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ABSTRACT

Species richness, floristic composition, and structure of understory treelets were investigated in three
1-ha plots, distributed in the undisturbed tropical seasonal rain forest of Xishuangbanna, SW China. We
investigated all the woody species except lianas in these plots, compared the differences of species diver-
sity of trees and treelets in these plots and the differences of understory structure between this forest and
the typical dipterocarp forests in SE Asia. We found 5089 individuals belonging to 356 species, 189 gen-
era, and 63 families in the three plots. The five most important families were Rubiaceae, Euphorbiaceae,
Lauraceae, Meliaceae, and Annonacae. The treelet layer was much more diverse than the tree layer, indi-
cating that result based only on trees may be not an appropriate representation of the diversity status of
a particular tropical forest type. The three plots were more similar when the treelet layer was considered
than when tree layer was considered. In contrast with the dipterocarp forests in SE Asia, the understory of
tropical seasonal rain forest was mainly composed of the trees with small and middle stature at maturity
classes. These results indicate that the structure of tropical forest understory may differ not only among

Xishuangbanna

continents but also within continent.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Tropical rain forests are among the most species rich communi-
ties on the Earth (Carson and Schnitzer, 2008). Most studies carried
out on vascular plants have focused on the trees with diameter
at breast hight (DBH)> 10cm (Phillips et al., 1994), despite the
fact that the understory is responsible for a high percentage of
total diversity in the tropical forests (Tchouto et al., 2006). The
species richness of small trees and shrubs is usually higher than
that of the large trees (DBH > 10cm) in different tropical forests
(Gentry and Dodson, 1987). It has been found that shrub layer
(1.5cm <DBH<10cm) is significantly more diverse and species-
rich than the tree (DBH > 10 cm) and herbaceous layers, accounting
for eighty per cent species of tropical forests in Cameroon (Tchouto
et al.,, 2006). The understory plants provide food resources for
many species of insects, birds, and mammals. The composition of
understory is usually different from that of the canopy (Gentry and
Emmons, 1987), and thus supports a different fauna than does the
canopy. Furthermore, the understory plays an important role in
the nutrient cycling and conservation of the forest and is an impor-
tant component of the aesthetics of forests (Bauhus et al., 2001).
This important group of small trees has received limited attention,
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which may however be caused both by their limited interest for
foresters and the difficulties to identify them.

Although tropical forests in different areas may appear sim-
ilar in tree number (with 400-500 stems of trees>10cm DBH
per hectare), basal area (30-45m?2ha~!), and taxonomic compo-
sition of canopy trees (dominated by Fabaceae, Euphorbiaceae,
Lauraceae, Sapotaceae, Annonaceae, and so on) (Gentry, 1988), they
may show contrasting structure and composition of the understory
(LaFrankie et al., 2006). In a study carried out in six different trop-
ical forests of three continents, LaFrankie et al. (2006) found that
the saplings of species with DBH > 40 cm stature at maturity (SAM)
comprised 18-34% of the 1-2 cm DBH stems, which were gener-
ally higher than those of the African and American forests. Notably,
Dipterocarpaceae is the dominant family in the three Asian sites,
comprising about 14% of the 1-2 cm DBH trees in Asian forests and
dominating the largest SAM class (Losos and Leigh, 2004; LaFrankie
etal.,2006). Though available evidence shows that non-dipterocarp
forests of Asia differ a lot from dipterocarp forests with respect to
forest structure, species diversity and taxonomic composition of
overstory trees (Cao and Zhang, 1997; Hamann et al., 1999; Kessler
et al,, 2005; Zheng et al., 2006), we still know little about the pat-
terns of understory in the non-dipterocarp forests of tropical Asia
except for some studies carried out in tropical evergreen forest
of India (Rasingam and Parthasarathy, 2009). Consequently, our
knowledge on the understory of tropical forests in Asia may be
biased, more data from different areas are critically needed.
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The rate of deforestation due to agriculture, human habitation
and industrial development in the tropical area is accelerating,
which causes rapid changes in community composition and ecosys-
tem functioning of the tropical forests (Rudel et al., 2009; Ziegler
et al.,, 2009; Klanderud et al., 2010). These perturbations have a
direct influence on stem density, species diversity, and compo-
sition of overstory (Zhu et al., 2004; Kessler et al., 2005), and
consequently, on the quantity and quality of light reaching the
understory, and the competition of resources between overstory
and understory (Dupuy and Chazdon, 2006). Thus, trees with
smaller DBH classes must be given appropriate attention when
considering species changes resulting from habitat fragmentation
(Page et al., 2010). It has been found that small canopy gaps may
exert important influence on plant distributions in the tropical
forest understory (Svenning, 2000). In contrast to the clear world-
wide trends in tropical forest fragmentation and degradation,
global patterns of understory composition are not well understood.
Given that forest fragmentation may influence understory compo-
sition and dynamics, it is important to investigate the patterns of
understory in primary tropical forests of different regions to help
understand to what extent understory may change facing forest
fragmentation.

