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Influences of edaphic factors on the distribution and
abundance of a rare palm (Cyrtostachys renda) in a peat
swamp forest in eastern Sumatra, Indonesia

DIDIK WIDYATMOKO* AND MARK A. BURGMAN
Environmental Science Laboratory, School of Botany, University of Melbourne, Parkuville 3010,
Victoria, Australia

Abstract Tropical plant community ecology is often assumed to be driven largely by stochastic disturbance,
replacement and demographic processes despite a general lack of information about the physical environment.
Tropical soils are more diverse, at regional, intermediate and local scales than usually is recognized. This study
was conducted to test hypotheses about the importance of edaphic parameters in determining the abundance and
distribution of the rare lipstick palm Cyrtostachys renda Blume and its co-occurrence with other plants. Eight of
11 tropical tree species were positively associated with C. renda. For Gluta renghas, Shorea parvifolia, Eleiodoxa
conferta, Pandanus terrestris and Korthalsia flagellaris, the association with the palm was strong. The palms E. conferta
and K. flagellaris appeared to have similar ecological and habitat requirements. The lipstick palm is adapted to
specific edaphic conditions related to soil quality and drainage. It prefers fine sand, well-drained soil and low
mineral content, reflected in associations between these variables and stem density, clump density, clump size,
frequency, basal area and canopy circle area. High levels of soil Ca™, Mg" and K" are associated with sites where
the palm is absent. The C/N ratio of soils appears to influence palm densities and sizes. All known populations
occur in habitats with C/N-values less than 19, with the largest populations in areas with C/N-values of 13. Our
findings suggest that edaphic variables are important determinants of the abundance and distribution of this
tropical peat swamp forest species.
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pattern.

INTRODUCTION

Habitat management depends on understanding the
mechanisms for species co-occurrence (Begon ez al.
1996) and habitat preference or specialization (Lud-
wig & Reynolds 1988; Mohler 1990; Nakashizuka
2001; Christie & Armesto 2003; van der Heijden ez al.
2003; Hall er al. 2004). The detection of significant
associations among or between species and environ-
mental variables (including edaphic factors) does
not provide a causal understanding, but can be used
to generate hypotheses of possible underlying causal
factors.

Hypotheses regarding species co-occurrence invoke
‘equilibrium’ and ‘non-equilibrium’ explanations
(Svenning 1999; Nakashizuka 2001; Groeneveld ez al.
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2002; Edmunds er al. 2003). Equilibrium hypotheses
assume that species co-occur by occupying different
niches (niche partitioning), while ‘non-equilibrium’
hypotheses emphasize local fluctuations, disturbance
and chance events that do not determine species com-
position, although they may result in expectations for
relative species abundances (Hubbell 2001; Chisholm
& Burgman 2004). Both ‘equilibrium’ and ‘non-
equilibrium’ processes seem likely to contribute to the
composition of most plant communities (Nakashizuka
2001).

Condit ez al. (2000) suggested that most tropical
rain forest tree species have strongly aggregated spatial
distribution patterns, perhaps due to a high degree of
habitat specialization (Ashton 1998; Hubbell 2001).
Spatial patterns may be determined by complex rela-
tionships within and between species seed dispersal
(Bell 2000), competition for pollinators (Armbruster
1995; Svenning 1999), recruitment (Harms ez al.
2000), density dependence (Webb & Peart 2000),
intermediate disturbance (Molino & Sabatier 2001) or
variation in topography and soil water (Swaine 1996;
Clark er al. 1998; Svenning 2001).



In any given situation, plant co-occurrence and
abundance may be determined largely by resource
availability, heterogeneity of the abiotic environment
and microhabitat specialization (Silvertown & Law
1987; Ludwig & Reynolds 1988; Kahn & Mejia 1990;
Hatfield ez al. 1996; Clark et al. 1998; Svenning 1999;
Webb & Peart 2000; van der Heijden ez al. 2003;
Palmiotto ez al. 2004). However, very little informa-
tion is available about soil conditions and the micro-
habitat specialization of tropical trees (House 1984;
Gentry 1988; Duivenvoorden 1995).

