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Abstract

In this paper, we present the Shannon diversity index,
the Shannon exponential index and the Margalef
diversity index to test the goodness of fit to the
broken stick distribution in several populations. The
chi-squared test is the most common test to fit the
broken stick distribution, but it has several problems.
With an example, we show a situation in which a test
based on diversity indices improves the results
obtained by using the chi-square test.
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1. Introduction

The broken stick model was proposed by
MacArthur [9] and it was soon extended to
model the abundance of species in a habitat.

Recent works (Delporet al [4]; Harris et al
[5]) have shown that this model is also applied
to new fields of interest by geneticists and
botanists.

To study the goodness of fit of the broken stick
model, the chi-squared test is usually applied
(Magurran [10]), although several authors have
been critics of these applications (Hughes [7];
Lambshead and Platt [8]).

Almorza and Peinado [1] proposed a different
test using the inverse Simpson diversity index to
be applied in studies with two or more

populations, and they extended (Almoetaal.

[2]) this result to the Simpson diversity index.

Hill [6] used the Shannon exponential index as
an index of diversity. Another of the most
widely used indices is the Margalef diversity
index (Margalef [11]), which is also used in a
study on diversity of plankton (De Le6n and
Chalar [3]).

In this work, we extend this result to the
Shannon diversity index, the Shannon
exponential index and the Margalef diversity

index and, in this way, we complete with the
main diversity indices.

2. Materials and Methods

Let us consider a habitat occupied By
individuals from S different species.N; will
denote the number of individuals of the species
(i=1, 2,...,9, and species will be ordered in
an ascendant way as a function Bf (
NlS NZS ..... < NS WhereN1+N2+ ...... +Ng

= N).

The estimation of\; by the broken stick model
is

N| 1 1 1 1
Ni = —t—t—F . + -
S S1 S-2 S-i+1l
i=1,2,..S

In this way, the probability that an individual is
of the speciegin the study habitat is:

o] :—1 1+ L +..+ 1 } where 0<
S S-1 S-i+1
S
p<1,0i=12..5 andz p; = 1for p
i=1
<p, Ui<j, wherei,j=1,2,..8S

The inverse Simpson diversity index, the
Simpson diversity index, the Shannon diversity
index, the Shannon exponential index and the

Margalef diversity index are defined,
respectively, by:
S

D'= 51 and 1< D <S; D=1-) p/

> opf =

i=1

s-1 S

ad 0<D=< S ; H=—Z‘:1‘pllnpi and
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—+ +..+=+1 =
3. Results S S -1
. . . 1 1 11,1
If two populations with specieS; and S, (S, > Vs (1)s? E[EJrsT—J
S), respectively, are modeled by the broken :—In[—) [E—J [E J a
stick model, then: S S

1
S,
afpr, 1 a4t
8) D'(s) > D'(s,) b) D(s) > Dis,) (i+ L jsl[sl <3 mﬁi} aran zjm
S,

©) Hig) > H(s,) o) €' > 5
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1, 1 1)sls s1 72
—+ +o.+=
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b) Almorzaet al [2] (—] d
¢) We considelS; and S, =S;-1. We obtain the St
Shannon diversity index for both values. Then,
we obtain that: i[i;,i;, +;+1j
For S, the Shannon diversity index is: 1 1 1 slg s1727)
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obtain that: A < B.
From applying logarithmic properties, we
conclude:H(S) >Hs,)

N +1] Comparing similar terms in (3.1) and (3.2), we

= d) Based on previous results and taking into

acount the properties of the exponential
=-InA 3.1 . :
(3-1) function, we obtain:e” @ >e"s2)

ForS; =S - 1 the Shannon diversity index is: .
e) Given that §>S,, then §-1>S, -1.
Dividing both members of the inequality for

INN, we haveDmg(Sl) > Dmg(sz)'
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4. Application

As an example of the importance of these
results in the adjustment to the broken stick
model, we have developed the following
situation. The information is artificial, but it is

useful to illustrate the theoretical results.

The chi-squared test is most often used to
measure the goodness of fit of the broken stick
model (Magurran [10]). This method has been
criticized in various ways by different authors,

including Hughes [7] and Lambshead and Platt
[8] among others.

We consider two habitats wit = 7 andS;, = 8,
asshown in Table 1.

Table 1: Information used to fit the broken stick
model in two populations.

The Shannon lowa = leo =
exponential index 4931 4149
The Margalef Dmg1= Dmng2=
diversity index 1.303 1.227

In the cases of inverse Simpson diversity index,
the Shannon diversity index, the Shannon
exponential index and the Margalef diversity
index it is verified that:

D'(s)<D'(s): H(sg)<H(s): € @ <€ ;

Dig <) < Dimg

m(s) (s:)
However, becaus§ > S,, it indicates (by the

previous results) that there is a failure of the fit
to the broken stick model, as already stated.

5. Conclusion

We showed, with this example, that a test based on
diversity indices improves the results obtained by

Habitat S=7 Habitat S=3g
1 2

Species| Individuals Species Individuals
1 1 1 2
2 4 2 3
3 8 3 4
4 11 4 14
5 12 5 21
6 27 6 36
7 37 7 77

8 143

Using the chi-squared test, we found that both
habitats are compatible with the broken stick
model.

The problem is that habitat 2 was obtained from
a simulation of a geometric model, and the test
cannot find significant differences between this
model and the broken stick model. Habitat 1
was obtained from a simulation model of the
broken stick (in both cases, we used the Species
Diversity and Richness software version 4.0
[12]). This aspect, which was not detected by
the chi-squared test, is revealed by the
application of the results, as shown in Table 2.

Table 2: Values of the measures of diversity for
the two collections of data.

using the chi-square test.
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