We simultaneously made a biodiversity inventory of all woody
species (DBH>2cm) in three 1-ha replicated plots of tropi-
cal seasonal rain forest, which are located in different areas of
Xishuangbanna, southwest China. The results of tree (DBH > 10 cm)
and liana diversity (DBH >2cm) are already available (Lii et al.,
2009; Li and Tang, in press). All the results show that the com-
position and diversity of both overstory trees and lianas differ
greatly from the typical dipterocarp forests in Southeast Asia (Lii
et al,, 2009; Li and Tang, in press). The objectives of this study
were to describe the species diversity, taxonomic composition, and
structure of treelets in the understory of the tropical seasonal rain
forests. Specific questions addressed here include: (1) How does
understory differ from overstory in the same plots with respect to
taxonomic composition and species diversity? (2) How do species
composition, diversity, and abundance of the understory differ
among different plots of the same forest types? (3) How do the
composition and structure of understory in tropical seasonal rain
forest differ from those of other tropical forests in Asia?

2. Materials and methods
2.1. Study area

The study was conducted in Xishuangbanna (21°08'-22°36" N
and 99°56'-101°50' E), SW China. It borders Myanmar in the south-
west and Laos in the southeast, and has mountainous topography,
with mountain ridges running in a north-south direction, decreas-
ing in elevation southward (Cao and Zhang, 1997). Climatological
data (1959-2002) from the Xishuangbanna Tropical Rainforest
Ecosystem Station (21°55’ N, 101°15’ E, 600 m asl) reveal a mean
annual temperature of 21.7°C (minimum 15.9°C and maximum
25.7°C) and a mean annual precipitation of 1539 mm (of which
87% occurs in the rainy season and 13% in the dry season). The
soil is classified as latosol (pH 4.5-5.5) developed from purple
sandstone.

Three replicated 1-ha (100 m x 100 m) plots, located in three dif-
ferent places, were selected from primary forest sites to investigate
the diversity of woody plants. We refer these plots as: Menglun
(21°57' N, 101°12’ E; 730 m), Mengla (21°32’ N, 101°33’ E; 581 m)
and Manyang (21°27’' N, 101°36’ E; 643 m). Detailed information of
the three plots can be found in Lii and Tang (in press).

2.2. Field census

For the convenience of inventory, each plot was divided into
subplots of 10 m x 10 m. Within each subplot, we marked all trees
with a DBH > 2 cm with aluminum tags. For the measurement of
DBH, the point of measurement was at 1.3 m, except for trees with
buttresses, which were measured above the buttress according to
the protocol of Chinese Ecosystem Research Network (CERN). We
identified the species and voucher specimens of the trees were col-
lected and deposited at the Herbarium of Xishuangbanna Tropical
Botanical Garden. Nomenclature follows Lists of Plants in Xishuang-
banna (Li et al., 1996). All the fieldwork was conducted between
December 2004 and April 2005.

2.3. Data analysis

In this study, we focused on the treelets with
2cm <DBH<10cm. We quantified basal area, relative den-
sity, relative frequency, relative dominance, and importance value
index (IVI) for all species following Curtis and Cottam (1962).
The family importance value (FIV) was calculated according to
Mori et al. (1983). To determine species richness, we added up
the number of tree species registered for each plot. We calculated
Margalef’s index, Fisher's «, Simpson’s index, Shannon-Wiener
index, Pielou’s measure of evenness and Hill diversity numbers
following Magurran (1988) and assessed similarity between the
plots using Jaccard’s coefficient of similarity and Sorenson index
(SI) of similarity (Magurran, 1988; Small et al., 2004). Two-sided,
paired t-test was used to compare the difference of species diver-
sity indices between understory and overstory. Two-way ANOVA
was used to detect the effects of tree stature classes (treelets vs
trees) and taxonomic units (family, genera, and species levels)
on beta diversity of the three plots. Because of small sample
sizes and the inherent variability of the diversity indices among
different plots, the significance level was set at o =0.10 for some
statistical comparisons. Analysis was conducted with SPSS (SPSS
13.0 for windows, SPSS Inc., Chicago, IL, USA.). Stature at maturity
was determined for species with >10 individuals in each plot by
dropping the largest DBH and taking the mean of the next three
largest DBHs. The SAM classes were determined at the following
DBH intervals using the method revised from LaFrankie et al.
(2006): (1) 2-5cm; (2) >5-10cm; (3) >10-20cm; (4) >20-40 cm,;
(5) >40-80cm; and (6) >80 cm.

3. Results
3.1. Species richness and diversity

A total of 356 species of small trees (2cm <DBH<10cm) that
belonged to 184 genera and 63 families was enumerated in the
three 1-ha plots. Species richness as well as other diversity indices
varied greatly among the three plots (Table 1). Menglun plot, with
241 species was the most, diverse than Mengla and Manyang plot
(150 and 160 species, respectively).

The similarity indices ranged from 0.817 to 0.866 (SI) and from
0.691 to 0.764 (Jaccard’s Coefficient) at family level for all individu-
als of small trees (Table 2). The similarity at family level was much
higher than those at genera and species level (Table 2).