Some studies have shown that tropical plant species
distributions and community composition are corre-
lated with soil nutrient status (Poulsen 1996; Clark
et al. 1998; Svenning 2001) such as phosphorus and
magnesium content (Vitousek & Sanford 1986; Baillie
et al. 1987; Sollins 1998; Tiessen 1998; Potts et al.
2002; Hall ez al. 2004; Palmiotto er al. 2004). How-
ever, there is still a lack of consensus about the impor-
tance of the correlations at local and intermediate
spatial scales, e.g. at 1-100 km? (Gartlan ez al. 1986;
Swaine 1996; Clark ez al. 1998, 1999; Hall er al.
2004). Tropical soils are not homogeneous at regional,
intermediate or even local scales (Richter & Babbar
1991; Hall er al. 2004) and abrupt discontinuities in
the edaphic conditions are common features (Clark
et al. 1998). Regional/intermediate spatial scales refer
to strong environmental discontinuities (habitats)
while local spatial scales refer to environmental condi-
tions that vary at scales less than 10°> m, such as tree-
fall gaps and local topographic variation (Svenning
1999).

Palms are important elements of many tropical for-
ests and often show local or regional patterns of asso-
ciation (Kahn & Mejia 1990; Moraes 1996; Svenning
1999) and ecological preferences (Tomlinson 1979;
House 1984). Some palms appear to be adapted to
specific edaphic conditions, such as soil quality, drain-
age and formation (House 1984; Moraes 1996). Duiv-
envoorden (1995, 1996) noted that most trees of the
well-drained upland habitat in Colombian Amazonia
are likely to be soil generalists rather than specialists,
implying limited importance of microhabitat special-
ization for maintaining tree species richness.

The interspecific association test is a simple species-
based approach for preliminarily defining community
types that can be recognized by a small assemblage of
common species. If sets of species are found to co-
occur, and the occurrence of these sets can be related
to habitat factors, such information will provide more
compelling evidence for niche processes structuring
the community than does a single species approach.

The objective of this study was to test hypotheses
about the tendency of palm species to co-occur and to
assess the potential importance of edaphic parameters
in determining species abundance and distribution in
a tropical lowland peat swamp forest. The study
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focuses on Cyrtostachys renda, a rare palm species of
the Kerumutan Forest, Sumatra, with a view to
providing information to support management of the
species. We addressed three questions. First, does
C. renda associate with other plant species in the Keru-
mutan Forest? Second, if so, how strong is the associ-
ation? Third, do local edaphic conditions in different
habitat types affect the abundance and distribution of
the species?

METHODS

Study species

The lipstick palm C. renda Blume (Arecaceae) is a
monoecious, clustered or very rarely single stemmed,
slender palm, up to 15 m tall and with adult individual
stem diameters ranging from 5 to 14 cm. The species
is equatorial, confined to lowland peat swamp forests
usually near tidal coast areas and along river banks
(Uhl & Dransfield 1987; Widyatmoko 2001) at alti-
tudes from 0 up to about 500 m above sea level (Uhl
& Dransfield 1987). C. renda is the only representative
of its genus to occur west of Wallace’s Line. It occurs
in Southern Thailand, Peninsular Malaysia, Sumatra,
and Borneo, and is a characteristic component of
south-east Asian lowland peat swamp forests, while the
other Cyrrostachys species are all from New Guinea
and the Solomons (Uhl & Dransfield 1987). The east-
ern coastal area of Borneo appears to be the eastern
geographical limit of this species. There are no herbar-
ium or existing locality records for the species from
the islands of Siberut, Mentawai and Pagai.

Study sites

Kerumutan Reserve (Eastern Sumatra) supports low-
land peat swamp tropical rain forests, one of the most
intact peat swamp forests remaining in South-east Asia
(Davie & Sumardja 1997). The reserve topography is
flat (elevation: 0-3%), varying from 5 to 68 m above
sea level, and covering an area of 120 000 ha (N
00°11'52”-S 00°18’00” and E 102°2520” — E
102°37°36”). It has the ‘Af’ climate type, experiencing
eight consecutive wet months. All months have an
average temperature above 18°C (ranging from 23°C
to 34°C). It has small seasonal temperature variations
of less than 3°C (the Koppen’s System, Tarbuck &
Lutgens 2004); with an average annual rainfall of
2720 mm and an average humidity of 84% for the
period between 1992 and 1997 (Bappeda Tingkat I
Propinsi Riau dan Bakosurtanal 1998a,b). The area is
dominated by a ‘shallow’ (Phillips 1998) peat forma-
tion, consisting mainly of layers ranging from 0.5 to
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1.5 m depth. The rock formation is composed of allu-
vial deposits while the mineral soils are mainly orga-
nosol and red-yellow Podzol. Around 30% of the area
is dry during the dry season, but it is almost totally
waterlogged in the wet season.

