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Abstract: To clarify regenerative traits and explore effects of canopy cover. density. distance . dispersers.
or predators on fates of seeds or seedlings of Phaebe bournei . {ruit {all. seed bank. seed dispersal. fruits
seed predation, seed germination and seedling survival werc examined in a mid-subtropical evergreen
broadleaf forest in Luoboyan Nature Rescrve, southeastern Ching. Fruit production averaged 116 fruits/
m° between 1995 and 1996, and 103 fruits/m’ between 1997 and 1998, The peak of fruit ripening appeared
in mid-January. 1996. and in mid-December. 1897, Maost fruis{94. 1 4 fell dircetly from parent trees and
less than 9.5 per cent were disseminated by birds between 1997 and 1998, Field and laboratory germina-
tion rate differed sharply with 93. 0 per cent in laboratory compared to 12 per cent in the ficld. Poor field
germination rate was mainly duc to rotied secds attacked by soil pathogens. Phoebe did not have a pers s-

tent seed bank strategy. [ts seeds germinated in carly April and were inviable after July. Predators affected
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not only seed survival . but seedling mortality as well. The number of predated fruits or lost secdlings 1n
the unprotected plots differed significantly from thar in the proteeted plots. Recent gaps or far distance
from parent trees reduced fruit removal and seedling mortality, but their interuction was not always the
casc. Density dependence occurred in the very young seedling stage (about 2~ 3 months).but did not sig:
nificantly affected fruit predation or mortality of seedlings mare than 3 months. These results indicate that
Mhoebe seeds or seedlings suffer high environmental pressures, L e. , most seeds near parent trees 1in high
moist habitats are susceptible not only to soil pathogens. but to high predation beneath parent trees canopy
as well. which results in poor field seed germination and seedling survival,

Key words ; Phorbe bourner; fruit fall: seed bank: seed dispersal: {ruit/seed predation; seed germination;

zeedling survival
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1 Introduction

In the life history of trees, the most drastic change in eohort population occurs in seed and seedling
stages-'-, and many rescarchers have tried to elucidate detailed demography of these stages **-. Sced rain,
seed bank. seed shadow, seedling bank and seedling survival-*"" are important life history processes that
mav he inlluenced by animal dispersers and seed or seedling predators as well as by spatiotemporal vara
nan 10 the abiotic environment'” %, Seed banks are classified as (1) transient, when seeds can germinete
soon after they are shed from the mother plants and Gi) persistent , when sceds can remain in the sotlin a
state of dormancy''®. A seed bank strategy is common for climax (or shade-talerant dspecies'"" . But in trop-
ical wet forests, later successional shade-tolerant tree species with large seeds do not have a long-livad
seed bank-'*-. The peaking time of fruit ripening plays an important role in sced dissemination by
birds-""*". Among the variely of dispersal systems, bird dispersal is characterized by a wide distribution of
seeds’* and a high proportion of sceds removed from the vicinity of parent plantst™ . Canopy cover and re-
sulting light conditions have been considered smportant for seed and seedling survival''™'* | Seed survival
increases in gaps where higher light level and lower humidity are inimical to plant pathogens "'.and mare

[1

danger and fewer vesources 10 {rugivores''®. For seedlings. increased survival in gaps is attributed to not

][41

only lower predation. but faster growth rates as well'®!. Density-dependence has long been a paradigm for

understanding the regulation of plant populations 2", Many studies describe intraspecific competition by the

TS

uze of the phrase”neighborhood cffect . The main advantages to a plant of seed dispersal are coloniza

s

"2 and escape from high mortality near parent plants

tion of “safe sites . Effects of distance from the

conspecific adults un demographic variation of seeds and seedlings have heen discussed by many re

searchers %% Previous studies have verified experimentally rhar higher seed/ seedling density and/cr
. . . . L ]

greater proximity to the parent plant often, but not always. lower seedling recruitment-*" ., Conversely.

inverse density dependence, whereby higher density enhances survival, can arise due to predator satia-

tion-*-, *Regenerative strategy™*/is a useful concept to characterize the demographic truaits of rare and cn-

1793 Regenerution difficulty may cause populations of rare and endangered species to de

dangered species
crease .