3.2. Stand structure and floristic composition

The diameter class distribution pattern for small trees was a
negative exponential distribution in each of the three plots (Fig. 1).
The total density of small trees in Menglun plot was the high-
est, with 2048 stems. In contrast, there were only 1520 and 1521
individuals in Mengla and Manyang plots, respectively. The three
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Table 1
Abundance and species diversity indices for treelets of 2cm <DBH <10cm in the
three 1-ha plots of tropical seasonal rain forest in Xishuangbanna.

Menglun Mengla Manyang

N (stemsha~') 2048 1520 1521

S (speciesha=1) 241 150 160

H 4.54 417 4.07
D 31.61 20.34 21.7
N1 94.50 64.79 58.38
N2 51.22 43.33 33.32
Fisher's « 70.95 41.29 45.10
E 0.83 0.83 0.80
A 0.02 0.02 0.03
SIN 0.12 0.10 0.11

Nis the number of individuals registered. Sis the total number of species censused. H’
is the Shannon-Wiener index, H' = —Z(n;/N,v) In(n;/N;). D is the Margalef's index of
speciesrichness, D=(S— 1)/In NN1 is the Number 1 of Hill diversity indices, N1 = e/’
N2 is the Number 2 of Hill diversity indices, N2=1/A. « is Fisher’s index of diver-
sity, S=aIn(1+ Nfw). E is the Pielou’s evenness index, E=H'/InS. A is the Simpson’s
concentration index, A = Z(ni/N,- )2.S/N is the rate of species increase per individual
recorded.

smallest diameter classes contributed to the higher small trees den-
sity, especially in the Menglun plot (Fig. 1).

The 10 most important species accounted for 30-40% of the
combined importance value in each plot (Appendix A). Mezzettiop-
sis creaghii and Diospyros xishuangbannaensis, both with the highest
stems, frequency, and basal area, and consequently, were the most
important species in Menglun and Mengla plots (Appendix A).
Myristica yunnanensis was the most important species in Manyang
plot, due to the highest frequency and basal area and the second
highest number of stems. No single species clearly dominated each
plot. About half of the species were represented by only one or two
individuals in each plot. Three species in Menglun, two species in
Manyang, and no species in Mengla had more than 100 individuals.

The ten most important families accounted for about 60 percent
of the combined FIV in each plot (Table 3). Averaged across the
three plots, Rubiaceae, Euphorbiaceae, Lauraceae, Meliaceae, and
Annonaceae were the top five important families. Euphorbiaceae
was the most important family in both Menglun and Mengla plots
due to the higher species richness and larger basal area (Table 3).
Rubiaceae was the most important one in Manyang due to the high-
est number of individuals, the second one in Menglun and the fifth
important in Mengla plot. Lauraceae was the most diverse family
in both Menglun (25 species) and Manyang (23 species), whereas
Euphorbiaceae (20 species) was the most diverse one in Mengla
plot.
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Fig. 1. Diameter class distribution of treelets (2cm <DBH<10cm) for the three
tropical forest plots in Xishuangbanna, SW China.
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Fig. 2. Density (A) and species richness (B) of treelets 2-3 cm DBH (No.ha') by
stature at maturity (SAM) class in the tropical seasonal rain forests in Xishuang-
banna, SW China. The SAM classes were determined at the following DBH intervals:
(1)2-5cm;(2)>5-10cm; (3) >10-20 cm; (4) >20-40 cm; (5) >40-80 cm; (6) >80 cm.

3.3. Representation of stature classes in the understory

According to our criterion, 59 species from Menglun, 47 species
from Menagla and 46 species from Manyang were selected to deter-
mine the SAM of treelets in each plot. The mode of SAM differed
among these plots: class 2 and 3 were most abundant and diverse
in Menglun; class 4 was most abundant while class 2 was most
diverse in Mengla; class 1 was most abundant and class 4 was most
diverse in Manyang (Fig. 2A and B). Averaged across the three plots,
the small (class 1 and 2) and middle classes (class 3 and 4) were
more abundant and diverse than the large classes (class 5 and 6)
(Fig. 2), in that >90% of the individuals and species were located in
classes 1-4.

3.4. Comparison of diversity between understory and overstory

Species richness of small trees was much higher in the under-
story than that of overstory (241 vs 106 in Menglun; 150 vs 94 in
Mengla; 160 vs 84 in Manyang) in each plot. Furthermore, across
the three plots, the understory was more diverse than the over-
story indicated by the higher values of several diversity indices
(Fig. 3A-E). The fisher’s « index of the understory was not signifi-
cantly higher than the overstory (P=0.21; Fig. 3F). This index of the
understory was much higher than the overstory in both Menglun
(71 vs 50) and Manyang (45 vs 32), but not in Mengla (41 vs 41).
The evenness of understory and overstory was similar (Fig. 3G). The
Simpson’s diversity index (1) was lower in the understory than the
overstory (Fig. 3H), indicating more diverse or heterogeneous pat-
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Table 2
Sorensen Index (SI) and Jaccard’s Coefficient (J) between any two plots of the three tropical seasonal rain forest plots for treelets in Xishuangbanna, SW China.
Plots SI J
Family Genera Species Family Genera Species
Menglun-Mengla 0.824 0.656 0.446 0.700 0.488 0.287
Menglun-Manyang 0.865 0.644 0.440 0.764 0.475 0.282
Mengla-Manyang 0.817 0.596 0.406 0.691 0.425 0.255

tern. However, the change of A was not statistically significant due
to the large variation of the values in overstory (0.03-0.08). In con-
trast, the rate of species increase per individual recorded (S/N) in
the understory was lower than the overstory (Fig. 3I).

