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Abstract

In the present study, we propose a new biodiversity index and the corresponding index of evenness. These indices are
based upon the mean deviation of the number of individuals belonging to a species in a collection of biological
organisms. There is an arbitrary parameter in our model whose value can be adjusted to change the sensitivity of any
of these two indices to the variations of the population of different species in a sample, caused by various factors. With
the help of a hypothetical dataset regarding the populations of six species in six different collections, we have calculated
the indices defined in this article and also determined the values of some commonly used indices. It is observed that the
changes in the new indices are sufficiently greater than the changes in other indices, due to the changes in the
composition of a sample. Loss or gain of species is likely to be better reflected in the values of the new indices compared
to the most widely used indices of biodiversity and evenness. We have shown the effect of variation of the parameter
that controls the efficiency of the new indices. The characteristics of the new indices and their comparison with the
other indices have been depicted graphically.

Keywords: Ecology; Biodiversity index; Evenness index; Biodiversity conservation; Species richness; Relative
abundance; Shannon index; Simpson index; Mathematical biology

1. Introduction

In forestry, biodiversity and its preservation are among the issues of highest importance and they are connected to
various disciplines of science [1]. The word, biodiversity, generally stands for the variety of life forms on earth, and
there are mainly three levels to which this diversity is associated, which are species, genetic and ecosystem diversities
[2]. The term, biodiversity, is often used to refer to the diversity of species, describing the collection of plant and animal
species in an area [3]. A rich species composition, in forest communities, is found to prevent severe phytopathological
and entomological attacks [4], since these organisms mostly play the roles of hosts of specific species. Diversity of plant
species in a forest area becomes the habitat for a wide range of animals, especially various species of birds [5].
Biodiversity includes two important features: richness and evenness [6]. Richness in a given area is often measured by
the number of different species present in that area, while evenness represents the uniformity of distribution of
individuals among these species [2]. Thus, for a complete analysis of biodiversity, we need detailed information (data)
regarding the total number of species, total number of individuals and the proportion of each species in the area or
community being analyzed. For a comparison of two samples (collections of organisms), each having the same number
of individuals and the same number of species, biodiversity depends upon the distribution of individuals among species.
This is the reason why the relative proportions of different species in a collection is required as an important input for
biodiversity analysis. One widely uses the indices of biodiversity to summarize the variations in the populations of
different species, to find the loss or gain in biodiversity and thus measures the progress towards the targets based on
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the policies regarding conservation [7]. For example, biodiversity indices are used to assess threatened species [8],
design protected areas [9], manage land and forest resources [10] and implement fire management [11]. It is essential
to find the sensitivities of the biodiversity indices to the data, conservation values, and models for the purpose of
environmental decision making. Although there has been a lot of progress on choosing appropriate indices of
biodiversity for different management targets [12, 13], we still do not have much guidance available to the scientists
and the fire managers on the ways towards the quantification of biodiversity indices. It has been found that about 52%
of the total forests on earth are in tropical regions and they are regarded as the most important regions as far as
biodiversity is concerned [14, 15]. Biodiversity is a structural feature in dynamic and complex forest ecosystems [16].
Species diversity generally decreases with increasing latitude [17]. Human activities of various types and several natural
factors contribute to the changes of local and regional diversity [18-20]. These factors include climate change, change
of land and sea use, pollution, invasive species and lots of conservation activities meant for the restoring biodiversity.

The functioning of the ecosystem is adversely affected by the loss of biodiversity and it may ultimately lead to a collapse
of the ecosystem [21]. For the quantification of species biodiversity in ecosystems, there are several examples of how
different indices can be used in scientific literature [22-24]. These indices can be employed to determine changes in
biodiversity caused by several factors such as climate change, acidification, ocean warming, loss of habitat and also to
find the impact that fisheries have on marine ecosystems [25]. Several indices are generally used for assessing
biodiversity [26], because restricting the study to a single index can lead to erroneous conclusions.

The present article describes a study which may be regarded as a continuation of an investigation carried out earlier on
biodiversity indices where we proposed a biodiversity index and the corresponding index of evenness [27]. These
indices were defined in terms of the standard deviation of the number of members of a species present in a collection
of biological organisms. In was shown that these indices were more sensitive than some widely used indices (Shannon-
Wiener diversity index, Simpson diversity index and their corresponding evenness indices) to the changes in species
abundance (n;) in the collection. In the present study, we have used the mean deviation of n; values in a sample to define
a new biodiversity index and its corresponding index of evenness. There is an arbitrary parameter (denoted by «), in
the expressions for the new indices, which controls the sensitivity of the indices to the composition of a sample. Based
on a hypothetical dataset we have calculated these indices and also the values of various other indices. For a comparison
between the newly defined indices and the older ones, in terms of their sensitivity to the changes in sample composition,
we have depicted their behaviors graphically. The new indices (denoted by K’ and E+) are found to be more efficient
than the other indices discussed in the present article.