[.ttle is known about regenerative trairs of the endangered species. Phoebe bournei (Hemsl. )Yang: "
In this study. we discussed regenerative traits of this spectes hased on two vears observation of fruit pro-
duction. seed bank. seed dispersal. sced germination. frunt/seed predation and seedling survivorship, We

addressed the following two questions: (1)does the regenerative traits explain the endangered situation of

cie=? (23How do the environmental factors. vz. canopy cover, density. protection conditon. o~
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distance affect fates of seeds or seedlings of this species?
2 Study site and species

The study was conducted in a sccondary broadleaf forest in L.uobovan Nature Reserve (ILNR) (26°Z6’
30"N117°34"30"E . 642m . s. 1) about 40 kilometers northeast of Sanming city, central area ol Fujian
Province in China. Regional climate is mid-subtropical with mean annual temperature 18. 5 C and average
annual precipitation 1643, 2mm which usually falls hetween spring and summer. The frost free period lasts
297 days. Phoebe bourner (Hemsl. ) Yang 1s an evergreen tree species endemic to southeastern China, and
usually distributed in such moist environments as coves and sides of brooks. The largest Phoehe individual
in LNR{1498) reaches 78. Ocm dHA with the height more than 20. fm. Most individuals with g6k 2220, Gem
bear fruits. There are 112 mature trees per hectare. These parent trees produce elliptical oily fruits with
. 0~7. 0Umm in diameter,]. 0~1. 5cm in length« composed of a thin exocarp, a fleshy mesocarp and o hard
endocarp. Ripe fruits are dark and usually fail with no thalline exciple attaching them. So a newly fallen
frutt is easily identified by the bright white color of its umbo. Some ripe fruits dehisee completely and {rum
them seeds fall down directly., The seed body remains attached to the seedling during the first season of
growth, One seed can produce, sometimes, as much as four seedlings due to polyembryony. Seedling -
mergence praks in May. As a climax tree spectes, (s seeds at seedlings can germinate or establish both be
neath forest canopy and in light gaps!”-. In LNR, Phk. bournee is dominant in forest communities. or
codominates with Berula tumint fera Wink. . Iex formosana Maxim. « Comptotheca acuminata Decne . Uae-
tanopsts tthetana Hance s Machilus pawhoi Kanchira, and Phoebe checkiangensis C. B, Shang . covering morv
than 34hm?**%-. Such large Phoebe dominant communities arc seldom in other areas of its distriburion rc-
glom.
3 Methods
A. 1 Observation of {fruit production. dissemination. seed bank and seed germination

To guantify fruit production, 38 parent trees between 1995 and 1996.and 20 hetween 1997 and 1948,
were selected in Phoebe dominant communities, Here. we defined *parent trees™ as those individuals with
dbh 7= 20. Ucm. Between 1995 and 1996. we positioned five 0. 3m’ wire framed fruit traps lined with
polyethylene bags midway between the trunk and canopy edge of parent trecs. Fach trap was supported by
four vertical polyvinyl chloride plastic pipes that were adjusted so that the recewving face was 1lm above the
ground. Traps were emptied every two days until the end of fruit fall. Betwcen 1987 and 1998, we de-
signed five 0. 5m’ closed plots and {ive 0. 5m® open plots heneath each parent tree’s canopy. The mesh size
of the closed plots was designed into two types. 2 X 2mm? for four of them, and 4 X 4cm*for the ather. The
four plots allowed very few insects to enter from nearby ground. however. could not prevent insects from
falling in from the top. At no time could fruits he removed outside these four plots. The other allowed in-
sects. generally no rodents to enter, and fruits in this plot may very well be removed outside. All fruns ar.
open plots could be remaved or predated by insects, rodents or birds, In order to prevent fruns from
bouncing into these plots, wire meshes were set up at the upper slope. Fruits were counted and markec
with permanent calors every two weeks, Fruits in plots with 2 X 2Zmm® meshes were classified uto three
categories * ; “directly fallen fruits™, “bird-dissemintated fruits” and “fruits attacked before dispersal™. In
this studyv."hird-disseminared fruns”™ included seeds from dehiscing mature fruns. because fruits with exo-
carps and mesocarps removed could be not only seeds defecuted by birds. but those seeds from dehiscing
mature {ruits as well. All traps or plots were placed from September to March next vear. )64 of each par-
ent tree was measured. Thus, the fruir input per unit area in traps or differently treated plots was then

