
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Biodiversity and environmental change in the rainforests of Borneo

Cleary, D.F.R.

Publication date
2002

Link to publication

Citation for published version (APA):
Cleary, D. F. R. (2002). Biodiversity and environmental change in the rainforests of Borneo.
[Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/biodiversity-and-environmental-change-in-the-rainforests-of-borneo(caebfbae-ff42-4c46-8087-1ff80561ed03).html


Chapterr 7 

Chapterr  7 

Treee succession in burned forest following the 1997/98 ENSO 
eventt  in Borneo 

Daniell  F. R. Cleary and Aldrianto Priadjati 

Firess in association with ENSO events have been described for  East Kalimantan, Indonesian 
Borneoo as early as 1914, but until recently these were small in scale. This has been attributed to 
thee normally high resistance of undisturbed primar y forest to burning, and the lack of ignition 
sourcess in such forests. During the 1997/98 ENSO event more than 5 million ha of East 
Kalimantann burned. These fires severely damaged affected forests, and greatly increased the 
riskk of futur e fires due to the large amounts of flammable dead wood. Advanced forest 
regeneration,, however, can greatly reduce the probabilit y of futur e fires and provide habitat for 
rainforestt  communities that now may be largely confined to small unburned fragments. It is 
thereforee essential to assess initia l rates of regeneration and understand the dynamics involved 
inn the burned forest succession. 

Wee therefore assessed the initia l stages of regeneration in forest that burned during the 
1997/988 ENSO event. This event was the most severe in the recorded history of Borneo. Initiall y 
ann estimated 97.5 % of stems less than 8 cm DBH were killed by the fires. Post-ENSO densities 
off  seedlings declined in both unburned and burned forest while sapling densities increased. Both 
saplingss and seedling densities remained, however, much lower  in burned than unburned forest. 

Theree was no significant trend in mean species richness, but total rarefied species richness of 
seedlingss increased in both unburned and burned forest. The total rarefied species richness of 
saplings,, however, increased in unburned forest, but declined in burned forest. These changes 
mayy indicate that unburned forest is also recovering from indirect effects (e.g., drought) that 
occurredd during the 1997/98 ENSO event since we had expected there to be an equilibriu m in 
thee unburned forest. Withi n the burned forest we, furthermore, noted a loss of heterogeneity in 
communityy composition and decline in evenness associated with the transition from seedlings to 
saplings.. Community composition remained very different between unburned and adjacent 
burnedd forest. Most unburned forest species failed to germinate in the burned forest over  the 3-
yearr  study period. Notable exceptions include Fordia splendidissima and Gironniera nervosa. 
Dominantt  unburned forest canopy species such as Shorea laevis were, however, completely 
absentt  from the burned forest. Dominant pioneers species, such as Macaranga gigantea, on the 
otherr  hand were completely absent from the unburned forest. This suggests that the burned 
forestt  will remain in a severely degraded state for  a prolonged period of time. This is largely due 
too a lack of successful seedling establishment of unburned forest species under  the now present 
pioneerr  tree species. We suggest that the now dominant bracken fern (Pteridium aquilinum) in 
thee burned forest may be inhibitin g regeneration. 
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Introduction n 

Inn 1997 and 1998 record-breaking fires occurred in forested areas of Indonesia and Brazil 
thatt are normally considered too moist to burn (Abramovitz and Dunn, 1998). While the 
moistt microclimate of a closed forest naturally limits fires, anthropogenic alteration can cause 
microclimaticc shifts that make fire both possible and likely (Uhl and Kauffman, 1990). Forest 
cann be initially affected by human activities, such as logging, or slashing and burning 
agriculture,, which creates areas especially susceptible to burning due to local desiccation of 
thee forest soil and accumulation of burnable debris. During severe drought fire can then 
spreadd from these areas into undisturbed, virgin forest where it will creep over the ground 
destroyingg most of the vegetation in its path. Normally, moist unburnable forests lose their 
resistancee to fire as disturbances perforate the forest canopy and allow the moist cool interior 
too dry and burnable debris to accumulate. This has also been shown to happen when severe 
ENSOO (El Nino Southern Oscillation) events cause mass shedding of leaves and a significant 
buildd up of the forest fuel layer (Nepstad et al., 1998). 

Bothh logging and tire increase the vulnerability of affected forest to future burning. During 
severee ENSO episodes this can potentially double net carbon emissions to the atmosphere 
(Nepstadd et al., 1999). Large areas of forest are burned every year, and this process can take 
onn catastrophic proportions in certain periods (e.g., 1982/83 and 1997/98) when ENSO events 
alterr the normal climatological conditions prevalent in many tropical regions such as Borneo. 
Theree is evidence that ENSO events have increased in both strength and duration during the 
lastt 20 years as a result of global warming (Trenberth and Hoar, 1996). 

Althoughh the fireline intensity of tropical fires is very low (Cochrane and Schulze, 1998) it 
iss nonetheless deadly because it tends to bum at the base of contacted trees for long periods. 
Mostt tropical trees are characterised by thin bark (Uhl and Kauffman, 1990) so that they are 
veryy sensitive to damage by fire. The thickness of the bark is also diameter dependent, which 
iss why smaller trees (i.e. seedling and saplings) are more susceptible to fire than larger 
conspecifics.. Typical burns kill 40% of trees less than 10 cm dbh (diameter at breast height; 
Cochrane,, 1998). The 1997/98 burn at Sungai Wain, Indonesia (our research site in East 
Kalimantan)) can thus be categorised as extremely severe since 97.5% of trees less than 8 cm 
dbhh were killed. 

Thee impact of ENSO-induced burning on community attributes of woody plants is of 
theoreticall  and practical interest. The practical interest stems from assessing initial conditions 
followingg a severe burn and monitoring patterns of regeneration. Policy makers and people 
involvedd in land management need to be able to assess the present and future value of this 
areaa and their decisions need to be based on well founded research. Lack of a coherent policy 
orr il l founded decisions with respect to land-use may cause irreparable damage to these 
alreadyy disturbed areas. 

Fromm a theoretical point of view we are interested in how large-scale disturbance events 
affectt patterns of diversity and community heterogeneity. Vegetation patterns, for example, 
havee been shown to influence subsequent disturbance events, species dispersal, and 
ecosystemm processes including nutrient cycling (Adler et al., 2001; Tilman, 1999). By 
alteringg vegetation patterns, large-scale disturbances can have a pronounced impact on 
ecosystemm functioning (Tilman, 2000). Following the disturbance we are interested in how 
andd if communities in the burned forest will return to primary forest conditions and which 
successionall  trajectory this will take. 

