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ABSTRACT

In this work, a recently proposed diversity indeséd on Patil and Taillie parametric diversity mesges (or Tsallis
entropy), §, was applied to samples (presence-absence datajasfophytes from the Itaipu Reservoir, Brazil.
This new index was the value of the family of iesli§ for a specific evenness of a sample. Results dsrated
that the Shannon index and species richness shewprkessively high correlation with the.Showever, the
evenness had low correlation coefficients withitidex G, indicating that § was particularly sensitive to rarity
and species richness. On the other hand, the weaklations of this index with evenness demonstrthat it was
less sensitive to species relative abundances.
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INTRODUCTION evenness or equitability) (Ricotta 2003). Simpson
(D) diversity is a good measure of dominance, but
The application of diversity indices is common inis not a good species richness predictor. Shannon-
ecological analyses (Izsadk 2007). Besides this, ttWiener index K) is an intermediate measure
concept of biological diversity is a central issme Which balances both diversity attributes (Melo
quantitative ecology that has been studie 2008).
extensively for over 50 years (Patil and TaillieThis shows that biodiversity cannot be evaluated
1982; Magurran 1988). Several indices have beghst by one metric (Purvis and Hector 2000). As an
created to measure the diversity of speciesjlternative to try solving this limitation inheretat
however, the most widely used in the last decadedifferent indices, studies have emphasized the
are the Shannon (1948) and Simpson (1949mportance of families of indices (Aczel and
(Buzas and Hayek 1996; Gorelick 2006), with thédaroczy 1975; Daroczy 1970; Patil and Taillie
components of diversity: richnesS)and evenness 1982; Rényi 1961). Despite having a relatively
(J). However, there is controversy about whalong history in ecology, these families have not
index should be used in each community. Thbeen investigated or used as intensively as they
main reason for this confusion is that the divegrsit could, although there are studies relating them to
indices combine in non-standard way twabiological communities (Keylock 2005; Mendes et
independent attributes of communities, the numbeal 2008).
of species and their relative abundances (called
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In this context, another type of index that hasnbeeMATERIALS AND METHODS

recently studied is @ which is based on the

parametric diversity measure proposed by PatSamples were taken at approximately every six
and Taillie (1982) and its corresponding evennesmonths between April 1999 and January 2007, in
The purpose of this index is to balance the rarit235 stands distributed in eight arms in the
with evenness, giving a biological apparatus t@Brazilian (east) side of the reservoir. In eacimdta
better understanding of diversity in biologicalthe incidence of macrophytes was monitored using
communities. In this investigation we used a lon@ standardized sampling effort which consisted of
term (eight years) dataset on the incidencsearches carried out by three people in a boat at
(presence-absence) of macrophytes in the Itaiflow speed and using a rake to verify the presence
Reservoir-Brazil to evaluate tHg.. Results were of submerged species. The dataset consisted of
compared with other more traditional indices, suclpecies presence-absence.

asH andD. This type of analysis has been rarelyThirty points were sampled in each arm, except in
used in studies of aquatic environments andhe Arroio Guacgu and Pinto arms, where there
therefore, this work might offer a contribution towere 26 and 29 points, respectively. Each
improve the possibilities of using new indices andnacrophyte stand was georeferenced with a global
the understanding of patterns of diversity in thespositioning system (GPS) GarfiinTo maximize

environments. the spatial analysis of each arm, the sampling site
were distribuited from the mouth of the tributaries
Study Area to the places positioned close to the reservoinmai

This investigation was carried out in the Itaipubody. The species that were not identified in the
Reservoir-Brazil, located on the Parana Rivefield were herborized and analyzed later. The
which is the second-largest drainage basin iidentification of the collected material was cadrie
South America. Eight arms of the Itaipuout with the help of professional literature (Cook
Reservoir-Brazil (225S and 5200'W; 25°33'S  1990; Kissman 1997; Lorenzi 2000; Pott and Pott
and 5437'W) which has 1,350 kfn were 2000), and most species were deposited in the
surveyed. Herbarium of the Universidade Estadual de
Maringa.
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Figure 1 - Map of the Itaipu Reservoir and the eight arnslistd. Dots indicate sampling sites.
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Data Analyses The Pearson correlation values among the indices
The calculations of diversity indices were(Statistica v.7 software, StatSoft 2003) were
performed from the data on presence-absence estimated in order to analyze which indices were
species in the sampling stations. These data weremore related to the values ofqS However,
converted into frequency data by dividing thebecause the same data was used to estimate all
number of times the species were recorded by tlindices, the significance of correlations was not
total records of all the species, referred asiugat tested. Thus, first an analysis was made to assess

abundance p,), which was measured as: whether there was correspondence between this
n new index and other traditional ones. Then the
=g (1) correlation analysis allowed assessing which
;ni attribute of the community of macrophytes, whose

results were incidence based, best explained this
where nis the number of stands in which theindex.