based on 180 traps between 1995 and 1996.80 plots with 2 X 2mm* meshes. 20 plots with 4 x
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tmm- meshes and 100 open plots between 1897 and 1998, The data between 1996 and 1997 were Jhowever,
not included, because fruit production of {ail-vear appeared to be significantly low.

The seed bank was measured during late June and September in 1998 (after germination. bhut before
the onset of new seeds ), 100 s01l cores (each with a diameter of 40cm and depth of ¢em)were rollected u-
long transects. Soil samples were tuken to a laboratory. The spil was then washed through a sicve, and
sceds were separated [rom the retained organic material and small stones. To test viability. apparently

Ladie

sound seeds were sown in moist vermiculite in plastic bags at 21 C . Seeds were constdered germinated
when their radicles extended 5mm. In the ficld. apparently well developed fruits were directly sown in 10
closed plots. We rounted seedlings from March to late June.

3.2 Examinarion ot fruit/seed and secdling predation

Predation of fruit was examined at three sites. 1. e. « Qikeng. Shaosuo and Sigongl.i. from Lite Ozro-
ber in 1997 to March next year. Unprotected plots at 50 X 50cm® were positioned beside protected plors of
the same size. The mesh size of protecied plots was 2 x 2mm®.allowing very few insects to enter. Each
protected plot had a lid on. At each site. the experimental design was a completely randomized facterial
with two levels of protection. two levels of density. and four replicates of cach treatment. 800 frunts were
sowed 1n these plots. with 400 fruits in protected plots and others in unprotected plots. Both in prorected
plots and in unprotected plots, 320 fruits were used for the trearment of “high density™ (320 fruits /m "} and
80 fruits for "low density™ (80fruits/m” ). We arhitrarily defined here 320 fruits /m” as “high density™ and
80 fruits /1’ as “low density” anly because fruit fall was 115 fruits/m’ between 1995 and 1996, 2400 fraits
in all were used to monior fruit predation atfected by protection or density at three sues. Each selected
fruit was well developed. undamaged. marked and rundomly sowed on the surlace of soil . contained ir 50
* 30 % 72em? wooden hoxes, which were buried about 5em belew the soil surface. We counted [ruits and
replaced newly fallen [ruits for rotten or lost ones in boxes every two weeks, Fram April. we planted 80
seedlings in each of {our protecied plots or four unprotected plots for “high density ™ treatment and 20
seedlings 1n cach of the other protected pluts or the other unprotected plots for "low density” treaiment. It
was the same way with the unprotected plots. We counted seedlings every two weeks from April 1o
Seplember. and classified dead seedlings into four categories'*!, (1 )damping oft. (2 herhivory, (3)physical
damage and {4)unknown,

In order to examine effect of distance from parent trees, forest canopy. or interaction between them
on predation of fruits. the experimental design was a completely randomized factorial with two levels of
shading. i. c. . heneath forest vanopy vs. in forest gaps. two levels of distance. i.e. . rlose 1o parent trees
vs. far from parent trecs. and four replicates of each trecatment at each site. 16 50X 50 % 79em”® hoxes with
50 marked froits {200 fruits/m? in each box were buried Sem below the soil surface. 2400 fruits in all were
used in this experiment at three sites. Fruits remaining in boxes were counted every two weeks from late
October in 1997 to March next vear. We also replaced newly fallen fruits for rorted or lost ones in plots.
All gaps were created from 1992 1o 1896 with their sizes ranging from 150m” to 100m?.so could be treated
as recent gaps. We arbitrarily defined. in this experiment, the distance of 100m away from the edge «f a
nearest mature tree’s canopy as “long distanve",and 10m as “short distance”. From April in 199%, we
planted 50 seedlings 1n each box and counted seedlings every two weeks from April 10 September, All dead
seedlings were also classified into the above four categorics.

