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Abstract 

The pattern of natural regeneration was studied in three 1-year old and three 4-year old native species reforestation sites on degraded lands in 
Singapore. On each site, twenty 25 m plots were set up and plant regeneration was surveyed. For each woody species regeneration, life form, 
mature height, dispersal mode and successional status were accessed. We also investigated how the successional status and condition of the 
surrounding forest influence the course of early succession on these sites. A predictable suite of typical early pioneer species of degraded lands 
dominated all 1-year old reforestation sites. Natural regeneration on a site surrounded by primary forest was not any more diverse nor was the rate 
of succession accelerated compared to other sites surrounded by mature and degraded secondary forest. Principle components analysis (PCA) 
showed that the type of landscape matrix and seed dispersal become increasingly important in determining succession as the planted saplings grow 
and canopy cover is restored. The regenerating woody community on the 4-year old reforestation sites was fairly species rich with 73 species 
observed. However, the community was dominated by a subset of small-seeded secondary forest species of medium stature, while some of the 
prominent primary forest families such as Dipterocarpaceae were completely missing from the regeneration. The results showed that reforestation 
has been successful in promoting native forest development, but it also illustrated the need for management intervention in restoring the floristic 
diversity and structural complexity of a primary forest especially where the natural successional processes are hampered by soil degradation, 
habitat fragmentation and the loss of native fauna. 
© 2006 Elsevier B.V. All rights reserved. 
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1. Introduction 

Restoring biodiversity on degraded lands across the 
increasingly fragmented tropical landscape poses a challenge 
to forest managers and conservationists (Lamb et al., 2005; 
Carnus et al., 2006). The regeneration of native tree species 
following land clearance is constrained by a combination of 
factors that include low seed availability, predation of seeds and 
seedlings, competition with grasses and other non-woody 
vegetation, soil degradation and unfavorable microclimate (Uhl 
and Jordan, 1984; Uhl, 1987, 1988; Uhl et al., 1988; Lugo, 
1988; Holl and Kappelle, 1999; Hardwick et al., 2004). In some 
conditions, weed species can arrest succession on degraded 
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sites (Aide et al., 1995; Cohen et al., 1995; Kuusipalo et al., 
1995; Otsamo et al., 1995), necessitating human intervention to 
initiate forest restoration. Numerous studies have shown that 
the establishment of plantations or restoration plantings on 
degraded lands can ameliorate unfavorable microclimatic and 
soil conditions, and provide habitat for seed-dispersing 
wildlife, thereby greatly accelerating natural forest regenera- 
tion (Parrotta et al., 1997a; Carnus et al., 2006). Regeneration of 
native tree, shrub, palm, herbaceous and epiphyte communities 
can also promote the restoration of animal communities (Yu 
et al., 1994; Jansen, 1997; Parrotta et al., 1997a; Tucker, 2000; 
Sanchez-DeLeon et al., 2003). Despite evidence for the 
importance of physical and chemical barriers on the natural 
forest successional processes, studies suggest that the lack of 
propagules is perhaps the most important constraint on 
secondary forest succession (Holl and Kappelle, 1999). 

In the early 1800s, a significant fraction of Singapore's 
native forest, which was mostly lowland dipterocarp forest 
similar  to   that  in  Peninsular  Malaysia,   was   cleared   for 
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agriculture (Corlett, 1991; LaFrankie et al., 2005). Farming 
activities in Singapore declined sharply after World War II 
(Corlett, 1992) due to unsustainable agricultural practices and 
rise in land prices. After abandonment, fire-prone lalang 
{Imperata cylindrica) grasslands developed on former farm- 
lands, which regenerated to secondary forest known as 
Adinandra belukar (named for its dominant species, Adinandra 
dumosa) after suppression of fire (Corlett, 1991, 1992). 
Persistence at this stage is variable (Corlett, 1991), but 
eventually, the Adinandra forest is replaced by a more diverse 
secondary forest (Turner et al., 1997). The soils under these 
secondary forests are known to have extremely low levels of 
total N and P with pH values of 3.5-4.2 at 0-10 cm (Grubb 
et al., 1994). Within the secondary forest mosaic are patches of 
open scrubland covered by dense growth of Dicranopteris 
linearis ferns and Smilax setosa vines that have apparently 
remained in this condition for 40 years or more. Soil factors, fire 
and removal of timber from the regenerating forest may have 
led to the formation of such areas of degraded vegetation 
(Burkill, 1961; Corlett, 1991). Dicranopteris is an aggressive 
weed that can prevent establishment of tree regeneration by 
forming dense thickets, thereby arresting succession. Dom- 
inance by these ferns may persist for decades or even centuries 
(Russell et al., 1998). Understanding the factors constraining 
the regeneration of native forest in these degraded, Dicra- 
nopteris-dominated lands is important for both land manage- 
ment and conservation. 

