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Abstract

Shannon-Wiener index and Simpson’s diversity index together with other metrics, e.g., richness, number of stems per
species or species-specific density (N: S ratio), and kurtosis, were applied to characterize the woody plant diversity patterns
of a subtropical broadleaved forest in south China. The aims of our study were to compare the efficacy and sensitivity to
community diversity measures between Shannon-Wiener index and Simpson's diversity index. Tree census data from a 5-ha
sample plot was partitioned into 3 datasets by diameter class to represent 3 distinct woody plant communities for the
characterization of diversity across communities. The 5-ha sample plot of the forest had a total abundance of 23,301 tree
stems > 1 cm DBH and a richness of 139 species. The majority of tree stems were seedlings (41.1%) and saplings (38.8%),
whereas canopy trees only accounted for 20.1% of the total tree stems. Both Shannon-Wiener index and Simpson’s diversity
index decreased significantly in response to a decrease in the N: S ratio across the datasets, but Shannon-Wiener index was
more sensitive to plot-based richness changes and had a higher efficacy in predicting changes in species richness. Our
findings are contrary to the general belief that Shannon-Wiener index is an insensitive measure of the character of the N: S
relationship and have demonstrated that it remains a good measure for species diversity in plant community studies for its
sensitivity and efficacy. We also suggest that the kurtosis statistic can be used as a new diversity measure due to its

sensitivity to diversity change.
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Introduction

Species diversity is considered to be the key factor
of ecosystem stability, complexity (Murdoch, 1975;
Martinez et al., 2006; Doebeli & Ispolatov, 2010), and
ecosystem productivity (Hector, 2011; Omar et al.,
2016), due to its role as a crucial component of global
diversity, and it is thus vital to the assessment of the
ecosystem function (Whittaker, 1972; Bengtsson, 1998).
Over the years, apart from using species richness and
abundance to describe the structure and diversity of
communities, a plethora of diversity indices have been
proposed as measures of biological diversity (Magurran,
2004). Shannon-Wiener index and Simpson's diversity
index are the two most popular diversity indices of all
the proposed indices. Shannon-Wiener index, also
known as Shannon Entropy, is a measure of information
content and unpredictability in ecological studies
(Margalef, 1958; Shannon et al., 1949), whereas
Simpson’s diversity index describes the probability that
a second individual drawn from a population should be
of the same species as the first (Simpson, 1949). Both
indices have been widely applied in fields such as
ecological research, nature conservation, and natural
resources assessment.

Although continued popularity has been enjoyed by
Shannon-Wiener index, this ever-popular index was
suggested to be not as good as its popularity would
implies (Southwood & Henderson, 2000). It was
believed to be a biased diversity measure dominated by
abundant species and insensitive to the relationship or
quantitative changes between number of stems and
species richness, or N: S ratio, thus not being a good
index for measuring species diversity (Yue, 1999;
Southwood & Henderson, 2000). In contrast, Simpson's

diversity index was favored by some researchers for its
simple equation and was regarded as sensitive to
community changes (May, 1975; Simpson, 1949). Our
study aims to compare the efficacy and sensitivity to
community diversity measures between Shannon-Wiener
index and Simpson’s diversity index. For this purpose,
we collected tree census data in a 5-ha subtropical
evergreen broadleaved biodiversity monitoring plot. The
census data were then partitioned into 3 datasets
according to the diameter class to represent 3 woody
plant communities with different N: S ratios (hnumber of
stems to number of species ratio). We also calculated
kurtosis, a common statistic usually computed with a
diversity measure, and evaluated its use in diversity
measurements.