3.3 Field test of neighborhood interference among seedlings
From late June ta early July in 1998. 64 5 % 5m® contiguons grid quadrats were mvestigeted to 128t

rhood interference among seedlings of about 3 months old. All seedlings were eounted and marked
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on a piece of grid coordinate paper. When the distance hetween two stems was less than 10vm. wo used
vernier caliper to measure it. We arbitrarily defined Scm as disturbing distance. because« based on the dita
of 10ND seedlings of about 3 months old, the length of each leal averaged 3. 3em.and thus within 7em.
leaves from two neighboring seedlings overlapped (scedlings seldom furcated during the study). Dead
scedlings were also counted, marked. and then classified into the above lour categories.
4 Results
4.1 Fruit producrion. dissemination. seed bank and seed germination

Between 1995 and 1996.[ruit fall hegan in early September and ended in late February nexr year,

peaking in mid-January {Fig. 1). Between 1997 and

1998, fruits fell from Clcraber t¢ carly March nexr or

year. peaking in mid-December {Fig. 2. Fruit fall be sol.

tween 1995 and 1996 was 116 fruits/m", ranging {from

% to 456 fruits/m-, while fruit fall in closed plots with wl

2 x 2mm° meshes between 1997 and 1998 was 103 ;;I‘E'*

fruits /m* . ranging from 3 to 332 frutts/m*(Table 1). E ol

(3 the 36 sampled trees betwcecen 1993 and 1896, 4 =

trees with &bk < 21.0cm did not produce fruits. Be- %

tween 1997 and 1998 .total fruit preduction amounted = 20T

to 1.135 % 105 fruits/hm* ( Table 2). Maost frults

(90.1%) in plots with 2 x 2mm?® meshes had fallen di- 1o

rectly from parent trees; 9.5 per cent of fruns {includ- \
ing secds from dehiscing mature fruits) had been dis- 0 Oct. Nov. Dec. Jan. Feb. May.

. Month
semmated by birds, and ounly 0.4 per cent of fruits

were destroy ‘dispersal attack from tnsects. In , -
ere destroyed by predispersal attack Fig. 1 Fruit fall in traps of 6. Sm-

this siudy . we found few sceds pierced by inscets. Th- herween 1995 and 1996

rectly fallen fruits occurred one month earlier than

bird-disseminated {ruits (Fig. 33. Both of them peaked in mid-December. showing no time lag between
them.

Table 1 Fruit fall based on data from 32 parent trees between There were differences of fruit productions be-

1995 and 1996.and 20 pareni (rees between 1997 and 1998 ween cach treatment and its control (Tahle 37,

y Fruits/m? however., not significant. Fruit fall both i open
car o
| Mean Range plats and in closed plots with 4 x 4cm” meshes alss
1995~ 14806 116 b~-136 : . .

’ ’ peaked in mid-December (Fig. 27,
1997~ 19598 103 J—~-332

Phoebe buurne:r upparently had no live seed 11
zeed bank during lare June and Sept. n 1998, Al seeds separated irom soil samples were decaved.

Tahle 2 Fruit fall in plois with 2 X 2mm? meshes based on dala from 20 parent Lrees between 1997 and 1998

D . Fru: Estimated frunt y
1aserminatlon type ruit rype . . ) ;.
‘ P ’ production X 104 “hm?