Successionall  dynamics have been shown to be highly predictable in plant communities 
(Reess et al., 2001) but relatively little is known of rainforest succession following severe 
ENSO-inducedd fires, especially in terms of plant species richness. Clark and Clark (1992) 
suggestt that in order to understand the processes affecting regeneration of tropical forest trees 
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muchh more attention should be paid to seedling and small sapling stages. Saplings and 
seedlingss also show the greatest response to fire in terms of mortality and regeneration. 

Inn order to estimate the impact of the forest fires we quantified all non-liana woody 
saplingss (height > 1.5 m; dbh < 8 cm) and seedlings (height < 1.5 m). All species were 
identifiedd to the species level if possible. Seedlings and saplings were sampled in plots spread 
overr an area of approximately 20 Km2. Within paired contiguous 200 x 20 metre plots we 
sampledd saplings in unburned and adjacent burned forest in systematically spaced 5 x5 metre 
subplotss and seedlings in 2 x 2 metre subplots nested in the larger 5 x5 metre subplot. In the 
analysess we also assessed whether seedling and sapling density differed between edge and 
interiorr segments of plots. This was done by dividing each 200 metre plot into a 100 x 20 
metree edge segment and a 100 x 20 metre interior segment. Edges have been shown to 
significantlyy influence the forest environment and structure (Murcia 1995, Williams-Linera et 
al.. 1998). In order to assess temporal variation in species richness, evenness, and community 
compositionn we sampled and resampled all plots a total of five times. 

Thee first sampling event was in 1998 during the early stages of regeneration and we 
sampledd again in late 1998. Subsequent sampling events occurred once in 1999, once in 
2000,, and once in 2001. Our study is thus meant to assess the early phase of regeneration in 
burnedd forest and compare this to temporal variation in adjacent primary forest. 

Wee tested the following hypotheses. 

Hypothesiss 1. We predict that species density of seedlings will decline in unburned forest, 
butt increase in burned forest with time. Sapling density is predicted to increase in both 
unburnedd and burned forest. Seedling density is predicted to decline and sapling density to 
increasee in unburned forest because the 1997/98 ENSO event was associated with a mass 
mastingg of dipterocarp species (Curran et al., 1999). These interannual masting events are 
almostt always associated with ENSO events (Curran and Leighton, 2000). Because fires 
destroyedd almost all of the vegetation in the burned forest seedling and sapling density is 
predictedd to increase rapidly with time. Initially density is predicted to be higher in primary 
forest,, but this will rapidly change with succession as the burned forest fill s up with pioneer 
species.. Finally density is predicted to be higher in edge segments than interior segments due 
too spillover, and edge effects such as increased light penetration. 

Hypothesiss 2. We predict that species richness and evenness will be significantly higher in 
unburnedd forest and that this will increase with time in bumed forest, but remain stable in 
unburnedd forest. 

Hypothesiss 3. We predict that community composition will differ significantly between 
unburnedd and burned forest. Community composition is not predicted to differ between years 
inn unburned forest, but is predicted to change in burned forest as pioneers germinate and 
providee shade thereby facilitating germination of dispersed species from the proximate 
unburnedd forest. 

Materialss and Methods 

FieldField site 

Ourr focal research area was the Sungai Wain Protected Forest Reserve (1.16 S, 116.54 E) 
inn the Balikpapan-Samarinda region of East Kalimantan Indonesia. The reserve is strictly 
protectedd by law, which prohibits all forms of economic activity within officially recognised 
boundaries.. Unfortunately, the boundaries of the park are not respected, and there is 
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considerablee encroachment in the southern and eastern portions. The major environmental 
impactt though occurred during the 1997/98 ENSO event when two thirds (6500 ha) of the 
reservee burned, including all the surrounding forest, which was located in a logging 
concession.. The forest fires destroyed most of the affected forest with some small patches left 
unburned. . 

Duringg the 1998 fires in Sungai Wain regular patrols and a firebreak protected the 
unburnedd part (3500 ha) of the reserve that remains. The firebreak, which is approximately a 
metree wide, was clear-cut so that the fire could not enter the unburned area. This area now 
formss the border between burned and unburned forest. Since all rectangular plots are 
perpendicularr to this border it creates an ideal situation for comparing regeneration in burned 
forestt with proximate unburned forest that presumably had a similar vegetation composition 
beforee the fires. Visually, the edge immediately after the fire was very sharp because the fire 
creptt right up to the firebreak and burned most of the vegetation. 

Samplingg started in September 1998 and ended in April 2001. The sequence of sampling 
eventss was 1) September-October 1998, 2) December 1998, 3) September-October 1999, 4) 
August-Septemberr 2000, 5) March-April 2001. Each sampling period took two to three 
weekss depending on weather conditions. Before the 1997/98 ENSO event the whole of 
Sungaii  Wain (ca. 10000 ha) was covered with mixed dipterocarp forest, which is the most 
commonn lowland forest type in Borneo. Elevation in the reserve varies from 40 to 140 metres 
abovee sea level. The main soil type consists of ultisols, very deep, acidic infertile soils with a 
highh fraction of loam and clay (Van Bremen et al, 1990). Rainfall in the area is relatively 
aseasonall  and averages 2790 mm per year, with a monthly minimum of 147 mm in July 
duringg the 'dry season' to a maximum of 272 mm in March during the 'wet season' 
(MacKinnonn et al., 1997; RePPProT, 1987). Prior to 1980 there were no recorded dry periods 
thatt lasted longer than two months. Since then the area has been affected by two major 
ENSO-inducedd droughts, viz., in 1982/83 and 1997/98. Both droughts were accompanied by 
large-scalee fires, of which those in 1997/98 were by far the most severe and widespread that 
havee ever been recorded in Borneo {Harrison, 2000). During the 1997/98 ENSO-induced 
firess the burned forest was heavily affected and directly affected areas were virtually devoid 
off  living vegetation (D. F. R. Geary, pers. Obs.). 

