
1 

Influence of the Edge Effect and 

Other Selected Abiotic Factors on 

Tree Seedling Density and Species Richness in a 

Tropical Forest in Singapore 

 

 
Galen Tiong Ji Liang, Eun Jung Min, Jeremy Yu King Yan 

 

NUS High School of Mathematics & Science 

 

 

 

 

 

 

Little Green Dot Student Research Grant 

PROJECT REPORT 
 

submitted to 

 

Nature Society (Singapore) 

 

 

 

 

 

 

 

 

 

Junior College Category 

Year 4 & 5 
2810 words 

 

 



2 

Influence of the Edge Effect and  

Other Selected Abiotic Factors on 

Tree Seedling Density and Species Richness in a 

Tropical Forest in Singapore 
 

Tiong Ji Liang Galen
1
, Eun Jung Min

1
, Jeremy Yu King Yan

1
, Alex Yee Thiam Koon

2
 

Lee Siak Cheong
1
, Hugh Tan Tiang Wah

2
 

1NUS High School of Mathematics and Science, 330 Clementi Avenue 1, Singapore 129953 
2Botany Laboratory, Department of Biological Sciences, National University of Singapore 

14 Science Drive 4, Singapore 117543 

 

 

Abstract 

 Though the edge effect in tropical forests is a well-researched topic, studies 

pertaining to its influence on seedling dynamics are rare. We examined the effect of 

distance-to-edge and environmental variables on seedling density and species richness. 

We constructed 48 1 × 1 m seed plot quadrats in the MacRitchie Reservoir forest area, 

where we measured leaf litter depth, canopy cover and soil pH. All woody stemmed 

seedlings > 20 cm to < 1.3 m tall were tagged, identified and were measured for their 

basal stem diameter and height. Our analyses demonstrated that the edge effect 

influenced seedling species richness but not density, with lower species richness 

observed in the edge compared to the forest interior. Overall, seedling density was 

affected by canopy cover, leaf litter, the cover-litter interaction term, while species 

richness was primarily influenced by distance to edge and canopy cover. Lower species 

richness at the edge was attributed to pioneer species like Garcinia parvifolia and 

Prunus polystachya crowding out other seedling species and inhibiting their 

establishment. The results of this study could help seedling regeneration efforts in forest 

edges, while future studies should examine the edge effect’s influence on seedling 

growth, recruitment and mortality. 

(196 words) 

 

 

Introduction 

The edge effect is a significant factor that affects fragmented forests in causing 

forest edges to be more prone to ecological changes (Lovejoy et al., 1986). Studies have 

shown significantly increased tree damage, mortality, and turnover rates within 100 m 

of fragment margins, with detectable changes up to 300 m from the edges (Ferreira & 

Laurance, 1997; Laurance et al. 1998a), as well as increased tree recruitment rates 

within 100 m of edges (Laurance et al. 1998b). Edges have also been observed to have 

differing environmental factors from edges such as greater canopy openness (Williams-

Linera, 1990a) and altered forest microclimate with hotter and drier conditions near the 

edge (Kapos, 1989; Sizer & Tanner, 1999). 

Few studies have been done with regard to edge effect on seedling dynamics; 

Benitez-Malvido, 1998 describes increased edge seedling densities towards forest 

interiors among 10- and 100-ha fragments, while Sizer & Tanner (1999) described 

higher seedling recruitment and growth rates within 5–10 m of the forest edge. As 

seedlings are the precursors to saplings and mature trees, the effect of the proximity to 

edge on their dynamics could be an indicator of the health and succession of the forest; 

species density can also be more accurately determined within the limits of this study 
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considering the relative concentration of individuals per unit area of seedlings compared 

to saplings or mature trees. 