speciesi was recorded. The values of relative
abundances () were based on the frequency OfRESULTS

occurrences (incidence based data-set) and not on
other measures of abundance (e.g., density From 1999 until 2007, 53 taxa of macrophytes
biomass) because of two reasons: (i) macrophytwere observed in the eight arms of the ltaipu
are mostly clonal what makes very difficult to Reservoir, belonging to 28 families, of which one
separate individual organisms and (i) given thavas identified to the level of family, 17 to thedd
high number of sites surveyed and logisticof genera and 35 to species level. In more recent
limitations, it would be difficult to measure collections, many of these genera were identified
biomasses in all samples. According to Magurradown to species level, but in this work more
(2004) the number of sampling units in which &conservative identification was preferred in order
species occurs may also be used as a methodto maintain the consistency of data obtained since
estimate abundances. In fact, this approach hihe beginning of the collection in 1999. This
been successfully applied to measure the Shannchoice allowed comparing the data using long-
diversity in macrophytes assemblages (Baattrugterm dataset. The distribution of relative
Pedersen et al. 2002). With the relativeabundances (based on incidence data) of the
abundances estimated with frequency data, ttspecies was similar in all the arms (Fig. 2).
Shannon Ki) and Simpson [¥) diversity was However, slightly higher evenness values were
estimated. The other index used (the target indefound in the arms with the highest species
was the § (Mendes et al. 2008), which was fromrichness: S&do Francisco Falso, Ocoi and Arroio
a family of diversity indices (Evangelista et al.Guagu, with 46, 43 and 43 species, respectively
2009). In this work, a simplified methodology was(Fig. 2).
developed for determining this number, using thiThe arms with higher values of diversity,
software Mathematica 6.0 (Wolfram 1991), inaccording to § and D were Arroio Guacu,
which all the indices of diversity were alsofollowed by the Ocoi and S&o Francisco Falso.
calculated. Using theH index, the arms with higher diversity
In addition to the diversity indices used in thiswere the same as those found with the ind&es
study, other components of diversity wereandD, but in different order: Ocoi, then the S&o
analyzed: richnessS( number of species per Francisco Falso and Arroio Guagu. It was worth
sampling station) and Pielou evenness indBx ( noting that the & index presentedlarger
The values of evenness tend to zero when orgscillations (1.94 to 6.23) thad (1.73 to 3.01)
species dominates the whole community ancand D (0.75 to 0.94), indicating that this index
when the species have abundances very close, tenhanced the differences among the samples
value tends to 1. The dominance curves (WhittakeTaple 1). Moreover, the values gf were always
plot) were also prepared for each of the armjgwer than 1 (0.57 and 0.91), moving away frbm
examined, as a way to visualize the twcand approachingd and S (Table 1). Thus, they
components of diversity (the number of specieyere closer to the Shannon indexténded to 1)
and the evenness). than the richness(= 0) or the Simpson index €

2).
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Figure 2 - Species rank of the macrophyte assemblages iftadhm Reservoir obtained in the
arms Ocoi - OC, Passo Cué - PC, Pinto - P, S80-J8ad\) and Arroio Guagu - AG,
S&o Francisco Falso - SFF, S&o Francisco Verdad8FY, Sdo Vicente - S\B].

Table 1 - Mean (amplitude between parentheses) values dkthél, D andg* measured for the eight arms in the

Itaipu Reservoir.

Arms Sy H D a*
Arroio Guacu 4.55(2.84-6.23) 2.59(2.17-2.94) 0.91(0.85-0.94) 0.65 (0.57-0.79)
Ocoi 4.26 (3.04-5.55) 2.71(2.32-3.01) 0.91(0.87-0.94) 0.73(0.67-0.86)
Passo Cué 3.45(2.39-4.46) 2.38(1.80-2.65) 0.88(0.80-0.91) 0.75 (0.65-0.87)
Pinto 3.50 (2.94-4.18) 2.40 (2.16-2.70)  0.89 (0.87-0.91)  0.73 (0.70-0.80)

Sao Francisco Verdadeiro
Séao Francisco Falso

Séao Joédo

Séao Vicente

3.65(2.22-5.61)
4.0 (2.66-5.55)
3.71 (2.54-4.98)
2.96 (1.94-3.97)