SamplingSampling design 

Bothh unburned and burned forests were sampled with the same basic design. Two sets of 
ninee master plots were established along a man-made firebreak that did not correspond to any 
obviouss topographical feature. The plots covered an area of approximately 20 Km . Each plot 
(188 in total) was 200 x 20 metres. Each plot in thee unburned forest was contiguous with a plot 
inn the burned forest so together they covered a continuous 400 x 20 metres. Three main sites 
weree sampled in Sungai Wain. Within each site three pairs of plots were placed in burned and 
unburnedd areas. The whole area was designed so as to try to capture the maximum diversity 
withinn the area while avoiding an undue bias due to possible pseudoreplications. All 
seedlingss and saplings were sampled within their respective subplots. Within each plot we 
establishedd 10 systematically spaced (at 10 metre intervals) subplots. Each subplot was 5 x5 
metress and all saplings larger than 1.5 metres and with a diameter at breast height (dbh) less 
thann 8 cm were mapped (X-Y position recorded), measured (dbh and height), labelled, and 
identifiedd to species if possible. Sometimes this proved rather problematic due to lack of 
diagnosticc characters. Nested within each 5 x5 metre subplot was a 2 x 2 metre subplot in 
whichh we repeated the above procedure for all seedlings. These were all non-liana, woody 
plantss that were smaller than 1.5 metres. The plots, plot location, and sampling design have 
alsoo been described in Van Nieuwstadt et al. (2001). 
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Analyses Analyses 

i.i. Density: 

Becausee densities were extremely low for seedlings and saplings in the burned forest we 
weree forced to pool all subplots and assess patterns at the larger (plot) spatial scale. We did, 
however,, distinguish between edge and interior segments by pooling the five edge subplots 
intoo a single edge segment and the five interior subplots into a single interior segment. After 
testingg for normality with a Kolmogorov Smirnov d test (there was no significant deviation 
fromm normality) we used a repeated measures ANOVA with Statistica for Windows (1996) to 
testt for significant differences in seedling and sapling density between 1) unbumed and 
bumedd plots, 2) between edge and interior segments, and 3) among years. 

iiii  Species richness and evenness 

Becausee of the low densities in bumed forest we only tested for variation between 
unburnedd and burned plots and between years. Because of the very low density of seedlings 
inn 2000 and 2001 we could only test for differences between 1998a and 1998b. Likewise 
becausee of the very low sapling densities in 1998 and 1999 we could only test for differences 
betweenn 2000 and 2001. Estimates of rarefied species richness (at an n of 10) and evenness 
weree obtained with the DIVERSE option of the program PRIMER (Clarke and Gorley, 
2001).. With this data we tested for deviations from normality (with a Kolmogorov-Smirnov d 
test)) using Statistica for Windows (1996). Since we found no significant departure from 
normalityy we subsequently tested for differences in mean species richness and evenness 
betweenn unburned and burned forest, and between years (seedlings: 1998a and 1998b; 
saplings:saplings: 2000 and 2001) with repeated measures ANOVAs on independent means (using 
Statisticaa for Windows, 1996). 

Wee additionally assessed total rarefied species richness across unbumed and burned forest 
byy pooling all individuals in each forest type using the Species Diversity option of the 
EcoSimm program (Gotelli and Entsminger, 2001) with 100 iterations and independent 
samplingg of randomly chosen individuals from the total species pool in each habitat. 
Interpretationss of statistical significance are based on the simulated 95% confidence intervals 
generatedd by EcoSim (McCabe and Gotelli, 2000; Gotelli and Entsminger, 2001). 

HiHi  Community composition 

Wee tested for differences in community composition between unburned and burned forest 
andd between years with a data matrix of pairwise comparisons among plots composed using 
thee Bray-Curtis similarity index. The Bray-Curtis similarity index, also known as the 
Czekanowskii  coefficient, is frequently used in ecological work (Clarke and Gorley, 2001; 
Ellingsen,, 2002). Variation in the community composition between unburned and bumed 
forestt and between years (1998 and 1999 for seedling and 2000 and 2001 for saplings) was 
testedd for significance using an ANOSIM (non-parametric analysis of similarities) with the 
packagee PRIMER (Clarke and Gorley, 2001). ANOSIM is roughly analogous to standard 
univariatee ANOVAs, and tests the variance within and between a priori defined groups in 
ordinatee space. The RANOSIM statistic values are an absolute measure of how separated the a 
priorii  defined groups are. A zero (0) indicates that there is no difference among groups, while 
aa one (1) indicates that all samples (here plots) within groups are more similar to one another 
thann any samples from different groups (Clarke and Gorley, 2001). In the results we present 
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thee ANOSIM in addition to a multidimensional scaling (MDS) ordination based on the same 
distancee matrix. 

Results s 

Inn total 4196 observations were made of seedling stems over the five sampling periods 
(includingg multiple observations of the same individual). We were able to identify the species 
inn 2276 cases and distinct morpho-species in 339 cases. The remaining observations (1581) 
weree included in analyses of density but were not included in analyses of species richness and 
communityy composition. 

Inn total 10415 observations were made of sapling stems over the five sampling periods 
(includingg multiple observations of the same individual). We were able to identify the species 
inn 6001 cases and distinct morpho-species in 464 cases. The remaining observations (3950) 
weree included in analyses of density but were not included in analyses of species richness and 
communityy composition. 

Density Density 

Seedlings:: There was a significant decline in seedling density in unburned and burned 
forest,, but density was consistently higher in unburned forest (Fig la and Table 1). Overall 
seedlingg density did not differ significantly from 1998a to 1998b, but was significantly lower 
inn 1999 and 2000. There was a further significant decline in seedling density from 2000 to 
2001.. There was no significant difference between edge and interior segments in unburned or 
burnedd forest. 

Saplings:: There was a significant increase in sapling density with time (Fig lb) in 
unburnedd and burned forest, but density was again consistently and significantly lower in 
burnedd forest (Table 1). In 1998 and 1999 we recorded very few saplings in burned forest, 
whichh was an indication of the severity of the 1997/98 ENSO event (Figure 2). There was no 
significantt difference among years in 1998a, 1998b, and 1999. Sapling density increased 
significantlyy from 1999 to 2000, but there was no further significant change from 2000 to 
2001.. There was no difference between edge and interior segments in unburned or burned 
forestt (Table 1). 

a a 
50 0 

40 0 

>>> 30 
'in 'in 
gg 20 
Q Q 
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Seedlings s bb Saplings 
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100 0 

988 98 99 00 01 
Year r 

UnbEdgee c 
Unblntt Q 
Burr Edge 
Burr Int 

50 0 

MH^ MH^ 

988 98 99 00 01 
Year r 

Unbb Edge 
Unbb Int 
Burr Edge 
Burr Int 

Fig.. 1. Mean (bars are  1 standard error) density of a) seedlings and b) saplings in unburned 
(Unb)) and burned (Bur) forest, in edge and interior (Int) segments. 
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Tablee 1. Results of repeated measures ANOVAs for comparisons of density, species richness, and 
evennesss between unburned and burned forest, between edge and interior segments (density only), 
andd among years. Significant results are indicated with asterices (**  0.001 < p < 0.01; ** *  p < 
0.001). . 