2. Some Indices of Biodiversity and Evenness: An analysis

Shannon-Wiener diversity index (H’) is one of the most commonly used theoretical tools to measure biodiversity [28].
It is given by,

H =-%_,pnp (1)

In equation (1), p; is the proportion of the ith species in a sample (i.e., a collection of biological organisms), which is also
referred to as the relative abundance of the ith species. The symbol S denotes species richness, which is defined as the
number of species present in the sample. When different species are present in a sample in equal proportions, which is
an extremely rare case, we have, p; = p, = p; = - = ps = 1/S. In this case, no species dominates in the sample over
the others, resulting in the maximum diversity for the collection. Substituting p; = 1/S in equation (1) for all values of
i,we get H = H',,,, = InS. The theory of Shannon-Wiener diversity index (H’) has its origin in information theory and
it represents the degree of difficulty or uncertainty in predicting the species to which a randomly chosen organism
belongs [29]. The larger the diversity, the greater would be the difficulty in predicting the identity of a member of the
sample.

Like Shannon’s index, Simpson’s diversity indices are also very widely used. These indices, denoted by the symbols D;
and D, in this article, are expressed as [30, 31],

Dy =1-%i:p (2)

(3)
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We know Y7_, p; = 1, since p; is the fraction of the total number of individuals in a sample represented by the it species.
Simpson’s original index (A = Y;_; p;2) serves as an index of dominance of one or more species among all members in
a collection of biological organisms [32]. The value of A depends more on the existence of species having higher values
of relative abundance (p;) in a sample in comparison to other species. The larger the dispersion between the p; values,
the larger would be the value of 1. Being a complement of 4, D; represents the probability that two randomly chosen
individuals are of two different species [33]. D, is the reciprocal of Simpson’s original index (1) and closely related with
D, [30]. D, is more widely used among these two indices [29]. When different species are present in a sample in equal
proportions, we have, p; = p, = p; = -- = pg = 1/S. Under this rare situation, both D; and D, attain their maximum
values, which are, D, =1-—1/S and D, =S respectively. Following the concept of Simpson index, one may

define a new diversity index (D), such as, D = ﬁ with m > 2. The larger the value of the parameter m, the smaller
i=1Pi

would be the contribution of the less dominant species of the sample to the summation };_, p;™. The root-mean-square
1

of p; values may be expressed as, p,,s = EZle p;?. Using this relation, the indices D; and D, can be expressed as, D; =

1—SPrms>and D, = Sp;z respectively. Using equations (1) and (2), the relation between D, and D, is obtained as,
rms

1

Dl = 1 - D_2

Evenness in a collection of biological organisms is a measure of the closeness of p; values for different species in the
collection. It has its highest value when different species are present in equal proportions in the sample. The equitability
of distribution of individuals in a sample enhances both diversity and evenness. Dominance of one or two species over
others reduce the degree of both diversity and evenness in a collection of organisms. Each evenness index is based on a
diversity index, since it inherently possesses the aspects of both richness and evenness.

One of the evenness indices, called the Pielou’s index, is given by [34],

H Jid
Ep = =i (4)

H'max InS

Another measure of evenness, known as Buzas & Gibson’s evenness, is given by [35],

Ep = cimar = 5 (5)
Based on the diversity index D, (of eqn. 2), an index (Es,) for evenness can be defined as,

S
Dy 1-37-4 piz

Eg, = 1-1/5 (6)

Dimax
An evenness index (Es,) has been defined as a function of D, (of eqn. 3) [31]. It is expressed as,

D 1/S
Es, = 2 :Zf;lmz (7)

D2max

In accordance with the definitions, the maximum value, for each of the evenness indices discussed above (eqns. 4-7), is
unity.

There are simple diversity indices defined in terms of species richness (S) and sample size (N) only. Two among them
are Margalef index [36], and Menhinick index [37], which are represented by the following two equations (eqns. 8 & 9)
respectively.