Today, Kerumutan Reserve contains one of the larg-
est remaining populations of C. renda in which natural
regeneration occurs and a complete range of age and
size classes can be found. Some successful recruitment
occurs in several sites where suckers and juveniles are
abundant, while in other locations of apparently
suitable habitat, the species is absent. The reserve
is located between Sumatra’s two major rivers: the
Kampar and Indragiri Rivers (Fig. 1). The Kerumutan
River flows across the northern part and western
border of the Reserve.

Fifteen sites were chosen inside the study area at the
Kerumutan Reserve and one site at an adjacent sanc-
tuary to cover a wide range of population occurrences
and sizes, vegetation associations (based on the dom-
inant species/individual abundance), forest and habi-
tat types, altitudes, and aspects. A preliminary survey
of the reserve was conducted before selecting the sites.
Vegetation associations (above ground characteristics)
of each location were determined to describe different
forest association types floristically and structurally.
Each site where quadrats were established was located
by a Garmin Global Positioning System MAP 175 and
projected into the 1993/1994 boundary reconstruc-
tion map of Kerumutan Reserve with scale 1:250 000
using ArcView GIS 3.2. The research was conducted
from February 1999 to June 2000.

Kempas Creek

Interspecific association (co-occurrence)

Association patterns among co-occurring species were
tested using the chi-squared test statistic by construct-
ing the hypothesis that two species are not associated
at some predetermined probability level. The strength
of each association was tested using the Ochiai Index
as recommended by Ludwig and Reynolds (1988).
Eleven species were tested for association from 56
observed.

Test of association

The species was absent from seven of the 16 observed
sites (Fig. 1). A site in Galoga’s rubber plantation was
excluded because it is regarded as an unnatural forest
area (i.e. the coexisting plants have been planted).
Measures of interspecific association were based on
the presence and absence of species within quadrats
(each of 5m x5 m). A total of 160 quadrats were
sampled from all known populations of C. renda
within the reserve (eight sites) with different vegeta-
tion types (20 quadrats per site). Quadrats were
arranged systematically in an alternating pattern
within the belt transects in order to cover uniformly
both sides of the axes. One transect of 100 m X 10 m
was established on each site with the major axis ori-
entated north-south. The data were then summarized
in the form of a 2 X 2 contingency table.

The null hypothesis (H,) was that the distribution
of C. renda is independent of the other species. To test
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Fig. 1. Locations of the study area within Kerumutan Reserve, Sumatra, from which soils were sampled from each locality.
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the null hypothesis of independence, the chi-squared
test statistic (¥,>) was used (Ludwig & Reynolds 1988.
The significance of the chi-squared test statistic is
determined by comparison with the chi-squared dis-
tribution (y4%) for 1 d.f. at o= 0.05. If 3> > y,° the null
hypothesis is rejected. Rejecting the null hypothesis
indicates an association between C.renda and the
paired species, implying that the two species co-occur
at a frequency greater than expected by random
association. Positive or negative associations were
determined by comparing the value of observed
occurrences (O) to that of expected occurrences
(E(,)- If observed is greater than expected, there is a
positive association (the pair of species occurred
together more often than expected if independent).

Measure of the degree of association

A measure of association (the Ochiai Index) recom-
mended by Janson and Vegelius (1981) and Hubalek
(1982) was used to estimate quantitatively the strength
or degree of association between the species tested, as
the association test can only determine whether the
species tested are associated or not associated. The
value of the Ochiai Index is equal to 0 at ‘no associa-
tion’ and 1 at ‘complete association’.

