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ABSTRACT —(Lognormal abundance distribution of woody speciesin acerrado fragment (S8o Carl os, southeastern Brazil)).
Thelognormal distribution model isfrequently found in communities, especially those which arerich in speciesand influenced
by many environmental factors, as those of the cerrado. We tested the hypothesis that the abundance distribution of woody
plant speciesin acerrado fragment fits the lognormal model. We placed 20 linesin a cerrado fragment and sampled, with the
point-quarter method, 800 individual swith stem perimeter equal or larger than 3 cm. We plotted the abundance-class histogram
of the species, verified itsnormality with the Kolmogorov-Smirnov test, and estimated the expected number of woody species
for this community. Of the 63 obtained species, Anadenanthera falcata (with 185 species), Eriotheca gracilipes (43),
Sryphnodendron obovatum (37), and Miconia albicans (36) were the most abundant ones. Twelve species were represented
by only oneindividual. We did not reject the null hypotheses that the distribution of woody component species was normal
and, thus, their abundancesfitted the lognormal model. Therefore, with our work, we can predict that cerrado plant communities
fit thelognormal model. If this patternismaintained in other cerrado communities, therewould beimplicationsfor the conservation
of this vegetation type, because rare species are susceptible of extinction, and implications to their structure, because the
dominant species may act as keystone species.
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RESUM O — (Distribui¢o normal -l ogaritmi ca de espécies arbustivo-arboreas em um fragmento de cerrado (S8o Carlos, Sudeste
do Brasil)). O model o normal -l ogaritmico éfreqlientemente encontrado em comunidades, sobretudo naquel asricas e determinadas
por varios fatores ambientais, como o sdo as comunidades vegetais de cerrado. Testamos a hip6tese de que a distribuicdo de
abundéncia das espécies arbustivo-arbdreas em uma comunidade vegetal de cerrado sensu stricto se gjustaao model o normal-
logaritmico. Para isso, langamos 20 linhas em um fragmento de cerrado, nas quais amostramos 800 individuos arbustivo-
arboreos pel o método de quadrantes. Construimos o histograma da di stribuicéo das freqliéncias das espécies, verificamos sua
normalidade com o teste Kolmogorov-Smirnov e estimamos o himero esperado de espécies arbustivo-arboreas para a
comunidade. Das 63 espécies encontradas, Anadenanthera falcata (com 185 individuos), Eriotheca gracilipes (43),
Sryphnodendron obovatum (37) e Miconia albicans (36) foram as mais abundantes. Doze espécies foram representadas por
um unico individuo. N&o rejeitamos a hipotese nulade que adistribuicdo de espécies arbustivo-arbéreasfoi normal e, portanto,
suas abundancias se gjustaram ao modelo normal-logaritmico. Dessa forma, com nosso trabalho, podemos prever que
comunidades vegetais de cerrado se gjustam ao modelo normal-logaritmico. Se, de fato, esse padréo se mantiver em outras
comunidades de cerrado, existirdo implicagfes para a conservacdo desse tipo vegetacional, pois as espécies raras sdo
susceptiveis a extingdo, e para a estrutura da comunidade, j& que as espécies dominantes podem funcionar como espécies-
chave.

Palavras-chave - abundancia, cerrado, distribui¢do normal-logaritmica, savana

Introduction

Theinvestigation of speciesabundance distribution
isone of the waysto study acommunity, establishing a
mathematical model to represent the number of species
and their abundance (Cielo Filho et al. 2002). A species
abundance distribution usesall theinformation gathered
inacommunity and isthe most complete mathemathical
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description of the data (Magurran 1996). Despite its
importance, there are few attemptsto employ goodness-
of -fit tests against abundance distributions observed in
thefield (Dewdney 2003). The abundance distribution
among species in a community explained by a
mathematical model can be associated to biological
arguments (Whittaker 1972, May 1975, Sugihara 1980).