Since 1991, the National Parks Board has been reforesting 
these degraded areas within the nature reserves in Singapore 
using native tree species. The principal reforestation objective is 
to accelerate succession thereby restoring lands of degraded 
vegetation to mature secondary forest that contains significant 
primary forest components. In addition to species return, forest 
restoration is thought to have other benefits, such as watershed 
protection, buffer zone development to ameliorate the effects of 
fragmentation, creation of better habitat for wildlife and 
provision of more forest areas for recreation. In this study, we 
investigated the effects of restoration plantings on native forest 
regeneration on degraded lands. Life form, mature height, 
dispersal mode and successional status of each naturally 
regenerating species were assessed to predict whether these 
restoration plantings are likely to develop into a fioristically 
diverse and structurally complex rain forest. We also examined 
how the variation in surrounding forest type, thus the difference in 

composition of seed rain, and the presence of Dicranopteris 
rootmat influence the course of early succession in the restored 
forests. The results of this study will contribute to the 
development of a more effective restoration strategy that takes 
into account the self-recuperating potential of the ecosystem and 
to provide feedback in evaluating the success of forest restoration. 

2. Methods 

2.1. Study area 

The Republic of Singapore lies at the southern tip of the 
Malay Peninsula, approximately 137 km north of the equator 
(1°14N, 103°55E). This study was conducted in the Central 
Catchment Nature Reserve, which encompasses about 1600 ha 
of mostly secondary vegetation with patches of primary forest, 
and the Bukit Timah Nature Reserve which is adjacent to the 
Catchment and contains ca. 70 ha of primary forest surrounded 
by regenerating secondary forest. 

In this study, six reforestation sites ranging in size from 2200 
to 2500 m2 were surveyed in the two nature reserves. Three of the 
sites were planted in 1999 and 2000 (approximately four years 
prior to the field work) and three were planted in 2003 (one year 
before the field work). The plantings at each site consisted of a 
mixture of about 30 native tree species planted at an average 
spacing of 3 m. The three 4-year old sites were all surrounded by 
mature secondary forests, while each of the three 1-year old sites 
were surrounded by primary forest, mature secondary forest, and 
degraded secondary forest next to an urban landscape (Table 1). 
Land use history of the sites is not clear, except for Site 3 which 
was a rubber (Hevea brasiliensis) plantation that was abandoned 
around 60 years ago (Corlett, 1992). Sites 5 and 6 are located 
nearly adjacent to each other. Prior to reforestation, the six sites 
were cleared of all Dicranopteris ferns and other vegetation 
except for the mature remnant trees using grass cutters. The 
debris was left to decompose, and the Dicranopteris rootmat was 
left untouched. The only maintenance operation implemented 
after planting was the periodic removal of Smilax vines that 
sprouted from rhizomes. 

2.2. Natural recruitment survey 

Natural recruitment in the restored forest was studied by 
randomly placing twenty 5 m x 5 m plots at each of the six 

Table 1 
Features of the six reforestation sites 

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 

Time'1 (year) 
Canopy 
Slope 
Topography 
Aspect 
Prior condition 
Past land use 
Surrounding forest type 

1 
Open, 1-5 m 
5° 
Ridge top 
NE 
Fern thicket 
Unknown 
Primary and secondary 

1 
Open, 1-5 m 
Very slight 
Lowland 
East 
Fern thicket 
Plantation? 
Mature secondary 

1 
Open, 1-5 m 
8° 
Lowland 
North 
Fern thicket 
Rubber plantation 
Degraded secondary 

4.5 
Closed, 5-11 m 
Level 
Next to reservoir 
N/A 
Fern thicket 
Agriculture? 
Mature secondary 

Closed, 4-10 m 
Level 
Next to reservoir 
N/A 
Fern thicket 
Plantation? 
Mature secondary 

Closed, 4-10 m 
Level 
Next to reservoir 
N/A 
Fern thicket 
Plantation? 
Mature secondary 