Soil analyses

To assess possible interactions between edaphic fac-
tors and palm occurrences and abundances, soils were
sampled from each locality in which the quadrats were
sampled (one sample per transect). The precise site of
each soil pit was chosen randomly within the quadrats
of each transect. For C. renda, surface and subsurface
soil levels appear to be more important than the
deeper soil profile since the feeding roots are close to
the surface. Thus soil samples were taken from two
depths, surface (2-5 cm) and subsurface (>5-75 cm),
mainly from the A horizon, while the layer of pure
organic matter (O horizon) was excluded. The size of
the pit was approximately 20 cm in diameter, while
the amount of soil taken from each horizon was
approximately 720 g and was used to determine vari-
ous chemical and physical parameters. Values of the
two surfaces were calculated to give mean profile val-
ues (following House 1984; White 1997). Where
present, leaf litter and the humus layer were removed
before soil sampling. Soil samples were sieved through
a 2-mm mesh sieve to remove roots and stones. Chem-
ical and physical analyses were carried out on oven-
dried samples (105°C) in the Centre for Soil and
Agroclimate Research, Bogor, Indonesia. Soil pH was
measured on a 1:2.5 soil-distilled water mix.
Exchangeable base cations (Ca**, Mg™ and K*) were
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extracted from the soil using a neutral (pH 7) salt
extractant of 1 N NH,-acetate in a mechanical vac-
uum extractor (Centurion International, Lincoln, NE,
USA; Suarez 1996). Total C and N were determined
using a dry combustion technique on a Leco CHN-
600 elemental analyser (following Olsen & Sommers
1982). The physical structure of the soils was deter-
mined by removal of clay using ultrasonics and sedi-
mentation while sand content was measured by sieving
and washing (Suarez 1996; White 1997). Soil mois-
ture content was determined by heating the soil sam-
ples in the oven at 38°C for 24 h (Campbell 1985;
White 1997).

Correlation statistics were used to assess associa-
tions between edaphic parameters and the abundances
of C. renda. Each edaphic parameter was correlated
with the average palm density and size in the transect
from which the soil sample was taken. The sample
from which the correlations were calculated was rela-
tively small (n = 16).

RESULTS

Forest (vegetation) associations

Sixteen detailed forest associations were described
from the 16 localities sampled in this study belonging
to 10 floristically different forest association types
(Table 1). The most common tree families were
Pandanaceae, Dipterocarpaceae, Anacardiaceae,
Myrtaceae and Clusiaceae. Pandanaceous forests were
dominated by Pandanus terrestris and Pandanus helico-
pus, Dipterocarp forests by Shorea parvifolia and
Shorea rugosa, Anacardiaceous forests by Gluta reng-
has, G. wallichii and G. aptera, Myrtaceous (pole) for-
ests by Syzygium ncarnatum and 8. spicatum, while
Clusiaceous forest was dominated by Garcinia bancana
and Calophyllum soulartri. Mixed forests had high spe-
cies diversity with no clearly dominant species, while
Myrtaceous forests appeared to have the least species.
The forest associations were reflected in the results of
the interspecific association tests (Table 2) in which
G. renghas (Anacardiaceae), S. parvifolia (Dipterocar-
paceae) and Eleiodoxa conferta (Arecaceae) were most
strongly associated with C. renda.

Habitat preference

Table 1 showed that C.renda was found in specific
habitat types. High densities and a range of sizes
occurred in well-drained forest but the species was
absent from all permanently waterlogged sites.
Although the palm tolerated seasonally flooded forest,
the populations in this type of habitat were generally
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low and suppressed, indicating a tolerance of subop-
timal conditions. The mean palm density on well-
drained sites was 2.6 clumps per hectare (6.9 adults
per hectare), while in seasonally flooded forests it was
0.6 clumps per hectare (0.5 adult hectare).

Species co-occurrence

Fifty-six species were encountered, of which 11 spe-
cies were tested for association with C. renda. Eight of
these 11 species were positively associated while two
species were negatively associated (Table 2). For five
species (G. renghas, S. parvifolia, E. conferta, P terres-
tris and Korthalsia flagellaris), the association with the
lipstick palm was strong, indicated by their indices
>0.5.

Another palm, Korthalsia paucijuga, was positively
associated with C. renda. Although in some sites
K. paucijuga and S. rugosa were found together with
C. renda (for example in the Galoga Border and Kem-
pas Creek sites), their co-occurrence was not seen at
all sites. Surprisingly, two apparently closely associ-
ated species, S. incarnatum and R helicopus, were neg-
atively associated with C. renda. In fact, C. renda was
more common in well-drained sites, avoiding water-
logged areas within lowland peat swamp tropical rain
forests (Widyatmoko er al. 2005). Although S. parvi-
folia appeared to be closely associated with C. renda,
it was not confined to peat swamp ecosystems, occur-
ring in wider ecological contexts. Unlike C. renda,
S. parvifolia (up to 60 m high) occupied the highest
canopy stratum. The dominant species within the
lower subcanopy (intermediate level) in Kerumutan
Forest included P terrestris, P helicopus, S. incarnatum,
Syzygium sp. and Gardenia pterocalyx. The upper sub-
canopy was occupied mainly by Callophyllum soulartri,
Tetramerista glabra and Campnosperma coriacea, while
the main canopy was dominated by Koompassia
malaccensis, G. renghas, G. wallichii, S. parvifolia and
S. rugosa.
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Associations between species and
soil characteristics