Results of two-way ANOVAs show that the similarity of diver-
sity pattern of understory was significantly higher than that of the
overstory at family, genera, and species levels (Fig. 4). The similarity
of any two of the three plots was highest at family level and lowest
at species level (Fig. 4).

4. Discussion

The understory treelet species richness of total 356 species enu-
merated in the three 1-ha plots and 150-240 species in each plot
reflect a high treelets diversity status of tropical seasonal rain forest
of Xishuangbanna. The species richness of treelets in our plots was
higher than tropical montane forest in Doi Inthanon of Thailand
(105 species ha~!; DBH>1cm) and seasonal dry evergreen for-
est in Huai Kha Khaeng of Thailand (96 species ha~!; DBH > 1cm)
(Losos and Leigh, 2004), whereas lower than the tropical diptero-
carp forest in Lambir (618 species ha~!; DBH>1cm) and Pasoh
(495 species ha—1; DBH > 1 cm) of Malaysia (Losos and Leigh, 2004)
and the Campo-Ma’an rain forest in Cameroon (231-413 species
ha=1; 1.5cm <DBH<10cm) (Tchouto et al., 2006). Lower rainfall
and higher seasonality in Xishuangbanna may contribute to the

Table 3

lower woody species diversity enumerated in this study compared
with the forests located near the equator. These two factors are
among the important ones that would be the causes of gradients in
tropical tree diversity (Givnish, 1999).

The five most important families in the understory of trop-
ical seasonal rain forests in Xishuangbanna were Rubiaceae,
Euphorbiaceae, Lauraceae, Meliaceae, and Annonacae. Similarly,
all these families are the dominant ones in Doi Inthanon for-
est and Huai Kha Khaeng forest of Thailand (Losos and Leigh,
2004). The Rubiaceae was ranked first in FIV averaged across
the three plots and ranked first in abundance of treelets in
both Menglun and Manyang (Table 3), whereas there were only
seven stems of trees with DBH>10cm in either Menglun or
Manyang plot (Lii and Tang, in press). This contrasting pattern
of the Rubiaceae between understory and overstory indicates
that most species and individuals of Rubiaceae are smaller ones
in the understory. The Lauraceae and Euphorbiaceae were the
two most diverse families either when only treelets or when
only trees (DBH > 10cm) (Lt and Tang, in press) were consid-
ered, indicating these two families contribute a lot to the woody
species richness in both understory and overstory of the tropi-
cal seasonal rainforests. There was no species that belonged to
Dipterocarpaceae were enumerated in our study. Though there is
Shorea wangtianshuea formation of tropical seasonal rain forest in
this area, it is located in limited areas and Terminalia myriocarpa

The top 10 families with the highest importance values of the treelets (2 cm < DBH <10 cm) in three plots in Xishuangbanna, SW China. Number of species (NS), number of
individuals in a family (NI), basal area (BA, cm?), relative diversity (RDi), relative density (RDe), relative dominance (RDo), Family Importance Value (FIV).

Plot Family NS NI BA RDi RDe RDo FIV
Menglun Euphorbiaceae 23 232 3473 9.5 11.3 10.9 31.8
Rubiaceae 14 233 2762 5.8 114 8.7 25.9
Annonaceae 8 228 3403 33 11.1 10.7 25.1
Lauraceae 25 108 1971 104 5.3 6.2 21.8
Meliaceae 13 162 2342 5.4 79 7.4 20.7
Myrsinaceae 4 139 2100 1.7 6.8 6.6 15.0
Moraceae 14 61 1079 5.8 3.0 34 12.2
Sapindaceae 6 91 1164 2.5 4.4 3.7 10.6
Papilionaceae 3 67 1490 1.2 33 4.7 9.2
Icacinaceae 3 72 1077 1.2 3.5 3.4 8.1
Mengla Euphorbiaceae 20 123 2318 13.2 8.1 9.2 30.1
Meliaceae 8 158 2334 53 10.4 9.3 249
Ebenaceae 3 164 2724 2.0 10.8 10.8 23.6
Annonaceae 8 107 1837 5.3 7.0 7.3 19.6
Rubiaceae 11 62 829 7.2 4.1 33 14.6
Sapindaceae 4 77 1434 2.6 5.1 5.7 134
Moraceae 5 66 1113 33 43 44 12.0
Lauraceae 7 49 855 4.6 3.2 3.4 11.2
Anacardiaceae 3 69 1140 2.0 4.5 4.5 11.0
Papilionaceae 6 59 657 39 39 2.6 104
Manyang Rubiaceae 17 287 3796 10.6 189 16.2 45.7
Lauraceae 23 140 2035 144 9.2 8.7 32.2
Myristicaceae 4 140 3118 2.5 9.2 13.3 25.0
Euphorbiaceae 14 82 1093 8.8 5.4 4.7 18.8
Moraceae 10 75 1030 6.3 49 44 15.6
Meliaceae 6 76 1133 3.8 5.0 4.8 13.6
Myrsinaceae 4 98 745 2.5 6.4 3.2 12.1
Lecythidaceae 1 62 1602 0.6 4.1 6.8 115
Annonaceae 4 52 1004 2.5 34 43 10.2
Symplocaceae 2 58 991 13 3.8 4.2 9.3
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averaged across the three plots of the tropical seasonal rain forests in Xishuangbanna, SW China.