Plantt  Type 

Seedlings s 

Saplings s 
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Evenness s 
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Time e 
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Fj.12» » 

Fi.. * 
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0.050 0 

0.954 4 

0.932 2 

20.464 4 

1.914 4 

0.725 5 

40.598 8 

0.080 0 

25.968 8 

1.002 2 

1.504 4 

0.536 6 

3.808 8 

20.938 8 

0.544 4 

0.173 3 

49.115 5 

0.064 4 

1.292 2 

124.000 0 

0.079 9 

98.798 8 

0.129 9 

10.890 0 

0.067 7 

0.633 3 

P P 

O.R27 7 

0.343 3 

0.349 9 

0.0011 * 

0.186 6 

0.407 7 

0.001*** * 

0.779 9 

0.0011 * 

0.324 4 

0.205 5 

0.709 9 

0.006** * 

0.001*** * 

0.471 1 

0.683 3 

00 001** * 

0.803 3 

0272 2 

0.0011 ** * 

0.780 0 

0.000*** * 

0.722 2 

0.001*** * 

0.992 2 

0.640 0 

SpeciesSpecies richness 

Seedlings:: Mean species richness was significantly higher in unbumed forest, but there 
wass no significant difference between 1998a and 1998b (Fig. 2a). Total rarefied species 
richnesss was significantly higher in unburned than burned forest. In the unburned forest total 
rarefiedd species richness was stable in 1998a (n = 350; mean and 95% confidence intervals: 
79.344  4.57), 1998b (n = 350; 78.96  5.33), and 1999 (n = 350; 78.10  3.84). Total 
rarefiedd species richness was, however, significantly higher in 2000 (n = 350; 88.97  3.82) 
andd 2001 (n = 350; 84.74  0.91) than in 1998a and 1998b, but was significantly lower in 
20011 than 2000 (Fig. 3). In the burned forest there was no significant change in species 
richnesss from 1998a (n = 70; 17.58  4.14) to 1998b (n -70; 16.18 ) and 1999 (n = 70; 
17.544  3.34). There was, however, a significant increase in species richness from 1999 to 
20000 (n = 70; 22.34  1.40) and an additional significant increase from 2000 (n = 40; 15.90
3.83)) to 2001 (n = 40; 18.26  1.92). Note in Fig. 3 that the variation in species richness is 
compressedd due to the low abundance level (N = 400 for seedlings and N = 200 for saplings). 
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Saplings:: Mean species richness was significantly higher in unburned forest, but there was 
noo significant difference between 2000 and 2001 (Fig 2b). In the unburned forest, total 
rarefiedd species richness was stable in 1998a (n = 1020; 169.41  1.40) and 1998b (n = 1020; 
169.533  1.32), it then increased significantly in 1999 (n = 1020; 173.10  2.71). Total 
rarefiedd species richness increased significantly again in 2000 (n = 1020; 201.86  6.30), but 
declinedd significantly from 2000 to 2001 (n =1020; 195.93  5.91; Fig. 3). In the burned 
forestt the reverse trend occurred. Total rarefied species richness was stable in 1998a (n = 20; 
17.611  1.80) and 1998b (n = 20; 17.25  2.14). It then declined significantly in 1999 (n = 20; 
10.400 , and declined yet again significantly in 2000 (n = 20; 9.44  3.75) but did not 
changee significantly from 2000 to 2001 (n = 20; 9.77  4.02). 

Seedlingg Richness 

-3E--

Saplingg Richness 
20 0 

CO O 

ss is 

|| 10 
a> > 

1998a a 

Seedling g 

1998b b 

Evenness s 

CZII Unb i 

Bur r 

d d 

1998a a 1998b b 

 Unb 

 I 
20000 2001 

Saplingg Evenness 

E DD Unb 

20000 2001 

Fig.. 2. Mean (bars are  1 standard error) species richness for a) seedlings and b) saplings in 
unburnedd (Unb) and burned (Bur) forest. Mean (bars are  1 standard error) species richness for c) 
seedlingss and d) saplings in unburned (Unb) and burned (Bur) forest. 

Evenness Evenness 

Seedlings:: There was no significant difference in evenness between unburned and burned 
plotss or between 1998 and 1999 (Fig 2c). 

Saplings:: Evenness was significantly higher in unburned forest, but there was no 
significantt difference between 2000 and 2001 (Fig 2d). 

CommunityCommunity composition 

Seedlings:: there was a highly significant difference between unburned and burned plots 
(R-ANOSIMM = 0.918, p < 0.001), but no temporal change in community composition from 1998 
too 1999 (Fig. 4a; RANOSIM = -0.054, p = 0.987). 
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Fig.. 3. Rarefied accumulated species richness at an n = 40 for seedlings and N = 20 for 
saplingss (bars are 95% confidence intervals), a) seedlings in unbumed and burned forest and 
b)) saplings in unburned and burned forest. Note that for saplings in burned forest density 
increasedd substantially with time (i.e. more individuals), but species richness declined. 
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Fig.. 4. Mulidimensional scaling ordination plots of a) seedlings and b) saplings in unburned 
(Unb)) and burned (Bur) forest. 

Saplings:: there was a highly significant difference between unburned and burned plots 
(RANOSIMM = 0.999, p < 0.001) but no temporal change in community composition from 2000 
too 2001 (Fig 4b; RANOSIM = -0.057, p = 0.998). 

Inn the appendices, we present a list of the 10 most dominant species of seedlings and 
saplingss in unburned and burned forest from 1998 to 2001. In the unburned forest dominant 
speciess include Macaranga lowii (Euphorbiaceae), Shorea laevis (Dipterocarpaceae), Vatica 
wnbonatawnbonata (Dipterocarpaceae), Cotylelobium melanoxylon (Dipterocarpaceae), and 
DacryodesDacryodes rostata (Burseraceae). In the burned forest dominant species include Macaranga 
giganteagigantea (Euphorbiaceae), Vernonia arborea (Compositae), Macaranga conifera 
(Euphorbiaceae),, Macaranga trichocarpa (Euphorbiaceae), and Ficus aurata (Moraceae). 
Sharedd dominant species in unburned and burned forest include Fordia splendidissima 
(Leguminosae)) and Gironniera nervosa (Ulmaceae). 
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Discussion n 

Density Density 

Seedlingg density declined in both unburned and bumed forest from 1998 to 2001. Sapling 
densityy increased in both unburned and burned forest as we predicted. There was, however, 
noo significant edge effect with increased seedling or sapling densities in edge segments. This 
leadss us to only partially accept hypothesis 1 since we predicted that seedling density would 
declinee in unburned forest, but would increase in burned forest, and that there would be an 
increasee of seedling and sapling density in edge segments. There are probably, however, 
differentt mechanisms causing the decline of seedlings in both unburned and burned forest. 
Thee decline in density in the unburned forest is almost definitely due to the interannual 
mastingg effect of dipterocarps in bumed forest. As a case in point the number of Shorea 
laevislaevis (Dipterocarpaceae) seedlings in unburned forest declined from 61 in 1998 to 37 in 
2001,, whereas the number of Shorea laevis saplings increased from 37 in 1998 to 54 in 2001. 