The results of chemical and physical analyses of soils
of the study area indicated that well-drained areas
(Galoga Border, Kempas Creek and Buluh Creek) had
the lowest levels of soil moisture, Ca™, Mg, K,
C/N ratio and clay, but the highest content of fine sand
and N. Soil pH and C content varied slightly amongst
sites.

Several interrelating edaphic factors, in combina-
tion, appeared to explain the abundance of C. renda.
This palm showed a preference for sandy (Fig. 2),
well-drained soils (Table 1) with low mineral content
(Fig. 3,4). The three largest populations, Galoga Bor-
der, Kempas Creek and Buluh Creek had the lowest
mineral content.

The soil minerals Ca**, Mg"* and K" appeared to be
most closely related to clump size, frequency and
clump density (Table 3). There were strongly negative
correlations between clump size and frequency and
the three soil minerals’ content (Table 3, Fig. 4). High

3.0
2.0 4

1.0 4

0.0

-1.0 |

Stem density (stems ha ™)

y = 3.2984x - 3.3845

201 R = 0.91

-3.0-
% Fine sand

Fig. 2. Relationship between soil sand content (% fine
sand) and stem density of C.renda within Kerumutan
Reserve, Sumatra. Soil sand content values are Log;,. Den-
sity values are Log;, stems ha™.

Table 2. Results of the association tests using the chi-squared test statistic (}2) between Cyrtostachys renda and the 11 co-
occurring species. Values of the Ochiai Index are equal to 0 at ‘no association’ and to 1 at ‘complete/maximum association’

Paired species Result of chi-squared test

Types of association

Strength of association (Ochiai Index)

Gluta renghas Associated
Shorea parvifolia Associated
Eleiodoxa conferta Associated
Pandanus terrestris Associated
Korthalsia flagellaris Associated
Korthalsia paucijuga Associated
Shorea rugosa Associated
Licuala paludosa Associated
Syzygium incarnatum Associated
Pandanus helicopus Associated

Memecylon lucida No significant result

Positive 0.66
Positive 0.66
Positive 0.64
Positive 0.55
Positive 0.51
Positive 0.47
Positive 0.47
Positive 0.30
Negative 0.04
Negative 0.07

— 0.11
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Table 3. Values of correlation coefficient (r-squared) between edaphic parameters and the abundance of Cyrrostachys renda

within Kerumutan Reserve, Sumatra

Abundance

Frequency Clump density Stem density Clump size Basal area  Canopy
Edaphic parameters (clumps per hectare) (stems per hectare) (stems per clump) (m?ha™) (m*ha™) circle area
pH 0.04 0.02 0.05 0.02 0.16 0.05
% Moisture (-) 0.84* (-) 0.80* (=) 0.62 (-) 0.83* (=) 0.56 (=) 0.57
Exchangeable Ca*™ (-) 0.85* (=) 0.79*% =) 0.65 (=) 0.91* ) 0.67 (=) 0.69
Exchangeable Mg*™* (-) 0.82* (=) 0.72 (-) 0.59 (-) 0.93* (-) 0.59 () 0.61
Exchangeable K* (-) 0.85* - 0.73 (-) 0.58 (=) 0.92* (=) 0.59 (=) 0.60
% N 0.05 0.06 0.06 0.20 0.05 0.05
C/N (= 0.71 (=) 0.69 (=) 0.36 (=) 0.75* (=) 0.30 () 0.28
% Fine sand? 0.80* 0.88* 0.91* 0.88* 0.89* 0.85*
% Silt* (=) 0.10 (- 0.09 (=) 0.12 (=) 0.24 (=) 0.10 (=) 0.10
% Clay’ (-) 0.52 (-) 0.82* 0.04 (= 0.51 (=) 0.56 (=) 0.59

(=) indicates a negative correlation; *P < 0.001; ©>20-250 um, ¥2-20 um, <2 um; sample size () = 16.