Materials and Methods

Study sites: Sampling plots were set up at Kanghe
Provincial Nature Reserve (23°44'37"~23°52'16" N,
115°0427"~115°09'41" E), which is located at the
eastern part of South China’s Guangdong Province. The
Nature Reserve covers an area of 6,484.8 ha, running
northeast to southwest. The region is semi-mountainous
and semi-hilly with a complex and rugged topography
and peaks in Baishigang with an elevation of 837.9 m. It
is within the southern margin of the subtropical
monsoon climate region and is characterized by an
average annual temperature and precipitation of 21.1°C
and 1 912 mm, respectively, and by a typhonic effect
and intensive precipitation between April and September
(Liang et al., 2012). The area is mainly characterized by
latosolic red soil, with mountain red soil, mountain
yellow soil and meadow soil simultaneously. The forest
community within the region houses a rich species


mailto:zysu@scau.edu.cn

1374

resource and is dominated by natural secondary
evergreen broadleaved forest. The complex topography
within the region offers various habitats for animal and
plant survival and colonization. All the biotic resources
are well protected, especially after the establishment of
the nature reserve in October 2001.

Data collection: According to the investigation protocol
of the tropical forest census plots (Condit, 1998), we
established a 5-ha permanent sample plot in the Kanghe
Provincial Nature Reserve. The plot is 250 m x 200 m
and runs northwest to southeast, with northeast chosen
as the major plot bearing. The plot was divided into 500
10 m x 10 m quadrats using a total station, and each
corner of the 10 m x 10 m quadrat was marked with a
PVC stake. The stake numbers were designated using 4
digits, starting from the left bottom at the major plot
bearing. The first 2 digits, referring to the column
number, are coded from west to east and begin from 00
to 25, and the last 2 digits, referring to the row number
and are coded from south to north and begin from 00 to
20. Thus, the most south-western stake is 0000, and the
most north-eastern stake is 2520. The plot code shares
the same number with the stake of its south-western
corner and thus ranges from 0000, indicating the most
south-western plot, to 2419, indicating the most north-
eastern plot facing the major plot bearing.

The forest inventory was processed based on the 10
m x 10 m quadrat. The DBH, species name, and
corresponding information of all stems > 1 ¢cm DBH
were measured and recorded. Electronic calipers were
used for the measuring of trees < 6 cm DBH, and
diameter tapes for trees >6 cm DBH.

Datasets and statistical analysis: Plant census data in
the 5-ha plot was classified into 5 diameter classes,
namely seedlings, saplings, small trees, medium trees,
and large trees, which were then designated to 3
different datasets. Dataset 1 includes all stems, dataset
2 includes all stems except seedlings, and dataset 3
excludes seedlings and saplings and includes all the
canopy trees (Table 1).

The number of stems (N), species richness (S),
number of stems per species, or species-specific density
(N: S ratio, Ns), Shannon-Wiener index (H"), Simpson's
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diversity index (D), and kurtosis in each sample unit (10
m x 10 m quadrat) were calculated using the Row and
Column Summary menu of PC-ORD (Version 6.0, MjM
Software Design), a statistical software for ecological data
analysis. In PC-ORD, Shannon-Wiener index and
Simpson's diversity index are computed according to the
following equations:
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where H' = Shannon-Wiener index, D' = Simpson's
diversity index, s = the species richness or number of
species, and P; = the proportional abundance of the ith
species, in a sample unit. In PC-ORD, D' is calculated as
a complement of Simpson’s original index. It is the
likelihood that two randomly chosen individuals will be
different species.

Kurtosis measures the peakedness of distribution of
species values (number of stems in a species) in a sample

unit and is calculated in PC-ORD using the following
equation:
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where s = the sample standard deviation, n = the number
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of species, x; = the number of stems of the ith species, X
= the number of stems per species or the mean species
value, in a sample unit.

ANOVA (Analysis of Variance) was also performed
together with regression analysis to compare the efficacy
of the Shannon-Wiener index and Simpson's diversity
index with respect to species richness, species-specific
density, and kurtosis across the 3 datasets using Statistica
(\ersion 8.0, StatSoft, Inc.).

Table 1. Species composition and diversity measured with different lower limits of size class.