d Time indicates time since reforestation. 
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reforestation sites. Natural regeneration of woody plants 
>10 cm in length that had established after reforestation were 
identified to species and counted. Common species were 
identified in the field, and unknown species were identified 
using the Singapore National Herbarium specimens. For each 
species, size at maturity, tree longevity, and dispersal agents 
were described based on literature survey (Hsuan, 1990; 
Corner, 1940) and field observation. Percentage area covered 
by grasses and Dicranopteris ferns was visually assessed 
using a modified Braun-Blanquet cover class scale where 
>75% cover = 6, 50-75% = 5, 25-50% = 4, 5-25% = 3, 1- 
5% = 2, and individual cover = 1. Numbers of herbs (>5 cm), 
vines (>10 cm), S. setosa and sedges (Gahnia tristis) were 
counted. For statistical analyses, species richness and density 
data was log transformed. Species diversity (estimated by the 
Shannon-Wiener index), species richness, density of woody 
regeneration, sedges, herbs, Smilax and other vines, and 
percentage cover of grasses and Dicranopteris were compared 
among the six sites using nested analysis of variance with age 
as the main effect and sites nested within ages. Test of 
significant difference among the six sites were made with 
Tukey's HSD tests, and between 1-year old and 4-year old 
sites using Student's f-test. Regression analyses were 
performed to evaluate the effects of grass cover on species 
richness, diversity, and density of woody regeneration. 
Finally, principle components analysis (PCA) was used to 
compare the community composition of natural regeneration 
among the six reforestation sites using abundance data. SAS® 
software version 8.02 (1999-2001) and JMP 5.1 (2003) were 
used for statistical analyses of the data. 

2.3. Effects of Dicranopteris rootmat on natural 
regeneration 

To evaluate the effects of Dicranopteris rootmat on 
preventing the establishment of natural regeneration, six 
5 m x 5 m plots were randomly placed on 800 m2 of 
Dicranopteris-dominated land near Site 1 after the ferns were 
cleared using grass cutters. An experimental plot with the 
rootmat removed and a control plot were paired and placed at 
the same distance from the forest margin. In the rootmat 
removal plots, all roots and rhizomes of Dicranopteris near the 
soil surface were manually dug up and removed together with 
leaflitter. The soil was scarified in the process and mineral soil 

was exposed. Control plots were left untouched. The 
regenerating vegetation was surveyed after 6 and 10 months 
using the same method as the natural recruitment survey. 
Student's f-tests were used to compare density and species 
richness of natural regeneration between treatment and control 
plots. 

3. Results 

3.1. Effects of Dicranopteris rootmat on natural 
regeneration 

The density and species richness of woody regeneration 
were significantly elevated on the treatment plots six and ten 
months after the removal of Dicranopteris rootmat. The 
treatment also resulted in the establishment of more vines, 
sedges, and herbs (Table 2). On the treated plots, plant 
regeneration started to appear four weeks after the removal of 
the rootmat, and their density and diversity continued to 
increase. Succession proceeded more slowly on the control 
plots as the network of Dicranopteris roots and rhizomes 
continued to suppress vegetative regeneration even though their 
above-ground biomass had been removed. After ten months, the 
desiccated Dicranopteris rootmat showed no clear signs of 
decomposing. 

3.2. Overall structure of natural regeneration 

The 4-year old sites supported a significantly more diverse 
and species rich community of woody recruitment than the 1- 
year old sites (P < 0.05). The 1-year old sites had significantly 
greater abundance of sedges, grasses, Dicranopteris, Smilax 
and other vines than the 4-year old sites (P < 0.05) clearly due 
to the favorable light conditions under the open canopy 
(Table 3). Ground cover by herbaceous plants was sparse as 
non-woody vegetation is naturally uncommon in secondary 
forests in Singapore (Grubb et al., 1994; Turner et al., 1997). 
The particular abundance of herbs on Site 5 was due to the 
profusion of understory ferns. 

Successional change in the composition of naturally 
regenerating woody species is shown in Appendices A and 
B. The colonizing woody community on the 1-year old sites 
was dominated by the classic light-demanding pioneers of 
degraded lands, among which Macaranga heynei, Mallotus 

Table 2 
Vegetative recruitment after removal of Dicranopteris rootmat 

Time (month)       Treatment Number of species       Density of woody regeneration       Density of vines       Density of sedges       Density of herbs 