In no community examined, all speciesareequally
common: some species are very abundant, some have
medium abundance, and some are represented by only
afew individuals (Magurran 1996). Raunkiaer (1918)
was the first to suggest that there should be a
rel ationship describing the number of speciesand their
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relative abundancein acommunity. Sincethen, various
models have been proposed to describe species
richness and abundance patterns, such as the
geometric series (Motomura 1932), the logseries
(Fisher et al. 1943), thelognormal (Preston 1948), the
broken stick (MacArthur 1957), and the multispecies
logistical (Dewdney 2003).

The lognormal model has been considered a
statistical model (Tokeshi 1993), a consequence of the
Central Limit Theorem (May 1975), but Sugihara's
(1980) sequential breakage model stated a biological
rationale for the lognormal model. The existence of an
hierarchical niche structure in the community and the
reflection of this niche structure upon the abundance
patternsimpliesahbiological argument of thelognormal
model to groups of taxonomically related organisms
(Sugihara1980). An hierarchical nichestructureimplies
that each species making up the community isdifferent
from the others and none is redundant (Kevan et al.
1997).

The lognormal abundance distribution (Preston
1948) iswidely used to describe patternsin community
structure (Engen et al. 2002). It is expected for
communitieswith alarge number of species (Whittaker
1965, May 1975, Gray 1987) and whose abundances
are influenced by many independent factors (May
1975). Inthelognormal distribution, there arefew species
with high or low abundancesand many withintermediate
ones (Magurran 1996). Lognormal distributions are
widespread not only in ecological communities, but also
in physics, medicine, linguistics, social sciences, and
economics (Limpert et al. 2001).

A lognormal curve can be expressed either as a
rank abundance plot or as a frequency distribution
(Magurran 1996). In the first case, species are ranked
from highest to lowest abundance, and their abundances
areplotted, with they axisinlog scale (Magurran 1996,
Plotkin & Muller-Landau 2002). In the second case,
frequency distribution is represented by a histogram,
with the x axisin log scale (Magurran 1996, Plotkin &
Muller-Landau 2002). Thesetwo typesof plotshighlight
the aspect of the data that the ecologist wishes to
emphasize (Magurran 1996). Inthelognormal model, in
which the normal-shaped curve is highlighted, the
frequency distributionisnormally used (Magurran 1996).
In the frequency distribution, the number of species
(y axis) isplotted agai nst the number of individualsina
log scale (x axis). The resulting classes are termed
“octaves’ and, if log, isused, they represent doubling in
species abundances (Preston 1948).

Thelognormal distributionissensitiveto samplesize:

if the datato which the curveisto befitted derive from
asmall sample, theleft portion of the curve, representing
rare and unsampled species, is obscured (Magurran
1996). Thetruncation point istermed “veil lineg” (Preston
1948) and the smaller the sample, the further the vell
linewill befromtheorigin of the curve (Magurran 1996).
With an increasein samplesize, theveil line approaches
the origin and the bell-shaped curveisrevea ed (Preston
1948, Rolim & Nascimento 1997).

The Cerrado Domain is the second most
widespread phytogeographic regionin Brazil, formerly
occupying 23% of the Brazilian territory (Ratter et al.
1997). In the southeast of S&o Paulo State, the cerrado
vegetation covered 80% of theterritory, but nowadays
only 12% remain (Secretariado Meio Ambiente 1997).
The cerrado vegetation is not uniformin physiognomy,
ranging from grassand to tall woodland (Coutinho 1990),
but mogt of itsphys ognomiesliewithin therange defined
astropical savanna(Sarmiento 1983). Owing toitshigh
richness, high degree of endemism, and present
conservation status, Fonseca et al. (2000) included the
cerrado among the 25 biodiversity hotspots for
conservation intheworld.

Asprevioudly stated, the lognormal distributionis
widely found in communities with a large number of
species and influenced by many independent factors
(Whittaker 1965, May 1975, Gray 1987). Since the
cerrado vegetationisrichin species(Castro et al. 1999)
and influenced by many environmental factors, such as
water stress, fire, flooding, soil fertility, and aluminium
toxicity (Lopes & Cox 1977), we postulated that the
community of woody speciesin acerrado fragment fits
thelognormal abundancedistribution. Althoughthereare
many phytosociological surveys carried out in cerrado
areas (Castro et al. 1999), none applied abundance
distribution models. Our aim wasto study the abundance
distribution of woody species in a cerrado fragment,
testing the hypothesis that the abundance distribution
fitsthelognormal model.