Inn the burned forest, however, there were hardly any dipterocarp seedlings, or saplings. A 
totall  of 278 dipterocarp stems (seedlings and saplings) were recorded in unburned forest in 
19988 and 277 stems in 2001. In the burned forest we only recorded eight stems in 1998 and 
100 in 2001. The rarity of dipterocarps in the burned forest and their inability to recolonise is 
partiallyy related to their particular life history. They produce very large seeds and are usually 
absentt from the seed bank (Curran and Leighton, 2000). Dipterocarp growth following 
disturbancee is almost always from resident seedlings and saplings. These seedlings and 
saplingss are, however, extremely sensitive to fires (Turner et al. 1997). 

Mostt of the seedlings that were recorded in the burned forest in 1998 and 1999 were non-
dipterocarpp species that could regenerate from the seed bank, from dispersed seeds, or 
resproutedd from bumed stumps (this was especially the case with Fordia splendidissima). 
Thee decline in seedling density in the burned forest is probably related to the particular 
patternpattern of regrowth following fires. The two principal sources of regrowth in the burned 
forestt were rapidly growing pioneer trees (especially Macaranga gigantea) and ferns. We, in 
fact,, witnessed massive colonization of ferns, probably by means of long-distance wind-
mediatedd spores, in the burned forest. The dominant fern in this habitat was the cosmopolitan 
PteridiumPteridium aquilinum (Dennstaedtiaceae), or bracken, a species noted for colonising 
extremelyy perturbed acidic environments (Roberts and Gilliam, 1995). When dense, the 
speciess is also known to exclude other plants. We did, in fact, often see seedlings smothered 
byy dense fem fronds. The ferns may therefore inhibit regeneration and explain why seedlings 
declinedd so strongly in the bumed forest and why seedling and sapling density remained so 
muchh lower in burned forest than unburned forest. The nutrient poor acidic soil of Sungai 
Wainn may be playing a role in providing an ideal environment for bracken ferns to the 
detrimentt of woody species. 

SpeciesSpecies richness 

Thee diverse seedling community of unburned forest was replaced by a species poor 
communityy of pioneers dominated by various euphorb species, notably of the genus 
Macaranga.Macaranga. Dipterocarps were almost completely absent from the burned area. Species 
richnesss was significantly higher for seedlings and saplings in unburned forest and we found 
noo effect of short-term temporal variation in unburned and burned forest. Because of the very 
loww densities of seedlings in 2000 and 2001 and saplings in 1998 and 1999 we could not 
assesss mean species richness over these years. Total rarefied species richness, however, 
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changedd significantly for seedlings and saplings in both unburned and burned forest. In the 
unburnedd forest the total rarefied species richness of seedlings and sapling increased with 
time.. At present it is not clear what caused this. In the bumed forest there was a significant 
increasee in total rarefied seedling species richness with time, but a significant decline in total 
rarefiedd sapling species richness. These results lead us to reject hypothesis 2. Species richness 
wass not stable in unburned forest, but actually increased with time and sapling species 
richnesss in burned forest declined with time. Brown et al. (2001) showed that in three long-
termm studies there was a remarkable temporal constancy in species richness despite 
environmentall  changes that caused substantial changes in species composition. The changes 
inn species richness at large-spatial scales that were recorded are indicative of considerable 
communityy restructuring. 

EvennessEvenness and community composition 

Overr the short term we found no significant temporal variation in community composition 
off  either seedlings or saplings. We did, however, note that there was less variation in sapling 
communityy composition among plots in burned forest than unburned forest in 2000 and 2001. 
Variationn in seedling community composition was, however, similar in burned and unburned 
forestt in 1998 and 1999. Evenness was also significantly lower in burned forest for saplings 
inn 2000 and 2001 whereas there was no significant difference in evenness between seedlings 
inn unburned and burned forest. This indicates that during the transition from seedlings to 
saplings,, burned forests are losing heterogeneity in community composition, and dominance, 
byy a limited assemblage of pioneer species is increasing at the expense of unburned forest 
species. . 

Althoughh many dominant unburned forest species were conspicuously absent from the 
burnedd forest, there were a number of species that have been able to successfully germinate 
inn the burned area. These include various species of Ardisia (Myrsinaceae), Artocarpus 
(Moraceae),, and Eugenia (Myrtaceae), and Eurycoma longifolia (Simaroubaceae), Fordia 
splendidissimasplendidissima (Fabaceae), and Gironniera nervosa (Ulmaceae). Some of these species were 
relativelyy abundant components of the unburned forest community. The most successful and 
abundant,, however, was the nitrogen fixating F. splendidissima. The ecological amplitude of 
thiss species could mean that it may be an important species in forest regeneration and should 
bee considered in reforestation projects for rehabilitating degraded areas. 

Off  the pioneer species, the following ones germinated in the burned forest: Vernonia 
arboreaarborea (Compositae), Litsea firma (LauraceaeA Macaranga hypoleuca, Macaranga 
trichocarpa,trichocarpa, and Mallotus molicimus (Euphorbiaceae). All of these species are either absent 
orr very rare in the unburned forest. The dominant pioneer M. gigantea was was completely 
restrictedd to the burned area. The emergent canopy, dipterocarp S. iaevis on the contrary was 
completelyy absent from the burned forest. The understory/subcanopy tree M. lowii was able 
too germinate in burned forest, but showed a highly pronounced preference for unburned 
forest.. Our results lead us to partially accept hypothesis 3. Community composition did 
appearr to be stable in the unburned forest. Although community composition was also stable 
inn the short term in the burned forest we note a marked change in community attributes 
associatedd with the transition from seedlings to saplings including a reduction in 
heterogeneityy and decline in evenness relative to unburnedd forest, thereby indicating a change 
inn community composition. Similar changes may also be occurring in the unburned forest, 
butt are less manifest. The changes in species richness in the unburned forest, however, 
indicatee that changes are occurring there too. 

Thee new plant community of the burned forest is clearly not a nested subset of species left 
overr from the fire. Even though a few saplings and trees survived the fire, and the burned 
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areaa is adjacent to a large unburned source, very few seedlings from species in the unowned 
forestt were able to germinate in the burned area. Notable exceptions were F. splendidisimma 
andd G. nervosa. Even though the dispersal distance from unburned to burned forest was 
minimall  (the plots in unburned and burned forest were contiguous) there was still highly 
significantt variation in species richness, density and community composition between the 
burnedd and unburned forest. The majority of unburned forest trees were clearly not 
successfullyy establishing themselves in the burned forest even at the very short spatial scales 
studiedd here. The burn has instead created a sharp ecotone where two distinct plant 
communitiess meet with littl e evidence of a biotic edge effect. 