Dy = (S- 1) /In(N) 8

N

Dyn = 4= 9

Proper quantification of biodiversity cannot be expected to be achieved with the help of these indices (D4 and Dy,,,),

because they are not dependent upon the intricacies of the distribution of individuals among different species in a
collection of organisms. The values of p; of different species in a sample play an important role in determining its
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diversity. There can be a large number of combinations of the p; values (satisfying the relation Y; ,p; = 1)
corresponding to a single combination of values for species richness (S) and the sample size (N).

3. Our Previously Defined Indices of Biodiversity and Evenness

In one of our previous studies, we defined a biodiversity index and its corresponding index of evenness [27]. These two
indices are given below.

K= (10)

Ey=——=x= (11)

Kmax S 1+op

In the above equations, g, stands for the standard deviation of n; (species abundance) which denotes the number of
individuals of the ith species in a sample. It was shown in that study that the indices represented by equations (10) and
(11) are more sensitive than the indices described in Section-2, to changes in the values of n; [27].

4. New Indices of Biodiversity and Evenness

We propose a new biodiversity index (K'), represented by the following equation.

r_ S
1+(Mp)*

(12)

where M,, is the mean deviation of the n; values (species abundance) from their mean and a is an arbitrary parameter
which determines the sensitivity of K’ to the value of M,,.

The mean deviation, M,, is given by,

M, = <35 In -l (13)
where 71 is the mean of the n; values which is expressed as,

= iZf-:l n; = % (14)
Substituting equation (13) into equation (12) we get,

K' = s (15)

1S _\X
14(325Ing-7l)

If a sample contains the same number of individuals of all species present, we get M,, = 0 as per equation (13), leading
toK' = K',,ax = S, as per equation (12).

Based on the relation p; = %, it can be shown that,

M, = NM, (16)
where M,, is the mean deviation of the p; values (relative abundance) from their mean, which is given by,

M, = <35 Ipi - pl (17)
where p is the mean of the p; values which is expressed as,

_ 1 1
p=5Xi1p =< (18)
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Since p; denotes the proportion of the jt species in the sample, we have Z§=1 p; =1

Substituting equation (16) into equation (12) we get,

’ S

- 1+(NMp)“© (19)
Substituting equation (17) into equation (19) and then using equation (18), we get,
ey (20
Equation (20) expresses K' in terms of the proportions (p;) of different species in the sample.
Based on our proposed diversity index (K'), we define the following evenness index (E ).
By = K:;x =K?’ (21)
Using equation (12) in equation (21), one obtains,
By = 1+(:4n)a (22)
Substituting equation (13) into equation (22) we get,
Egr = ———= (23)
1+(335 Ing-7l)
Substituting equation (20) into equation (21) we get,
Ey - (24)

(P, ppl)”
Equation (24) expresses E - in terms of the proportions (p;) of different species in the sample.

According to equation (22), the maximum value of evenness (Ey) is 1 (corresponding to M,, = 0), which is similar in
behavior to the indices expressed by equations (4-7). It varies in the range which can be expressed as, 0 < Er < 1.

Consider two samples A & B, each having § = 3.In Sample-A: n; = 555, n, = 600 and n; = 645. In Sample-B: n; = 540,
n, = 600 and n; = 660. Here, M,, = 30 & 40 for Sample-A & Sample-B respectively, as per equation (13). The values of
the diversity index K’ for the samples A and B, as per equation (12), are 0.097 and 0.073 respectively, for @ = 1. As per
equation (22), the values of Er are 0.032 and 0.024 respectively for « = 1. Although A & B have same species richness
(S), sample B has larger M,, value, resulting in a smaller value of K’ for B. Consider a third sample C with § = 5 which
contains: n; = 550, n, = 575, n; = 600, n, = 625, ng; = 650. For this sample, M,, = 30, K' = 0.161 and E,s = 0.032.
Samples A & C have the same values for M,, while C has a greater value of S, leading to a larger value of K’ for C. But E
is the same for them since E - is independent of S as per equation (22).

The ratio M,, /7 is called the coefficient of mean deviation (Cy) in statistical parlance. Thus, M,, = nC, = (N/S)C, where
Cy is a measure of dispersion in the values of n; relative to 7. In terms of Cy, equations (12) and (22) can be expressed
as equations (25) and (26) respectively, as given below.

o S
T 1H(V/S)Cy]e

(25)

1
Exv = Tarsene

(26)
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Equations (25) and (26) show that the new indices (K' and Es) can be expressed as functions of three parameters
related with a collection of organisms, which are N, S and Cy,.

5. Results and Discussion

For the calculation of indices, we have used a hypothetical dataset (represented by Table 1) regarding the populations
of six species, in six different samples.