Directly fallen fruits Intact fruits 1G22, 551 9o 1

Seeds from dehiscing mature fruits

Bird-disseminated fruits 108. 005 5.3

and seeds defecared by birds
Frunts attacked before dixpersal Exovarps pierced by a hole(s) 1. 500 (, 1
Tetal 11335. 1156 100,
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Table 3 Fruit fall in plots with different Field and laboratory germination rate dillered

treatments hetween 1997 and 19%3 sharply (Fig. 1). Labaratary germination rate

Treatments Fruits/m? d/ F £ was about 93 per cent compared 10 12 per cont

% vl 9 2 . . . - . .

r_)lf“”‘ with 2 X 2mm® meshes 103 field germinavion rate. Poor field germunaton
«Control)

Plots with 4 X 4cm® meshes 116 | 6. 8% 102 NS rate was mainly due 1o rotted seeds caused by

(Jpen plots 103 1 9.8 10" NS high humidity. Based on data from 1000 frous

NS=not sigmificant collected from plots. 385 fruits were rotted while

fleshes of some fruits were =till fresh.

36 300000
10 | 250000}
__2ap E 200000
B =
~ =
g 2 150000}
= 18 =
: :
E E 100000
£ 12 F
50000}
g
0 Oect. Nov. Dec. Jan., Feb. May.
0 Oct. Nov. Dec. Jan. Feb. May. Mounth
Month
Fig. 3  Seasonal change of frint-disseminauon rate of
Iig. 2 Fruit fall in plots of three treatments ditectly fallen [rutts ( » and ---) and bird-disseminated
between 1897 and 1998. fruits({ X and«-)between 1597 and 19953

1. plots with 2 X 2mm? meshes( » and+*+ ), 2. (Jpen plots
4.2 Fruit/seed and scedling predation

(+»Yand 3- plots with 4 X 4cm? meshes { X and +)
The number of removed fruits in the unprotected

plots differed significantly from that m the protected plots (Table 4). Predators removed averagely 57.2
per cent of monitored fruits in the unprotected plots during the study . hawever, removal rate varied wildly
from 34. 0 to §7. 0 per cent. The number of eaten fruits in the protected plots was very low (less than 1.0
per cent ), but fruits were frequently attacked bv soil pathogens. The number of predated seedlings in the
unprotected plots showed a significant difference from that in the protected plots (Tahle 4). 47. ¢ per cent
of monitored =eedlings were predated in the unprotected plots. Less than 10 per cent of seedlings in the

protected plots were eaten hy insects,

Fruits with high density showed low predation Table 4 F ratios and significance levels from analyses

tendency. bur no significant difference from those of variance of fruit or seedling loss with
with low density (Table 5). Seedlings with high the treatment of protection

density suffered significantly higher monality than Source Treatmenmt  df F P
those with low density within 2 months. but after 2 Frun Protected I 23.3 = = x
months. the dilference was vague (Tahle 5). Morc Seedling Prarected I 102.2 = = =
than 90 per cent of fruirts with low density were re- x ¥ » P70, 001

ed while about 87 per cent of fruits with high
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density lost. 85 per cent of scedlings with low density were dead, due to all cases but physical damage .

compared to 40 per cent with high density within 2 months after germinarton.

Table 5 F ralios and significance levels from analyses of

(%)
variance of fruit or seedling loss with treatment of density
100  Sowree  Tme W F P
Frui (1ct. ~Mar, ] 3.5 N
Seadling Apr. ~ Jun. ] 24.8 * %
g0 Seedling Jun. ~Sep. 1 3.4 NS

# % P< 0.1 .NS==not signtficant

Fruits beneath forest canopy sulfered sigmlicantly

higher predation than those tn forest gaps(Tahle 6). In

Cumulative percent
o
&

e
o=

the plots close to parent trees, Iruit rcmoval rate be-
neath forest canopy averaged 90 per cent compared to
20 80 per cent in gaps. In the plots far from parent trees.