Wee had expected that, as the area regenerates, pioneer seedling species would gradually be 
replacedd by unburned forest seedling species under resident pioneer saplings. These species 
couldd then survive under the shade of pioneer trees and gradually replace these as the short-
livedd pioneers senesce. This, however, does not yet appear to be the case. A fuller 
understandingg of this mechanism is crucial if one is to understand the natural forest 
dynamics. . 

Regeneration,, for example, can be significantly influenced by the history of land use. 
Light-usee sites in Amazonia had higher biomass and species richness than moderate or 
heavy-usee sites. Age was a good indicator of biomass accumulation in light- and moderate-
usee sites but not on heavy-use sites, which remained in a degraded state (Uhl et al., 1988). 
Thee Sungai Wain reserve was, however, a protected forest with no history of heavy land-use. 
Initially ,, however it appeared to remain in a degraded state with littl e tendency towards 
regenerationn to a primary-like state. 

Severee fires can, however, degrade a primary rainforest to a state resembling that of 
secondaryy vegetation on recently abandoned agricultural land (Cochrane, 1998). This appears 
too be the case in Sungai Wain. Despite it never having been commercially exploited, the 
burnedd area is now covered with a scrub of ferns and small pioneer trees typical of long-
abandonedd agricultural areas. Regeneration of the Sungai Wain burned forest will probably 
bee a very long drawn-out process. We also suggest that this probably extends to many of 
Borneo'ss burned forests on poor soils. 

Unlesss access into forested lands via roads, electrical grids, and water transport systems is 
sharplyy curtailed, large areas of forest wil l continue to burn with potentially disastrous 
consequencess for the biota and people of Indonesia. First time fires have most impact on 
smalll  trees and usually only destroy as little as 10% of total living biomass because the large 
treess which contain most of the biomass are left intact. A second fire though can kill as much 
ass 40% of living biomass leaving large trees with no survival advantage over smaller trees 
(Cochranee and Schulze, 1998). 
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Appendixx I. Ten dominant seedling species in arranged per year (sampling episode) in 
burnedd and unburned (primary) forest in Sungai Wain. 

Year r 

1998 8 

1998 8 

1998 8 

1998 8 

1998 8 

1998 8 

1998 8 

1998 8 

1998 8 

1998 8 

1999a a 

1999a a 

1999a a 

1999a a 

1999a a 

1999a a 

1999a a 

1999a a 

1999a a 

1999a a 

1999b b 

1999b b 

1999b b 

1999b b 

1999b b 

Saplingg Species (Burned) 

MacarangaMacaranga lowii 

FordiaFordia splendidissima 

DrypetesDrypetes kikir 

DipterocarpusDipterocarpus cornuius 

VaticaVatica umbonata 

CotylelobiumCotylelobium melanoxylon 

DurioDurio acutifolius 

MadhucaMadhuca kmgiana 

BeilschmiediaBeilschmiedia sp. 

EugeniaEugenia hirta 

MallotusMallotus mollissimus 

MacarangaMacaranga lowii 

FordiaFordia splendidissima 

DrypetesDrypetes kikir 

DipterocarpusDipterocarpus cornuius 

MallotusMallotus macrastachyus 

VaticaVatica umbonata 

CotylelobiumCotylelobium melanoxylon 

DurioDurio acutifolius 

MadhucaMadhuca kmgiana 

MacarangaMacaranga gigantea 

MacarangaMacaranga trichocarpa 

MallotusMallotus motlissimus 

FordiaFordia splendidissima 

V'ernoniaV'ernonia arborea 

1999bb Mat lotus macrostachyns 

1999b b 

1999b b 
1999b b 
1999b b 
2000 0 
2000 0 
2000 0 
2000 0 
2000 0 
2000 0 
2000 0 
2000 0 
2000 0 
2000 0 
2001 1 
2001 1 
2001 1 
2001 1 
2001 1 
2001 1 
2001 1 
2001 1 
2001 1 
2001 1 

MacarangaMacaranga lowii 

DrypetesDrypetes kikir 

DipterocarpusDipterocarpus cornuius 
GironnieraGironniera nervosa 
MacarangaMacaranga gigantea 
VernoniaVernonia arborea 
FordiaFordia splendidissima 
MacarangaMacaranga conifera 
MacarangaMacaranga trichocarpa 
FicusFicus aura: a 
DilleniaDillenia reticulata 
GironnieraGironniera nervosa 
MacarangaMacaranga hypoleuca 
MacarangaMacaranga triloba 
MacarangaMacaranga gigantea 
VernoniaVernonia arborea 
FordiaFordia splendidissima 
MacarangaMacaranga conifera 
MacarangaMacaranga trichocarpa 
FicusFicus aurata 
DilleniaDillenia reticulata 
MacarangaMacaranga hypoleuca 
MacarangaMacaranga triloba 
GironnieraGironniera nervosa 

Family y 

Euphorbtaceae e 

Fabaceae e 

Euphorbiaceae e 

Dipterocarpaceae e 

Dipterocarpaceae e 

Dipterocarpaceae e 

Bombacaccac c 

Sapotaceae e 

Lauraceae e 

Myrtaceae e 

Euphorbiaceae e 

Euphorbiaceae e 

Fabaceae e 

Euphorbiaceae e 

Dipterocarpaceae e 

Euphorbiaceae e 

Dipterocarpaceae e 

Dipterocarpaceae e 

Bombacaceae e 

Sapotaceae e 

Euphorbiaceae e 

Euphorbiaceae e 

Euphorbiaceae e 

Fabaceae e 

Compositae e 

Euphorbiaceae e 

Euphorbiaceae e 

Euphorbiaceae e 
Dipterocarpaceae e 
Ulmaceae e 
Euphorbiaceae e 
Compositae e 
Fabaceae e 
Euphorbiaceae e 
Euphorbiaceae e 
Moraceae e 
Dilleniaceae e 
Ulmaceae e 
Euphorbiaceae e 
Euphorbiaceae e 
Euphorbiaceae e 
Compositae e 
Fabaceae e 
Euphorbiaceae e 
Euphorbiaceae e 
Moraceae e 
Dillenn iaceae 
Euphorbiaceae e 
Euphorbiaceae e 
Ulmaceae e 

n n 

2 2 

2 2 

2 2 

2 2 

3 3 

2 2 

2 2 

2 2 

2 2 

2 2 

1 1 

1 1 

1 1 

1 1 

49 9 

8 8 

4 4 

4 4 

4 4 

3 3 

2 2 

2 2 
2 2 
2 2 

176 6 
42 2 
20 0 
IS S 
12 2 
7 7 
6 6 
5 5 
5 5 
5 5 

161 1 
38 8 
19 9 
13 3 
13 3 
6 6 
6 6 
6 6 
5 5 
4 4 

Saplingg Species (Unburned) 

