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Abstract

ShannorWiener index and Simpsbljs di ver sity index together with other me
species or speciegpecific density (N: S ratio), and kurtosis, were applied to characterize the woody plant diversity patterns
of a subtropical broadleaved forest in soGthina. The aims of our study were to compare the efficacy and sensitivity to
community diversity measures between Shatwinener i ndex and SimpsonNjs di-haersi ty i
sample plot was partitioned into 3 datasets by diametes ¢tasepresent 3 distinct woody plant communities for the
characterization of diversity across communities. THe Sample plot of the forest had a total abundance of 23,301 tree
stems O 1 c¢cm DBH and a richness erdseelBidgs (4816 and saplings (B$1886), maj o r i
whereas canopy trees only accounted for 20.1% of the total tree stems. Both SNaneoner i ndex and Si mpsol
index decreased significantly in response to a decrease in the N: S ratio across tte HatéSkannofiViener index was
more sensitive to pldbased richness changes and had a higher efficacy in predicting changes in species richness. Our
findings are contrary to the general belief that Shas\w@mner index is an insensitive measure of tharacter of the N: S
relationship andvavedemonstrated 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 measlts due
sensitivity to diversity change.
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Introduction diversity index was favored by some researchers for its
simple equation and was regarded as sensitive to

Species diversity is considered to be the key factocommunity change¢May, 1975; Simpson, 1949 ur

of ecosystem stability, complexitfMurdoch 1975; study aims to compare the efficacy and s&vigj to

Martinez et al, 2006; Doebeli & Ispolatov, 2010and  community diversity measures between Sharwbener

ecosystem productivity(Hector, 2011 Omar et al, index and SimpsonNjs diversit:

2016, due to its role as a crucial component of globalwe collected tree census data in &&b subtropical

diversity, and it is thus vital to the assessment of thevergreen broadleaved biodiversity monitoring plot. The

ecosystem functiofWhittaker, 1972; Bengtsson, 1998) census data were then partitash into 3 datasets

Over the years, apart from using species richness amgtcording to the diameter class to represent 3 woody

abundance to describe the structure and diversity gblant communities with different N: S ratios (number of

communities, a plethora of diversity indices have beerstems to number of species ratio). We also calculated

proposed as measures of biological diver§litiagurran,  kurtosis, a common statistic usually computed with a

2004) Shanon-Wiener index and Simpsdlis d i v elivessityt nyeasure, ah evaluated its use in diversity

index are the two most popular diversity indices of allmeasurements.

the proposed indices. Shann@fiener index, also

known as Shannon Entropy, is a measure of informatioMaterials and Methods

content and unpredictability in ecological studies

(Margalef, 1958; Shannonret al, 1949) whereas Study sites: Sampling plots were set up at Kanghe

Si mpsonNjs diversity i nde xPraviscialc NatuteeResetveh 3 MB drh-ad3 A5 2 Njl &r

a second individual drawn from a population should bel 1 5 A0 4 Nj2 7 nj~115A09Nj41nj E), w h

of the same species as the fi(Simpson, 1949)Both eastern part of South Chi na Nj

indices have been widely applied in fields such adNature Reserve covers an area of 6,484.8 ha, running

ecological research, nae conservation, and natural northeast to southwest. The region is semiuntainous

resources assessment. and semihilly with a compex and rugged topography
Although continued popularity has been enjoyed byand peaks in Baishigang with an elevation of 837.9 m. It

ShannorAwiener index, this evepopular index was is within the southern margin of the subtropical

suggested to be not as good as its popularity woulthonsoon climate region and is characterized by an

implies (Southwood & Henderson, 2000)It was average annual temperature and precipitation of 21.1°C

believed to be a biased diversity measure dominated bgnd 1 912 mm, respévely, and by a typhonic effect

abundant species and insensitive to the relationship @nd intensive precipitation between April and September

guantitative changes between number of stems anflLianget al, 2012) The area is mainly characterized by

species richness, or N: S ratio, thus not being a gootitosolic red soil, with mountain red soil, mountain

index for measuring species diversifrue, 199; yellow soil and meadow soil simultaneously. The forest