Size class DBH range (cm) N S Dataset 1 Dataset 2 Dataset 3
Seedlings 1~2.4 9583 110 \
Saplings 2.5~9.9 9028 111 S \
Small trees 10.0~19.9 3096 70 \ \ \
Medium trees 20.0~29.9 1198 35 x/ V V
Large trees >30.0 396 24 \ \ \
N = 23,301 N =13,718 N = 4,690
Size of dataset S=139 S=123 S=75
Ns= 167.63 Ns= 111.53 Ns= 62.53

N = Number of stems; S = Number of species; Ns =

Number of stems per species (N: S)
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Fig. 1. Rank/abundance plot showing dominance patterns by

Results and Discussion

Species composition and diversity: A total of 23,301
tree stems > 1 cm DBH, representing a richness of 139
species, were recorded in the 5-ha sample plot. The
majority of tree stems were seedlings (41.1%) and
saplings (38.8%), and canopy trees only accounted for
20.1% of the total. Dataset 1 had the highest species-
specific density and was mainly comprised of seedlings
and saplings. Seedlings and saplings dominated 79.1%
and 79.9%, respectively, of its species richness, and
41.1% and 38.8%, respectively, of its number of stems,
whereas canopy trees only accounted for 20.1% of its
number of stems. Saplings were also the major
component of dataset 2 and occupied 90.2% and 65.8% of
its species richness and number of stems, respectively. In
contrast, dataset 3 had the lowest species-specific density,
and small trees constituted 93.3% and 66% of its species
richness and number of stems, respectively. Up to 16
plant species occurred only as seedlings and 48 plant
species as seedlings or saplings, resulting in 64 plant
species found only as seedlings or saplings, which
accounted for 46% and 79.9% of the total species richness

size class. and number of stems, respectively (Table 1).
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Fig. 2. Variation in diversity measures across datasets. The horizontal line in each box indicates the median, the box endpoints are the 25th
and 75th percentile values, and the whiskers represent the non-outlier range, with the circles indicating the outliers and the asterisks the
extreme values of a particular variable. The p-value was obtained using the Kruskal-Wallis test. Abbreviations: N = Number of stems; S =
Number of species; Ns = Number of stems per species; D’ = Simpson's diversity index; H' = Shannon-Wiener index.
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The rank/abundance curves of the 3 datasets, which
all followed a log series distribution (Fisher et al., 1943),
revealed that all 3 datasets hold more rare species and less
abundant species (Fig. 1). The above results showed that
the 3 datasets consisting of stems from different diameter
classes were all dominated by diameter classes with a
lower DBH and that all 3 datasets also had a significantly
different N: S ratio.

The ANOVA results illustrated in Fig. 2
demonstrated that the extreme significance (p<0.0001)
existing in the number of stems, species richness,
species-specific  density, Shannon-Wiener index,
Simpson's diversity index, and kurtosis could be
caused by the different species compositions and
various abundance distributions across the 3 datasets.
The values of the above 6 indices ranked in the 3
datasets were shown as dataset 1 > dataset 2 > dataset
3. The inclusion of seedlings and saplings appeared to
enable the community to have a higher species richness
and species diversity, which may be because, in
contrast to the community of classes with a larger
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diameter, the seedling and sapling communities were
primarily affected by the quality and quantity of the
seeds. Other than resource competition, regeneration
niche (Grubb, 1977) dominated the regeneration and
colonization processes, thus eventually affecting their
occurrences (Svenning et al., 2008). All of these
factors permitted the coexistence of more species and
individuals and resulted in a higher species richness
and number of stems in the seedling and sapling
communities. As seedlings and saplings grew up into a
larger diameter class, the effect of predators and of
interindividual competition for resources was also
increased accordingly. In addition, a negative density-
dependent mechanism (Wills et al., 1997; Wright,
2002) alternatively governed the larger diameter
community, causing considerable death of stems to
balance the relationship between the environment and
community. The death of stems caused a decrease in
the species and number of stems and ultimately led to a
lower species richness and species diversity.
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Fig. 3. Efficacy of Shannon-Wiener index and Simpson's diversity index in predicting diversity changes in plots for dataset I.
Abbreviations: S = Number of species; Ns = Number of stems per species; D’ = Simpson's diversity index; H' = Shannon-Wiener index.
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Fig. 4. Efficacy of Shannon-Wiener index and Simpson's diversity index in predicting diversity changes in plots for dataset 2.
Abbreviations: S = Number of species; Ns = Number of stems per species; D’ = Simpson's diversity index; H' = Shannon-Wiener index.