Owing to Singapore’s small size and rapid urbanization, Singapore has 

experienced severe deforestation and forest fragmentation since the19
th

 century where 

over 95% of its native lowland forest was cleared and converted for anthropogenic use 

(Corlett, 1992, Turner et al., 1994, Wong et al., 1998). Despite these losses, the small 

reserves on the island are still vital to maintaining the local biodiversity (Turner & 

Corlett, 1996). Currently, Singapore forests predominantly exist as fragments of 

secondary forests embedded in urban landscapes. Hence, Singapore forests make a good 

study sites for the edge effect on seedling dynamics. 

The edge effect has been attributed to cause changes to the abiotic environment 

such as light levels or leaf litter depths. Studies have shown how environmental factors 

such as leaf litter depth and canopy cover (Montgomery & Chazdon, 2002; Goldsmith 

et al., 2011) can affect seedling establishment and density. These would limit the 

number of microsites available for seeds to safely germinate, thus affecting seedling 

establishment (Uriarte et al., 2010) and also seedling density. 

Therefore, we aim to investigate how distance to edge, leaf litter depth, and 

canopy cover can affect seedling density and species richness in a fragmented tropical 

lowland forest. We hypothesize that 1) seedling density and 2) species richness 

increases further away from the edge after controlling for leaf litter depth and canopy 

cover. 

 

 

Methods 

 

The Central Catchment Nature Reserve (CCNR) consists of a mosaic of forests 

at different successional stages; young secondary forests are usually dominated by early 

successional species such as Adinandra dumosa and Macaranga conifera, with 

Garcinia spp. and Calophyllum spp. establishing themselves in older secondary forests; 

primary forest types are typified by the presence of tree species from Dipterocarpaceae 

(Turner et al., 1996). The study site was further narrowed down to the forest around 

MacRitchie Reservoir (Fig. 1). 
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Fig. 1: Forest study site around MacRitchie Reservoir, with plots and zonation marked 

out. 

 Edge in our study was defined as forest-reservoir and forest-road boundaries, 

boundaries to clearings such as golf courses, and boundaries created by official nature 

reserve trails. Nature reserve trails were marked out with a handheld GPS receiver 

(Garmin GPSMAP 62s). We divided the forest into zones based on distance from edge 

with GIS software (Fig. 1) and then performed stratified random sampling based on the 

distance zones. Each of the points used were at least 40 m apart to minimize spatial 

autocorrelation. Points that were inaccessible or unusable due to steep or swampy 

terrain were removed. 

 We constructed 48 1 ×1 m quadrats in the study site from 9
th
 August to 21

st
 

November 2012. We located our plot by using a global positioning system receiver. All 

plots were established north-facing, and marked out by metal-tagged stakes at the four 

corners (Fig. 2). Leaf litter depth was measured with a 30-cm metal ruler at the four 

corners of the sample plot, with the average value recorded to the nearest 0.5 cm; 

canopy cover was measured for the north, south, east, and west faces of the plot with a 

concave densitometer (Forestry Suppliers Spherical Crown Densitometer); topsoil pH 

was measured with a Hellige-Truog soil pH test kit and approximated with ± 0.1 

accuracy. 
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Fig. 2: Representation of north-facing 1 × 1 m seedling plot, with metal-tagged stakes at 

its four corners. 

 

 

 We measured woody, erect stem seedlings > 20 cm to < 1.3m in tall. Each 

seedling in the plot was tagged with a unique identification number; seedling height was 

measured with a metal measuring tape ± 0.5 mm and stem diameter 1 cm above soil 

level was measured with Vernier callipers ± 0.01 cm for each seedling. Seedling species 

were identified in the field when possible. Leaf samples were collected for unidentified 

seedlings that had more than three leaves and sent to the Singapore Botanical Gardens 

Herbarium (SING) for identification. The seedling species identified were verified 

against a checklist of Singaporean vascular plant species (Chong et al., 2009). 

We tested the relationships of seedling density and seedling species density 

against variables using Generalised Linear Models (GLM) with a negative binomial 

error structure.  We fitted a full model with all variables with interaction terms and then 

used backward model selection based on Akaike’s Information Criterion (AIC) to select 

the minimum adequate model that best predict seedling density and seedling species 

density (i.e., counts per seedling plot). All statistical analyses were performed using the 

statistical software R version 2.15.1 (R Development Core Team, 2012). 