M aterial and methods

We carried out this study on the campus of the Federal
University of S&o Carlos, located in S&o Carlos, S&o Paulo
State, southeastern Brazil, at 21°58'- 22°00’S and 47°51'-
47°52'W. Regional climateiswarm temperate with wet summer
and dry winter, classified as Cwafollowing K ppen’s (1931)
system. Annual rainfall and mean annual temperature lie
around 1,339 mm and 22.1°C, respectively. The campus has
643 ha, 34% of which is covered by cerrado vegetation,
especially cerrado sensu stricto, a woodland according to
Sarmiento (1984).
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Inacerrado area, located at the northwestern portion of
the campus, we randomly placed 20 lines, perpendicularly to
thefragment edge. In each line, we systematically placed ten
points, 10 m apart one from the other. We used the point-
guarter method (Mueller-Dombois & Ellenberg 1974) to
sample the woody component of the plant community. We
considered as belonging to the woody component al living
individuals with stem diameter at soil level equal or larger
than 3 cm (SMA 1997). In the 20 lines, we sampled 800
individuals. We identified the sampled individuals with an
identification key based on vegetative characters (Batalha &
Mantovani 1999), collected voucher samples of each species,
and lodged them at the Federal University of Sdo Carlos
herbarium. We classified the speciesinto families according
to the system proposed by Judd et al. (1999).

We ranked the sampled species in decreasing order of
abundance and constructed a frequency distribution
histogram, using log, (Preston 1948). For the x axis, we had
the following octaves: 0-1, 1-2, 2-4, 4-8, 8-16, 16-32, 32-64
individuals, and so on. When we found abundances in the
[imit between two octaves, we divided the number of species
between the octaves (Preston 1948). Wetested the distribution
for normality using the Kolmogorov-Smirnov test (Zar 1999),
which is recommended for fitting data to abundance
distribution models (Hill & Hamer 1998). We compared
observed frequencies to those expected theoretically by the
lognormal distribution (Preston 1948), described by:

SR) =S, .e@® (Equation|),

in which: SR) = number of speciesin the Rth octaveto the
left and to theright of the symmetrical curve; § = number of
species within modal abundance octave; 1/a = width of the
distribution (a = 1/v2g, inwhich g isthe standard deviation)
(Kevanetal. 1997).

Preston (1948) also stated that the curve obtained with
equation | isinfinitesimal and, thus, the areacomprised within
the curve representsthe total number of species expected for
the community, which can be determined by:

N = J'j:ndR =n,~/m/a  (Equationll)

inwhich: N =total number of speciesexpected for Rth octaves
totheleft and to theright of the symmetrical curve; n = total
number of species obtained by the curve in modal octave;
1= 3,1416; 1/a = width of thedistribution.

Based on equation |1, we calcul ated the expected number
of speciesinthe community we studied, to estimatethe number
of speciesin that community.

Results

We sampled 800 individuals, belonging to 30
families, 46 genera, and 63 species (table 1). The species
with highest abundance was Anadenanthera falcata
(Benth.) Speg. (185individuals), followed by Eriotheca
gracilipes (K. Schum.) A. Robyns (43 individuals),

Sryphnodendron obovatum Benth. (37 individuals),
and Miconia albicans Triana (36 individuals). Of the
63 sampled species, 12 were represented by only one
individua (tablel).

We found nine octaves (figure 1), with the fourth
octave (4-8 individuals) being themodal one, with 23.8%
of the sampled species. We did not reject the null
hypothesis that the abundance distribution of woody
species was normal (p = 0.121). Therefore, the
abundance distribution of these species fitted the
lognormal model. From the observed distribution curve,
we found 14 as the number of species in the modal
octave. Applying equation I to estimate the number of
species in the community, we calculated as 78 the
expected number of species (o = 4.93, a=0.318).