fruit removal rate benearh forest vanopy averaged 20

o1 é 3 : 5 _'ﬁ ;—é 9 — per cent compared to 45 per cent in gaps. Fruits in the
Time since sowing (Wecks) plots far Irom parent trecs suffered significantly lower

predation than those in the plots close 1o parent irees
Fig. 4 Cumulative percent germination s, time siuce

sawing. based on field(F) and lab{L} trals in 1598

{Table §). Beneath forest canopy, {ruit removal rate n

the plots close to parent trees was 90 per cent com-

pared to 50 per cent in the plots far from parent trees. In forest gaps. fruit removal rate in the plots close

to parent trees averaged 80 per cent compared ta 45 per cent in the plots far from parent trees, 1he INter-
action between distance and canopy was. however, not significant {Table 6),

Table 6 F ratios and significance levels from analyses Seedlings beneath forest canopy suffered wig-

of varlance of fruit or seedling joss with treaiments nificantly higher mortality than those in forest gaps

of canopy vs. gap(UG). far vs, near (FNJand theirin  (Juhle 63, In the plots close te parent trees.

tesaction (CGXFNI seedling mortality rate beneath forest canopy uver-

Source Treatments  d/f F P aged 89 per cent compared to 78 per vent in gaps. In
Frun Ll boo2sd ¥ ox ¥ the plots far from parent trees, seedhng mortality
FXN 1 602.1 * % % .-
CG % PN 1 2. 7 NS rate beneath forest canopy averaged 67 per cent
Seedling CG 1 48. & I compared ta 2 per cent in gaps. Scedlings in the
PN bolz20.4 P plots far from paremt trees suffered significantly
CG XFN | 24. 7 - 5o

— lower mortality than these in the plots close 1o par-
x % + ]’<70. 001, NS=not significant

ent trees{ Tablc 6)., Bencath forest vanopy. scedhng
moriality rate in the plots close to parent trees was 8 per cent compared to 67 per cent in the plots far
from parent trees, In forest gaps seedling mortality rate in the plots close to parent trees averaged 78 pur
cent compared to 2 per cent in the plots far from parent trees, The interaction between distance and canapy
was significant (Table 6.
4.3 Neighborhood interfercnce among seedlings

1350 seedlings in all were counted and marked. Of which 4. 3 per cent secdlings died due (0 damping
off s herbivory and unknown {actors. The data of physical damage were dropped from the analysts because
physical damage was obviously {rrelevant to neighhorhaod effcet. The death number increased with the

number of seedlings within distribution distance . The spatial distrtbution nf seedlings showed an aggregat-
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ed pattern. There were 482 pairs of seedlings with the distance between them . 5em and 12 per cent of
them died.
5 [Discuassion

Oily friuts or fruits with bicolor display attract migrating birds!'*-

. A time lag between fruiting phenol-
ogy and the presence ol migratory birds is. however. contradictory to the concept ', Because secds dele-
cated by birds and seeds from dehiscing mature fruits conincided in this study design. the actual number of
bird disseminated fruits and thus its peaking time can not be known. Whether a lag time existed or not re-
mams unclear in this study, However, we suspect a lag time actually existed because oniy less than 10 per
cent of fruits were disseminated by hirds. Seeds could be carried beyond parent tree’s canopy by birds. But
traps were beneath parent tree's canopy in the study. So the number of bird-disseminated fruits s pot
complete when distance is considered. However. Spatial patierns around parent trees show that both den-
sity of directly fallen fruits and bird-disseminated fruits derresse with distance from a mature trees ',
Furthermore. the study of seed passage showed that predicted median dispersal distance increases dramati-
cally with increasing retention time in bird guts only i a very short time. but shightly thercafter”. Al

though we could not figure out how long birds perched an parent trees, yet Phoebe dominant communities
m LNR, ranging generally from 5 000m?® to 8 (00m?, are large to the extent to be of interest ro birds.
Thus. as we documented in this study. most fruits were disseminated by gravity. not by hirds. However.
further siudies are still required to clarily bird dissemination.