MacarangaMacaranga lowii 

FordiaFordia splendidasima 

DacryodesDacryodes rostrata 

ShoreaShorea taevis 

GironnieraGironniera nervosa 

VaticaVatica umbonata 

DrypetesDrypetes kikir 

ShoreaShorea ovalis 

AporusaAporusa dioica 

CotylelobiumCotylelobium melanoxylon 

MacarangaMacaranga lowii 

FordiaFordia splendidissima 

DacryodesDacryodes rostrata 

ShoreaShorea laevis 

GironnieraGironniera nervosa 

VaticaVatica umbonata 

DrypetesDrypetes kikir 

AporusaAporusa dioica 

DipterocarpusDipterocarpus confertus 

ShoreaShorea ovalis 

MacarangaMacaranga lowii 

FordiaFordia splendidissima 

DacryodesDacryodes rostrata 

ShoreaShorea laevis 

GironnieraGironniera nervosa 

VaticaVatica umbonata 

DrypetesDrypetes kikir 

DipterocarpusDipterocarpus confertus 
AporusuAporusu dioica 
ShoreaShorea ovalis 
MacarangaMacaranga lowii 
FordiaFordia splendidissima 
DacryodesDacryodes rostrata 
ShoreaShorea taevis 
GironnieraGironniera nervosa 
VaticaVatica umbonata 
DrypetesDrypetes kikir 
CotylelobiumCotylelobium melanoxylon 
DipterocarpusDipterocarpus confertus 
ShoreaShorea ovalis 
MacarangaMacaranga lowii 
FordiaFordia splendidissima 
DacryodesDacryodes rostrata 
ShoreaShorea laevis 
GironnieraGironniera nervosa 
DrypetesDrypetes kikir 
VaticaVatica umbonata 
CotylelobiumCotylelobium melanoxylon 
DipterocarpusDipterocarpus confertus 
AporusaAporusa dioica 

Family y 

Euphorbiaceae e 

Fabaceae e 

BuTseraceae e 

Dipterocarpaceae e 

Ulmaceae e 

Dipterocarpaceae e 

Euphorbiaceae e 

Dipterocarpaceae e 

Euphorbiaceae e 

Dipterocarpaceae e 

Euphorbiaceae e 

Fabaceae e 

Burseraceae e 

Dipterocarpaceae e 

Ulmaceae e 

Dipterocarpaceae e 

Euphorbiaceae e 

Euphorbiaceae e 

Dipterocarpaceae e 

Dipterocarpaceae e 

Euphorbiaceae e 

Fabaceae e 

Burseraceae e 

Dipterocarpaceae e 

Ulmaceae e 

Dipterocarpaceae e 

Euphorbiaceae e 

Dipterocarpaceae e 
Euphorbiaceae e 
Dipterocarpaceae e 
Euphorbiaceae e 
Fabaceae e 
Burseraceae e 
Dipterocarpaceae e 
Ulmaceae e 
Dipterocarpaceae e 
Euphorbiaceae e 
Dipterocarpaceae e 
Dipterocarpaceae e 
Dipterocarpaceae e 
Euphorbtaceae e 
Fabaceae e 
Burseraceae e 
Dipterocarpaceae e 
Ulmaceae e 
Euphorbiaceae e 
Dipterocarpaceae e 
Dipterocarpaceae e 
Dipterocai-paceac c 
Euphorbiaceae e 

n n 

122 2 

64 4 

45 5 

39 9 

36 6 

27 7 

26 6 

22 2 

22 2 

21 1 

122 2 

63 3 

46 6 

41 1 

15 15 

26 6 

26 6 

22 2 

22 2 

21 1 

123 3 

64 4 

49 9 

43 3 

39 9 

27 7 

26 6 

23 3 
22 2 
20 0 

136 6 
71 1 
57 7 
51 1 
51 1 
28 8 
28 8 
26 6 
24 4 
24 4 

124 4 
68 8 
57 7 
54 4 
48 8 
27 7 
26 6 
24 4 
24 4 
23 3 
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Appendixx II. Ten dominant sapling species in arranged per year (sampling episode) in 
burnedd and unburned (primary) forest in Sungai Wain. 

Year r 

1998 8 

1998 8 

1998 8 

1998 8 

1998 8 

1998 8 

1998 8 

1998 8 

1998 8 

1998 8 

1999a a 

1999a a 

1999a a 

1999a a 

1999a a 

1999a a 

1999a a 

1999a a 

1999a a 

1999a a 

1999b b 

1999b b 

1999b b 

1999b b 

1999b b 

1999b b 

1999b b 

1999b b 

1999b b 

1999b b 

2000 0 

2000 0 

2000 0 

2000 0 

20O0 0 

2000 0 

2000 0 

2000 0 

2000 0 

2000 0 

2001 1 

2001 1 

2001 1 

2001 1 

2001 1 

2001 1 

2001 1 

2001 1 

2001 1 

2001 1 

Seedlingg Species (Burned) 