 

 

Results 

 

 From the 48 plots, 33 were in old secondary forest, nine in young secondary 

forest and six in primary forest. Average leaf litter depth measured was 5.357 (± 2.391) 

cm, while average canopy cover observed was 82.16 (± 5.016) % cover. The soil was 

noted to be acidic, with a mean pH of 4.311 (± 0.139); due to the insignificant variation 

in pH observed between plots, pH was not used in data analysis. There was no issue of 

multicollinearity between leaf litter, canopy cover, and proximity to edge. 

 Seedling density (number of seedlings per m
2
) varied among different 

distances from the forest edge with a mean seedling density of 5 (± 11) seedlings per m
2 

(Fig. 3). After running model selection on the raw data (Appendix 1) and checking the  

plot diagnostics, we observed an influential outlier plot for seedling density A7 (with 60 

seedlings). After removing A7 and repeating the model selection process, the best 

model for seedling density included canopy cover, leaf litter, distance to edge and the 

canopy cover-leaf litter interaction term (AIC = 235.64; AICfull model = 240.20); distance 

to edge was not significantly correlated with seedling density, while canopy cover and 
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leaf litter demonstrated significant correlation. There was a significant interaction 

between canopy cover and leaf litter in the final model (Table 2). Upon close inspection 

on the interaction term, it was found that there was increasing seedling density with 

increasing canopy cover under high-leaf litter conditions, but decreasing seedling 

density with increasing canopy cover under low-leaf litter conditions. 

 

 

Table 2: Table of variables in the best model for seedling density excluding the outlier 
plot data, with estimates and p-values. 

Variable Estimate p-value Std. error 

Intercept  24.9170 7.09 × 10
4

 7.3587 

Canopy cover 0.3223 4.53 × 10
4

 0.0919 

Leaf litter 4.7762 8.69 × 10
5

 1.2170 

Distance from edge 0.0027 5.79 × 10
2

 0.0014 

Canopy cover × Leaf litter 0.0593 1.05 × 10
4

 0.0153 

 

 

Fig. 3: Boxplots of raw a) seedling density and b) species richness. 

 

 

We observed 47 seedling species found in the 48 plots located in the MacRitchie 

Reservoir forest region (Appendix 2). Out of the 47 species, six species identified were 

nationally critically endangered, and three, were nationally endangered. One specimen 

was identified as Dysoxylum alliaceum, which was presumably nationally extinct 

according to Chong et al. (2009). The most common species observed in our plots were 

Garcinia parvifolia and Prunus polystachya. We also found the naturalized (exotic) 

species Hevea brasiliensis and Clidemia hirta, which were found in two plots (A1, A3) 

and one plot (C10), respectively; only six seedlings out of the 271 seedlings observed 

were identified as naturalized species. 

On average, each plot contained number of 2 (± 1) species. The minimum 

adequate model based on AIC for species richness included canopy cover, leaf litter, 

their interaction term, and distance to edge (AIC = 164.36; AICfull model = 169.43). 

Distance to edge and canopy cover were significantly positively correlated with species 

richness (Table 3). 
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Table 3: Table of variables in the best model for species richness, with estimates and p-

values. 

 

 

Discussion 

 

 Our study provides evidence that there is a significant positive relationship 

between distance to edge and species richness, hence supporting our hypothesis that as 

distance to edge increases, species richness increases. However, we did not find any 

significant relationship between distance to edge and seedling density. Therefore, our 

second hypothesis that seedling density increases further from the forest edge was not 

supported.  Canopy cover influenced both seedling density and species richness, while 

leaf litter only affected seedling density; the cover-litter interaction term influenced 

seedling density but not species richness. The species composition of the seedlings in 

the region was also analysed and discussed (Appendix 2). 