and Pometia tomentosa formations occupy largest areas (Zheng
et al,, 2006). It is different from the typical tropical forests in
SE Asia where Dipterocarpaceae is the predominant family with
emergent canopy trees and large quantities of understory trees
(Losos and Leigh, 2004; LaFrankie et al., 2006).

Our results showed that the three plots of tropical seasonal rain
forest were similar to each other in the extremely low represen-
tation of large SAM classes and high representation of small and
middle (1-4) classes in the understory. This contrasts with the
results from the dipterocarp forests of tropical Asia, in which the
understory shows a high representation of middle and large SAM
(3-6) classes but not of small SAM classes (LaFrankie et al., 2006).
The difference in floristic composition of forests in Xishuangbanna
and the forests in SE Asia may contribute to the different SAM
patterns. The family Dipterocarpaceae, dominant in SE Asia, con-
tributes a lot to the density of 1-2cm DBH trees in these plots
and dominates stature class 6. However, there was no existence of
individuals that belonged to Dipterocarpaceae in our plots. In addi-
tion, Pitman et al. (2002) suggest that the climatic differences may
be accounted for the varied composition of understory in different
tropical forests. The three plots of SE Asia included in LaFrankie’s
study located near the equator, where the climate (higher mean
annual temperate and higher mean annual precipitation) is more
hospitable for growth of canopy trees. This can be partly revealed
by the higher density of canopy trees (DBH > 10 cm) in these forests
(554-637 stems ha~!) (LaFrankie et al., 2006) than in our plots
(393-467 stems ha~1) (Lii and Tang, in press). More closing canopy
means lower available light to the understory. Although it has been
suggested that greater penetration of light into gaps and favorable
conditions for growth may allow more smaller-statured species to
coexist with canopy trees in tropical vs. temperate forests (King

et al,, 2006b), the dipterocarp forest tends to be darker and more
stable than tropical forests in Africa and Amazon probably due
to the morphological characteristics of dominant trees and a ten-
dency toward lower wind speeds in tropical Asia (Primack and
Corlett, 2005). We suspect that poor light condition may have neg-
ative effects on the germination and growth of the species within
small SAM classes, because understory plants with small stature of
adults occur preferentially in the brighter parts of the understory
(Svenning, 2000). In all, our results suggest that the understory
pattern may vary greatly not only among continents, such as the
contrasting pattern among tropical forests in Africa, Asia, and South
America found by LaFrankie et al. (2006), but also within continent.

Our results are based on inventories of all stems with
2cm <DBH<10cm on three 1ha plots and the definition of the
SAM for each species with more than 10 individuals per plot as the
mean DBH of the second and forth largest tree, whereas LaFrankie
et al. (2006) carried out their research with inventories of all stems
1cm <DBH<10cm in plots with the area ranged from 15 to 50 ha
and they defined SAM for each species with more than 30 individ-
uals per plot as the mean DBH of the second and forth largest tree.
However, it should be notable that there were some unavoidable
uncertainties in the comparisons between this study and LaFrankie
etal.(2006). Method used here may yield larger diameters for more
abundant species as suggested by King et al. (2006a). In addition,
there would be some avoidable biases when comparing samples
drawn from smaller plots (such as in this study) with the larger plots
of LaFrankie et al. (2006). The choice of the second and forth largest
trees in small plots may underestimate the numbers of species of
large trees, especially those with the stem abundance of <1 indi-
vidual ha~1. Average across the three plots, we found only one
species with a SAM of >80 cm. If the area of plots was enlarged,
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Fig. 4. The effects of tree stature (S; 2-10cm vs >10 cm) and taxonomic units (T) on
Serensen Index (A) and Jaccard’s coefficient (B) for the tropical seasonal rain forests
in Xishuangbanna, SW China. ""P<0.001; ns, P>0.1.

however, there are probably some other large species among the
2-10 cm DBH classes studied here that would have been identified.
In spite of all these uncertainties, our study did make an important
contribution to our understanding of the variation among tropical
forests within tropical Asia and it did show that sapling of large
trees were less common in Xishuangbanna than in the well-known
dipterocarp forests of SE Asia.