0 

10 

Rootmat removed 0 0 
Control 0 0 

Rootmat removed 5.67 ± 1.33a 19.33 ± 1.20a 
Control 0.67 ± 0.33b 2.00 ± 1.53b 

Rootmat removed 8.00 ± 0.58a 25.33 ± 1.33a 
Control 4.33 ± 1.20b 8.00 ± 0.58b 

0 0 0 
0 0 0 

3.00 ± 1.15a 5.67 ± 2.60a 0.33 ± 0.33a 
1.00 ± 0.58a 0.33 ± 0.33a 0±0a 

3.67 ± 1.20a 6.00 ± 2.08a 7.00 ± 1.53a 
0.67 ± 0.67a 0.67 ± 0.33a 1.33 ± 0.88b 

Number of species and density are per 25 m2 plot. Standard errors are followed by different letters (a and b) when the differences are significant (P < 0.05) as 
determined by paired Student's f-test. Wood regeneration and vines, >10 cm; herbs, >5 cm; sedges counted by clumps. 
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paniculatus, Trema tomentosa and Acacia auriculiformis were 
the fastest growing, reaching heights of up to 2 m within a year 
of reforestation. Other species that achieved significant growth 
in the first year were Ficus grossularioides, Macaranga 
gigantea, Melastoma malabathricum and Dillenia sujfruticosa. 
At the sites reforested 4 years ago, some of the naturally 
recruited species, e.g., M. heynei, Macaranga conifera and M. 
paniculatus, comprised the canopy with the planted trees. 
However, these shade-intolerant pioneers were senescing with 
no regeneration in the understory to indicate that they would be 
a major component of the stand in the future. Other highly light- 
demanding species such as M. malabathricum, F. grossular- 
ioides and T. tomentosa were reduced to small scattered 
individuals under the closed canopies. With the elimination of 
the initial pioneers, typical components of secondary forests in 
Singapore (e.g., Rhodamnia cinerea, A. dumosa, Timonius 
wallichianus, and species of Syzygium, Garcinia, Calophyllum 
and Litsea) became increasingly abundant as seedlings (mostly 
<50 cm in height). The three 1-year old sites and the three 4- 
year old sites had accumulated a total of 52 species belonging to 
22 families and 73 species belonging to 27 families, 
respectively. 

Canopy emergents that will exceed a height of 30 m at 
maturity were poorly represented in the natural regeneration at 
all sites, with only four species (Ixonanthes reticulata, Alstonia 
angustiloba, Fagraea fragrans and Campnosperma auricula- 
turn) recorded in the 1-year old sites and five species (/. 
reticulata, A. angustiloba, F. fragrans, Paraserianthes falca- 
taria, and Calophyllum wallichianum) in the 4-year old sites. 
Common secondary forest species with small seeds dispersed 
by open country birds, bats and small mammals comprised 
most of the recruits. Alstonia angustifolia, A. angustiloba and /. 
reticulata were the only wind-dispersed species recruited into 
the sites (Appendices A and B). Horsfieldia brachiata 
(Myristicaceae), whose seeds are generally dispersed by the 
locally extinct hornbills, was found regenerating on one of the 
4-year old sites. Long-tailed macaques (Macaca fascicularis) 
are common in the area and they may be assisting the dispersal 
of large, fleshy fruited species. 

3.3. Natural recruitment as influenced by the landscape 
matrix 

Species composition on the initial pioneer community was 
similar in all 1-year old sites despite the variation in 
surrounding forest type and the presumed difference in the 
species composition of seed rain. Only two species, Dysoxylum 
cauliflorum and Campnosperma auriculata, were unique to Site 
1 in spite of the great floristic diversity of the surrounding 
primary forest. The density and species richness of woody 
regeneration was significantly greater on Site 2 than the other 1- 
year old sites (P < 0.05). Abundance of vines, sedges and herbs 
were similar in all three sites (P > 0.05). 

Among the 4-year old sites, natural regeneration community 
was relatively consistent in species richness and density, but 
showed greater variation in species composition, although the 
three sites were surrounded by mature secondary forest in 
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Fig. 1. First two axes of PCA ordination of natural regeneration community on 
six reforestation sites showing similar floristic compositions of the 1-year old 
plots (Sites 1-3) and more variation among the 4-year old plots (Sites 4-6). 

similar floristic state. Many of the recruits were present in small 
numbers and unique to a particular site. 

3.4. Principle components analysis 

PCA using abundance data of all 83 species of woody 
regeneration recorded revealed two groups of floristically 
similar communities: the three 1-year old sites and the two 
adjacent 4-year old sites. Site 4 was distinct from all other sites 
in species composition (Fig. 1). The first and second 
components explained 34.4 and 29.3% of the variation in 
species composition, respectively. The first axis was associated 
with successional development and separated the younger plots 
(Sites 1-3) from the older plots (Sites 4-6). On one end of the 
eigenvector values were the highly shade-intolerant early 
pioneers while more shade-tolerant later-successional species 
had higher eigenvector values on the other end. The second axis 
was related to the gradient in floristic composition among the 
three 4-year old sites. Species with strongly positive 
eigenvector values on axis 2 included Syzygium grande, 
Cinnamomum iners and H. brasiliensis, which probably 
regenerated from the remnant cultivated trees in the area. Past 
land use around Site 4 may have been less intensive as the 
cultivated species were absent and late-secondary species were 
more frequent. No axis showed any relationship to the variation 
in surrounding forest type. 