Edge effect affects seedling dynamics, with higher species richness observed (p 

< 0.05) further away from the forest edge. Forest edges are characterized by higher 

temperatures and vapour pressures, and often favour pioneer species (Sizer & Tanner, 

1999); these pioneer species are able to outcompete other seedling species in the 

favourable edge microclimate and prevent the establishment of new seedling species, 

reducing seedling species richness. The seedling composition in the seed plots closer to 

the edge (0–150 m from edge) were mainly dominated by Garcinia parvifolia and 

Prunus polystachya, which were observed on site to densely populate an area upon 

establishment (seedling density outliers A7 and B8 were primarily populated by Prunus 

polystachya and Garcinia parvifolia, respectively); out of the plots within the 0–150 m 

forest zone, nine out of 21 plots contained either one or both of these species. It is 

possible that these two species were able to flourish in the edge environment and 

outcrowd other seedling species. The seedling establishment behaviour of Prunus 

polystachya and Garcinia parvifolia, the reasons behind their tendency to grow and 

propagate in dense clusters, as well as their seedling growth and mortality rates would 

be an area worth examining. 

Canopy cover was positively correlated with both seedling density and species 

richness; seedlings are limited by high light levels in areas with lower canopy cover, 

due to higher temperatures and reduced humidity associated with elevated levels of 

photosynthetically active radiation (PAR) increasing the risk of seed or seedling 

desiccation or mortality (Kapos et al., 1997; Uriarte et al., 2010). Though leaf litter was 

significant in predicting seedling density, the canopy cover and leaf litter interaction 

term was significant as well. The interaction term in the model predicting seedling 

densities shows that with increasing canopy closure seedling densities increase with 

high leaf litter, but decrease with low leaf litter. Previous studies have established a 

similar interaction term in their results: Dupuy & Chazdon (2008) suggested leaf litter 

serving as a major barrier for seedling emergence and establishment of small-seeded, 

shade-intolerant species, but enhancing emergence and establishment of large-seeded, 

shade-tolerant species, possibly through increased humidity and reduced detection by 

Variable Estimate p-value  Std. Error 

Intercept 1.259 × 10
1
 0.0268   5.687 

Canopy cover 1.617 × 10
1

 0.0221  7.063 × 10
2

 

Leaf litter 1.685 0.0780  9.562 × 10
1

 

Distance from edge 2.204 × 10
3

 0.0257  9.883 × 10
4

 

Canopy cover × Leaf litter 2.093 × 10
2

 0.0794  1.193 × 10
2
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predators. Small seeds lack the reserves to grow enough to either penetrate thick leaf 

litter or reach the soil through the litter layer (Vázque-Yanes & Orozco-Segovia, 1993); 

thick litter also reduces light levels around the seeds (Scarpo & Valia, 2008). Therefore, 

in conditions of thick leaf litter, large-seeded, shade-tolerant plants are favoured and 

grow in higher density with higher canopy closure; thin leaf litter conditions favour 

seedling establishment for small-seeded, shade-intolerant plants that flourish with lower 

canopy cover.  

 Despite the well-known dominance of Dipterocarpaceae trees in the Singaporean 

primary forest, dipterocarp seedlings were completely missing from our plots in both 

secondary and primary forest and Shono et al. (2006) also reported prominent primary 

forest species such as dipterocarps being completely absent from regenerated secondary 

forest in Singapore. With regard to the absence of dipterocarp seedlings in secondary 

forest plots, it is possible that diperocarps lack the means of seed dispersal or are unable 

to establish outside the primary forest environment, owing to unfavourable 

environmental conditions or seed predation. However, the lack of dipterocarp seedlings 

in our primary forest plots despite the presence of fully grown dipterocarps at the site 

could suggest that the environmental factors in the MacRitchie Reservoir primary forest 

such as soil moisture and nutrient content are unsuitable for dipterocarp seedling 

establishment. It would be an interesting study to examine dipterocarp seedling 

establishment in the MacRitchie Reservoir primary forest area, as well as environmental 

factors such as soil nutrient content and soil moisture, to ascertain the reasons behind 

the absence of dipterocarp seedlings in our primary forest plots. 

