeffrey pine (Pinus jefreyi). Oecologia, 96: 246~
252.

Wang, W. ( ) & K. P. Ma( ). 1999. Predation and
dispersal of Quercus liaotungensis acorns by Chinese rock squirrel
and Eurasian jay, Northern China. Acta Botanica Sinica (

), 41: 1142~ 1144. (in Chinese)

Wenny, D. 2000. Seed dispersal, seed predation, and seedling re-
cuitmert of a neotropical montane tree. Ecological Monographs,
70: 331~ 351.

Wenny, D. G. & D. J. Levey. 1998. Directed seed dispesal by

bellbirds in a tropical cloud forest. Proceedings of the National A-
cademy of Sciences USA, 95: 6204~ 6207.

Wheelwright, N. T. & G. H. Oriens. 1982. Seed dispersal by an-
imals: contrasts with pollen dispersal, problems with terminology,
and constraints on coevolution. American Naturalist, 119: 402~
423.

Wood, D. L. 1970. Phewmones of bark beetles. In: Wood, D.
L., R. M. Silvestein& M. Nakajima eds. Control of insect be-
havior by natural products. New York: Academic Press. 301~
316.

Yang, D. H. ( ). 1993. Fauna of Xishuangbanna. Kun-
ming: Yunnan Unwersity Press. 37~ 40. (in Chinese)

Zagt, R. J. & J. A. Werger. 1997. Spatial components of disper
sal and survival for seeds and seedlings of two contaminant tree
species on the tropical rain forest of Guyana. Tropical Ecology,
38: 343~ 355.

Zhang, S. Y. & L. X. Wang. 1995. Fuit consumption and seed
dispersal of Ziziphus cinnamomum ( Rhamnaceae) by two sym-
patric primates i French Guiana. Biotopica, 27: 397~ 401.

Zhang, Z. B. ( ). 1994. Some theoretical basis for the
conservation of biodiversiy. In: Biodiversity Commitiee of CAS
ed. Principles and methodologies of bbdwersity studies. Beijing:
Chinese Science and Technology Press. 36~ 54. (in Chinese)

Zhu, H. ( ).
cal forest. Tropical Geography (
(in Chinese)

1993. Flora characters on Xishuangbanna tropt+
), 13: 149~ 155.