4. Discussion 

4.1. Succession in restored forests 

D. linearis is unrivaled in its ability to colonize open low- 
nutrient sites due to its indeterminate growth form, shallow 
rhizomes, mat-forming capacity and exceptionally high 
phosphorus-use efficiency (Russell et al., 1998). The fern 
maintains its dominance and suppresses rain forest regeneration 
by blanketing the site with slow-decomposing leaves and an 
extensive root system. In this study, removing the rootmat after 
cutting   the   above-ground   biomass   facilitated   the   natural 

establishment of herbs, vines, shrubs and trees as was 
demonstrated in Sri Lanka by Cohen et al. (1995). While 
successional processes were definitely slowed by the presence 
of the Dicranopteris rootmat, it was observed to decompose 
soon after canopy closure. The network of roots also appears to 
prevent soil erosion in the absence of canopy and leaflitter 
cover. 

The results of this study suggest that the extreme 
microclimatic and soil factors of severely degraded lands pose 
significant barriers to natural forest regeneration, especially to 
the establishment of primary forest species. Seed rain from the 
surrounding secondary forest gave rise to the dense regenera- 
tion of common successional species on Site 2, while being 
surrounded by a primary forest resulted in lower density and 
species richness of woody regeneration on Site 1. The relative 
lack of regeneration on Site 3 can be explained by the poor 
floristic state of the adjacent forest and the scarcity of seed 
dispersers. As the restoration plantings grow, understory 
microclimatic conditions are ameliorated, and this allows for 
the establishment of a wider range of species. Dispersal factor 
begins to play a more crucial role in determining the species 
composition of the regenerating forest, and life history variation 
among the species brings about further successional changes 
(Finegan, 1996). Many characteristic species of mature 
secondary forest were fairly abundant in regeneration on the 
4-year old sites. These species are evidently capable of 
surviving in the understory for some years until the shorter- 
lived pioneers begin to decline, presenting them with a window 
of opportunity to usurp the canopy. 

The natural recruitment community and the shift in species 
composition during the course of early secondary succession 
was similar to the pattern observed in Singapore and elsewhere 
in the region (Wyatt-Smith, 1963; Kochummen, 1966; 
Kochummen and Ng, 1977; Corlett, 1991), but the process 
was greatly accelerated by the restoration plantings. In a study 
of natural plant succession after farming in peninsular 
Malaysia, it was reported that M. malabathricum and 
Dicranopteris ferns effectively blocked woody succession 
for 13 years, requiring 21 years for the site to accumulate 51 
species and sufficient tree growth to shade out the ferns 
(Kochummen and Ng, 1977). In Singapore, a secondary forest 
with 35-64 tree species naturally regenerated on land degraded 
by intensive agriculture 20-50 years after the establishment of 
weedy vegetation (Corlett, 1991). In this study, similar species 
richness was achieved in the naturally regenerating community 
in just 4 years after reforestation. 

Numerous studies on natural forest regeneration under 
plantations or restoration plantings report colonization domi- 
nated by small-seeded, bird or bat dispersed species of early to 
intermediate successional stage and the absence of large-seeded 
taxa of late successional vegetation (Nepstad et al., 1990; 
Cohen et al., 1995; Tucker and Murphy, 1997; Parrotta et al., 
1997b; Otsamo, 2000). Similar results were obtained in this 
study, with no regeneration of dipterocarps recorded in the 
restored forests. Other prominent primary forest families such 
as Burseraceae, Anacardiaceae, Meliaceae, Ebenaceae, Sapo- 
taceae, Annonaceae, and Myristicaceae were either completely 
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missing from regeneration or poorly represented by only the 
small-seeded species. Secondary forest in Singapore is much 
simpler in structure than the primary forest it replaced because 
of the lack of emergent canopy (Turner et al., 1996, pers. obs.). 
Likewise, recovery of mature forest species composition after 
disturbance was found to be the slowest in the canopy layer in 
the Bolivian Amazon (Pena-Claros, 2003). 

Trees of the emergent canopy and large-seeded species 
should therefore be given priority in planting to ensure that the 
regenerating forest will have the structural complexity and 
provide resource heterogeneity to support the native fauna. 

4.2. Management implications 

The results of this study suggest that reforestation has been 
successful in controlling invasive weeds and accelerating the 
natural forest successional processes on degraded lands 
previously occupied for decades by dense cover of Dicranop- 
teris ferns and Smilax vines. 

The only exotic species that showed significant presence in 
natural regeneration were A. auriculiformis, Paraserianthes 
falcataria and Clidemia hirta. A. auriculiformis and P. 
falcataria were both introduced from the New Guinea region 
(Corner, 1940) and now grow wild on wastelands in Singapore. 
The regeneration of these species should be removed in order to 
contain their spread on the island. Clidemia hirta is an exotic 
shrub that has become widespread in the rain forests of 
peninsular Malaysia and oceanic islands. In Singapore, 
however, C. hirta dominates only in disturbed forest edges 
and is not considered a conservation threat (Teo et al., 2003). 