Southwood & Henderson, 2000) | n  cont r ascommurdy withis ¢he Kggion houses a rich species
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resource and is dominated by natural secondardiversity index D \jand kurtosis in each sample unit (10

evergreen broadleaved forest. The complex topographm x 10 m quadrat) were calculated using the Row and

within the region offers various habitats for animal andColumn Summary menu of PORD (Version 6.0, MjM

plant survival and colonization. All the biotiesources Software Design), a statistical software for ecological data

are well protected, especially after the establishment odnalysis. In PE@RD, ShannonWiener index and

the nature reserve in October 2001. Si mpsonNjs diversity index are
following equations:

Data collection: According to the investigation protocol

of the tropical forest census plo{€ondit, 1998) we N

established a-Ba permanent sample pliot the Kanghe H=-aPInPk

Provincial Nature Reserve. The plot is 250 m x 200 m i=1 (1)
and runs northwest to southeast, with northeast chosen

as the major plot bearing. The plot was divided into 500 S,

10 m x 10 m quadrats using a total station, and eact? =1- a R

corner of the 10 m x 1én quadrat was marked with a : (2)

PVC stake. The stake numbers were designated using 4
digits, starting from the left bottom at the major plotwhere H Nf ShannoAViener index, DNf ~ Si mp s o n Njs
bearing. The first 2 digits, referring to the column diversity index,s = the species rictess or number of
number, are coded from west to east and begin from 08pecies, and = the proportional abundance of tita
to 25, andthe last 2 digits, referring to the row number Species, in a sample unit. In fIRD, D N§ calculated as
and are coded from south to north and begin fromo0t@ compl ement of SimpsonNjs or
20. Thus, the most southestern stake is 0000, and the likelihood that two randomly chosen individuals will be
most northeastern stake is 2520. The plot code sharedifferent specis.
the same number with the stake of its sew#stern
corner and thus ranges from 0000, indicating the most Kurtosis measures the peakedness of distribution of
southwestern plot, to 2419, indicating the most nerth species values (number of stems in a species) in a sample
eastern plot facing the major plot bearing. unit and is calculated in RORD using the following

The forest inventory was processed based on the 1@duation:
m x 10 m quadrat. The DBH, species named an
corresponding information of (‘?alnl(n+1)st e_qgk_s_;(()“@ 4h-1¢ m DBH
were measured and recorded. Electronic calipers wer§urtosis=¢ a&

gl 25 3

: 8 oV
used for the measuring of tré B¢ SanH(Bé)Qﬂ,3)(3§nd
diameter tapes for trees >6 cm DBH.

o _ _ Wwheres = the sample standard deviation= the nunber
Datasets andstatistical analysis Plant census data in -

the 5ha got was classified into 5 diameter classes,of speciesx = the number of stems of i species, X _
namely seedlings, saplings, small trees, medium trees, the number of stems per species or the mean species
and large trees, which were then designated to 3¥alue,inasample unit.

different datasets. Dataset 1 includes all stems, dataset ) )
2 includes all stems except seedlings, and dataset ~ ANOVA (Analysis of Variance) was also performed

excludes seedlings and saplings and includes all th€9ether withregression analysis to compate efficacy
canopy trees (Table 1). of the Shannoiwi ener index and Si mp

The number of stemsNj, species richnessS index with respect to species richness, spespegific
number of stems per species, or spesjgific density density, and kurtosis across the 3 datasets using Statistica
(N: S ratio,Ns), ShannorWiener index Kj, Si mp Y&ESIPRFE0. StatSoft, Inc.).

Table 1.Species composition and diveity 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 a
Saplings 2.5~9.9 9028 111 a a
Small trees 10.0~19.9 3096 70 a a a
Medium trees 20.0~29.9 1198 35 a a a
Large trees O 30.0 39 24 a a a
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 stemsS= Number of specie$ys = Number of stems per species (N: S)
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Species composition and diversity:A total of 23,301
* Seedlings, saplings and canopy trees tree stem -
= Saplings and canopy trees
<= Canopy trees

cm DBH,

repre

species, were recorded in theh® sample plot. The
majority of tree stems wereeadlings (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%, respewily, 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
Saplings were also
component of dataset 2 and occupied 90.2% and 65.8% of
its speciegichness and number of stems, respectively. In
contrast, dataset 3 had the lowest spegpesific 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 seegirand 48 plant

the major

Species rank species as seedlings or saplings, resulting in 64 plant
_ _ _ species found only as seedlings or saplings, which
Fig. 1. Rank/abundance plshowing dominance patterns by 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 diersity 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 theutlimn range, with the circles indicating the outliersl the asteriskfi¢