PY y=-0.55x+6.54
R2=0.83;p <0.001

Clump size (stems clump ™)

00 20 40 60 80 100 120 140
Soil moisture (%)

Fig. 3. Relationship between soil C/N ratio and clump size
of C. renda within Kerumutan Reserve, Sumatra.

levels of Ca'", Mg and K' corresponded to the
absence of the palm (Tables 1,3).

Fine sand was closely associated with stem density,
clump density, clump size, frequency, basal area and
canopy circle area (Table 3). The relationship with
stem density was particularly close. Figure 2 indicated
that sand content in the soil (determining its water
drainage properties) determined the palm abundance.
Clay was closely associated with clump density
(Table 3).

Based on the r-squared values, moisture appeared
to have more influence on clump size (Fig. 3), clump
density and frequency than on stem density, basal area
and canopy circle area (Table 3; Fig. 3). On the other
hand, pH, silt and N content did not show significant
or important relationships with palm abundance
parameters, suggesting the species is adapted to a wide
range of pH.

The C/N ratio was more closely associated with
palm density, palm frequency and clump size than was
N content (Table 3). All known populations occurred

in habitats with C/N-values <19 (Fig. 5). The habitats
where the three largest populations occurred have
C/N-values of 13 (Galoga Border and Kempas Creek)
and 11 (Buluh Creek).

The adult stem diameters of C. renda varied consid-
erably, ranging from 4.7 to 14.0 cm and from 3.1 to
10.2 cm (for juveniles). Populations at Lintang and
Ketopatan Creeks were small but contained the largest
individuals (mean stem diameter = 10.33 and 9.41 cm
respectively). The largest population at the Galoga
Border contained individuals averaging 8.25 cm.

DISCUSSION

The positive association of C. renda with low levels of
Ca™, Mg"" and K" is similar to that of the bayas palm
Oncosperma  horridum and Oncosperma  tigillarum.
These palms were shown by House (1984) to avoid
flooded areas and poorly drained clay substrates. The
pattern for C.renda is different from that of the
Malayan rain forest bertam palm FEugeissona tristis
(Fong 1977) and the Amazonian palms Phytelephas
macrocarpa and Astrocaryum murumuru Var. murumuru
(Vormisto 2002) which prefer fertile soils. C. renda
and O. horridum are long-lived species reproducing
beneath a closed canopy, while E. tristis is a relatively
short-lived opportunistic species that rapidly colonizes
canopy gaps. This suggests C. renda and O. horridum
may fill equivalent ecological roles and share member-
ship of the same ecological guild.

The densities of C. renda and O. horridum (House
1984) decrease with cation content while those of
E. wrisuis increase with the cation exchange capacity
(Fong 1977). Soil cation exchange potential is linked
with soil drainage capacity (White 1997). Well-drained
soils have high sand fractions and low cation concen-
trations. In some of the habitats of C. renda, the
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Fig. 5. Relationship between soil moisture and clump size
of C. renda within Kerumutan Reserve, Sumatra.

accumulations of peaty organic materials overlay
decomposed granite fines, such as yellow clay and
humic sands derived from eroded sand stones (Tucker
1992). The absence of C. renda from all permanently
waterlogged forests is a strong indication that this spe-
cies is intolerant of waterlogged conditions, in which
seed germination is prevented.

C. renda may overcome apparent low soil nutrient
levels by self-mulching. There was abundant leaf litter
from crown falls either within clumps or at their base,
providing the surface feeding roots with newly released
nutrients, preventing excessive surface mineral leach-
ing (particularly from frequent flooding) and reducing
competition from seedlings and young plants of
other species. Competition from other species is also
reduced by the dense root mats this species develops.

It is unclear whether rapid drainage or tolerance to
low nutrients determines the distribution of C. renda
(as these factors are strongly correlated) and what
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4. Relationship between clump size of C. renda and levels of Ca™, Mg™ and K* within Kerumutan Reserve, Sumatra.

drives this association. If tolerance to low nutrients is
the case, the absence of the palm from sites with high
nutrient content may be due to water inundation (i.e.
the palm is intolerant of waterlogging). It may be due
to its slow intrinsic growth rates, excluding it from
these sites where plants with faster growth rates pre-
dominate, or it may simply be because the palm tol-
erates nutrient poor soils more easily than potential
competitors. All of these are possible explanations of
our finding and we recommend further research.