The values of various indices of biodiversity, based on the data in Table 1, have been listed in Table 2. The values of
several evenness indices, based on the data in Table 1, have been listed in Table 3. Calculations of all these indices have
been carried out using the definitions given in Sections 2-4 of this article. The total number of biological organisms (N)
in each of the six samples is 36. Their distribution (among six species) is different for different samples.

Table 1 A hypothetical dataset for 6 samples, each having N = 36,5 = 6

Sample No.
Species abundance(n;) |1 |2 |3|4| 5 | 6
ny 6|718[]9]10 |11
n, 6|5/4(3] 2|1
n; 6|718[9]10] 11
ny 6|5/4(3] 2|1
ns 6|718[9]10] 11
Ng 6|5/4(3]2 |1
Table 2 Values of biodiversity indices based on Table 1
Sample No.
Diversity Indices 1 2 3 4 5 6
H 1.792 | 1.778 | 1.735 | 1.661 | 1.549 | 1.385
D, 0.833 | 0.829 | 0.815 | 0.792 | 0.759 | 0.718
D, 6.000 | 5.838 | 5.400 | 4.800 | 4.154 | 3.540
K 6.000 | 3.000 | 2.000 | 1.500 | 1.200 | 1.000
K' (fora = 2) 6.000 | 3.000 | 1.200 | 0.600 | 0.353 | 0.231

As we move across Table 1 from left to right (i.e, from Sample-1 to Sample-6), the uniformity of distribution of
individuals among different species decreases. Table 1 has been so constructed that, the dispersion of species
abundance (n;) increases with the sample number (i.e., the serial number of a sample in the table).

In Table 2, each of the five diversity indices is found to decrease in the direction in which the uniformity of distribution
gets reduced (i.e., in the direction from Sample-1 to Sample-6). In this table, K’ values have been calculated for a = 2.

In Table 3, the value of each of the six evenness indices is found to decrease (from 1 to gradually smaller values) in the
direction in which the uniformity of distribution decreases (i.e., in the direction from Sample-1 to Sample-6). In this
table, E+ values have been calculated for o = 2.

The reason for not choosing a = 1 for K’ and E+ in Tables 2 & 3 respectively is that their values, for « = 1 (listed in

Tables 4 & 5), are the same as our previously defined indices (K and E).
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The values of the indices proposed by us in the present study, for diversity and evenness measurements (i.e., K’ & E
respectively), are found (in Tables 2 & 3) to be reduced by a sufficiently greater amount, compared to the other indices,
as the distribution of individuals (among species) changes from one sample to another in the direction from left to right.

The values of D,,,; and D, are 1.395 and 1, respectively, as per equations (8) and (9) respectively, for all samples
considered here.

In Table 4 we have listed the values of K’ for each of the six samples (listed in Table 1), for five different values of the
parameter a. The change of value of the index in the direction from left to right (i.e., from sample no. 1 to sample no. 6)

is greater for larger values of the parameter a.

Table 3 Values of evenness indices based on Table 1

Sample No.
Evenness Indices 1 2 3 4 5 6
Ep 1.000 | 0.992 | 0.968 | 0.927 | 0.865 | 0.773
Ege 1.000 | 0.986 | 0.945 | 0.877 | 0.785 | 0.666
Esq 1.000 | 0.994 | 0.978 | 0.950 | 0.911 | 0.861
Es, 1.000 | 0.973 | 0.900 | 0.800 | 0.692 | 0.590
Ex 1.000 | 0.500 | 0.333 | 0.250 | 0.200 | 0.167
Eyr (for a = 2) 1.000 | 0.500 | 0.200 | 0.100 | 0.059 | 0.038

Table 4 Values of K’ for different values of a

Sample No.
Value of 1 2 3 4 5 6
1 6.000 | 3.000 | 2.000 | 1.500 | 1.200 | 1.000
1.5 6.000 | 3.000 | 1.567 | 0.968 | 0.667 | 0.493
2 6.000 | 3.000 | 1.200 | 0.600 | 0.353 | 0.231
2.5 6.000 | 3.000 | 0.901 | 0.362 | 0.182 | 0.105
3 6.000 | 3.000 | 0.667 | 0.214 | 0.092 | 0.048
Table 5 Values of E - for different values of a
Sample No.
Value of 1 2 3 4 5 6
1 1.000 | 0.500 | 0.333 | 0.250 | 0.200 | 0.167
1.5 1.000 | 0.500 | 0.261 | 0.161 | 0.111 | 0.082
2 1.000 | 0.500 | 0.200 | 0.100 | 0.059 | 0.038
2.5 1.000 | 0.500 | 0.150 | 0.060 | 0.030 | 0.018
3 1.000 | 0.500 | 0.111 | 0.036 | 0.015 | 0.008

28



World Journal of Advanced Research and Reviews, 2024, 21(02), 022-032

In Table 5 we have listed the values of E for each of the six samples (listed in Table 1), for five different values of the
parameter . It is evident that larger values of the parameter a cause greater change in the index value, as the sample
number increases.

