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This paper presents the analysis of indices applied when studying the 
phytocenoses. The main indices that measure the diversity of a phytocenoses formed 
by S species and N individuals (1 5 S 5: N) are represented in the paper by the 
formulae (1H5). In order to reduce these indices to the same variation range (0;l) 
one has to calculate the relative or equitability indices by dividing them by the 
maximum index (corresponding to the maximum diversity). Each maximum index can 
be calculated either by reducing N to the S value, or by increasing S up to the N value. 
We consider that it is important to calculate the maximum indices by keeping S and N 
constant and by achieving the uniform distribution of species individuals (relation 6). 
In the paper, we have calculated these absolute and relative indices both for more 
typical theoretical variants and for three practical situations achieving thus the present 
conclusions. 
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INTRODUCTION 

Theoretical analysis. The most evident feature of the vegetal association 
diversity is the specific richness (abundance), represented by the totality of species, 
that make it up (Frontier S., Pichod-Viale D., 1993). Thus, the given vegetal 
association presents a large diversity, if its phytocenoses are composed of a large 
number of species, and a low diversity, when the number of species is low. The 
specific richness is an insufficient parameter for the ecosystem diversity determination 
(~arboult R., 1992), as two vegetal associations can have the same degree of diversity 
if their number of species is equal, although some of the species can be represented by 
a small number of individuals. Therefore the determination of some quantitative 
species parameters as abundance, frequency, biomass, is necessary. 

The study of vegetal associations diversity rises serious problems, when 
determining the populations (number of individuals) of the composing species, 
mostly when the herbal cover is dense. Besides, some annual or perennial 
species include bushes, so that it is almost impossible to determine if they are 
made up of one or more individuals. The most exact method to determine the 
number of individuals / species is their counting over an area corresponding to 
the minimal one. But as this method is a very difficult one, we used more 
efficient methods, as for instance those offered by the scale ecology (Pichett 
S.T.A., Rogers K.H., 1997, cited by Soran V. et al., 1999), or the point area sampling 
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procedure described by Gounot M. (1969) irrespective of the method used the 
collected data can be used for the diversity indices calculation. 

In the literature (Hajdu L., 1976, Nosek J.N., 1976, Botnariuc N., 
Viidineanu A., 1982, Maarel van der E., 1988, Barboult R., 1992, Bo~caiu Monica, 
1993, Frontier S., Pichod-Viale D., 1993, Stugren B., 1994, Hawsworth D.L., 1998, 
Krebs Ch.J., 1999, Soran V. et al., 1999 etc.) we can find many diversity indices. 

One category of diversity indices takes into account the total number of 
species (S) and a total number of individuals (N) presents on the sampling surface. 
From this category the following indices are most frequently mentioned: 

S 
-the Monk index: d  = - 

N 

S 
-the Gleason index: d  = - 

log N 

- the Margalef index: 

- the Menhinic index: 
log S d = -  
log N 

s 
- the Willis index: d  = - 

N 

More important are the indices that take into account the concentration of 
each species (n*): 

S 2 

- the Gini mutability : D, = 1 - 
i-1 

-the Simpson index: D, = 1 - r = l  

N (N - 1) 

The diversity indices derived from the information theory that have been 
used most widely are: 
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n n 
- the Shannon-Weaver index: H I  = -z'1og2 

i=l N N 

1 
-the Brillouin index: H = -log, 

N!  
N n,!n2! .. .ns! 

The diversity indices can be applied perfectly on vegetal communities of 
similar size or yield capacity (productivity). On the contrary, each species "i" is 
given a new magnitude as compared with standard species (of the size one). 

If we calculate the value of an index by using one of the (1 H 5 )  functions, we 
cannot be sure that the value of this index is great or small, if we do not know how 
near or far that value is to the maximum or minimum index. Therefore we must 
calculate for every index the maximum and minimum value that is the definition or 
variation range. For doing this it is necessary to define the terms minimum and 
maximum diversity. Nosek J.N. (1976) does it in one of his papers in the 
following way: 

- diversity is maximum if: S = N and N > 1. 
Under these conditions nI=N and all indices (1)-(5) are zero. If the 

association is made up of the same species, then no diversity exists. A more 
rigorous analysis is necessary when the maximum diversity is calculated as for 
some indices the maximum depends either on the number of species (S) or on the 
total number of individuals (N). 

- diversity is maximum when: 
a ) S = N i f S >  l a n d N > l  
In such conditions ni = 1 (i = 0, 1, 2, . . ., S = N). Diversity is maximum when 

kach individual belongs to another species. That means that the number of species 
is equal to the number of individuals (S =N). When calculating the maximum 
indices values we obtain: 

1 H,, = - log, N!  
N 

b) maximum diversity if: 
1 < S < N and nl = n2 = . . . n, = NIS, i.e. a uniform distribution of individuals 

among the species. 
When calculating the maximum indices values we obtain: 

Ds, = 1 -  
N - S  

S(N - 1) 
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HA= = log, S 

If N/S is not a round number we calculate with round ni, nearest to the 
fraction NIS. If N is too big and it surpases the capacity of a calculator, the 
following formula can be used: 

l n N ! = ~ n & + l n f i + ~ l n ~ - N .  