Smilax continued to sprout from rhizomes on the open 
canopy sites. Smilax and other vines were abundant in some 
areas and stifled the growth of some of the planted trees and 
natural regeneration. Under the current reforestation strategy in 
Singapore of planting 1.5 m saplings at 3 m spacing, it would 
be prudent to remove vines in order to protect the investment in 
the   planted   trees   and   to   ensure   quick   canopy   closure. 

Dicranopteris were not able to recover after the initial site 
clearance and did not pose a threat after reforestation. Although 
grass had significant negative impact on the density and species 
richness of woody species recruitment, grass cover was patchy 
and its growth was suppressed soon after canopy closure. So it 
appears that only periodic cutting in the first years to facilitate 
maintenance operations is required. 

Some of the tree species abundant in natural regeneration 
were also used as restoration plantings. These species offer 
little in improving biodiversity and should not be given priority 
in planting unless the particular species grows exceptional well 
or is an important attracter of seed dispersers. Restoration 
planting should instead focus on adding species and functional 
groups of trees that are unlikely to establish naturally and those 
species threatened due to habitat loss. The approach of inter- 
planting late successional species that are tolerant of open 
conditions at the initial planting stage, then adding exposure- 
intolerant species under the canopy of the developing stand has 
been shown to be a viable forest restoration method in 
Singapore and elsewhere (Parrotta and Knowles, 2001; 
FORRU, 2005; Shono et al., in press). This approach, however, 
requires significant ecological knowledge, and continuous field 
testing is needed to determine appropriate strategies for 
establishing each species. 
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Appendix A 

Woody regeneration (>10 cm) in the three 1-year old sites 

Species Family Frequency No. (ha'') IV" Size at maturity Longetivityc Dispersal agent 

Macaranga heynei Euphorbiaceae 0.75 40,267 27.3 2 
Ficus grossularioides Moraceae 0.65 22,533 24.3 1 
Melastoma malabathricum Melastomataceae 0.73 31,067 22.8 1 
Trema tomentosa Ulmaceae 0.60 10,133 13.5 2 
Macaranga conifera Euphorbiaceae 0.47 15,467 10.7 2 
Ixonanthes reticulata Linaceae 0.40 11,467 10.3 3 
Macaranga bancana Euphorbiaceae 0.37 4,267 8.6 2 
Acacia auriculiformis Fabaceae 0.25 4,000 8.3 2 
Cratoxylum cochinchinense Hypericaceae 0.27 7,600 8.1 1 
Fagraea fragrans Loganiaceae 0.33 4,800 7.8 3 
Syzygium lineatum Myrtaceae 0.23 19,333 7.6 2 
Mallotus paniculatus Euphorbiaceae 0.33 6,400 6.9 1 
Alstonia angustiloba Apocynaceae 0.30 3,600 5.7 3 
Dillenia suffruticosa Dilleniaceae 0.23 2,800 4.5 1 
Ficus aurata Moraceae 0.13 2,133 3.8 1 

1 B 
1 B 
1 B 
1 B 
1 B 
3 W 
1 B 
2 B 
1 B 
3 B 
2 B, M 
1 B 
3 W 
1 B 
1 B 
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Appendix A (Continued) 
Species Family Frequency No. (ha"1) IV Size at maturity13 Longetivityc Dispersal agent"1 