It should be noted that, if we reshuffle the values of n; along any column in Table 1, the values of the indices (as listed
in Tables 2-5), corresponding to the sample represented by that column, won’t change, according to the mathematical
expressions for these indices given in Sections 2-4 of this article.

=21
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Figure 3 Plots of the new biodiversity index (K') versus | Figure 4 Plots of the new evenness index (Er) versus
sample number for five values of the parameter a, based | sample number for five values of the parameter a, based
on Table 4 on Table 5

In Figure 1, we have plotted the biodiversity indices as functions of the sample number, based on the data of Table 2. As
the sample number increases (from 1 to 6), the uniformity of distribution of individuals among different species
decreases, as evident from Table 1. The change in the new biodiversity index (K'), with sample number, is the largest
among all indices of biodiversity discussed in the present study.

In Figure 2, we have plotted the evenness indices as functions of the sample number, based on the data of Table 3. As
the sample number increases (from 1 to 6), the uniformity of relative proportions of different species decreases, as
evident from Table 1. The change in the new evenness index (E), with sample number, is the largest among all indices
of evenness discussed in the present study.

In Figure 3, we have plotted the new biodiversity index (K') as a function of the sample number for five different values

of the parameter a, based on Table 4. As the sample number increases, K' decreases for each value a. Larger values of
a cause a faster fall in K’ as the sample number increases.
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In Figure 4, we have plotted the new evenness index (E) as a function of the sample number for five different values
of the parameter «, based on Table 5. As the sample number increases, E s decreases for each value a. Larger values of
a cause a more rapid fall in E+ as the sample number increases.

Figures 3 and 4 show that, for the larger values of «, both indices (K’ and E) undergo greater changes as we go from
one sample to another with smaller biodiversity. It implies that the value of « is a measure of sensitivity, of these newly
defined indices, to the changes in the distribution of individuals among different species in a collection of biological
organisms. Thus, the efficiency of any of these two indices (K’ and E), in terms of its sensitivity to the sample
composition, can be enhanced by increasing the value of the parameter a.

6. Conclusion

In the present article we have defined a new index (K') to measure biodiversity and a corresponding index (E') to
measure evenness. These indices are sufficiently easy to calculate. Using a hypothetical dataset, we have shown that,
these new indices are more sensitive, than some commonly used indices, to changes in relative proportions of different
species in a community. We have shown the variations of different indices graphically where it is found that the changes
in the values of new indices (K’ and E), due to the changes in the populations of different species in a sample, are
much greater compared to the changes of some of the commonly used indices. The efficiencies of K’ and E, as
measures of biodiversity and evenness respectively, are found to be greater than the indices (K and Ey) that we defined
in one of our previous investigations in the same field [27]. There is a parameter (@) in the expressions for the new
indices, which can be increased or decreased, as per requirements, to enhance or reduce, respectively, the sensitivity of
the indices to the changes in the numbers of individuals of different species present in a collection of biological
organisms. Loss of organisms of any species is expected, therefore, to be better reflected in the values of the new indices.
In the hypothetical dataset of Table 1, there is no specific reason for choosing 6 samples, each having 36 individuals
divided into 6 species. One may choose any number of samples in a hypothetical dataset, each having just any number
of individuals divided into any number of species. We have kept the same sample size (N) for each sample and the same
number of species (S) for each of them. The reason for this is connected to our objective for this theoretical study which
is to examine how the values of the indices are affected as one varies the values of n; (species abundance) without
changing the sample size (N = Y;_, n;) and species richness (S, i.e., the total number of species in a sample). Instead of
using a hypothetical dataset, one may use a real dataset (i.e., a set of data collected by counting the number of species
and also the number of organisms of each species in an area or community) to calculate the indices of biodiversity and
evenness (K’ and E /) introduced in the present article and compare their values with the most commonly used indices.
According to a study by Buzas and Hayek, the species richness (S) depends upon the total number of individuals (N) in
a sample [38]. We have plans to examine, in our future investigations, how the values of K’ and E+ change as the sample
size (N) varies.
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