Discussion

The community of woody specieswe studied fitted
the lognormal abundance distribution model. The curve
we found was an almost complete bell-shaped
distribution, with aveil linecloseto theorigin, suggesting
that our samplewaslarge enough to include most of the
woody species in the community (May 1975, Pielou
1975). Other natural communities also fitted the
lognormal model, for example, birds and mammals
(Preston 1962), diatoms (Patrick 1968), lepidopterans
(Kempton & Taylor 1974), benthos (Gray & Mirza
1979), bacteria (Hirano et al. 1982), fish (Magurran
1996), and bees (Kevan et al. 1997).

The ubiquity of the lognormal distribution may be
simply a consequence of the mathematical properties
of thedistribution. Thelognormal distribution may stem
fromlarge numbersand the Central Limit Theorem (May
1975). The Central Limit Theorem states that when a
large number of factors act to determine the amount of
avariable, random variation in those factors will result
inanormal distribution of that variable (Magurran 1996).
The lognormal curve appears when the number of
speciesislarge (May 1975).

In the cerrado, not only the number of speciesis
large (Castro et al. 1999), but also there are many
environmental factors that may act upon the plant
community, determining the occurrence of this
vegetation type and its physiognomic gradient, such as
water stress, fire, flooding, soil fertility, and aluminium
toxicity (Lopes& Cox 1977). Thelognormal distribution
would then arise simply as a response to the statistical
properties of the large number of species and the many
environmental factors (Magurran 1996).
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Table 1. Woody species collected in acerrado fragment in S8o Carlos, southeastern Brazil, with their abundance and relative
density. Ind = number of individuals, # = voucher number at the Federal University of Sdo Carlos herbarium (Hufscar).

Species Family Ind #

Anadenanthera falcata (Benth.) Speg. Fabaceae 185 6723
Eriotheca gracilipes (K. Schum.) A. Robyns Malvaceae 43 6740
Sryphnodendron obovatum Mart. Fabaceae 37 6730
Miconia albicans (Sw.) Triana Melastomataceae K9] 6741
Diospyros hispidaA. DC. Ebenaceae 0 6708
Piptocarpha rotundifolia (Less.) Baker Asteraceae 0 6717
Dalbergia miscolobium Benth. Fabaceae 2 6726
Roupala montana Aubl. Proteaceae 2 64
Bauhinia rufa Steud. Fabaceae 2 6724
Acosmium subelegans (Mohl.) Yakovlev Fabaceae 24 6722
Casearia sylvestris Sw. Flacourtiaceae PA] 6731
Syrax ferrugineus Nees & Mart. Styracaceae 2 6758
Miconia ligustroides (DC.) Naudin M el astomataceae 18 6742
Tocoyena formosa (Cham. & Schitdl.) K. Schum. Rubiaceae 18 6755
Campomanesia pubescens (A. DC.) O. Berg. Myrtaceae 16 6703
Xylopia aromatica A. St-Hil. Annonaceae 16 6746
Tabebuia ochracea (Cham.) Standl. Bignoniaceae 14 6711
Kielmeyera coriacea Mart. Clusiaceae 13 6714
Machaerium acutifolium Vogel Fabaceae 13 6728
Myrcia guianensis (Aubl.) A. DC. Myrtaceae 12 6720
Erythroxylum suberosumA. St-Hil. Erythroxylaceae 1 6718
Caryocar brasiliense Cambess. Caryocaraceae 9 6712
Erythroxylum tortuosum Mart. Erythroxylaceae 9 6719
Aegiphila Ihotzkiana Cham. Verbenaceae 8 6753
Guapira noxia (Netto) Lund Nyctaginaceae 8 6760
Byrsonima coccolobifolia A. Juss. Malpighiaceae 7 6707
Gochnatia pulchra Cabrera Asteraceae 7 6735
Acosmiumdasycar pum (Vogel) Yakovlev Fabaceae 6 6706
Aspidosper ma tomentosum Mart. Apocynaceae 6 6709
Cybistax antisyphillitica Mart. Bignoniaceae 6 6721
Byrsonima intermedia A. Juss. Malpighiaceae 5 6710
Connar us suberosus Planch. Connaraceae 5 6715
Jacaranda caroba (Vell.) A. DC. Bignoniaceae 5 6729
Myrcia bella Cambess. Myrtaceae 5 6733
Ocotea pulchella Mart. Lauraceae 5 6737
Stryphnodendron adstringens (Mart.) Coville Fabaceae 5 6749
Bowdichia virgiloides Kunth Fabaceae 4 6704
Byrsonima crassa Nied. Malpighiaceae 4 6725
Didymopanax vinosum (Cham. & Schitdl.) Seem Apiaceae 4 6736
Eugenia livida O. Berg. Myrtaceae 4 6747
Myrcia lasiantha A. DC. Myrtaceae 4 6/51
Myrcia tomentosa (Aubl.) A. DC. Myrtaceae 4 6752
Dimorphandra mollis Benth. Fabaceae 3 6720
Pera glabrata (Schott) Baill. Euphorbiaceae 3 6727
Qualea grandiflora Mart. Vochysiaceae 3 6744
Rapanea ferruginea (Ruiz & Pav.) Mez Myrsinaceae 3 6762
Miconia rubiginosa (Bonpl.) A. DC. M el astomataceae 2 6732
Ocotea corymbosa (Meiss.) Mez Lauraceae 2 6743
Qualea multiflora Mart. Vochysiaceae 2 6745
Rapanea guianensis Aubl. Myrsinaceae 2 6756