Gynotroches axillaris Rhizophoraceae 0.15 2,533 3.3 2 2 B 
Syzygium grande Myrtaceae 0.08 1,733 3.0 2 2 B, M 
Macaranga trichocarpa Euphorbiaceae 0.12 1,867 2.5 1 1 B 
Clerodendrum laevifolium Verbenaceae 0.08 3,867 2.0 1 1 B 
Caryota mitis Arecaceae 0.10 933 1.9 2 2 B, M 
Rhodamnia cinerea Myrtaceae 0.13 2,133 1.8 2 2 B, M 
Macaranga gigantea Euphorbiaceae 0.08 800 1.8 2 2 B 
Adinandra dumosa Theaceae 0.12 1,067 1.5 2 2 B 
Timonius wallichianus Rubiaceae 0.08 1,600 1.2 2 2 B 
Sapium discolor Euphorbiaceae 0.05 400 0.8 2 2 B, M 
Cinnamomum iners Lauraceae 0.03 267 0.8 2 2 B, M 
Guioa pubescens Sapindaceae 0.03 267 0.8 2 2 B 
Litsea firma Lauraceae 0.07 533 0.8 2 3 B, M 
Campnosperma auriculata Anacardiaceae 0.03 267 0.6 3 2 B 
Dysoxylum cauliflorum Meliaceae 0.03 267 0.6 2 2 B, M 
Ficus sps. Moraceae 0.05 400 0.6 - - - 
Unidentified - 0.05 400 0.6 1 1 - 
Hevea brasiliensis Euphorbiaceae 0.02 133 0.5 2 2 G 
Clerodendrum villosum Verbenaceae 0.03 533 0.5 1 1 B 
Porterandia anisophylla Rubiaceae 0.03 400 0.4 1 2 B, M 
Calamus sp. Arecaceae 0.02 267 0.4 2 2 B, M 
Trigonachras acuta Sapindaceae 0.02 267 0.4 2 2 B, M 
Gnetum gnemon Gnetaceae 0.03 267 0.4 2 2 B, M 
Endospermum diadenum Euphorbiaceae 0.02 133 0.3 2 3 B 
Syzygium attenuatum Myrtaceae 0.02 133 0.3 2 2 B, M 
Ficus variegata Moraceae 0.02 267 0.2 2 3 B, M 
Macaranga hypoleuca Euphorbiaceae 0.02 267 0.2 2 2 B 
Vitex pinnata Verbenaceae 0.02 267 0.2 2 2 B 
Lindera lucida Lauraceae 0.02 133 0.2 2 2 B 
Archidendron clypearia Fabaceae 0.02 133 0.2 2 2 B 
Ficus fistulosa Moraceae 0.02 133 0.2 2 1 B, M 
Leea indica Sapindaceae 0.02 133 0.2 2 1 B 
Litsea elliptica Lauraceae 0.02 133 0.2 2 3 B, M 
Macaranga griffithiana Euphorbiaceae 0.02 133 0.2 1 1 B 
Prunus polystachya Rosaceae 0.02 133 0.2 2 2 B, M 
Morella esculenta Myricaceae 0.02 133 0.2 1 2 B 

a Importance value was calculated as the sum of relative frequency and relative density. 
b Size at maturity indicates normal adult height: 1, <10m; 2, 10-30 m; 3, >30 m. 
c Longevity indicates typical life span in natural forest: 1, <20 years; 2, 20-80 years; 3, >80 years. 
d Seeds typically dispersed by birds and/or bats (B), mammals (M), wind (W), and gravity (G). 

Appendix B 

Woody regeneration (>10 cm) in the three 4-year old sites 

Species Family Frequency No. (ha"1) IV Size at maturity15 Longetivity0 Dispersal agent"1 

Syzygium grande Myrtaceae 068 27,467 18.5 2 3 B, M 
Dillenia suffruticosa Dilleniaceae 0.57 11,200 9.8 1 1 B 
Rhodamnia cinerea Myrtaceae 0.47 11,733 9.2 2 2 B, M 
Caryota mitis Arecaceae 0.48 10,267 8.8 2 2 B, M 
Syzygium lineatum Myrtaceae 038 11,467 8.6 2 2 B, M 
Cinnamomum iners Lauraceae 0.47 10,000 8.5 2 2 B, M 
Ficus grossularioides Moraceae 0.47 9333 8.2 1 1 B, M 
Litsea elliptica Lauraceae 0.42 7,733 7.0 2 3 B, M 
Ixonanthes reticulata Linaceae 0.43 6,800 6.8 3 3 W 
Timonius wallichianus Rubiaceae 038 7,733 6.7 2 2 B 
Macaranga heynei Euphorbiaceae 033 7,200 6.2 2 1 B 
Adinandra dumosa Theaceae 038 5,467 5.7 2 2 B 
Clerodendrum laevifolium Verbenaceae 038 4,800 5.4 1 1 B 
Alstonia angustiloba Apocynaceae 032 5,067 5.1 3 3 W 
Guioa pubescens Sapindaceae 0.22 6,267 4.6 2 2 B 
Archidendron clypearia Fabaceae 0.22 5,467 4.3 2 2 B 
Ficus aurata Moraceae 0.25 4,667 4.2 1 1 B 
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Appendix B (Continued) 
Species Family Frequency No. (ha'') IV Size at maturity*' Longetivityc Dispersal agentd 