In addition to the apparent preference for well-
drained soils, C. renda appeared to be more common
in sites with lower electrical conductivity and low con-
centrations of major nutrients. Mineral concentrations
(Ca™, Mg and K") in permanently waterlogged sites
were substantially higher than in the other two habitat
types. Soil pH did not correlate with density and fre-
quency of C.renda, concordant with independent
observations that it grows very well in cultivation
where the soil pH is highly variable.

The influence of slope on soil texture and water
holding capacity partly determines the levels of avail-
able mineral nutrients, and thus the establishment and
spatial distribution of vegetation. Even small variations
in elevation can be important in flat landscapes like
Kerumutan Forest. Soils on slopes tend to be coarser
and better drained than those on flat ground where
run-off creates accumulations of small soil particles
(House 1984; Hall ez al. 2004). Slope angle and veg-
etative cover affect moisture effectiveness by governing
the ratio of surface run-off to infiltration (White
1997). As drainage deteriorates, the oxidized soil pro-
file of well-drained sites is transformed into the mot-
tled and gleyed profile of a waterlogged soil. The mean
palm density on well-drained sites is 2.6 clumps per
hectare. On poorly drained, seasonally flooded habitat
it is 0.6 clumps per hectare, while on very poorly
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drained or permanently waterlogged areas the palm is
absent.

The palms C. renda, E.conferta and K. flagellaris
appear to have similar ecological and habitat require-
ments. The three species are ‘clustering’ palms,
sharing similar growth form and population establish-
ment strategies. Like C. renda, K. flagellaris is almost
entirely confined to lowland peat swamp forests. Both
species regenerate from suckers and less frequently
from seeds. Their geographical distribution is also very
similar, from Malay Peninsula, Sumatra, to Borneo.
Similarly, E. conferta is distributed throughout this
region, particularly in peat swamp forests where water
movement occurs, indicating the same habitat speci-
ficity as C. renda. E. conferta produces seeds and suck-
ers, as do C. renda and K. flagellaris. The three species
mainly occupy lower subcanopies, thus having similar
exposure to moderate levels of sunlight. However,
unlike C. renda and K. flagellaris, E. conferta produces
abundant seeds in this reserve.

Sometimes C. renda forms a prominent component
of the forest vegetation, such as in drainage lines and
stream banks of the reserve where the sunlight pene-
trates or where the surrounding canopy has been dis-
turbed (for instance by tree falls due to wind storms
and high rain fall). However, a high level of distur-
bance, such as logging, may cause populations to
decline, such as at Terusan Siam Stream (Table 1). In
the heavily shaded sites of the reserve it occurs as very
poorly formed clumps with very few stems. The palm
appears to be able to take advantage of unstable can-
opy conditions (disturbed habitats) and to become
established in ecologically limited spaces (minor dis-
turbed sites), although it is not a true gap exploiter.

In swampy habitats, it seems that vegetative propa-
gation (by developing new suckers and stolons) is most
important for clump maintenance and expansion,
while seed dispersal and germination must be impor-
tant for the establishment of new clumps far removed
from reproductive adults. However, seeds were not
seen to germinate in canopy gaps. Curiously, seedlings
were also absent beneath the crowns of mature
clumps. Together with continuous leaf shedding, the
dense crowns create a microhabitat of heavy shade that
is unfavourable for seed germination and seedling
establishment. This was reflected by a low percentage
of fertile adults found bearing flowers or fruits during
the 1998-2000 observations, only 11% of the total
mature population (Widyatmoko ez al. 2005). As light
exposure is important for flowering and successful
fruit set, and because the crowns of this palm occupy
mainly the lower subcanopy, it is not surprising that
fertile adult plants were very rare. No effective dispers-
ers of the palm seeds were encountered during this
study. However, long-distance travellers such as frugi-
vores, granivores (pigeons) or macaques could be
important dispersal agents.

The information gleaned from this study will be
useful to managers. Potential uses include a quantifi-
cation of the palm’s distribution in the reserve, an
understanding of suitable habitat conditions (niche
preferences) which can guide enrichment planting
programs, and possible use of the palm as an indicator
of habitat conditions. Human activities that cause
large scale or very regular disturbance (particularly on
well-drained areas) are likely to be detrimental for this
species. As the species is likely to be sensitive to
changes in the hydrology of the landscape (particularly
because of its low relief), any changes to groundwater
conditions could have far-reaching effects if they
reduce the extent of seasonally dry locations within the
lowland peat swamps.
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