continue
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continuation

Species Family Ind #
ZanthoxylumrhoifoliumLam. Rutaceae 2 6763
Annona coriacea Mart. Annonaceae 1 6702
Aspidosperma subincanum Mart. Apocynaceae 1 6705
Banisteriopsis variabilis B.Gates Mal pighiaceae 1 6713
DavillarugosaA. S-Hil. Dilleniacese 1 6716
Eugenia uniflora L. Myrtaceae 1 6734
Heteropteris byrsonimifolia Juss. Malpighiaceae 1 6738
Heteropteris umbellata A. Juss. Mal pighiaceae 1 6739
Licania humilis Cham. & Schl. Chrysobal anaceae 1 6748
Lippia lasiocalycina Cham. Verbenaceae 1 6757
Luehea divaricata Mart. Tiliaceae 1 6759
Qualea parviflora Mart. Vochysiaceae 1 6761
Solanum erianthum D. Don. Solanaceae 1 6764
Total - 800 -

A biological explanation of thelognormal distribution
is suggested by the sequential niche breakage model
(Sugihara 1980), in which the niche hyper-spaceis split
sequentially by constituent species. The abundance
distribution reflectsthe niche structure of the community
(MacArthur 1957, Whittaker 1965, May 1975, Pielou
1975). The portion of niche space occupied by each
species is proportional to its abundance and the
probability of a niche fragment being subdivided is
independent of itssize (Sugihara 1980). The sequential
breakageyiel dsdifferent speciesabundancedistributions,
dividing the speciesinto groups (Sugihara 1980), such
as dominant and rare species.
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Figure 1. Abundance distribution of woody species sampled

inacerrado fragment in S&o Carl os, southeastern Brazil, with
expected normal curve.

Dominance is an important component of
community organization, since dominant species may
exert acontrolling effect upon other species, especially
duetotheir competitive ability (Krebs 1994). Dominant
species can act as key-species, whose activities
determine community structure (Janzen 1986), providing
resources or affecting its functioning (Krebs 1994). In
thecommunity we studied, duetoitshigh relative density,
Anadenanthera falcata is the dominant species.

Our results pointed out that the abundance
distribution of the woody component in a cerrado
fragment fitted the lognormal model, with some species
very abundant, some very rare, and most with
intermediate abundances. Other questions may be
answered with future studies: Do other cerrado plant
communities fit the lognormal abundance distribution
model? Is this pattern maintained in other cerrado
physiognomies? And in the herbaceous component? Is
thisdistribution model maintained when the community
issubmitted to disturbances, asfrequent burningsor dien
plantinvasion?
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