Sensitivity of Shannon-Wiener index and the
Simpson’s diversity index: Both Shannon-Wiener
index and the Simpson's diversity index showed a
significantly positive correlation (r > 0.68, p< 0.0001)
with species richness in 3 datasets. The determination
coefficient r? in the 3 datasets was ranked as follows:
dataset 1 (Fig. 3, a & d) < dataset 2 (Fig. 4, a & d) <
dataset 3 (Fig. 5, a & d). In addition, the Shannon-
Wiener index was more sensitive than the Simpson's
diversity index to species richness changes and was
more capable of reflecting the species composition.
Similarly, a significantly negative correlation (r < -
0.69, p< 0.0001) was detected between both the
Shannon-Wiener index and the Simpson's diversity
index and kurtosis in the 3 datasets. The ranking of the
determination coefficient r? in the 3 datasets was slightly
different from the former situation and was revealed to
be dataset 2 (Fig. 4, ¢ & f) < dataset 1 (Fig. 3,c & f) <
dataset 3 (Fig. 5, ¢ & f). The Simpson's diversity index
was more sensitive than Shannon-Wiener index to

kurtosis changes and was capable of reflecting the
species distribution.

Although neither the Shannon-Wiener index nor the
Simpson’s diversity index could provide an robust
explanation of the variation of species-specific density
(r’< 0.29), which could suggest that both diversity
indices were not sensitive, they were found to be
significantly negatively correlated (r < 0.36, p< 0.0001)
with the species-specific density (Fig. 3, b & e; Fig. 4, b
& e; Fig. 5, b & e).The Shannon-Wiener index and the
Simpson’s diversity index both efficiently reflected the
changes in species richness, kurtosis, and species-
specific density. Although a few other diversity
measures offered by some researchers were believed to
be more thorough and have been suggested as substitutes
for the Shannon-Wiener index, we insisted that a good
diversity measure should not only be sensitive but also
simple to use, two factors that therefore made the
Shannon-Wiener index a superior diversity measure.
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Fig. 5. Efficacy of Shannon-Wiener index and Simpson's diversity index in predicting diversity changes in plots for dataset 3.
Abbreviations: S = Number of species; Ns = Number of stems per species; D’ = Simpson's diversity index; H' = Shannon-Wiener index.

Conclusions

It is from the study concluded that both Shannon-
Wiener index and Simpson's diversity index are
sensitive to the changes in species richness and kurtosis.
However, Shannon-Wiener index is more sensitive in
predicting species composition changes. The two
diversity indices are significantly and negatively
correlated with the number of stems per species, or
species-specific density (N: S ratio).

N: S relationship also reflects the relative percentage
of the number of rare species. Given a certain amount of
individuals, the higher the N: S value, the fewer the rare
species are included. Our findings are contrary to the
assertion that Shannon-Wiener index is an insensitive
measure of the character of the N: S relationship,
indicating that the Shannon-Wiener index might as well
be sensitive to the rare species. The results have
demonstrated that the Shannon-Wiener index remains a
good measure for species diversity in plant community
studies, at least as good as Simpson'’s diversity index with
respect to sensitivity and efficacy. The kurtosis statistic,

which involves the information of abundance distribution
pattern, was sensitive to diversity changes. A lower
kurtosis value reflects a more average plot-based
abundance across species, thus representing higher
species diversity. Therefore, the kurtosis statistic can be
used as a new diversity measure, especially in stand-level
plant community analysis.
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