Macaranga bancana Euphorbiaceae 0.30 3,600 4.2 2 1 B 
Alstonia angustifolia Apocynaceae 0.22 5,067 4.1 2 2 W 
Ficus fistulosa Moraceae 0.25 3,600 3.7 2 1 B, M 
Calophyllum ferrugineum Clusiaceae 0.20 3,867 3.4 2 3 B 
Macaranga conifera Euphorbiaceae 0.25 2,667 3.4 2 1 B 
Diospyros lanceifolia Ebenaceae 0.15 3,733 2.9 2 2 B, M 
Melastoma malabathricum Melastomataceae 0.20 2,533 2.9 1 1 B 
Garcinia parvifolia Clusiaceae 0.13 3,600 2.7 2 3 M 
Macaranga gigantea Euphorbiaceae 0.20 2,000 2.6 2 2 B 
Litsea firma Lauraceae 0.15 2,533 2.5 2 3 B, M 
Albizia falcataria Fabaceae 0.20 1,733 2.5 3 2 B 
Anisophylla disticha Rhizophoraceae 0.17 1,867 2.2 1 1 B, M 
Prunus polystachya Rosaceae 0.12 2,400 2.2 2 2 B, M 
Streblus elongatus Moraceae 0.15 1,733 2.0 2 2 B, M 
Macaranga griffithiana Euphorbiaceae 0.15 1,333 2.0 2 1 B 
Mallotus paniculatus Euphorbiaceae 0.13 1,333 1.8 2 1 B 
Elaeocarpus petiolatus Elaeocarpaceae 0.13 1,333 1.7 2 2 B 
Fagraea fragrans Loganiaceae 0.13 1,333 1.7 3 3 B 
Acacia auriculiformis Fabaceae 0.12 1,333 1.6 2 2 B 
Payena lucida Sapotaceae 0.10 1,467 1.5 2 2 B, M 
Elaeocarpus mastersii Elaeocarpaceae 0.12 1,200 1.5 2 2 B 
Archidendron confertum Fabaceae 0.12 1,333 1.5 2 2 B 
Vitex pinnata Verbenaceae 0.12 933 1.4 2 2 B 
Calophyllum pulcherrimum Clusiaceae 0.08 1,467 1.4 2 3 B, M 
Lindera lucida Lauraceae 0.07 1,467 1.2 2 2 B 
Hevea brasiliensis Euphorbiaceae 048 800 1.0 2 2 G 
Syzygium polyanthum Myrtaceae 008 533 1.0 2 2 B 
Gynotroches axillaris Rhizophoraceae 0.07 667 0.9 2 2 B 
Pternandra echinata Melastomataceae 0.05 800 0.8 2 1 B 
Arthrophyllum diversifolium Araliaceae 0.07 533 0.8 2 1 B 
Unidentified - 0.05 533 0.7 1 1 - 
Vitex sps. Verbenaceae 0.05 533 0.7 - - - 
Ficus sps. 1 Moraceae 0.03 533 0.5 - - - 
Calophyllum wallichianum Clusiaceae 0.03 400 0.5 3 3 B, M 
Syzygium microcalyx Myrtaceae 0.03 400 0.5 2 2 B 
Ficus sps. 2 Moraceae 0.03 400 0.5 - - - 
Porterandia anisophylla Rubiaceae 003 400 0.4 2 2 B, M 
Horsefiledia brachiata Myristicaceae 043 400 0.4 2 3 B, M 
Ficus sps. 3 Moraceae 0.03 267 0.4 - - - 
Artocarpus dadah Moraceae 0.03 267 0.4 2 2 M 
Elaeocarpus ferrugineus Elaeocarpaceae 043 267 0.4 2 2 B 
Bhesa paniculatus Celastraceae 043 267 0.4 2 3 B 
Breynia reclinata Euphorbiaceae 043 267 0.4 1 1 B 
Garcinia scortechinii Clusiaceae 0.02 267 0.3 1 2 B, M 
Clerodendrum vilosum Verbenaceae 0.02 267 0.2 1 1 B 
Gnetum gnemon Gnetaceae 0.02 267 0.2 2 2 B, M 
Macaranga hypoleuca Euphorbiaceae 0.02 133 0.2 2 2 B 
Agrostistachys longifolia Euphorbiaceae 0.02 133 0.2 1 1 B 
Garcinia eugeniaefolia Clusiaceae 0.02 133 0.2 2 2 B, M 
Garcinia grijfithii Clusiaceae 0.02 133 0.2 2 2 B, M 
Gironniera nervosa Ulmaceae 0.02 133 0.2 2 3 B 
Glochidion superbum Euphorbiaceae 0.02 133 0.2 2 2 B 
Morella esculenta Myricaceae 0.02 133 0.2 1 2 B 
Unidentified - 0.02 133 0.2 - - - 
Ficus glandulifera Moraceae 0.02 133 0.2 2 2 B, M 
Ficus variegata Moraceae 0.02 133 0.2 2 3 B, M 

Importance value was calculated as the sum of relative frequency and relative density. 
Size at maturity indicates normal adult height: 1, <10 m; 2, 10-30 m; 3, >30 m. 
Longevity indicates typical life span in natural forest: 1, <20 years; 2, 20-80 years; 3, >80 years. 
Seeds typically dispersed by birds and/or bats (B), mammals (M), wind (W), and gravity (G). 
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