Vtend to have larger seeds with little dormancy ., and rapid germination

Climax or non-pionéer species’’
Iollawing dispersal*®":. For Phoebe, seeds germinated in early April and were inviable after July. showing
no persistent seed bank strategy. Inviable Iruits in the field usually mould., Benecath forest canopy. fruits
of Phoebr were casy to suffer soll pathogens, contrary to in forest gaps with hugher light and lower humidi-
ty inimical to plant pathogens. Especially, large gaps in LNR were rare and most fruits were beneath for-
cst canopy. so Iruits were frequently attacked by soil pathogens. The situation was exaccrbated by high
moist habitats. In addition. only 12 per cent fruits germinated in the field. compared to as high as =93 per
cent in labaratory. Poor field germmation ratc was also mainly due to soil pathogen attack. So further
work with Phoebe regencration, which may cause this species to be rare and endangered. should focus on
pathogens responsible lor low germination rate.

Many studies found seedling survival was greater in gaps than in the understory-*-. Phoebr seed sur
vival was higher in forest gaps. probably because of, however. not only higher light level and lower hu-
midity. but more danger and fewcr resources to frugivores as well, Furthermore. low level of frum or
seedling predation was a mare important determinant of high seed or seedling survival than was light level
or mosture condition. This is consistent with the study of Sork'*on Gustavie that mamalisn predation on
scedlings was more important than light conditions in determining 1ts seedling density.

Effect of predators on secd or seedling =urvival is usually studied by the treaiment of closed plots vs.
open plots”’-. Although [ruits in unprotected plots suffered significantly higher predation than those in pro-
tected plots{’Table 4),yet fruits in open plors and closed plots with 4 4cm’ meshes showed no significant-
Iy higher predation than thaose in closed plots with 2 X 2mm® meshes(Table 3). The most possible cause s
that the position of a plot beneath a parent tree’s canopy may affect fruir collection due o different tlower-
ing branches. In the study. fruit production varied wildly from 3 ro 332 fruiis/m’ in closed plors with 2
>mm’ meshes. In addition. removal of fruits into open plots or plots with 4 X 4em® meshes by insects. an -
mals or birds also made this possible.

1y we considered damping-off. herbivory and unknown case to be the result of neighbor-
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hood effect. because neighborhood effect can be caused by density-responsive natural enemies - The mod-
el showed that density dependent mortality of seedlings occurred durmng the first 3 months. Furthermore,
seedhings with lugh density suffered significantly higher mortality than those with low density within 2
months (Table 3). The results are consistent with many recent studies * ., However. fruts with high den-
sity did not suffered significantly lower predation than those with low density (Table 5). Strong 7 dis-
cussed the concept of "density vagueness”™,which implies that density-dependence acts only at very low or
very high population levels. It seems that Phoebe density-dependence occurred conditionally too. In
specics-rich communtties such as tropical forests. near neighbors are seldom conspecifie-*!,ind the density
of even the most abundant species is nowhere near the “self-thinning” density. But in mid-subiropical ev-
crgreen broadleafl furest, conspeeific neighbors vccur frequently in communities dominated by one or two
species. In Phoehe dominant communities, Phoebe was so abundant. partly due 10 polyembrvony . that in-
dividuuls of this species were usually close neighbors of conspecifics. Especially fallen fruits often Zggre-
gate around parent trees and after germination neighborhood effect of seedlings arises. Many studics have
shown declines in seed and seedling survival of tropical trees in regions close to adults. or m regions of

L¥aalh

high seed or seedling density . Howe ef alf.'’" and Augspurger?''demonstrated reduction of seedling

survival as far as 25 ~50m from conspecific adults in o tropical tree species, These studies showed that wide
sced dispersal cauld be cansidercd as one of the mechanists for escaping from such high mortality in sttes=
near the purents or with high density. We did not figure out how far fruits were disseminated and how
many frunns were disseminated 1o {ar distance in this study. However. most Phoebe fruits or scedlings mav
he beneath parent tree's canopy ar within neur distance. so density dependent mortality occurred frequent-
lv. though only a1t the eacly secdling stage.

All in all. high environment pressures on seed and seedling of Phoebe hournel place an obstacle (o the

survival of this species, which. we consider. is one af the most important causes to threaten this species,
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