Few invasive species were observed within the plots as well. The relatively high 

canopy cover in the forest site could explain the low number of alien plant species 

observed, with germination and growth of alien species limited by canopy openness 

(Charbonneau & Fahrig, 2004). Teo et al. (2003) suggested similar results in terms of 

resistance against exotic plants in Singapore forests, attributing it to low light intensity 

and other environmental factors. This is evidence that the MacRitchie Reservoir forest 

is healthy enough to be able to support the more fragile and vulnerable plant species of 

Singapore’s biodiversity, and has been able to resist invasion by alien plant species. 

Owing to time constraints with our research, we were only able to collate data 

for 48 seed plots, and hence we only sampled 48 m
2
 of the forest, which is very little 

compared to the entire area of the forest study site; considering the size of the 

MacRitchie Reservoir forest site. Expanding the sample size to include 100–200 seed 

plots while studying the same variables would provide more conclusive results on the 

effects on seedling dynamics. The effect of distance from edge on biotic factors 

affecting seedling dynamics such as seed predation or variations in fungal or 

invertebrate communities would be valuable information which would benefit this edge 

effect study. 

Despite the limitations, our study has demonstrated that the edge effect does 

have a negative influence of species richness, supporting one of our hypotheses. The 

species data we have collected is also evidence that the forest region around MacRitchie 

reservoir contains locally endangered plant species, and is a vital and valuable part of 

Singapore’s biodiversity. The study into edge effect should provide greater insight into 

its mechanisms and effects , which can benefit seedling establishment and regeneration 

efforts in forest edges. 

 

 

Conclusions 
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 In conclusion, distance to edge is negatively correlated with species richness but 

not seedling density. With regard to the other selected abiotic factors, canopy cover 

affected both species richness and seedling density, while leaf litter and the litter-cover 

interaction term affected only seedling density. With regard to the seedling species 

composition, we found few invasive alien species and a number of endangered plants 

among our plots, indicating the forest's high value and resistance against invasive 

species. Our future studies aim to work on examining the influence of edge effect on 

seedling growth, mortality and recruitment within the same forest region. 
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Appendices 

 
Appendix 1: Table of variables in best model for seedling density, with outlier present. 

Variable Estimate p-value Std. error 

Intercept 19.1292 0.02700 8.6498 

Canopy cover 0.2470 0.02195 0.1078 

Leaf litter 3.8673 0.00698 1.4335 

Distance from edge 0.0004 0.80614 0.0017 

Canopy cover × Leaf litter 0.0461 0.00996 0.0179 

 

 

Appendix 2: Seedling species identified from the 48 seed plots, including national status, 
habit, number identified and edge-distance strata observed. 

S/No. Species 

National 

Status 

Species 

Habit 

No. of 

Seedlings 

Distance-to-Edge 

Strata (m) 