MacarangaMacaranga gigantca 

MacarangaMacaranga hypoteuca 

FordiaFordia splendidissima 

MacarangaMacaranga trichocarpa 

GironnieraGironniera nervosa 

VernoniaVernonia arborea 

MacarangaMacaranga lowii 

EurycomaEurycoma longifolia 

MallowsMallows moitissimus 

MallotusMallotus maamtachyus 

MacarangaMacaranga giganlea 

FordiaFordia splendidissima 

MacarangaMacaranga kypoleuca 

MacarangaMacaranga trichocarpa 

VernoniaVernonia arborea 

GironnieraGironniera nervosa 

MacarangaMacaranga lowii 

EurycömaEurycöma langifolia 

LitseaLitsea firma 

DilleniaDillenia reticulata 

MacarangaMacaranga giganlea 

FordiaFordia splendidissima 

MacarangaMacaranga hypoteuca 

VernoniaVernonia arborea 

MacarangaMacaranga trichocarpa 

GironnieraGironniera nervosa 

MacarangaMacaranga lowii 

EurycomaEurycoma longifolia 

DilleniaDillenia reticulata 

DnpettsDnpetts kikir 

FordiaFordia splendidissima 

MacarangaMacaranga gigantea 

MacarangaMacaranga kypoleuca 

VernoniaVernonia arborea 

PternandraPternandra galeata 

EuiycomaEuiycoma langifolia 

MacarangaMacaranga trichocarpa 

DryDry petes kikir 

LitscaLitsca firma 

ShorcaShorca ovalis 

FordiaFordia splendidissima 

MacarangaMacaranga gigantea 

VernoniaVernonia arborea 

EuiycomaEuiycoma longifolia 

MacarangaMacaranga hypoteuca 

PternandraPternandra galeata 

DrypelesDrypeles kikir 

ShoreaShorea ovalis 

ColvlelobiumColvlelobium melanoxylon 

DurioDurio dulcis 

Family y 

Euphorbiaceae e 

Euphorbiaceae e 

Fabaceae e 

Euphorbiaceae e 

Ulniaceae e 

Compositae e 

Euphorbiaceae e 

Simaroubaceae e 

Euphorbiaceae e 

Euphorbiaceae e 

Euphorbiaceae e 

Fabaceae e 

Euphorbiaceae e 

Euphorbiaceae e 

Compositae e 

Ulmaceae e 

Euphorbiaceae e 

Simaroubaceae e 

Lauraccae e 

Dtlleniaceae e 

Euphorbiaceae e 

Fabaceae e 

Euphorbiaceae e 

Compositae e 

Euphorbiaceae e 

Ulmaceae e 

Euphorbiaceae e 

Simaroubaceae e 

Dilleniaceae e 

Euphorbiaceae e 

Fabaceae e 

Euphorbiaceae e 

Euphorbiaceae e 

Compositae e 

Melastomataceae e 

Simaroubaceae e 

Euphorbiaceae e 

Euphorbiaceae e 

Lauraceae e 

Dipterocarpaceae e 

Fabaceae e 

Euphorbiaceae e 

Compositae e 

Simaroubaceae e 

Euphorbiaceae e 

Melastomataceae e 

Euphorbiaceae e 

Dipterocarpaceae Dipterocarpaceae 

Dipterocarpaceae Dipterocarpaceae 

Bombacaceae e 

n n 

59 9 

30 0 

24 4 

20 0 

7 7 

7 7 

3 3 

3 3 

3 3 

3 3 

63 3 

28 8 

27 7 

19 9 

9 9 

7 7 

3 3 

3 3 

2 2 

2 2 

29 9 

29 9 

17 7 

8 8 

4 4 

4 4 

3 3 

3 3 

2 2 

i . . 

23 3 

8 8 

8 8 

8 8 

4 4 

3 3 

1 1 

1 1 

1 1 

1 1 

16 6 

4 4 

4 4 

3 3 

2 2 

Seedlingg Species (Unburned) 

MacarangaMacaranga lowii 

ShorcaShorca iaevis 

FordiaFordia splendidissima 

GironnieraGironniera nervosa 

DacryodesDacryodes rostrata 

AgtaiaAgtaia simpticifolia 

AporusuAporusu dioica 

DrypelesDrypeles kikir 

VaticaVatica umbonala 

DipterocarptisDipterocarptis confertus 

MacarangaMacaranga lowii 

ShoreaShorea Iaevis 

FordiaFordia splendidissima 

GironnieraGironniera nervosa 

DacryodesDacryodes rostrata 

AglaiaAglaia simpticifolia 

AporusaAporusa dioica 

DrypelesDrypeles kikir 

VaticaVatica umbonala 

DipterocarpusDipterocarpus confertus 

MacarangaMacaranga lowii 

FordiaFordia splendidissima 

ShoreaShorea Iaevis 

GironnieraGironniera nervosa 

AglaiaAglaia simpticifolia 

DacryodesDacryodes rostrata 

AporusaAporusa dioica 

DrypelesDrypeles kikir 

VaticaVatica umbonata 

DipterocarpusDipterocarpus confertus 

MacarangaMacaranga lowii 

FordiaFordia splendidissima 

ShoreaShorea Iaevis 

GironnieraGironniera nervosa 

AglaiaAglaia simpticifolia 

AporusaAporusa dioica 

DrypelesDrypeles kikir 

DacryodesDacryodes rostrata 

VaticaVatica umbonata 

DipterocarpusDipterocarpus confertus 

MacarangaMacaranga lowii 

FordiaFordia splendidissima 

ShoreaShorea iaevis 

AporusaAporusa dioica 

DrypetesDrypetes kikir 

AglaiaAglaia simplicifolia 

GironnieraGironniera nervosa 

VaticaVatica umbonata 

DacryodesDacryodes rostrata 

DipterocarpusDipterocarpus confertus 

Family y 

Euphorbiaceae e 

Dipterocarpaceae e 

Fabaceae e 

Ulmaceae e 

Burseraceae e 

Meliaceac c 

Euphorbiaceae e 

Euphorbiaceae e 

Dipterocarpaceae Dipterocarpaceae 

Dipterocarpaceae e 

Euphorbiaceae e 

Dipterocarpaceae Dipterocarpaceae 

Fabaceae e 

Ulmaceae e 

Burseraceae e 

Meliaceae e 

Euphorbiaceae e 

Euphorbiaceae e 

Dipterocarpaceae e 

Dipterocarpaceae Dipterocarpaceae 

Euphorbiaceae e 

Fabaceae e 

Dipterocarpaceae e 

Ulmaceae e 

Meliaceae e 

Burseraceae e 

Euphorbiaceae e 

Euphorbiaceae e 

Dipterocarpaceae e 

Dipterocarpaceae e 

Euphorbiaceae e 

Fabaceae e 

Dipterocarpaceae e 

Ulmaceae e 

Meliaceae e 

Euphorbiaceae e 

Euphorbiaceae e 

Burseraceae e 

Dipterocarpaceae e 

Dipterocarpaceae e 

Euphorbiaceae e 

Fabaceae e 

Dipterocarpaceae e 

Euphorbiaceae e 

Euphorbiaceae e 

Meliaceae e 

Ulmaceae e 

Dipterocarpaceae e 

Burseraceae e 

Dipterocarpaceae e 

n n 

75 5 

61 1 

49 9 

19 9 

16 6 

14 4 

12 2 

12 2 

I I I 

7 7 

74 4 

55 5 

50 0 

20 0 

15 5 

14 4 

12 2 

12 2 

10 0 

6 6 

67 7 

48 8 

44 4 

16 6 

13 3 

12 2 

12 2 

12 2 

9 9 

5 5 

56 6 

46 6 

42 2 

12 2 

12 2 

12 2 

12 2 

9 9 

9 9 

4 4 

49 9 

41 1 

37 7 

12 2 

12 2 

I I I 

10 0 

10 0 

9 9 

4 4 

144 4 