The treelet layer was much more diverse than tree layer with
respect to species richness and other diversity indices (Fig. 3),
indicating that the size limit of 10cm DBH in most of the forest
inventories may exclude many understory trees. Similar results
have been reported by Tchouto et al. (2006) in African tropical
forest, that the shrub layer (1.5cm <DBH <10cm) was the most
species-rich, holding a higher number of species and a higher Shan-
non diversity index than the tree and the herb layer. In their study,
the shrub layer accounted for 82% of tree species, 90% of shrubs, 78%
of lianas and 70% of herbaceous species. Moreover, only small part
of the diversity of small trees, shrubs, and herbs could be explained
by the diversity of large and medium sized trees in the same forest
type (Tchouto et al., 2006). In addition, as an integral and important
part of forest community, the understory provides foods for many
species of insects, birds, and mammals (Gentry and Emmons, 1987).
It plays an important role in the food web and nutrient cycling of
forest ecosystems. Thus, all vascular plants with DBH>1 or 2cm

(but not only trees with DBH > 10 cm) will constitute more appro-
priate sampling method for biodiversity conservation purposes, as
what have been done in the long-term, large-scale research on
forests by Center for Tropical Forest Science (Losos and Leigh, 2004).

Natural and anthropogenic disturbances can affect the diversity
and composition of understory in different forests (Hart and Chen,
2008; Lin and Cao, 2009; Rasingam and Parthasarathy, 2009), which
may have great implications for succession, dynamics, and ecosys-
tem function and services of forest (Royo and Carson, 2006). The
tropical seasonal rain forests in Xishuangbanna are being rapidly
destroyed due to human population growth, traditional slash-and-
burn agricultural activities, and the most important one, rubber
plantation expansion (Ziegler et al., 2009). Tropical forest degrada-
tion and fragmentation has caused losses of tree species diversity
(Zhu et al., 2004), changes of soil seedbanks (Lin and Cao, 2009),
habitat alteration of Asian elephants (Zhang and Wang, 2003),
reduction of fog formation and duration (Liu etal.,2007),and reduc-
tion of carbon storage (Li et al., 2008) in this region. Given the
important role the understory species play in the tropical forests,
we should pay more attention on the pattern and ecological con-
sequences of the changes of understory in face of forest clearance
and fragmentation in this area.

5. Conclusions

Our knowledge about the species diversity of tropical forest
communities is heavily biased, because most of the related studies
focused on trees with DBH > 10 cm. However, our study has demon-
strated that the species diversity of treelets (2cm <DBH<10cm) is
much higher than that of the trees (DBH > 10cm) in the tropical
seasonal rain forest in Xishuangbanna. The species richness and
floristic composition were similar with tropical forests in northern
Thailand, but differed from the dipterocarp forests in SE Asia. More-
over, the representation of SAM classes in this non-dipterocarp
forest differed significantly from the typical dipterocarp forests in
Malaysia and Philippines, in that the understory of Xishuangbanna
was mainly composed of trees within small and middle SAM classes
whereas saplings of large canopy trees contribute a lot to the den-
sity of understory trees in the dipterocarp forests (LaFrankie et al.,
2006). Considering tropical forests in this area are facing pressure
from rubber plantation and other human activities, special prior-
ity should be given to conserve not only the tree layer but also the
treelet layer of tropical forest in this region.
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Appendix A.

Comparison of density (D), frequency (F), basal area (BA, cm?),
relative density (RDe), relative frequency (RF), relative dominance
(RDo) and importance values (IVI) of the 10 most important species
(2cm <DBH <10 cm) in three tropical seasonal rain forest plots in
Xishuangbanna, SW China.

Plot Species D F BA RDe RF RDo VI

Menglun Mezzettiopsis creaghii 120 49 1974 5.9 3.6 6.2 15.7
Ardisia tenera 118 41 1912 5.8 3.0 6.0 14.8
Saprosma ternatum 104 43 1052 5.1 3.2 33 115
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Plot Species D F BA RDe RF RDo VI
Chisocheton siamensis 71 37 1254 3.5 2.7 3.9 10.1
Millettia leptobotrya 63 25 1436 3.1 1.84 4.5 9.4
Randia acuminatissima 57 29 991 2.8 2.1 3.1 8.0
Barringtonia macrostachya 46 34 990 2.2 2.5 3.1 7.9
Pittosporopsis kerrii 55 24 710 2.7 1.8 22 6.7
Dichapetalum gelonioides 35 31 743 1.7 2.2 23 6.3
Gironniera subaequalis 32 21 989 1.6 1.5 3.1 6.2

Mengla Diospyros xishuangbannaensis 93 48 1705 6.1 4.5 6.8 174
Pseuduvaria indochinensis 71 44 1147 4.7 4.1 4.6 134
Dichapetalum gelonioides 52 38 1381 34 3.6 5.5 12,5
Semecarpus reticulata 63 35 1062 41 33 42 11.6
Walsura robusta 56 36 942 3.7 34 3.7 10.8
Diospyros nigrocartex 57 33 806 3.8 3.1 3.2 10.0
Knema furfuracea 57 32 652 3.8 3.0 2.6 9.3
Aglaia parviridia 50 31 657 33 2.9 2.7 8.8
Syzygium latilimbum 40 27 690 2.6 2.5 2.7 7.9
Millettia pachycarpa 43 28 442 2.8 2.6 1.8 7.2