Family 

1.  
Artocarpus heterophyllus Casual Tree 1 0–50 

Moraceae 

2.  
Agrostistachys borneensis Common Tree 1 150–200 

Euphorbiaceae 

3.  
Anisophyllea disticha Common  Shrub 1 150–200 

Anisophylleaceae 

4.  
Aporosa frutescens Common Tree 5 200–250 

Euphorbiaceae 

5.  
Ardisia sanguinolenta Common Shrub 1 150–200 

Primulaceae 

6.  
Calophyllum ferrugineum Common Tree 7 200–500 

Calophyllaceae 

7.  
Calophyllum pulcherrimum Common Tree 14 100–500 

Calophyllaceae 

8.  
Champereia manillana Common Tree 1 0–50 

Opiliaceae 

9.  
Clerodendrum laevifolium Common Tree 1 50–100 

Lamiaceae 

10.  
Dracaena porteri Common Shrub 1 200–250 

Agavaceae 

11.  
Garcinia parvifolia Common Tree 54 0–100, 150–500 

Guttiferae 

12.  
Ixora congesta Common Shrub 3 100–200 

Rubiaceae 

13.  
Nothaphoebe umbelliflora Common Tree 1 50–100 

Lauraceae 

14.  
Prunus polystachya Common Tree 114 0–500 

Rosaceae 

15.  
Rhodamnia cinerea Common Tree 1 100–150 

Myrtaceae 

16.  
Santiria apiculata Common Tree 2 250–500 

Burseraceae 

17.  
Syzygium borneense Common Tree 4 150–200, 250–500 

Myrtaceae 

18.  
Syzygium grande Common Tree 3 0–50 

Myrtaceae 

19.  
Syzygium lineatum Common Tree 1 50–100 

Myrtaceae 

20.  
Timonius wallichianus Common Tree 1 150–200 

Rubiaceae 

21.  

Aporosa falcifera 

Critically 

endangered Tree 1 50–100 

Phyllanthaceae 

22.  
Aporosa lucida 

Critically 
endangered Tree 1 250–500 

Phyllanthaceae 

23.  
Cratoxylum maingayi 

Critically 
endangered Tree 1 50–100 

Clusiaceae 

24.  
Garcinia forbesii 

Critically 
endangered Tree 6 250–500 

Clusiaceae 

25.  Gymnacranthera 

farquhariana 

Critically 

endangered Tree 1 0–50 

Myristicaceae 

26.  
Palaquium rostratum 

Critically 
endangered Tree 2 200–250 

Sapotaceae 

27.  
Calophyllum rufigemmatum Endangered Tree 1 50–100 

Stemonuraceae 

28.  
Litsea accedens Endangered Tree 2 150-200, 250–500 

Woodsiaceae 

29.  
Pentace triptera Endangered Tree 2 150–200 

Tiliaceae 
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S/No. Species 

National 

Status 

Species 

Habit 

No. of 

Seedlings 

Distance-to-Edge 

Strata (m) 

Family 

30.  
Psychotria species NA NA 1 100–150 

 

31.  
Unknown NA NA 12 0–50, 100–250 

 

32.  
Clidemia hirta Naturalised Shrub 2 100–150 

Melastomataceae 

33.  
Hevea brasiliensis Naturalised Tree 4 0–50 

Euphorbiaceae 

34.  
Aporosa globifera 

Not 
assessed 

 
1 150–200 

Phyllanthaceae 

35.  

Dysoxylum alliaceum 

Presumed 
nationally 
extinct Tree 1 250–500 

Meliaceae 

36.  
Aidia densiflora Vulnerable Tree 2 0–50, 100–150 

Rubiaceae 

37.  
Cleistanthus sumatranus Vulnerable Tree 1 200–250 

Guttiferae 

38.  
Diospyros styraciformis Vulnerable Tree 1 200–250 

Ebenaceae 

39.  
Dysoxylum cauliflorum Vulnerable Tree 2 150–200 

Meliaceae 

40.  
Elaeocarpus salicifolius Vulnerable Tree 2 250–500 

Rosaceae 

41.  
Glycosmis chlorosperma Vulnerable Shrub 1 250–500 

Rutaceae 

42.  
Horsfieldia polyspherula Vulnerable Tree 1 250–500 

Myristicaceae 

43.  
Litsea firma Vulnerable Tree 1 100–150 

Lauraceae 

44.  
Ochanostachys amentacea Vulnerable Tree 2 200–250 

Coulaceae 

45.  
Palaquium obovatum Vulnerable Tree 1 100–150 

Sapotaceae 

46.  
Strombosia javanica Vulnerable Tree 1 200–250 

Olacaceae 

47.  
Xylopia caudata Vulnerable Tree 1 0–50 

Annonaceae 

 

  
Total 271 

 

 

 