extreme valuesf a particular variable. Thevalue was obtained using the Kruskdllis test. Abbreviations: N = Number of stems; S =
Wepesndéxi mp s o n Njs
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The rank/abundance curves of the 3 datasets, whictliameter, the seedling and sapling communities were
all followed a log series distributioffFisheret al, 1943)  primarily affected by the quality and quantity of the
revealed that all 3 datasets hold more rare spewid Iess seeds. Other than resource competition, regeneration
abundant species (Elg. 1). The above regults showed thalche (Grubb, 1977)dominated the regmration and
the 3 datasets consisting of stems.from different d'ametet{olonization processes, thus eventually affecting their
classes were all dominated by diameter classes with accurrences(Svenning et al, 2008) All of these
actors permitted the coexistence of more species and

The ANOVA results illustrated in Fig. 2 individuals and resulted in a higher species richness

demonstrated that the extreme significanpe0(0001) @nd number of stems in the esiing and sapling
existing in the number of stems, species richness?omm“n't'es' As seedlings and saplings grew up into a
speciesspecific  density, ShanneWiener index larger diameter class, the effect of predators and of
SimpsonNs diversity i ndelQterindiydyg coppeytion, for; resources wagy alsg ¢
caused by the different species compositions andncreased accordlng'ly. In.addmon, a negative Qen5|ty
various abundance distributions across the 3 datasetd€Pendent mechanisrWills et al, 1997; Wright,

The values of the above 6 indices ranked in the 2002) alternatively governed the larger diameter
datasets were shown as dataset 1 > dataset 2 > data§8munity, causing considerable death of stems to
3. The inclusion of seedlings and saplings appeared igalance _the relationship between the environment anq
enable the community to have a higher species richne&9mmunity. The death of stems caused a decrease in
and species diversity, which may be besa in the species and number démis and ultimately led to a

contrast to the community of classes with a largedOWer species richness and species diversity.

lower DBH and that all 3 datasets also had a significantl
different N: S atio.
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Fig. 3. Efficacy of ShanneWi e ner index and SimpsonNjs diversity index 1in

f

Abbreviations: S = Number of species™N Number of stems per species; depesnd&i mps on N
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Fig. 4. Efficacy of ShanneWi e ner index and SimpsonNjs diversity index in
Abbreviations: S = Number of speciegs™N Number of stems per species; Jperndeli mps o n Nj

Sensitivity of ShannonWiener index and the  kurtosis changes and was capable of reflecting the
6LPSVRQTV GLYH WBdth WShann\@i¢hpr  species distribution.

i ndex and t he Si mpsonN;js d iAltheughsneitheythe $Shanth@Wienesifdexwer the a
significantly positive correlation (r > 0.6%< 0.0001) Si mp s o n Njs diversity i ndex C
with species richness in 3 datasets. The detetioima explanation of the variation of specispecific density
coefficient ? in the 3 datasets was ranked as foIIows:(r2< 0.29), which could suggest that both diversity
dataset 1 (Fig. 3, a & d) < dataset 2 (Fig. 4, @ & d) Sndices were not sensitive, they were found to be
dataset 3 (Fig. 5, a & d). In addition, the Shannon gignificanty negatively correlated (r < 0.3< 0.0001)
Wiener index was more sepgipb ip¥chspdeilcdibnsity (Bi§ 3, B& PRig 8, B NI

diversity index to spe_cies richne@anges anq Was g e; Fig. 5, b & e).The ShanneWiener index and the
more capable of reflecting the species composition. ; ) : . .
SimpsonNjs diversity index bo:

Similarly, a significantly negative correlation (r-< changes in species richness, kurtosisd aspecies
0.69, p< 0.0001) was detected between both the 9 P ' P

ShannoAWi ener i ndex and t h eSpe%ﬁlC n{jﬁrgs'gl'n ﬁljtgougkd idy féevly Sth?rgd|v§rS|ty

index and kurtosis in the 3 datasets. The ranking of thg'easures offered by’ some researchers weré believed to
determination coefficienfin the 3 datasets was slightly P& more thorough and have been suggested as substitutes
different from the former situation and was revealed for the ShannoiWiener index, we insisted that a good

be dataset 2 (Fig. 4, ¢ & f) < dataset 1 (Fig. 3, ¢ & f) <diversity measure should not gnbe sensitive but also
dataset 3 (Fig. 5, c¢ & f)simpla ipeusesiwmgastors Njat therefore made tthg i n
was more sensitive than Shanmdfiener index to ShannorAWiener index a superior diversity measure.