Manyang Myristica yunnanensis 105 48 2500 6.9 5.1 10.6 22.6
Randia acuminatissima 92 40 1653 6.0 4.2 7.0 173
Barringtonia macrostachya 62 43 1602 4.1 4.5 6.8 154
Lasianthus attenuatus 108 42 690 7.1 4.4 29 14.5
Ardisia depressa 95 37 713 6.2 3.9 3.0 13.2
Symplocos macrophylla 57 32 925 3.7 34 39 111
Walsura robusta 57 28 870 3.7 3.0 3.7 104
Cinnamomum bejolghota 52 33 714 3.4 3.5 3.0 9.9
Ixora amplexicaulis 41 27 839 2.7 29 3.6 9.1
Mezzettiopsis sinensis 43 25 781 2.8 2.6 33 8.8

References Li, H.M., Ma, Y.X,, Aide, T.M., Liu, W.]., 2008. Past, present and future land-use in

Bauhus,]., Aubin, I., Messier, C., Connell, M.,2001. Composition, structure, light atten-
uation and nutrient content of the understorey vegetation in a Eucalyptus sieberi
regrowth stand 6 years after thinning and fertilisation. Forest Ecol. Manage. 144,
275-286.

Cao, M., Zhang, J.H., 1997. Tree species diversity of tropical forest vegetation in
Xishuangbanna, SW China. Biodivers. Conserv. 6, 995-1006.

Carson, W.P., Schnitzer, S.A., 2008. Tropical Forest Community Ecology. Wiley-
Blackwell, Chichester, West Sussex, UK.

Curtis, J.T., Cottam, G., 1962. Plant Ecology Workbook. Burgess Publishing Co., Min-
neapolis, Minnesota.

Dupuy, ].M., Chazdon, R.L., 2006. Effects of vegetation cover on seedling and sapling
dynamics in secondary tropical wet forests in Costa Rica. J. Trop. Ecol. 22,
65-76.

Gentry, A.H., 1988. Changes in plant community diversity and floristic composition
on geographic and environmental gradients. Ann. Mo. Bot. Gard. 75, 1-34.
Gentry, A.H., Dodson, C.D., 1987. Contribution of non-trees to species richness of a

tropical rain forest. Biotropica 19, 149-156.

Gentry, AH., Emmons, LH., 1987. Geographical variation in fertility, phenol-
ogy, and composition of the understory of Neotropical forests. Biotropica 19,
216-227.

Givnish, T.J., 1999. On the causes of gradients in tropical tree diversity. J. Ecol. 87,
193-210.

Hamann, A., Barbon, E.B., Curio, E., Madulid, D.A., 1999. A botanical inventory of a
submontane tropical rainforest on Negros Island, Philippines. Biodivers. Con-
serv. 8,1017-1031.

Hart, S.A., Chen, H.Y.H., 2008. Fire, logging, and overstory affect understory
abundance, diversity, and composition in boreal forest. Ecol. Monogr. 78,
123-140.

Kessler, M., Kessler, P.J.A., Gradstein, S.R., Bach, K., Schmull, M., Pitopang, R., 2005.
Tree diversity in primary forest and different land use systems in Central
Sulawesi, Indonesia. Biodivers. Conserv. 14, 547-560.

King, D.A., Davies, S.J., Nur Supardi, M.N., 2006a. Growth and mortality are related
to adult tree size in a Malaysian mixed dipterocarp forest. Forest Ecol. Manage.
223,152-158.

King, D.A., Wright, A.]., Connell, ].H., 2006b. The contribution of interspecific varia-
tion in maximum tree height to tropical and temperate diversity. J. Trop. Ecol.
22,11-24.

Klanderud, K., Mbolatiana, H.Z.H., Vololomboahangy, M.N., Radimbison, M.A., Roger,
E., Totland, O., Rajeriarison, C.,2010. Recovery of plant species richness and com-
position after slash-and-burn agriculture in a tropical rainforest in Madagascar.
Biodivers. Conserv. 19, 187-204.

LaFrankie, J.V., Ashton, P.S., Chuyong, G.B., Co, L., Condit, R., Davies, SJ., Foster,
R., Hubbell, S.P., Kenfack, D., Lagunzad, D., Losos, E.C., Nor, N.S.M., Tan, S.,
Thomas, D.W., Valencia, R., Villa, G., 2006. Contrasting structure and com-
position of the understory in species-rich tropical rain forests. Ecology 87,
2298-2305.

Li, Y., Pei, SJ., Xu, Z.F.,, 1996. List of Plants in Xishuangbanna. Yunnan Nationality
Press, Kunming.

Xishuangbanna, China and the implications for carbon dynamics. Forest Ecol.
Manage. 255, 16-24.