2.45 (1.87-2.98)
2.61(2.17-2.99)
2.45 (2.09-2.77)
2.23 (1.73-3.26)

0.88 (0.80-0.94)
0.90(0.85-0.94)
0.89 (0.83-0.92)
0.85 (0.75-0.89)

0.77 (0.65-0.86)
0.75 (0.65-0.84)
0.73 (0.65-0.85)
0.78 (0.70-0.91)

The correlations among the indices were relativelFrancisco Verdadeiror£0.97). However,J had
high (Table 2). The highest valuesrofvere found low correlation coefficients with the inde&x-, and

with the index H in Arroio Guacu and Sao the major value founded was in the arm Passo Cué
Francisco Falsor€0.98) and withS also in Sdo (r=0.66).

Table 2- Pearson correlation values betweégnand the other diversity indicebl @ndD), species richnes$)and

evenness).

Arms H D S J

Arroio Guacgu 0.98 0.97 0.95 0.59

Ocoi 0.93 0.95 0.92 0.45

Passo Cué 0.91 0.90 0.94 0.66

Pinto 0.96 0.94 0.88 -0.002

Séao Francisco Falso 0.98 0.94 0.80 0.48

Sao Francisco Verdadeiro 0.97 0.93 0.96 0.55

S&do Joao 0.95 0.94 0.91 0.44

Sao Vicente 0.96 0.93 0.81 0.56

DISCUSSION actual number of species of a given system

(Gotelli and Colwell 2001; Peet 1974). Proper
One of the recurring difficulties in studying the application of the contents and attributes of the
patterns of diversity is to estimate accurately thcommunity is the more realistic framework to
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respect the characteristics of the assemblagetheoretical efforts to obtain a more complete
because the actual number of species is diffioult tpicture of the complex phenomenon of the
determine. An alternative way of expressing thediversity in biological systems. In this senSg,
diversity is the use of indices, which include twohas an advantage over other indices because it
attributes: the number of species (§ and depends on a parametgt which is unique for
evenness. In this work, the values of Pearsoeach community or sample analyzed. In other
correlation () found between the new inde&{)  words, with regard to the conte8, the value of
and other classical indices as well as vttwere the parameteq is a property found only for a
high (Table 2). specific system (in the present case, a sample or a
Indeed, the highest correlation betwegna®dH  community) and it acquires a specific meaning
illustrates the role of Gas a predictor of rarity, because it is determined by the sample itself to
because the optimal valug* is related to the Wwhich it is applied. This approach could be
minimum evenness in the sample, so the index thgensidered a new perspective when indices are
Sy results is associated with a possible measure §f€d to analyze the communities (Mendes et al.
species rarity (Mendes et al. 2008). This?008; Evangelista et al. 2009). o
perspective is also evidenced by the relatively higlt is worth noting that when thg, family is used
correlation with the Simpson index, whichas the Tsallis entropy in the statistical mechanics
emphasizes the dominance. When there is a strothere is no clear criterion for determining the
dominance of one species in the community, it jOPtimal value ofq (Mendes et al. 2008), unlike
expected rarity of others. In this framework onevhat occurs with a biological community. In fact,

could expect some significant relationship betweein community ecology one could always choose
Sy and Simpson index. the best value off as the one that minimizes the

The analysis ofr values between theqSand amount that represents a family of evenné&sg, (
which is peculiar to each sample or particular

evenness were much lower than those obtaine " n_thi i
between $ and the other indices. These resuleommunity. n s sensesS, represents a

completely different meaning compared to other

indicate that $ is more sensitive to the rarity andinﬁtiices, which are based on a single valueyof

species richness, as already stressed by Mendes ong the infinite universe of possibilitieg=(

a
al. (2008), but less affected by the evenness. FrofBr Shannon and=2 for Simpson). In addition,
the study of the families of diversity indices abul

the mathematical point of view, this result is alsg

consistent with the definition of$ defined as a o easjly accomplished by the means of computer
point of minimum evenness. As seen, eVenness ,,qrams such as Mathematica (Wolfram 1991)
linked to the indexH, while the new index,«§  and R (Oksanen et al. 2005). Thus, the results of

which is connected to the minimum value ofine present study showed that parametric indices
evenness, generally does not have to be directhaq great potential for use in the biological

related to this attribute of the community. Indeed¢gntexts (Keylock 2005; Lovei 2005) and
it is defined from the extreme (minimum) valuesyepresented the most complete and comprehensive

of a family of curves depending on the parametémathematical tool in studies of diversity.
that define them. In fact, the evenness is a measur

of the global distribution of species in a given

sample, and the general index associated with INCKNOWLEDGEMENTS
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