The change for the logarithmic relation is carried out with the formula: 

In A 
log, A = - 

ln 2 
After having calculated the maximum indices, we can calculate the relative 

indices or the equitability indices by means of the Hubert fopula: 

Thus all relative indices have their variation range (0; 1) and the maximum 
value is chosen. We appreciate that the maximum values must be calculated by 
means of relation (6) as a calculated index for the experimental data with the given 
S and N must be compared with the calculated maximum index that keeps S and N. 

Table I 

Theoretical examples of variants for biodiversity 
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Table 2 

The biodiversity indices for different variants (S, N constant) 

Table 3 

The experimental data and correspondent indices 
for Hordeetum hystricis (Soo, 1933) Wedelberg. 1943 association 
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Fig. 1 - Distribution of individuals - variant. 

Fig. 1 . 1  - The relative indices variant A. 

Fig. 2 -Distribution of individuals -variant B. 
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ODsr aDgr fElDmr HHr WHsr 

Fig. 2.1 -The relative indices for variant B. 

Fig. 3 - Distribution of individuals - variant C. 

ODsr HDgr HDmr BJHr HHsr 

Fig. 3.1 -The relative indices for variant C. 
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Fig. 4 - ~istributioi of individuals -variant D. 

Fig. 4.1 - The relative indices for variant D. 

Fig. 5 - Distribution of individuals - variant E. 
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IJDsr ElDgr EdDmr BHr BHsr 

Fig. 5.1 -The relative indices for variant E. 

Fig. 6 - Distribution of individuals - variant F. 

1 d Dsr HDgr MDmr BHr MHsr 

Fig. 6.1 -The relative indices for variant F. 
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Fig. 7 -Distribution of individuals - variant G. 

Fig. 7.1 -The relative indices for variant G. 

Fig. 8 -Distribution of individuals - variant H. 
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Fig. 8.1 -The relative indices for variant H. 

Fig. 9 - Distribution of individuals - variant I. 

ODsr ODgr MDmr i4Hr .Hsr 

Fig. 9.1 - The relative indices for variant I. 
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Fig. 10 - Distribution of individuals - variant J. 

El Dsr H Dgr W Dmr Ei Hr W Hsr 

Fig. 10.1 -The relative indices for variant J. 

Fig. 11 - Distribution of individuals - variant L. 
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Dsr Dgr Dmr Ed Hr Hsr 

Fig. 11.1 - The relative indices for variant L. 

Fig. 12 - The diminution curves of absolute indices, 

+ Dsr 
-+ Dmr 

Fig. 13 -The diminution curves of relative indices. 
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In order to follow the evolution of the analyzed indices, we must think of 10 
ideal theoretical variants comprising S = 10 and N = 100 individuals as in Table 1 
and the nl with its values taken from the table for each variant. 

We start with variant A with a uniform distribution and go gradually up to 
variant J which has a maximum distribution (keeping S = 10 and N = 100). Variant 
M with S = 1 and N = 100 is not to be found in the table. Table 1 also comprises 
variant L in order to compare 2 variants with different distributions and the same 
value of the diversity indices. 

In Table 2 all absolute and relative indices are calculated, using the formulae 
(6) for comparison. In the figures from 1 to 10 we have the graphs for Tables 1 and 
2, i.e. the distribution of individuals per variant and the corresponding relative 
indices. 

In Figs. 12-13 we find the diminution curves of the absolute and relative 
indices depending of the variant. The values are taken from Table 2. 

RESULTS AND DISCUSSION 

Experimental analysis. To exemplify the way the diversity indices are 
calculated by our method, we have analyzed 3 phytocenoses of the association 
Hordeetum hystricis (Soo, 1933) Wendelberg I943 from Saravale, Timigoara and 
Diniag. We have chosen this association deliberately as the composing species are 
almost of the same height and are equally distributed within the biotope. We 
determined the number of individuals/species with the method described by 
Guonot M. (1969). The specifically richness of the 3 phytocenoses is different: 8 
species in Saravale, 15 species in Diniag and 22 species in Timigoara. The 
distribution of individuals/species is also different (Table 3). In Table 4 we can find 
the synthetically experimental data and the corresponding absolute and relative 
indices for the phytocenoses we have analyzed (on the spot). The dominant species 
- Hordeum hystrix has the largest number of individuals within the 3 analyzed 
phytocenoses. The association has a weak regularity. According to the diversity 
indices values (Table 4) we found that the Timigoara phytocenoses is the most 
divers been followed by the Diniag and Saravale ones. The relative indices values 
rise directly proportional to the number of species. 

CONCLUSIONS 

All diversity indices have maximum values when the number of species is 
minimal and the species distribution of the individuals is uniform. The existence of 
the dominant species in number diminishes the indices. The same value of an index 
can be given at different distributions of the individuals per species; H,* for the G 
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and L variants, are practically equal although the 2 variants have different 
distributions. The diminution curve of the indices has the same aspect. 

The equitability or the relative indices characterize in the best manner the 
diversity. Out of all analyzed indices the logarithmic functions are mostly used. 

Although they have quite different formulae (4) and (5) respectively, the 
values of the relative logarithmic indices are almost identical at all variants of 
Table 1. The relative indices based on the calculation of the maximum with 
constant S and N, are very near in all variants of Table 1. 

From a practical point of view, the natural pastures from the localities 
analyzed by us, have quite different diversity indices. The main explanation for the 
fact that all indices (absolute and relative) for Saravale are smaller than for 
Timi~oara and Dinia9 is that the number of species (S) is smaller in Saravale, while 
(N) are near to each other. 
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