Lin, L.X., Cao, M., 2009. Edge effects on soil seed banks and understory vegetation in
subtropical and tropical forests in Yunnan, SW China. Forest Ecol. Manage. 257,
1344-1352.

Liu, W], Liu, W.Y,, Li, PJ., Gao, L., Shen, Y.X., Wang, P.Y., Zhang, Y.P,, Li, H.M.,,
2007. Using stable isotopes to determine sources of fog drip in a tropical sea-
sonal rain forest of Xishuangbanna, SW China. Agric. Forest Meteorol. 143,
80-91.

Losos, E.C., Leigh, E.G., 2004. Tropical Forest Diversity and Dynamism: Findings from
a Large-Scale Plot Network. University of Chicago Press, Chicago.

Li, X.T., Tang, J.W. Species composition, diversity and forest structure of tropical
forests in Xishuangbanna, SW China. J. Trop. For. Sci., in press.

L, X.T., Tang, J.W., Feng, Z.L., Li, M.H., 2009. Diversity and aboveground biomass
of lianas in the tropical seasonal rain forests of Xishuangbanna, SW China. Rev.
Biol. Trop. 57, 211-222.

Magurran, A.E., 1988. Ecological Diversity and Its Measurement. Princeton Univer-
sity Press, Princeton, New Jersey.

Mori, S.A., Boom, B.M., de Carvalho, A.M., dos Santos, T.S., 1983. Southern Bahian
moist forests. Bot. Rev. 49, 155-232.

Page, N.V., Qureshi, Q., Rawat, G.S., Kushalappa, C.G., 2010. Plant diversity in sacred
forest fragments of Western Ghats: a comparative study of four life forms. Plant
Ecol. 206, 237-250.

Phillips, O.L, Hall, P., Gentry, A.H., Sawyer, S.A., Vasquez, R., 1994. Dynamics
and species richness of tropical rain-forests. Proc. Natl. Acad. Sci. U.S.A. 91,
2805-2809.

Pitman, N.C.A., Terborgh, ].W., Silman, M.R., Nunez, P., Neill, D.A., Ceron, C.E., Palacios,
W.A,, Aulestia, M., 2002. A comparison of tree species diversity in two upper
Amazonian forests. Ecology 83, 3210-3224.

Primack, R., Corlett, R., 2005. Tropical Rain Forests: An Ecological and Biogeograph-
ical Comparison. Blackwell Science Ltd., Oxford, UK.

Rasingam, L., Parthasarathy, N., 2009. Diversity of understory plants in undisturbed
and disturbed tropical lowland forests of Little Andaman Island, India. Biodivers.
Conserv. 18, 1045-1065.

Royo, A.A., Carson, W.P, 2006. On the formation of dense understory
layers in forests worldwide: consequences and implications for for-
est dynamics, biodiversity, and succession. Can. ]. Forest. Res. 36,
1345-1362.

Rudel, T.K. Defries, R., Asner, G.P., Laurance, W.F., 2009. Changing drivers of
deforestation and new opportunities for conservation. Conserv. Biol. 23,
1396-1405.

Small, A., Martin, T.G., Kitching, R.L., Wong, K.M., 2004. Contribution of tree species
to the biodiversity of a 1ha Old World rainforest in Brunei, Borneo. Biodivers.
Conserv. 13, 2067-2088.

Svenning, J.C.,2000. Small canopy gaps influence plant distributions in the rain forest
understory. Biotropica 32, 252-261.

Tchouto, M.G.P., De Boer, W.F., De Wilde, ]., Van der Maesen, L]J.G., 2006. Diversity
patterns in the flora of the Campo-Ma’an rain forest, Cameroon: do tree species
tell it all? Biodivers. Conserv. 15, 1353-1374.



572 X.-T. Lil, J.-W. Tang / Forest Ecology and Management 260 (2010) 565-572

Zhang, L., Wang, N., 2003. An initial study on habitat conservation of Asian elephant Zhu, H., Xu, Z.F., Wang, H., Li, B.G., 2004. Tropical rain forest fragmentation and its
(Elephas maximus), with a focus on human elephant conflict in Simao, China. ecological and species diversity changes in southern Yunnan. Biodivers. Conserv.
Biol. Conserv. 112, 453-459. 13,1355-1372.

Zheng, Z., Feng, Z.L., Cao, M., Li, Z.F., Zhang, ].H., 2006. Forest structure and biomass Ziegler, A.D., Fox,].M., Xu,].C.,2009. The Rubber Juggernaut. Science 324, 1024-1025.
of a tropical seasonal rain forest in Xishuangbanna, Southwest China. Biotropica
38,318-327.



	Structure and composition of the understory treelets in a non-dipterocarp forest of tropical Asia
	Introduction
	Materials and methods
	Study area
	Field census
	Data analysis

	Results
	Species richness and diversity
	Stand structure and floristic composition
	Representation of stature classes in the understory
	Comparison of diversity between understory and overstory

	Discussion
	Conclusions
	Acknowledgements
	Appendix A
	References


